Node-6\E:\Data\201 4\Kota\JEE-Advanced\SMP\Phy\Solution\Unit-07 & 08\02-Capacitance.pé5

CAREER INSTITUTE

KOTA (RAJASTHAN

JEE-Physics

UNIT # 07 (PART - 1)

CAPACITOR

EXERCISE -I

2.

3.

P:—: =

5000

o f
X 0.2

= 2,5000 N/m

1
—kx?
USPR —

u CAP

 25000x0.2x0.2
10x10° x10°

Loy
2

1 2 1 -6 6
AU ECV 5><40><10 x9x10

=90kW

At At 2x107°

C

V, (C+CV) = CV + (20) (2V) I
V, = V (Final pot. diff.)

1 3CV? 2%
a §(C+ 2C) vz = -

S U

2 1]

fing

(4+2) V=4 50 + (2 100)

Ui = (% x4 x (50)? +%>< 2 x (100)2) x107°

= (5000 + 10000) 10°¢=15 10%2J

1 % 200 200
Ufinal = §(4+2)X10 6 XTXT
=133 10%J
U. ZQ_T_FQ_E

Before sharing 2C, 2C
1 2

(R A )

After shari _ (Ql + Qz)z
er sharing (S
QIOOIOO 2(C, +C,)

(Q+Q) o | @
2(C,+C,) 2C, 2C,

AU=U, -U, =

_ (QICZ - QZCI )2
©2C,C,(C, +Cy)

-ve sign indicates there is decrease in energy
OIoOndoinonoonUnoooood
But QC,- QC, # 0 = Q, C, # QC,
= QM4mne R, # Qdne R, = QR,# QR,

d—t+— 2
B A 2 A
T d d aC
d——+—
2 2K
Q-q[]a a[lQ*ta -[]1Q+Q+q
al |b c| |d el |f

HereQ; -q=Q, +Q; +q= q=w

Charge on a= Charge on f

1000 0I00T= 40000000

Q Q,+Q,+Q
:Ql_qZTZ%

2Q -Q

.|_
(N/s)
.|_

8
|
[\’)‘8
.|.
(N/s)
v

Force on either plate (D]DD 000000 oo DD)

_(3Qr2) 9@

2A e, 8A ¢

Force on point 'P' due to capacitor = 0
UIlOloIOmImenleloitOoinroo4

Potential diff. between the plates

(DO0TO0000IOoOODy = %

Energy stored in electric field between the plates

(OOIOI0IDIoOioolomonaay

1 (3Q]Z _9Q’

= —Cx
2 8C

2C
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10.

11.

Therefore (D gid D)

+q
-q

-q

+ve +q -ve
+q
-9

-q
+q

qu_ZQ7Q3:+ZQ7
q,=-2gqand q, =+ q

L
T
J I

1 1 1
U= 5clv2 +§c2v2 = 5(c1 +C,)V?

1 (8.85 x107'2 % 0.1

~ 2\ 0.885x10°

2 XZ) x10% = 107w

Each capacitor has potential difference 'V' and

1
energy ECVZ, After reconnecting total energy

remains constant and total voltage becomes NV.

(000N OIROononvidi Do %Cv2 10m

0000 000 Dot DO 0UnoooTao 0oodl N
Hin

71 °F 71 °
2C 2(:E
2(:__—F —2c = 2c=— —2C
h —cC J_ —cC
c=— =— 20—
[ [c |
Q
o 71 ° _'
2c==
20—
= —22 = 2Cc—=
o+ L -
L lc | L
— L—»
——————————o
= c— —2c = 3c=
S —

13.

14.

15.

16.

17.

18.

19.

A ]| B ]| C

A 1

5uF 15uF
5(V, - V,) = 15 (V,-V) = 5(2000-V,)=15(V,-0)
= 2000 - V, = 3V, = V, = 500V

C.=C+ g+ 9+ g+£+
eff 2 4 8 16 7
T1-1/2 T A

For 'n' plates; effective C will be (n-1)C.

1000000000 -1y OO

3V
CV + 2CV = KCV' + 2CV' = V' =
K+2
c- S8 o
d p
C = S A _ S A
t, t, , d d 2d d
d-t,++—-t,+2% d-——+———+—
K, K, 39 3 9
9¢ A 81
= — = —_— F:
5 d 213 40.5pF
? ?

A
where C = S2
d
_ 6Cx2C+6C x4C _39C
« 8C 10C
x ax

& ax+Keo(a—x)a

C =
d d

K eoaz_eoa(K—l)
S d d
. C- t graph is linear with negative slope.

(O 0 )

C

X where x= vt
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20.

21.

Cl

22.

23.

24.

25.

JEE-Physics

2oVt - meaT = v - [2RAT
2 = ms = = C
C=4rn¢ga
4 4
_4rgab &3 TS =n(4n g a)C
b-a 1-2 1- (n - 1)
b n
8uF 16uF
° | | ° | | °
I 1
Breaking voltage 20V 80V
{00000,
Safe Voltage 20V 10V
UimaIomo

.. Charge on each capacitor = 20 8 = 160 puC
{Iodlooobonon

1uF 2uF
° | | ° | | °
11 1
Breaking voltage 6 kV 4 kV
(000000,
Safe Voltage 6 kV 3 kV
UImaIomo

.. Total voltage (D Hil D[DDD[) =9 kV

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

0003000200040 O0000ImoOr Oomdiomy

35“5/ \/ TuF

—— 13uF

10}1]:/\/\2”[:

The system is a balanced Wheatstone bridge.

(UOmiOooitoonooooag

_[35><7+10><2)
" \85+7 10+2

15
=2 \F
M

26.

27.

28.

29.

30uf/ \, 10uF

—_— 5uF

/\ZpF

The system is a balanced Wheatstone bridge.

(UOmIiroronoboo oG

_(10><30 6 x2
" \10+30

6uF

+——| =9uF
6+2) H

2 RE RE

To find the time constant of a RC circuit, Short
circuit the battery

Rl 000 O 0RO 00O ool Loor biao
OmIOmomomoOoiiod

7R 7RC
4

ST =

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

(A A A I A W
N A
NNV

v, - 3(%)— 3 2.5 =75 volt
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EXERCISE -II

V
E =70:> E; <E, Alsoc,>0,

[ Lo j W
dc K& A OkeoAsec(—y)
A Am
=C = od

Both A and B are always in parallel.

@I00sI00T000IOOIOI 0000000,

V =V, evke
dav| Vv,
‘I‘_ %e_tmc = slope (L[0))

At t = 0, for R = R,;slope is least in curve-3.

=0l U0 r=R,[ O 1000 TIOI 00000 DI0O0O
Hinin

—t/1 _dq_q -t/1 _ . -t/1
q:qoe/ .I—E—Toe/ —loe/
Qo =T
Initial stored energy {000 DIT0IOn OO)
= lCV2 _ L CV\V
=5 = 2( )
1 . . 1 . 2
=§(10‘t) (i,R) 510 Rt

As B is in parallel with C and the potential develops
slowly. Hence during charging more heat is
produced in A than in B. In steady state, same
current passes through A and B.

((0X00s, ¢l 0000 D000 oo o0 o ioma
oo Oii0 MmO oo Ooomia
020 0 A L MR TR
IR = R R

E ? 2
Vo= E._ . =lc(5) _CE
apacits 2 P 2 2 8
q:qoe t/t
2i—d—q= 9 -t/ =Cvoet/ =v0 t/

10.

11.

. Y
At t=0; i = Rl ; i, = R2
R =R,
As 1 is less for C, and hence it looses charges faster
than C,.

(U0, DIIDOL-100I00I0m0Te, Jolmozan
00 c,J0I0monauontionogon o or oD
0

Al c, =14

——2000volt ———— 1

ST

Co _ 3
c, 1/47°12
0 A Y

.. Total no. of capacitors needed = 12 4 = 48

QN0o0I0IIororoOmody

.. Total no. of rows of capacitor =

FyrEr—

g, AV
d

2 AV
d

Charge on plate » 1 ({100 10000OIO) =

Charge on plate = 4 [J0IalI0I0I0MN)-= -

6C  6C 2C 2C
—H B
10Vo— e c ——o 0V
IIC
I

10V 200
11
A |' |' |' WNM

(V, - V,) 6C = (V,-0) 2C =V, =75V
WV, -V, =10-75=25V

A

Force on plate (HDDU il DD)
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13.

14.

15.

16.

17.
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i=10e/F¢ = 2.5 =10 e "¢

1 1
= RC=t=" 0 &C= Tome

For capacitor (DDHUDDD il HDD)

Va_yg
R

Total heat developed = Total initial energy stored

in capacitor. (LI 0000001 0000100100

Qoiooooany = igg

Thermal power in resistor(DUDDﬂDHD 00 00000 D[HDD)
P = iR = 100Re2/RC

=V, = 10R = 100 volt

Leves
2

- Time-constant (JOONI000NO)- 350

2 2/m2
3C 2C
—
1V 1.5kV
6/7 KV 2k
—
7C

3C

€

ol
Safe voltages in each arm are mentioned.

(IoOmoroIomUoUnoondIooQ

- (1+41.5) < (6/7 +2).. E_, = 1+1.5 = 25 kV

Time constant (DDDD DDDD[D)
10°

- CR,, =(100><10*6)[ 5 )s = 50 m/s

. \Y ~t/RC; . \Y% ~t/RC,

i = iy =

R (1 1) t
) i: et/RLa—aJ _ e+E

1y

= i,/1, increases with time, t.

(i,/1,0 000 OO0 000000

919
Hl-
(300-9)| + - |{360+q)
0] Taso-a
300 - 360 -
2T 422780 g = 180

2 1.5 3
=180 pC, q,, = 540 pC, g, = 480pC

S Qs

18.

19.

20.

21.

22.

-t/RC e—fn4/RC

, 1
1pe = EZ

i: li:
2

1
= RC=2 = (2+1) 522 =r = 2Q

At t0, Vo = 0 = iy, =0

€ 10C

= =5x1=5uC
Q. -C|RR, o [1s1 > 7%
R, +R, °
V. 5
(IR3 )max :R_CzT:SA
3

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

0070 g, 0 &, DONO0 OOI00CMDOD R, O &, O
MIONONO00O00)

9y -t/RC
0 ot/

_ ~t/RC ] =
q=qee RC

— /nl =€n(q—0j —L=zn[ﬁ) b
RC/ RC R/ RC

As 1 does not change

5 berel- [ 1460

.. C,> C, = C is increased

. R = constant

A C B
LY S S
(«4 (4
T I =T
+Q +Q -Q
oy _Q_Qd
Initial Vg “C e A
' Q/2 (3Q/2)  Qd _
Final V,, = [2 = A) (2 e, A] = A AB
d d
B T A
C-CTF v —=C-CV

l

G, +CV)V=30C,
=>V2+V-30=0=V=05volt
ooV, =V, =5 volt

Q, = 5°C, = 25 C; Q, = 5C

0
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gax Keg (a-x)a
23. C=
3 d d
_Kga® S a(K-1)vt
d d
\Y
V= % and U = QT
24. A 2.8
. N G N
Dy + + +q§
~ad (2Q-g)(2d)  4Q
V=A™ A TITT3
Total charge on inner faces of A and B = -2Q

R = s )

Rest charge will equally appear on their outer faces

(OO0 0rtoiIoooIoooomo,

_Q -(-2Q) _ 3Q
2 2
Final charge on plate A (UDDDAD 00l OO D[DD[)
_3Q 4Q_Q
2 3 6
.. Charge flown through wire {00000 0om
Q 5Q
"Q-g g

25. Final charge distribution (DIDDD 1001 HDDDD[)

+Q
2

Therefore potential difference across the capacitor

(OI0UI00TIoIHInIIo0Tooonan,

CV+9— Q
= 2 _y4-—=
C 2C

26.

27.

28.

29.

30.

C
=—E
Q 2
KCC KC
Q - E=
KC+C K+1

~ KCE CE _(K-1)CE
T K+1 2 2(K+1)

This charge is supplied by battery.

(OIDOTomIorrnonomod

_KC ., C Q@ _
4 K+1’

_K+1
2K

eq_Ej(Q2

At t= oo, capacitor gets open circuited

(t= ool U0 00000 OIO0Io0md

3Q
—'\/\/\/\r—<r‘§ B
1A4 1330 3Q
—— VW~
2A 3Q 3A 3
< In
< L
3A sy
15
.'.I=?=3A =V, -3 1-3 3 =V,
=V,-V,= 12V
Att=0,V__ . =10
capacitors
6
=L =L=0and ] = 5 = 3A
Att—)w,ll=ls=m =06AL=0
In steady state (DD[HDHD oo D)
7 B 120 7
Iupper arm Il rrrrrr m 6 - 20A

For the right most loop (DHDD gl DDHDD)

q
3-8+ =0=q=0

2

For the left most loop (DHDD nil DDHDD)

q
20 1+C1_20 2=0

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

34
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31.

32.

33.

34.

w
S,
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Charge on 3uF capacitor (SHFD QU000 00 oo
=6 7=42puC

Wy, - 2 - 14 vl
A = 3 = Vo

3uF

-V = 14+ 6 = 20 volt

3.9 yF

Charge on 3.9 pF capacitor = 20 3.9 = 78 nuC
(3.9 wFlO0IDOI0INOI0DD

~.Total charge (UUIUIOO)= 78 + 42 = 120 uC

_120 =10V
12

L e=20+10=30V

*Vigur

Q%d
2¢ A

2
Energy (DD[F S—C =

As d decreases, E decreases

(OI000IDONOMmEI DO
e €, AV
Q=cv=
V' V/K_ V.
EZ 4774 Tkd
1 ,(1 1) cvi(, 1
W= Q(c c']_ 2 (1 K]
Q, 0
e=c, Q,=Q Q;[%]Cz
o % _ 1 [&y _ Q0
V=V, = ¢ = c, U, 21 ¢, 2C,

S —closed ; V__

KQ Kq
“3r ‘TR 0TAT-Q8

C... = 4ne, (3R)
41 ¢, (3R)(R)

Cﬁnal =dn S (BR) + (3R _R)

a>c

initial

36.

37.

38.

39.

40.

41.

Wext - _AU :Ui_ Uf

1 1
ZEXZMF x 400 _EXIMF x 400 =200pd

Uy = = CV3 Upy= =CV2 AU =0

.. Heat = work done by battery

UIDI-l0mnOhoIoonan
= [CV-(-CV)lV = 2CV?

eV = %m(vg —vf)

1
=16 10" 20=§ 9.11 103 (v*-0)

= v=265 10°m/s

V decreases continuously from left to right except

in conductor where it is constant.

(I Ny
QOIooooiom

r(l—'l——o—-ll—'l——'—ﬂ—'l—o—ll—'l

f

Potential difference across each capacitor and cell
combination is zero.

(IoODoroDIonIUodriihiIooOroa
N

Q

ORoNe

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

a[0I0OIDOI000=-QI0 e, [0ic,iotnoiinQO

Now when Q, & Q, is touched
Q000 [0lQ,lONIDITOIIION

Q,

C
- 2
Q,

:—:—:O :0
C, =Q,

35
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Again when Q, & Q, is touched
(000, Do, UIIDNIDIIIENY

Q

Ne]

Similarly we can say after N times it becomes

(OIDOIO0OOo 00 NIOo o 0I0000y

Q
Q1=3—N

AQ = 2CV- (-CV) = 3CV
W, = AQ(2V) = 6CV?

42.

1 1 3CV?
=U-U = — 2 _ —CVi==2_
AU = UrU, = 5 Clavy - 5 5
9CV?
<. Heat (U)= W, - AU = 5

U = %c(zv)2 —2CV?

f

. Heat _ 9
U, 4 =2.25

EXERCISE
Fill in the blanks

-I11

1.

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

(1001000 000 000 0100 0ol bm Qoo bomooo o
Oo0I0ooInCroooodrnondroiioooo
NN

_ = All capacitors are in parallel
JoOoMomiooiInoOooi0m
= 3C = 18uF

.. = All capacitor are in series

QInoriomoooming

=C/3 = 2uF

aximu

KQ, K, Q _

Rl R2 = QZ RZ
Charge holding capacity increases, hence capacity

increases. (UOIII000I0IOMOOOT00000MDOD
[Ioorooomoa

Air capacitor and dielectric capacitors are in series.

OO roororh o oItornonoamma

)

Z%Ajam)

N R
vl=v2

2K ¢, A)
d 2KC

:1+K

[2 g A
_ CC, d

TC +C, [

Match the column
ce

Initial charge (D[DUDD[D] D[DDH) q, = 2

Final charge (D]DDDD D[DDH) q, = CE
Initial stored energy (D]DDD NN DD[)

CE?
4

1.

1 1
U, = 5 CE/2) + = CE/2)*=

r2

Final stored shergy (DJDDD (A DD[) U, = CTEZ

Charge supplied by battery (D[ﬂ]]ﬂ QInoonoo DHDDH)

CE_CE

AQgma mCE- =

Work done by battery W, = AQE =
UMmIUioonoOrom,
Heat developed in the system(ﬂDDHDDDDD]DDD[DDDH)
CE* (CE* CE*) CE’

2 2 4 ) 4

2

H=W, - AU=

36
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G
— _ 11—
2 R e
+ — — =,
o + c:|,|4c
+ 1=
@ 7Q
OEO
Q Q’
At C1 =V :E and U; :E
Q Q’
AtC,=V, =%C and U, ~1c
3Q?
=V, =— =
At C3 3 7C and U3 98C
4Q°?
=V =— e
At C4 4 7C and U4 98C
Therefore V. =V and V=V, =V,
and U =U and U = U,
Comperehension -1
1.  In steady state (JILUI OOODIO)
v 18
circuit - Rl +R2 3+6 - 2A
Ve, =V, =R, =2 6=12V
ch =C2vC2 =12 4 =48 HC
2. Qinitial = QC1 +QC2 = IR1cl * Ichz
=3 2 2+3 4 4=12 + 48 = 60uC
Q. = VIC, + C) = 18(2+4) = 108 pC
oo AQ =108 - 60 = 48 uC (through S)
1 1 9
3. initial Eclvl2 + Ech?
1 s 1 9
=—x2x6"+—=x4x12°=324 pnJ
2 2
1 2 1 2
U, = E(Cl + C)V? = §(2+4)18 = 972ud
AQ=Q -Q =48 puC
WBattery =AQV =48 18 = 864 WJ

. Heat = W, - AU = 864 (972 - 324) = 216 nJ

Comprehension-2

1. Time Constant (DDDHDDDUD)
’L‘=R1C=8 6=48},LS
2. Vt, 2t= VO(l - e’t/r) — 12(1_ e72‘r/1:)

1
= 12(1 ——) =104V
7.4

3.
4.

=12-104=16V

capacitor

(VR1 )t:21: = Vo -V
VR2 = V0= 12V

Comprehension -3

1. V, =g, (1-e"r9

= 110 = 120 (1 - V9

= eVRC = 1/12

= t/RC = /n/12 = 2.5

=t=RC 25=10° 10° 25 =5/2 sec
2. 1, = 10° 10 = 10 ps
3. Flash duration (DDDHD DUDDHDF 3t, = 30 ps
4. Energy in flash 000000000

1 1
= ECVZ =3 1 10° 110 110 =6.1 mJ

Comprehension-4

1' qlmax - quax
C, and C, may be different and hence E  and E,
may be different.(C 1], [ TN UT OUUIIITE,
e, JIIn0ionooo0
R, - C,
2. > RC >R.C o S~
T, 11:22 11:R2 C1
Comprehension-5
Cy_ A/d
1. ¢, KeAa/d -~
Vo _Q/C G
2. V, Q/C, C, - 01
\Y E (KQC) KE
\Y% =—; (V,) = =
3. ( A)inmal 2 ( A)fmal C(K+1) K+1
. (VA)[nilial — K +1
" (Vadma 2K
v Q _EKO 1 E
4. Vahiia T Vo = C, (K+1) KC K+1
(v )nilia
—(Vz)lp- 11 - K+1) : 2
Q’ Q (U,)
5. (Ui = 2C, s (Ugya™ 2C, E kUBJle: K:1
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EXERCISE -IV(A)

t
1. cv=qT:4oo 10 100 = 100 t

= t=400 s

2. Equivalent capacity between A and B

@BODI0TND0TIDO

c 9
= —+
3

(i) Stored charge (D]DDDD[DDH)
Q=CV=6 10° 4=24uC
Stored energy (DHDDDD D[)

3=6uF

1 1
U:ECVZ:E 6 10° 16=48 ud

3. Electric field (OOOI OO0

_ Vy-Vg  (10.000-0)
E = T @x1079) =5 10° V/m
(D@
. = C C, C," (i)
(D)@ 2:.
Cl C2 .GALL
c G
.
q. () = (i) : q' = Q-q
5. Common potential (DDHDHDDDMDD[D)
CCVitCY,  2x200+3x400
Ven™ c,+C, ~ 2+3 = 320V

Charge on C,Q, =
Charge on C,Q, =

V. =2 320uC = 640 uC
C,V_=3 320uC =960 puC

cm

6. (i)

On connecting with the second capacitor the
charge distributes equally

(OO0 oo oo oo oo

H0000000I000 dodg
_ ~ GV, +CV, ~01x10
Vew™ T civc, " orvo1 VY
Total stored energy QI00ldoIoh
U=2cVE + = Ve
f 2 1°CM 2 2 "CM
101 100 m=E 01 100 o2
2 ' 2 '
=2.5ud

10.

11.

(i)

Initial stored energy in first capacitor

(00000 Dl ool ooy

1 1
Us5CV/i =7 01 10° 10°=50 pJ
Y 25 1
~ U, " 50 2
A A)
a 17 Ug
A
Slope (I0) = EOT c,>C,>C,
By using KCL

C, (V,-V,) + C, (V, -V,) + C, (Vo-V,) = 0 = V,

2+x
=>x(2+x)=3x+ 2
=>2x+x2=3x+2=>x(-x-2=0
Use

Ci+Cy +C4
2% A ZIHIF
X = +1 : 1
2+Xx T
(Let C,, = x) X  ==IuF = x
2x+2+x l
X: .
B

X_—bi\/b2—4ac_1i\/1+8= 11‘3:2
- 2a 2 2
and -1
x =2, C_=2uF

(KleoAj
Co _ \dsa ) 3K _, . _g

Net capacity

C,Cy  (9C)Cy) iC

- Cc,+C, 9C,+C, 10 °

i{Kz EOA}6K2 & A 12K, e A
S 10[(3d/4)| 54 d

o<

m| <

Cd  885x10"x10°°
€€  8.85x107x10

=103 m?
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13.

14.

—
o

JEE-Physics

_ EoA _
T T ST Ty

= C,=5C,

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

«, U c, D000 0o ooniomonm

VX
4=CV,=CV, = =5
vV, +V, = 12 6V, = 12

12
>V, = Z = 2 volt and V, = 10 volt

Energy stored in capacitor (DD[H]DDD 00 00000 DD[)
q® |(2c, Cy
“lecy )l g7 ) T e, ™

3CV, ....(0)

Ux

cv, -

V, + V, = 300 ...
=V, =75V; V,=225V [\

. Vi 75x100 o
0 E=¢q =g 15 10'V/m

225 %100
0.5

V, =225V

) :_CV_3(2GOA
4\ d

V p—
E, = d—— =45 10 V/m
v

(i)

=75
300
(i) [c +C )

:g: 6x300x8.89x107" -3
A 4x0.5x%x107*

When S,

B is charged upto 10V.

Ulls,, 00000 s, DIOMO0IOMI 000008, 10v

0000000

Now S, is open and S, is closed then

(O0ls,, DION00Ms,, D000M)

107 C/m?

is closed and S, is open then capacitor

w2

CiVi + GV, ~3x10+2x0

= =6
VY ormmon Cl +C2 342 vV
Q, =2 10°V_ =12 uC
Q=3 10°V_=18 uC
(i) At t = 0, capacitor has zero resistance, i.e.,

R, and R, are in parallel.

(¢ = o 000 000000 DI di0oim 0o frp o
r, Ul r, OO0 OOOODOO

The simple circuit is shown in figure

Q001000 Uoo0T 00T Ot oonol 0oom o™

16.

(i)

(iii)

A

_m||_
':

i i,
>R, R,
>

E E
L and i, = —
R, Rz

At steady state (t=c0), capacitor has infinite

resistance. (JLZUI] DOOOIT 0T (t=o0) UUIIOC
00 D000 D000 oG

E

I |

Hence, 11=R , i, =0
1

Final potential difference across capacitor is

E. (U000 Q0000 000 DOooooIoiod

0m
.. Final energy stored (DDHEDDDD Q1ooo DD[)
U = %CEZ

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

QUICDOINOomIOIIoI OO R,

(0,1 00100000000 OO0 Ooii Oordoo dy
Hence, 1, = C (R, + R)

When switch is closed, capacitor will charged
through resistance R, .

QUI0O0 OOl DI 00O onie 10

(00000 00y
So t = R,C

In steady state no current in capacitor's

branch. ((UICIIOO0NOIO0TIOI00CI0NT
0000 0D O

I 5V 0.5Q
E—— —ww—F

C—T—'BIV—WWV—D

+ p—
Al— —ww—Ip
2pF 3Q

2

So current (DDDD DHHDH) [ = 05+ 15

= 1A

voltage across capacitor
(Q0MO00 00000 0o Dmooon
Ve =3 +1.51 =45V
10-6

= Q=CV, =2 4.5

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

(00D acoallNI D000
6-15)-6=-0=1-0, ~1=0
For the loop BCD (UIBCDI LIIHD): v, = 6V

For the loop ABD (UUlABDI ]100): v, .= 6v
Q=6 7=42uC

17.

7]

Total heat dissipated (D[DDDD g DDD[)

SO
2

18.

10° 200 200 =0.1J

2

H, = Heat developed across R = I I’R,dt
R, UNIO000000I0I00 00

H, = Heat developed across R, :I I’R,dt

(R, DIIOIT 000000001000

C(H +H,)R,
=H = "R R,

_ 01x500
~ (500+330) °Um

H R,
(R, +R,)

2x3
R:

19. Ry 5.5

+ 2.8 = 4Q

6
=4 =15A

. 71[ 3 )_1.5><3
e 243 5

-2Q

=09A

20.

Initial effective charge = 3Q

U000 OiOoom,

CV+CV=Q +Q als
=3Q+0 v
-3Q ||

vo 3Q Q''c

sV o= oC

22.

23.

24.

25.

26.

1 Q° 24
Efinal = 5 %: 2Q€0 A initial = O
Q*d
Heat = (Einitial Eﬁnal) = 2 A A
0
2 initial = 7 =10V
50
5 initial = ? = 10v

There is no potential difference.
dIOmOromoroodmod

Hence no charge flows.

()
Heat produce is zero.

(CIoi0IO00nonoomD

C
. DERR.
T 8”3_|_ ZcT3 T st
O
1uF
o_ﬂ 1uH }——O o 2uF, luFI |__°
Ip —
|| 2HE 20k
4] ]
° Z/SHFH ° 8/3uF
2uF
A
| | 2x3
60V * C = 1.2uF

VMCIIEAF Sa T 543
IE

. Q, = Q, = +144uC

Q. on the middle plates (DDDD[DD] DD)

total

=+ 180+ (-120) = + 60 uC
This charge flows from A to B.

(R N ui =y )
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EXERCISE -IV(B)
1 R-0 2&+d—qR =0 = q=qe"r
C C dt 0
V111111,
d
equivalent circuit = i = d—ct1=l§—2:e"/ ke
U00I0mnom,
L ke A
= — C = 0
Where R SA 4
pe. ke _5x8.85x10"" 5x8.85
' S 7.4x%x107"2 7.4
90 8.85x107° _, ¢
.- — rC_2:99 7Y
RS (5x8.85)e
7.4
T 5 74a M

2A 1A 2A

V.=(+1 3

+2 1=20V

1 1
- Zoyz= = 2 _
U, 5 CV 5 4 20%2=0.8mJ
RN S 7R/4
I_“I“ Loty o I 2¢
- 7R
I"l +r2 +T
Pot. diff. across (g,r)) cell : € - Ir, = 0
(O My
2er 4
S>e=Ir=>¢g= 17R = (r17r2)—R
oL, b
4
> :dx_
| 1 o dx _T dx
dc KS & OKSGO(I—i-sm—j
K,S ¢
=>C=— 2;‘) T J' dx _2d
O[l-i-sinZJ T

Q

total

GG,

C,(C, +C,)V

= Vo= ¢,C, +C,C, +C,C,

. Charge on C,,

C2V(C, +C,)

= = |C,+——— |V,
CV |:1 C2+C3:|0

2
c -%C.c_5¢
3
]l
N
o 5
1k A———"bF—F—0
3 32 21
4 AV, 2 e AV
=" c & Q. =220""%
@ 3° 4 R 3 d

q, = CV

Charge on C, and C,

( c,cC,

)

Yo~ C,C, +C,C, +C,C,

C,C,C,V

%=%= ¢, +c,)

c v,

1
4 T

@V,)C

©7¢,C,+C,C, +C,C,

Total charge remains constant( UOidoomooa DHDH)

156 C = (aV,)CV,

+ v,

=>Vi+V,-156=0(a=1)
=V, +13) (V- 12) = 0 = V, = 12 volt
Initial condition
A / B
C Cc C c c
| 1 1 | =
-oF —Q+ —Q+
[ E
H
CE
Q=——
3
Final condition
A -« B
C C C C C
| I I [ I
I+ s ¥ L I PR
FEE L = -
7 7 7
E

4
Charge flown from B to A = 7CE
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9. Extra weight needed (D[DDDDD Qioiooo DH]D)

2 2
(6} aa L %_A:(X) SA
LGOJ 2 2 d 2
( 5000 ]2 8.85x1072 x100
= mg = — | X
5x%x10 2x100x100
= m =452 103 kg
11. Q, - 2C, = 6C

= = 1 - pr
‘ & C,
Sy, - St=6v i

bp 1 a
LV, =6+2=28V |_E|
Total charge flown into right loop c G
Mt M )
= C2qu + Clvbp
=3C, 8+C, 6=230C
Qtotal 30C

. o —total - T 71— 30 yolt
SV, TEEETE

12. Applying junction law at A :

@I000ImIoaoIo0mion

A

20uF

g i
A + :5P-F l

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

100
=V, = T: 14.28 volt

-||||_

" Qe = 28.56 pC, Q. = 42.84 yC,
Q. = 71.40 uC, Q, . = 22.88 uC

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

0.7cm 0.3cm
K= —K=5
440V
{HH!
V,C V,C
=V, = ¢, Vit - 440
440
440C, =4
Vit ¢ e, o+l
2

440 440 440+35

vV = - — 350V

YK, /d,)) 9

+1 +1
LKz/dzJ 35

_ Vi 350x100

1Ty 0.7 m
E-Ye 90 150_3 106y
2~ 94 03 m

14. Work done by battery (U] OO OO DI0)
= AQV = (3CV)V = 3CV?

1
Energy stored in capacitors = — (3C)V?

(R a o |} 2

(i) . Heat developed = W,-AU = %(BC)V2
{000 000g

(i) Work done by external agent = - (K-1)

{00oI0noroOnoonom,

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

R )

K+2
3CV' = (K+2)CV= V' = V[ 3 ]
W =U-U,
agen i
1 3CV{K_+2)2 IR U
= 2( ) 3 2( )
_ (K +2)K -1)CV?
6
Q, Q Q,,C
15. C_ll_C_z ) {1
Q, + Q, = 2Q ....(i))
C B EOA dC B EOA H
T d-x and L d+x QG
Q(d-x) Q(d+x)
=Q, = g and Q, = q
o g2 (Y
= dt 2d \dt dt  2d \dt
dt dt d \dt 0.1
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0oL ¢4 [—a +b}
1 2C17 e0 b
Q2
U, = 2C, C, = 4neb
AU=U, -U,=94J
2CxC _2C
Cmml: 2C+C_? ;CﬁnaIZC

@ .. AQ=AC V

(e-28)y cv_2x30

3 "3 ~20uC
y 1., 12CV?
(i) H=W, - AU = AQV - (ECV _ET]

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

(OmIomiroooO)

(iv) Initial charge on each capacitor

(W I L A

2C
:?V = 40uC

Final charge on right capacitor = 60 puC
(MR M T AN

Final charge on left capacitors = 0

O A Y
.. Total charge from through switch, S = 60uC

(I00MSIOIOOInoDUIonm

EXERCISE-V-A

=nC

effiparaiiel)
If connected across V volts then energy stored

01 At
= %(nC)\ﬂ

Capacitance of an isolated sphere is

(DOI00I0O0 O 0rony

C=(4pe,)(Radius) ({U00])

T O 0.11x107 =1.1x10°F
X

2
1 8x107'®
Work done = —Q— = :l—( )
2 C 2 100x10°
LEVAOR gy 1oy
2 10t
1 _ _ [2msAT
ECVZ—msATﬁ\/— C

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.

O A A o A W W R
QOO0 o Ono0nrUotdionroindnood
(n-1)CI000IIIOT Dl em-1y] D000 OO0 OO

1 2

L.

Applying law of conservation of energy

0 )

0.1m

We get émv2 =eV

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

difference]

(O0v=00000I00 0N 0N v=v,=v, =[I000000

f2e\/ \/2><1.6><1019 x 20
v = =
m 9x107%

On solving, we get v=2.65 10° m/s
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8. Energy stored in a capacitor when it is charged by

a potential difference of V volt =%QVO
QOEoIooooOonootoiv,LooNororoom

gioionoonooo DUB%QVO )

Total work done by battery in sending a charge of

Q through emf V =QV,
(OUIDoOnOv, 0D iiQMImoomomD
Oioorooroonii=qv,)

1
hence energy stored in capacitor _ EQVO _ l
work done by battery - QV, 2
- 1 v
poroiiniooooon 2 QYo 1
OMIOIO0Ioooon — Qv, 2
9. 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.

(0Ino0IooODIrrodoirUorooina
OI0DoomOoIoIofotrOolioirodroama
Qio0OIOoirioniooditrbooorooiiron

0omnoa
0A C,GC,
10. C=—=9Pf, Cy =5
d ¢ C,+C,
(380AK1)(380AK ]
d 2d dl
= =—F = 40.5pF
~ T30,AK, 3s,AK, 2@ 10oP
+
d 2d
1 u, 1
) - ZQV? . 20— Z(y2e2/RC
o U= oGV =5C e

1 _ 1
Eze 2t /RC (Uo _ ECVOZ)

2t
—-=/n2
RC

12.

13.

14.

15.

_ RC/n2
2

~t, /RC

() and 1—":%?«

t
—ZC:2€n2 ; t, = 2RC /n2...(ii)

t 1
from equation (i) and (ii) t_l— Z
2
o t/RC _5
V=V, (1-e"*)= 120 = 200 (1_eRc)
= R=27 10°Q
Parallel Series
V0 R >t<2C) H
7=v0 1—e ...(0)
— <
V_ozvo[l_e R*z) .(2)
2
tP Zts

from (i) and (ii) e 2Re — o R

t, 10
ts=zp 4—253ec

t = 0.37% of V,
= 0.37 25 =9.25 volt

where is in between 100 and 150 sec.

1 _szz

Common voltage (100000 OI0000= C.+C

(positive plate of one capacitor is connected with

negative plate of second capacitor)

oIo0moonLrooroanoobriir oo o

Ooordoooronoog

= 120 C, = 200 C, = 3C, = 5C,
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EXERCISE -V-B

KN

In steady state condition, no current will flow

through the capacitor C. Current in the outer circuit,

R eI

A
—— W
\Y/
) A ”‘B“ 2V V_l
iy Vv i=0 . 2R +R 3R
2R M
T
Potential difference between A and B :
@UBIOIONDIOIONO
V,-V+V+iR=V,
. o [ Y ]R v
..VB—VA—lR— ﬁ —g
Charging current (LUIIOIITD) 1 = —e RC

Taking log both sides (LU0 O 10gl CJOICD)

E t
logl = log| —| — —
R RC
When R is doubled, slope of curve increase. Also at

t=0, the current will be less. Graph Q represents
the best.

(UURIIOOIIMIOOIODIHI000 = ol0lIIII00

(000 HiQIOiUInitinObitonmX
Given: V_=3V_=3(V-V)

Here, V is the applied potential.
OivIOIIiororomQ

3 3
VC = ZV = V(l_e—t/RC) = Zv s e /RC= —

Here t =cR =10s

Substituting this value of t_in equation and solving

( (NIMDD00INOI00Dn

Weget:t=13.86s
t=CR

1,=(C,+C) (R, +R)=18 ps

([ CiC, Y[ RyR, ) 8 2 8
’[2 = = — X — = —HS
LCI + Cy /\Ryq +R2J 6 3 9
( RiRy ) (2
=(C, +C =(6)=-)=4
T3 ( 1 2)\R1 TR, (6) 3 ps

5. From Y to X charge flows to plates a and b.

(OO OLOOOI OO0y o< IO O

(@, *aq,),=0,(q, +q,), = 27pC
o= A=k
18uC ouC 36uC
3Q 1A 60
1A
I}
L
N
Initial Figure Final Figure

(when switch was open) (when switch is closed)

. 27uC charge flows from Y to X.

(YOOI 7ue 1)
6. Time constant (JUULIIOOI0)= RC

() (2

1 1 1
Where —=—4+—=
C C1 C2 S 2€0
6 e
= C= 0
5d + 3Vt

MCQ's
1. Before S, is pressed (SSU OI000I0I000

NV NV,
-V, -V,

After S, is pressed (S UDJUDDDDDUDD)

ELLL
™ T T

Sub]ectlve

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

UID0NODOH0IOMNlclud D M QU oam]
[OOoOmIOOni QR ook OO o0y

(i) Applying Kirchhoff's second law in loop MNABM
UOimnaMI DI OIDIOIONOOIONO00ON)

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

U0mnsT™MIDIID 0000000000,
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... (i)

we have V = ilR+E+iR

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

2Q 2Q
V=3R+—=34R=V-—=
17 C: 11 C
1[ 2Qj dQ 1[ 2Qj
P v_ — v_
= 1 73R c/~ d& 3R C

dQ dt ‘fdQ _i-dt

= = —= = |55
2Q 3R N @ 3R
v -
C C
This equation gives
CvV

Q — 7(1 _ 672t/3RC)

dQ _ V. susre
dt 3R

From equation (i)

iy =

. V+iR
1= —

v Xe—Zt/SRC
3

.. Current through AB (ABD Qoo0moan D[:DH)

an Xe—Zt/SRC

i,=i-1i = 3 Y o-2t/3RC
2R 3R
\Y \Y \Y
. _ -2t/ 3RC .
=———e =i=—ast—>
2 T 9R " 6R 2T oR®I T

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

QIO DoIIOIoImolnrDO

R,

\T = 2R

QO = C [PD across capacitor in steady state]

(OICIOoo O o IOrmimoLonon

=C][ steady state current through R] (Rz)
(IOM00NOR, 0T ®,)

(Vv )
:CL )RQ
R; + Ry
o - CVRs 1 1
0 _R1+R2 ois Tc :CRnet
R,

I R,

Here, Rnet is equivalent resistance across capacitor

after short circuiting the battery.

(IR OMIOMOIHOoODIOIoOnoiminoo
000mO

Ri1R»
" R, +Ry

net

(As R, and R, are in parallel)

(DUD]RlﬂﬂRZUDDHDDUDD
B 1 B R; + Ry
“= C( R,R, | CRR,
R; + Ry
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