CHAPTER - 31

CAPACITOR
Given that
Number of electron = 1 x 10"
Net charge Q =1x10”%x16x10"°=16x10"C
.. The net potential difference = 10 L.
-7
.. Capacitance — C = a5 16107 =16x10°F.
v 10
A = nr? = 25 rcm?
d=0.1cm
-12
c= gA _ 8.854x107° x25x3.14 _ 6.95 x 10°° yiF.
d 0.1
Let the radius of the disc =R
~.Area = tR?
C=1f
D=1mm=10"m
L o= A
d
12 2 -3 12 9
= 8.85x107'“ xnr 2= 107 x10° _ 10 — 50985 m = 6 Km
1073 8.85xm 27.784

A=25cm? =25x% 10" cm?
d=1mm=0.01m
V=6V Q=72

c = foA _ 8.854x107°x25x107
d 0.01
=12 -3
Q=cv= 8.854><100 0?2.5><10 6= 132810 x 10 C

W=QxV=132810x10""x6=8x10"°J.
Plate area A =25cm? =2.5x 10° m
Separation d =2 mm = 2 x 102 m
Potentialv=12 v

-12 -3
(a) Weknow ¢ = £0A - 8:85x10 “x25x107 _ 14 56 402
d 2x10”

c=9 - 1106x102=9
\% 12

=q,=1.32x10"°C.
(b) Then d = decreased to 1 mm
~d=1mm=1x10"m
co foA _q_ 885x107x25x10° _ 2
d v 1x1073 12
=@, =8.85%x25x12x1072=265x 107" C.
~. The extra charge given to plate = (2.65 — 1.32) x 107°=1.33 x 107° C.

Ci =2 puF, C,=4uF,

Cs;=6pF V=12V
cq=C1+C,+C3=2+4+6=12pF=12x10°F
g1=12x2=24C, 2=12x4=48uC, q3=12x6=72uC

5cm

. 0.1cm
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Capacitor

20 uF 30 uF 40 pF

V=12V

.. The equivalent capacity.
CC,Csq _ 20x30x40 _ 24000 _ 923 UF

C= =
C,C;+CC3;+C,C, 30x40+20x40+20x30 2600
(a) Let Equivalent charge at the capacitor = q
C= % —q=CxV=923x12=110 uC on each.

As this is a series combination, the charge on each capacitor is same as the equivalent charge
which is 110 pC.
(b) Let the work done by the battery = W

=W o W=vg=110x12x10°=1.33 x 102 .
q

C1=8uF, C2=4].,LF, C3=4HF A 8 uF
_ (C,+Cy)xCy |
Ceq= ~=——=—— B ¢
C1+Cz +Cs 12V__ 4pF A1 A
8x8 T T T
X
= =4 uF
16
Since B & C are parallel & are in series with A
S0,q1=8%x6=48 uC g2=4%x6=24puC q3=4%x6=24.C
a
(a) . L
| | | |
A B
| | | — &'la
c, C, C,=6

1 1 1 1 1+1
= = =

C ¢ C, C CC,
C 4
Co= 2 =2 =2uF
P T2 oH
AndCe=C2 = 8 =3 F
2 2 C1 p C1
nC=Cp+Cy=2+3=5pF — ——
(b)C1=4HF1 C2=6},l.F,
C C
Incaseof p&q,q=0 2
e A—||—q—||—B
PTp T ok — -
C 6 Ci R Cq
Cq= 5 =5 =3uF H
&C'=2+3=5uF
- Cz Cz
C&C'=5pF _||_S_||_

.. The equation of capacitor C=C'+C"=5+5=10 uF
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Capacitor

10.

1.

12.

13.

14.

V=10v ASuF Guf A3
Ceq=C, +C, [.. They are parallel] 1
=5+6=11uF 10
g=CV=11%x10110 uC
The capacitance of the outer sphere = 2.2 uF B6
C=22pF
Potential, V=10 v
Let the charge given to individual cylinder = q.
c=9

\%
=q=CV=22x10=22pF
.. The total charge given to the inner cylinder = 22 + 22 = 44 uF L]
C= ﬂ, Now V = m

\% R

-9 _R_

So, Cy = m = ?1 =4 mgoRy

Similarly ¢, = 4 negR,
The combination is necessarily parallel.
Hence Ceq =4 TESOR1 +4 TESoRz =4 TESo(R1 + Rz)

C C Cc
-
A c c c B
|7 |7 ]
11 1T 1T
o e CJ
L 1
~C=2uF
.. In this system the capacitance are arranged in series. Then the capacitance is parallel to each other.
(a) .. The equation of capacitance in one row
C

C=—=—
3

(b) and three capacitance of capacity % are connected in parallel

.. The equation of capacitance
c C C

C=—+—+—=C=2ypF
3 3 3
As the volt capacitance on each row are same and the individual is
Total _ 60

= - =— =20V
No. of capacitance 3

Let there are X’ no of capacitors in series ie in a row
So, x x 50 = 200
= X = 4 capacitors.
Effective capacitance in a row = %
Now, let there are 'y’ such rows,
10
So, —xy=10
2 y

=y = 4 capacitor.
So, the combinations of four rows each of 4 capacitors.
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Capacitor

15.

16.

17.

4uF ¢ 8uF
M
A
D
3 uF 6 uF
| |
1T

4x8 8
a) Capacitor= —— = —
(2) Cap 4+8 3"

6x3 _

and =2 uF
6+3 !

3uF D 6uF
[ | 11
]

(i) The charge on the capacitance % pF

8 00
Q== x580=—
3 3

.. The potential at 4 uF =

400 _ 100

3
ats = 400 _ 100
3x8 6
The Potential difference = 100 _100 _ 50 nv

3

(ii) Hence the effective charge at 2 uF = 50 x 2 = 100 uF

100

100

.. Potential at 3 uF = = ; Potential at 6 puF = i

100 100 _ 50

.. Difference = ———
3 6

.. The potential at C & D is =3 ny

P R_1_1
o) . —=S=-===
q S 2 2

It is balanced. So from it is cleared that the wheat star bridge balanced. So

the potential at the point C & D are same. So no current flow through the point C & D. So if we connect
another capacitor at the point C & D the charge on the capacitor is zero.

Ceq between a & b

= ﬂ_}_c +£

C,+Cy ° Cu+C,
= C3+ﬂ
C,+C,

(.. The three are parallel)

In the figure the three capacitors are arranged in parallel.

A
All have same surface area =a = —

First capacitance C; = A
3d
2" capacitance C, = GoA
3(b +d)
3" capacitance C; = __SoA
3(2b + d)

Ceq = C1 + Cg +C3

3

C1C,/C4+C,
2 CZ
prpe bl
C4 J_C1
) S
C1Co/C1+C,
d

A
v
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Capacitor

18.

19.

20.

ﬁ+ goA + ggA =ﬁ[1 1+1j

3d  3(b+d) 3(2b+d) 3 \d b+d 2b+d

oA ((b+d)(2b+d)+(2b+d)d +(b+d)d
3 d(b+ d)(2b+d)
£oA[3d2 + Bbd + 202

3d(b + d)(2b + d)

(a)C = 2el  _ ©x3.14x8.85x107*x 10" [In2 = 0.6932]
In(R, /Ry) In2 '
=80.17x 10"° = 8 PF

(b) Same as R,/R; will be same.

Given that

C=100PF=100x 10" F Coq =20 PF=20x 10"%F
V=24V q=24x100x 1072 =24 x 107"°
Q=7

Let g1 = The new charge 100 PF  V; = The Voltage.
Let the new potential is V4
After the flow of charge, potential is same in the two capacitor

v, = d2 - &
cC, C
=99 - %
c, C
_24x107% —q4 _ a4

24x10"2  100x10 2
=24 x10"0-q,. %
5
=6q,=120x 107"

=q = %xm‘”:zo x 107°

L1

Initially when ‘s’ is not connected,

Cur= Xq=2C,50=2410%=166x10"C
3 3 2

After the switch is made on,

Then Ce = 2C =107

Q=10°x50=5x 10"

Now, the initial charge will remain stored in the stored in the short capacitor

Hence net charge flowing
=5x10"-166x10"=33x10"C.
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Capacitor

21.

22.

004uF__P

0.04 yF

Given that mass of particle m = 10 mg

Charge 1=-0.01 uC

A =100 cm? Let potential = V

The Equation capacitance C = % =0.02 uF

The particle may be in equilibrium, so that the wt. of the particle acting down ward, must be balanced by
the electric force acting up ward.

.. qE=Mg
Electric force = qE = q% where V — Potential, d — separation of both the plates.
= qV—C C = ﬁ d= M
SoA q C

qE =mg

Qvec
- - mg

80A
- 0.01><0.(1)22><V = 0.1 x 980

8.85x107“ x100

-10

V= 0.1x980x 8.85x10 = 0.00043 = 43 MV

0.0002
Let mass of electron = p
Charge electron = e
We know, ‘q’
For a charged particle to be projected in side to plates of a parallel plate capacitor with electric field E,

y= KE(x) :
2m %
where y — Vertical distance covered or me Id1

x — Horizontal distance covered

p — Initial velocity B
From the given data, Idz
d V. qdy q

y= , E=_=—=_, X =a, H'='?
2 R SOaZXd»] 8062 b

For capacitor A —

V1=i = qd12 asC1=—
C1 goa d1

Here q = chare on capacitor.

2

g = C x V where C = Equivalent capacitance of the total arrangement = dsoad
110z
2
So,q= f8 v
d;+d,
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Capacitor

23.

24,

25.

2
Hence E = q2= &3 sz -V
€Oa (d1 +d2 )goa (d1 +d2)

d, exV

2

Substituting the data in the known equation, we get, %x

5 2 172
2 Vea _ Vea
- =D U=/
dm(d; +d,) dm(d, +d,)

geme
Me

The acceleration of electron a, =

The acceleration of proton = ?\/Iﬁ =ap
p

The distance travelled by proton X = %apt2 (1)

The distance travelled by electron ...(2)

From (1) and (2):>2—X=%act2 L

%E
X ap Mp

2-x " a.  (aF
MC

=31
X M, _ 907 _ 91 454 = 5449 x 10
2-x M, 167x10% 167

= x=10.898 x 107" —5.449 x 107*x

=

-4
_ 10.898x10" _ ) 101089226
1.0005449

(a) 1uF S uF ! |—|3

T
A o -— B

] L || I
| | 1
2 F 6 uF ’ i

As the bridge in balanced there is no current through the 5 uF capacitor
So, it reduces to
similar in the case of (b) & (c)
as ‘b’ can also be written as.
_ 1><3+2><6 _ 3 +E _6+12
1+3 2+6 48 8 8
(a) By loop method application in the closed circuit ABCabDA

124+ 22, G Qg (1) B

=225 uF

2uF | 2uF  4uF af ! Qj_'” 1

In the close circuit ABCDA

2

—X_2

2 uF

! "‘F\/

+[ 1, 2cm R

+ <cﬁa

+ ep

. e—X X
—->E —

+ qu

+ —E

2pF/\

C

2 uF a

4 uF

o J@-9) T aw
S+ L Qo) A—L_‘I o | b

2uF  4uF
From (1) and (2) 2Q + 3Q, =48 ...(3)
And 3Q — g, = 48 and subtracting Q = 4Q,, and substitution in equation
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Capacitor

2Q+3Q1=48:>8Q1+3Q1=48311Q1=48,q1=%
Vab = Q _ 48 _ 12
4uF  11x4 11
(b) 12V 12V 4uF
a a —
2 uF
2 puF 4 yF
N4 L
b 24V
24V

The potential = 24 — 12 =12
_ (2x0+12x4) _ 48

Potential differenceV= ———*-=— =8V
2+4 6
TheVa—L\{tb=—8V
e | Right
(©) VI

A 5! 2V ¢
a

2 uF ;I_ 2 uF
F I E D
From the figure it is cleared that the left and right branch are symmetry and reversed, so the current go
towards BE from BAFEB same as the current from EDCBE.

-.The net charge Q=0 ~V=—=—=0 ~Vab =0

.. The potential at K is zero.
(d) 6V

Netcharge _ 24+24+24 _ 72

The net potential = - = — 103V
Netcapacitance 7 7
~Va-Vb=-103V
26. (a) 3/8

—— 4 uF °
3/8
48, . 318 f b
1T 11 1T
3uF 1 uF 48 Lo - ‘
— —* — 1 12 s [ °
'i i — — H
By star Delta conversion — —
3 uF 1uF
3 1 3 ] — =
+— x| =+ 3uF 1uF
3 2) |2 3 35 _9+35 _ 11 : "
Cetf = — =—+—="—"-=—uF
8 24 24 6
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Capacitor

(b)

by star Delta convensor

3/8 uf 3/8 yf
| L LI |
11
12/8
418 u 1/2 uf 3/2 pf
AN I I | I
o—— r——o L ad
4/8 uf - EuH EHH
12/8 uf
| | 372 uf 112 uf
3/8 uf { |
3/8 pf
3/8 pf
:
— \
E— 3 16 3 _ 11
\ 8 8 8 4
1
3/8 uf
4 413 uF
(©) _2|u’FT__( Ml'—j i
8/3 uF
5 uF . | iH J
4 uF 8 uF -
-——|“%” — —
|} | |
4 F 4 uF
8
Cef= —+—+4 =8 puF
3
(@ 2 u 2 4
1T 1T LI | 1T
6pr_
| | +— | | — |
4 uf 1 8 uf E— 4 uf 8 uf
— 6 uf ¢ — «— L o
o S
6 pf
]l | T 1 1L ] | 1
11 [ L 11
2 pf 4 uf 2 pf 4 puf
8/|6%1f
L]
]l |
] |
_ 3212 pf
- —— — o
_ 32/12 uf
[}
|} 3 32 32 8 _16+32
H Cef= —4+—+—+—= = =8 puf
8/6 uf 8 12 12 6 6
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Capacitor

28.

29.

LT,

= Cs and C, are in series

Ceq = 2x2 - 1
2+2
This is parallelto Cg=1+1 =2
Which is series to C, = 2x2 =1
2+2
Which is paralleltoC;=1+1=2
Which is series to C3 = 2x2 =1
2+2
Which is parallelto Cg =1+ 1=2
This is series to C4 = 2x2 =1
2+2
A’TI T| T T{ -
A '__|_| |__|_pr Fig— I
) 1 uF c
Fig-1 I T
B Y T T T -l_ ....... B

Let the equivalent capacitance be C. Since it is an infinite series. So, there will be negligible change if
the arrangement is done an in Fig — IT
o= 2xC +1>C= 2C+2+C
2+C 2+C

=((2+C)xC=3C+2
=C’-C-2=0
=>((C-2)(C+1)=0

=—1 (Impossible)
So,C=2uF

A THTHTH—lc ATb—“l“

g l2uf Touf Tou T s LT T

= C and 4 uf are in series
4xC
4+C
Then C4 and 2 puf are parallel
C=Cqi+2uf
4xC 4C+8+2C _
= +2 = =
4+C 4+C
—4C+8+2C=4C+C*=C*-2C-8=0
2:V4+4x1x8 _ 2+/36 _ 216

2 2 2

So,C; =

C=

2+6
C="-=4,f
2 8

.. The value of C is 4 uf
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Capacitor

30.

31.

32.

33.

34.

35.

q1=+2.0%x10%¢ g=-1.0x10%¢
C=12x10"pF=12x10"°F

_ -8

2 2
-8
v=a:=3107 1 _psv
c 2 1.2x107°
.. Given that
. +20uc
Capacitance = 10 pF ol s .
Charge = 20 pc X10: 110 1
. 20-0 + x 10-
.. The effective charge = —— =10 uF +|+-0 .-
2 +|+ .-
10 +1 4+ [
= ﬂ = = ﬂ = =1V
\% c 10

g=1puC=1x10°C C=01puF=1x10"F
q=2uC=2%x10"°C
G- _ (1-2)x107°

netq = = =-05x10°C
2 2
7
Potential V' = 3 = L‘” =_5V
-5x10~

But potential can never be (-)ve. So, V=5V
Here three capacitors are formed
And each of
A=L,107 fm.
€
d=4mm=4x10"m
..Capacitance of a capacitor

96 x 10712

C=20"=__ %0 =-24x10°F.
d 4x10°3 | |

[ I B TR
[ [ | [
+ 4+t 4
++ + + + + +
[ T T T
4+ + + F++

. The total charge to a capacitor =8 x 10° x 10 =8 x 10 ¢

. The charge of a single Plate =2 x 8 x 10 =16 x 10°=0.16 x 10° = 0.16 pc.

(a) When charge of 1 uc is introduced to the B plate, we also get 0.5 pc

charge on the upper surface of Plate ‘A’. A

(b) Given C=50 uF =50 x 10°F=5x 10" F 0550
+++++ ++

Now charge = 0.5 x 10°C B[ | +—
F++++ At 1.0uC

V== =77 =10V
C  5x10°F cC— 1

Here given, 1uC 0.5 uC
Capacitance of each capacitor, C = 50 uf = 0.05 pf 05 1C

Charge Q = 1 uF which is given to upper plate = 0.5 pc charge appear on outer 0.5 uC
and inner side of upper plate and 0.5 uc of charge also see on the middle.

0.5uC

(a) Charge of each plate = 0.5 pc 8.2 ug
Capacitance = 0.5 pf |:“|
0.5puC
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Capacitor

36.

37.

38.

39.

(b) The charge on lower plate also = 0.5 uc
Capacitance = 0.5 uF

c=35v=9-095_4y
v C 005
.. The potential in 10 V
C;=20PF =20x 1072 F, C,=50PF=50x10"2F
-1 11
Effective G = 2102 = 2x10° x5x107 _ 4 jog 101 F

Ci+C, 2x10"+5x10™"
Charge ‘q'=1.428 x 107" x6=8.568 x 107" C
q _ 8.568x107"

Vi=—- = S =4284YV
C1 2)(107
-1
V2=i - 8.568><1(1)1 —171V
Cz 5)(107

Energy stored in each capacitor
Eq=(1/2) CiV4> = (1/2) x 2 x 107" x (4.284)*=18.35 x 107" = 184 PJ
Er=(1/2) CoVo2 = (1/2) x 5x 107" x (1.71)>=7.35x 107" = 73.5 PJ

.'.C1=4HF, C2=6].,LF, V=20V
. c.C 4x6
Eq. capacitor Coq = —1=2= = ——— =24 4 uf 6 uf
d-cap “” 6 +C, 4+6 i | |
~.The Eq Capacitance Cqq = 2.5 uF
.. The energy supplied by the battery to each plate .
E = (1/2) CV? = (1/2) x 2.4 x 20° = 480 nJ 20V
.. The energy supplies by the battery to capacitor = 2 x 480 = 960 uJ
C=10puF=10x10°F
Fora &d c
q=4x10"C a b |
c=10"F c cd
2 4 H i B
— C
E:li:lM=8x1o—3J=8mJ |
2c¢c 2 10°
Forb&c |
4 L]
q=4x10"c 100 V
Ceq=2c=2x10"F
-4
V= 4x107" _ 20V
2x107°

E=(1/2)cv®=(1/2) x 107°x (20)°=2x 102 J=2mJ
Stored energy of capacitor C; =4.0 J

=19 _404
2¢
When then connected, the charge shared
19 19,
—_—— =
252 22 Q1= Q2

So that the energy should divided.
.. The total energy stored in the two capacitors each is 2 J.
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Capacitor

40.

41.

42.

43.

44,

Initial charge stored =C x V=12x2x10°=24x 10°¢

Let the charges on 2 & 4 capacitors be q; & q, respectively
- 91 _ 9 91 _ 9 _

There, V = C_1_ C_z = > "4 = 02= 29 .

orgi+q; =24x10°C

=q;=8x10" uc

02=29:=2x8%x10°=16 x 10° uc

2
Ei=(1/2) x Cq x V42 = (1/2) x 2 x [gj =16 uJ

2
E, = (1/2) x Cp x V52 = (1/2) x 4 x [%j 8

Charge = Q
Radius of sphere =R
.. Capacitance of the sphere = C = 4nggR
_1Q%2 1. @2 _ Q@
Energy= —— = ——— =
2C 24negR - 8mggR

Q=CV=4ngR x V

E= %% [ ‘C’in a spherical shell = 4 negR]
2.2 _p2 2)
E= 116n7e," xR™ x V= _ 2 ngoRV? [‘C’ of bigger shell = 4 1gR]
2 4ngy x 2R
o=1x10"¢/m?
a=1cm=1x10%m a®=10"m

2 -4\2 4
The energy stored in the plane = do” 1. 0x107) _ 100 _ 564.97
2g, 2885x107'? 177

The necessary electro static energy stored in a cubical volume of edge 1 cm infront of the plane

_ 162 3 _ -6 _ —4
=_——a” =265x10"=5.65x10"J
2 €p

area=a=20cm’=2x 1072 m?
d = separation =1 mm = 10 m

gy x2x1073 g0 x2x107°
Ci= o e’V = 2¢ Cf= e’V =g
102 ° 1= 0 °
gi=24 ¢ qf=12¢ So, q flown out 12 ¢. ie, q; — gy

(@) So,q=12x8.85x107?=106.2x10"2C=1.06 x 107°C

(b) Energy absorbed by battery during the process
=qxv=1.06x10""Cx12=127%x10"°J

(c) Before the process
Ei=(1/2)x CixVv?=(1/2) x 2 x 8.85x 107% x 144 =12.7 x 107'°
After the force
Ei=(1/2)x Cf x v?=(1/2) x 8.85 x 107 x 144 =6.35 x 107'° J

(d) Workdone = Force x Distance

2 -3
_1q - 1x10° =lx12><12><80><80><10
2 goA 2 €9 x2x1073
(e) From (c) and (d) we have calculated, the energy loss by the separation of plates is equal to the
work done by the man on plate. Hence no heat is produced in transformer.
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Capacitor

45.

46.

47.

(a) Before reconnection
C =100 pf V=24V
q = CV = 2400 puc (Before reconnection)
After connection

When C = 100 pf V=12V

g = CV = 1200 pc (After connection)
(b) C =100, V=12V

~.q=CV=1200v

(c) We know V = w
q

W=vqg=12x 1200 =14400J =14.4 mJ
The work done on the battery.
(d) Initial electrostatic field energy Ui = (1/2) CV,?
Final Electrostatic field energy Uf = (1/2) CV,°
..Decrease in Electrostatic
Field energy = (1/2) CV4* = (1/2) CV,°
= (1/2) C(V4* = V%) = (1/2) x 100(576 —144) = 21600J
.. Energy =21600j=21.6 mJ
(e)After reconnection
C =100 pc, V=12v
.. The energy appeared = (1/2) CV? = (1/2) x 100 x 144 =7200J=7.2 mJ
This amount of energy is developed as heat when the charge flow through the capacitor.

(a) Since the switch was open for a long time, hence the charge flown must be due to the both, when
the switch is closed.

Cef =C/2

C C
ExC
Soq=
97
2
(b) Workdone =qxv = E><E - EC
2 2
C E°C -
(c) Ei= —x—xE? = =~
2 4
2
E;=(1/2)x Cx E? = %
2
E|_Ef= E
4
(d) The net charge in the energy is wasted as heat.
C1 =5}/lf V1 =24V
qy =CVy=5x%x24=120pnc
andC2=6uf V2=R

q2=CZV2=6x12=72
.. Energy stored on first capacitor
_1a’ _ 1 (120

E = = —x =1440J=1.44mJ
2 C, 2 2
Energy stored on 2" capacitor
2 2
Eo= 492 = 1 (27 435 y-430md
2C, 2 6
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Capacitor

(b) C4V4 C,V»
Let the effective potential = V 5uf24v 6uf12v
ve CVi-CoV, _120-72 _ o = H =
C,+C, 5+6

The new charge C,V =5 x 4.36 = 21.8 uc
and C,V =6 % 4.36 = 26.2 uc
(c) Uy = (1/2) C4V?
U, = (1/2) C,V?
U = (1/2) V? (C4 + Cp) = (1/2) (4.36)° (5 + 6) = 104.5 x 107° J = 0.1045 mJ
But U, = 1.44 + 0.433 = 1.873
. The loss in KE = 1.873 — 0.1045 = 1.7687 = 1.77 mJ
48. == ==

@) (il

When the capacitor is connected to the battery, a charge Q = CE appears on one plate and —Q on
the other. When the polarity is reversed, a charge —Q appears on the first plate and +Q on the
second. A charge 2Q, therefore passes through the battery from the negative to the positive
terminal.

The battery does a work.
W = Q x E = 2QE = 2CE’
In this process. The energy stored in the capacitor is the same in the two cases. Thus the workdone
by battery appears as heat in the connecting wires. The heat produced is therefore,
2CE?=2x5x10°x 144=144%x 10° J=1.44 mJ [have C =5 puf V.=E =12V]
49. A=20cmx20cm=4x107%m
d=1m=1x10"m

k=4 t=d
_ SOA _ €0A _ SoAk
C= t - d - d 20 cm
d-t+— d-d+—
k k
-12 -2 1 mm
=8.85><10 ><43><10 x4 = 1416 x 10°F = 1.42 nf 20|cm
1x10~
50. Dielectric const. =4
F =1.42 nf, V=6V

Charge supplied =q=CV=1.42x10°x6=8.52x10°C
Charge Induced = q(1 — 1/k) = 8.52 x 107° x (1 = 0.25) = 6.39 x 10° = 6.4 nc
8.52uc

Net charge appearing on one coated surface = =2.13nc

51. Here
Plate area = 100 cm® = 1072 m?
Separation d =.5cm =5 x 107 m 7
Thickness of metalt=.4cm=4x10"m d=0.5cm t=0.4cm

Co= _foA _ &A _ 8585x1072x10"?
d-te 7L (Boapa0”

A =100 cm?

= 88 pF .

Here the capacitance is independent of the position of metal. At any position the net separation is d —t.
As d is the separation and t is the thickness.
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52. Initial charge stored = 50 uc

Let the dielectric constant of the material induced be ‘k’.
Now, when the extra charge flown through battery is 100.

So, net charge stored in capacitor = 150 pc

Now C1 = ﬁ or & :@
d \% d
d Y d

il

(1)
C2=

Deviding (1) and (2) we ge
2

ﬂ — 1 =k=3
150 k

C=5uf V=6V

(a) the charge on the +ve plate

q=CV=5ufx6V=30pc

53.

(c)d=2x10"m
t=1x10"m

k=50rc=% —=5x10° =

2x1073
When the dielectric placed on it
10*

8.85x10712 x
C1 = SOA =

8.85x Ax 1072

8.85 _ 10°x10%%5

50 pc

T

d=2mm=2x10"m.

4
=>A= 10

x107° = ——
8.85

1073 6x1073

t
d-t+— -3
K 107° +

(d)C=5x%x10"f. V=6V
L Q=CV=3x107f=230pf
C'=83x10°f
V=6V
L Q=CV=83x%x10°x6=50pF
.. charge flown = Q' —Q =20 pF

54. Let the capacitances be C; & C, net capacitance ‘C’ =

SoAk»] C2 — 80Ak2

d1 d2
eoAky  £AK, SOA[k1k2]
d1 d2 _ d1d2

Now C; =

8.85x107'? x10?x 24

= gx10*5 = 0.00000833 = 8.33 pF.

C,+C,

2
Tem® |

Cy

C, k=4

«Pp—O—

=4.425x 107" C =44.25 pc.
A=400cm? =4 x 102 m?
d=1cm=1x10"m
V=160V
t=05=5x10"m

k=5

C= =
oAk, n goAKy sOA[k1d2 +k,d,
did,

55.

]_6><4><10_3+4><6><10_3 _
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c—_fA _ 885x10x4x10? _ 354x107
t -4 3 _
d_HE 1073—5><10’4+5X1O 10 0.5
56. (a) Area=A
Separation = d
C1 - SoAk»] C2 - 80Ak2 K1
d/2 d/2
K
2e0Ak,  2e0Ak, (2e0A)?k 4k, ?
_ GGy _ d ) d - d? = 2KikpeoA
d d 0 a2
(b) similarly
A IO R B T I
C C, C, Cy4 3ggAky  3gpAk,  3gpAky
d d d
_ d i+i+i = d | kokg +kiks +kiky
3egA| ks ky kg 3ggA kikoks
L C= 3egAkkokg
d(kqks +koks +kiks)
(c)C=C1+Cy
A A
€p —k1 80 —k2 A
- 2 2 - %o
= + = (ks +k
q d od (kq+k3)
57. dx
— I
Al |
q kid E/d,c/// d — x tan¢
T de kg | xtn
— |
B<— X —

Consider an elemental capacitor of with dx our at a distance X’ from one end. It is constituted of two
capacitor elements of dielectric constants k; and k, with plate separation xtan¢ and d —xtan¢

respectively in series

1 _L+L xtan¢ +d—xtan¢
- gobdx
deR xtan¢+(d—xtan¢)
dx
or Cgr = ggbk4k
R T Eobf J.k2d+(k1—k2)xtan¢
= ————= TJlogekod+ (k1 —K») X tand]a
tan¢(k1—k2)[ gekod+ (K1 —k2) ]
Sobk»]kz

= ———— < Jlogcko,d+ (k1 —k») a tand — log, kod
tan¢(k1—k2)[g 20+ (Ky —ks) ¢ Je Kod]

.'.tand>=9 andA=axa
a
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gt [l
(k. —k 2
a( 1-Kz)
2
goa“kqk k
Cr = —0¢ ™72 log. | =1
"7k —ky) { ge[kzﬂ
2
CR - Soa k1k2 In ﬁ
dks —k3) Ko

/s
A Lo L
LT T

I Initially when switch ‘s’ is closed
Total Initial Energy = (1/2) CV? + (1/2) CV? = CV? (1)
Il. When switch is open the capacitance in each of capacitors varies, hence the energy also varies.
i.e. in case of ‘B’, the charge remains
Samei.e. cv
Ces = 3C

In case of ‘A’
Ceff =3c

E= 1><Ceffv2 = —x3cxV= Ecv2
2 2

N | —

2 2 2
Total final energy = % +30—V - 10ov®

2 6
Initial Energy _  cv?
' Final Energy ~ 10cv?
6
. Before inserting
c=fc a=2c
d d + _
After inserting
_ goA _ gAk _ goAk + K _
alar i Q= ==V
E + —
The charge flown through the power supply
Q=Q-Q
_ 8AKV g AV _ AV (k-1
d d d
Workdone = Charge in emf
gg A?V? (k-1
= li S Y = ggAV? (k—1)
2C 2 @(k_” 2d
d
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60.

61.

62.

63.

Capacitance = 100 puF = 10~ F
Pd=30V
(a)g=CV=10"x50=5x10"c=5mc
Dielectric constant = 2.5
(b)NewC=C'=25xC=25%x10"F

New p.d = [..’q’ remains same after disconnection of battery]

C

_ 5x107°
2.5%x107*
(c) Inthe absence of the dielectric slab, the charge that must have produced
CxV=10"%x20=2%x10"c=2mc
(d) Charge induced at a surface of the dielectric slab
=q(1-1/k) (where k = dielectric constant, q = charge of plate)

=5x107 [1—%}=SX1O_SX%=3X10_3=3mc.

=20 V.

Here we should consider a capacitor cac and cabc in series

Cac = 4neggack
k(c-a)
4reobe A
Cbc = =0~ e
(b-c) ¥
1 1 1
—_— e — + —_—
C Cac Cbc

(c—a) . (b-c) _ b(c-a)+ka(b-c)

- 4nggack  4meybe i kdneyabe
o A4msgkabe G \/

" ka(b-c)+b(c—a)
These three metallic hollow spheres form two spherical capacitors, which are connected in series.
Solving them individually, for (1) and (2)

Ci= A‘g‘c'—oab (.. for a spherical capacitor formed by two spheres of radii R, > Ry )
—-a
C — 47'[80R2R1
R, -R;
Similarly for (2) and (3)
C2 — 4ngobc
c-b
(4me, )Y>ab?c
Cup = Cc.C, (b—a)(c—a)
“C+C, ab(c —b) +bc(b —a)
4meg
(b—a)(c-b)
_ 4ngqab’c _ 4nggab®c _ 4megac
abc —ab? +b%c—abc  b?(c-a) c-a

Here we should consider two spherical capacitor of capacitance
cab and cbc in series
47'[80abk CbC — 4Tt80bC

(b-a) (c-b)

Cab =

31.19



Capacitor

11 . 1 _ (b—-a) N (c—b) - c(b—a)+ka(c—b)
C Cab Cbc 4mejabk 4megbc k4rey,abe
_ 4nggkabe
c(b-a)+ka(c—-b)
64. Q=12 puc
V =1200 V
v =3 x 10-6 v
d m
d= ¥ _= 12006 =4x10"m
(v/d) 3x10”
c= Q _ 12x10° —10°F
v 1200
s c= SR _qgeg
d
-8 -8 -4
A=10 xd =10 x4x10 0.45 m?
€9 8.854 x107*

65. A=100cm? =102 m?
d=1ecm=10%m
V=24V,

-12 -2
.. The capacitance C = 8.85x10 ~x10

gA
d 102
.. The energy stored C4 = (1/

1g7%
66. — 1
I K
IT A
1
(™ ]
We knows

In this particular case the electricfield attracts the dielectric into the capacitor with a force

Where b — Width of plates
k — Dielectric constant
d — Separation between plates
V = E = Potential difference.

Hence in this case the surfaces are frictionless, this force is counteracted by the weight.

2 p—
So, ggbE*(k—1) _ Mg
2d
M= gobE? (k —1)
2dg

= =8.85x 107"

2) CV2 = (1/2) x 107 x (24)? =2548.8 x 107"

12
C, _ 2548.8x10 S04 x 107 N.

gobV3(k —1)
d
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67. —_ R
= K, K, -
1 [ |
T I

(a) Consider the left side
The plate area of the part with the dielectric is by its capacitance
k1€0bX €0b(|_1 — X)

C1= q

and with out dielectric C, =
These are connected in parallel
C=Ci+C;,= %{h +x(kq = 1)]

Let the potential V4

2
SobV»]

U=(1/2) CV,= Ly+xk-1] ...(1)

Suppose dielectric slab is attracted by electric field and an external force F consider the part dx
which makes inside further, As the potential difference remains constant at V.
The charge supply, dq = (dc) v to the capacitor
The work done by the battery is dwy, = v.dq = (dc) V2
The external force F does a work dw, = (—f.dx)
during a small displacement
The total work done in the capacitor is dwy, + dw, = (dc) v* — fdx
This should be equal to the increase dv in the stored energy.
Thus (1/2) (dk)v? = (dc) v* — fdx
_ 1 ,dc

2 dx
from equation (1)
80bV2

(k=)

. Fx2d _ [ Fx2d
L. L B VA L
eob(k; — 1) eob(k; — 1)

Fx2d
gob(kz 1)

F=

For the right side, V, =

Fx2d
ﬁ - Sob(k»] —1)

V, Fx2d
gob(kz —1)

—

k_
LVe ke

V, Vki—1

.. The ratio of the emf of the left battery to the right battery =

—

k2—

—_

.-
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68. Capacitance of the portion with dielectrics,

C1 = @ P I 4‘—>
(«d

Capacitance of the portion without dielectrics,
go(0—a)A

C,= Lo\t~ Gt 1

2 d E K

. Net capacitance C=C; + C, = ﬁ[ka +(¢ —a)]

a T — P
SoA a

C= W[z+a(k—1)]

Consider the motion of dielectric in the capacitor.

Let it further move a distance dx, which causes an increase of capacitance by dc
~.dQ=(dc) E

The work done by the battery dw = Vdg = E (dc) E = E* dc

Let force acting on it be f

.. Work done by the force during the displacement, dx = fdx

.. Increase in energy stored in the capacitor

= (1/2) (dc) E? = (dc) E? — fdx

1E?dc

fdx = (1/2) (dc) E?> = f =
= fdx =(1/2) (dc) E* = > dx

C= %[Z+a(k—1)] (here x = a)

da da|

1=d_C
dx

1 .2
S (l—a)= —agt
(t-a) Zad

_ Jz(f—a) _ [2(¢-a)2¢dm _ [4med(r -a)
=>t= = =
ay E%g,A(k —1) eoAE? (k —1)

8m¢d(¢ —a)

.. Time period = 2t = ——
egAE“(k - 1)

Fooohohohh
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