JEE-Physics

CAPACITOR

EXERCISE -I
k= £25900 5 5000 N/m
" x 02 7
1.2
Ugr 2% 25000x0.2x0.2 .
U Loyz  10x107°x10°
2
AU Love 1i40x10% x9x10°
p_2r_2 _2 = 90kW
At At 2x10°®
| |+
V, (C+CV) = CV + (2C) (2V) I
V, = V (Final pot. diff.)
1 V& 2V
U= ser o ve= 0 L
2C
(4+2) V = (4 x 50) + (2 x 100) 4uFH50v
400 200 —V—
V= —=—V
6 3 H
1T 100v
2uF

Ui = (% x 4 x (50)” + % x 2 x (100)2) x107°

= (5000 + 10000) x 10° = 1.5 x 102 J

1 s 200 200
Ufinal = §(4+2)><10 XTXT
=1.33x1021)
Qi L Q
i U. = +
Before sharing '~ 2c, 2,
(Q,+Q.)°
. u. =
After sharing f 2(Cl +Cz)

(Qi+Q,) Qf | @
2(C,+C,) 2C, 2c,

AU=U, -U =

2
- _ (Q1C2 - Q2C1)
2C,C,(C, +C,)
—ve sign indicates there is decrease in energy
ButQ,C,-Q,C, #0 =Q,C,#Q,.C,
= Q,4ne R, # Q,4ne R, = Q,R,#Q,R;

__SA (tzﬂKz )
C_ t 2, w

d—t+—
K
g A 2¢ A
= = =2
d d d Co
_i+7
2 2K
Q1_q q _q Q2+q Q3 +Q2+q
a b Cc d el |f

Q1 _(Qz +Q3)

HereQ, -9=Q, +Q,+d=0= >

Charge on a= Charge on f

3Q _Q,+Q,+Q,

= Q= 2

2Q -Q
Q|3 x|, Q
22 2|72 P

Force on either plate

(3Q/2) 9Q°
2A g, ~ 8A g

Force on point 'P' due to capacitor = 0
Potential diff. between the plates

_3Q
- 2C
Energy stored in electric field between the plates

2 2
_ ECX(ﬂj _9Q
2 2C 8C
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' 14, c=c+2+8.8.C
s SR 2 4 816
2I[
= c
+ve +q = = =
9. © = 3 S 1-1/2 -2¢=2F
4T -
;g 15.  For 'n' plates; effective C will be (n-1)C.
15
Therefore
= = 3V
G, = - 20, 6, = * 20, 16. CV +2CV = KCV' + 2CV' = V' =
9, =-29andqg; = +q K+2
[ A
10. 17. c= 28 - gpF
F—i— d
T— C = s A _ g A
t, t, d d 2d d
1 , 1 , 1 ) d-t,+—+—-t,+2* d—_+——-——+—
u =§C1V +§C2V =E(C1+C2)V K, K, 3 9 3 9
9¢ A 81
1(8.85x10‘12x0.1 ] ) = =2 = 2= pF = 40.5pF
= = 2|x10° = 107 2 d 2
2\ 0.885x10° )7 107
11. Each capacitor has potential difference 'V' and
1
energy ECVZ. After reconnecting total energy 18
remains constant and total voltage becomes NV. '
—eP —e A
12. ZC:EJ: ZC:EJ: where C = EOT
2c—— ——2C — 2c=— ——=2C
h::c J_ —c 6C x2C 6Cx4C
c— — 2c— Ceq = + =39C
| c | 8C 10C
Q
L | 717 |1
2T x [Tax
= —2c = 2c——
L1 L
c_l IC - 2c_| - C = eodax N K e (:—X)a
K 2 K-1
C= ec;)a _eoa(d )x where x= vt
=°T T* = *7 .. C— t graph is linear with negative slope.
1 - _[2ZmsAT
A B, 20. S CV2=msAT =V ==
13. 1] 1l
5uF 15uF
5V, - V) = 15 (V,-V,) = 5(2000-V,)=15(V,-0) | 21. C=4re a
= 2000 - V, = 3V, =V, =500V
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22.

23.

24.

25.

26.
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:m:4ﬂ:e0a= 47'C€0a. =n(4n€0a)c
b-a a (n —1)
1-- 1-|—=
b n
8uF 16uF
° | | ° | | °
11 11
Breaking voltage 20V 80V
Safe Voltage 20V v

.. Charge on each capacitor =20 x 8 = 160 uC

1uF 2uF
° | | ° | | °
I 11
Breaking voltage 6 kV 4 kv
Safe Voltage 6 kV 3 kv

.. Total voltage =9 kV

Capacitance between 1 and 3 and between 2 and
4 are symmetrical.

35p\;:/ \/ 7uF

—— 13uF

AN

The system is a balanced Wheatstone bridge.

35x7 10x2) 15
S Cy=| s ==—u
35+7 10+2/ 2

_

—_—5uF

/\ZpF

The system is a balanced Wheatstone bridge.

_(10><30+6><2)_
“\10+30 6+2/

9uF

27.

28.

29.

2 rRE RE

To find the time constant of a RC circuit, Short

circuit the battery
7R _1RC
Ry = T ST = T

There is no closed path for flow of current. Hence
no current flows. Hence heat developed is zero.
q

V, = 3(6) =3x2.5="75volt
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EXERCISE -l 8. oAk c =1ayF
¢ 2000volt >
E= Vo E E, Al
=4 =E; <E; Alsooc,>c, o f f _ C.. 3 s
.. Total no. of rows of capacitor = =~ =7, ,=
P C, 1/4
. o .. Total no. of capacitors needed = 12 x 4 = 48
9.
ji=j dy =j1 dy + T +H+ T+
ac T KeA OkeoAsec(%) A (N M I
+ —|- ++ |- +
N A + |- |+ |- +
_A§ AT 1 + |- ++ - o+
=C = 2d 2 3 4 5
Both A and B are always in parallel.
S —
V =V, .evre g AV
Charge on plate = 1 =
‘d_v‘: he‘”Rc = 5|0pe d
dt|” RC o | __25AV
Att=0, for R = R,;slope is least in curve-3. Charge on plate = 4 = - d
d 10 S S
— T .1 q q -/t 1 =/t " B
q=q. " ..I=H=T°e Vr=ijeV 1M——L3C o o
y o =l 1=
Initial stored energy 1ov 0
1 ., 1 A ——
= >CV2= ~(CV)V
p V=5 (V) (V, - V,) 6C = (V,-0) 2C =V, =75V
. . WV, -V, =10-75=25V
=—(i.7) (i,R) = =i2 Rt
2700 2° 11. Force on plate
As B is in parallel with C and the potential develops - c°A - Q° =Kx = mg
slowly. Hence during charging more heat is 2¢ 2A¢g
produced in A than in B. In steady state, same
current passes through A and B. ~ Q= 2mgA g,
_E _ic(Ef _CE?
capacitor — 9 ** capacitor 2 2 8 _ _ 5 A ) _ 1 2 _ AV?
12. Ceﬁ - CEF d . Enet - ECV - 2d
q ZQOE_“t
L2 99 Qo Vo e Vo gou 13. i=10eV"® = 2.5=10 e ¥/
dt T RC R 1 1
A v, = RC=7="n2 4CF Tom2
ALEO; = . =R, For capacitor
Rl = Rz E i1 = i2 Vo
As 1 is less for C, and hence it looses charges faster & =10 =V, =10R = 100 volt

R
Total heat developed

Total initial energy stored
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14.

15.

16.

17.

18.

19.
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1 500
i I = —CV2 =
In capacitor 2 n2

Thermal power in resistor
P = i’R = 100Re "¢

LT tant = ezt
.. lime-constant = 2 " 2/n2
3C 2C
——
1kv 1.5kv
6/7 KV 2k
7C 3C
e

Safe voltages in each arm are mentioned.

- (1+1.5) < (6/7 +2).. E__ = 1415 = 2.5 kV

safe

Time constant

6\[10°
= CR,, =(100x10°) =-)s =50 m/s

- Xe-t/Rc1 S Xe—I/RCZ
TR RT R
. (1 1) t
I _ eI/RLafaJ _ e+2Rc2
|2
= i,/i, increases with time, t.

1" 2

-9
HI-
(300-9)] + - |-(360+q)
-300+q)[ - *1360-9)
300-q gq 360-q _ _
> 157 3 =0 = q = 180

L 180 pC, Osr = 540 pC, O = 480uC

| 1
. 0 i A-t/RC -4 /RC
2 2

1
—=2 =11 =2Q

= RC=2 = (2+r1) 5

20.

21.

22.

23.

x (IR3)max =R_3=I - 5A

Since R, and R, are in parallel hence current ratio
of R, and R, will remain same.

qO e—l/RC

_ ~t/RC _ | =
q=ge /" =l=pc

V
= /nl = fn(q—") L. Zn(—") b
RC/ RC R RC

As | . does not change .. R = constant

‘d(fnl) 1 [d((nl)} . [d((nl)}
dt RC| =L dt ], at &

. C,>C, = Cis increased

A C B

NI R

(0

21 9|8 8¢

+Q +Q -Q

., Q_Qd
Initial V.5 “C o A

Q/2 (3Q/72) Qd
. _ _ _vV
Final V,, = (2 e A) + (2 < Aj =5 A AB
d d
B T A
C=GT Y ==C=CV

(C, + CV)V=30C,
=V2+V-30=0=V=5vol
sV, =V, =5 volt

Q, = 5C, =25 C; Q, = 5C,

C:eoax+Ke0(a—x)a U

d d /
_Kega® galK-1vt [
- d d
_Q _Qv o u_Q
V—CandU- > VAR
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A B . =——,Cl =—
24. i e A = 27 W TRl e 2:>Q2 2K
M B S :
qA+ - + + - +qa
- +| [+ 11 28.  Att=oo, capacitor gets open circuited
3Q
—‘WW—.T“A ¢
1A4 . /5:39 3Q
_qd  (2Q-g)2d)  4Q > A
AV_EOA— oA =03 2A 30 3A 30
« [
Total charge on inner faces of A and B = -2Q 3A 1I5'v
Rest charge will equally appear on their outer faces
15
.'.I=?=3A =V, -3x1-3x3=V,
_ Q-(=20Q) _ 3Q
= 2 =5 =V,-V, =12V
Final charge on plate A
29 At t:O’ Vcapacilors = O
_3Q 4 _0 ]
2 3 6 =l,=1,=0and | = — = 3A
.. Charge flown through wire
Q _5Q _, .6 _ -
:Q_E:? Att—)OO,ll—|3—2+8—O.6A,|2—O
25.  Final charge distribution 30. In steady state
120
9 _Q Iupper arm = lower arm = 6 = 20A
+CV -V :
For the right most loo
Q.o _9ll.e ‘ P
20 2 2(] 2 q
3I—3I+a =0=9g=0
For the left most loop
L | q
20x1+ -7 -20x2=0
1
Therefore potential difference across the capacitor
= ¢ = (40-20) C, = 20C, = 40 uC
cv +% Q 31. Charge on 3uF capacitor
=——¢ “V*¢c =6x7=42uC
C v = A2
26. Q :EE Vo = 3 = 14 volt
Kee KC "V, =14+ 6=20 vc_;lt
Q = KC+C E= K11 Charge on 3.9 pF capacitor =20x 3.9 =78 uC

KCE CE (K-1)CE

K+l 2  2(K+1)
This charge is supplied by battery.

£ Q-Q=

3.9 uF
.. Total charge = 78 + 42 = 120 uC

AVIRAL CLASSES: IMPERIAL TOWER, 101-A RAJPUR ROAD, DEHRADUN (U.K.) PH: 0135-6557701/02/03 (www.avir al.co.in)
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35.
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37.
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120 _
12uF ~ E =10V

.. e=20+10=30V

Y

Q* _ Qi
Energy = °C =5 A

As d decreases, E decreases

AV
Q:CV: So

d
eo VI _V/K_ V.
" d d Kd

V. = 3%(¢,) Tac
S—open ; Vinner = Vouter
S —closed ; V..., =0

KQ Kag_ _
3R T R =0 =>q=-0Q/3
Cota = 4T & (3R)

47 & (3R)(R)

Chr = 4m & (3R) + (;(’R—_R)
~C. >C

©* final initial

Wexl = -AU :Ui_ Uf

:%quF ><400—%><1;,LF x 400 =200

1
= ECVZ ~AU=0

final —

u. = lCVZ' U
2 1

initial

.. Heat = work done by battery
= [CV-(-CV)]V =2CV?

38.

39.

40.

41.

42.

1
=16+ 10% x 20 = S x 9.11 1 10 x (12-0)

= v = 2.65x 108 m/s

V decreases continuously from left to right except
in conductor where it is constant.

’—¢I—'I—-—4I—'I-—-II—'I-—-—-II—'1
J:Sl ~S,

Potential difference across each capacitor and cell
combination is zero.

Q

Initial charge on 1 = Q when C, & C, touches

Q,_C 1 _Q 4 _2Q
=Q, 2c 27 XT3 %"
Now when Q, & Q, is touched

&=&=£=0:>Q2:0
Q, C

Again when Q, & Q, is touched

~(@/73) Q
Q=3 "y

(Q73)

=2
Q, 3

Similarly we can say after N times it becomes

_Q
17 3N
AQ = 2CV-(-CV) = 3CV
W, = AQ(2V) = 6CV2

1 1 3cv?
==l = — 2 _ —CVZ:—
AU=URU = 5 CvE- 5 .
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aCcv?

- Heat=W, - AU = 2

f

U. = %c(zv)2 —2CV?

K

EXERCISE -IlI

Fill in the blanks

1. Net charge on capacitor is zero. Hence total flux
through a closed surface enclosing the capacitor is
zero.

2. Chimimum = All capacitors are in parallel

= 3C = 18uF
Coinmm = All capacitor are in series
= C/3 = 2uF

kQ, kQ, Q, R,

—y >D—=—= =
3. vV, =V, R, R, = Q, R,
4. Charge holding capacity increases, hence capacity
increases.
5. Air capacitor and dielectric capacitors are in series.
(2 =) AJ (ZK =) AJ
X
Co C,C, _ d d _ 2KC
C,+C, (ZGOAJ(1+K) 1+K

Match the column

i CE
1. Initial charge q, =

Final charge q, = CE
Initial stored energy

U = lC(E/2)2 + lC(E/2)2— CE"
12 2 -
. CE?
Final stored shergy (U, = >
Charge supplied by battery
xo=q _q-ce CE_CE
Q_qz_ql_ _2 _2CE2
Work done by battery W, = AQE = 2

Heat developed in the system

CE® (CE® CE’) CE’
4 )

H=W, - au="5"-|7 n

T

= = +| —

2. ||C Cflzc (Cggol
HI— HI- C,=4C

||
+ =
@
OEOC
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Q2
AtC =V, == and Ul:z

At C, V2=% and U, =%
At C, = V3=% and Uszgs(i
AtC, =V, _% and U, :%

Therefore V. =V and V. =V_ =V
max 1 min 3 4

andU_=U and U_ = U,
Comperehension -1
1. In steady state
v 18
Icircuil = Rl +R2 a 3+6 = 2A
Ve, =V, = IR, =2x6=12V
Q¢, =C,Vc, =12 x4 =48 uC
2. Qinitial = ch +QC2 = IR1C1 + IRZCZ
=3x2x2+3x4x4=12 + 48 = 60uC
Q. = V(C, + C) = 18(2+4) = 108 uC
- AQ =108 - 60 = 48 uC (through S))
1 1. ..,
3. Uinilial = 501\/12 + ECZVZ
:l><2><62+£><4 x12%= 324 pJ
2 2
1 2 1 2
Upg = 5 (C, + CV? = = (2+4)18% = 972

AQ=Q - Q=48 uC
sy = AQV = 48 x 18 = 864 )
- Heat = W_ — AU = 864 —(972 - 324) = 216 J

Comprehension-2

1. Time Constant )
t=RC =816 =48 s

2. V_,=V(1l-e¥)= 12(1- 2%

1

= 12(1——] =104V

7.4
3. (VRl )t:2r = Vo~ Viapaditor ~ 12-104=16V
4. Vg =V,= 12V

Comprehension -3
1. V, =g, (1 - e
= 110 = 120 (1 - e¥R9)

= e¥RC=1/12
= t/RC = (n/12 = 25
=t=RCx25=10°+«10°x 25 = 5/2 sec

2. 7, = 10° x 10 = 10 ps
3. Flash duration= 3t = 30 ps
4, Energy in flash

1
—*1x10°x 110 x 110 = 6.1 mJ

-ECVZ-
T2 T2

Comprehension-4

1' qlmax = q2max

C, and C, may be different and hence E, and E,

may be different.
2 RC>RC, = b2

) > > 5 <=

T2, =RG, 11:>R2 C1
Comprehension-5

Ca g A/d
1. ~ T - a7q =1:K

C; KgA/d

vV, Q/C C
2. = A=t oK1

Ve Q/CB CA

\Y E (KC) KE

3. ( A)mmal 2 ( A)fmal (of (K +1) K+1

. (VA)InitiaI — K+1

’ (VA)FinaI 2K

v Q _EKC) 1 _ E
4. (Vehnia o Vedena = C, (K+1) KC K+1
(VB)InitiaI
(VB)FinaI - (K+1) . 2
Q? Q’ (U,)

5. u) = ;(U) = P e = K:1

( A)fmal 2CA ( B)fmal 2CB LUB)FinaI
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EXERCISE -IV(A)

t
1. cv= qT — 400 x 10 x 100 = 100 t
= t=400s
2. Equivalent capacity between A and B
_2 +3=6uF
= 3 = lJ

—
=

Stored charge
Q=CV=6x10%4=24uC
i) Stored energy

—

1 1
U:ECVZZEX 6x10° 16 =48 pJ

3. Electric field
V, - Vg (10,000 -0)

= AH 2 - — - = 6
E q (2X10_3) 5 x 10% V/m
() o-a_a
4. c c, = c, " (i)
C
(@ o«
< c, = c," (ii)
C
Qq
Eg. () = ():q'= 7~
q.-0) = (:-a =57,
5. Common potential
_ C,V, +C,V, _ 2x200+3x400 _
V..= C,+C, = 513 = 320V
Charge on CQ, =C,V_ =2x320uC = 640 uC
Charge on C,Q, = C,V_ =3 x 320 uC = 960 uC
6. (i) On connecting with the second capacitor the

charge distributes equally

C,V; +C,V, 01x10

K VCM - Cl +C2 - 01+01 =5V
Total stored energy
1 2 1 2
U = 2 C1VCM + 2 C2VCM

1 1
:EX 0.1x10°«x (5)2+5 ©0.1x 10-% (5)2

=25
(ii) Initial stored energy in first capacitor

10.

11.

K

1 1
UFZ CVi=5 10101072 107 = 5.0 W

Y25 1
~ U, T 50 " 2

g A g A
conh q-(24)y

d 4 d

A
Slope:—d ~C,>C, >C,
By using KCL

C,(V,-V)+C,(V,-V) +C, (V-V)=0=V,
_CVp +C, Vg +C5 Ve

C,+C, +C4
2% A ZHF
X = +1 A 11
2+X T
(Let C,, = X) X ==1pF —x
O 2X+2+X l
T 24X 5

= X2+ x)=3x +2
2> 2X+XxX2=3Xx+2=>x>-x-2=0
Use

_ —btyb*-4ac 1++41+8 _ 1%£3 “p

X
2a 2 2

and -1
X =2, Ceq = 2uF

(Kleo Aj
C—A: d/74 :3K1:3X3:9
Ce (KZ eoAj K,
3d/4
Net capacity
CiCa _(9Ca)(Cs) _ 9 ¢

C,+C, 9C,+C, 10 °

_g{Kz EOA}_GKZ & A 12K, e A
" 10

(3d74) 5d d
eV
T d
. d—l—ﬁ —10—3
0T E Tee TM
e A
Now C = 2
d
Cd -12 -3
= A ~88.5x107° x10 210 m?

€€ 8.85x10% x10

AVIRAL CLASSES: IMPERIAL TOWER, 101-A RAJPUR ROAD, DEHRADUN (U.K.) PH: 0135-6557701/02/03 (www.avir al.co.in)
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12.

13.

14.

15.

goA _ 5gpA
d "7 d
C, and C, are in series, so charge on each

C,= = C,=5C,

VX
qg=C, V,=CV, = W =5
SV, V=12 6V, = 12
=V, = 3 = 2 volt and V, = 10 volt
Energy stored in capacitor
2 U q® L R2c C
U:q_j_xzﬁzcbﬁ ZYQ:C_Y:S
2C Uy X q X
. c 3C
Cv, = 3CV, ....{i) H H
V, + V, = 300 ...(ii dess - parain
=V, =75V, V,=225V ==
_ Vi 75x100 soov
i)~ E =73 = ——— =15x10* V/m
1ood; 0.5
V, 225x100
E, = d_=T = 4.5 x 10* V/m
i) V, = 75 V; =225V
(iii) ( c.c ] =—CV—§(2 S0 ]300
4 d
Q _6x300x8.89 x107" . )
:>A 4x0.5%x107 =8+ 107 C/m

When S, is closed and S,
B is charged upto 10V.

is open then capacitor

Now S, is open and S, is closed then

v :C1V1+C2V2:3><10+2><0 oy
common Cl +C2 342

Q,=2x10°V, =12 uC

Q, =3«x10° V .= 18 uC

(i) At t = 0, capacitor has zero resistance, i.e.,
R, and R, are in parallel.
The simple circuit is shown in figure

16.

17.

18.

JEE-Physics
(ii) At steady state (t=o0), capacitor has infinite
resistance.
. E .
Hence, i, = R LT 0

1

Final potential difference across capacitor is
E.
*. Final energy stored

)

1
= —CE
v=3

(iv)  When switch is opened, capacitor will dis-
charge through two resistance as R, and R,
(both in series).

Hence, t, = C (R, + R,
(v) When switch is closed, capacitor will charged
through resistance R,

Sot=RC

In steady state no current in capacitor's

branch.
I 5V 0.5Q
E—— ——ww\—F

C—T—'SIV—W—D

Al ww—Ig
30

2uF

2__ 1A
05+15

voltage across capacitor

So curren | =

V. =3 +1.5x1 =45 V

= Q=CV,=2x10°x 45

9 x 10° C
For the circuit ACDA and the cell :

6-15-6=0=1=0, ~1=0
For the loop BCD V, . = 6V
For the loop ABD : V, .= 6V

L Qe =6x7=42C
Total heat dissipated
1 1
H= ECVZ: > x5%10°x200x200=0.1J
H, = Heat developed across R,= j I’R, dt

H, = Heat developed across R, =j I’R,dt
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(Hy+H,)R,  HR, LF
=H,= (R1+R2) (R1+R2) 25. o luF|__° °__|2uF|—|luF|_—°
T -
0.1 x500
- = 2uF 2uF,
(500+330) - 00M I I
_2x3 B o 2/3”':H )
19. R~ 3:2 + 2.8 = 4Q 8/3uF
v._5 ol
=5 =, =15A
Reff 4
o ( 3)_1.5><3_ |_—_| 2 %3
Sl = >+3)" 5 =09A 26. 6oV 1440C* 2aF Cy = 2+3:1.2“|:
4Q 2Q i B
) i 60V 144C7 uF . - _
+30Q S Q, = Q3 = +144uC
20. O 30 +Q

Initial effective charge = 3Q

CV+CV=Q,+Q, Qy|c
- :?g +0 —— Q.. ON the middle plates (
|]
3Q allc =+ 180+ (-120) = + 60 uC
oV 2C This charge flows from A to B.
1 1 1 1 1 1 2
21 ¢, Tc\ttate )T )T
C(l—aj EXERCISE —IV(B)
q . q _dg
2C . ——iR= —+—R= = g evrRC
effective = 2Carm = TZC ! C R 0 - C dt i O - q qoe
1 Q? Q%
22. E _=_-—= ;E =0
final 2 2 eo A initial Mm
Q’d
- Heat = — (B, - Eg,) = 2¢ A

. - . d
equivalent circuit =i = 4. q—oe"’RC

20 dt RC
23. A 7:10\/
Where R = — c-KSA
- 50 R sA T,
5 initial ? = 10V )
There is no potential difference. L Rcz K& _5x885x i(z _5x8.85
S 7.4 x10 7.4
H h flows. _
ence no charge flows i s—oe-VR°=8'85X1O s
Heat produce is zero. c (M}
7.4
c
o—] 74 1
1 9 32 _r4 1
24. 89|l >—+—=1=>C= —uF 5 ><7.4 mA = 0.2mA
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V.= (5+1)x3+2x1=20V

1 1
:ECVZZ—X4X202=O.8mJ

cap 2
[ PRI P 7R/4
S L b | 2¢
- 7R
r1+r2+T
Pot. diff. across (g,r;) cell :e—1Ir, =0
— - 28I’1 4(I’1 _ I’2) _
=e=lr=¢= R T 7 =R
h+r+—
x| *ax
J'l _J- dx _jj' dx
9 "KSe 3 KS g, (1 +S|n—]
:C_KldeeOnj dx _2d
°(1+sinﬂ) T
2
Ceqz_C+C=£
3
11
-
o 5
i il ulr o
3 32 1
4 AV, 2 AV,
_ & . 0
B=3% ¢ &B=37

C,Cs
Qtotal = C1V: |:C1 + C2 + C3 :|V0
C,(C,+C,)V
= Vo= C.C,+C,C, +C,C,
. Charge on C,,

CiV(C, +Cy)
C,C,+C,C, +C,C,
Charge on C, and C,

ql = C1V0 =

11.

12.

(c,C, )

Cc,C.,C.V
q2:Q3:Lc2+C3) .

°7¢C,C,+C,C, +C,C,

Total charge remains constant

156 C = (aV,)CV, + CV,

= V2 +V,-156 =0 (o = 1)

= (V, + 13) (V,- 12) = 0 = V, = 12 volt

Initial condition

A / B
C C C C C
Il I [ |l I
[ [ | o e—
Q Q Q
[ |E
|
Q CE
3
Final condition
A < B
C C C C C
Il Il Il Il |
=11+ 1t i Iy s
Zce Zce cE cE 5CE
7 7 7
E

f |

H
4

Charge flown from B to A = 7CE

Extra weight needed

2 2
:(E\XGOA:EZXGOA:(XJ g A
Leo 2 2 d 2

( 5000 jz 8.85x1072 x100
mg = ) X

5x10 2x100x100
= m = 4.52 x 103 kg

Q, = 2C, = 6C, = Q,,
6C, G,

6V b ¥
pr— Cl - a
£V, =6+2=8V L2l
C C

Total charge flown into right loop

= CV,, + CV

1" bp
=3C,x 8+C, *6=30C,
SV = m=%=3Ovolt
’ b~ Cab Cl

Applying junction law at A :




JEE-Physics n
= 3CV' = (K+2)CV= V V(KJFZJ
[ 1 "= (K+ '=
Lo0uF K#2)CV= 3
=+ =t +::5HF L W =uU-U
2uF - 3H'E|—_ - -|_4HF agent i f
T 1 (K+2) 1 ,
< = E(SC)V 3 —E(K+2)CV
2(V,-5) + 3(V, - 20) + 5(V, - 10) + 4(V, - 20)=0 (K +2)(K —1)CV?
100 - 6
= VA = 7: 14.28 volt
Q 1 Cl
szF = 28.56 pC, QS},{F = 42.84 nC, 15. C_1=C_2 (i) Q {1
Qs = 71.40 uC, Q,,, = 22.88 uC 1 v
Q, + Q, = 2Q ....(ii)
13. V,.C,=V,C,and V, + V, = 440 CLGA L SA '
0.7cm 0.3cm 17 d-x 27 d+x QG
KeS—e— ] Q(d-x) Q(d+x)
=Q, q dQ, = q
o S
{HH dt ~ 2d\dt dt ~ 2d \dt
V,C, V,C, dQ, dQ, Q(dx) 200
= =V, + = l=——-—*=—|—]|=——x0.001 =2uA
=V, =g, T T, =440 dt  dt dldt/ 01 H
440 )
440C, = Q [ ab }
C = C, =4 b
=V, C.+C, Fl+1 16. U, 2C,’ TS b—a+
2
=V = jgo\ - 340 :44(21;35 - 350V 2
A ~ 41 u, = , C, = 4neb
K,/ )t 35" 27 2C, e e
_ _ 'V, 350x100 _ , LAU=U -U,=9]
'El_d_ 07 =5x10* V/m
Vv, 90
EZ:F=EX1OO:3X1O4V/m 17 C -ZCXC—Q'C .
' : il ~ 2C 4+ C - 3 fnal T
U, _3CV 35 .
u, %CZVIZ 9 (i) .. AQ=ACxV
14. Work done by battery :(C _E) vV =ﬂ - 2x30 =20uC
= AQV = (3CV)V = 3CV? 3 3 3
1
Energy stored in capacitors = — (3C)V?
i i) H=W,-AU=AQV (lcvz—lzcvzj
W) H=W,-AU=4QV-{5 2 3

1
() .. Heat developed = W_-AU = 5(30)\/2
(i) Work done by external agent = — (K-1)

(iii) Final voltage after 'dielectric is removed = V'

= 600- (900 - 600) = 300 pJ = 0.3 mJ
(i) Energy supplied by the battery
= AQV =600 pJ = 0.6 mJ

(iv) Initial charge on each capacitor
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2

Final charge on right capacitor = 60 uC

2C
=57V =4ouC

Final charge on left capacitors = 0

.. Total charge from through switch, S = 60uC

EXERCISE-V-A

Ceff[ =nC

Parallel)

If connected across V volts then energy stored

= Z(nc)v?

Capacitance of an isolated sphere is

C=(4pe,)(Radius)

C= L x1=0.11x10"° =1.1x107"°F
9x10°

2
10? 8x1078
Work done = EQ— = = 1Q

C  ~2100x10°
64x10°*
10

%cv2 = msAT = V = sz%”

Two plates stacked together form a single capacitor
of capacitance C. n plates stacked together form
(n-1) number of capacitors of effective capacitance
(n-1)C.

=32x10%)

1
2

[y
N

>

0.1m

Applying law of conservation of energy

1
We get Emv2 =eV

10.

11.

12.

13.

[Here, v = speed of electron, V=V,-V,=potential
difference]

, =\/27v :\/2x1.6x10‘19 %20
m 9x10°*
On solving, we get v=2.65x 10° m/s
Energy stored in a capacitor when it is charged by a

1
potential difference of V, volt ZEQVO

Total work done by battery in sending a charge of
Q through emf V,=QV,

1
energy stored in capacitor EQVO 1

work done by battery Qv, 2

hence

Net work done by the system in the process is zero,
as in removing the dielectric, work done is equal and
opposite to the work done is re-inserting the dielectric.

CICZ
C,+C,

1

(380AK1J(380AKZJ
d 2d_J _ 9c_ 405pF

3g,AK, +380AK1 2
d 2d
U = lCVZ ;ﬁzlcvge—le/RC
2 2 2
-2t, /RC 1 2
—_= e 1 (UO - _CVO )
2
2
i=€n2
RC
RC/n2 ~
t, = 5 ..()) and % =g e "

4
t, .
RCC 2/n2;t, = 2RC /n2...(ii)
l:1

t,

1
from equation (i) and (i) =7

V=V, (1-e"*)= 120 = 200 (l_e%)

= R =27x10°Q

Parallel Series
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14.

15.

v R
c ¢
R —
c
v, Vo
v i

?":vo(l—e_“zc) )

IS
R C
V—°=v0(l—eRx2] -(2)
2

2t

from () and (i) o zhc _ o s

t 10
= P __- - 2.
T 472 5 sec
t = 0.37% of V,
= 0.37 x 25 = 9.25 volt

where is in between 100 and 150 sec.

C1V1 — szz

Common voltage = C,+C,

(positive plate of one capacitor is connected with
negative plate of second capacitor)

— 120 C, = 200 C, = 3C, = 5C,

EXERCISE -V-B

In steady state condition, no current will flow through
the capacitor C. Current in the outer circuit,

R
—— ——\WAW——
\4
r A B 4
]
4 \Y i=0 |
2R Al

AW

2V
Potential difference between A and B :

. 2V -V \%
| =
2R +R 3R

V,-V+V+iR=V,

Charging current | = Ee_E

6.

Taking log both sides

E t
|Og| = |Og(E) - E

When R is doubled, slope of curve increase. Also at
t=0, the current will be less. Graph Q represents
the best.

Given:V_=3V_=3(V-V
Here, V is the applied potential.

. @W¥RCz

Ve =SV V(1-e7) = 3y
4 4

Here t =cR=10s
Substituting this value of t_in equation and solving

We get:t=13.865

t=CR

1,=(C,+C)(R,+R,) =18 us
((C.C, Y( RR, ) 8 2
&+ )\Rivry) "6 379"
From Y to X charge flows to plates a and b.

(@,*+9,).=0,(g,+q,),=27uC

Ty =

X1
uC 36uC

3Q 1A 60

Initial FHgure
(when switch was open)

Final Figure
(when switch is closed)

.. 27uC charge flows from Y to X.

Time constant)= RC

MCQ's

1.

Before S, is pressed

[&YA
—C\, —CV,

After S, is pressed

Subjective
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1. Let at any time t charge on capacitor C be Q and currents R

are as shown. Since, charge Q will increase with time t. J__,WW_

. A R V[ c— R,
N—> >—/ IS
o oL "I,
iy = a@Q v R QT Q_=C [PD across capacitor in steady state]
1 0
dt M R
i B T
, . . . =C] steady state current through R,] (R,)
(i) Applying Kirchhoff's second law in loop MNABM
\Y
V=(i-i)R+iIR=V=2IR-iR (D) = c(—} R,
Simillarly, applying Kirchhoff's second law in loop Ry + Ry
MNSTM
CVR, 1 1
Q O_R1+R2a|STC:>CRnet
we have V =iR+—+R ..(ii)
C R,
Eliminating i from equations (i) and (i), we get
2Q 2Q
V=3hRR+—=3ihlR=V-— R,
1 C = ol C T
, 1 2Q dQ 1 2Q ]
= h =35 V- c/)™ 4 3RV T ¢ Here, R_ is equivalent resistance across capacitor after

short circuiting the battery.
dQ dt ‘f dQ ¢ dt

> = —=|—/——5~ |53
L 20 "R 3, _2Q 43 R, - iRz
C C Ry +R,
This equation gives _
(As R, and R, are in parallel)
Q _ C_V(l _ e—2t/3RC)
- 2 1 Rl + R2
o = =
Q Vv ( RiR, ) CRyR,
(”) = — = _e—2t/3RC Cl———
1 dt 3R Rl + R2

From equation (i)

v
V+ii RV +_e?2/3RC

i = _ 3 3
.. Current through AB
Vo4 Xe—ZtISRC
,=i-i = _ | g2t/3RC
2R 3R

\% \% \%
H -2t/3RC ;
ip = ————¢ =,z z-ast—>
27 2R 6R 2~ 2R *

2. Q, is the steady state charge stored in the capacitor.
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