PHYSICS FOR JEE MAIN & ADVANCED

EXERCISE - 1
Single Choice
1. V,(C+CV)=CV+(2C) (V) e

V,=V (Final pot. diff.)
2v

=

2C

) 1 3CV?
SUp = 5(C+2C) V,= >
1 , 1 6 6
AU ECV 5X40X10 x9 x10
2. P R — = 3 :90kW
At At 2x10°
f 5000
3. k=—=—"—=2,5000 N/m
X 0.2

e
Usie _ Pl _25000%0.2x0.2 _

U Leye  10x107°x10°
2
4.
Qi q q 9] Q.*q Q, +Q;+q
al |b c| |d el |f

-(Q, +
Herte—q:Q2+Q3+q:>q=Ql (sz Q_S)
Charge on a= Charge on f
2Q _Q +Q, +Q;
:> —-]g--————==——--
Q=5 2
5. C:GO—A('[:S,KZOOJ
t 2
d-—t+—
K
_ (::;Ad :2€0A:2C0
d——+— d
2 2K
R 2
6. Before sharing U.:&J,_&
' 2C, 2C,
2
After sharing U, =M
2(C, +C,)

2 2 2
AU:Uf—Ui:(Ql+Q2) _Ql +Q2
2(C,+C,) 2C, 2C,

HINTS & SOLUTIONS

__ (QICZ _Q2C1)2
2C,C, (C, +C,)

—ve sign indicates there is decrease in energy

ButQ,C,-Q,C,#0 = Q,C,#QC,
=Q4neg R, =QAne R, = QR,=Q,R,
4uFt 750V
[
(4+2) V= (4% 50)+(2 x 100)
—V—>
y_ 400 _ 200, .
6 3 T 400v
2uF
1 1 P
U ia = 5><4 x (50) +EX2 x(100Y | x10
=(5000+10000)x 10°=1.5x10-2J
U, = L4 v2)x107x200,200
2 3 3
=133x102]J
2Q Q
Ql,3Q Q. Q
2|72 2 |*2 P

(3Q/2) _ 9@’
2A g 8A g
Force on point 'P' due to capacitor =0

Force on either plate =

Potential diff. between the plates = %
Energy stored in electric field between the plates

cx(22) -3¢

1 1
U=2CV + GV = (C, +C,)V

:1_[8.85 x107"7 x0.1
2

0385 x10° ijxlozzloflpj
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CAPACITANCE

g A

10. _ _

= = 1 16. C= d 9pF

21 :

+ve +q 3 -ve C': EO A _ EO A

p t, t, d d 2d d

an = d=t +- - —t,+-2 d——+——"+—
: K, K, 379 39
+q 5

9 A8l

Therefore == =——pF=

© B > d > pF =40.5pF
q2_72q3q3_+2q7
q,=—2q and q,=+q 17. CV+2CV=KCV'+2CV'=V'=

K+2

- — T 4

11. 2C 2C . o
2C :E:E —=2C — 2C IE —=2C 18. = I
‘ L

S E—

. . 5
2C—/— A
xT where C= 0
= -——2C = 2C == d
o L 20 6Cx2C  6C x4C
LI 1. [ I C = + -3.9C
e 8C 10C
1 R 2msAT
— c—= Loc — st 19. ECV =msAT = V= C
20.
X ax
12. Each capacitor has potential difference 'V' and energy
1 _gax Keg (a-x)a
ECVZ . After reconnecting total energy remains C= d + d
constant and total voltage becomes NV. K 2 K-1
C= e(;a _eoa(d )X where x = vt
13. For'n' plates; effective C will be (n—1)C.
.. C—t graph is linear with negative slope.
A B C 8uF 16uF
14. | ] 21. — 1l [ o
5uF 15uF | | 1
5(V,—V,)=15(V,~V,) Breaking voltage 20V 80V
Safe Voltage 20V 10V

= 5(2000-V,)=15(V,0)

.. Charge on each capacitor =20 x 8 =160 pC
=2000-V,=3V,

22. C=4mne a

= V=500V
) C _4ngab_dn§a 4nga ., c
15. C,.=C+—+—+—+—+.... C= = = =n(4n g, a)
Ceff C 2 4 8 16 b-a l—i 1_(1’1—1]
b n
C .
:1 172 =2C=2uF 23. Capacitance between 1 and 3 and between 2 and 4 are

symmetrical.
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PHYSICS FOR JEE MAIN & ADVANCED

1uF 2uF EXERCISE - 2
24. " I I . I I ° Part # I : Multiple Choice
Breaking voltage 6kV 4kV
Safe Voltage 6kV 3kV
.. Total voltage =9 kV 1 — X e
25.
d
e PNeos [ e 22
¢ Ke A I=H Asec(%)
——5uF = C= A S Am
2d
6uF /ZuF 2. Both A and B are always in parallel.
. : \A
The system is a balanced Wheatstone bridge. 3. E= 4 = E; <E;, Also o,>0,
10x30 6x2
Ceﬁ=(—+_]=9HF _ “t/t . -_ﬂ_q_o —t/t _ s . -t/1
10+30 6+2 4. g=q,e Lodi=—=—¢ " =ige
dt =
26. .
‘/x S Qe T 1T
35uF WF
» 1 1
Initial stored energy = — CV?= — (CV)V
——13uF 2 2
/\ (11:)(1R)f—12Rt
10uF\ 2uF
5. V=V, ek

The system is a balanced Wheatstone bridge. dv _
Y g ‘_ _ Ro t/ RC = slope (<kY)

35x7 10x2 15
eff = 35+7+10+2 =7“ Att=0, for R =R ;slope is least in curve-3.

27. There is no closed path for flow of current. Hence no 6. q=q,
current flows. Hence heat developed is zero.

:>1: d_q — q_oeft/ T— CVO eft/ Tzﬁeft/ T
28. VA=3 C =3x25=7.5volt
At t=0; ilzﬁ; 12:&
29. R R R,
MWW\
>R, =R, S =i,
2R§ R E Rg As 1 is less for C, and hence it looses charges faster
than C,.
7. As B is in parallel with C and the potential develops
slowly. Hence during charging more heat is produced in
To find the time constant of a RC circuit, Short circuit A than in B. In steady state, same current passes
the battery through A and B.
7R 7RC 2 2
Re= 7 AU . Veapacitor= = - B :lC(E) _CE
4 4 p 2 capacltor 2 2 8
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CAPACITANCE

6C ¢ 2 | 500
10Vo m 8 m 00V catpacitor.=5(j\/2:E
3C C
“c Thermal power in resistor P=i’R= 100 Re " *¢
10V 20 RC |
A .. Time— tant = —— =
— ime-constant = —==—-—
V,-V)6C=(V -0)2C = V_ =75V
T ' & A 1, g AV
SV, =V, =10-75=25V 13. C,=C,. = - ~E_= ECV —

14. Time constant

3
=CR_,=(100 x 106)[%)5 =50m/s
15.
3c 2c
1 2 3 4 5 1kV 1.5kV
6/7 kV 2kV
: 7C 3C
i
Charge onplate = 1 = S AV
Safe voltages in each arm are mentioned.
> (1+1.5)<(6/7+2) .. E_, =1+1.5=2.5kV
Charge on plate # 4 =— % ( )=( ) safe
T 99
_ c Az
oA —{F Co= 14w oo o .
e 2000volt v Bl —14360+a)
-(300+q) *((360 q)
. Total f f it —C““—i—lz
.. Total no. of rows of capacitor c. 1/4
.. Total no. of it ded=12x4=48 300 — -
otal no. ot capacitors neede . q_i+360 q:0:>q:180
2 1.5 3
. Force on plate
O TP 180 uC, Qe = 540 pC, Qe =480uC
o’A Q°
= = =Kx=mg
2 ¢ 2A€ 17. i,= Xe—t/RCI = Xe—t/RCz
S Q= 2mgA g . o 1
1_1: et/RLa—C—I] _ e+m
L i=10e7" =2.5=10 ¢ i,
1 1 = i//i, increases with time, t.
:>RC:T:E & C=—101 5
L n 18. Att=0,VC=0=> iy, =0
For capacitor
€ 10C
V, = = =5x1=5pC
—-=10 = Vv, =10R =100 volt Q=€ | R, TR
R 122 4R,
R, +R,

Total heat developed = Total initial energy stored in

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



PHYSICS FOR JEE MAIN & ADVANCED

) Yo 2 _sp

R, 1
Since R, and R, are in parallel hence current ratio of R,
and R, will remain same.
: i0 . —t/RC 1 -In4/ RC
19. i=—=1,€ = —=e
2 2

1
= RC=2 = (2+1) E:Z = r=20

18. Att=0,VC=0=> i, =0

1
Qmax=C ¢ _10€ S —suc
RR, +R 1+1

R, +R, °

V. 5
(), :R—‘;:T:SA

Since R1 and R2 are in parallel hence current ratio of R1
and R2 will remain same.

-t/ RC 9o _-t/rC
= —¢€

RC

—1nl= 1n(q_0j_L: 1H(EJ_L
RC RC R RC

R = constant

20. q=q,¢ =1

As Imax does not change ..

b = (45155

- C,>C, = Cisincreased

‘d(l nl)
dt

— U
21-C:eoaerKeO(a x)a
d d /
_Kega® galK-Dwt
d d
V:g'indU:Q—V Ezg
2 vV 2
22. A K B
S N S
519 ¢/¢ 8|¢
+Q +Q Q

itial v7, = 2= %
C g A
Final V,,= Q/2 + (3Q/2) = g =V,
(260A) (2e0A) g A
d d
23.
A 9, < 2d,8B
+ - + + -1+
+| |- q+| |+ o R
+| |- +| [+ -+
A 4| |- + |+ | |9
+| |- + + -1 |+
+| |- + + -1 |+
+| |- + + -1 |+
+ |- + + - |+
2Q-q)(2d 4
av= 94 _(Q-)2) - _4Q
s A € A 3

Total charge on inner faces of A and B =-2Q
Rest charge will equally appear on their outer faces

_Q-(=2Q) _3Q
2 2
Final charge on plate A= 3Q_4Q_Q
2 3 6
Q

.. Charge flown through wire=Q — — = %

24.
B T A

—C=C,V

6

(@)
I
O
11
]
<
11

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

Q,=52C,=25C;Q,=5C,

= V=5volt

s o =K ¢ €
WUK+1T M2
Q& K+l
Q, 2K

3
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CAPACITANCE

26. Final charge distribution

Q Q
+CV cv
all,Q all,Q
2|2 2|2

Therefore potential difference across the capacitor

Q
CV+2 &

=2 v+
C 2C

27. Q—%E

__KCC . KC
KC+C  K+1

Ql

KCE CE _(K-1)CE
K+l 2 2(K+1)

. Q-Q=

This charge is supplied by battery.

28. Att=0, Vcapacitors =0
6
=L=L=0 and I;=—=3A
Att—>oo,I=1= —06A,L,=0
2+8

29. Att= oo, capacitor gets open circuited

1A4 155 3 3

1= l3a = v, 3x1-3x3=y,
5

= V-V, =12V
30. In steady state

—@:20A
6

upper arm lower arm

For the right most loop 31— 31+ Ci =0=q=0

For the left most loop

20x1+-L_20x2=0
Cl

= q=(40-20)C,=20C, =40 uC

3 e=2 - Q=q, Qz—[&]c2

2
U:lC (Q_O\ :Q3C2
= 3% IJ 22
2 2
32. Energy:Q—: Qd
2C 2 A

As d decreases, E decreases

33. Charge on 3puF capacitor

=6x7=42uC
o & 43—2 = 14 volt

vV =14+ 6=20volt

3.9 uF

Charge on 3.9 uF capacitor =20 x 3.9 =78 uC
*. Total charge =78 +42 =120 uC

~120 0y

12uF 12

v

e=20+10=30V

3. Q=cv=54Y
d
Vi V/IK V
E_—:—:—
d d d

1 1
35. U =—CV% U —CVv?

intal 7 final )

SAU=0

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

3
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PHYSICS FOR JEE MAIN & ADVANCED

I 41.

36. S-open;V, =V . Q
S —closed; V, =0
--- -
KQ Kq
= —+—=0 = =-Q/3
3R R 1=-Q
C..=4ne 3R) Initial charge on 1 = Q when C, & C, touches
c 1 2
Co—dn e (1) + 429 ORIR) R R
final 0 (3R _ R) 2
L C>C Now when Q, & Q, is touched
Q, C, 2cC
=_AU=U— =5 2=—2=—2=0=0Q,=0
37. W_ =-AU=U-U, Q. C. Q,
1 1
:E x2uF x400 Y x 1uF x400 =200uJ Again when Q, & Q, is touched
38. V decreases continuously from left to right except in Q, =2 M - Q = (Q/3) _ Q
conductor where it is constant. 3 ! 3 9
Similarly we can say after N times it becomes
1
39. eV:Em(Vi -v?) le%
1
= 1.6x10""%x20=—x9.11 x 103" x (v*-0)
2.65 106m/2 | '
= V=_1. X S |_| _ / |_| I——I
40. AQ=2CV-(-CV)=3CV ——
WB=AQ(2V)=6CV? S,
1 1 3Ccv?
AU=U-U=—-C@2V)- =CV’=——
b2 2 2 — —
) 9CV?
. Heat=W_ - AU = 2
U= 1_(3(2\/)2 =2CV? Potential difference across each capacitor and cell
2 combination is zero.
Heat 9
=—=225 Part # II : Assertion & Reason
U, 4
1. D) 2. © 3. (A)
4. (A) 5. B) 6. B)

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



CAPACITANCE

EXERCISE -3 Part # II : Comprehension
Part # I : Matrix Match Type

Comprehension-1

1. 1. Time Constant
C=3C
H T=RC=8x6=48 s
c=C  C=2¢ + =
T T @na 2. V=21=V(1-e¥)=12(1-e )
| | C=4C '
Q Q [ |
i _ ( j _
=12{1 ——|=104V
@ma 74
e 3.0 (Ve )t=21=V0-V_ . =12-104=16V
2 4. Vp =V =12V
AtC1:V1=% and U1=§—C R o
Comperehension -2
2 1. In steady state
AtC,= V, :% and U, =L
4C reiveite Y 18,
circuit = = =
Q 3 QZ RI + R2 3 + 6
AtC3:V3=% and = 98C
Ve, = Ve, =IR,=2%6=12V
4 2
AtC4:V4:% and U4:9§C ch =C2Vc2212><4:48“c
ThereforeV =V andV_ =V =V, 2. Quu= Q¢ tQ¢, =IRC +IRC,
andU_=U andU_ =U, =3%x2%2+3x4x4=12+48=60uC
- Q. =V(C,+C)=18(2+4)=108 uC
2. Initial charge q, === 2 AQ =108-60=48 uC (through S )
i = 1 1
Final charge g, = CE 3. Uiia =5 C Vit 56, \4
Initial stored energy 2
1 1 CE’ _1 2, 1 2_
U1:5C(E/2)2+5C(E/2)2: 7 2><2 x 6 +2><4><12 324 W
CE’ _1 o1 —
Final stored shergyU, = Ui = 2 (€, +C)Vvi= 2 (2+H182=9721J
2
Charge supplied by battery AQ=Q,—Q,=48uC
: O Wy = AQ.V =48 x 18 =864 ]
4Q=9, gkl " 2 - Heat=W, — AU =864 (972 —324) =216 J
CE? Comprehension-3

Work done by battery W, =AQE =

L G = Do
C, and C, may be different and hence E and E, may be
CE’ (CE’ CE!) CE’ different.
> 2 4 )7 s

Heat developed in the system

H=W,~AU=
R.G

2. 1,>1 = R2C2>R1C1 = R C
2 1
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PHYSICS FOR JEE MAIN & ADVANCED

Comprehension-4

C A/d
oA 20T gk
CB K S Al d 1.
, Ve QIC Gy
Vi Q/Cy C,
\A _E (KC) KE
3. (VA)initial 50 (VA)ﬁnali_ -
2 CK+1) K+1
. (VA)Initial — K+1
h WA)Final 2K
2.
v Q _EKCQ) 1 __E
4. (VB)Initial:E;(VB)Final: C; K+1) KC K+1
" 3.
WB—)W:(K.;_l):z
(VB)Final
Q’ Q’
5. U, =—;WU). =
( A)tmal 2CA ( B)tmal 2CB 4.
(ﬁj =K1
UB Final
Comprehension -5
1.V, =g (1-e"")
= 110=120(1—-e"®%)
= e®C=1/12 5
= tRC=0n/12=2.5
= t=RCx25=10°x10°%2.5=5/2 sec
2. 1,=10°x10=10pus
3. Flash duration= 3t =30 ps
4. Energy in flash
1 1
=—CV?=—x1x10%%x110x110=6.1mJ
2 2 6.
7.

EXERCISE - 4

Subjective Type

Equivalent capacity between A and B

9
C= -+ 3=6yF

(i) Stored charge
Q=CV=6%x10x4=24C
(ii) Stored energy

1
U:%CW:EX 6x10°x16=48 uJ

t
Ccv= qT — 400 % 106 x 100=1001

=1t=400s

Electric field
- 1 -

g- Ya—Vs_ 00000 . 9) 5 x 106 Vim
d 2x1077)

Common potential

_ CIVI +C2V2 _ 2><200+3 ><400
o C, +C, 2+3

=320V

Chargeon C\Q,=C, V_ =2 x320uC=640uC
Charge on C,Q,=C, V_ =3 x320uC=960uC

o2
Olo
ole

C
o Qq
Eq.(i)+(i):q'= ——
Q-¢q
By using KCL
C,(V,-V)+C,(V,-V)+C,(V-V)=0
_ C V4 +C, Vg +C5V,

=V

‘ C, +C,+C;
A
yo-SA ; q:(eo_jv
d d
Slope = EOdA L C,>C >C,

3
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CAPACITANCE

8. (i)

(i)

10.

@

(i)

distributes equally

_ C1V1 +C2V2 _ 01x10 _
Yeom Tc e,
1 2

01+01
Total stored energy
1 2 1 2
U= 2 CVeu + 2 C, Vem

1 1
= 3 X0IX 100X (S = X 0.1X 10 (5

=2.5u]

Initial stored energy in first capacitor

1 1
U‘:E CIVIZZE x0.1x10x10>=5.0 uJ
Up 25 _ 1
U, 5.0 2
2uF
<= 2x | A f
24X T
(LetC, =x) x  =I1uF ==X
_2x+2+x l
2+x B

=x(2+x)=3x+2

=2x+x*=3x+2=x*-x-2=0

Use
X_—bi\/b2—4ac _1E41+8 4 1£3 _
2a 2 )
and —1
x=2,Ceq=2uF
A
c. =8 ¢ Z3%A L cyosex

X d Y d

C, and C, are in series, so charge on each
V.

q=C,V,=C,V, = X =5

Y

> VAV, =12 6V, =12

12
=V, = ? =2volt and VXZIOvolt

Energy stored in capacitor

2 2| | C
ST
2¢ Uy F Cy

On connecting with the second capacitor the charge I

11.

12.

14.

K g A
C_A_(d/4)_3K
C, (KZEOAJ K,

3d/ 4

L =3x3=9

Net capacity

_ GGy _0OCXCy) _ 9 -
C,+C, 9C,+C, 10 °

9 [Kz =) A}6K2 e A 12K, g A

10 3d/ 4) 5d d
> E= Y
d
vV 10°
nd=—=—=10"m
E 10
A
Now C = S0 &
d
-12 -3
o Cd _88.5x10"x107

&€ 8.85x107"x10

. When S, is closed and S, is open then capacitor B is

charged upto 10V.

Now S, is open and S, is closed then

common :6V
C, +GC, 3+2
Q,=2x10°V_=12nC
Q,=3x10°V_=18uC
. C 3C
Cv, =3CYV, (i) “ alrjmn
V,+V,=300 ....(ii) S °
=V, =75V; V,=225V L
300V
, vV,  75x100
(.. E = d_ll =05 - 1.5x10*V/m
VvV, 225x1
=22 22X100 510t vim
d, 0.5

(i) V,=75V; V,=225V

2 A
GG V = EC,V - i(e_0j300
C +C, PG

(iii) Q= (
6x300x8.89x107"*

T os.oT  sxl0TCm
X U.0 X

Q.
A

3
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PHYSICS FOR JEE MAIN & ADVANCED

15. (a) In steady state no current in capacitor's branch.

I 5V 0.5Q
E ——wWW\—F
3V 1.5Q
C I F—WWA—iD
+ p—
A I | WWA—B
2uF 3Q
2
Socurrent | = ———= 1A
05+15

voltage across capacitor
V=3+1.5x1=45V
= Q=CV.=2x10°%x45
=9 x10°¢C

16. (i) At t = 0, capacitor has zero resistance,
i.e., R and R, are in parallel.

The simple circuit is shown in figure

. y
R, R,

il = — and i2:£
Rz

|_

AN

(ii) At steady state (t = o0), capacitor has infinite resistance.

. E .
Hence, i, = —, i, = 0
R

(iii) Final potential difference across capacitor is E.

.. Final energy stored

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

Hence, 1,=C (R, +R)

(v) When switch is closed, capacitor will charged through

resistance R,.
Sot=R.C

|
17. For the circuit ACDA and the cell :

6-1(5)-6=0 =
Fortheloop BCD:V, =6V
FortheloopABD:V, . =6V
5 Qup=6x7=42uC

1,=0,..1=0

2x3

18. R,= +2.8=40Q
3+2
1= =% _1sa
_Reff_ o
aIm:I( 3 ]:L5X3:09A
2+3 5

19. Total heat dissipated

H:;—CVZZ% x5x10°%x200%200=0.17

H, = Heat developed across R, = I PR, dt

H, = Heat developed across R, = I IR, dt

_(H,+H,)R,  HR,

=H = =
" (R, +R,) (R, +R,)
~0.1x500 60 m]
(500 +330)
1 1 1 1 1 1
20. C—ZE 1+5+Z+§+.... :—12
arm C(l _f)
2
2C
effectivezzcarm: TZC
21.
4Q 2Q
+3Q
+Q
+Q 3Q
Initial effective charge =3Q
CV+CV=Q,+Q, QwHC
=3Q+0=3Q —
~3Q [l
V= E QZHC

3
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CAPACITANCE

22.

23.

24.

25.

26.

27.
20
Ve = 7:10\/
5
== =10V
5 initial 5
There is no potential difference. Vo=(5+1)x3+2x1=20V
Hence no charge flows.
Heat produce is zero. U, = %CVZI ;— x4 x202=0.8 mJ
1 Q* Qi
Eﬁnal_g?_ > A’Einitial_o q .o q dq, _ .
S 28. ——-iR=0 = —+—R=0= q=qs¢"
C C dt
. Q’d
o Heat:_(Einhial_Efmal): 2 &, A
Y]
1uF
o [::] 1uFH o 2pFH 111FH o
1uF — dq q
ivalent ci 't:':_:_o ~t/RC
==2pF 2M|=H equivalent circui i & " RC e
2/3uF || o _ L kg A
I 8/3uF Where R = g, C= 4
- 2uF O L—
| ke, 5x885x1072 5x8.85
.. RC= 0 = =
S 7.4x107" 7.4
s 8.85x107
8/3 8/9 L+i_1 C= 2 F Si= q—oeft/RCZ; -1276
| |:>C 37 T3k Rc [5><885j
7.4
| | 2x%3 :75—4><71—41'1’1A:021'IIA
60V 144uC * C = =1.2uF .
. 2P ST 5 4
A B
60V _[ 144,C tj_gpF 29.
- Q,=Q,=+144yC ol

h d
60V 1 L = _[ dx = I dx
0

20uC * 2uF
A| ‘B i K KSeo(l+sin—)
60V _I: 180uC t]_:mF
K,Se m|f  dx 2d
Q,,, on the middle plates = C=— 2d _[ T
=+180+ (—120)=+60 uC 0 [1 Sm*]

This charge flows from A to B.
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PHYSICS FOR JEE MAIN & ADVANCED

30.

31.

32.

33.

34.

£1, &1, TR/4
| = 2%
Lo
1 2 4
Pot. diff. across (g,r) cell: e—1r, =0
2 _
= e=Ir= ¢e= & :>4(rl r2):R
7R 7
4L+ —
4
Total charge remains constant
156 C=(aV,)CV,+CV,
=V +V,-156=0(a=1)
=(V,+13)(V,—12)=0=V, =12 volt
2
¢ L2 o5
13 3
]l
m i
o 4 5
i - i o’
4 3 3 1
4 AV, 2 g AV,
=—¢ & Q=22 "0
=397 =37y
C,C
=CV=|C, +——-1|V,
Qtotal Cl |: 1 C2+C3:| 0
SV = C,(C,+C,)V
 C,C,+C,C, +C,C,
.. Chargeon C,,
CV(C, +C
q,=CV,= VG, )
C,C,+C,C, +C,C,
Chargeon C, and C,

_o_fec ), _ GGGV
%% (¢ 1c,) " CC,+C,C +C.C,
Extra weight needed

2 2
:(i\XeOA:EXeOA:(XJ A

Leo) 2 . 2 d 2
- _( 5000 ]2 88510 x100

= 5x107 2x100x100

=m=4.52x107kg

I 35. TInitial condition

A / B
c c C c 'c
===l
ot ot ot
| |E
'
CE
Q=3
Final condition
A <« B
c C © ©
|| || || | | ||
OF  ZFT JdF dF JiF
Zce ZcE CE CE 5CE
Z 7 7
 [E
4
4
Charge flown from B to A= 7CE
36. Q,=2C,=6C,=Q,,
V=2t =6v S b
C1 a
SV =612=8V
Total charge flown into right loop C,
= CZVbq + CIpr
=3C,x 8+C, x6=30C,
v, = Qo 30C, 5 o
! Cab Cl

38. V,C,=V,C,and V,+V, =440

0.7cm 0.3cm

K=3

®

K=5

440V

{HH!

:sz%: Vv +%:440

2 2

| 440C, _ 440

17(\:14—(\:2 g

2

+1

LoV 350x100
1Ty 0.7 m

3
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CAPACITANCE

E :L=&X 100=3 x 10*V/m
2 d 03

. Applying junction law at A :

| :
[ SUF

Loour

—|— 4uF

A+ 1+ +

2uF

|||||_

2(V,-5)+3(V,—20)+5(V, —10) +4(V, —20)=0

A

=V,= gz 14.28 volt

" Q,=28.56 uC, Q, = 42.84 uC,
Q. =71.40 uC, Q, . =22.88 uC

Q,,,C
4. B _QQ :
c, G,
Q,+Q,=2Q ...(ii) .
2IICz
C - and C,= 22 p
Td-x MY T dax
Q(d-x) Q(d+x)
:QZ:T and Q1:T
43.
dQ, :,g[%) <49, Q [d_Xj
dt 2d\ dt dt 2d \dt
1:&_&:Q(d_x):ﬂxo.001=2|m
dt dt d\dt 0.1

41. Work done by battery =AQV =(3CV)V =3CV?
. . 1
Energy stored in capacitors = > 3BC)v?

(i) .. Heat developed =W, — AU = ;— (BC)Vv?

(ii) Work done by external agent =— (K-1)

42.

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

K+2
3CV'=(K+2)CV:>V'—V[ . ]
Wagcnt = Uii Uf
~Lac W[K—”T - eV
=S BOV| =53] —S &)
C K+2)XK-1)CV?
6
2CxC 2C
Cinitial: 2C+C :T ;Cfmal:C
(i) . AQ=ACxV
2C CV 2x30
:(C——)V=—: e 0uC
3 3 3
2
(i) H=W,-AU=AQV - (%CVZ—%ZC;]]

=600—(900-600)=300 pJ=0.3mJ
(iii) Energy supplied by the battery
=AQV=600 WJ=0.6mJ
(iv) Initial charge on each capacitor

2C
= T V = 40HC
Final charge on right capacitor = 60 uC
Final charge on left capacitors = 0
.. Total charge from through switch, S =60uC

e €mons [
_ 2 co-an +b
U 2c, ! “lb-a
Q2
U,= ,C,=4neb L AU=U -U,=9]
2C,

R,

Here, R is equivalent resistance across capacitor after
short circuiting the battery.
RiR,

R + Ry
(AsR and R, arein parallel)

1 R, + R,
- C( RiR, | CRyR,

R, + R,

Rnet =

(03

3
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PHYSICS FOR JEE MAIN & ADVANCED

EXERCISE - §

Part#1: AIEEE/JEE-MAIN

1.

=nC

Cﬂ{pamnel)
If connected across V volts then energy stored
1
= —(nC)V?
2
Capacitance of an isolated sphere is
C=(4pe,)(Radius)
1

C= ~x1=0.11x10" =1.1x107"F
9x10
@)
1Qt _1(8x10")
k = —— = —
Work done = 5 ™ =3 100 %10
=36
L6410 gy
210
2msAT

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.

Applying law of conservation of energy

1
We get Emv2 =eV

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

oo [PV _\/2x1.6x10'19x20
m 9x107!

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 :EQVO

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

1
energy stored in capacitor EQVO

hence l
work done by battery Qv, 2

10.

11.

12.

13.

14.

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.

C,C
C:S—A=9Pf; C,=—"—"
d ¢ C, +C,
[380AK1)(380AK2)
d 2d d1
—F =40.5pF
36,AK, 36,AK, ~ Q) P
d 2d
1 U, 1 B}
:—CVZ '—OZ—CVZC 2t,/ RC
U 2 ) 2 2 0
l:e—Ztl/RC (UO= lCVz)
2 2 0
2t
—L =1In2
C
RCIn2 . q "
b = > ..() and Tozqoe /R

L _ 21n2 ; t2=2RC ®n2...(ii)
RC

t
from equation (i) and (ii) -~ = —
t, 4

5

V=V, (1-e %) = 120200 (; _ . ue
= R=2.7x106Q

Parallel Series
v R
c c
‘ R \ Ei—l
V, Vo
\;—Oz Vv, (1 —eR “C) ...(0)
(o)
C
VZ_OZVO l—e "2 ...(ii)

tp 2 ts

from (i) and (ii) e 2R =¢ Re

S

10
t = —pzTZZ.S sec

t=0.37%of V,
=0.37x25=9.25 volt
where is in between 100 and 150 sec.

3
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CAPACITANCE

15.

16.

17.

18.

Clvl - szz

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

= 120 C, =200 C, = 3C, = 5C,

Common voltage =

3

= 3¢ E =CV C
q C+3 = q= = qx

3C 2 2C
= E |2 == |E
% (cwj M =& (cwj

2C

E
1+% quV:CTqZT

9, =

If C — o, q = constant value.

3uF

9uF
4uF

2uF

+, =
1'8v

Potential at 4uF = 6 volt

.. charge q, =24uC

Potential at 9uF =2 volt

.. charge q,= 18uC

total q=42 uC

kg 9x10°x42x10°°

= = 900 =420N/C

E=

Part # II : IIT-JEE ADVANCED

Straight Objective type question

1.

In steady state condition, no current will flow through

the capacitor C. Current in the outer circuit,

[ R
1y WWAV—
Y A B ¢ 2V -V \%
= == —
iy Vv i=0 | 2R+R 3R
2R |
i} AN ——
2V

@

-~

Potential difference between A and B :
V,-V+V+iR=V,
VBfVA:iR = [3_Rj R = ?

E _©
Charging current I = Ee RC

t

" RC
When R is doubled, slope of curve increase. Also at t=0,

E
Taking log both sides log 1 = log(ﬁ]

the current will be less. Graph Q represents the best.

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

3 3 1
Ve = 2V= V(e tRO= 1V e tRC=

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

Weget:t=13.86s

t=CR

©=(C,+C)(R,+R)=18pis
(GG )RRy )

. Lcl +C2JLR1 +R2J

8§ 2 8
= — X — = —US
6 3 ol

([ RiR, )

2
T3 = (Cl + Cz)LmJ = (6)[5) = 4us

FromY to X charge flows to plates aand b.
(q,%q,),=0,(q,*q,),=27uC

Initial Figure
(when switch was open)

Final Figure
(when switch is closed)

.. 27uC charge flows from Y to X.

3
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PHYSICS FOR JEE MAIN & ADVANCED

6. Time constant

Where —=—+— = + 3
C S 2 e
6 €
=C=—2—
5d+3Vt
9- “ 31 ‘ E ‘
+ “ ‘ |
A
C, = 8‘11 -C
kiggA
/yd kZSOA
ol C; d

£180A —8 3
d

£0e1A

8]

4 7 7¢
2i12L c,=1=
3 3 = 3

Multiple Correct type question
1. Before S, is pressed

After S, is pressed

o bk
T —ITCVG —IT:VD

2. AD

<

3 V,

L
7

Subjective

1. Letatany time t charge on capacitor C be Q and currents
are as shown. Since, charge Q will increase with time t.

R
N = A »> iji
+
vV - R Q C
% : il
R — MWW T

i B

0]

(i)

Applying Kirchhoff's second law in loop MNABM
V=(i-i)R+iR = V=2iR-iR (D)
Simillarly, applying Kirchhoff's second law in loop

MNSTM

Q
we have V= i1R+E+iR ...(ii)

Eliminating i from equations (i) and (ii), we get

2 . 2Q
V = 3i1R+—Q=> 33R =V - —
C C
1 2 d 1 2
. :_(V__sz_Q:_(v__Q]
3R C dt 3R C
d dt d & dt
S T Y [ Sy
v 20 3R 3y, 20 3R
C C
This equation gives
Cv
— (] — e2U/3RC
Q 7 ( )
i ﬂ B l 2t/ 3RC
' dt 3R
From equation (i)
\%
-2t/ 3RC
. V+iR VT ge
TR 2R
.. Current through AB
V4 Xe—2t/3RC
=i = 3 _ L g-2t/3RC
2 ! 2R 3R
v A% v
s 2t/3RC _; _ '
12—5—6—116 t :>1272Rast—>oc

Q, is the steady state charge stored in the capacitor.
R,
\%

C== R,

Q,=C[PD across capacitor in steady state]
=C[ steady state current through R ] (R))

(Vv )
-l
R; +R,
CVR, 1 1
0 = ais — =
Rl +R2 Tc CRnel

3
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CAPACITANCE

|
+
4 V=g o
LG B=—=2,9 b
2Ae, 2As¢
A 30u -30p A | | B
L g 39 ]
2A €, A
3 Q 3 -30p  30p
=5cd > E=3¢V — |
2Cd 2C D I c D || c
(ii) F=EQ/2
2Q -Q Final potential difference = zero
2
F= [2ZQ j x (_IQ) = - AQ Final charge = Zero
o o E Charge flow 30 puc fromAto D
o Q7 5.
Ae, |
1 K.=6 d =6C= =6C=
(iii) Energy = 5 o E,Ad —
—_K-=2 K,=4 d 2C 4C
1 (3QY 9 Q> =
=—¢| — | Ad=—-—
27 [2&1) 8 C
ight
2. Equivalent circuit is (right)
1 3 3x6
\/AIT//\/B 1F\@3+6
5
<@> L G
2 4 2F@4F as potential difference
across dielectrics of
dielectric constant 2 and 4
213 F is not same.
| |
I . . 2Cx6C  6Cx4C
= + =
- —9F The equivalent capacitance Ceq 2Cr6C T sCraC 39C
| |
|| 6. Let the capacitance before insertion of dielectric be C
4/13 F .
and the resistance be R.
t
3. X | “RC ._q/C _ g
1uF l 1uF q=q, ¢ andlzT:ﬁ
X T & 2uF > Just after insertion of dielectric the capacitance
X X I} y increases.

Rearrange the circuit

1uF
i e
o—= wF Z—”—y—o X 2uF 1uF

S iy

2uF decreases
X 2/3 uF y = (C) is false
= C,= FuF
= (D) is true
2uF

The charge just after insertion of dielectric
remains same, but the current decreases.
= (A) and (B) are false

2

The energy stored in capacitor is ;1— , hence energy

The time constant is RC and hence increases.

3
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PHYSICS FOR JEE MAIN & ADVANCED

C
A _/81 i R B_/Sz
1 R,
1. = o Flop
—|—25
D C

just before S, is closed the potential difference across
capacitor 2 is 2E.

just after S, is closed the potential difference across
capacitors 1 and 2 are 0 and 2E respectively. Applying

KVL to loop ABCD immediately after S is closed.
E=—iR,+ 0+2E

E
— towards left
1

or 1=

8. This is a DC circuit because the battery is the only
source of voltage. Hence the capacitors behave like
open circuits. An equivalent circuit is then two parallel
sets of two identical series resistors, see figure. The
voltage drop across each parallel branch must be the
battery voltage of 3V. Since the resistors are identical
there is an equal voltage drop of 1.5V across each
resistor. In particular there is a drop of 1.5 V across

resistor A.

9. Rate of change of energy = V.I.
Initially V =0 hence VI=0
finally I =0 hence VI=0

first increases then decreases

10. As the key is connected to 1 and 2 frequently and at
equal intervals, the two emf's E; & E, behave as d.c.
sources in continuous contact.

The potential due to the two cells is :
E,R, +E,R
ve | 22Tt
R, +R,
Hence the charge on the capacitor is ¢ = CV

_ (E,R, +E;R))C
(R; +R;)

1
11. Ui= ECSIZ

1 2 1 2 2
Uf:EC‘C,2 AU :EC(azfsl)
Qin=+C¢, ; Qfinal=-Cg,
AQ=c(g,t¢)
work done by battery W, =E, . AQ
=C(g,*T¢g)e,

Heat generated =W, —AU

1
— 2 2 2
=cg, +C8182—5C(82 —-£7)
2 2
C(e +e?+2¢¢)

C(g, +e)

12.  The equivalent circuit is as shown in figure (b).

AN — AN ——— A
quoo S T
8V 0.1pF| 8Y 0.1uF 2]

Fig. (b)

In the steady state the potential difference across AB
is 4 volts.

Charge on capacitor in steady state is

q=CVv=04puC
. . v 4
Current through resistor Ris 1= — = — =0.2A
R 20
ke, A 2¢) A
13. U= L¢, V2 = ¢ =~ 2 _2%
2 d/2  (d/2)
A
GG o _mA
“ C+C, d/2
A ><EOA
C = d/2) d/2 _4& A
e 3eoA 3 d
d/2

U:l[ieoAsz _ 2(&A V2
2\3 d 30 d

3
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CAPACITANCE

14.

16.

17.

18.

Method I
Force between plates
S A :
2 \ 2
_ Q _L X _ S AV
2Ae, 2Ag, 2x*
where X is separation between plates
dW =F dx
2d 2 2d
€ AV |:e AVZ} cv?
W= dx == =—— =200 ]
;‘; 252 ax | 4 H
Method II

U, +W_ +W_ =U +loss

Process is slow so energy loss is zero work done by
battery = W_ = Q,

Q=Q,-Q,=20-40=-20

W 20 x 20

B

%2x202—20xzo+wm 1x202+0

b
2
W_ =200 pJ

. Force on metal plate S due to electrostatic attraction

Q2
2A g,

Force exerted on plate S by spring is = mg
2

byplate Tis F=

Inequilibrium =

Q=.2mgAce,

_ gA

=mg or
A€, g

Ceff since effective capacitance between

plates A and E is zero.

g0A

2d

~U==CV? V2

1
2
When switch S, is closed, due to symmetry no charge
will flow through S ..

Alternate solution :

After closing and before closing the switch there is no
change in potential of any point.

2¢
Imax=— att=0
R
€
I=— att=w
R

so charge on the capacitor is Ce , when current is 50% of
maximum current.

I 10.

21.

22.

23.

1 2
— K, e E \Y
ﬂ_(z L lj _KI[KI_EO

. 5 1
- — K, e
(2 270

In the given cross-section which lies inside the capacitor

plates , no charge flows. hence the required charge is 0.

1
. Energy density= EY ke E?

Since the cell remains connected, V remains

unchanged (and therefore E remains unchanged)

= Energy density will increase k times.

Charge on outer surface of C = — charge on inner surface
of C

Hence potential at B due to charge on conductor C =0

charge on outer surface of dielectric = — charge on inner
surface of dielectric

Potential at B due to charge on dielectric =0

Potential at B due to charge onA = Q
4ney b
net potential at B = Q .
4n ey b

Let o be the charge density of conducting plate and V be

2]
e

(C) Let us give equal and opposite charges to two

the volume of either dielectric

(¢

Ky
K,

(¢

K, &

wires so that they would have linear charge density
as+Aand —A.

Electric field at point P,

_ X . A
2reyx  2ne; (Ma—x)

na-a

Ide—_[de=—£ Edx

. . . A ne
where a is radius of wire = C VI =—2

Inn

3
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24. The resultant force acting per unit area of each plate 127, V,=I,R=10x10 =100 volts(since, I, = 10amp from

can be writtenas F=F, - F’.

where F, is the force acting on unit area of plate due
to other plate and F’ is the force acting on unit area of

plate from the dielectric.

2 2
q €9€A v
2e0eA \ d 1

X— =

A 2g,eA A 2d?

Now F =

Also F,=Fxe

2
SO F’:Fof F_O :FO (lljng[llj:M
€ €

€ 2d?

25. In steady state the capacitor is fully charged and is
treated as open circuit, so no current flows through
branch containing capacitor in steady state. So the

circuit can be redrawn as :
3V

3V
Y
L ov
;
1 5
4
v

6V
—i
\4 I V-6
V—6

=
Potential difference across the capacitor in steady
state
=V-6-V=-6V

(—ve sign signifies that left hand plate is of negative

polarity)
Charge =CV=1x6=6 uC

26. Asthe charge of isolated system remains conserved,
so the sum of charges of plates having-ve polarity
remains constant. As potential of two capacitors are
different so some charge flows into the circuit till

both acquire the same potential.

As charge flows, AH % 0, and hence XU; # XUy
Let final common potential be V, then
C,\V,+C,V.
VR A T V)
C +C,

V,+V
=1 > 2 [as C,=C,=C]

28.

figure) Hence (A) is correct
Also I=1,e~t/RC

Taking log Xn(ITO] __t

RC
= C= ;
Rin(I, /1)
At;t=2sec, I[=25A
€= 210
IOIH(—)
2.5
2 2 1
C F

T 10in4  10x2In2 _ 10ln2

Hence (B) is correct.

1
Heat produced = —cv? = 1[ !

=— j(1002)
2 2\101n2

500 .
= —— joules.
In2

Hence (C) is correct
Thermal power in the resistor will decrease with a

time constant second. Hence (D) is correct

In

Suppose charge flown through the battery is Q, then
charge distribution will be as :

A B
_| l_
Q-2ec ec-Q

. ||
I'e

The electric field in the region between A and B is =

Q-2¢C B eC-Q _ 2Q-3¢C
2A €, 2A €, 2A g,

Potential difference between the plates,

M,d =5 = 2Q-3:C1 =g =2Q=5¢C
2A g, 2 C
~ Q- 5¢C
2
5¢%C
work done by battery = eQ = 82

3
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CAPACITANCE

29.

1
(M E=ZCV?

As potential difference source between the plates is
connected, p.d. remains constant. But capacitance C
becomes KC hence energy stored is increased by
factor K.

d
(C) Charge on each plate is increased by factor K

hence force between them increases by factor K. For
effect of the medium, they must completely lie in the
medium.

(D)Q=CV

Hence charge becomes KQ as C becomes KC and V
remain unchanged.

(B) Electric field — is not changed.

. Charge on capacitor before insertion of dielectric slab =

100 uC

Charge on capacitor after insertion of dielectric slab =
300uC

Increase in charge on the capacitor=300—100=200 uC
Heat produced =0

Energy supplied by the cell = increase in stored potential
energy + work done on the person who filling the
dielectric slab + heat produced.

. The instantaneous charge on the capacitor is

qt)=q,[1 ~et/RC]=CV [l -e-t/RC]

The instantaneous current

1
i=—=CV (E] e—t/RC

LV §
= (F1=0)

i:% et/RC or i,
Given that V and R are same for both capacitors, so the
initial current in both condensers is same moreover this
is not zero.

During discharge, the instantaneous charge q is

q(t) =q,e-t/RC

9o

Let q'=q /2att=t, then b =q,e-1t/RC

or t=RClog, 2
Ift, and t, be the times in which the two capacitors lose
50% of their charge, then

4

RC log.2 C; 1
t

RC, log, 2 2

Cz 2

t=t/2

1 2
This shows that C, loses 50% charge sooner than C,
because it takes time t, which is half of t ]

1
32.

33.

34.

36.

37.

38.

39.

If potential difference across an isolated charged
capacitor is doubled by doubling separation between

2
2C

becomes double of previous value. Hence statement—1

plates, the energy stored is capacitor from U =

is false.

Let the electric field in region I and Il be E and E,. The
potential difference across left half capacitor and right
half capacitor is same.
Therefore E,d = E_d where d = inter planar gap.

El < EZ
Hence statement — 1 is false, statement — 2 is correct by
definition.
The electrostatic force on metal of capacitor is

2
A

= pressure X area of plate = .
o = charge per unit area on platé).

Since charge on metal plate of an "isolated" capacitor
does not change, force on metal plate remains same.
Electric field decreases due to induced charges in
dielectric, but this does not effect the charge
distribution on isolated metal plate.

. The battery energizes the circuit and maintains the

flow of electron from positive plate of capacitor to
positive terminal of battery through wires and from
wires to negative plate on other side.

No transfer of charge takes place within the plates
in spite of having the electric field in between the
plates.

i=2x102A
Pp, =PR,=(2x102)’x4x10°=1.6 W
Q¢, = Vg, xC,=80%3x10°=240 pC

Qc, = Vg, xC,=140% 6x 10 =840 uC

ch =EC, =220x3 x 106=660 uC
1L e g
220V !
R,
T
(C)  40. (D)  41. (©)
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39.to 41.
For t =0 to to = RC seconds, the circuit is of charging
type. The charging equation for this time is

t

q=CE(l-¢ RC)

Therefore the charge on capacitor at time t0 = RC is
1

q, =CE(I--)
e

For t=RC to t=2RC seconds, the circuit is of
discharging type. The charge and current equation for
this time are

t-t,

ety
q=q.e R€

9 v

RC

and

Hence charge att=2 RC and current att = 1.5 RC are

_2RC-RC | 1
q=qe ¢ =_"CE1--)
€ € €
q
t
_L5RC-RC

do Ell

“JerC VeR© O

andi=—2¢ RC
RC

respectively

Since the capacitor gets more charged up from

t = 2RC to t= 3RC than in the interval t=0 to t=RC, the

graph representing the charge variation is as shown in

figure

42. (A) By inserting dielectric slab, capacitance of 1
increases there by increasing charge on
capacitor 2 as more charge is flown through the
battery. Energy stored in capacitor also increases.

(B) By increasing separation between the plates,
capacitor C, decreases. Charge on C, also
decreases.

(C) By shorting capacitor-1, only capacitor 2 remains
in the circuit. Potential difference across C,
increases thereby increasing charge on 2 as well
as energy stored.

(D) By earthing plate of capacitor 1 potentials will

change but there will be no potential difference

change, making no overall change in the circuit.

1 43.
(A) At constant potential difference, when interplanar
separation is increased, the capacitance decreases.

1 .
From U = SCVZ, the potential energy decreases.

\%
Also from E = E electric field decreases

(B) At constant charge when interplanar separation is
increased the capacitance decreases.

2

From U = 2 the potential energy increases

Since charge density on plates is constant, electric
field remains same.

(C) At constant potential difference, when area of plate
increases the capacitance increases.

1 . .
Hence from U = ECVZ, the potential energy increases

v
Also fromE = E , the electric field remains same.
(D) At constant charge on increase in area of plates
2

1 .
From U = E%’ the potential energy decreases and

since charge density on plate decreases electric field
decreases.

44. The initial charge on capacitor=CV;=1x2uC=2 uC
The final charge on capacitor=CV,;=1x4 pC=4 uC
.. Net charge crossing the cell of emf4V is
qp—q;=4-2=2pC

The magnitude of work done by cell of emf4V is
W=(q—q)4 =8u

The gain in potential energy of capacitor is

1 1
AU = Ec(vfz -v2) = 5 Ix[42-22]W =6

Net heat produced in circuit is
AH=W-AU =8-6 =2l

4 1 4v2

45. U;forC,=C, x szX TR
V2 o1 2v?
UiforC2:4x—><E_ 5

C=2uF C=4pF

—
Vi3 VI3
] 1
|
v
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CAPACITANCE

When separation of plates of C, gets doubled,
capacity becomes half :

16v: 1 8v?
U, forC, =1x 5 X2 23
vz o1 o 2v?
UffOI’Cz 4 x EXE— 25
C=1uF C,=4pF

46. Energy taken from cell =20 x 30 pJ

=600 pJ

1
Energy stored in capacitors = 3 3.102 =150 pnJ

.. Heat produced in resistors = 600 — 150 =450 pn
Divide this heat in 2Q and

(equivalent of 3Q2 and 6Q)

i.e.,in2Q and 2Q

whichis 225 pu J, 225 uJ

.. Heat produced in 2Q =225 pJ

Further divide 225 pJ in 3Q and 6Q in inverse rati

its |

48.

C, C,
CoBAZ ( wAl2 45 A
d a2 & sd
k 2
= C=C+C,= B 8 ppg 13804
d 10 d
3
49. E<10® = T<106
J
kegA keyA
d>10"m2= C= 4 = d= C >107

10° x C

102 x 50 x 1072

A> ke, = A>

(6m) x

o of

1 =300 mm?
(x10‘9j
36m

50. Leteach plate moves a distance X’ from its initial position.

47.

2
resistance [Q P:V?J J{%_q]l dy+x | _[%_q]
| |
. 225 Y )\
Heatin3Q= 222 x 6= 225X2 75,5~ 150 uJ Q‘Q 0
{9, (29
1 |
Heatin 60 = 22> x3=75 ) d—x

Let q charge flows in the loop. using KVL

The charge on the capacitor when current reaches I

q,=,R).C,

Q
2

(

—qj(d+x)_((§+qj(d—x)

=0

)

When the switch is in position 2, this charge is shared € A € A
with capacitor C, and at steady state potential across C,
is equal to that across C,. The energy lost in this process Qx dq Q (dx

(

9724, * 1T a T 2dg Lt
GG,

C, +C,

qo
C

CICZ
2°C +C,

4]

AU =

“ (LR Qv

e fe)

Ans, I=
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51. Initial state Final state
ot ]
o1 —s0c G —r— B %
ComauF "ol -,
;?ﬁg::CsWF L g (=+6540)
N IS —&——q, (=-65C)
Cc=2pF ~120uC

—65— (- 120) =55 yC

From conservation of charge
-q,-¢,=10-120=-110pnC
—-q,tq,=—-80+120=+40pC ............. ?)
In the final state

q 9, q3

:>T1 7_’_7 at q2+q3:2q1
q; 9, q3
1 7 + 7 ; q2+q3 2q1

Solving we geta g, =65 puC.

The charge on lower plate of capacitor C_ changes from
— 120 pCto—65 nC.

Hence the charge flowing through shown connecting
wire is

(120—65)=55uC.

final charges

q,=65uC; q,=25uC;q,=45uC

Heat produced = U, - U,

| a20uc)y? s
2x2uF

(80pC)
2x2uF

2
L opey? |-
2x1uF

(651C)*  (25uC)” . (45pC)°
+ + =3025 pJ
2x2uF  2x2uF  2x1uF

52.

Applying Kirchoftf’s law in Loopl
e—(@,+i)R-i R=0 ..(1)
Loop2

—izR+s—%+i1R:0 (2)

eliminating i, from (1) and (2)

e- L iR+ oor 22 -4 2 i Rr=g
2 C 2
i da_ 3Ce-2q 3 dg
dt 2C 2 dt
q t
d
or [~ [ &
0 3Ce—2q o 3RC
2t
1 _ __st
or — — 1 i 2q)_ ¢ or 1- =4 3RC
2 3Ce 3RC Ce
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