PHYSICS-capacitors
Assignment-2

1)

IA parallel plate capacitor having interplanar seperation 'd' is lowered in water as shown in the
figure. The distance between upper plate and free surface of water is x as shown.The plates of the
capacitors are then fixed and maintained at constant charge. The value of x can be changed from 0
to d.The electrostatic force on the free upper surface of the water as shown

tr 1

1) Increases as x increases 2) Decreases as x increases
3) Remains constant as x changes 4) Data insufficient for drawing inference.
2)

The equivalent capacitance of the arrangement shown in figure, if A is the area of each plate, is

) /K% f{\% di2
%/ K= |d/2

3)
The plates of a parallel plate capacitor have surface area A and are initially separated by a distance d. They

-

3

-

are connected to a battery of voltage Yo Now, the plates of the capacitor are pulled apart to a separation 2d.
Then, increase in the energy of the battery is

4)

Two capacitors of equal capacitance ':Cl = Cﬂ)

are as shown in figure. Initially, while the switch is
open (as shown) one of the capacitors is uncharged and the other carries charge oy The energy
stored in the charged capacitor is Uy . sometime after the switch is closed, the capacitors Cland ©:

carry charges “rand Qﬂrespectively; The energies stored in the capacitors are Uiand s
respectively. Which of the following expression is correct?
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1) Qu=%[Q1+sz 2) L, =1+, 3) D=%[5+EJ 4) o =0,
S
5)
When the switch S in the figure is thrown to the left, the plates of capacitors ) acquire a potential
difference V=2.5 V. Initially the capacitors Cyand Care uncharged. The switch is now thrown to

the right. What are the final charges on Cyand © capacitors . Given
Cy=5uC,Cy =5uC,C, =10uC

T e ]
6)
How much heat will be generated in the circuit shown in the adjoining figure after the switch is
10 5
V= —+—
G € All the values are in M.K.S system.

shifted from position 1 to position 2? Given :

( '—‘L : J’
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7)

In the adjoining figure , the cell shown is of unknown e.m.f . The energy stored in the capacitor at

steady state is 5 joules . Find the value of C(in milli farad)

05 unp 4
e
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2 amp
199

Ll 1002
—— o (10 volis)
4 anmy

_

Two capacitors Cp=1uF and Cy =4pF 50 charged to a potential difference of 100 volts and 200
volts respectively. The charged capacitors are now connected to each other with terminals of

opposite sign connected together. If final charge on capacitor G =1uFip steady state iszc:';’:i"“‘:T ,
then find the value of x .

9)
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e A parallel plate capacitor with air as a dielectric is arranged horizontally.

The lower plate is fixed and the other connected with a perpendicular spring. The area
of each plate is A. In the steady positions, the distance between the plates is do When
the capacitor is connected with an electric source with the plates as di. Mass of the

upper plate is m.
G

-11
Given: do=2cm, d;=1.5cm, &4 =107 farad metre, m=1 g,g=10 m/s> v=1 kilovolt.
Then match the items tin Column | with those in Column 1.

(i

Column | Column Il
@ Spring constant (in n/m) (p) | @
4
(b) Initial  extension in  the [ (q) | 200
spring(in mm) E
(©) Maximun voltage for a given k | (r) | 40
in which an equilibrium is 5

possible(in kilovolt)
(d) | Angular frequency of the|(s)| 16
oscillating system around the 9\5
equilibrium value d; (amplitude
of the oscillation << dg) (in
rad/s)

10)

In figure all the capacitors have a capacitance of 6.0 uF, and all the batteries have
an emf of 1 V. What is the charge on capacitor C (in microcoulombs).

FTI

L 1 'éJ_ 1
ryt 4 i
11 ¢ T
| :|—|»:|—||—:T[

11)

A capacitor of capacitance C is charged by a battery of emf V and then disconnected. The work
done by an external agent to insert a dielectric of dielectric strength k of half the length of the

capacitor is
i
....... e ————1
7
______ %
I
T
2 2
12)
In the circuit shown, each capacitor has a capacitance C. The emf of the cell is e. If the switch S is
closed
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1) some charge will flow out of the positive terminal of the cell
2) some charge will enter the positive terminal of the cell
3) the amount of charge flowing through the cell will be C&
4) 4
the amount of charge flowing though the cell will be 3
13)

The plates of the capacitor formed by inserting four-dielectric slabs (as shown) have an area equal
to S.

Find the equivalent capacitance between A and B if E,=2K;=K;=E,=>

(T
KiCy dr2
TR

d

Y

l

——a
A parallel plate capacitor has the space between the plates filled with a medium whose dielectric

constant increases uniformly with distance. If d is the distance between the plates and £rand £
are the dielectric constant of the two plates (squares each of area A) respectively, determine the
capacity of the capacitor.

15)

A part of circuit in steady state along with the currents flowing in the branches, the values of

_ 4
resistances etc. is shown in figure. The energy stored in the capacitor (C=4uF) js =107 Joules
Find n?
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4V 30 50
e 8 S>—AN-
2amp I
C ==4uF 10
3V 10 20 4Q
——— W —WW—
2amp 12

MULTI PARAGRAPH QUESTIONS

In the circuit shown, initially the switch is in position 1 for a long time, then it has been shifted
to position 2. Due to shifting of switch, some charges flow in the circuit.

oL
%

|
ZWF 5 4uF

|
2 Z
16)
The charges on both capacitors SUF and  AUF 5 fing| steady state respectively :
1) 2B pC, 38 pc 2) 2E pl 48 uZ 3) 3E ul, 45 ul 4) 4E ul, 3E ul
17)
. B, and B, - .
Find the extra charge flown through due to shifting of switch.
1) zero 2) T 3) 2 u 4) 3
18)
Find heat dissipated in the circuit.
D) osg? w 2) 1.08% W 3) 158 Wr 4) 2 08% s
19)

A capacitor of capacitance C is connected through a switch S to two batteries of emfs £1and £z as
shown. Initially the switch is in position (1). The switch can be shifted from position (i) to position
(2) and heat energy dissipation can be calculated. Now answer the given questions.
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20)
If €1 = Ez2the energy loss when switch is shifted from position (1) to position (2) is
1 2 3 4) Zero
)lf::ef )lc,sg )10[51—52]2 )
2 2 2
21)

If €1 =E2then energy loss when switch is shifted from position (1) to position (2) is

l Q (1
|

P .

22)

Now, the terminals of £z is connected as shown below. If £ * £z, the energy loss when switch is
shifted from position (1) to position (2) is

A capacitor consists of two fixed semicircular plates of radius R and separation d. A movable
semicircular slab of thickness d made of dielectric with the dielectric constant K placed between
them. The slab can freely rotate about the axis O as shown in the figure A constant voltage V is
maintained between the plates. Then answer the following question.

23)
The equivalent capacitance of the given system as shown in the figure
24)

Find the magnitude of torque of electrostatic forces acting on the slab about point O, in the given
configuration

25)

Find the magnitude of the angular acceleration of the movable slab if the mass of the slab ism

1) gvi(K-1) 2) gV (K-1) 3) gRWV (K +1) 4) g VMK +1)
2rnd 4dm 2rnd 4dm
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PHYSICS — ASSIGNMENT - KEY HINTS

13 22 32 414 55 65 74 87 9 A-rB—pC-sD-q 106 11.2

121 131 141 15.8 16.2 171 182 192 202 212 221 231 242 251

1)
Hint
2)
Hint)
3)
Hint 2
) S
The force of attraction acting between the plates 2€) &4
27 rd ]
e [SSa _ %o A:ur — ml:dx: £ FATE
ZEg A 2d° d a4
_ 2
When charge AQ leaves the plates of the capacitor it increases the energy of the battery by AQV = ACV
gy AV?
ad
4)
Hint)
v T
o, =Cv
W= l s
2
o =CV
o, =CF
1
¥ =—Cv?
2
|
V,=—CF
2
oo
—4—
2 2
2 4
g .e
20 u

20 20 2 2 2
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5)

Hint) Charge on the capacitor ' before switch is the right is ) V=Q.
Let charge on the capacitor after switch is thrown to the right are X, Y and Z as shown in figure. For

isolated plate between C2and ©3
Y - X = 0 woeeeemeee L)

And between “1and ©:

Applying Kirchhoff’s second law in loop
X N Yy oz

O O O R —— (3)

From equation (1), (2) and (3)
L, O

O, + 0,05 + 050

A=Y=

Putting the values of Gt and “zand V than X=5.
6)

Hint) When the switch is in the position 1, C and Coare in parallel and C is in series with the combination
_cfo+Gy)

Hence — (RC+C,)
clo+c,)

Chargeon O eo+ay)
By the charge distribution principle

_volc+c)o, | PTG
ooy o+ RO+Cy)
_refe+c)c . o
oo ot @otc,)
In position 2
L . . ve{o+cy)
“ T orre, BTN T T,
Heat produced = loss on stored energy + extra energy drawn from the battery.

i

Here loss in stored energy is zero because ~« is the same in both the position of the key.

Energy drawn from the battery = V24 =Vl ~a)or Vigs —45')
re(c+c,) et }__VQCC%

= Heat produced = 20+, 2040, | 20+4C
Putting the given condition then heat produced is 5J.

7)
Hint) Hint : p.d across the capacitor = 50 volts
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Lo (50§ =5 == 4x107 farad
Energy stored = 2

8)
Hint) putting the given condition then heat produced is 5J

[+

W,

T T

Initial charge on =1 = “1¥ =100KC - nitial charge on “z =“2Vz =800uC

when the terminals of opposite polarity are connected together, the magnitude of net charge finally is

equal to the difference of magnitude of charges before connection.

(charge on C,); - (charge on Cy);

(charge on C,); - (charge on Cy);

= (charge on Cy); - (charge on Cy);

LoV -0V =GV + Gy

OV, -0V 800-100
Co+

C,

H
H

W = 140wvalts

9)

Hint) (A). Let X0 be the initial extension in the spring, in equilibrium, kx,=mg
When voltage source is connected, the plate separation changes from d, to d.
The extension of the spring is (do-d).
When equilibrium attained again, we have

1
k[x,+(dy—dy) ] =mg - g E* A

2
1 (v
k[du—dljzgfu[—] A

Or 4
2
=2t (1)
Edl [du - dl)
Given: % =10 farad metre, T=1000 volt, do=2 cm, d;=1.5 cm
10 %108 40

k=

3 Iy S MWm
o 2 %102 x(2=1.57x10
[4] (107 )7 )

(B). The initial extension in the spring,

-3
Xy = me_ 107103 =2.25%107m = 2.25mm
k 40
o 2 (d-d)
(C). From equation (1), we have Ag

Differentiating with respect to d;,we get

A ,
2v| L | = =5 2d,d, - 34
v(ddj J{EE,[ i =34
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10)

dw

ddy

=10
For v to maximum, ( J , on solving for d, we get

oofie]

. \/4U><8><8><10"5 16107
N &0 x0x3 9%43 ol
16
= 943 kilovolt.
(D). Let the small displacement of the upper plate be x downwards from equilibrium positions. Hen
the net force on the plate is
2 }
T 2
(dh—x]

F=-k[1, +[dn—d)+X]+mg+%EDﬁL

1 l::11

1gaV3 . 2
= k(dy—d) -l -2 [ 2E
2 &

" -1
= —k(d, - d)—kx +1;°‘;‘:‘T [1_5}

=—k[dn—d)—kx+k[dn—dl){l+i—XJ

1

] 2,
Id‘l
F k{Bdl—EduJ
Do _E 2T |
Acceleration= ™ ™ d

Angular frequency of SHM is

grEy

J 40 [3><1.5><—2><2)
“Vox10”? 1.5
200

B 3_\-'@ rad/s.

Physics
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Hint)

r‘ T T J_ 1
T + 1 L& 1
LIT T 7741
T T T T T _I_T T
T T 1 =
L =
11)
Hint) Charge remains conserved
KT Z
=CF |0 =— &0 =—
! ( I 2]
o C[KH],Vl: oF
2 41
U1=lr::rﬂ
2
1 2
Uy=—CV |
2 K41
ﬁU:lCVf‘[—K_l]
2 K+1
12)
Hint)
13)
Hint) A Consider the capacitor as a parallel combination of Cp and Ty ang
I series combination of Cs and C, Equ. Capacitance
= O +C, +CC,(C+C)
g, = = Epf 2
E(KlfK? z]+—g+d;g
E. K,
l 3 e8| KK
B = [Kl"'Kz:H‘_ED —
44 2 d|KE,+E,
14)
Hint) Case (i) when no dielectric
_ad
Given d

Case (ii) when dielectric is filled : a small dotted element is considered of thickness &x
The small capacitance of the dotted portion

1 1 1
+

dedey dey where 9C1=capacitance of capacitor with dielectric %1

dt; = capacitor of capacitor with dielectric ks
Let I, b the length and breadth of the capacitor plate. Therefore, {x& =4
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_H (bdX )z,

de, = :
kbdXe, kAgdx
do) = =
d[l—i} dif— X)
Therefore, !
4o = Kt (bdX)  keddX ke Adx
Yod-d 4, 9 xd
Similarly, {

To find the capacitance of the whole capacitor, we integreate the above equation
KK Asdx
Chgd+ale -k)x

_ K& 45
d (Kl - &, )
_ K545 1 £

= Qg_
C d(Kl_Kz} &,

llog{&,id +dKi —d& i} ~log K,id |

15)

Hint) In steady state the branch containing capacitance acts as the open circuit since capacitance offers
infinite resistance to d.c. The capacitance simply collects the charge.
Applying Kirchhoffs | law to junction a and b, we note that i; =3 amp. And i, =1 amp.
Applying Kirchhoffs Il law to the part of circuit aefb, we get
W=y % 5—1x1—1, x 2=
Where V, and V,, are potentials at points a and b respectively,
or Va =V, = 6i, +2i,
=6x3+2x1=20Velt
That is p.d. across capacitor, V = 20 Volt.
Therefore Energy stored in capacitor C,

MULTI PARAGRAPH QUESTIONS

16)

Hint) When switch is in position 1, the circuit is as shown below :

2uF 4uF
| | |

+ 1= + 1=
g 5 g
| | | |4
I I
o 2E

So, the charge o both capacitors would be same, 1 =42 = 48 pC

When switch is shifted to 2, the capacitor of 4 IfLFgets isolated as it is not a part of complete circuit and
hence its charge remains constant, i.e., further charging or discharging of capacitor doesnt take place.
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|

|

g g

l |

! R

E iE
DLF, ¢ =2EuC

Charge on capacitor of
2UF

ALF

= 2EuC
= AENC

Charge on capacitor, 91

Charge on capacitor, 92

17)

Hint) Extra charge flown through & is, 9stown = T entering into Y% terminal so

=2ELC,. . B .
9 flown i e. charging of ! takes place with a charge of 2HC .

By,
Extra charge flown through ~ % is 0.
18)

Hmt)ZUi +W3yfhebaﬁezy - Z Uf +Wonfhebaffer_}l +AaH

(42) (48)

+0
2w 2 2xd
(22) (48)’
= + +{2ExEY+A H
2% 2 2x4
AH+ BT
19)
Hint) Initially 4 = (& ~ &) finally 95 =%%1 Therefore, charge flown through battery is £ = ¢ €ztherefore,

A = . . =1C[£22_25152]
work done by battery ¥ =&4¢€1 =~ &2 Now charge in energy of capacitor 2
S (1)

l]
1

....... >
( “T‘-»\
1 1., 4 i | ‘

= _(C[et- e, |+ Cee, =—C¢ | i
.. heat lost 2 4 2 2y ‘

20)

Hint) 1., 4

Energy loss will be same as above &
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21)

Hint)

22)
23)

Hint)
24)

Hint)
25)

Hint)

o et
ot e

ot
——=
'

1

Energy loss is same as above and that is 2

T:_.:f_u, u:l(_‘;p’?
a8 2
2
T=lag=g=—, f:—mf

6'2

Physics
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