Capacitance H—

Il High Level Problems (HLP) |

@ Marked Questions can be used as Revision Questions.

SUBJECTIVE QUESTIONS

1. A capacitor having a capacitance of 200 pF is charged to a potential difference of 20V. The charging
battery is disconnected and the capacitor is connected to another battery of emf 10V with the positive
plate of the capacitor joined with the positive terminal of the battery.

(a) Find the charges on the capacitor before and after the reconnection in steady state.
(b) Find the net charge flown through the 10 V battery

(c) Is work done by the battery or is it done on the battery? Find its magnitude.

(d) Find the decrease in electrostatic field energy.

(e) Find the heat developed during the flow of charge after reconnection.

2. Six 1 pF capacitors are so arranged that their equivalent capacitance is 0.70 pF. If a potential difference
of 600 volt is applied to the combination, what charge will appear on each capacitor?

3. A battery of 10 volt is connected to a capacitor of capacity 0.1 F. The battery is now removed and this
capacitor is connected to a second uncharged capacitor. If the charge distributes equally on these two
capacitors, find the total energy stored in the two capacitors. Further, compare this energy with the
initial energy stored in the first capacitor. [REE - 1996,5]

4, The circular plates A and B of a parallel plate air capacitor have a diameter of 0.1 m and are 2 x 103 m
apart. The plates C and D of a similar capacitor have a diameter of 0.12 m and are 3 x 103 m apart.
Plate A is earthed. Plates B and D are connected together. Plate C is connected to the positive pole of
a 120 volt battery whose negative is earthed. Calculate [REE - 1998,5]
() The combined capacitance of the arrangement and
(il) The energy stored in it.

5. A capacitor is made of a flat plate of area A and a second plate havinga 2 PN
stair-like structure as shown in figure. The width of each stair is a and the d|_28 a HT
height is d. Both plates have the same width perpendicular to plane of d LL»-Id
paper. Find the capacitance of the assembly. d
5a

6. Calculate the capacitance of a parallel plate condenser, with plate area A and distance between plates

d, when filled with a dielectric whose dielectric constant varies as; [REE 2000,6]
K(x):1+B—X o<x<Q; K(X):1+£(d—x) d<x<d.
€0 2 €p 2

For what value of § would the capacity of the condenser be twice that when it is without any dielectric?

7. (a) Find the current in the 20 Q resistor shown in figure. 00, 100

5V_|_ 20Q T

B

(b) If a capacitor of capacitance 4uF is joined between the points A and B, SV

what would be the electrostatic energy stored in it in steady state ?
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Capacitance ﬂ—
8. (i) Find the total charge flown through the battery in the 4.0uF 8.0pF
arrangement shown in figure after switch S is closed (initially I
all the capacitors are uncharged). S
(i) Find out final charge on each capacitor. ——

12v

2uF 2uF ZUFEf\ 4p
F 4uF T4”F ‘ak”’j
24V
(b)

12v ‘[ I( ) ]—b
a,

9. Find the potential difference Va — Vb between the points a and

b shown in each part of the figure.
F

10. The figure shows two identical parallel plate capacitors connected to a S
battery with the switch S closed. The switch is now opened and the free
space between the plates of the capacitors is filled with a dielectric of

dielectric constant (or relative permittivity) 3. Find the ratio of the total —V A——C B—C
electrostatic energy stored in both capacitors before and after the T
introduction of the dielectric. [JEE 1983; 6M]

11. A capacitor is composed of three parallel conducting plates. All three plates are of DL

the same area A. The first pair of plates are kept a distance di apart, and the space
between them is filled with a medium of a dielectric K1 . The corresponding data for A
the second pair are dz and Kz , respectively. v—|—
The middle plate is connected to the positive terminal of a constant voltage source
V and the external plates are connected the other terminal of V.

(a) Find the capacitance of the system.

(b) What is the surface charge density on the middle plate ?

(c) Compute the energy density in the medium Kz .

12. Two parallel plate capacitors A and B have the same separation d = 8.85 x 10™* m between the plates.
The plate areas of A and B are 0.04 m2 and 0.02 m? respectively. A slab of dielectric constant (relative
permittivity K = 9) has dimensions such that it can exactly fill the space between the plates of capacitor

B. [JEE 1993, 2+3+2=7 Marks]
co=
|
110V
() (b) ()
0] The dielectric slab is placed inside A as shown in the figure (a). A is charged to potential
difference of 110 V. Calculate the capacitance of A and energy stored in it :
(ii) The battery is disconnected and then the dielectric also slab is moved from A. Find the work
done by the external agency in removing the slab from A.
(iii) The same dielectric slab is now placed inside B, filling it completely. The two capacitors A and

B are then connected as shown in the figure (c) . Calculate the energy stored in the system.

13. Find the equivalent capacitance of the combinations shown in the figure between the indicated points.
2uF 4uF

,—)lﬁ
2uFy 8P ouF
\_;' SuFJ—I ’;_]

4puF 2uF
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14.

15.=

16.=

Bl HLP Answers

1.
2.

3.

11.

12.
13.

16.

A finite ladder circuit is constructed by connecting several sections of 6 uF, 8 uF capacitor combinations
as shown in the figure. Circuit is terminated by a capacitor of capacitance C. Find the value of C, such
that the equivalent capacitance of the ladder between the points A and B becomes independent of the

number of sections in between?
6uF 6uF 6uF

As—H "ﬁ
8uF | 8uF | 8pF
= - = H JC
Be R

A spherical capacitor is made of two conducting spherical shells of radii a and b = 3a. The space
between the shells is filled with a dielectric of dielectric constant K = 3 upto a radius ¢ = 2a as shown. If
the capacitance of given arrangement is n times the capacitance of an isolated spherical conducting
shell of radius a. Then find value of n.

The capacitance of a parallel plate capacitor with plate area A and separation d, is C. The space
between the plates is filled with two wedges of dielectric constant K1 and Kz respectively (figure). Find

the capacitance of the resulting capacitor. [JEE-1996; 2M/100]
A

(a) 4000 pC, 2000 uC (b) 2000 uC (c) work is done on the battery, 20 mJ (d) 30 mJ (e) 10 mJ
420 uC on one, 180 uC on two, 60 uC on remaining 3 capacitors

Sy Ynia - S _, 4. (i) ey ~17pF (i) 122.4 nJ 5. 8 A
27 Upa 25 49 15 d
AB Bd . . g |
C=—————, Bd=4eo/n | 1+—— | Solution of this equation gives required value of {3 .
2in|1+—
2¢;
€) %A (b) 32 puJ 8. (i) 240 uC (i) Qaur = 80 pC, Qsur = 160 puC
12 3
a —V b)-8V 10. —
(a) T (b) =
2
(@) <A ﬁ+& (b)&= Kig A X:Kleo\/and&: Ky, g5 A X:KZEOV(C) g KV
(i) 2nF, 12.1pJ (ii) 48.4pd (i) 11pJ
g uF 14. 12 pF 15. n=3
Cr= CKK2 10 K2 here c = S0 A
Ky,—K, K, d

/\
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