Solution
CET25P2 ELECTROSTATIC POTENTIAL AND CAPACITANCE

Class 12 - Physics

(b) decreasing the distance between the plates.

. A
Explanation: C = EOT

So, by decreasing the distance between the plates, capacitance increases.

(b) capacitance
Explanation: Q = CV

WhenV =1
Thus, Q =C
(c) 1000 V

Explanation: Electrostatic potential remains constant at all the points inside the conductor and equals to the potential at the

surface.

(b) increases

Explanation: The work done against the force of repulsion in moving the two charges closer increases the potential energy of

the system.

(@) 12 x 107

Explanation: AU = U, — U; = %C’ (V2 - v2)
=3 x 8x107%(20% — 10%)
=4 x 10 x 3007 =12 x 104J

(a) 6m

jon: = 1. % =-1 .4
Explanation: £/ = ey 12 and V p
S Y B0V
' 7 E 500V/m

(b) 0.17x107%J

Explanation: Initial energy ,is given by :-
U= 301V + 5CoV?

= 2(2 x107%) (100)* + 5 (4 x107¢) (50)?
=15x10%J

The common potential after they are connected in parallel. Thus ,Potential is:-

_ C1V1+C3 Vs
V= C1+Cy
(2x1076)(100)+ (4 10-6)(50)

(2x107%)+ (4x107%)
=2x10%v
Hence the final energy is ,

U, = %(Cl + 02)V2
=3[(2x107%) + (4 x 107%)] (% x 102)2

=1.33x10°2J
So, change in energy is AU = U; - Uy = 0.17 x 10727

(a) ML 112
Explanation: [%EoEQ} = energy density

_ ML;T*2 _ [ML*IT”]
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10.

11.

12.

13.

14.

15.

16.

17.

(a) -36
d(622

Explanation: Electric field = —% = — (ZZ ) —12Z

for (z,y,2) =(2,—1,3)

we get

E=-12x3 =-36 N/C
© 35
Explanation: Without dielectric,Cy = #
With dielectric, C' = EO—At = % = %#

d*t‘FZ
c2d=d—t+
_t ot

ord+t=— ork= i
(dCv?

Explanation: When two charged conductors are connected by a conducting wire, flow of charge will continue until they

acquire same potential. Here the two spheres are oppositely charged. So after connecting common potential will be
V+(-V)
Vo= =0
Initial energy of system is
_ov: | C(=V)
Ui== 2

U; = CV?

Final potential is zero, so Uf =0

AU =U;—-Us = cv?

(a) 200 V

Explanation: The break down potential of the capacitor is 220 V. In order to prevent damage to a capacitor, it should be always

used in a circuit where the p.d is less than its break down potential. The p.d difference can be 200 V.

(d) zero
Explanation: The potential at every point of the circle will be same.
S W=qAV=¢gx0=0

C1
© o
Explanation: As C; and C, are connected in parallel, so the potential V= C:i o will be same for both capacitors. thus, Q; =
QG _ _QG
oo™ Q=g
Su_ G
T Q C
(b)4v

Explanation: Charges on the two capacitors are 36 uC and 72 uC. When they are connected in opposition, the total charge on
the system = (72 - 36) uC-= 36 pC. This is shared between the capacitors so that they acquire the same potential difference.
Let thisbe V. B uF)V + (6 uF)V=36 uCorvV=4V

(d) No
Explanation: Intersection of two equipotential surfaces at a point will give two directions of electric field intensity at that
point, which is not possible.

(b) 32

Explanation: Each capacitor of capacitance 8+ F' can withstand a maximum potential of 250 V.
When equal capacitors are connected in series, the potential difference across them is equal.

If there are 'm' capacitors in series such that the potential across each is 250 V, then,
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18.

19.

20.

21.

22.

23.

24.

1000 _ 950;m =4

m

The equivalent capacitance of 4 capacitors connected in series is Cs = % = % =2uF

To achieve a capacitance of 16, n' such rows of capacitors need to be connected in parallel.

Ceqg =nCs = 16uF
_ 16 _ 16 _

n= o =2 = 8

To make a condenser of 16 pF, 8 rows of capacitors with each row containing 4 capacitors are to be connected.

The total number of capacitors =n X m =4 x 8 =32

(d) is zero.

Explanation: For an equipotential surface, Vp = Vg

So, work done =0

(a) spheres

Explanation: For equipotential surface, these surfaces are perpendicular to the field lines. So, there must be electric field,
which cannot be without charge.

So, the algebraic sum of all charges must not be zero. Equipotential surface at a great distance means that space of charge is
negligible as compared to distance. So, the collection of charges is considered as a point charge.

Electric potential due to point charge is,

V=k1

which explains that electric potentials due to point charge is same for all equidistant points. The locus of these equidistant
points, which are at same potential, forms spherical surface.

(a) capacitance

Explanation: By definition of capacitance, C' = %

(d) Potential difference
Explanation: As the battery remains connected with the capacitor, the potential difference remains constant.

k1ky(d1+ds)
=

(k1d1+kada) b
Explanation: Capacitance of a parallel plate capacitor filled with dielectric of constant k; and thickness d; is C; = ldi

1
- kogg A . . . .
Similarly for other, Cy = Z’di ,having dielectric of constant k; and thickness dy
2
Both capacitors are in series so equivalent capacitance C is related as:
111 d d 1 | kditkidy
C - Cl 02 - klsgA KQEOA i EoA k:le
So C = kol )
N (j1d2+k2d1)
|

C'= —— ..(ii)

Where d = (d;+d»)

So, Multiply the numerator and denominator of Eqn. i with (d;+dy),
_ _lakeod  (ditdy)  Kika(ditds) - eoA (i)
(krdatkodr)  (ditda) o (kidatkedr)  (di+da)
Comparing Eq. IT and I1I, the dielectric constant of the new capacitor is:
_ kika(di+d2)
 (kadytkady)

(a) 9090
Explanation: Q =Q; + Q>+ Q3+...Qy=nC X V

CV ~ 1uFx110V
— 12 _ 9090
— 110 —

(d) depend on the radii of the sphere
Explanation: As potential on the surface of conducting sphere is given by
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_ q . .

V= po—=——r thus if q is same for both the sphere
1

Va E .

(b) electric polarization
Explanation: When a dielectric is placed between the plates of a capacitor, electric polarization results in a reverse electric
field inside the dielectric. The net electric field reduces and therefore the potential reduces.
i _L
Since, C' = Vv

Thus, the capacitance increases.

v
©ere
Explanation: The common potential difference across the parallel combination of two capacitors,
v — C1Vi+Co Vs
- C1+Cy
ButV{=V, V= 0
r__Giv
- C1+Cy
(@) 4v/35 N
Explanation: V = 6x - 8xy - 8y + 6yz
At the point (1, 1, 1), we have

oV
E,=—35"=-(6-8y)=2

Eyz—% = (-8x-8+62)=10

By=-9 =6y=-6

E=,/E} + E}+ E? = /41100 + 36 = v/140
=24/35NC!

F=qE=2x2y35=4v35N

(a) decreases
Explanation: Due to the polarization of the dielectric, an electric field is induced in the opposite direction of the applied field.

The net field between the capacitor plates decreases.

(d) -107°

Explanation: Surface charge density of the earth = -10"9 Cm™

3
) 3
C,
Explanation: Given — = %
Let Cp, = 25k; C, = 6k where k is a constant.
Cp=Cy + Cy =25k
10y

Cs = C1+Cy = 6k
CiCy

25k 6k
C;C, = 150k?

On Solving, We get Cy = 15k; C; = 10k and their ratio is % = %

(@d=10°"m, A =102 m?
Explanation: The capacitance of a parallel plate capacitor of area A, and separation between the plates is d with a dielectric of

. . S KA
dielectric constant K is given by C = EOT
. A c 1.77x10°6
The ratio & = -4 = —X8— _ 103 |

d "~ K T g85x10712x200

The minimum plate separation d’ for which the capacitor will not breakdown is found using F = %

where E is the breakdown strength and V is the maximum potential the capacitor can withstand .Thus,

= = =0T 10 .
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32.

33.

34.

35.

36.

37.

38.

39.

40.

The plate separation has to be greater than 6.67 x 10~%m

Thus, if d = 10 m, A= 102 rn2, it will satisfies the condition,

(b) 2001.C, 200uC
Explanation: C., = igizg _ % F

q=CegV = 2 uF x 30V = 200uC

(b)0.32]
Explanation: Heat produced = Energy stored in capacitor
x 4 x 107% x (400)?

CvV31=032J

N = N =

V-V
(C) ( OV )

Explanation: Common potential
i+
- C1+Cy

_ Vv CV W

T kC+C T C(1+k) 1+k

(b) 400 V
PN _ C1V1+Cs Vs
Explanation: V = ~Gi10,

_ 20uFx500 V+10uF x 200 V
- 20pF+10uF

_ 12000 7 _
== V=400V

(c) zero

Explanation: The potential at any point on the perpendicular bisector of the dipole is zero.

SAV=Vo—-Vp=0
W=qAV =5uC x0=0
(a) 90 kW

W 3CV? $x(a0x107%)x(3000)*
t £ 2%1073

=9 x 10* W =90 kW

Explanation: P =

(b) 104C
Explanation: th = % + % 4 % £ % Yy %
Ceqg = 1uF

Charge on each capacitor is
5.q=CV =1uF x10 V= 10uC

(c) E =0, but V is same as on the surface and non-zero

Explanation: The electric field on the surface of a hollow conductor is maximum and it drops to zero abruptly inside the

conductor.
dv

Since E = — - the potential difference between any two points inside the hollow conductor is zero.

This means that the potential at all points inside the hollow charged conductor is same and it is equal to the value of the

potential at its surface.

(b) zero

Explanation: As on an equipotential surface, the potential is constant. Thus the potential difference between two points in

zero. So,

W=Va) _ .
W= (b—q) will be equal to zero as V- V, =0
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41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

() 100

Explanation: At the top of the stratosphere, E = 100 V™t

(b) decreases

Explanation: With temperature rise, the dielectric constant of liquid decreases.

(@) 10° V

Explanation: V = L4 _9x10° x %1076 =10°V

4dmeg T

(d) 4w
Explanation: W = %C’V2 =W V?

BRI A
w,  \Aan

2 2
6030 30
- (30—15) - (E) =4

or Wy = 4W; = 4W

(d) E=i (Zwy + z3) + 3':62 + k3z2?

Explanation: £ = — o e o o

= [(ny + 2%) i+ x2j+ 3:1:z2ic}

(0) 1 keV

0_v:[_8_vi_6_tf-_a_vk]

Explanation: K.E. gained =qV =e X 1 kV =1 keV

@ $C(Vi — V,)?

Explanation: The initial energy of the two capacitors U; = %C V12 + %CV22
The charges on the capacitors are Q; = C'V1;Q2 = CV;

When they are joined, they attain a common potential V.

total charge

= total capacitance
_ QtQy  CWViHCV  Vi4Wh
-~ c+Cc — 2 T 2
Final energy Uy = %CVQ + %CVQ — oV
Loss of energy,
Ui~ U= 30 (v 4 V3) - o
Vi+Vy 2
= %C(‘/ﬁ _|_V‘22) —C< 1+ 2)

2
=10V - o)’

(c) energy will remain same, potential difference will become nV
Explanation: energy will remain same, potential difference will become nV

@R

Explanation: As potential on surface of a conducting sphere will be

_ q
4regR

and g = CV
So, putting value of V, we get
C=4nrcoR

‘IoQ

8mega

©

Explanation: Electric potential energy is given as

8mepa
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6/10



51.

52.

53.

54.

55.

56.

57.

(b) outside the plates will be zero
Explanation: The electric field outside two large plates with opposite charge densities will be zero.

E= Exy + Evonom l : l I l !
¥ v ¥

o]

The electric field between the plates , having area=2 m? of the capacitor is given by :-

-
—
- R——
—
- ———

@
o _ A
T e €0
_ Q@ _ _ssx107tf
Agg 2%8.85x 10712
=50 N/C

and it is a constant electric field.

(a) infinite
Explanation: Capacitor does not allow DC to pass through it. The effective capacitance or the capacitive reactance,

X, =L
c Cw

where w is the frequency of voltage source.

Since DC current is a constant current, its frequency is zero.

The capacitive reactance is therefore infinity.

@ (5)C
Explanation: (%)C

(b) 12,4

Explanation: Cp = C; + Cy = 16 uF
_a%

Cs - C1+Cy - 3MF

or C1Cyp=3(C;+Cy) =3 x 16 =48 uF
Ci(16-Cq1) =48
On solving, C{1 =12 p F, Cy =4 uF

(¢) 5 x 107
|4 2

Explanation: £ = - = ———
P d 4x10-8

=0.5 x 108=5 x 107 Vm!

F
®) 3
Explanation: %

(d)125 x 1073

Explanation: Initial energy of the capacitor U; = 3CV? = 1 x 100 x 10~ % x (50)* = 0.125J
When the plates are kept at half the original distance, the new capacitance

Ci=2C

Final energy, Uy = %C’ﬂﬂ = %(26’) V2 =cv?

Increase in energy = additional energy given by the battery =

Up—U;=CV?— 30V?
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58.

59.

60.

61.

62.

63.

64.

65.

66.

= 10V? =1 x100 x 10°% x (50)* = 0.125.

=125 x107%J

(a) 8uC

Explanation: At steady state, the capacitor is open-circuited so no current flows through the 10-ohm resistor. So current will

flow across 2 ohm resistor is

So P.D. across 22 resistance V =RI = 2x 1 =2 Volt.

As a battery, capacitor and 2€2 branches are in parallel. So P.D. will remain the same across all three branches.
As current does not flow through the capacitor branch so no potential drop will be across 1052

So P.D. across 4uF capacitor = 2 Volt

charge on the capacitor plate is given by:

[q=CV]=4uF x 2=8uC

1 v?
@ ye0 7
Explanation: Energy stored per unit volume in a capacitor,

2 2
_1 2_1_(V\"_1_ V2
u= 260E = 250(d) =50 5

(b) Two of them connected in series and the combination in parallel to the third.
Explanation: Two of them connected in series and the combination in parallel to the third.

(b) remains constant.
Explanation: As the electric field inside a conductor is zero.
So, the potential at any point is constant.

(c) zero
Explanation: For an equipotential surface AV =0
W=qAV=qx0=0

U
d) <
.
20
When the battery is disconnected, charge q = constant. Another capacitor connected across the first capacitor is in parallel with

it. So,
Ceq=C+C=2C

Explanation: Initial energy stored in the capacitor, U'= %C’V2 =

Final energy stored by the system of two capacitors,

(a) no work is done
Explanation: On the equipotential surface, the electric field is normal to the charged surface (where the potential exists) So
that no work will be done.

(@

T

Explanation: K.E. gained by the electron %mv2 =eV

PV

(@38

Explanation: When a dielectric of constant K is introduced between the plates of a capacitor, the capacitance becomes KC,

where C is initial capacitance with air as the medium between plates.
Now, Q =CV
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67.

68.

69.

70.

71.

72.

73.

After filling the medium, charge remains the same, thus potential V changes.
AsV x %, thus the potential V reduces to % Therefore K = 8

(b)4
Explanation: Dielectric constant of air is 1. All dielectrics generally have a value of the dielectric constant greater than 1.

=L
K_Fm

where Fm is the force between two charged particles in a medium of dielectric constant K and F is the force between the two
charges when placed in air.The force between two charges is greatest in air or vacuum and it decreases when any medium is
placed between the charges. K cannot have negative, fractional or zero values.

(@ ;CV?
Explanation: U = %C’V2

(b) icv?
Explanation: The charges Q; and Q, on the two capacitors Q; = CV; Qp = (2C)(2V) =4CV

The capacitors are connected in parallel in such a way that the positive plate of one is connected to the negative plate of the

other.

@Q-Q1  4CV-CV v
c+2C 3C

The final energy Uy = %CV2 + %(20)‘/2 = %CV2

The common potential V' =

(c) 8uF

Explanation: Given that,
Capacitor = 2uF

Voltage = 200 volt

Q=CVv

put the value into the formula
Q=2 x 10 x 200
Q=400 x 10°C

Q=400 uC

Using conservation of charge
Qin = Qfinal

400 x 100 =2 x 10 x 40 + C x40
_ 400x108—2x10-6x40

C 40

C = 0.000008 F
C=8x10°F
C=8uF

(0 ‘——..‘——'

Explanation: P.E. of a dipole is maximum when p is antiparallel to E .
U = -pE cos 180° = +pE = maximum +ve value.

(d) 0.02J
. 1 1 _
Explanation: U = 5CV? = 5 x 4 x 10 6 % (100)?

=2 x 102J=0.02J

16C
) 7y

Explanation: %Cp V2= % Cs(4V)?
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74.

75.

or inyCyV? = L2 (av)?

160
orCy = P
v
@ 3
Explanation: %

(a) They are concentric spheres for uniform electric fields.

Explanation: Key Idea: There is no potential gradient along any direction parallel to the surface. Any surface over which the
electric potential is the same everywhere is called an equipotential surface. The electric field and hence, lines of force
everywhere are at right angles to the equipotential surface. This is so because there is no potential gradient along any direction
parallel to the surface and, so no electric field parallel to the surface. This means the electric field and hence, lines of force are
always at right angles to the equipotential surface. Hence, they are not concentric spheres for a uniform electric field. They are

concentric spheres for an isolated point charge.
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