Capacitance / ﬂ—

Bl Exercise-1 |

. Marked Questions can be used as Revision Questions.

» fafed e A=RM 9 yE B

PART -1: SUBJECTIVE QUESTIONS

T - 1 : fAvaTH® U991 (SUBJECTIVE QUESTIONS)

Section (A) : Definition of capacitance

Tus (A) : erRar & afRk¥mT

A-1.

Ans.

Sol.

When 30uC charge is given to an isolated conductor of capacitance 5uF. Find out the following

ST 30uC BT 3 5uF aiiRar & v faafia arae &1 far i g | F=foRad srd il —

(i) Potential of the conductor @Te® &1 fawa

(i) Energy stored in the electric field of conductor =Tei® & g &= § FULA SHoll

(iii) If this conductor is now connected to another isolated conductor by a conducting wire (at very large
distance) of total charge 50 nC and capacity 10uF then

af I8 Arad /@ 50uC FHA A T 10pF a1kl & o fIafia aras @@ts @ W) 9 ade ar
ERASISIISICIEAC |

(a) find out the common potential of both the conductors.

AFT ATADT BT IHAMS fava T BT |

(b) Find out the heat dissipated during the process of charge distribution.

e faaRer @1 ufshan & R I S S DI |

(c) Find out the ratio of final charges on conductors.

ATADT IR AFTH SMTALM BT AT AT DI |

(d) Find out the final charges on each conductor.

YD el TR JAfTH A 1 BT |

. .. 16 5 Q 1 80 160
)6V ()90 (i) (@) TV (b) S h <c>ﬁ:5 (@ Qs = S2uC Quor = e

Q1 =30uC, C1=5puF

(i)v1=% =% =6V Ans.
1
. 1 Q% _ 1 (30x10°°)?
(u)u=§?=5ﬁ=9ow Ans.
Q 50
Q2=50uC, C2=10 pF, Vo = =2 === =5V
(iii) Q2 u 2 u 2 c, 10
(a) Common potential S¥afTss fawa V = Q+Q, _ 30+50 _ 16 Ans.
C,+C, 5+10 3
1 CC 1 5x10 5
byAH=— =122 (V{1 =V22= — 6-52=—=ud Ans.
®)AR=5 &rc, V17V = 5 g 797 g ns
(C)Q_ilzﬁzizl Ans.
Q, ©C, 10 2
16 _ 80 16 _ 160
d '=CiV=5x — = —uC '=CoV=10x— = —uC
(d) Q1" =C4 3 3 M Q' = C2 3 3 M
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Capacitance / ﬂ—

A-2.#

Ans.

Sol.

A-3.#

Ans.

Sol.

A-4.#

Plate A of a parallel air filled capacitor is connected to a nonconducting spring having force constant k
and plate B is fixed. If a charge + q is placed on plate A and charge — q on plate B then find out
extension in the spring in equilibrium. Assume area of plate is ‘A’.

Th AR Jg 9uRa ((Fafa) @ ©ic A U k 9 Fadie drell gardd RG99 91 § | 921 =i B Rer
21 A +q A A e TR AT —q A B ©ie W) @1 oy ol araraee § R § Rawma s &1 | |/

b wic @1 &% ‘A’ B
% e E

2

q
2k e A
2
Fattractionemw = 5 < A ) FRepuIsionW = kx
q2

|Fattractioantu| = IFRepuIsionqﬁ—cﬁéwl = > < A = kx

2
4

2k ey A

Two parallel plate capacitors with different distances between the plates are connected in parallel to a
voltage source. A point positive charge Q is moved from a point 1 that is exactly in the middle between
the plates of a capacitor C1 to a point 2 (which lie in capacitor C2) that lies at a distance from the
negative plate of C2 equal to half the distance between the plates of C+. Is any work done in the
process? If yes, calculate the work done by the field if potential at 1 and 2 are V1 and V-.

] TR Ug QUIRT RA®! @iel & 78 gRAT AN 8, AR HH § T dlecol A A SIS S
21 e g gemaw Q g 1 9fs wenlRa C &) wiel & 3% 729 § 2 9 g 2 (W) |@aRa C# Rera
B) T fF Co N FHUTHS wie I Sa & T R B Ol C & Il & 79 GO & Y & IR B, T o
ST I & | 1 39 Ufhar § $is 1 fhar o 1 afe & @ 8 gRT1 {5 T B 3 v wRy af

192% Mg ViaVa g

Work done by the field = Q (V1- V2)

I &7 g1 B 1 B = Q(Vi- Va)
W = qAV

Whyfield = q (Vi— Vi) =Q (V1= V2)

The lower plate of a parallel plate capacitor is supported on a rigid rod. The upper plate is suspended
from one end of a balance. The two plates are joined together by a thin wire and subsequently
disconnected. The balance is then counterpoised. Now a voltage V = 5000 volt is applied between the
plates. The distance between the plates is d = 5 mm and the area of each plate is A = 100 cm?. Then
find out the additional mass placed to maintain balance. [All the elements other than plates are
massless and nonconducting]

AR U FEIRT P el <ic U 53 B8 @ AsR R 2| FW i Udh Joll & UP BR I A o |
Ml @I¢ TP Udel AR §RT SISl OIRfl 8 Qd bR el &= & SRl & | 39 99y gl |gford 2 1 319 U
favarR V = 5000 dlee &1 fIvaR wiel R ARG fvan Sar @ <icl & 789 g8 d = 5 mm iR 93ds
©IC H &A%BA A = 100 cm2 & AT ol B Fgfeld &9 @ ol oawad AfIRF Som  sa I |

(el & aifiRed Wt eragd STIAFEN T ETdd 2) |
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Capacitance / ﬂ—

Ans.
Sol.

A-5. =

Ans.

Sol.

/R|g|d rod

/R|g|d rod
GG B9)

0 410"kg=4.425¢g
2g

The electric force between the plates will be balanced by the additional weight

wiel & 9= gy 90 o afaRe IR gr1 Sgfoa a= & s g

hence 31d: mg = Q’ = cov?
2Ae;  2A¢
mg = <0 AV?
202
_ & AV? _ g x 100x 107 (5000)*
2d%g 2 (5 x 107°)? x 10

m =4.425 g Ans.

Each plate of a parallel plate air capacitor has an area S. What amount of work has to be performed by
external agent to slowly increase the distance between the plates from x1 to x2 if:

(i) the charge of the capacitor, which is equal to q is kept constant in the process.

(ii) the voltage across the capacitor, which is equal to V is kept constant in the process.

AR ©IT I1Y AURA B IhD I Bl &7%hd S8 | RIS B H28 X x1 A x2 Tb HR—ER IM H 187
i g1 {5 TR S &1 A9 |1 BN, IR —

(i) TR &1 A, SN q B IRER B, Ufhar § fraa @ S 2

(ii)ﬁaﬁawﬁﬂaa‘wa‘)w% gfhan # fraa @ S 2

q2 (Xz— X1)

@ 2¢,S - 2

Work done = change in potential energy  f&an o &1 = Rafos St # aRad=

2 2 2 2 B
(i)W=Uf—Ui= q——q—zq_ X2 _ X4 — q (X2 X1)S
2C; 2C; 2 |Se¢, Se 2 Se,
2
(ii)Wex+WB=Uf—Ui={S€°—S€°}= S, SV {l_i}
X2 % 2 Xy Xy
2 2 o Sv?2 (i_ i)
Wex = (Uf - UI) - WB = ACV _ ACVZ - AC:ZV — (_) 2X2 X1

Section (B) : Circuits with capacitor and use of KCL and KVL
wug (B) : 9= @ Wi uRuel 9 KCLa KVL® SYaNT

B-1.

A capacitor of capacitance C, a resistor of resistance R and a battery of emf ¢ are connected in series
at t = 0. What is the maximum value of

(a) the potential difference across the resistor.

(b) the current in the circuit.

(c) the potential difference across the capacitor.

(d) the energy stored in the capacitor.

(e) the power delivered by the battery.

(f) the power converted into heat.
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Capacitance / ﬂ—

Ans.

Sol.

B-2.#

Ans.
Sol.

gIRAT C BT Th GTRA, ek R fAardd ¢ @) 9e @1, t = 0 R Sofiey § Siie a8 1 1 a1
P TH A T § —

(a) UfeRIe R fawar<R (b) gRuer § g1
(c) TemRT W fawarr (d) FerRa & Fuda St
(e) I8 gr1 & ¥ wfam (f) &= & uRafda ufem
@: B @ @3C (@ % <f>§
C
—

att=0, Cis replace by wire.

t=0W, C &l IR §RI U - 8 |

(@) Vimax = ¢

(b)i=¢/R

att — oo, Cis replace by broken wire and now current in circuit = 0, so

t >0 W, CP T §J TR §RI UfRefia & 2, 3/ uRuel § gR1 = 0, 34Afey
(c)Vc=¢

1
d) Uc = —Ceg?
(d) Uc 28

82

(e) Pbattery =iVs= E

82

e =

Ao

Three uncharged capacitors of capacitance C1 = 1uF, C2 = 2uF and Cs = 3uF are connected as shown
in the figure. The potential of point A, B and D are 10 volt, 25 volt and 20 volt respectively. Determine
the potential at point O.

A9 MR wenR=, ekl C1 = 1uF, C2 = 2uF 9 C3 = 3uF &1 R A AR IJ9R T TR ¥ a5 A,
BaD® A Siis oid & g ALBa D& fawa %9e 10V, 25V 3 20V 5| fIg O R fawa &1 94
EIGRCNE

—LC

O
G, C,

B/\ /\D

B« 2uF
0p = 25V o= 20V

(Va—=Vo)C1+ (VB —Vo)C2+ (Vb—Vo)C3=0
Vo = VaCq+VECy + VpCs _ 10x1+25x2+20x3
Ci+Cy+Cy 1+2+3

=20 VAns.
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Capacitance / ﬂ—

B-3.#x Find the potential difference between the points A and B (Va — Vs ) as shown in figure. (Initially all the

capacitors are uncharged)
H

30V 10uF

7 4 e ™ g Ad Ba%qwﬁw (Va—Ve) I BISTY | (U™ H |1 FerlRa sFaRa )
6|JF
H
30v 10uF
Ans. -22V
10V 10 6uF
X
4uF 20V
Sol. v, (LXT'HVB
o X
sov %0 10pF

Assume AT (Va = 0), (VB = X)

From conservation of charge on plates of capacitor
AIIRT B wiTl TR A & R |

4(x—20) + (x—10)6 + (x —30)10=0

X =22

Va-Ve=0-22=-22V.

B-4. In a circuit shown in the figure, find the potential difference between the left and right plates of each
capacitor.

form 9 ey uRur # yd® |eRa & 9 v9 IR wiel & 7y favaroR S &1 ?

Ans. V. = (82_81) V. = (81_82)

Sol.
o
+ | =
11
Q
1L L&
N
—|+
C,
c.C
Q: _ 12
(2 81)C1+C2
Q & -¢ Q g-¢
V - = 2 1 V > = 1 2
! C1 1_’,& 2 C2 1_’,&
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Capacitance / ﬂ—
Section (C) : Combination of capacitors

Tug (C) : wenfR= &1 |

C1.#

Ans.
Sol.

Ans.

(i) Find out the charges on the three capacitors connected to a battery as shown in figure. Take
Ci=1.0 uF, C2=2.0 uF, C3=3.0 uF and V = 20 volt.
C1

Cz
C:s
%
(i) Find out the work done by the battery during the process of charging (initially all the capacitors
are uncharged)
(iii) Find out the total energy stored in the capacitors.

(i) o # Rem ogaR 9Tf & g 09 WAl R e 1 ST Ci= 1.0 uF, Cz2 = 2.0 pF,
C3=3.0uF TV =204 o |
(ii) AT 1 UihaT & SRM TS gRT a1 T R $a Siford | (IR | 9491 GeRa MR 8)
(iil) FEIRAT § WIS §A Holl H 941 A DI |
c
c,
c,

\%
(i) 20 uC, 40 uC, 60 uC (ii) 2400 pJ (i) 1200 pJ

Qi1=CiV=1x20=20pC
Q2=C2V=2x20=40pC
Qs =C3sV=3x20=60pnuC

Q:t=120 uC

Whattery = QtV = 120 x 20 = 2400 pJ

Uc = lC1V2 + lCzV2 + lCaV2 -1 (C1+ C2 + C3)V?
2 2 2 2

% (1+2 +3) (20)2 = 1200 pJ.

If you have several 2.0 LF capacitors, each capable of withstanding 200 volts without breakdown, how
would you assemble a combination having minimum number of capacitors and of given equivalent
capacitance which capable of withstanding 1000 volts ;

Ife U 9T Bs AR 2.0 uF & FEIRF &, TA% 200 dice I6 e dx Al © | 39 I W 91 g
gIRTT U<l &R & oy S9!l WA R gAaqq FemRE] o1 maggdbdl 8 bl $ [AIford s Sl
1000 dice T& Fe PR Tb —

(a) 0.40 pF (b) 1.2 uF

(a) five 2 uF capacitors in series

(b) 3 parallel rows; each consisting of five 2.0 uF capacitors in series

(

(

a)ufa 2 uF & FaIRT AoiHA |
b) 3 GATR ufddd, UA%G | g 2.0 uF & FTRT Sofswmd # |
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Capacitance /

Sol.

C-3.#

Ans.
Sol.

(a) Ceq =04 MF,
we connect five 2uF capacitors in series

—AHF
= Ceq=9=g=0.4uF
5 5

(b) Ceq = 1.2 uF, capable of with standing 1000 volts

3 parallel rows, each consisting of five 2.0 uF capacitors in series.
(a) Ceq = 0.4 pF,

2uF & Ui Gl @1 Aoihd # Sire dobd R |

—A—H I—| —

= Ceq= =§=04MF

(b) Ceq=1.2 },LF,
S 1000 diee T@F HEd B AD
3 AR Ufdd A® 2.0 uF el & uig FenRe 9ol 7 @d 2 |

Find the capacitance between the point A and B of the given assemblies.
5uF 10pF

SuF
10uF
SOpF 30uF 10uF
30pF A
20pF 10pF

B
10uF 20uF 10uF
20uF
(c)
qﬁwa‘»%&nﬁﬁgAaBa‘)mmﬁmwﬁaﬂﬁml
5pF 10pF
SuF
3OPF 10pF 30 10uF
A | B
B :~30pF T T
10pF
1OHF ZOpF 10u|: 20PF

20uF

(b) (c)
(a) 10 uF, (b) 10uF, (c) 10uF

There three circuit are equivalent and all these are balance wheat stone bridge. For all given circuits.

Tgi i uRuy Jou 2 ok vl agford @ i ag 2| 9 A W aRuy & fog

Ceq= w+M =1OMF Ans.
5+10 10+20

C-4.#x Take the potential of the point B as shown in the figure to be 100 V.

Ans.

(a) Find the potentials at the point C and D.

(b) If an uncharged capacitor is connected between C and D, then find the amount of charge that will

appear on this capacitor

60pF 30pF

C

A B

oed

200V
form % Twiiy ¢ fag B W faw@ @1 100V A
(a)fdg CaD W fRva &1 719 FaTsy |

(b) T T IR WeTR= 953l CaD & &y Sirel Wil ©, A1 99 GRS UR 37de &I A1 187 |

60uF 30pF

C

D

40uF 20uF
200V

(a) 700/3 V at each point (b) zero (a) 7% a5 W fawa 700/3 V (b) T
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Capacitance /

Sol.

60uF 30uF
c 7y

e

A B V, =100V

V, =300V

eI

40uF 20pF

200V

Charge on 30uF = 200 x 20 = 4000uC
30uF TR ST = 200 x 20 = 4000uC

4000uC
30uF
also charge on 20uF
gl a8 20pF R Iy
40 _ 8000

so 3d: Vc— Ve =

=200 x —— uC
3 3
so 3d: Vp— Ve = 8000/3
20
Vp =100 + ﬂ:m V
3 3

= Ve=t00+ 22Ty

= Vc-Vp=0

3

C-5.#= Consider the situation shown in the figure. The switch S is open for a long time and then closed and

Ans.
Sol.

again steady state reached then

Find the charge flown through the battery after the switch S is closed.

l_2)0 A C
ol

B¢

Find the charge flown through the switch S from B to A.

Find the change in energy stored in the system of capacitors.

(a)

(b)

(c) Find the work done by the battery after the switch S is closed.

(d)

(e) Find the heat developed in the system after the switch S is closed.

o W Tu Rafd R faeR $IfSY| @oil S W 99g T@ el B 8 U9 R < &R a1 oIl
(Gar1 s1fv Reafa @ uge |) |

(a)
(b) %
€)=
(d)
(e)
(

a) Ce/2,
Situation when S is open
59 Holl S el ©

2C C

r(l+—_|+

2C A C

[

d) enRAT # FUEd | ol § uRadd §d B |
e) Boll STT B & UTAN e § I S 91 I |
(b) —Ce, (c) Ce?/2

(d) Ce?%/4
Situation when S is closed
319 Bl ST ®

A C

&
a) 99 Foil S §1 H] I OIRH & Al 98 | yarad a A DI |
by ®oll S, BYW A &) 3R YaIfed AT B 0T BT |
Hol ST BT B YA Jex] g§RT fhar 1 st s PR |

(e) Ce?/4

. 2C
2c=r f%ﬂ T
L T
L
€ B g
Ceq. = C/2 Ceq. =C
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Capacitance / ﬂ—

C-6.#

Charge supplied Q = Ceq.g = % Charge on capacitor C = Ce

ﬁmwaﬂ%mQ=Ceq.a=% emRa C UR a9 = Ce

After S is closed, voltage across 2C capacitor become zero, so charge on it also become zero.

Foll S& F8 B B I8, 2C FUIRA & AUel fAWar<R Y 81 ST 8, AT $9 TR A 91 T &
ST B

(a) So charge flown through the battery when the switch S is closed = Cg — % = %

(a)WSH%mmaw@aaﬁz:Cg_%:%

(b) the charge flown through the switch S is %+ % =Ce(AtoB)=-Ce(Bto A)

(b) B S & oI aTer A %+% = Cs (A% B)=—Cs (BWA)

2

(c) Work done by the battery = Qsuppiied V = % €= C;g
2

(C)aﬁ g1 foar T it = Qsupplied V = % €= (.;8

(d) change in energy stored in the capacitors

2
energy stored in 2" case — energy stored in 15t case = %Cqu V2 — %Ceq'lvz = % . (C —%j g2 = CTS
(d) wenRAT & FUBT SHoff § gRaa

2
204 Rerfl 3 ST o — 19 Reffl 3 AT T = 1 Caa V2~ 1 Cay v2=%.(c-%j82= Lo

(e) Heat developed in the system = Work done by battery — change in energy in the capacitors
Ce?  Ce? _ Cé?

Ce?  Ce® _ C&

Find the final charges in steady state on the four capacitors of capacitance 2uF, 4uF, 6uF and 8uF as
shown in figure. (Assuming initially they are uncharged). Also find the current through the wire AB at
steady state.

20 40
A B
6Q
2uF 4uF
—
60 12v
—_
6Q 12v
AVWW——— ———
20 40
6Q
6uF 8uF
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Capacitance / ﬂ—

Ans.
Sol.

o W <ul & 2uF 4pF, 6pF @ 8uF eRal & IR |ailRAT R Afad I &1 A9 od i | (I8
AT Y % URS # F o afia 2) el sraven # aR AB ¥ yailRd w1l d Sy |

2Q 40

A B
6Q
2uF 4uF
—
60 12v
[
6Q 12v
AW ———
2Q 40
6Q
6uF 8uF

4uC, 16 uC, 12 uC and 32 uC, 1 A.
At steady state : %l arazen #

2Q 40

i2

20 4Q

i

Current in wire AB at steady state = /2 = 1 amp.
ISP G H GRT = 1/2 = 1 amp.

Charge on 2uF capacitor =2 x 2 x10-6 = 4uC
2uF HITRA U 3Mael = 2 x 2 x10-6 = 4uC
Charge on 4puF capacitor =4 x 4 x10-5 = 16uC
4pF |UTRF UR 31 =4 x 4 x10-6 = 16uC
Charge on 6uF capacitor =2 x 6 x10-5 = 12uC
BuF TR TR 3mde =2 x 6 X106 = 12uC
Charge on 8uF capacitor = 4 x 8 x10-5 = 32uC.
8uF HeMRE TR 37d% =4 x 8 x10-6 = 32C.

Section (D) : Equation of charging and discharging
SIENEECRENENERGI I G

D-1.

Ans.
Sol.

A capacitor is connected to a 12 V battery through a resistance of 10Q. It is found that the potential
difference across the capacitor rises to 4.0 V in 1us. Find the capacitance of the capacitor.

(Given : /n3 =1.0986, /n2 = 0.693)

TH GRS 10 Q & IR & gRT 12 V & 928 | SisT el B | I8 ur oire @ 6 danlRy wv favar=r

1us® 4.0V TP 9¢ SIel & | \WemRa &1 enRar sid &1 | (a1 ® : /n3 = 1.0986, /n2 = 0.693)
1077

F=0.25puF
In(3/2)
V = Vo(1 — eRC)
4= 12(1_6—&10*5/100)
-7 -7
fng =10 = C= 10 F =0.25 pF.
2 Cc /n3/2
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Capacitance / ﬂ—

D-2.

Ans.
Sol.

D-3.

Ans.
Sol.

Ans.
Sol.

A capacitor of capacity 1lF is connected in a closed series circuit with a resistance of 107 ohms, an
open key and a cell of 2 V with negligible internal resistance:

gTRaT 1 UF &1 TP FeTRE Tdh §< 4o aRue 9 ve 107 3 & R, U el gofl g 07 J<IRS
IRRIY & 2V & A & A1 T 2|
(i)  When the key is switched on at time t = 0, find;
9 FHoll ATt =0 R AT B O B A S DI
(@) The time constant for the circuit. aRul &1 w91 fadis
(b) The charge on the capacitor at steady state. T} 3@z TR HIRA TR MY
(c) Time taken to deposit charge equal to half of charge that will deposit at steady state.

IR S7aell UR A A 8 IHS MY & GRIGR AT SH B H oM G |

(ii)  If after completely charging the capacitor, the cell is shorted by zero resistance at time t = 0, find
the charge on the capacitor att = 50 s. (Given : e5=6.73 x 103, /n2 = 0.693)
Ife FuTRE BT Pof IR &1 & 918 9d @ It = 0 R YA IfRg gRT agufdd fFar Sran 2
Al t=50 s TR WEIRA UR AT A BTG (AT 81 e =6.73 x 103, /n2 = 0.693)

(i) (@) 10s (b) 2puC (c)10In2=6.93sec. (i) q=(2e5)uC=1.348x108C

(i) (@) Time constant &9 fAgdi®é =t=RC =107 x 1 x 106

=10 sec.

(b) Q=CV=1x10%x2=2uC

(c)Q= % = Qo(1 - &%)

t/RC = /n2 = t=10 ¢/n2 = 6.93 sec.
(i) g = qoe VR
=2x10%e3010=2x 106e5=1.348 x 108 C.

A capacitor of capacitance 200 pF is connected across a battery of emf 10.0 V through a resistance of
40 kQ for 16.0 s. The battery is then replaced by a thick wire. What will be the charge on the capacitor
16.0 s after the battery is disconnected ? (Given : €2 =0.135)
200 pF o1Rar &1 U |9aiiRa faarad 10.0 V &1 T 92 W 40 kQ & TP HfRig §R1 16.0 s & ford
SirST Il 8| 99 98 B Yo A AR gRT gfaenfid f&ar S 8 | 92 8eM & 16.0 s 918 |y R
e 1 B ? (fRar ® e 2=0.135)
q=20x10*(1-e?)e?2=233.55uC
For charging 3mas & forg

g1 = CV(1 — e¥RC) = 20 x 10~ (1 — e~16/200x 10-6 x40 x 103) = 20 x 104 (1 — e~2)
For discharging ffRmae™ & forg

g2 = q1e—‘/RC

=20%x 10 (1-e732)
(e*-1
e

=20 x 104 (1 —e2) e2=20 x 10~

=233.55 uC Ans.

A 5.0 uF capacitor having a charge of 20 uC is discharged through a wire of resistance 5.0 Q. Find the
heat dissipated in the wire between 25 to 50 us after the connections are made. (Given : e2 = 0.135)

U% 5.0 uF &1 GemRa R W= 20 puC a9 &8, &1 & 5.0 Q IRy & aR gR1 FRafa fFar smar 2
A A S 915 25 50 us & A9 AR | T ST 3a Hivrg | (3T 8 1 e2=0.135)
40(1 - e2)e2 ud = 4.7 pJ.

20 1 _ 4
0= —x— = — amp.
5 5 5
i = ioeVRC
50us 16
-6
H= J.iszt - J‘ 10 o-2t/25410° 44
5
25u8
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Capacitance / ﬂ—

_16 (_2_5X106] |:e—2t/25><1O’6 TO“S

5 2 25us
e?-1
=40 x 106 7
e
=47 W Ans.

D-5.#_»= A varying voltage is applied to the clamps AB (figure a) such that the voltage across the capacitor

Ans.

Sol.

plates varies as shown in figure b.
Y

Ao—] c

>

t, 2t 3t 5t, t

B b (b)

Plot the time dependence of voltage across the clamps CD.

RETgER (a) @™ (Clamp) AB W T gRafiid dlecs 9 UaR RIfUG & oman & f& daiy < &
RRI W dieew frF (b) & AR uRafda &iar & —

Ao—] c

2t 3, 54 ¢t
B D
(b)

(a)
F¥ (Clamp) CD & RRI R fava @ w7a fikar &1 fava wmw ifag |

It can be seen that during the time interval from O to to, the voltage across the capacitor is zero, the
charge on it is also zero, there is no current through it and hence Vcp is zero during this time interval
(fig.). During the time interval from to to 2to, the voltage across the capacitor and hence the charge on
its plates, grows linearly and hence a direct current passes through the circuit. This means that the
voltage Vcp is constant. During the time interval from 2to to 3to, the voltage across the capacitor does
not change. Hence current does not flow, and Vcp is zero. Finally, during the time interval from 3to to
5t0, the capacitor is discharged, the current through the resistor is negative and constant and its
magnitude is half the value of the current during the time interval from to to 2to.

T8 Q@ T fF FHARIA 0 | to @ GURF & R W diees YR 2, 39 W Imaw f = 8Fm, I8
SHY B3 GRT Yaled el R 3R $H FHARIA 4§ Vep A BN (R S@) | to A 2t TR & A
TIRT ® RRI o= g 19 sHdT il &1 AT XET ®U I JedT § o IRuY I Uk e ur1 yarfea
B 2| 39T aef B b dlees Vep fFd B1 2t ¥ 3t IHY =Rl @ A2 e & RN w fawa #
PIs UREc &1 Bl ©, o Pls URI Yaled 78! 81l & 3R Vep YA B | A=<k, 3to A Sto FHIRIA B
IRM Ry FRERE 8 8, ufiRig & oA arefll gRT ®omdd © R @R B Y g9l uRar
TR to | 2te D FIHY YaIfRd ORT & AF & MY URAT P gRT Jared ekl & |
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Capacitance / ﬂ—

D-6._

Ans.
Sol.

D-7.#

Ans.
Sol.

A capacitor of capacitance C is charged by charge qo. Att = 0, it is connected to a battery of emf V and
internal resistance r. Find the charge on the capacitor at time t (positive plate of capacitor connected
with positive plate of battery).

gIRAaT C & TP EIRF DI qo I ERT MR HRad & | TG t = 0 UR, SAPBT UH IMaRd IRy r vd fa.
I g V B 9 ¥ SIS A1 A B | 9HI t IR GeIRA WX STIR §1d BIfg | (VTR B gD wie
B I P GHTD ©ie F SISl Sl 2 )

CV(1 — e¥Cr) + goetCr

Qo+q i

C r

Vv
at time t using KVL

t T99 TR KVL BT SUANT B TR

_M_ir+V=0 = _M_d_qr+V=0
C C dt
t
dqg dt
= 4 | =
*!(CV—%)—Q !rC
by using integration FHIHAT & ITANT A q = CV (1— eVCr) + go e¥Cr —qo

= So charge on capacitor 3%feTy HeMRS U= AL = qo + q = CV(1 — e¥Cr) + qoeCr

Find the potential difference between the points A and B and between the points B and C of figure in
steady state.
Y aeRen H o A fdg AT B den RgBaC & #e fawar=iR o1d It |

1 uF

A\
[Al

3uF

1uF
)| B L\l
Al I

) )
3uF 1uF

AT300 4y 200
25Vand 75 V.
In steady state equivalent circuit is
IS IawRT H Jod uRue

2uF
150uC BuF u

e B . 150uC

+100uC '

1r
1uF

A {; c
100V

Ceq = % WF Q= 250pF

VA=%+VB = Va—-Ve=25V

VB=%+VC = Ve-Vc=75V
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Capacitance / ﬂ—
Section (E) : Capacitor with dielectric

WG & AT FEIRA

E-1.

Sol.

E-2.x

Ans.

Sol.

The two parallel plates of a capacitor have equal and opposite charges Q. The dielectric (which is filled
between the capacitor plates) has a dielectric constant K and resistivity p. Show that the initially

"leakage" current carried by the dielectric is given by the relationship i = .
S P

|AYIRT P1 T FHARR @il TR IR g a9 Q & | WRidgd (S 9eiRy &) @il & 7eg 9R1 ST 8)
P RGP K T IRRIGSH p & | I8 S5 6 WRIAYT §RT o SR 1 I8 YRS &7 gRT 67 | =

Q

ERT 3 S B
Keyp
_Q__Q | - pd
V'E‘KEOA’ R A
d

(we can treat dielectric as a resistance between the capacitor plates)

(RTIET BT BH AR @il & 79 URIY & w9 § of AP ©)
Q A Q

KEOA.E Kegp

i= X— Ans
R

o

The parallel plates of a capacitor have an area 0.2 m? and are 102 m apart. The original potential
difference between them is 3000 V, and it decreases to 1000 V when a sheet of dielectric is inserted
between the plates filling the full space. Compute: (o =9 x 1072 S. L. units)

T GURT 3 TR el Bl 89%d 02 m2 9 102 m 0 IR 8| S99 #7e Aiferd fawar<Rk 3000 V 2
Td I8 1000 V % U AT 8, 94 WIEd @ Uh TEIHT ©Ich & Aed Feqol W &1 W) <l B | o

BIRY: (€0 =9 x 10712 S. 1. TFR)

(iy  Original capacitance Co. (ii) The charge Q on each plate.
(i) Capacitance C after insertion of the dielectric. (iv) Dielectric constant K.
(v) Permittivity € of the dielectric.

(vi) The original field Eo between the plates.

(vii) The electric field E after insertion of the dielectric.

(i) ®fere enRar Co. (i) TP wic T AT Q

(i) TRTAEE St WA & 91 giiRkar C (iv) wRTdE@is K

(v) ORIdEE uared &I A e (vi) =il & Aea Hifes &3 Eo

(vii) WRTIE YTl WY @ 915 fagd &9 E

(i) 20€0 =180 pF (ii)5.4x107C (iii) 540 pF (iv) 3 (v) 27 x 1072 C2N"m=2
(vi) 3 x 108 V/m  (vii) 1 x 105 V/m

(i) Co = % = 01'(2)—_620 =20 o

=20 x9x10-2=180 pF
(i) Q= CoV = 180 x 10-12 x 3000 = 5.4 x 107 C

-7
iy Cr= L = 5407 540 oF

v, 1000
(lV) = &— w

C, 180
(V) € = ereo=Keo =3 x 9 x 1012 = 27 x 10-2 C2N-"m"2
(Vl) = ! = @ =3 x10°V/m

d 10732
(vii) E = My 1000 =1x10%V/m.

d 1072
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Capacitance / ﬂ—

E-3.

Ans.

Sol.

E-4.

Ans.

A parallel plate isolated condenser consists of two metal plates of area A and separation 'd'. A slab of
thickness 't' and dielectric constant K is inserted between the plates with its faces parallel to the plates
and having the same surface area as that of the plates. Find the capacitance of the system. If
K = 2, for what value of t/d will the capacitance of the system be 3/2 times that of the condenser with air
filling the full space? Calculate the ratio of the energy in the two cases and account for the energy
change (assuming q charge on the plate to be constant).

T FAR Ug faaiid |enRa @1 31 g1fcas wiei &1 §9%d Ad g 'd' 2 | 't HielR 9 K WRIGgdid o Uh
ufEgdT R® s < & FHR 8 9 ©Ic] & q9H 8 IO &% &, ©icl @ Jeg Q! Ondl ¢ | Fer
3 g Fd BN A K=258 A t/d & 59 a9 & fog Femm o aRar 99! o+ § ag 9 W
FRE @ emRar @t 3/2 T 8 oRrf | S Refodl § S & ogurd iR Sott § uRacds @t w3 @
VAT BRI | (FHT 6 @ie W 3maw q fFad 2)

C= GOA l:g i:g AU:_ q2d
d—t+1 d 3 U 2 6o A
k
<—d>
/
—
—
— A
/
—
—
—
/
T
C' = Ae,
Lyd-t
(i) Without dielectric a1 TRTdEdi®, C = _Adeo
ith di i ; Ac 3C_ 3 Ae d 2
With dielectric, TRTIe[di® & AT C' = o -3C_3 As _d _ 2
l+d-t 2 2 d t 3
il Q*
i) Ener: ==
(ii) Energy >C
2
Energy in 1stcase 1stRetfa & Sif = Eq = g_C
2
Energy is 2" case 2" RJfd § il = Eo = ;_C
E_C_3
E, C 2
2 2 2 2 )
(i) AE=E,—E;= 3 -9 92 1) o __ ad
2C T 2C 2|3C C| 6C 6Ae

Two parallel plate air capacitors each of capacitance C were connected in series to a battery with e.m.f.
€. Then one of the capacitors was filled up with uniform dielectric with relative permittivity k. How many

times did the electric field strength in that capacitor decrease? What amount of charge flows through
the battery?

q GHRR Ug arg WUiRE qde @ giRdl C &, Ue faaigd e o 98 A AMHA 4 §s 2| 99 U
|R= smufere fagaeficrat k & o 99w WRIagd 9 R fQa S 2| 9 9uiRa | fag@ a3 @ daan
e T B9 B SGN? 9 | fhal A1 Sde yarted gan?

k-1

1 1
1 (14K, aq= 1 ceX
g 2 (Hida=5 G g
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Capacitance / ﬂ—

Sol.

E-5.w=

Ans.

Sol.

E-6.#

+C|* +|C;_ ch ﬁ
’_j-ll2 Iz;I/2 ’_h 1T
I, |
I'ﬂ If
viz= Qo8 o g 1= E= Q- &
kC +1 d k+1d dC 2d
2 1 .
Eq= — (1 + k) time decrease TS STRIT
1 *) = 2 ( ) i RSl
Aq=Qi—q=KCe_Ce _ Ce (k-k-) 1o (k1)
k+1 2 2(k + 1) (k+1)

A parallel-plate capacitor of plate area A and plate separation d is charged by a ideal battery of e.m.f. V
and then the battery is disconnected. A slab of dielectric constant 2k is then inserted between the plates
of the capacitor so as to fill the whole space between the plates. Find the change in potential energy of
the system in the process of inserting the slab.

Th AR Jg GUTRT Pl ©icl & 89%ha AT ©ic & 789 g3 d B, B P eyl 98 forde fAang. v
2, W mIRE f S @ vd fR 98§ o IR QI O ¥ 1 widEdie 2K 3 T ufgdt weiE @
wicl & #ey gl Ra e # <& Ol 8 1 ufgdt 31 wiel & R x@q 3 Ui 7 e o Refds
Sl § gRac = B |

HAVZ (1
2d 2K
Work done on the system = change in potential energy

fer W fea T s = Rafds ot # alRad=s

charge on plate @ic R MJe =Q =CV = %
Q?
Initial potential energy URf¥® Rerfast Sl = ¢
where STgt C= %
Q?
final potential energy 3t~ Refast St = >
where STt C'= &‘e"

Charge in potential energy = final potential energy — initial potential energy,

e W fFar 7 Rt = s Reafas ool - urRfRe Rerfas ot
:Q_2 {i_l}=€0 AV2 {i_‘]}
2 Cc' C 2d 2K

Consider the situation shown in figure. The width of each plate is b. The capacitor plates are rigidly
clamped in the laboratory and connected to a battery of emf V. All surface are frictionless. Calculate the
extension in the spring in equilibrium (spring is nonconducting).

———

in a3
} «

o 4 yeia Rf 4, % =i &1 AISS b & | YANRIST § 39 @il B g8 9 ¥ digax fAaigd V H
IS ST A 2| W daE uuel T w1 R @ TR S| wRi e fo wRidga ufees
argaRen # <& | (Re garas 8)

= .
I I i
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Capacitance / ﬂ—
o V(K -1)
2dKg

Ans.
Sol. ‘
{

Potential energy ReIfirst it = 1/2(Cy + Ca) V2
_1 {eo xb . < K(Z—x)b}vz

2| d d
_ou__vidc
ox 2 dx
F=21 9 wherewmt, 9= SPyy_i
2 dx dx d
Fe 1 V2 &, b(K-1)
2 d

at equilibrium aRITERAT, F = Ks X
(= F_sbv(K-1)
K 2dKg

E-7.# In figure shown, two parallel plate capacitors with fixed plates and connected to two batteries. The
separation between the plates is same for the two capacitors. The plates are rectangular in shape with
width b and lengths /1 and /2, the separation between plates is d. The left half of the dielectric slab has
a dielectric constant K1 and the right half K2 (K2 > K1). EMF of the right battery is greater then left
battery. Neglecting any friction, find the extension in spring in equilibrium (spring is nonconducting)
€2 > €1
%ﬁﬁ)ﬁwmlﬁaaﬁaﬁwmﬁmﬁamﬁh%eﬁqsﬂﬁaﬁ%ﬁﬁﬁwqm%laﬁ:ﬁ
|AYIRAT BT Il & 7ed g FAM © | ©iTl B M@ ARCBR & AR STd! drsls b Tl dw=Ts HAI: /1
T (8] I WG B WG ICH & WAGAid Kq T TR RS BT Ko (K2 > Ki) 81 @0 7 afor 7m0y
21 S I8 &1 fodlogal gt IT& & Rodlogar J Afd® 2| ArwraRen & R 4 y(R S BRI |
(R JaTe® B) (e2 > &)

Ans.

Sol. J_—“L’ ‘_2(_'—_|_

: : : au V2 dc
Force on dielectric Wﬁg—cnas W TAF = a_x =— Td_x
Fo Ve bK-1)
2d
At equilibrium FTRITIRRIT TR
F2 = F1 + Ksx
x= 0P (= De” ~(Ky = 1) & ]
2dKg
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Capacitance / ﬂ—

E-8.#

Ans.

Sol.

E-9.#

The plates of the parallel plate capacitor have plate area A and are clamped in the laboratory as shown

in figure. The dielectric slab of mass m, length 2¢ and width 27 is released from rest with length ¢ inside
the capacitor. Neglecting any effect of friction or gravity, show that the slab will execute periodic motion

and find its time period. (Plates of capacitor are square plates of side 2/)

—2—
—2(— _l_
vJ- K b
L I
——

AR U GYIRA B =i B a9%hd A T I JANRIe 4 REAgaR S$@ 81 m S&39H, 2/ JdwTs d
SIS 2/ B WA Ufcedl B FUIRT & <X / AT 9 ReRTERAT I BIST O & | 999 9 THed Bl
gag Tod B A1 Rig BRI B ufced ardd I Sl a gadT addia WS B |

(@RE B @IS YOIl 2/ B TMHR @e B)

20—
—2{— _l_
VJ‘ K b
1 i
—{—
2bm
e V(K1)

When dielectric slab is released from rest constant force act on slab towards the mean position after
mean position same opposite force is act on slab which retard it come in rest position. Therefore motion
of slab is periodic.

9 WRIdEdiD Ufcedl HI fIRMERe 3 Brsd & A Ufcedl UR Udh 3R 9o A ReIfd &1 iR ovar @

A Rerfd & 918 w9 AURT 91 ufdedl IR a1 & 39 Afed dXd [ORMERAT § IR 31T © | $9fely
ufeest &1 T MRy B |

F=_1%20 (k1) a= 0L k1)ve
2 mb
1 2 _1e&! 2 2
by gRT S= — (acc.) t ()= =———(K-1) V? .t
2 2 mb
2¢ mb

g ! (K=1) V2
= t=2 Lbz = T=4t=4 22b—m
e (K=1) V eo VA(K 1)

A parallel plate capacitor is filled with a dielectric up to one half of the distance between the plates. The
manner in which the potential between the plates varies with distance is illustrated in the figure. Which
half (1 or 2) of the space between the plates is filled with the dielectric and what will be the distribution
of the potential after the dielectric is taken out of the capacitor provided that;

(a) The charges on the plates are conserved or
(b) The potential difference across the capacitor is constant.

FARR UCC WoTRA H Wil & dr9 1 el 1 H WRIagd 911 g3l & | Wil & 7eg fawg &1 9% O &
T fom # yalRia @ | ST Smem W (1 97 2) WRIAEd gRT )T §I ¥ qAT WRIAEA B wiel d A 9
e W fava faarer @1 g wefd —
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Capacitance / ﬂ—

Ans.

Sol.

E-10.

Ans.

Sol.

(a) @ISl BT I AR B Al
(b) FemRe wR favarR frra 2|

(@) by E =

; Q remain constant so electric field in region 1 varies same as region 2, so now
<o

electric field graph of obtain by extend E of region 2

(a) E = AQ gRT; Q aRaRid ¥ | gafer uRem 1% Riga & uRem 23 @ @ gar o Rigd &
<o

IREF 2B E NG & IR §RT T &Rl 8 |

(b) now V is constant so by E = V/D ; electric field graph directly obtain by joining A and B.
(b) 319 V eeR & sdferly E = V/D &; fag[a &3 &1 3@ AT B &1 WY & SiisadR U<l B Fad o |

Positive charge q is given to each plate of a parallel plate air capacitor having area of each plate A and
seperation between them, d. Then find

TARR ©ic GURT 3 TS ©ic B g9HS AEY q T I1ar 8 dn udd @i &1 &89%d A & &R
@ B A QA dB A @ A A B

(i) Capacitance of the system. & @ enfar

(ii) Charges appearing on each surface of plates Y& wic TR YT I HT A

(iii) Electric field between the plates <iel & #eg fag@ &

(iv) Potential diffrence between the plates @iel & A& favar<R

(

(

(

v) Energy stored between the plates @€l & A& {URT Holl
i) C = ecA/d
ii) on outer surfaces charge dTEd A8 UR MUY = q
on inner surfaces charge T<IR® HAg TR 3MII; =0
(ii)E=0 (iv)AV =0 (vyu=0
. _ &A
(i) C= “q
Capacitance is independent of charge stored

gRar, Fufed amae o iR 8 o=l B |
(i)
- Q+Q, _g+q

on outer surfaces charge I/8d g TR @Y = 12 = 11 =

on inner surfaces charge T<IR® Hdg U AMEY = %= % =0
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Capacitance / ﬂ—

(iii) E=0
electric field due to charges on outer surfaces cancel each other
6T |alE WR AN S PRI AT &7 T TN P WER FRE B
(iv) AV =0
becouse electric field between the plates is zero
RS e & Fe7 fayd &= T
(v) u=0
becouse electric field between the plates is zero

FIfP =il & Feg fAgd &3 I 2

PART -1l : ONLY ONE OPTIONS CORRECT TYPE

AW -1l : BIdT UPh Hal fdded YHR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : Definition of Capacitance &TRar @1 gR+mT

A-1.

Sol.

Sol.

A-3.=

The radii of two metallic spheres are 5 cm and 10 cm and both carry equal charge of 75uC. If the two
spheres are shorted then charge will be transferred—
(A*) 25 uC from smaller to bigger (B) 25 nC from bigger to smaller

(C) 50 uC from smaller to bigger (D) 50 uC from bigger to smaller
] ug B Mall B B HE: 5 cm 3R 10 cm T I W FAM AW 75uC B | AR QAT AT B

Fefea H) e S a1 el yarg N —

(A*) 25 uC BIC Mt | 9 Mt H (B) 25 uC &S Ml & BIC et H
(C)50 uC BIT el | 9 el H (D) 50 uC &< el & BIC A H
Qt=Q1+Qz2=150uC

g:&:l =

q, C, 2 = Q1 =50uC

Q2 =100pC

25uC charge will flow from smaller to bigger sphere.

25uC Y BIC el A F Tl $I AR Yared 8l |

Two isolated charged metallic spheres of radii R1 and Rz having charges Q1 and Q2 respectively are
connected to each other, then there is:

R1d R fsam & Q1 qmafa faafid arg & el o= 3mder %99 Qq a2 Q2 ® @1 U g 9 IS gV °
GISER N

(A) No change in the electrical energy of the system

o & Rga Soi § $1F aRad+ 7& grm |

(B) An increase in the electrical energy of the system

fer o faga st & gfg 2

(C) A decrease in the electrical energy of the system in any case

e @ fRga sof § de Rafa #§ &+ arfr

(D*) A decrease in electrical energy of the system if Q1 R2 = Q2 R4

e @1 fRfgd o 4 & 8 IR Q1 R2 = Q2 Ri @

Charge is flow until potential are equal and in charge flow energy is decrease

Y 9 TP YdIRd B & o9 fa¥a G99 8 SR R P yaig d ol uedl ® |
Q.

c, c, = Q1R2 = Q2R1.

A parallel plate capacitor is charged up to a potential of 300 volts. Area of the plates is 100 cm? and
spacing between them is 2 cm. If the plates are moved apart to a distance of 2.5 cm without
disconnecting the power source, then (eo =9 x 10-'2 C2 N-' m-2):

(i) Electric field inside the capacitor when distance is 2.5 cm :
(A) 15 x 102 V/m (B) 3 x 103 V/m
(C*) 12 x 10% V/Im (D) 6 x 10% V/Im

/\
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Capacitance / ﬂ—

Sol.

(i) Change in energy of the capacitor is :
(A)6x108J (B)—1215x 10-1°J
(C)1215x 10-10J (D*)—405 x 100 J
(iii) If the distance is increased after disconnecting the power source, then electric field inside the
capacitor is :
(A) 6 x 103 V/m (B) 3 x 10° V/m
(C)12 x 103 V/m (D*) 15 x 108 V/m
(iv) Change in energy of the capacitor in above case is :
(A) 303.75x 10°J (B)—1215x 10-1°J
(C*)5.06 x 108 J (D) —303.75 % 10°J

U TR U |giRA B 300 dice fawa d& AR fHar SIam 8 wiel &1 &=wha 100 cm2 Je
I8 7 U 2 cm B | AR T B AT S g 2.5 cm B A 6 of ST O B, 79
(€0=9 x 10-12 C2 N-' m-2):

(i) AT & or<x fIgd &3 T 8Fm &9 & 2.5ecm B

(A) 15 x 102 V/m (B) 3 x 103 V/m
(C*) 12 x 103 V/m (D) 6 x 103 V/m
(ii) FeTRE B Foll § gRIc B |
(A)6 x 10-8J (B)—1215x 10-10J
(C) 1215 x 10-10 (D*) — 405 x 10-10 J
(iiy AR G M B 98 QU ToIR W A FUIRA B <X fIga & erm
(A) 6 x 103 V/m (B) 3 x 10% V/m
(C) 12 x 103 V/m (D*) 15 x 103 V/m
(iv) Swaa Rafa # GenRa & oot § uRad= grm
(A) 303.75 x 109 J (B)— 1215 x 10-10J
(C*)5.06 x 108 J (D) - 303.75 x 109 J
)y E=Y =300 o,
i) (C) E= 752102 12 x 103 V/m

(i) (D) AU = Us— Ui = leV2 - lCiV2
2 2
— l 60 A _ EO A V2
2( d d;

1( 1 lj 9x10""?x100x10™*

513573 102 (300)?=—405 x 10-19.

Q

(iii) (D) E = A = Constant 3m=R

So

(iv) (c)Q-= As V = constant 3T=R

2 2
FYPEILK- S G PRV 1
g2 d
100x107* x9x107"? x (300)?(2.5 - 2) x 1072

1 S = 5.0625 x 10-%J Ans.
2 (2x1072)

/\
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Capacitance / ﬂ—

A-4.

Sol.

Sol.

A parallel plate capacitor is charged and then isolated. On increasing the plate separation:

FATR Uce FuTRE &1 AR dva fafia o= & S 21 @il & =9 o @ 9gM R

Charge Potential Capacitance
SIEN| fava gTRar

(A) remains constant remains constant decreases
sraRRafda Jafafta 2l

(B¥) remains constant increases decreases
JaRafid Eralll e

(C) remains constant decreases increases
aRRafid el Eralil

(D) increases increases decreases
Er3l| EEall e

(B) Isolated capacitor — Q = constant

separation d increase = C = decrease

Q=CVv = V =increase

(B) faarfira e = Q = 3R

T dTeM W = C =9

Q=CV = V = qem

A parallel plate capacitor is charged and the charging battery is then disconnected. The plates of the
capacitor are now moved, farther apart. The following things happen :

(TF AR Ug GeTRT $1 AR a3’ Jet gl <ff I 8 | o WaiRT & =iel &1 Ud g A ¥ T
FIA g | A1 e R ERm ?)
(A) The charge on the capacitor increases (FeTRE TR A I ST
(B*) The electrostatics energy stored in the capacitor increases
(@enfRa # wufed Rer dga ot )
(C) The voltage between the plates decreases (e & Ae fava ge)

(D) The capacitance increases. (&RdT gg)
The charge on the capacitot remains constants

YIRS R Y Tb A I |

Capacitance &mRRar C = % d? cl
1@

Energy Sl U= — = cl ut
2 C

Potential fawa V= % cl vt

Section (B) : Circuits with capacitor and use of KCl and KVL
JemRE & a1 uRuy 9 KCLT KVL® Suanr

B-1.=. The work done against electric forces in increasing the potential difference of a condenser from 20V to

Sol.

40V is W. The work done in increasing its potential difference from 40V to 50V will be (consider
capacitance of capacitor remain constant)

FRE #1 fawa 20 V & 40 V T% dem ¥ fIga sai & fog f&a wn a1 W g @ duiRa &1 fawa
40V 50 VEgH # fvan T & g (| fh deniRa @ erRar sRafid 2)

(A) 4W (B*)% (C) 2w (D) %
W=U— U= %Cvf2 —10\42 = %c (402-202) W =600C
wi= 1 ¢ (502- 409 = 90 ¢ wi= 90 W 3\ ans

2 2 2 '600 4

/\
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Capacitance / ﬂ—

B-2.# The magnitude of charge in steady state on either of the plates of condenser C in the adjoining circuit

Sol.

B-3.

Sol.

is-

afkerd R § GuifRs C &) U ©ic WX SURYT A BT RATI ) aaven § 8 —

CER, CER, CER,

(A) CE

(C*)
(Ry+r) (Ry+1) (Ry+1)

Charge on capacitor = CV = capacitance x (voltage across it)
In steady state, there will be no current through capacitor.

JEIRT W MY = CV = e7Ral x (39ad1 fava)
IR 31w §, GemRe ¥ BIS gRT T8 R
’—H—W_

o

voltage across capacitor HeiRa 4R fawa V=iR: = i Ry
o+
. . _~n . CER,
Charge on capacitor &3 TR 37799 = CiRz = R.oir
P

The plate separation in a parallel plate condenser is d and plate area is A. If it is charged to V volt &
battery is disconnected then the work done in increasing the plate separation to 2d will be—

FARR Yee GRS &1 @il & d1F g0 d d01 ©ic &89%d A B | I 9@ V dlee ad IMIRa &xa S
$1 BT 3T TR Jonn 319 wiel & 9/ @ g9 Bl 2d B H fHAr T HR ERm —
2 2 2 2
(A) E € AV (B) € AV (C) 2 € AV (D*) € AV
2 d d d 2d
As battery is disconnected, charge remains constant in the work process.
Work done = final potential energy — initial potential energy

S & 98 B gl e S B, B ufthar # emaw fAud wEar g
oo T B = erifag Refast Sl — Rf™e Rafas it

2 C 2 C 2 C' C
Where wigf, @=cv = 2% V. c=A% g c= A%
d 2 d
ey AV2 .
Now, work done 3@ f&a1 /a1 & = °2d Ans. is (D)

A parallel plate condenser of capacity C is connected to a battery and is charged to potential V. Another
condenser of capacity 2C is connected to another battery and is charged to potential 2V. The charging
batteries are removed and now the condensers are connected in such a way that the positive plate of
one is connected to negative plate of another. The final energy of this system is—

C gTRT & AR Ucc AIIRT &I e 4§ Srel ofral & AR V favg d& mafla &=d g1 & 379 2C
gIRAT & WETRA BT 91 4§ Sied] 2V fa%a T& maffd &= 2 | 7Maed 9eRal &1 gex 3 iR |aiRai
P 59 UHR Siied & b (& g9Td ©lc T @1 FIMHS @i 9 s o | Fer 31 «ifas ol 8 —

25CV? . 3CV?2 9CV?2
(C*) —— (D)
6 2 2

(A) zeroa (B)

/\
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Capacitance / ﬂ—

charge=CV charge = 4CV
— ——
Sol. C 2C

g-3CVN « 3CV—

11

110

C

I

—q72¢°

Total charge =4 CV - CV =3 CV

Now, let it is distributed as shown, potential across the capacitors is same
@ M =4 CV - CV =3 CV

39, A1 I8 RETgAR AaRd 8 & du1 9y wR v |99H 2

SO,am:,%:?’CVT_q =  g=20CV
LCV
C
2c S2cv

2 2 2y/2 2y/2 2
Total potential energy & Rerferst St = Qi Q@ CVE 4CTVE_ 3CV
2C, 2C, 2C 2x2C 2
B-5. A capacitor of capacitance C is charged to a potential difference Vo. The charging battery is
disconnected and the capacitor is connected to a capacitor of unknown capacitance Cx. The potential
difference across the combination is V. The value of Cx should be

T C aiRdl &1 GemRa Vo iyarxk do maf¥d fear mar| 9l gerar IuiRa &1 orsid &Rdl Cx ®
JeTR= & |1 SirsT T | A} FAeH @ RRT R fawarar VR @ Cx &1 919 281m)

o C(Vo-V C(V -V, cv CV,
(A Lo ¥) @ S _Y) © L 0 Lo
Y Y Vs Y
Sol.  Common potential S9Ifss fawg
_ VyC+0
C+C,
+ V-
N
I Tc
| .
]
V (C + Cy) = VoC
C+Cx= ﬁC
\
Cx=C
c, = SM-V)
\
Section (C) : Combination of capacitors FuTR=T &1 HAISH
C-1.# In the adjoining circuit, the capacity between the points A and B will be
o1 aRur # fageii Aa B & 4 o aniar arfl —
C C
C
C
A c>< B
[o} ¢ C
—
(A)C (B%) 2C (C) 3C (D) 4C
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Capacitance /
Sol.

i I

Ceq-% = 2C.

C-2.# The resultant capacity between the points A and B in the adjoining circuit will be -

o1 aRur # fageii Ad B & 4 o anikar arfl —

(A)C (B)2C

Sol.

i} it
A c c B

Ceq=C+2C/2+ C=3C.

(D) 4C

C-3.# The effective capacity in the following figure between the points P and Q will be

fowr aRT ¥ fargall Pa Q@ 4 ged e &1 —

3uF

P_|Illlilll|j-

2uF

Q ___4 | _r II _r II _r F_]_

3uF 3uF
3uF 3p.F
(A) 3uF (B) 5uF
Sol. i:l+l+l
C, 3 3 3

= Ci=1pF, Ca=2+1=3pF

Ceq = 1},LF

3uF

(C) 2uF

(D%) 1uF

C-4.# The equivalent capacitance between the terminals X and Y in the figure shown will be—

welRia o & el XaY & 9o gog gRar &rft —

:E |100 FJ,
100pFE P

100pF

(A) 100 pF (B

Sol.

*) 200 pF

mH [1

70

=100

(C) 300 pF
* 200 L
200 |
I 100
200 -|- I
y

(D) 400 pF

=100

AN R’esonance®
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Capacitance / ﬂ—

solving by parallel series combinations, AR HH FASH F T HA W

T onn L
200 ¢
L 200
= =
=100 ‘|V =100
100 -|— T 100 _|_ 200
. -
100+ =100 = 200pF

Ceq =200 pF  Ans.

C-5. The minimum number of condensers each of capacitance of 2uF, in order to obtain resultant
capacitance of 5uF will be :

2uF aIRaT & |AgIRAT &1 =gAqH =1 F1 B a1y [ g7 FAIoH o Jod o1kar 5uF 81 S —
(A% 42 , (B)5 (C)6 (D) 10
uF nF

—

2uF

Sol. |

Minimum 4 capacitors required as shown in figure

o # SR IR gAaqH 4 |AUIRAT &1 Aaegdar sri

C-6.#= The charge on the condenser of capacitance 2uF in the following circuit will be

weRRia fm & 2uF aTRa & |ERE W= 377a 8N —

2uF
4uF 3uF
A P

w

8V
(A)4.5uC (B*) 6.0 uC (C)7uC (D) 30 uC
Sol.
q 3uF 5puF
8 0
4uF
It
/A
+| =
Il
8v
15 47
Ceq= — +4= —uF
eq ) ) H

q 9
—+—- =38 = =15uC
375 q n
Charge on 2uF (2uF R 1d90)
G _15-w o 4,232 _g0uc Ans.
2 3 5
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Capacitance / ﬂ—
C-7.». Two parallel plate condensers of capacity of 20uF and 30uF are charged to the potentials of 30V and

Sol.

C-8.

Sol.

20V respectively. If likely charged plates are connected together then the common potential difference
will be-

20 uF g 30uF oTRar & &1 FATGR Uee |uiRE & wHe: 30 V d 20 V d& aRE &d B | afs aw
TEHRT B AR @ISl B1 U9 § e a1 S @1 Sga fAwarR 8 —
(A) 100 V (B) 50 V (C*) 24 V (D) 10V

CiV;+C,V, _ 600 + 600

Common potential S¥Ifs fawa vV =
Ci+GC, 20 + 30

=24V

How the seven condensers, each of capacity 2uF, should be connected in order to obtain a resultant

capacitance of % uF?

DUF STRAT & T TR 31 DY AT B B ge TIRe %umw&—

) HHE (B)<>—u—n—<> (") HF (D)<>-<HHHI

HHE o1, 1, 1,1
Coqy 8 2 2 2
=14_3><4
8 2 x 4
1. _ 13 8
= — =Ceq = —WF
Coy 8 13"
1=l+l+l+l
H Cqqy 6 2 2 4
1—1—7:>Ceq=E
Coq 12 17

T
I
L
|
|_\
+
| =
X
~

Coy 6
113 6

= ——— C = F
c. 6 9 13t

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : US0302RJ2007PLC024029




Capacitance /

HF LI
Cqq 10 2 2
1.1
Coq 11

eq

Section (D) : Equation of charging and discharging
Imae 9 AR & e

D-1. A 3 mega ohm resistor and an uncharged 1 LWF capacitor are connected in a single loop circuit with a
constant source of 4 volt. At one second after the connection is made what are the rates at which;

TEh 3 A A BT URRIY T 1uF F1 GeRT T AT U6 4V & S & a1 gRug 7 9 8 | 99 &

U6 dHvs 95 91 @) g% Fa1 8FfY ?
(i) the charge on the capacitor is increasing.

|RA WR 37T & 981 B

1/3

(A) 4(1-e "*)uCls (B) 46" " Cls
() %e—“ wCls (D) %(1 —e"yucls
(ii) energy is being stored in the capacitor.
JRE # Sot & dfd 89 B
(A*) %(1—@”3)@”3 ud/s (B) %(1—@2’3) pd/s
© %e‘m’ ud/s (D) None of these
(iii) joule heat is appearing in the resistor.

IRRIY # S ST Iq= 8 B
(A) %ef”% Jis

2
() %(e%)w/s (D) %(1—@”3)2 wJis
(iv) energy is being delivered by the source.
Hd gRT ol Yq™ B Bl
(A) 16 (1-e ") Jis (B) 16 J/s
(C* %e%‘ nJis (D) ?(1—6”3) nJis
Sol. (i)(C) qo=4pC
-6
=99 _ % e—URC=—4Z1O se = 43 uClsec
dt RC 1x107° x3x10 3
2
- - % ~
A = 10 (4 _ gt/RC)2
(ii) (A) 2C ( )
aj _ qu (1 — etRC) g-tRC
dt RC
(4x107°)? DY i
= 1-e8)eB=16/3 (1 —e"8) e "8 nd/sec.
3x10° x(1x107°)? ( ) ( yen

dH

)
(iii) (C) H= j| Rat = -

=i?R

S Q PIS I
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Capacitance / ﬂ—

2
dH _ ip2 Re 2/RC = [SLJ 3x108e23=16/3e23 /s

dt x10°
(iv) () U=qV = % - v% (1 — e-1RC)
ﬂ = Me—t/RC
dt RC
= %6—1/3= 16 s wJisec.
3x10° x1x10 3

D-2. An uncharged capacitor of capacitance 8.0 pF is connected to a battery of emf 6.0 V through a
resistance of 24 Q, then
8.0 pF erlRar & FenRE 1 24 Q UfoRIY & A1 6.0 V & | el oIrar ®
(i) the current in the circuit just after the connections are made is :
A & g3 A uRu # ORT 8Rf —
(A*")0.25 A (B)0.5A (C)0.4 A (D)0 A
(ii) the current in the circuit at one time constant after the connections are made is :
AN @ Ydhid a9 Fadie 99 uearq uikud § ORT § —

(A)0.25A (B*) 0.09 A (C)04 A (D)0 A
. . V 6
Sol. A)io= — =— =0.25A

o (i) (A) io Y
i) (B) i = io eRC
=0.25¢e"
=025 0.09 A

e

D-3. An uncharged capacitor of capacitance 100uF is connected to a battery of emf 20V at t = 0 through a
resistance 10Q, then
100uF &TiRdT & R &1 t= 0 I 10Q UfRIg g 20V fA.ardd @ e | sired g a —
(i) the maximum rate at which energy is stored in the capacitor is :
|IIRT H Holl Fodgd B AfHad & s8RM —
(A*) 10J/s (B) 20 J/s (C) 40J/s (D) 5J/s
(i) time at which the rate has this maximum value is
AABTH T B AT FHI HT A BRN —
(A)(4In2)ms B)(2In2) ms (C*)(In 2) ms (D) (3In2) ms

Sol.
C = 100uF R =100
P

e=20V

2
Energy stored in capacitor |eTR= # HUBId Sl = 2QC

2 .
Rate at which energy is stored a8 &X 599 Soff FU8Id & =%( Q ] = % . da %

Q=¢C{1-eRC}

c e—t/RC

" TR

2 2
Rate of energy storage ol a9 &) &% = % {1 —e¥RC} {e¥RC}= % {e/RC —g=2RC} .. (1)

It will be maximum when, e RC —e~2RC will be maximum let y(t) = e ¥/RC — g-2RC
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Capacitance / ﬂ—

for maximum , y (t)=0
9 e URC _g2IRC IzgqH BIAT &, d9 I8 IMHaA 81N | AT y(t) = e ¥RC — g-2URC
Swaad & o, y (1) =0

_e—t/RC 2 e—ZtIRC

. .
Y= &= R C

e t/RC _ l

2

Putting it back in eq. (1) 3d FHH (1) § 7@ W

(i) Maximum rate of energy storage il HaId P IffEHTH T

2
= i {l{l} } _ & =ﬂ =10 J/s Ans. is (A)

R|2 \2)[ 4R 4x10
(i) This will occur when, GERRER LS ISR eRC =1/2
__t = [n l
RC 2
t=RC /2 =10x 100 x 108 x /n2 = (¢n 2) ms Ans. is (C)

D-4.#= The charge on each of the capacitors 0.16 ms after the switch S is closed in figure is :

Sol.

D-5.

Sol.

o1 aRuer # gl S BT 98 BRA P 0.16 ms THI YT TS FERF TR AT BN —

20Q

prai
4.0pF: 4.0uF
N

10.0V
(A) 24 uC (B) 26.8 uC (C*) 25.2 uC (D) 40 uC
_ 0.16x102
q= G - 8x10 %10 1_ o B05x20
2 2

q=40(1 —e")uC = 40 (1 — 0.37) = 25.2uC Ans.

The plates of a capacitor of capacitance 10 uF, charged to 60 uC, are joined together by a wire of
resistance 10 Q at t = 0, then

10 uF enRaT & FeMRA & wiel 160 uC 3MITY TF AR FRd t=0 W 10 Q URY & IR | TH—g
BT ST AT B Al

(i) the charge on the capacitor in the circuitatt =0 is :

t=0 W IRUY & FERA TR a9 BT —

A) 120 uC (B*) 60 uC (C)30uC (D) 44 nC

ii) the charge on the capacitor in the circuit att = 100 us is :

=100 ps W URUY & WM W= AL BT :

120 uC (B) 60 uC (C*22uC (D) 18 uC

the charge on the capacitor in the circuit at t = 1.0 ms is : (take e'° = 20000)

= 1.0 ms IR IRUY & FYURF U= A BT : (10 = 20000)

A*) 0.003 uC (B) 60 uC (C)44 uC (D) 18 uC

i)(B)atto®X ; q=qo=60puC

- X -6 X ’6><
(i) (C) q = qoe-tRC = 60 x 105 e 10107 /10:40%10 _ B0 o 6
o
e

(
(
t
(A
(i
t
(
(

~

-110°/10x10°x10 _ 60

(iii) (A) q = qoe~RC = 60 x 10-6 € —% uC = 0.003 yC.
e

/\
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Capacitance / ﬂ—

D-6.#

Sol.

The switch S shown in figure is kept closed for a long time and then opened at t = 0, then the current in
the middle 20 Q) resistoratt=0.25 ms is :
yefRid o # @Ol s I 999 A 9 8 3R t= 0 R Wil ol 8 a1 989 § Rerd 20Q ufiRig 7 t = 0.25

mStI—\"ETRTg‘ -

/1
WAL
200 /s
Wﬁi 200
(A) 0.629 A (B) 0.489 A (C*) 0.189 A (D) 23 mA
(C)
11
NNV
20Q
1?/II 200

Switch is kept closed for a long time,

Foll T T TS 9% G S B |

Current through 20Q resistor i = %

2ogsrf%m‘ru®ermi=%

Charge on the capacitor at steady state,

ReR 3raven R FTRT UR 3w

12
=25x -< x 20 =150 uC
Qo 20 v

att=0, switch is opened, i = io e "
t=0WR, ol We W i=ioet"
t=RC= 20x25 = 500 uS

y( 25 uF
Al |
NV
200
025x107°
x -6
Current &RT i= Jo g 50010
T
=190 62 - 489 A
500
D-7.#= In the adjoining diagram, (assuming the battery to be ideal) the condenser C will be charged to potential
Vif -
FaRkerd o # (S o7reel &) WuiRa C, fawa V d& mafd &1 sigem afq —
50 10Q
Sw Sz
+
I T
(A) S1 and Sz both are open (B) S1 and Sz both are closed
(C*) S1is closed and S: is open (D) S1is open and S: is closed.
(A) St T S T Gl & (B) S1 @1 S QI 4T B |
(C*) S1 9% T S2 el & (D) S1 el TqA S2 9% B |

Sol.

If S1is closed and S: is open then, condenser C is fully charged at potential V.

If S191 B R S, Gl ® 9, WA C fawa V aa& got mafdra & |

/\
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Capacitance /

D-8.#

Sol.

D-9.

Sol.

In the following figure, the charge on each condenser in the steady state will be—
e o #, SraRafa #§ uxs SeriRa W ae 8 —

a0 HF

_______

(A) 3uC (B) 6uC (C)9uC (D*) 12uC
Charge on each capacitor will be same. In steady state current through capacitor will be zero

TS FIRT R STAY FAM B | Tl raRe H |GurRA | uiRd o1 I g |

A
A B
A ~—
10 i
current in steady state It 3raven # ¥R =i=10/5=2 amp
potential across AB TR fawa=iR=2x4=8V.
Potential across each capacitor = 4V

TG GRA & ATy favarR = 4V
oneach plate & ™c R Q=CV =3x4=12uC

In the circuit shown below the switch is closed att = 0. For 0 <t < R (C1 + Cz), the current 11 in the

capacitor C1 in terms of total current I is

T el T gRuy # t= 0w Raw g a1 1 81 0 <t <R (Ci + C2) & fog wenRa Ct # aR7 Iy

A IR 1B T&l H 91 B |

I 11
||C1
I> 11
> TG,
1
D,
—] —www—

C C C C
A) | =11 B 211 c* ! I 2
( )[Czj ( ){01] ( ){C1+C2j ){C1+C2]
9 _ 9%
C, C,
I, I,
A —_Z C =C
c.C, 1 2

IC
I=I+1 I = !
1+ 12 1 C.+C,

Section (E) : Capacitor with dielectric

WG & A FIRA

E-1.

The distance between the plates of a parallel plate condenser is d. If a copper plate of same area but

thickness d/2 is placed between the plates then the new capacitance will become :

AR Ug GuRT & wiel & 9 B g0 d 3| AR F99 &% 1 a4 B d/2 A ufgd B @il B

97 @ e o @1 =8 ailRar g —
(A) half (B*) double (C) one fourth (D) unchanged
(A) el (B*) ST (C) <o (D) smRaffa

/\
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Capacitance /

Sol. C=——=—=2C.

E-2.  On placing a dielectric slab between the plates of an isolated charged condenser its—

RreIfig MR eRe @ @il B 49 Wied uRe! @ o § -

Capacitance
(A) decreases
(B) increases
(C* increases
(D) decreases
TR
(A) e
(B) e
(€Y e
(D) =T

Sol. Q = constant 3@

Charge
remains
unchanged
remains
unchanged
remains
unchanged
remains
unchanged

SIEN|

Rafda
Rafda
Rafda
sRafda

Potential Difference
decreases

increases
decreases

decreases

New capacitance 8 &MRdaT = KC (increases Sa)

V' = % (decreases ©CM)

2

U= Q. (decreases &)

CK

E= = E'=
Ac, KA

o

(decreases &)

Energy stored
increases

increases
decreases

increases

Hfer St
gt
gt
el
EEAll

E-3.#x. The effective capacitance of the system in adjoining figure will be -

afkerd R § R &1 yurd enfar et —

Electric field
increases

decreases
decreases

remains
unchanged

faega &=
I
LRl
LRl
suRafda

d, d, d d
(A%) C = goA _ (B)C = 2A
di dp dy dy d
(C)C= 4d (D) C = KKK K
€A 4d
Sol.
' {HHH
= c, C C G
d,
C1 K180A , C2 _ K280A , 03 - K380A , C4 — K480A
d d, 3 4

AN Resonance®
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Capacitance / ﬂ—

E-4.#

Sol.

E-5.

Sol.

E-6.

Sol.

= — 4+ — 4+ — + —
Cq ©C C C G
1 - d1 + d2 + d3 + d4
Ceq K180A K280A K380A K480A
Ceq — 80A

dy dy  dy dy

In the adjoining diagram two geometrically identical capacitors A and B are connected to a battery. Air
is filled between the plates of C1 and a dielectric is filled between the plates of Cz, then -

X

(A" a1 <qe (B) g1 > q2 C)ai=qe (D) None of these
e o # Q1 SfAfi ©u & 996Y GaRF AT BUd 9 § IS 2| Ci &) @il & #eg ga1 qofl
Co @ ISl & A& WRIGEd 9_T 8, a1 —

X
(C)g1=q2

(A*) 91 <2 (B)a1>q2 (D) 39 9 BIg &I
VC2 = VC2 = V

Ci=C

C.=KC

qi= GV, =CV

g2 = C2 Vg, = KCV

g1 < Q2.

A parallel plate condenser is connected to a battery of e.m.f. 4 volt. If a plate of dielectric constant 8 is
inserted into it, then the potential difference on the condenser will be-
AR g QUIRT 4 dice fAarad &1 92 4 Sl 2| I 8 WAYAP P! @I Pl 30D AR W SR
a1 FeTRE R fawarR 8 —
(A)1/2V (B) 2v (C*) 4V (D) 32v

C’—

’—
av
Here, Potential difference on the capacitor will depend on emf of battery i.e., 4V (C)

I8, 9uRT W favaraR, 9t & fAaigd, ViR PR a1 2 (C)

In the above problem if the battery is disconnected before inserting the dielectric, then potential
difference will be-

IWIE I H AR WA ©IC BT &H A ggdl I3 81 o 9 g A fawarR 8rm —

(A" 12V (B) 2v (C) 4v (D) 32v

Charge on battery=Q=CV=4C

Now charge remains same, as battery is disconnected new capacitance = C" = KC = 8C

T R AT =Q=CV =4C
3 WY & IS B ger el 8, JhY 99 IEdr 8 3R TR g1ikar = G = KC = 8C

cV'=Q Ve 2=y (A)
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Capacitance / ﬂ—

E-7.= A parallel plate condenser with plate separation d is charged with the help of a battery so that Uo

Sol.

E-8.

Sol.

energy is stored in the system. A plate of dielectric constant K and thickness d is placed between the
plates of condenser while battery remains connected. The new energy of the system will be-

el & d/ad O I R Ug 9uiiRE 9T @ G8rdl 9 39 USR Al B o B, 5 fem |
FUfRd SHeott Uo B | K RIAgdi® @ d AIers & ufedl SuiiRa &1 wicl & d19 & SRl § | Sidid et anft
f I & @ e & 78 Hat s8Rl —

(A*) KUo (B) K2Uo (C) % (D) %
Uo = %CVZ (given f&am ®) Now energy @ Sl =U’" = %C'V2

C' =CK

U= %CVZK = UoK Ans. is (A)

In the above problem if the battery is disconnected before placing the plate, then new energy will be—
SWIad 7% # AR 9fgd T & Ugel 91 8T &1 O A1 7 ol aril —

Uo
K

Now, charge remains same on the plates. ~ Jifds, @ici R AL FHH I8 ® -
2

_Q .
Uo = > (given) (feam B)

(A) K2Uo (B) % (CY) (D) KUo

Now energy 3 Sl =U'= — = —_= =° (C) Ans

PART - lll : MATCH THE COLUMN

AT - Il : DI BT GATIT BIFSTY (MATCH THE COLUMN )

Section (A) : Circuits with capacitor and use of KCL and KVL
Qug (A) : 9uiR= @& W1 Ruel § KCLa KVL® SUdRT

1.#

The circuit involves two ideal cells connected to a 1 uF capacitor via a key K. Initially the key K is in
position 1 and the capacitor is charged fully by 2V cell. The key is then pushed to position 2. Column I
gives physical quantities involving the circuit after the key is pushed from position 1. Column II gives
corresponding results. Match the statements in Column I with the corresponding values in Column 1I.
gRuy 3§ T 3eRl A & S ol K gRT 1 pF GRS A SIS O hd 2| RS H goil KRafa 18 2
IR |RF 2V A gRT Yol mafa & o1 2 | 3/ Foit &1 Rafd 2 R gdbenn S1an 81 w1 [ H i
P RIM 1 F g & 98 aRuYy | FHfyd Hifes IR 8| ™ 1 H I9a 97d aRomd Ry T 8 |
T 18 HUA Bl W™ 1H A T @ 441 3§ gAferd I |

| C=1uF |

2V Y
K J

12
Column I Column II
w1 ™I

(A) The net charge crossing the 4 volt cell in uC is (p) 2

(B) The magnitude of work done by 4 Volt cell in pd is (q) 6

(C) The gain in potential energy of capacitor in pJ is (r)8

(D) The net heat produced in circuit in pJ is (s) 16

/\
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Capacitance /

Ans.

Sol.

(A) 4V I8 ¥ SR S 1l FHof AP uCH 2|
(B)4 Ve gR1 f5d T w1 &1 uRATT wl H 2|
(C) wenR= o Rafast St # gfg wd & 7|

(D) uRu2l # I Fol F pJ H ¥ |

(A)p (B)r (C)a (D)p

= O -

The initial charge on capacitor=CVi=2x 1 uC =2 uC
The final charge on capacitor =CVi=4 x 1 uC =4 uC
Net charge crossing the cell of emf 4V is
qg—qi=4-2=2uC
The magnitude of work done by cell of emf 4V is
W=(qgr—q)4=8pnd
The gain in potential energy of capacitor is
AU = %C(vf—vﬁ) = % 1x[42-22 uJ =6l
Net heat produced in circuit is
AH =%C(vf2-vﬁ) W-AU =8-6=2uJ
JERT W RS Mae = CVi=2x1uC=2puC
[EmRE TR 3ifeH *Mde = CVi=4 x 1 uC =4 uC
S AV B 9S8 | TORA dTall
qg—qi=4-2=2uC
4V a1 96 @1 9 gRT f5d T BRI &1 alRkaro
W=(qgr—q)4 =8 pnd
ARy @ Rafas ot # gfg

AU = %C(vf—vﬁ) = %1 x[42-22] uJ =6 pJ

gRuY § IO AT ST
AH=W -AU=8-6=2uJ

SECTION (D) : EQUATION OF CHARGING AND DISCHARGING

JAMAIE 9 FRIATE B FHIBR0]

2,

In each situation of column-I, a circuit involving two non-ideal cells of unequal emf E1 and E2 (E1 > E2)
and equal internal resistance r are given. A resistor of resistance R is connected in all four situations
and a capacitor of capacitance C is connected in last two situations as shown. Assume battery can
supply infinity charge to the circuit (r, R = 0, E4, E2 # 0). Four statements are given in column-Il. Match

the situation of column-I with statements in column-II.

-1 o IS Rafd 3, o/ga™ faariad Es @ Ez (E1 > E2) 3R 9AM <IR® URRIY r & QI &
(non ideal) ¥l @1 va uRuer fam w2 R ufiRig @ IR Reforll § g1 gon @ den C anRan &1 1
JemRa feramgaR a1 aifvra Rerfodi 9 1 ganm g1 g8 A fb 98 uRuy &1 oM=< a9 ya™ @R
AHA B (L, R0, E1,E2 %2 0) | W¥-11 § IR $o4 A T 2| ww-1 & Rafo & w-11 & 3 W

For & G BRI |
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Capacitance / ﬂ—

Column- 1 Column -ll
L1
E.r E,,r
(A)
E,r E,.r
(B8)

(p) magnitude of potential difference across
both cells can never be same.

(q) cell of lower emf absorbs energy,
that is, it gets charged up as long
as current flows in circuit

(r) potential difference across cell of
lower emf may be zero.

(C) The capacitor is initially uncharged.
After the key K is closed

E“U_—I'Ez,r

(D) The capacitor is initially uncharged.
After the key K is closed.

[,
T T

-1 -1

(s) current in the circuit can never be zero
(even after steady state is reached).

(p) S el & RRT W favarR &
gReror B ff TAEE T 8 Fhd |

(q) =1 (lower) fAa1. 91 &1 I ol
TG BT B | AT BT AT
(charge up) @9 d& T 914 A& URYY
H gRT gEdl & 3 |

(C) |emRA U™ H SFERME & | Hoil
K g€ &)1 & a8

aal
E.,r K E,,r

(D) |enR= ueT # TR g | gon

(r) 71 (lower) Qa1 9@ & Ja & RRI
TR fAVaTR T 8 Al B |

(s) TOITS 37aReAT Uga & QU= A1 gRuer

K& 7€ &< & a1
[,
T T

Ans. (A)p.gs (B)p.rs (C)p.g (D)p.r

H gRT B TR TS B ddhdl B |

Sol.  (A) For potential difference across each cell to be same
Er—ir=Es+ir  or i= o2 [ Ei-Bo
2r 2 r+R

Hence potential difference across both cells cannot be same.

Cell of lower emf charges up.

For potential difference across cell of lower emf to be zero
E2 +ir=0 which is not possible.
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Capacitance / ﬂ—

Current in the circuit cannot be zero wE1=E2.
(B) For potential difference across each cell to be same
E1—ir = E2—ir which is not possible

No cell charges up.
For potential difference across cell of lower emf to be zero
E2-ir=0 and E1—i(r+R)=0

E, _E
r+R r
Current in the circuit cannot be zero.

or which is possible. - E1> Ez.
G . E,-E,
(C) Situation is same as in (A) except current decreases from IR to zero.
r+
Hence the only option that shall changes is 'current shall finally be zero.'
(D) Situation is same as in (B) except current decreases from % to zero.
r+

Hence the only option that shall changes is 'current shall finally be zero.'

A (Tough) (A) IFI Hell & RRI R IR ¥4 8 & fog —

Ei—ir =E2+ir  or i= SI_C2 [< E*‘Ezj

2r 2 r+R
gAfer) A1 dal @& RRI W) favarR |9 981 81 9adl 2 |
=1 (lower) fa.a1. 91 &1 a1 SMIRG & ST B |
1 (lower) fAa1. 98 & RRT R RAva=R T 89 & forg
Ex+ir=0 <t f& 9w1q =181 7|
afRuer § gRT YT L 81 Fhall 2 | wE1#Ez.
(B) UR® ¥ & RRI WX fawa=R ¥9H W & forg
E1—ir =Ez2—ir < f& a9 981 ¥ |
BIS W A IR & Brr B |
71 (lower) a1 98 & ¥ & AR W fawaR 3@ 8 & forg
E2—ir=0 g E1—i(r+R)=0
i:E_z ST A9™g & - E1>Ez.
r+R r
gRRuey # gRT YT S B Fhdl B |
(C)ﬁaﬁ,(A)zﬁw%Wm%w%ésﬁwaﬁﬁl
SR ®adt U fdded Sl 6 aRacs S aRT o 9 I 81 SR © |

(D)ﬁuﬁf,(B)a?W%ﬁ%ammﬁmm% A YA TP gl & | gAlerd $Had Uh fadwey Sl fb

RadT M URT I H I & SR, |
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Capacitance / ﬂ—

Bl Exercise-2

. Marked Questions can be used as Revision Questions.

= RIffed uv= SRE a7 U B |

PART -1: ONLY ONE OPTION CORRECT TYPE

-l : HaA TP 8! fdhcd YPHR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : Definition of capacitance

us (A) : aTRar & gk

1.

Sol.

Sol.

3.#

The plates of a parallel plate condenser are being moved away with a constant speed v. If the plate
separation at any instant of time is d then the rate of change of capacitance with time is proportional to—

AR Yee GeTRE &) wiel &1 F9d ord vE R—gx o o o1 21 3l fafl o1 wiel & @ @
R dE A FHI B A1 IRar § gRadd ol & B8Rl

1 o 1
(A) = (B —= (C) d? (D)d
d d
e, A dC g A1 dc 1
x =Vt dot = =0 0 — o — Ans
= * Vit a V¢ at

Choose Graph between potential and time for an isolated conductor of finite capacitance C, if its charge
varies according to the formula Q = (at + Qo) coulomb, where Qo and o are positive constant.

gRffa eRar C & faafd aee & v 9 999 & A=0 I% g, afe 3961 e 93 Q = (ot + Qo)
FEAM B AFAR YRafia sl 8| S8 Qo d o 8FHS (Ao 2 |

Y R PR

Given f&am a1 8 Q = (at + Qo)
_Q _ at+Qy _ itJr&
CcC C

A parallel plate capacitor of capacitance C is as shown. A thin metal plate A is placed between the
plates of the given capacitor in such a way that its edges touch the two plates as shown. The capacity
a cross P and Q now becomes.

/\
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Capacitance / ﬂ—
Y IR UH C gIRAT & TR g AIIRT 1 ©iel & 419 & Yo gdell 81 d ©c A B 59 THR
G S & b 3@ AR I Wil B Wl PR © | Fd T GIiRar 8 SR

P Q

(A)O (B) 3C (C)4C (D*) o
Sol. Theoritical capacitance = «, because d become zero

Jgitas aRar = oo, ®NfF d I & STeE |

4# Two spherical conductors A1 and Az of radii r1 and r2 are placed concentrically in air. The two are
connected by a copper wire as shown in figure. Then the equivalent capacitance of the system is:

@ Ml T ATeTd Ml Ar 92T Az (BroaT r 3R 1) BT a1 § @1 1 B | M1 BT U did @ aR o
RAgER Sire1 T | @1 e #1 geg aikar 8rf)

A, wire (dR)
‘

Aok nip (B) 4nco (r1 + r2) (C*) 4rcors (D) 4reor:

(A)
=N
A, wire

v

All given charge of A1 goes to A2
At BT T3 T I MY Az UR FAT STRIATT |

Therefore 34feTT C = 4necor2

Sol.

5.#_  There are two conducting spheres of radius a and b (b > a ) carrying equal and opposite charges.
They are placed at a separation d (>>> a and b). The capacitance of system is

r=madab(b>a)d S ATAF Al W T IRATT g T ygGfa & maw 81 I d (>>>ad b) g

R Y & | e & aiRar B

A, " 4ne,
(B)111 (C)111 (D)112

a b d a b d a b d

(A) 4re,

Sol.

ve= KQ_Ka
d b
va= Ka_Ka
a d
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Capacitance / ﬂ—

SECTION (B) : Circuits with capacitor and use of KCL and KVL
@ug (B) : 9RF & A1 uRuel 9 KCLG KVL & SYam

6. A capacitor of capacitance Co is charged to a voltage Vo and then isolated. An uncharged capacitor C is
then charged from Co, discharged and charged again ; the process is repeated n times. Due to this,
potential of the Co is decreased to V, then value of C is :
(@® Co a1lRaT &1 WeIlR=, Vo dieesl d AR d & 915 98t 9 fAaffa o= foran wiman 81 v @1 C
gIRAT &1 AR W=, Co WeRa ¥ MR fhan Sirar & R AR ove g7 omalRa fean siran 21
IR dorl FARIGeE F1 a1 ®1 n IR IR A B f5a dRer Co &1 fawa fiRex Va1 oian g1 @1 C
B AN B
(A) Co [Vo/V]!m (B*) Co[(Vo/V)'n — 1] (C) Co [(Vo/V) = 1] (D) Co [(V/Vo)" + 1]

Sol. Charge on Co TR 31J%T, Q1 = CoVo,
Initial charge on C1 TR UTf¥& 3mae, Q2= 0

Q+Q, _ CoVo _, Cs

Q1= CoV1 =

Common potential 3¥f fawa vV =
C,+C, C+Cy C+Cy

2
. C,V. C c3
Similarly ) &R Vo=—20"1 | _~0 | Vo= Qa=CoVo=—2 _V
y *TC+Cy [C+COJ T G

n 1/n
. C V,
for n times n A1 & TV, = 0 Vo=V c=1||-2| -1|cC Ans
| 3 (CJFCOJ ’ - KVJ } ’

T# A network of uncharged capacitors and resistances is as shown

e & sl GuriR=n g ufeRiel @1 Fare e @ 2 |

RS
Current through the battery immediately after key K is closed and after a long time interval is :

Foll KT 98 FRA & R %N U9 AP IR & 91 uiRuer § gR1 8 |

« E E E E
W)= R (B) :

1 Ri+Rs Ri+R; ' +M
"R, +R,

(C) Zero 4, — o E E

R, R +Re Rs "R

1
R, +R3
Sol. Immediately after the key is closed, capacitor behave like a conducting wire, therefore.

FHoll @ T8 B B OIP 918 AIIRT ATeAd AR B OR8 FIeR Bl § Ik
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Capacitance / ﬂ—

Sol.

E
|—
R,
R,
i = E Ans
R;

After a long time interval, capacitor behave like a open circuit. Therefore.
TR Y IR B d1G, GEIRA ol IRUY H1 TR AG8R BT 8 3N

Ans

Ri+Rj

(i) A 3uF capacitor is charged up to 300 volt and 2uF is charged up to 200 volt. The capacitor are
connected so that the plates of same polarity are connected together. The final potential difference
between the plates of the capacitor after they are connected is :

U 3uF amRar & |erR= 1 300 diee dd TAT 2uF o1lRdl & |aR= @1 200 diee d6 AR fdar S
21 39 GuTRAT B 39 USR SST ol & 5 370! T9 gfad ©ic U gk 9 98! W | A1 396 Fare
B UTa GaTRT @ RRT iR favar=R g ?

(A)220 Vv (B) 160 V (C)280V (D*) 260 V

(i) If instead of this, the plates of opposite polarity were joined together, then amount of charge that
flows is :

@R s @F W RQudd gaar el ufgdmei & e #§ e fiwr 9w @ gafRd @M e smawr i
AT BRM ?)
(A*)6 x 104 C (B)1.5x 104 C (C)3x104C  (D)7.5x104C

. _
4{ H=3oov
3uF
. _
4{ }7v=200v
2uF

Q1 =C1V1=900uC

Q2 = C2V2=400uC

900uC 3pF
HF
(i) (D) V= Q+Q, _ 900+400 _ 260V
. C,+GC, 3+2
[
400uC 2puF
900;1(2{ }_3“,:
it Ci+GC, 3+2
1
2uF 400pC

Charge on 3uF TR 3Ma31 = C1V= 300uC
amount of charge flow is Ja1f@d Maer P 7= = 900uC — 300uC = 600uC =6 x 104 C

/\
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Capacitance /
94

Sol.

-

In the circuit shown in figure the capacitors are initially uncharged. The current through resistor PQ just

after closing the switch is :

S T aRYY H gRME oaRen W WeiiRA SFERM 21 ol $1 < I B g 98 ukRE PQ 9

yqrfed ¥R BT 911 8

P
6ns 2wF 59% 4u
Q

(A) 2Afrom P to Q (B) 2AfromQto P (C)B6A from P to Q
(A)2A, P Q (B)2A, Q¥ P (C)B6A, P Q

Just after switch closing %Sl &I I8 & & i< I8
12v

—

IVV 1

P
GQ% 50 éeg
Q
current through resistor PQ is zero just after closing the switch.

Bl B g% B IR 916 PQ UfRIY § €T I 7 |

1Q

y—

(D*) zero

(D*) =

10.#_» Six capacitors each of capacitance 'C' is connected as shown in the figure and initially all the capacitors
are uncharged. Now a battery of emf = ¢ is connected. How much charge will flow through the battery if

Sol.

the switch is on:

'C' gIRAT $ B FUIRT REAMER IS € 91 UR™ § W quiRe sk 2| o[ ¢ faga awd 99 @l

IS8 SIS A B | 9ET ¥ fHa e yarfed R Al Raw A B |
C

C
e c — ——
C e i T
T e L_LCJ
[,
switch Ils R I"s
9Cs¢ 11Ce 13 Ce¢ 7 Ce
A) — B* C D
(A) 5 (B*) 5 (®) 5 (D) 5
C
A —A—T— B . .
A Ciy P |’|C_| B A/“C\P<_I—“\B
1c ’JB Qﬁg c
A A c B c
Get 9 BT 8
11c
Coa™ 5

yarfea 3mde Charge flow = Ceq € = 11508 .

Section (C) : Combination of capacitors and

Tug (C) : Gl &1 FaeH

/\
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Capacitance / ﬂ—
11.# The equivalent capacitance between point A and B is

(AR B fagell @& i gou arlRar grf |

C/4 B) C/2 (©)c (D*) 2C

A B I
A B
{1 Ceq =2C

12.# In the arrangement of the capacitors shown in the figure, each C+ capacitor has capacitance of 3uF and
each C: capacitor has capacitance of 2uF then,

(Fra ¥ REm W GuREl @ 8 ¥ Ud® GuIRA Ct & 94 3uF Jo0l yxd G Co & A1 2uF ©

’ el
LT

(i) Equivalent capacitance of the network between the pointsaand b is :

(@ademb @ &g URYY &1 gou giiRkan 8RN
3

(A*) 1uF (B)2uF (C) 4uF (D) 2 nF
(i)  If Vao =900 V, the charge on each capacitor nearest to the points 'a' and 'b'is :

(3R Vab =900V, T TI 'a' oI 'b' fI53il & |ad Aorara! Famia R de 81 |)

(A) 300 nC (B) 600 uC (C) 450 uC (D*) 900 nC
(iii)  If Vao = 900 V, then potential difference across points cand d is :

(3R Vap =900 V& @1 ¢ den d fdgell & #eg fawariR g )

(A) 60 V (B*) 100 V (C) 120 V (D) 200 VV

1 1 1 1 .
Sol. i) —=—+—+— = Ci =1pF

Oei"e'e g, oo

C2=C2+Cq =3uF = Ceq = 1uF Ans
a_| 3uF
_| 3uF

Coq = 1uF Q = Ceq V = 900uF

charge on nearest capacitor ToigI®! LIRS TR 3G9 = 900uF Ans

(iii) from point potential method fa=g fava Tafe &

eoov 31F goov 3uF

Ve —V4q=100V Ans
b 300V 400V 433.3v
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Capacitance / ﬂ—

13.#

Sol.

14.4_

Sol.

A combination arrangement of the capacitors is shown in the figure
(fora & |l &1 woeH f@mrn T g 1)
(i) C1 =3 puF, C2=6 pF and Cs = 2 uF then equivalent capacitance between 'a' and 'b' is :
(C1=3uF,Co=6puFaaMCs=2 uF & I ader b fageil & I g enRar 8rft —
C.

: == c L,
2 k—%}b
4[: C.| ¢, C,
(A*) 4 uF (B) 6 uF (C)1 uF (D) 2 uF

(i) If a potential difference of 48 V is applied across points a and b, then charge on the
capacitor Cs at steady state condition will be :

MR a AT b 953l & #e7 48 V RAMaTR M1 SY 1 oIS 3faReT § FeIRA Ca UR 379 81T :

(A)8 nuC (B) 16 uC (C)32uC (D*) 64 nC
our 6uF  3uF
0. E o |
BuF —
6uF 3uF
_ _ _ 6.3 _
Cac=6+ 6=12uF Cv= 2| ——|+2 =6puF
6+3
12uF BuF
12x6
a 1t {1 b C = =4uF Ans
" 1246 N
6uF 3uF
—
c 2F | p
iy 1 12uF ¢ euF O SWF 3y
Charge on 2uF capacitor = Q=CcVv Q=2x32=64uC Ans

2uF FERT R e

The V versus x plot for six identical metal plates of cross-sectional area A is as shown. The equivalent
capacitance between 2 and 5 is (Adjacent plates are placed at a separation d) :

VAR x & #e80 &1 T% § A JIRY B 8% & B 96U uifcdd wiel & forg = #§ qoiar o 7
23R 5% 4 B god UIRAT & (T wicl & 95 @ d 2 )
VA

10V
ov .
H » X
12 3 4 5 6
2¢0 A e A 3 A e A
A 0 B* 0 C 0 D 0
(A) =5 (®) =2 ©) = 0) =
211 4115
2 5
2113 6115
Ceq.=9+E=C=eOA Ans
2 2 d
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Capacitance / ﬂ—

15.#  Each edge of the cube contains a capacitance C. The equivalent capacitance between the points A and

B will be —
C
oI
Il
1
Cc —cC
—_—C C—/
C—/— c
||
1
C I C
A 11
C
«~ 6C 5C 12C 7C
(A%) 5 (B) 3 (©) — (D) 7
9 B U7 Yoit 4 C weRA Re 8, a1 fIgsii AT B & 1= o anian srfl —
if B
C 1T c
1t
—_—cC
—-—C Cc=
CcC—= c
Il A
c
A Il
c
6C 5C 12C 7C
A¥) — B) — C) — D) —
(") = ®) = © (©) -
Sol.
q/3 B
% s Larvery
c | 5
a/6 =—q/3
T-q/6 ql6 T
q/3 == q/6
S e
q/3
Due to symmetric charge distribution as shown
FAAIRT & HROT MY IR SR AR B |
for loop ACDB Tu ACDB & fog
a_49_4 59 q 6C
Va— ————-— =V, Va—Ve=— Va—Vg = Ceq= — Ans
A3C6C3CB = ABGC:>ABCeq3 = 5

16.# The potential difference between the points P and Q in the adjoining circuit will be-

ZraRerd o # fIgeli Pa Q@ 4= fawar=<R 8 —

C, p G
c, 2 c
E
(CCs-CC5) E g C,C; E (CC3-CCy) E -y (CC3-CCy) E

(A) (C*)
(C1+C3) (C,+Cy) CiC, (C3+Cy) (C1+Cy) (C3+Cy) (C1+C,+C3+Cy)
Cv, C, £
P
Sol. (B
Q C,
K
(e} E

C1 and C: are in series, charge on each will remain same.
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Capacitance -
C1TT Co AV ¥ H B 1 AP GIRT UR 3de U A 87 |
(Vp=0).C1=(E-Ve)C2
Vp = CE
C,+C,
Cs & C4 are in series, charge on each will remain same,
C3 TAT Cq AV Y H B 1 YD GIRT UR 3de U A 2877 |
(Va—-0).Cs=(E—-Va).Cs
Va =_GE
(C3+Cy)

Hence saflt Vp — Va =

(C,C3-C4Cy) E
(C4+Cy) (C3+Cy)

SECTION (D) : EQUATION OF CHARGING AND DISCHARGING

AT 9 RIS & FHIHR

17.# The time constant of the circuit shown is : (i & aRuer &1 F73 fadis € )

RC RC
A*) — D) —
(A%) 2 (D) 2
= L L
2¢,0 e,R
E B
- E= ry r, :E1 rn+Eyn _ 2eR +¢ex0
1.1 r+r, 0+R
n rn
=  E=2,req= 12 =0
o+
Ry
J_24;,0 %R ZR% %m J‘
Equivalent battery e 9 T —|_
. 2¢
Imax = —
for Qmax ® %IK’ =
= 2¢ —ﬁ i2=£ |1=§ i3:|4=i
2R/3 R R’ R’ 2R
potential on C = potential on 2R resistance =iz x 2R =¢
CwR fava = 2R uftRlg o= fava =is x 2R=¢
; . _ _ _ Quax Ce RC
charge on capacitor HITRF TR 31JTM, Qmax = CV = Ce T= — =2 R- 2 Ans
i €

max
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Capacitance / ﬂ—

184

Sol.

19._

Sol.

20._

n resistances each of resistance R are joined with capacitors of capacity C (each) and a battery of emf
E as shown in the figure. In steady state condition ratio of charge stored in the first and last capacitor is

n WRRET RFR Tee B IRRE R & @1 SR C B GEIRET (Yeie ) 9o Riegd a1 99 E B 1F ded
{ Sirer ST 8 (FRETgER) | 18 S/awel M IR UM 9 AfKTH weniRa wR SuRed el &1 SIud ©

35330

(Ayn: 1 B)(n—1):(n+1)  (C)(n2+1): (n2— (D*)1: 1

Iaey,

Qfirst = Quast = CE

Ratio 31U = —gﬁm =1.
last

A fresh dry cell of 1.5 volt and two resistors of 10 kQ each are connected in series. An analog voltmeter
measures a voltage of 0.5 volt across each of the resistors. A 100uF capacitor is fully charged using the
same source. The same voltmeter is now used to measure the voltage across it. The initial value of the
current and the time in which the voltmeter reading falls to 0.5 volt are respectively.

1.5 dlce &1 T A1 b Ul Vd YAd 10kQ & I RRIg 2o0spd 4 s §Y & | U QAN areeHie
7% RY & ARl W= 0.5 dlee &1 fAvariR A1 8 | 9919 S 4 T 100uF g1iRkar & |JemRa @1 gof
MR fHar SET 8 | 31 FUH diccdier &1 396 RRI R varar 799 § Suam fhar Sirdn 8 | 9RT &1
URM™E A9 U9 98 99 91 8 I dlecHIe’ &l Uiedid gedx 0.5 dlee &1 oIl & —

(A) BOUA, 11s (B) 120pA, 15 (C) 150uA, 15s (D*) 150uA, 1.1's

(D)

From the given conditions, resistance of analog voltmeter = 10 kQ

& € T I YA dieeHex &1 iR = 10 kQ

Initial current YRfA 6 oRT = %mA

:@HA =150pA

Using, Hqiﬂﬂ @ 0.5=1.5¢eRC =15¢gt0
l =e 10
3

n3 t
=/n3
Refer to the circuit given below. Initially the switch S is in position 1 for 1.5 s. Then the switch is

changed to position 2. After a time t (measured from the change over of the switch) the voltage across
5 kQ resistance is found to be about 1.226 volt. Then, t is

T f W oRuyr & FdemgaR, R J Raa S, Rafd 1 R 1.5 9&vs & forg @ o 2 | o9 Rag &
Rafa uRaftia a=a 2 @ S Bt 999 gvarq (Raw Refa uRaftda &= @ 91 | wa1 /1 ww93) 5
kQ uftRig & R ©R favarR 1.226 diee gran ST 8 | @9 t 8T —

/\
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Capacitance / ﬂ—

10V
(A*) 330 ms (B) 500 ms (C)33 ms (D) data insufficient 3fliHS
o B |
Sol. (A)
10°Q
10V __ 10V __22uF

RC =10°x22x10°®

RC =10°x22x10° =22 x10°sec
Att=1.5secT®

steady state TUTT 3@ Ve = 10V

—tx10°

While discharging 5id fRmafdg & wer g V =10e ™ =1.226

10°t

e 5 =0.1226

t:ﬁln(o.mze)
100

=330 ms.

SECTION (E) : CAPACITOR WITH DIELECTRIC

WRIGEId & |i ek

21.=.  The capacitance of a parallel plate condenser is Co. If a dielectric of relative permittivity er and thickness
equal to one fourth the plate separation is placed between the plates, then its capacity becomes C.

Then value of 3 will be-

0
AR gg GRE & aiRar Co 7 | mifdres fagaelierdr e don wici & §a & @ & Ud DA 97 &
RIR A GfRHT B $T SIS D S <@ o A SRer C & o ¥ A - w1\ A —

Co
A) () o (©) (D) 2
4e, +1 3, +1 2g +1 g +1
Sol. (B) Capacitance of capacitor without dielectric, Co = %
di4  3d/4
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Capacitance / ﬂ—

22.#

Sol.

w&aaﬁwﬁmmm@awﬁwqﬁacﬁ%

Capacitance of capacitor with dielectric, C

— €0A _ 480A. & C _ 4gr
C= = - =
E + i ((38r + 1)d CO (38r + 1)
4 4e
e &Y aRdT o9 wRidgd SuRerd &), C
C= gA | 4gA g N C _ 4g
3d, d (B +Nd T Cp (3 +)
4 A4

r

A parallel plate capacitor without any dielectric has capacitance Co. A dielectric slab is made up of two
dielectric slabs of dielectric constants K and 2K and is of same dimensions as that of capacitor plates
and both the parts are of equal dimensions arranged serially as shown. If this dielectric slab is
introduced (dielectric K enters first) in between the plates at constant speed, then variation of
capacitance with time will be best represented by:

Th AR Ug |EIRA & aiiRkar (1 widgdie &) Co 2 | T WAgdia dledl 1 fb a1 widgdi®
ufgmrell | o g2 B e Wiagdie K deon 2K & Jon S99 farl |@aiRa @) famel & R 8, @
TH & 95 (K U8el) U REAR GUiRE &) ©icl & 4 § 9949 a1d V § Y9 -« 2 | a1 g1ikar C &
AT t & A1 IR Ha AT aRE USRI B aTell @ntd g |

e |
* +
o] C
(A) . (B*)CO i j i
t >

Case — | When dielectric slab of dielectric constant K enters in to the capacitor.
ReIfdy — 1 519 WiaAgdie K & Wagdie ufceadt SaiRa § gaer ol 2
LVt Vit

< L]

Ve— k

IA — 1
l L Ll
At any time t, there will be two capacitors are in parallel combination - one with air and other with

dielectric slab.
Pl T9a t R, I8i q1 GuIRA AR HF A 8 TP Iy d GERT WIAYATD Ufeedl & A1
C(t) = Cair + Csiab
_SA L=V KA (W)
Ld Ld

— (K—1) Vt] (linear function of t ) (t & YRad HaI= ®Y #)

Ld
— _SA
Its slope $H®T @@ = M C(t) = Ve K-1)V

Case — Il When dielectric slab of dielectric constant 2K also enters into the capacitor.
RIfd — Il 919 WRIAgd® 2K B wRidgdic gfccd FemRE § Jd9 S & |

/\
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Capacitance / ﬂ—

23._

Ans.
Sol.

24._

T v
C' (t) = Csiab1 + Csiab2
_ S AK L=V g AXK Wt

Ld Ld
- £ Eod A [L+VY (linear function of t) (t & YRaT Hee wU #)
lts slope SH&T @@ = MC' (t) = =2 L'ZKV

As =M C' (t) > MC (t)
and both C(t) and C'(t) are linear function of 't' hence variation of capacitance with time be best
represented by (B)

AR C(t) T C'(t) I 't B YT B B A THT B A1 GRT B qRacdH b1 W g (B) gRT R |
c)

|

X |

| |

G, o
|

An isolated metallic object is charged in vacuum to a potential Vo using a suitable source, its
electrostatic energy being Wo. It is then disconnected from the source and immersed in a large volume
of dielectric with dielectric constant K. The electrostatic energy of the sphere in the dielectric is :

e faafia aiftas avg @1 fafd § @ RAva Vo 9§ 1@ Suga SId &M 3 da) i fsar smar 2
$a® ReRAgfid Soit Wo el o 8| 79 39 & 9§ gel foran orar ® den K Widgdis & |1 ard U
TS WIAEAD & NI H Gardl ST & | WRidgd § el &1 ReRdgfs ol 8 -

W, W,

KZ

(A) K2Wo (B) K Wo (C)
(D)
2

U = — since C will become k times
2C

(D)

So U will become % times

Consider a parallel plate capacitor. When half of the space between the plates is filled with some
dielectric material of dielectric constant K as shown in Fig. (1) below, the capacitance is C1. However, if
the same dielectric material fills half the space as shown in Fig. (2), the capacitance is C2. Therefore,
the ratio C1: Czis

Th TR ©fc 9uRE &1 IS | <iel & 9= @ el o &1 REgaR K w_idega Rerie & wRiaed
g1 | w1 W 2 | fBF (1) eiikar Crz | iR @ s S el usred & o (2) & IgER ol 518
H 9w 2, @1 gilRar Co | gafey Cy : Co &1 31gud & —

/\
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Capacitance /

Ans.

Sol.

25,

Ans.

[/

T
«
—
N
~
Ll
©
—
N
~

2K 4K K +1
A) 1 = Cc* —— D) ——
(A) ®) 7 ( )(K+1)2 (®) =
(©)
1 1 1
=t —
Ceq C1 CZ
1
Agy  KAgg
d d
2 2
_d d
= +
2Ag;, 2KAg,
1 d [K+1j
Coq 2Ag | K
_ 2KAg,
(K +1)
Coq _ 2KAg,  2d 4K

Coi  dK+1) Acg(K+1)  (K+1)2

A network of six identical capacitors, each of capacitance C is formed as shown below. The equivalent
capacitance between the point A and B is

T GASY GUIRAT & UH o Bl UAd a1 gilRar C - oRgar a9 a1 2| g A @en B & =

H\/
| rll

(A) 3C (B) 6C (C) 3C/2 (D*) 4C/3
(D)

/\
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Capacitance / ﬂ—

Sol.

Rearrange the circuit

A A | —

e
C 2C

Ceq= EXZ
3

PART -1l : NUMERICAL VALUE

I - 1l : §&ITH® U (NUMERICAL VALUE)

Section (A) : Definition of capacitance

oS (A) : aTRar o gk

1.#

Ans.

Sol.

Both the capacitors shown in figure are made of square plates of edge a. The separations between the
plates of the capacitors are d1 and dz as shown in the figure. A battery of V volt and a resistance R are
connected as shown in figure. At steady state an electron is projected between the plates of the lower
capacitor from its lower plate along the plate as shown. Minimum speed should the electron be

Vea?

1/2
projected is given by L{TJ so that it does not collide with any plate? Consider only the electric
m

vn

forces then find the value of n.

form # <y gu Sl GarlRa afeR Yo a dTell @i & 99 gY B | IR & wiel & §ig @t 8 dq den
d28 S o # s 88 81 Valee @1 U 9el @ R URRIg 31 &7 3 e SR Srel ol @ | |9rd
e R e qRE 31 el wie & gfew U@ soas @ REgar yafia fea s g 1 =g

\/ﬁ md?
HRING AT | T n BT AT S BT |

1/2
Wi[ve—azJ A s ® vafid e o f6 98 fodll ft wie 9 1 <IN dad JEa 99

R
\2%

06.00
Ceq. can be written as  Ceq 1 171 w0 # forar W1 AHAT 8 — Ceq. = GG, _ s
C,+C,  3d
: a’e, V
charge on plate @il UR 3MAY Q = CeqV = 3—3

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : US0302RJ2007PLC024029




Capacitance /

2.3n

Ans.
Sol.

surface charge density &=%el A ¥ = o = 82 = Egdv
a
electric field fegga & = -2 + 2 = % -V
2¢, 2¢, ¢ 3
electric force faga @t = %
acceleration of electrons SAFEH & @R = ve
(3d)m
y
—> X
in Xaxis X3& IR a=ut t=3
u
inY axis = % x acceleration x t2=d
Y 3E R = %Xc—qthZ:d

2(3d)m 6dmu?

Vea? :
u = J—
6md?

Vet? _ d Vea?

The particle P shown in the figure has a mass m and a charge —q. Each horizontal plate has a surface

area A potential difference V = n[%gOAJ should be applied to the combination to hold the particle P
qc

in equilibrium then find the value of n.

fora 3 SR T HUP FH GFAM m T AN —q B | TP &S ©Ic B P BAd & IO ST A © |
FU1 P P GrAERe H @A & ford WA W fvarR V= n[%‘?‘}mﬁﬁa%m%?ﬁn EIN|

Ell
2Cl
c :r P
03.00
Cqu = %
_2cv
3
surface charge density &=%el MY 8@ =0 = % = 2??—\/
Electric field between the plates of capacitor H&TRT &1 wici & #ed fagd &=
- 0 L, 06 _o° _ 2CV

2¢, 2¢, ¢ 3Ae,
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Capacitance / ﬂ—

Ans.
Sol.

4.#

Ans.

Force 91 = qE = 2CVg
3A e,
—_ . . 2CVq _
for equilibrium this electrostatic force must be equal to mg = 3A =mg
eO
2CVq
AR & o 98 Rer 9gd 9, mg & Jou B @iy = sAl -M9
EO
V= 3mgA €,
2Cq

A capacitor of capacitance 2.0 puF is charged to a potential difference of 12 V. It is then connected to an
uncharged capacitor of capacitance 4.0 uF. Find (a) the charge flow through connecting wire upto study
strate on each of the two capacitors after the connection in uC (b) The total electrostatic energy stored
in both capacitors in uJ (c) the heat produced during the charge transfer from one capacitor to the other
in ud.
2.0 uF e1Rar &1 T FeniRa 12 V fRva=R a& mala far Srar 21 o9 g8 RergerR 4.0 pF aiRar &
IR W | SIET 9aT B | S ST — (@) FAIOH & 918 TS GeTRE gRT Arfl JraRen ure
P T IR A yaiEd 9 (uC A) (b) SHI WRAT H Wufed §d Wiad agd e (ud #) (c) TH
HIRT | AR W ITAY WIFFIRG B & SR Sed=~ ST (ud H) |
(a) 16.00 (b) 48.00 (c) 96.00
Q=CV=2x12=24uC
Q _C; 1 _ - U+
Q—2—C—2—E, Q1+Q2—24HC, V—m
(a) Q1 =8uC, Q2=16uC
initial charge on 4uF = 0
4pF IR YRS e = 0
the charge flow from connecting wire = 16 uC
AT AR A ok aTell 9% = 16 pC
Ans 16

1 1

(b) Ur = 2 CiV2 = — x2x (4 = 16u)

=4 \Volt

U2=%CZV2=%X4X(4)2=32}AJ

Total energy stored = 48 pJ
q[ Holl = 48 ud
Ans 48

() AH = (U)system FI@TT — (Ur) system Frera = % x 2 x 122 (16 + 32) = 96
Ans 96

Three conducting plates of area 500 cm? area kept fixed as shown. Distance between adjacent plates
is 8.85 mm. A charge of 1.0 nC is placed on the middle plate. (a) The charge on the outer surface of the
upper plate is given by nx10-"'C then find the valu of n.(b) Find the potential difference (inV) developed
between the upper and the middle plates.
o 4 yeRia Sread I ad® wiel 4 9% b1 &% 500 cm? & | Y @iel & 7e g3 8.85 mm © |
AAC] @i TR 1.0 nC 3MI IURAT B | (a) HT ©IT & HURI A8 TR I nx10-11C AT o1 n 8 ?
(b) ST qAT HAGW! wIe] B AeF IS fAWaR (dee H) & AF gAY ?

[ ]

[ ]

[ ]

(a) 50.00 (b) 10.00
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Capacitance /

Sol.

Ans.

Sol.

Charge after distribution faa=or & 91 3mae
+1/2nC

|— 1/2nC

|+ 1/2nC

+1/2nC
-1/2nC

|+ 1/2nC

Charge on outer plate 9T&%1 wie TR ITJT = % :% nC;

_ Aey _500x10”* x8.85x107"

C
d 8.85x1072

=50 pF

charge on outer surface of upper plate is HUR T B B AAE TR MY = %nC = 0.5nC Ans

-9
_05x107" _ 10V Ans

V—
C 50)(10_12

Consider the arrangement of parallel plates of the previous problem. If 1.0nC charge is given to the
upper plate instead of the middle, what will be the potential difference (in V) between (a) the upper and

the middle plates and (b) the middle and the lower plates?

oo uea d ¥ TN TR wic & aRe B Y | IfT 1.0nC A BT FEAT] ©IT B S8 HUN
qrelt wic 1 far oirar B, 99 f Refoal @ fog wiel @ weg favarax (Al #) &1 B8R (a) SU% a9

AIAA! ic & AT (b) FEIdt 9T I dqTell ©ie & 7L ?
(a) 10.00 (b) 10.00

1

+1/2nC
a | |+ 12nC  charge on outer most plate FIH TTERI ©IC TR AL = % =3 nC
| |—1/2nC
b +1/2nC Vab = a_ 120G _ 10V Ans
C 50pF
| |—1/2nC
c M V= 3-M20C 40y Ans
C 50pF

Section (B) : Circuits with capacitor and use of KCL and KVL

6.#

Ans.

Sol.

TuIRA & 11 uRueyl § KCLT KVL & SYaN

Four capacitors of capacitance 10 uF and a battery of 2V are arranged as shown. How much pC

charge will flow through AB after the switch S is closed ?

10pF gIRTT & IR FeTRE g 2V &1 Te 99 o 3§ oy gaR aRed g | ol S Bl 98 &R W

foha™T pC MATAB ¥ warfed 81T |

e

B A

45.00
When switch is open STd ol el §8 81 A Jod GTRAT = Ceq. = %p F

Qi=Ceq.V=g x2=15HC

When switch is closed 14 ofl € 81 Jod &R
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Capacitance / ﬂ—

7.3

Ans.
Sol.

8.#

Ans.

Ceq. = 30 UF

qr=30%x2=60puC

Charge flow through AB = qr— qi = 45uC
AB ¥ yadifgd e = gr— qi = 45 uC

A part of circuit in a steady state along with the current flowing in the branches, the values of resistance
etc., is shown in the figure. How much energy (uJ) stored in the capacitor C (0.4uF)

wraﬁweﬂa%ﬁﬂﬁqﬁwa%wwmaﬁwsﬁﬁwﬂ%aw yfRigl @ 99 e @ @ o #
@i 1 & | C (0.4uF) |enlRa § ufed ol (ud #) Fd SR |

45.00
Using Kirchhoff’s first law at junctions a and b, we have found the current in other wires of the circuit on
which currents were not shown.

S a 3R b IR fhedi® &1 gom 99 &1 ST &1 W) gRUY & =g dRi W, 59 ) a1 & gl
& fan T B, URT BT YT PR Ghd g |

Now, to calculate the energy stored in the capacitor we will have to first find the potential difference Vab
across it.
39, FuIRT W Al Hofl 31 701 S ford, 89 Ugel 39 WR fAWATIR Vab B TOFT BT B |
Va—3%x5-3x2+3x2=\W
Va— Vb = Vab = 15 volt

U= %Cvzab
=1/2 (0.4 x 10-8) (15)2 J = 45 uJ Ans.

Five capacitors are connected as shown in the figure. Initially S is opened and all the capacitors are
uncharged. When S is closed and steady state is obtained. Then find out potential difference between
the points A and B in volt.
o 4 TR AR ufa FaTRE IS B 1 UR™ § Hoil S el & 9 T4 FuTRS FEAR[ 8 | |oll S B a<
awﬁa%aﬁwﬂﬁmwumaﬁaﬁr%laaﬁgAa B & W&y favamk dice # oA HINIT |
S A
uF Gu

Vv
12uF
24.00
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Capacitance / ﬂ—

Sol.

9.#

Ans.

Sol.

10.#

Ans.

Sol.

2uF 3uF  6uF

1= + =
guF B 12uF

33—3.9.9 4 .9_9 - —  q=24.C
6 3 2 8 12

VA—%—Q—% = Vs Va—Ve=24V Ans

In steady state, find the charge on the capacitor in (uC) shown in figure.

forar % qoiy HarlRe R vemit sraRen # Y (C H I IR |

6uF 20Q
10Q 200
2v“
06.00
at steady state IR} 31w |
i,=0 i, 200
Req = 20Q ii=0 Ans
2 1
i3=i2= —=— am Ans
? 20 10 P
_. _ig 1
i4=is= 2==— am Ans
$TRT T A
charge on capacitor 6uF is =6 x 105 x % x 10 =6uC Ans

6uFaTﬁaTa%ﬂ'aTﬁaq?3ﬂ%m=6x104x%x10=6pc

Calculate the steady state current (in A) in the 2 Q resistor shown in the circuit (see figure). The internal
resistance of the battery is negligible and the capacitance of the condenser C is 0.2 pF.

o ¥ quly ™ 2 Q uftRIg § Rl g1 TRRR ¥ S PIRR | 9% BT aRe YRk Tvy g &R
JTR= C &1 enlRer 0.2 uF 7 |

nnnnnnn

V =60 volt
09.00

In steady state situation no current will flow through the capacitor, 2Q and 3Q are in parallel.
Therefore, their combined resistance will be
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® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 20
Educating for better tomorrow [ o500 755 5555 [ CIN ; UB0302RJ2007PLC024029 ADVCP - |




Capacitance / ﬂ—

11.#n

Ans.
Sol.

TRfT eawer #, WeRAT | P gRT yd1ied el 8kl 8, 2Q d 3Q FARKR H ©
ISP AP UfRIE B -
2x3
2+3
Net current through the battery : €& & yaIfed qt o1 -
60

j= —
1.2+2.8
This current will distribute in inverse ratio of their resistance 2Q and 3Q.

IE ORI, 390 URRIE 2Q 3R 3Q & epArgurd agurd H fwifora Bt 2 |

R= =12Q

=15A

b3
i3 2
T -
or 3 |2—( j(15)—9A
+2

Find the potential difference between points A and B (in V) of the system shown in figure if the emf is
equal to E = 110 V and the capacitance ratio C2/C1 =n = 2.0.
form @ gy I gRuy & fIgeli AT B & w9 fivaR @ o1 (dlee W) $IfSg e E = 110 V den

C2/C1=n=20
c, C,
Il
E c C,
T T T
10.00
E c.;.1 F C1

D C
The distribution of charges is shown in figure In closed loop (CDEFC)

§¢ o9 CDEFC # 3ae &1 faarvr Rmgar <eian ™ &

+E_i_(q—Q1):0 (i)
C, , °

In closed loop (ABCFA) - _ %, 4=% _
C G G

§g U (ABCFA) ¥

or a1 i—q1 i+i

C, C, C,
or @ q:[2C1+C2] . (il

C1

: q q %

From Eq.(i), we get E —+ =0
1 CZ CZ
e () E- -9, % ¢
C; C G
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Capacitance /

oram  E+M_gq CitCo
C, CiC,
orar E+_ 2C,+C, o C;+C,
C, C, C.C,
or E02+q1:(201+02) (§1+C2) ol
Ci
2 2
ora  EC,- (2C7 +2C,C, +ZC1CZ +C35) q iy
Ci
2C§ +3C,C, +C5 - C?
ECZ:{ L ! é 2 1} a4
Ci
_ ECCf
== 2
C7+3C,C,+C;5
- =% 91
Va-Vs=|—H = =+
A B CZ CZ
2
== ECy > = E 5= E 5 =10V~ &:n:Z
C1 +3C1C2 +Cz Cz C2 1+3T]+T] C1
1432+
Ci G

12.#_x (i) What is the final potential (in V) of point b with respect to ground in steady state after switch S is

closed ?

FHoll S T] B B yvAr arrEe & Rafd # g b &1 g & e fava (dree ) @ar B ?
(ii) How much charge flows through switch S from b to a after it is closed in pC?

Foll ST BT B 91 b W a fbef=1 sfrder pC # yarfed gren 87

Ans. (i) 6.00 (ii) 54.00
Sol.
V=18.0V
iy 2amp q =36 uC
6.0003 6.00 uF
atv, =6V bV, =12V
3.000 3 3.00 uF
[¢]

V=18.0V (applied smifi)

b

a

6.0003 l 6.00 pF
|
S

T

(i) When switch s is closed potential at b point is same as potential at a point

59 Hoil s 95 8 fawg b d fawg a WX fawa @A B

Vb = Va = 6.0 Volt

Resonance®

Educating for better tomorrow
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Capacitance /

-

(i) Final charge on 6.0uF is g = 6 x 12 = 72uC Therefore charge flow through wire b to a is

=72 36= 54 .C

6.0uF TR AW q=6x 12=72uC B | 3 TR H b A a fh 3R yarRa MIer =72-36=54 pC ¥ |

Section (C) : Combination of capacitors

Tug (C) : Gl &1 FaeH

13.#

Ans.
Sol.

Find the equivalent capacitance in (uF) of the infinite ladder shown in the figure between the points A

and B.
BuF  6uF BuF 6uF
\

T T
ITTT

o A el o Wl & g AT B wew o &Rl (uF #) 1 SIfg |

B6uF  6uF  BpF 6uF
| |
A i e |
8uF | 8uF 8uF 8uF

B

12.00
Let equivalent capacitance = Ceq. AT G GIRAT Ceq =
Infinite ladder can be shown as : I gl 1 RIETgER & —

6pF
A 1

—— 8uF — Ceq

B

Now Ceq of this ladder, 3T Ceq WIS F1H1 RIFTIER &
6 Cu , 4
+Ceq
by solving it, S & B R,
Ceqz—SCeq—48 =0
Ceq =12 uF or —4 uF
neglecting —ve answer, FEUTH® SR DI T0T HA TR
Ceq =12 MF

Ceq =
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Capacitance / ﬂ—

14.#

Ans.

Sol.

The equivalent capacitance of the combination shown in the figure between the indicated points is

given by %uF. then find the value of n.

m&hﬁaﬁaﬁmﬁaﬁaﬁmﬁaﬁﬁﬁg@ﬁmﬁag@mﬁm;uF%mnmwl

2uF 4pF
-—|:)) I4PF —e
4uF 2uF
20.00pF
Charge on capacitor is assume as according to reverse symmetry.

HIRT TR A FohA FAM & AR A R

Q1+ g2=Ceq V
from loop AB EFA U AB EFA &

_%+@+%2=0 = 292-3q1=0 ... (i)

from loop ABCA <[4 AB CA ¥

—%—%w:o: &=2qi+q (iii)
from (i), (ii) and (iii) we get TR (i), (i) T (iii) ¥ &F U I 2 |
3q
2q, + =1
q1+%=Ceq TZ :>Ceq=§u|: Ans

SECTION (D) : EQUATION OF CHARGING AND DISCHARGING

A g ARIAITE & FHipRol

15.

Ans.

Sol.

The electric field between the plates of a parallel-plate capacitance 2.0 uF drops to one third of its
initial value in 4.4 us when the plates are connected by a thin wire. Find the resistance of the wire in Q.
(Given : /n3 = 1.0986)
T 2.0 uF &IRAT & TR 9g FEIRA &1 ©Ic Tdh Udel IR §RI SISl SRl 8 O $Ha] @iel & #ed
fagd &5 4.4 us 7 398 URMNS A &1 TS 88 I8 91 81 aR & 9fiRkig Q | w1d s (R &
/n3 = 1.0986)

11

=02.00 Q.

5¢n3

E=E, e t/RC - Eq _ Eoe—t/RC

1 _ g 44x10°/Rx2:10°

3

m3=21 o R=_l -390
R5 5¢n3
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Capacitance / ﬂ—

16._x= A capacitor of capacitance C charged by battery at V volt and then disconnected. At t = 0, it is
connected to an uncharged capacitor of capacitance 2C through a resistance R. The charge on the
3t

second capacitor as a function of time is given by q = %[1 - ei BRC] then find the value of o/p.

gIRAT C & Ud WiRa &1 V dlee @1 de gRT MR &-d 8 3R 9 fa=wsfdd (disconnected) &R <
2 99T t= 0 W, I8 TP ARG aiRar 2C & weRa 9 Uitk R gRT1 e fan <iman 2 | gR |enfR=

3t

qu=wTv[1—e[mCJ W%Wﬂiﬁmﬁﬁmamﬁ?ﬁ%wrwwwl

Ans. 01.00
Sol.
Q-q i
G-a_
C R
2C
H
g
At time t using KVL %—i SiR=0
t T TR KVL BT SUANT B3 TR Q-9 49 r-
C 2C
q t
2Q-3q dq R=0 N dq _ dt
2C  dt J20-3q ) 2RC
1 2Q-3 t 20-3q o 2Q =
—{n 9 = 9_¢ RC - q= == |1-e 2RC
-3 2Q 2RC 2Q 3

SECTION (E) : CAPACITOR WITH DIELECTRIC

URIIEA & A1 FHIRA

17. Hard rubber has a dielectric constant of 2.8 and a dielectric strength (maximum electric field) of
18 x 10% volt/meter. If it is used as the dielectric material filling the full space in a parallel plate
capacitor. Minimum area may the plates of the capacitor have in order that the capacitance be

7.0 x 1072 pF is equal to %mz. What should be the value of n if capacitor be able to withstand a

-9
potential difference of 4000 volts. (o = 136

S.1 unit)
T

FHOR IR P WA Fadied 2.8 7 9 wiagld amed (@ffeas dgad &) 18 x 106 diee/Hiex g | afs a8
AR g GUIRT & g0 Rad ©IF § WRagd s @1 a8 -1 a1 & al §eiRE @) g1ikar 7.0 x

10-2pF€ﬁﬁa%ﬁvlﬁ®eﬁwwaﬁw%mZH‘)W%Eﬁn%ﬂTg‘lﬂTaﬁt{Hﬁﬂ'aﬁamoo

dlee fAvaR d® ¥ R ARG BT A1 | (eo=ﬁs.ls—cb‘rs‘)

36n
Ans. 05.00
Sol. Let distance between the plates = d
AMT el & 7959 g d B
18 x 106 x d = 4000
_ 4000
18 %108
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Capacitance / ﬂ—

18.

Ans.

Sol.

Now 379 C= Er/A\—EO
’ d
-9
13% xAx2.8
7.0 x 10_2 X 10_6= TI:L‘T
18x10°
Solving, We get A B W EH AR A=%WE\W%I

Two square metal plates of side 1 m are kept 0.01 m apart like a parallel plate capacitor in air in such a
way that one of their edges is perpendicular to an oil surface in a tank filled with an insulating oil. The
plates are connected to a battery of 500 V. The plates are then lowered vertically into the oil at a speed
of 0.001 ms~'. The current nx10-°A drawn from the battery during the process. Then find the value of n.
(Dielectric constant of oil = 11], (€0 = 8 x 10-12 C2 N-' m1)

1 m Yol B & PR ©Ic TR Ug a1 GRS P! a8 Tb g F 0.01 m &1 I R 39 FHR &
83 2, [ P o UP dR Bl S 3§ MR gY FaId A B g b aHaq © | @ISl P 500 V B e
I SIST ST 81 el @ dcd # FHEafeRk 1 @) R 0.001 ms~' & I & 1 Ser 21 39 ufhar &
ARME Je | o T fAE@ gR1 1 A nx109A ® @ n 9@ PINR | (A BT WEAgAd = 1],
(e0=8x10""2C2N-"m")

04.00

Let a be the side of the square plate. AT a, THR <IC BT oIl © |

As shown in figure, C1 and C2 are in parallel. Therefore, total capacity of capacitors in the position
shown is

AR C1 3R Co §HRR H¥ H 7, 3 quidl T Refy § qenlRai a1 o enRkan

C=C1+0(C2
_ €p a(a—x)+Keo ax
d d
g=cv= 2 5 yiky

As plates are lowered in the oil, C increases hence charge stored will increase.
T4 WISl BT I H @ I B, A1 C 9gdT B, o1 GIE A f ggdn 2
._dg _ gaV (K1) - dx
dt d dt
Substituting the values (AT9 & W)
€0 = 8 x 10-12 C2/N-m?

a=1m, V =500 volt, d = 0.01m, K = 11 and 3R ‘;'I—’t( = speed of plate @Ie &1 I = 0.001 m/s

Therefore 31a: ,

We get current &1 &RT UT<l &1
(8x107"%)1 (500) (11-1) (0.001)
(0.01)

Amp
i=4
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Capacitance / ﬂ—

PART - 1ll : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

AT -1l : U T Ueb W 3Nfh fdpcy UdpR

Section (A) : Definition of capacitance

Lus

1.#

Sol.

2.#

Sol.

(A) : erlRar @ alRwTen
For a charged parallel plate capacitor shown in the figure, the force experienced by an alpha particle will

be :
o A <Y T ARE FHRR Ug FuIRT & U U UehT B §RT Agwd fhar Tar 9 8

eC
*B
* A
(A) maximum at C (B*) zero at A (C*)same atBand C (D) zeroatC
(A) C &R 1frwaH (B*) AW I (C*)Bda CWR IHH (D)CWR [

Electric field in the capacitor is same at every where which is equal to V/d. so that force at C and B point
is same.
Electric field out side the capacitor is zero so that force at A point is zero.

FeRa A |t STe faga &3 99 21 S VId @ g 2| 39fie C 9B g WR 9o |9 BT .
FRE & qre} faga &7 g 2| g9y A g W ga W 3= By

In an isolated parallel plate capacitor of capacitance C the four surfaces have charges Q1,Q2,Qs and Q4
as shown in the figure. The potential difference between the plates is :

T A HemRa @1 aR wiel UR e Q1, Qz, Q3 @ Qq A A TR AR & | GuTRA &) ekel C 8 |

wiel @ 99 favaR B
Q1+Q2
-Q, +Q,
\ ‘ ‘mo Qg aaa, \

(D) %[<Q1 +Q,)~(Q; ~Qy)]

Charge on outer surfaces are equal so Q1= Q3+ Q2+ Qs ... (i)
e |8 R Y RER BT & SAGIU Qi =Qa+ Q2+ Qs ... (i)
anddamr Qi+Q2+Qs=Q (ii)
v= | orm v= (=%

C C
V=&l orm v= [T %-Q

C C
Adding (i) and (ii)
(i) @ (i) @ et W

Q1=Qs4 and Q2=-Qs3
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Capacitance / ﬂ—

In the figure shown the plates of a parallel plate capacitor have unequal charges. Its capacitance is 'C'.
P is a point outside the capacitor and close to the plate of charge —Q. The distance between the plates

3.#

Sol.

is'd'.

o ¥ RO R FHRR Ug GUIRT 31 ©Ic] IR IR AW 2 | 39! gikan 'C' & | P fawg wena
@ q1ex Rerd ¥ do1 e —Q dTefl ©ie & U 8| wiel @ 99 3 g 'd' ¥ —

(C")

(iii)

2Q -Q

A point charge at point 'P' will experience electric force due to capacitor
P fog R fagaq amder, |HaiRa & R 9 AFHT B |

The potential difference between the plates will be %

téaﬁa%éﬁﬁﬁarm%%ﬁml
2

The energy stored in the electric field in the region between the plates is %

Qﬁzﬁﬂwﬁgﬁ?ﬂaﬁﬁﬁﬁwg%‘l

2
The force on one plate due to the other plate is

T eg d
2
W@EWQ@Q’C’WW&HWQ—z%I
2neyd
_2Q Q _ Q
Eo= - =
2e0A  2e9A  2g5A
_ 2Q Q _ 3 Q
En= ——+— = in =
2A g 2A ¢ 2A g,
En= 2 Q8 ~  Ed=>Z-y
2Cd 2
F=EQ
2
Fo[29),q-_0
2A g, A g
2
F= -3
A g,
1 1 (3 9 Q
Energy 3ol = —goE2Ad= —g5| — | A d = = —.
2 2 2Cd 8 C

Section (B) : Circuits with capacitor and use of KCL and KVL
|gTRE & 1 URUY 9 KCLT KVL & S9N

4.#

In the circuit shown in figure, each capacitor has a capacitance C. The emf of the cell is E and circuit
already in steady state. If the switch S is closed.

for 3 Te T uRuy § ydd qIRE $1 giRar C 2 | el &1 fAgd ared g E © T uRuel i) araer
# 2| I HoN S g% IR W SR A —
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Capacitance /

Sol.

5.#

Sol.

c S
— 1
C|_ C
E
+| =
:

*) some positive charge will flow out of the positive terminal of the cell
some positive charge will enter the positive terminal of the cell

A
B)
C) the amount of charge flowing through the cell will be CE

(
(
(
(D*) the amount of charge flowing through the cell will be (%jCE
(A*) 9 & g9TId S ¥ BB gD e IR Ydlied s |

(B) ¥ @ UM chiFd TR G THIHS A YII BT |
(C) I | yarfzd &1 aret A &Y A CE B |

(D*) et & T BF AT A @ A (gj CER|

equivalent capacitance before switch closed is Ceq = %

Total charge flow through the cell is q = 2CE

equivalent capacitance after switch S closed is Ceq = 2C
Total charge flow through the cell is g = 2CE

Therefore some positive charge flow through the cell after closing the switch is = g — gi = 2CE -

2CE 4CE
3 3

BN I8 BT B U8l i IR 8| Ceq = %

@a@mﬁaaﬁmwz‘%

FHoll T8 A B 9% § Jod OTRAT 2| Ceq = 2C
A A yaled ol A9 q = 2CE

AT Holl §7€ B S 918 HB IS MY FoA F gaifa g7, a€%=qf—qi=2CE—ZC—E:40—E

3 3

Two similar condensers are connected in parallel and are charged to a potential V. Now these are

separated out and are connected in series. Then

T IHwY FYIRAT B FHOR HH H Sedx V fava do mafdg &R eI S 81 91 393! s AU

P A Sire faar o 8 a1 —

e L et

C C

(A) the energy stored in the system increases
o & Fufea Sott g
(B*) the potential difference between end points may becomes zero.
AT fRvgell & 9o v T & 9o 7
(C*) the potential difference between end points may becomes 2V.
A fRvgell @ o fwarR 2V 8 Fadr 2|
(D) the charge on the plates mutually connected nullifies.
AU § I g ISl UR IMIY UH TR B IR & B
the potential difference between end points may becomes zero.
g RRT @il & 99 favarR = 81 9o 2 |

the potential difference between end points may becomes 2V.

/\
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Capacitance /

g RRT wiel & dg fAvarar 2V & daar 2 |
LV

—— 1

When terminal B is connected with terminal C
W9 fag B @1 fag C ¥ SireT oI @

+V—  +V—

/:\_H(_B‘C_)H_6 Va—Vb =2V

When terminal B is connected with terminal D
9 fag B! fag D & <ireT & @

+V— -V+

|| |
A liepll ¢ Va—Vc=0
The energy stored in the system remains same.

g ¥ GfRid 9ol Te |a B 2 |

6.# We have a combination as shown in following figure. Choose the correct options :
|1

Sol.

11 |1
11 1 11
0V e Z20uF C,=30uF C,=15uF J_—

(A*) The charge on each capacitor is 600 nC

(B*) The potential difference between the plates of C1 is 30 V
(C*) The potential difference between the plates of Cz is 20 V
(D*) The potential difference between the plates of C3 is 40 V
o 4 <oy M WAeE & foay @@ Ree g

|1 11 11
i} i} {f
"0V - o0uF C,=30uF C,=15uF ;

(A*) TH FeTRE IR 219 600 uC ¥ | (B*)C1a%téﬁ$eﬁaﬁwamv30v%|
(C*) Co @ wiel & §ra fa9arR 20 VR | (D*) Cs @ wiel & dra favarR 40 VR |

1 1 1 1 3+2+4

=—+—+ —_—

Ceq 20 30 15 60
60 20

Ceqg= —=—

eq 9 3 p

Total charge in this series combination is = 23—0 x 90

q = 600uC

Potential difference between the plate of C1 is = Ci 62—000 =30V
1
— . q 600
Potential difference between the plate of C2is= — = =0 20V
2
o . q 600
Potential difference between the plate of Csis= — = 15 =40V
3
11 N 1.1 3+2+4
Ceq 20 30 15 60
60 20
Ceqg= —=—
"9 " 3h
Wﬁwmﬂﬁﬁaaﬁﬂ:%xgo q =600uC
anﬁtaa‘ia%aﬁaﬁwamhci 62—? = 30V
1

/\

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhala

®
Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Educating for better tomorrow

Toll Free : 1800 258 5555 | CIN : U80302RJ2007PLC024029

war Road, Kota (Raj.) — 324005
ADVCP - 30 \




Capacitance / ﬂ—

7.3

Sol.

Codt wiet & dra e = 9 = 890 _ o0y

C, 30
Cﬁ‘rtﬁa‘izﬁeﬁaﬁwr—ﬂ:g =61i50-40v
3

Two capacitors of 2 uF & 3 puF are charged to 150 volt & 120 volt respectively. The plates of a capacitor

are connected as shown in the fig. A discharged capacitor of capacity 1.5 uF falls to the free ends of
the wire and connected through the free ends of the wire. Then :

2 UF g 3 pF eiRar drel &1 |giRa B 150 diee Ud 120 dlec b QR fhar S 81 deiRa &l
ufgpreli ®1 FTgAR SISl ST & | U MR wema s aikar 1.5 uF 8, &1 ol RRI R fiRan
2R AR & gaa RRI & g ofam 21 @

15 uF

O [e;

3uF§‘:120V 150V—JEZHF
A
(A*) Charge on the 1.5 puF capacitor will become 180 uC at steady state.
(1.5 uF &Rar arel |emRa R IRt afawen # amawr 180 pC 8rm)
(B*) Charge on the 2 pF capacitor will become 120 puC at steady state.
(2 UF aTRaT arel FHemRe TR TR SraRenm # amder 120 puC & )
(C* Positive charge flows through point A from left to right.
(T e g AH & 9l § qrft 3R g'ar B )

(D) Positive charge flows through point A from right to left.
(TS 3w fag AH | IR 9 9t ok g an B 1)

1.5 uF

OO—H—OO 1.5HpF
300uC —1rF q
_ 9 q
3pF +l120V 150V == 2uF SHF:LzZE_q) iﬁ 2(3(;0—q)uo
—|;GOHC T T( -q) T
A A
var 800-9)_ a4  360-a (i)

2 1.5 3
by solve this equation we get
= q=180uC
Charge on 1.5uF capacitor is = 150uC
Charge on 2uF capacitor is = 300 — 180 = 120uC
Therefore charge flows through A from left to right .
9 FHIHRT BT A BT TR BH UG B 3
= q=180uC
1.5pF JemRE W 3mde= 150uC
2uF FerRe o 3maer = 300 — 180 = 120uC
3ra: amae fag A® | 9 9 IR &R g7 ®

When a charged capacitor is connected with an uncharged capacitor, then which of the following is/are
correct option/options.
ST AR |HEiRE &1 FRIERE FeiRa 9 Srel 9 & O 7949 9 | S99 S99 99 © |
(A¥) the magnitude of charge on the charged capacitor decreases.
IR FenRa & Sirder &1 URATYT T |
(B¥) a steady state is obtained after which no further flow of charge occurs.

19 31T H BIs W AMAY YATE TE BN 79 39b U AraraRe e |

(©) the total potential energy stored in the capacitors remains conserved.
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Capacitance / ﬂ—

Sol.

FERAT # 9T fa R s w-Ea @ |
(D*)  the charge conservation is always true.
3T HT &IV FHM FF 2 |
Magnitude of charge on the charged capacitor decreases and total charge is conserved.
AtVi=V; = no further flow of charge occurs i.e. condition of steady state.
In charge flow energy is consumed in heat.

AR G BT FURT aaw H1 URHATT TS AR Fel T FRIE 3T
Vi=Ve R = P 3R 3 BT YT 2! B8N | Faid s araraeen o Rfd 21
AL YAE H SHoll S d w4 § JIT Bl 8 |

Section (C) : Combination of capacitors

@ug (C) : |kl &1 waree

O.#

Sol.

Rows of capacitors containing 1,2,4,8,.......... o capacitors, each of capacitance 2F, are connected in
parallel as shown in figure. The potential difference across AB = 10 volt, then :

1,2,4,8,.......... oo FERFT aTelt Ufdal &1 AR T9R HF # ST oI 2 | s SuiRe & aikar 2F
21 AB W fa9ar=ik 10 volt & @4 :

A Row1 | B
1

Row2|—| ——f—
Row3— H H I H

(A*) Total capacitance across AB is 4F AB WR ged &Rar 4F H
(B) Charge of each capacitor will be same Y% HeTR U= I FA BT
(C*) Charge on the capacitor in the first row is more than on any other capacitor

Ugell ufda H Rerd G wR anaer f&el ff Ay 9aiRa & omdwr 4 31 8|
(D) Energy of all the capacitors is 50 J @4 |eTRFT &1 Hoit 50 J B

C=2uF
Ceq=C+ 9+E+9+£ + .
2 4 8 16
1 1
Ceq=C =2 | — | =4pF A
> (1-1/2) (1/2) H ns

Charge on first row capacitor is q1 = 2 x 10uC = 20uC

Charge on second row capacitoris g2 =1 x 10uC = 10uC

Charge on third row capacitor is g3 = 1/2 x 10uC = 5uC

Therefore charge on the capacitor in the first row is more than on any other capacitor.
Energy stored in all capacitor is = 1/2 Ceq V2 = 1/2 x 4 x 108 x (10)2=0.2 mJ Ans
C=2uF

Ceq=C+ 9+E+9+£ + ...

27247816

1 1
Ceq=C =2 | — | =4pF A
> (1-1/2) (1/2) " ns

Yo Ufdd @ HeTRE O 3Mae g1 =2 x 10uC = 20uC

o dfed & FenRe o= amde g2 = 1 x 10uC = 10uC

T Ui @& |FeiRa W Amawr gs = 1/2 x 10uC = 5uC

gafery ugell ufdd  Rerd denRe wx amder fHdt ff g WaRa & amaw A e 2 |
T FERE | Fufdd $otl = 1/2 Ceq V2

=1/2 x4 %10 x (10)2=0.2 mJ
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Capacitance / ﬂ—

10.#

Sol.

1%

The figure shows a diagonal symmetric arrangement of capacitors and a battery. If the potential of C is
zero, then (All the capacitors are initially uncharged).

e # famol wwfdaar arer GenRa gd 98 &1 WA <ot T B afk C R fava g 7 (ue |
Tt FenRa IR ?) |

4uF 5 2uF
IZ;,J.F
A (o}
2uF O 4uF
+],—
E=20V
(A*)Va=+20V (B*) 4(Va—Ve) + 2(Vb — V) = 2Vs
(C*) 2(Va—Vb) + 2(Vs — Vb) = 4Vp (D*)Va=Ve + Vb
4uF B 2uF
H )Tﬂ G
2uF
A DF Hc
2uF ~ 4uF
+1,—
E=20V

given & g3 & Ve = 0 in AEFC #

Va—20=Vc = Va=20V Ans

by KCL, at point D &= D ©¥ KCL &M W

2(Va—Vp)+2(Ve—Vb)+4 (Vc—Vp)=0

2(Va-Vo)+2(Vg-Vp)=4Vo .. (i) Ans
by KCL, at point B fd=5 B 9% KCL T W

4 (Va—Ve)+2 (Vo —Ve) +2 (Ve - Ve) =0

4(Va-Ve)+2(Ve=Vp)=2Vg .. (ii) Ans
Adding eq (i) and (ii)

THHI (i) T (i) BT e R

2(Va—-Vb)+2(Ve—Vb)+4 (Va—Ve)+2(Ve—VD)=4Vp+2 Ve

= 6VA=6 Vb + 6Vs

= Va=Vp + Vs

In the adjoining diagram all the capacitors are initially uncharged, they are connected with a battery as
a shown in figure. Then

(A") Q1= Q2+ Qsand V = Vi + V2 (B*) Q1= Q2+ Qsand V = Vs + %
(C)YQ1=Q2+QsandV=V1+V3 (D)Q2=Qzand V=V2+ V3
(A) Qi = Qo + Qs @RV = Vi + Vs (B*)Q1=Q2+Q33ﬁ-\rv=v1+%
(CQr=Qz+ Qs3RV=Vi+Vs (D) Q2=Qs 3RV =V2+Vs
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Capacitance / ﬂ—
Sol. In shown fig. C2 and Cs are parallel capacitor therefore V2 = Vs .

M N A # C2 9 Cs GATR WeMRA © 31 V2= V3.

Charge Q1 flow through battery and gone to C1 and divided into C2 and Cs

I F Qq M YAIRT Bl & 3R Cq 11 8 3R C2d Cs # g€ ol B |

Q1= Q2+ Qs,

Total potential & fa%a V =Vi+ V2 = Vi +Vz=Vq + Va ;Vs

SECTION (D) : EQUATION OF CHARGING AND DISCHARGING

A g fARIAITE & FHipRol

12.#x=  The charge on capacitor in two different RC circuits 1 and 2 are plotted as shown in figure.

(fRu ¢ foam # <1 <rav1-srer RC ulRuel 1 qom 2 § |aniRa uR amaer 1 I g1 fe=aman wram 7))

o t
Choose the correct statement(s) related to the two circuits.

(@1 uRe ¥ TR @ B @ ghY)
(A¥) Both the capacitors are charged to the same magnitude of charge
(@M1 FeTRT Te & uRATT T IMmafra i 1)
(B) The emf's of cells in both the circuits are equal.
(@ uRu # 98 &1 f3. a1, g1 SRS BT )
(CY The emf's of the cells may be different
(38 &1 fA. a1, g1 37T B Al B 1)
(D) The emf E1 is more than Ez
(E1fa. a1, 91, E2¥ &1 8T )
Sol. (A,C)
gmax = Qo1 = qo2 = Both capacitors are charged up to the same magnitude of charge
Qmax = Qo1 = Qoz = &I HHRF FAM URHACT & 1A qH AR B8R
2>t
R2C2 > R1C4
go1 = C1V1=qo2=C2 V2
Ci=C2
So 4T V1 = Va.

13.# The instantaneous charge on capacitor in two discharging RC circuits is plotted with respect to time in
figure. Choose the correct statement(s) (where E1 and Ez are emfs of two DC sources in two different
charging circuits and capacitors are fully charged).

Ty Rl RC uRuy § FemiRs tR dreifores Sider & 99g @ | 9 19 2 § g T g | A 98
FUHl B A (T8 Eq R E2 Q) e o)1 919 & fAangd, <1 A= smaee uRuy & fog 2 ik danR

SR URCICINGEIN
q
Ormax} 1
2
o t
(A*) R1C1 > R2C2 (B) ;<% (C*)R1>R:2if af€ E1 = E2 (D) C2> Crifafs E1=E2
2 1
Sol. t1>12

RiC1>R2C2  for same Qmax T & forg
qo1 = Qo2 = E1C1 = E2C2 lfafe Ei1=EFE: > C1=C2=> Ri=R2.
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Capacitance / ﬂ—

14.

Sol.

Capacitor C1 of the capacitance 1 microfarad and capacitor C2 of capacitance 2 microfarad are
separately charged fully by a common battery. The two capacitors are then separately allowed to
discharge through equal resistors at time t = 0.

(A) the current in each of the two discharging circuits is zero att = 0.

(B*) the current in the two discharging circuits at t = 0 are equal but non zero.

(C) the current in the two discharging circuits at t = 0 are unequal

(D*) capacitor C1 loses 50% of its initial charge sooner than C: loses 50% of its initial charge

|YIRF Ct BT gIRAT 1 ATZHIBIS Tl FHRA C B IRAT 2 HAGHIBIS & | Al DI ATT—AT FHIA
IS gRT Ul ARG B &1 t = 0 W QA1 FEIRFT B FHM TRRIY §RT -3 FRIERE faban
I B |

(A) U® QA1 FRTafR aRuell # t= 0w a1 T B |

(B*) Tt fA=mafra gRueli & t =0 IR IRTeR W= A GRT B |

(C) el PRI uRueli # t= 0 U= URT 3R B |

(D*) FeRA Cq YRS 3T BT 50%, FETRT C §RT URMAEG 3 BT 50% TR B Y&l Seal T
<

During decay of charge in RC circuit

RC uRu2t & e & SR

| = log~VRC
- Jo
where &l Ig=—
°"RC
when 1@ t=0,1= Ip =20
RC
C1 Cz

|t [t
v v

Since potential difference between the plates is same initially therefore I same in both the cases att= 0

and is equal to

i g | wicl & Heg fauarR 9 & | 39y t= 0 ®1 a1 Reafd § 1g|E 8 ik I8 21
QD _V
[=—"=—

" RC R

Also 37d: g = qoe /R, When &9 q = %0 then & q?o = qo e¥RC

= e*RC =2,
L =/n2
RC

= t=RC loge 2

= t o« C. Therefore time taken for the first capacitor (1uF) for discharging 50% of Initial charge will
be less.

toc C, 31a: o FUIRA (1uF) ® URM™IH A & 50% T FRIART 89 § &7 969 o |
(B), (D) are the correct options.

(B), (D) & faweq &

15.#x  In the circuit shown in figure the switch S is closed att = 0.

feg M o § t=0 WR HoN S BT g HR a1 o 8 —

R, R,
R,
E R,
L. T°
S

A long time after closing the switch (T FHI T® Holl B §71 B D d15)
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Capacitance / ﬂ—

Sol.

(A) voltage drop across the capacitor is E

(FeRa R fawa ga= E 8rm)

(B¥) current through the battery is ——
R{+R, +R3

@cd i e & g
R{+R, +Rj3
2
(C* energy stored in the capacitor is 1C (Rp +Ry)E
2 (Ri+Ry,+R;3
2
(@R § wlRd wo 1c (e tRE
2 Ri+R; +Rj3

(D*) current through the resistance R4 becomes zero

Rq UftR1g # 9§ yafed gRT 3= 81 SR
A long time after closing the switch, system comes in steady state and no current flow through
capacitor.
Circuit :
T AT TH BHoll DI 91 B B 918, BRI RARA fa=en H 3 A & GIIRT ¥ BIg gRT Yared ol
eI |

m
—
—

- AANNA
X

__E
R{+R,+R;3

2
energy stored in battery 9 # HUEd Hul = 1 ove=1c[E_Rs*Ry)
2 2 Ry+R, +R3

SECTION (E) : CAPACITOR WITH DIELECTRIC ~ TRTIg[d & WTf HeTRA

16.

Sol.

The terminals of a battery of emf V are connected to the two plates of a parallel plate capacitor. If the
space between the plates of the capacitor is filled with an insulator of dielectric constant K, then :
T VR a9 @ 98 & RR ta 9AmR g 9UiRE @ wiel 9 OS2 At wiel & " wE K
WRIEATD BT IATeD yarf W fear Sy
(A*) the electric field in the space between the plates does not change
(=S & Aeg SuRerd fgga e &1 719 uRafda =& grm)
(B*) the capacitance of the capacitor increases
(FaRE @1 e1Rar 9 SRet)
(C*) the charge stored in the capacitor increases
(FeaRE ¥ |ufed Ade 9§ SIRAM)
(D) the electrostatic energy stored in the capacitor decreases

(R # Fufdd Rer dga ol g )

(A,B,C)
E= % = remains constant smafRafia g
C' =KC = Increase S
Q =KQ = Increase d&M
= % KCV2= KU = Increase S
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Capacitance / ﬂ—

17.

Sol.

18.

Sol.

19.

A parallel plate capacitor of plate area A & plate separation d is charged to a potential difference
V & then the battery disconnected. A slab of dielectric constant K is then inserted between the plates of
the capacitor so as to fill the space between the plates. If Q, E and W denote respectively, the
magnitude of the charge on each plate, the magnitude of the electric field between the plates (after the
slab is inserted) & the magnitude of the work done on the system, in the process of inserting the slab,
then :

T AR U FEIRA 9@ =i &1 83hd A 1 I @il @ 419 g0 d 8, &1 V e a& smafda
PR B 918 9l B Bl fordl S 8, TUT Wil & 41 WRiagdie K 1 gered wR e i 21 3k Q,E,
AR W P TS ©Ic UR A HI GRAV, ©iel & 919 Iga &5 &1 aRAv (IfEgd /W $ 9K8) iR
ufgdT X @ ufhar § e w5 = S w1 gREmr @), ar —

e, AV e, KAV \Y; € AV? 1
A*) Q=9"" B)Q= 0" CE= — DYyW =021 fq_ -
(A") Q (B) " ()KOI (D) Zd(Kj
(A, C, D)
c= DA c=K<A Q=cv= SKAV Ans

d d d
Q=CV=CV4 = V1=X E=£=l Ans
K d  Kd

2 2 2
W=U-U=+cve tovpe=1 S AT 1K AV e AVIL, 1 Ans
2 2 2 & 2 d (K 2d K

The plates of a parallel plate capacitor with no dielectric are connected to a voltage source. Now a
dielectric of dielectric constant K is inserted to fill the whole space between the plates with voltage
source remaining connected to the capacitor.

Th R Ug 9uiiRa e o8 widgaie 98 B 6 wiel @ fiva S | Srer 9 g1 /e K
WIS B Ured Pl ©Il B F AU @I A W) A1 S © o fawa Sd ol W geT gen w1 al

(A%) the energy stored in the capacitor will become K—times
GoRT ¥ G SoTt KT 9 o |

(B) the electric field inside the capacitor will decrease to K-times
[T & ar<x g &= K A1 49 81 e |

(C*)  the force of attraction between the plates will increase to K2 — times
e & A ATHT g K2 AT §¢ SR |

(D*)  the charge on the capacitor will increase to K-times
|RA TR A K-T[A1 9 SIRAT |

(A,C,D)

Battery connected V = constant

I I 8% © V =R

U = % KCV2 = KU = Increase by K-times K- §& SR

\Y%
E= Fl = constant 3=R

2 2y/2 2(2y/2

F= Q = F=CV = F'=KCV = K2F

2 €p A 2 =) A 2 €p A
= Increase by K2—times ~ K2— T &4 &1 SIRIM
Q=CVv = Q=KCVv=KQ = Increase by K-times. KA1 9 SR

A parallel plate capacitor has a dielectric slab in it. The slab just fills the space inside the capacitor. The
capacitor is charged by a battery and the battery is disconnected. Now the slab is started to pull out
uniformly at t = 0. If at time t, capacitance of the capacitor is C, potential difference across plate is V, and
energy stored in it is U, then which of the following graphs are correct ?

/\
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Sol.

Teh FHIRR Ug GoTRA &1 @ici & 4" wRidgd ufedl Rerd & | ufgdl wiel & 9" & F @ ey 4 4R
Tl B R BT U 98 | Il far Smar g iR 9Tk @1 ger faar orar 21 9| t= 0 W ufgdt &
TS M $9 | 9 B R diar ofrar 2 | afe f6@ a9g t R GarlRa a9t ailRar C, @il @ A favarR
ViR GUEd Soff U &1 a1 39 & 9 9 7T a8 © —

L~ el el e
V—> C— t —

t—»
Capacitance of capacitor is SemR= @1 &MRar 8 = Co = %

- x=Vt
4—X>4#><—>

—>\/

€p aX+k €p a (L_X)
d d

C=

C= ?[H k(L-x)] = ajo [kL—(k—1)x] = ?[kL—(k—nvt]
So, C decreases linearly with time eIy C 999 & A1 Y& ®U ¥ gl B |
Charge on capacitor FITR= TR 3d3 Q = CoVo = kez% Vo = constant.faa
Potential difference across plate is el ® RRI wR fayarR
V= 9 - M = V o l

C C C
V= Vo

a%[kl_ — (k=]

Potential energy ReIfist SwifU= — QV = — CoVo.V = UxV Ans

N| =
\CH N

20.=. A parallel plate air capacitor is connected to a battery. The quantities charge, electric field and energy

Sol.

associated with this capacitor are given by Qo, Vo, Eo and Uo respectively. A dielectric slab is now
introduced to fill the space between the plates with the battery still in connection. The corresponding
quantities now given by Q, V, E and U are related to the previous one as ;

(A*) Q> Qo (B)V > Vo (C)E>Eo (D) U>Uo

FAR g arg |ETRE 1 90 A Sirel O ¢ | 39 9uTRa 3 Gafda ik, s, fava, faga &= den
Sl B Qo, Vo, Eo T Uo & | S8 31 FS! g3 Rfd # @0 g 9@ wIcl & 99 WIF $1 WRIAgdidh
ugref gRT )T 7T B, A Wefd Wi Q, V, Eden U 81 9kl 2 | @1 Ugel arell IR & R’ e 8 |

(A*) Q> Qo (B)V > Vo (C)E>Eo (D*) U > Uo
V, v,
Potential difference = Vo Potential difference = Vo
Capacitance = C Capacitance = KC
[K is the dielectric constant of Slab K > 1]
Qo =CVo New charge = KC Vo
Potential Energy = % CV¢? New potential energy = % KC V¢?
=R = Vo faaR = Vo
giRkar = C gTRar = KC
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21.

Sol.

K ufeea &1 WRIagda® & 1K > 1]
Qo =CVo a7 39 = KC Vo

ﬁeﬂ%ﬁrwf:%cvoz aéﬁeﬁ%mwh%mvo?
Correct options are (A), (D). fd®ea (A)d (D) W= 21

On a parallel plate capacitor following operations can be performed.

P — connect the capacitor to a battery of emf V

Q - disconnect the battery

R — reconnect the battery with polarity reversed

S — insert a dielectric slab in the capacitor

v AR & forg oy ufhard @1 o 2

P — weRa &1 f&Hl g arsd 901 @ 9 | SreT o 2 |

Q - 9 P FERT W€ B |

R — fauRa gavrar & @1t 2@ &1 g: Sirer o1 2

S — uRa § Ue WRIdgd ufed! Sl ol B |

(A) In PQR (perform P, then Q, then R), the stored electric energy remains unchanged and no thermal
energy is developed

(B*) The charge appearing on the capacitor is greater after the action PSQ then after the action PQS
(C*) The electric energy stored in the capacitor is greater after the action SPQ then after the action PQS
(D*) The electric field in the capacitor after the action PS is the same as that after SP

(A) PQR (T8al P, v Q, fihr R), § Gu€id Soff 3aRafdd vedl 8 &R oI$ ardia Sofl S =8l 8l 8 |
(B*) PQS Ufshal & 18 &1 Jai= ¥ Ulshdl PSQ & 918 WA UR (a9 37f¥& &Il ¢ |

(C*) PQS Ufshan & a1 &I Joa H Ufshar SPQ & 18 GRA H GUSI SHoll AfF B[l 2 |

(D*) 9fshar PS 3R ufssan SP & wuilRa & wicl & 99 g &= w99 a1 2|

In PQS process charge on capacitor is Q = CV
In PSQ process charge on capacitor is Q' = KCV

Electric energy stored in PQS is = % CVv2

Electric energy stored in PSQ is = % KCVv?

Upsa > Uras

Electric field in PSis E =

Electric field in SPis E =

o< al<

Eps = Esp

PQS ufhar & FenmRs or smaw Q = CV
PSQ ufshar # GRa R 3199 Q' = KCV

posﬁwﬁaﬁﬁgawh%cvz
Psoﬁmﬁﬁﬁgawh%mvz

Upsa > Upras

PsﬁﬁgﬁfﬁaE=%
SPﬁﬁ’gﬂ@ﬂE=%
Eps = Esp

/\
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PART - IV : COMPREHENSION

HIT - IV : TS (COMPREHENSION)

Section (C) : Combination of capacitors

Tug (C) : |9l &1 waree

Comprehension # 1 3J®T

Sol.

Capacitor Cs in the circuit is a variable capacitor (its capacitance can be varied). Graph is plotted
between potential difference V1 (across capacitor C1) versus Cs. Electric potential V1 approaches on
asymptote of 10 V as C3 — oo.

gRuy § HemiRa  Cs uRaca |@aiRa § (3H@! &1iRdl 98l ol Waball 8) | fawaraR Vq (Fa1Ra Cy ) @
Cs & wWed UT% Wil e 2 | faga fawa Vi, 10 V& o= TRl @ iR ggadl @ 919 Csz —

10,

072 4 6 8 10 12

Cy(uF)
EMF of the battery is equal to :
I8 BT fJogroger RIS B —
(A*)10V (B)12V (C)16V (D) 20V
The capacitance of the capacitor C1 has value :
HAgIRT Cr Y enRaT &1 A9 & —
(A)2 uF (B)6 uF (C*)8 uF (D) 12 uF
The capacitance of Cz is equal to :
JRA Co B &Rl S_16R & —
(A*) 2 uF (B)6 uF (C)8 uF (D)12 uF

When Cs = « , there will be no charge on C2

99 C3=o0, 8 T9 C2UR Pl AMCY &1 8 |
L 1
I

As Fifés Vi=10V therefore 3/: V=10 V
From graph when 3T% & /9 Cs =10 uF, 8 @@ V1=6V

cwl Y

—10V
CJ‘_ av 10uF
T T
Charge on C1 = Charge on C2 + Charge on C3
C1TR 3MAY = C2UR AMEY + Cs WA@Y
6C1=4Cs +40 uC e (1)
Also when 3R 51 C3=6 uF, Vi =5V
Again using charge equation G: 37d% FHIGRUT ST SUIRT I T

Vv C,
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Capacitance /

C l 5V
10V 1 1
Cz‘_lli_ 5V —|—6pF
5C1=5C2+30uC (2
Solving (1) and (2)  HIBRoT (1) 3R (2) BT A B W)
Ci=8puF
C2=2puF.

SECTION (D) : EQUATION OF CHARGING AND DISCHARGING

AT 9 RIS & FHIHRT

Comprehension # 2 =
In the shown circuit involving a resistor of resistance R Q, capacitor of capacita

nce C farad and an ideal

cell of emf E volts, the capacitor is initially uncharged and the key is in position 1. At t = 0 second the

key is pushed to position 2 for to = RC seconds and then key is pushed back
seconds. This process is repeated again and again. Assume the time taken to
to 2 and vice versa to be negligible.

to position 1 for to = RC
push key from position 1

o # e 1w gRuy # uftRig (RQ), wanfRs e1Rar (C) @ uab ieel | (fdo d@lo 9a E dlee )z, WemiRa
UR™ W SAEARIT & T ol RafT 15 81 t =099 W goil & RAfT 2 R to = RC IPvs & oIy gaven

S & dor fhR @oll B RIfd 1 )R to = RC Jdvs & g fR | gaen S

2| 39 UHH Bl IR—aR

gRIad foar S 21 g "y 5 Rafd 19 Refy 23 g &1 geem & o Rafa 29 Rafd 14 gaem

H forar T qHg W0y R |

4.x The charge on capacitor at t = 2RC second is

t = 2RC Ypvs TR TR TR 39 B —

(A) CE (B) CE (1—1J (C*)CE (l—iz) (D) CE(1—1+izj
e e e e e
5.a The current through the resistance att = 1.5 RC seconds is
t=1.5RC 94®vs W UfcRIg # yarfed &r1 81 |
E 1 E 1 E 1 o E 1
(A) ﬁﬁ—g) (B) R (©) E“_E) (D%) JoR (1 e)

6. Then the variation of charge on capacitor with time is best represented by

TGIRT TR AT B A1 A BT YRac= 7 B |
q

1
U

(A) t (B)

QI/\/\/\ Q[ /_\ i j
(C*) (D) t

Sol. Fort=0to to = RC seconds, the circuit is of charging type. The charging equati
t

q=CE (1-e RC)

Therefore the charge on capacitor at time to = RC is q, = CE(1 —%)

on for this time is
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For t = RC to t = 2RC seconds, the circuit is of discharging type. The charge and current equation for
this time are
t=ty q tt,
=q,e RC and i=—2g RC
q=9, RC
Hence charge att =2 RC and currentatt = 1.5 RC are
q

t
_2RC-RC

a=qe & =% _lcgq Ty
e e e

_1.5RC-RC
B re __% __E

= =——=—(1
RC JeRC ~ JoR"
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
Sol. t=0%t,=RCHAI & fory, gRues Sraeiiexel &1 TRE &1 2| 59 F9I & o7y defiavor &1 FHievor 8Rfl
t
q=CE (1-e RC)

and i —l) respectively
e

4oy WS R MY & 9 to = RC WR g, qO:CE(1—é)
t=RC 9 t=2RC I%vs d&h RUY FRIARIGHIO aRE &1 B | A MY T IRT BT AHIDGIU 59 T9I B o1y

B
7t7t0 q ,ﬁ
=q.e RC AR i=—tge RC
q=0s RC
3 t=2 RC UR 319 df t = 1.5 RC TR &7 Y9 B |
q
t
_2RC-RC 1 1
q=gee R =T -—CE1-)
e e e
1.5RC-RC
i— % o RC :q_o:im_l)g‘q
RC JeRC eR' e

Ffd AGRA t = 2RC ¥ t= 3RC FHI AR ¥, t = 0 A t = RC FHARRIA B JoI1 H AWH I T80T
53 gy BT ® or: omaw faawer U # fIwmn WA B |
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~
-
J

. Marked Questions can be used as Revision Questions.
= fffed vea <™ AT a4 B

* Marked Questions may have more than one correct option.

* Rifegd U991 o ¥ e Od Rdey arel UeA § -

PART -1 : JEE (ADVANCED) / lIT-JEE PROBLEMS (PREVIOUS YEARS)

AT -1 : JEE (ADVANCED) / IT-JEE (OBl auf) & ue

1#

Ans.

Sol.

2.#

Attime t = 0, a battery of 10 V is connected across points A and B in the given circuit. If the capacitors
have no charge initially, at what time (in seconds) does the voltage across them become 4 V?
[Take : /In5=1.6,¢n3=1.1] [JEE' 2010 ; 3/163 ]
TE 10 e B e AR B figell wm - Ry M uRuy # @99 t=0 R WS 9 21 Ik |HarlRa o
U | BIg W 3w F B O fhde 9w (Advs H) § AR R diecar 4V B8R ?

[T/ 5=16, /3 =1.1]

2MQ 2uF

2MQ 2uF

t=2sec
Equation of charging of capacitor,

FIRT & A Bl FHIDHROT
V= Wy (1-e )

Ceq=2+2=4uF
Req=1MQ

t
4= 10[1 _ e7106><4><10_6 ]

e =06
t4 _

/m5-/n3

w|o;m
U
N~

= e
= t=05x%x4
t=2sec. Ans.

A 2uF capacitor is charged as shown in figure. The percentage of its stored energy dissipated after the
switch S is turned to position 2 is [JEE' 2010 ; 3/160, —1]

(A) 0% (B) 20% (C) 75% (D*) 80%
T 2 uF 9uiRE &1 fF 4 RErR gaR e fear = 8| 9aiRa § |fa ol & fas gfoea &1
T Raa S &1 Rafd 2 # g5 & 91g 81 | [JEE' 2010 ; 3/160, —1]
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-

|

® Oon
|
[

V — =
2uF 8uF

(A)0 % (B) 20 % (C)75 % (D) 80 %
Ans. (D)
\‘ZV __8&F
pE— 2uF +2v—x x
v —2&/ - :ZZZHF T
—X
Sol.
Ui= 1(2)v2 , Veommon = v
2 5
2
1 \Y
U= — (2+8) | —
=3 ( ) (5}
V2
Vi
Y=t 400 = —5 x100
U, Y
4
Ex100 = 80% Ans.
3.# In the given circuit, a charge of +80 uC is given to the upper plate of the 4uF capacitor. Then in the
steady state, the charge on the upper plate of the 3uF capacitor is : [IT-JEE-2012, Paper-2; 3/66, —1]
R T uRuy # 4pf & FGIRFT B FT e W +80 pC Ay & Srar 81 a9 ReRr arawen #, 3uF
JERT B HU ©IT IR AT BT [IT-JEE-2012, Paper-2; 3/66, —1]
+80uC
—|— 4uF
2uF —~ —— 3uF
T
(A) +32 uC (B) +40 uC (C*) +48 uC (D) +80 uC
Ans. (C)
C
Sol. = SEE
®=C,1C,
3 3
= x80=— x80=48 uC
®= 302 5 "
4.7# In the circuit shown in the figure, there are two parallel plate capacitors each of capacitance C. The

switch S+ is pressed first to fully charge the capacitor C1 and then released. The switch Sz is then
pressed to charge the capacitor C2. After some time, Sz is released and then Ss is pressed. After some
time.

o & <oy uRuy #, | TR @Il 9 FaTiRAT § g% @ giRar C B | IR § R Sy d1 gqrn
S & A1 [ETRE Cqr 4o ®U | ARG 81§ | 39 918 S 31 Big a1 Sl 2 | sds yzan] \ema
Co 1 AR B & o Raa Sz B AR O 8| B G @ 918 Sp Bl BIST QAT Sa1 & T S3
B TG ST & | FB 9 918 —
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Ans.
Sol.

Hindi.

5.5

Ans.
Sol.

[JEE (Advanced) 2013, 3/60]

0o 0T —

the charge on the upper plate of C1is 2CVo

(A) *) the charge on the upper plate of C1 is CVo
(C) the charge on the upper plate of C2is 0
(A)

B*)
D*) the charge on the upper plate of C2 is —CVo
B*) C1 @ &) wic TR CVo? |

)

D*) C2 & HU wic TR —CVo a9 B |

C1 & FW I TR 2CVo MY B |
(C) C2 @ FUN wiT U I AW B |
(B,D)

When switch S+ is released charge on C1is 2CVo (on upper plate )

When switch Sz is pressed charge on C1 is CVo (on upper plate ) and charge on Cz is CVo (on upper
late

\F;Vher)1 switch S2 is released and switch Ss pressed charge on C1 is CVo (on upper plate ) and charge on

C2 is —CVo (on upper plate)

9 Foil Sq @rell SIRil 8, C1 IR 3MFe 2CVo © (ST ©ie R )

T Hofl S TGN SR B, Cq TR 3MAW CVo B (ST Wie TR ) TAT C2 TR 3MA™ CVo? (T =i W)

T FHofl S;@Tell G Ss AR WRA 8, Cq R MY CVo B (FT =T W ) JaT C2 W AL —CVo B (J

T W)

~ o~~~

A parallel plate capacitor has a dielectric slab of dielectric constant K between its plates that covers 1/3
of the area of its plates, as shown in the figure. The total capacitance of the capacitor is C while that of
the portion with dielectric in between is C1. When the capacitor is charged, the plate area covered by
the dielectric gets charge Q1 and the rest of the area gets charge Q2. Choose the correct option/options,
igonoring edge effects.
7 ¥ Iy U U AR Ufcedl WETRA @1 ufeedmeil & I/ @ WRaEdid K &1 U ORIaEd
(Dielectric) eadT Ufg®miai & &% & 1/3 R THal & | GRS B ot &MRkaT C B, Safds I8 9N, el
WRIGET T[eHT T 3, B GIRAT C12 | FITRF B MIART B R UfgHIA & I 9N H Sfal URI9EA &
2, 3T Qq TAT AN &=l H IAY Q2 FHIRET Bicl 8 WRIagd § fAg[d &3 Eq den ¥y w1 4§ faea &
E2® | ®IR UMIa (edge effects) 3 SU&r dxd gY F&l fAdey,/fRAwedl &1 gy |

[JEE (Advanced) 2014,P-1, 3/60]

E E 1 Q 3 C 2+K
A*) =L =1 B) —t=— C) == D*) —=
()E2 ()E2K ()QzK ()C1 K
(A), (D)
C= K80A+280A
3d 3d
Ci= KepA
3d
2:2+K Ans. (D)
C, K
Vv
Ei=E= —
1 2 q
= 3_1 Ans. (A)
E,
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6.#

Ans.

Sol.

7>

Qi1=CV = MV
3d
Q2=CV = 2e0A \Y
3d
Q, K
= ===
Q, 2

A parallel plate capacitor having plates of area S and plate separation d, has capacitance C1 in air.
When two dielectrics of different relative permittivities (1 = 2 and &2 = 4) are introduced between the

two plates as shown in the figure, the capacitance becomes Cz. The ratio C. is
1

U AR e FaTRA &I ufeamisll &1 &a%hd S a1 ufceaell & d= § g3 d 3 do1 s9&) 9 4
gIRAT C1 8| 919 Ufeeddll & Wed QI AN ATUE URTIEIDI (1 = 2 TAT g2 = 4) b URTAEA UG
R FRATGER (W 9K 8 99 39 UbR a7 99 AL &1 a1Rkar C2 81 Wil & | 79 31U 2 |

[JEE (Advanced) 2015 ; P-2, 4/88, -2]

dr2

(A) 6/5 (B) 5/3 (C)7/5 (D*) 7/3
(D)

C C'
—
b —
a c
S
C1= EoA C= 2805 - 2808
d d d
2
S S
" 4805 - 4808 . w_ 2805 - S
c'= = , c'= =
d d d d
2
C—C C'+C"_4EOS+EOS 7605
ciC' 3d  d 3d
G 7
C, 3

In the circuit shown below, the key is pressed at time t = 0. Which of the following statement(s) is (are)
true?
9 e T gy § 999 t = 0 W 9e4 (key) BT <9 1 B | f=falad § @ eEN/aR dUe
|qA B/°

[JEE (Advanced) 2016 ; P-2, 4/62, -2]
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Ans.
Sol.

key 5V

D*) The current in the ammeter becomes zero after a long time

(
(
(
(
(
(

(C*) 1 second & q1g FfIeR H YRT URFE GRT H1 1/e o BT B
(D*) &9 9T & 918 3MMIeX ¥ URT I 8 IIRN ©

(ABCD)

t
q1 = (200 x 10-3) {1—e 1}

t
g2 = (100 x 10-3) {1—e 1}

% = (50 x 103)%
C dt

(200x10_3)(1—e_t) _

40x1078
10°
1-et) — =50 x 103(e
( ) - (e™)
l:e—t
2
t=/¢n2

(50 x 103)(100 x 10-3)[e-"]

| = 1+ I2= (200  10)(e) + (100 x 10-9)e-

=100 x 10-32e + ]
= (300 x 10-3) et

A*) The voltmeter displays —5 V as soon as the key is pressed, and displays +5 V after a long time
B*) The voltmeter will display 0 V at time t = /n 2 seconds
C*) The current in the ammeter becomes 1/e of the initial value after 1 second
)
)

A*) g Bl SO B diecdiex —5 V fiwrdr § Wafe o 998 & 915 91 +5 V e g
B*) ¥¥Y t = /n 2 seconds TR dlceHIcR I diee fwrdn 2
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_ [300x107°
e

Att=o00 TX, 1=0

8. An infinite line charge of uniform electric charge density A lies along the axis of an electrically
conducting infinite cylindrical shell of radius R. At time t = 0, the space inside the cylinder is filled with a
material of permittivity ¢ and electrical conductivity o. The electrical conduction in the material follows
Ohm's law. Which one of the following graphs best describes the subsequent variation of the magnitude
of current density j (t) at any point in the material? [JEE (Advanced) 2016 ; P-1, 3/62, -1 ]

TP BRI fAgdarae daa @ S R2 | 969 & & W e oFd Y& fagd amaw Red @
RTA®HT (HHAH Y& O L8| 909 @ 3&R Bl i8I 9T t= 0 W TP ya1d | 9_1 ol 7, R
RIfER® ¢ Td fAgdarasdal oo | yaed § fIgd smaw @1 anaddar 3 & =99 (Ohm's law) &1 AT
FRA B | WA qHg § et A f iy R g o1 ' j (1) & aRAT § gRad b1 da 31T
JoiF BT S@IE BT 2?

Jj® j )
(A) (B)
t t
(0, 0) (0, 0)
J(t) J ()
(C") (D)
t t
(0, 0) (0, 0)
Ans. (C)
Sol.

- =~

~ |

Suppose charge per unit length at any instant is A and initially it is Ao
electric field at a distance r any instant is
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Capacitance / ﬂ—

AT {4107 SHhIS oTHTS UX ST A AT IR § T8 Ao
el &1 r 8 R fIga &=

E=_
2ner

J=o »
2ner

99 _ yA)=—Jx 2nr0
dt

%:— M x c27rl
dt 2ner

PARAGRAPH -1
Fge-1
Consider a simple RC circuit as shown in figure 1.
Process 1 : In the circuit the switch S is closed at t = 0 and the capacitor is fully charged to voltage Vo
(i.e., charging continues for time T>> RC). In the process some dissipation (Ep) occurs across the
resistance R. The amount of energy finally stored in the fully charged capacitor is Ec.

Process 2 : In a different process the voltage is first set to % and maintained for a charging time

T >>RC. Then the voltage is raised to % without discharging the capacitor and again maintained for

atime T >> RC. The process is repeated one more time by raising the voltage to Vo and the capacitor is
charged to the same final voltage Vo as in Process 1.
These two processes are depicted in figure 2.

Th AR RC uRuy &1 <Rad, S = 1 (Figure 1) # @i mm 2

U 1 (Process 1): t = 0 R Ra= S gR1 uRuy gui fhan Sl @ vd @enRa qof & | dleedr Vo &
IEART 8 S 8 (T>> RC W9y T Y0 daial Redl ©) 59 Uhd A Uikl R & gR1 §®8 fAga—sel
&3 (energy dissipated) Ep B8Rl © | qof U 9§ maf¥d @eiR= 9 A o1l (stored energy in a charged
capacitor ) &1 #19 Ec B |

WshH 2 (Process 2) : T 37T UHA § Ugd %aﬁm?ﬁrmﬁmwT»RC$m3ﬂT@ﬂﬁm

S ® SR a1 |eiRa saw fawsi & ¥wa @1 T >> RC a%ﬁrrqagﬁéﬁaﬂ‘cr‘»a‘lamaﬁ%a’cﬁ

FETIT ST & | dleedT B Vo O de™ @& U I8 Ush¥ Ud 3R IR Qe ol © | |uRy & sifaw
dreedt Vo (O & gpd 1 #) T& malRia feanr oiman g |
T wshA o 2 (figure 2) # e U R |

/\
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Capacitance / ﬂ—

Ans.
Sol.

10.

Ans.

Sol.

VA
Process1
VO : —>
A
s 2Vo/3 1 :—'
—00\_/\/\/\ ProcessZ’I\ T>>RC
R Vo/3 +——>—
+ ——
VO °T — -
T 2T t
Figure 2

Figure 1

In process 1, the energy stored in the capacitor Ec and heat dissipated across resistance Ep are related
by :

[JEE (Advanced) 2017 ; P-2, 3/61]
yHA 1, § GuIRA # Gfaa ol Ec 3R iRy R gRT $ofl &1 Ep # 9+ 2 |

(A) E, = %ED (BYEc=EpIn2 (C) Ec = 2Ep (D) Ec = Ep
(D)
Ec= lCvo2 ; Ep=VoCVo-— lcvg
2 2
= l(;v2
2 0
.. Ec=Ep

In process 2, total energy dissipated across the resistance Ep is :
U%HH 2 P IR URRIY & §RT $ol & Sull Ep 8 | [JEE (Advanced) 2017 ; P-2, 3/61]

1 1(1
(A)Ep =3 [Ecv(fJ (B) E, = E[Ec:vgJ
(C) E, =3CV2 (D) E, = %Cvg
(B)
VoSV 1o(Ve) _CV oV
o313 ) 2713) 9 18
_ O%
18

g, 2% [20Ve CVol |1o(2%) 1.V
D-""3 | 3 3 27\ 3 2713

313 2] 9 o9
(2.1 3love=[2-Dove (1228 cvz
9 2x9 9 6 9x6
1 2
EDZ_ECVO

/\
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Capacitance / ﬂ—

1.

Ans.

Sol.

2
2CV, 1 > 1 2V,
1 4
CVZ ——CVZ|1-=
- 30 |1-5 ]

= (1S eve —[8=0cvz = [ L |ovz
3 18 18 18

Total @1 = iJriJri cVZ
18 18 18

w| =

-3
18

Ep= > lCvo2 1 1CV§
9|2 32

cV¢

Three identical capacitors C1, C2 and Cs have a capacitance of 1.0 uF each and they are uncharged
initially. They are connected in a circuit as shown in the figure and C1 is then filled completely with a
dielectric material of relative permittivity . The cell electromotive force (emf) Vo = 8V. First the switch
S+ is closed while the switch S: is kept open. When the capacitor Cs is fully charged, S+ is opened and
Sz is closed simultaneously. When all the capacitors reach equilibrium, the charge on Cs is found to be
5uC. The value of &= .

A gHaA |WETRAT (identical capacitors) Ci, C2 3R Cs # Ud @1 &1Ral 1.0 uF g 3R gwend # d=i

JeRAT 3MMAfIT (uncharged) & | 1 FenRal &1, S f& for # <@l w8, e aRuer (circuit) #

SISl 7 & 3R 9P 91§ Ct H g Y& RIS (relative permittivity) &1 T WRTagd (dielectric) ugred

quid: ¥RT ST 2 | A (cell) o1 fagd a8 9 (electromotive force, emf), Vo = 8V & | w3 H FHoll

(switch) S1 9= 8 3R FHol Sz Gell © | FMRA Cs & YR k8 AR (charged) 89 & 918, & & 9d 4

TEh A1 (simultaneously) ol S1 &1 @idd & Sar 8 3R §oil Sp @ 91 &< A1 A1 © | o9 a9

ATRE AFITaReN (equilibrium) H o W 8, T9 WeMRE Csz UR 5uC &1 SMAY UrAT ST 2| g BT HM
2 [JEE (Advanced) 2018 ; P-1, 3/60]

Vo ’
ol [ 52\
S C, L3

SN —

1.50

/\
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Capacitance /

s
| |8r i
Vo=8V T T
qu AqQ
=T —q __CVo-q
I
-
CVO—q_i_ﬂ=0 CVO—q:5
C ¢C C C
5= ﬂ(ni) 8C-q=5C
Cc €,
=3(1+ij = q=3C
gr
5 1 12
— _1 + — = — = —
3 € e 3
&= E =1.5
2

12.*

In the circuit shown, initially there is no charge on capacitors and keys S1 and Sz are open. The values

of the capacitors are C1 = 10uF, C2 = 30pF, and Cs = C4 = 80uF. Which statements is/are correct :
yelRid gRuer ¥, JR™ 3§ FEIRET TR PI AT &l § 3R FHoil Sy 3R Sy Fell & | FRE & 7
C1 = 10pF, C2 = 30pF, 31k Cs = Cs = 80pF & | fFraforRaa swemi & 9 a1 () I8 8(8)?

Cq

|

[JEE (Adv

(s
Czl
T 10V
Q
100Q2

2

Cs]
70Q

Cs v
S/ P I |_| 3265
0

anced) 2019 ; P-1, 3/62]

(A) The key S1 is kept closed for long time such that capacitors are fully charged. Now key S: is closed,
at this time the instantaneous current across 30Q) resistor (between points P & Q) will be 0.2A (round

off to 15t decimal place).

(B*) If key S1 is kept closed for long time such that capacitors are fully charged, the voltage across C+

will be 4V.
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Capacitance / ﬂ—
(C*) Attime t = 0, if the key S1 is closed, the instantaneous current in the closed circuit will be 25 mA
(D) if S1 is kept closed for long time such that capacitors are fully charged, the voltage difference
between P and Q will be 10V.
(A) BT S1 P! dd 9T B Y 39 UHR § @1 Ol & b |l AemiRa qui a8 9 € | 319 ol

So Bl 95 fhar ST & 99 39 9T WR 30Q & RN (P &R Q & #eu) § Aretfdrd (instantaneous) EIRT
BT A 0.2A B | (GIFAT & U2H W dd ISS 3AT% (round off)

(B) Al @Sl St 31 &d AT & oIy 39 UHR 93 fba1 S 6wl |AenRa qui amafRe 81 Sy a9 |qgiia
C1 W 4V &1 fawa grm |

(C) FHa t=0 W, 519 Goil S1 P! §5 o oA 2, 99 98 uRu # dweifird (instantaneous) 9RT &1 AT
25 mA BT |

(D) Al HIN St BT &d AT & oY 39 R 95 a1 SY 6 & GaiiRa gof el &1 o @@ fag P
AR Q@ w7 10V H1 fawaiar 8rm

Ans. (BC)

Sol.
11 |y
11 1

% AMAAA

YWYy

Just after closmg of switch S+ charge on capacitors is zero.
Replace all capacitors with wire.

%Gﬁ&ar—q'awﬁ%g?ﬁqﬁrmvmﬁa#wmﬂaﬁ%l
T FIRAT B R ¥ 95T W

SN

i 5v 30Q2
2700
[ 1000
5 5 —— =25mA

70+100+30 ~ 200
Now S+ is kept closed for long time circuit is in steady state

3 S1P o HHY TP 95 B IR URUL WIRA 3w ¥ B g |

[,
. Pqaq 5V _
TqouF  SOMF —=80uF
g q
Q
9,9,9 5.9
10 80 80
109 _
80
g=40puC

V across C1=40/10 = 4 volt
Now just after closing of Sz charge on each capacitor remain same

o C13 RRI R fRfvam=R = 40/10 = 4 volt
T ST g8 B B I U] A FEIRAT UR AL FHAA B
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Capacitance / ﬂ—

13.

Ans.

Sol.

-40,40 5 30Q

11 1
40 10 80uF X=y
10uFJ' 30uF 40
yy 0 Tao
0Q
70
;QOV 1000
A —<—
KVL
—10+xx 30 +40/10+yx70=0
30x + 70y = 6 (1)
40 40
45+ (x—-Vy)30 —— +(x—Yy)x 100-10+xx30=0
20 (x-y) %0 (x-y) X
160x — 130y —6 =0 (2)
y = 96/1510
x = 0.05 amp.

Correct option -2, 3

A parallel plate capacitor of capacitance C has spacing d between two plates having area A. The region

between the plates is filled with N dielectric layers, parallel to its plates, each with thickness & = % The

dielectric constant of the mt" s layer is Km = K(1+%j . For a very large N(> 103), the capacitance C is

O{KdTO :\J . The value of awillbe ___ . [« is the permittivity of free space]
n

g C TRAT aTel TR ©ic AR @& @Icl & 91 & X0 d 8 3R IS ©ic &1 89%d A 2| @l &
T R WM P @IS & FARR az%ﬂﬁaéawﬁNW@@awaﬁéwéﬁélmmwwwﬁw

KEOA
dIn2

m = K(1+%) 2| 989 *1f® N(> 10%) & forg enRan C = 0{
JATPTY (free space) B Iggaiad e, 2]

]%laaﬂm—vr BT | [

[JEE (Advanced) 2019 ; P-1, 3/62]

1.00
x_,dx
»Q
N
W
N
N
N
N
N
N
2
N
N
<—D>
x_b
m N

d[lj o dx dx dx
CJ KneoA o Al1+™] Kkeoal 142X
N D

/\
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Capacitance /

D
1 Id(l) :J Ddx
Ceq C 5 KeoA(D + x)
1 /n2
Ceq KS()A
Ceq = M. Therefore a. = 1
D/n2

PART -1l : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)

T - Il : JEE (MAIN) / AIEEE (Rredt @) @ wed

Ans.
Sol.

Sol.

Let C be the capacitance of a capacitor discharging through a resistor R. Suppose t1 is the time taken
for the energy stored in the capacitor to reduce to half its initial value and t2 is the time taken for the
charge to reduce to one-fourth its initial value. Then the ratio t1/t> will be [AIEEE 2010, 4/144]

T gfeRig R & aiiRal C &1 e wenRa faafsia &1 &1 21 98 99 o & daiRa & awilkd ot &1 oo
URME A9 H OC HR M I8 O H t 9T o7l ® AR AT I U4 URMIH AF F ¢ &R

TH—AIATS I8 S ¥ to A ST B | TG AJUI ta/t2 BT |

1 1
1)1 2) — 3*) — 4) 2
(1) (2) 5 (3% 2 (4)
(3)
Uo‘i I V- - g2t/ _ 1
2C 2C 2 4C
1=~ (n2 (1)
andd q =qo®€ Ll
-t/

%O =q e,

e—tzlr_ 1

tb=2tIn2 (2

v _1

t, 4

A resistor 'R' and 2uF capacitor in series is connected through a switch to 200 V direct supply. Across
the capacitor is a neon bulb that lights up at 120 V. Calculate the value of R to make the bulb light up 5s
after the switch has been closed. (log102.5 = 0.4) [AIEEE 2011, 4/120, -1]

UH feRE® 'R’ IR 2uF wemRa &1 sofishd § U Rag & gRT 200 V A1 9 9 ST o 2|
IR W UH 7 o8 oM 8 S 120 V IR YHIRK 1 Iodl 8| R 9 A &l 01 HIFTQ fTad
f& Rag 95 A & 5s UTANq 9ed THIRG 81 WY | (log102.5 = 0.4) [AIEEE 2011, 4/120, 1]
(1)1.3x104Q (2)1.7x10°Q (3*) 2.7 x 108 Q (4)3.3x107Q

Ans. (3)

/.

|

| I
200V
v =200(1 — e )
120 = 200(1 — e)

oo 200-120 _ 80
200 200
/\ Resonance®
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Capacitance / ﬂ—

Sol.

4.#

t/t =log(2.5) = 0.4
5=(04)xRx2x10°

=~ R=—— 2 ___=R=27x10¢ Ans.
(0.4)x2x10"

Combination of two identical capacitors, a resistor R and a dc voltage source of voltage 6V is used in
an experiment on a (C — R) circuit. It is found that for a parallel combination of the capacitor the time in
which the voltage of the fully charged combination reduces to half its original voltage is 10 second. For
series combination the time needed for reducing the voltage of the fully charged series combination by
half is : [AIEEE 2011, 11 May; 4/120, -1]

Y THEH FeRA, UH UfoRlgd R IR 6V dlecdl @ Udh ARl a1 & SHId @ JdHE 9 T (C — R)
afRuey &1 JANT B S & | 98 i ot @ f GeiRE & SR BF H W uR Yol MR e

P! dieed] TeHR 10 APHvS ¥ Il B N § | WEIRF & SoNHH H B R YOI AR whed b

dreedl P TTH M B9 H FHI [AIEEE 2011, 11 May; 4/120, —1]
(1) 10 second (2) 5 second (3*) 2.5 second (4) 20 second

(1) 10 d&ve (2) 5 dHvs (3) 2.5 dHTE (4) 20 v

Ans. (3)

Time constant for parallel combination = 2RC
AR FAeH & foy 999 Fadie = 2RC

Time constant for series combination = %

WW%%{QWﬁmﬁﬁ:RC

2
In first case : WA Rerfa # -
b
V=Vye RC = % ........ (i)
In second case : fg<ia Rerfa # -
b
V =V,e RC2 = % ........ (i)
From (i) & (ii), (i) @ (i) 9,
oo b = t2=t—1=2=2.55ec.
2RC (RC/Z) 4 4
The figure shows an experimental plot discharging of a capacitor in an RC circuit. The time constant t
of this circuit lies between : [AIEEE 2012 ; 4/120, -1]
s 25
% § 20¢—
_%; 15 A S
€4 10
S
o i

50 100 150 200 250 300

Time in seconds ——»

(1) 150 sec and 200 sec (2) 0 and 50 sec

(3) 50 sec and 100 sec (4*) 100 sec and 150 sec

foa te R-C uRuy # |uiRa & MARa 8F &1 yaifie wifc qular 21 39 uRuy &1 a7y Reria®
3% 9 § ysdl g [AIEEE 2012 ; 4/120, -1]

/\
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Capacitance / ﬂ—

Ans.
Sol.

Sol.

E 25
f 204
R 15 A
s 10 \\
[ SN
t D
50 100 150 200 250 300
_ TPvS H IHY —_—
(1) 150 sec Ug 200 sec (2) 0 79 50 sec
(3) 50 sec 7@ 100 sec (4) 100 sec Td 150 sec

(4)

Q = ceg eteR

4e = 4gpe "

g=g gt

WhenSdt=0 = g0 =25

e=¢g=25

when 9§ t =200 = ¢=5
_200

5=25¢€ °

In5= 2%

_ 200 _ 200

"~ 5 m0-/n2
_ 200

/n10-0.693

Alternative :
Time constant is the time in which 63% discharging is completed.
So remaining charge = 0.37 x 25 =9.25V
Which time in 100 <t < 150 sec.
Alternative :

T udie 98 999 § R 63% FR1deE got &1 o7 2
3 Y A = 0.37 x 25=9.25V
S | 100 < t < 150 sec. § B |

Two capacitors C1 and Cz are charged to 120 V and 200 V respectively. It is found that by connecting
them together the potential on each one can be made zero. Then :

(1) 5C1=3Cz (2%) 3C1 =5C2 (3)3C1+5C2=0 (4) 9C1 = 4C2
31 GRS C1Ud C2 % 120 V Td 200 V &R ARG f6d T 2| I8 9 91l & & = U g 9
SIS o1 R TS R fava g B o |adar 21 a9 ¢ [JEE (Main) 2013 ; 4/120, —1]
(1) 5C1=3Cz (2) 3C1=5Cz (3)3C1+5C2=0 (4)9Ct = 4C;
L
| |
11
+—>
120V
C,
— +
[
1
+—>
200V

For potential to be made zero, after connection
FASHE & U fava I B & forg
120C+1 =200 C2

/\
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Capacitance / ﬂ—

Ans.
Sol.

7.x

Ans.
Sol.

= 3C1=5C2
Ans. (2)

A parallel plate capacitor is made of two circular plates separated by a distance of 5 mm and with a
dielectric of dielectric constant 2.2 between them. When the electric field in the dielectric is 3 x 10* V/m,
the charge density of the positive plate will be close to : [JEE(Main) 2014 ; 4/120, —1]

3 g wiel, f9a @ g9 5 mm B, 9 TP AH=R ufedl |uiRE g9 T @ e da aRided
ReRT® 2.2 $1 T WRIGgd @ T & | S WRIGEd 4 g &7 3 x 104 V/im 8, 99 g91d ©IC H1 M9
TIcd S BT |

(1*) 6 x 10-7C/m? (2) 3 x 10-7C/m? (3) 3 x 10°C/m? (4) 6 x 104C/m?
(1
Electric field inside dielectric tdgd # g & Ki =3 x 10¢

€0

=06=22x8.85%x10"2x 3 x 104
=6x 107 C/m?

In the given circuit, charge Q2 on the 2uF capacitor changes as C is varied from 1uF to 3uF. Q2 as a
function of 'C' is given properly by : (figures are drawn schematically and are not to scale)
[JEE (Main) 2015; 4/120, —1]

2uF
E
Charge Charge Charge Charge

Q, /////? Qe ///’—_! Q, r"//q Q, ?\\\‘ﬁ

(1) i § @) | I (3) ' I 4) I :
i H H 1 S H 1 > 1 H >
»C »C »C

1uF  3uF T AWF  3pF TIuF 3pF "1uF  3uF

@ T 9Ruy §, C & A9 & 1puF A 3uF uRafdd 89 9 2uF JaiRe R iy Q. # uRad+ &idr 21 'C'
P HAd @ B H Qo BT BT AT Fel ST © ? (Mol Bl AT NG © AR el b ATAR

TE 7 )
—] F————{ 1pF
¢ 2uF

SIEN
Q, K
@)~ z
e | : i
1uF 3uF

Q- stj :Q2=§[SCEJ= 2CE

C+3 C+3

/\
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Capacitance / ﬂ—

Ans.
Sol.

Ans.

Charge

A combination of capacitors is set up as shown in the figure. The magnitude of the electric field, due to
a point charge Q (having a charge equal to the sum of the charges on the 4uF and 9uF capacitors), at a
point distance 30 m from it, would equal :

|gIRAT ¥ 99 e gRuy @1 T H§ R@mn T g1 1@ [Ig—emae Q (w1 91 4uF a2 9uF ardt
HeRAT & el AT B aRTER 8), d gRT 30 m 4 IR dg—a1a b1 URAT 8N

[JEE (Main) 2016; 4/120, —1]
3uF
4uF
— 9uF

2uF||
1

hal
|
8V

(1) 360 N/C (2) 420 N/C (3) 480 N/C (4) 240 N/C
(2)

4pf 12uf
| |
+6V +2V
Q1 =24puc
Q2=18 uc
Q =42uc
E=10"x42 x 106
E =420 N/C

A capacitance of 2uF is required in an electrical circuit across a potential difference of 1.0 kV. A large
number of 1uF capacitors are available which can withstand a potential difference of not more than 300 V.
The minimum number of capacitors required to achieve this is : [JEE (Main) 2017; 4/120, —1]

wo fag@ uRuer § U 2uF e1Rar & |eniRa &1 1.0 kV ek & gl & 9 S g1 1uF aiRar &
9gd AR WURF S fb 300 V fAWa<iR T® 989 3R Add 2, SUAS B | ISWIG IRYY Bl U< HRA B
ford <gAaw fasam FenRal &) smaegdar gFf ?

(1%) 32 (2) 2 (3) 16 (4) 24

(1

/\
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Capacitance / ﬂ—
Sol.

—> —> —> —>
250V 250V 250V 250V

Minimum no. of capacitors required = 32

JNMaeTH FIRAT B FAdH & = 32

10. In the given circuit diagram when the current reaches steady state in the circuit, the charge on the
capacitor of capacitance C will be : [JEE (Main) 2017; 4/120, —1]
& T uRuer A 59 gRT ReRmawen # uga Sl & A1 gRAT C & [eTRE UR 3{IRT H1 719 8IT

E r

— ——WW————
— i

AW —————

2

(4*) CEL

(2) CE (3) CE
(r+r,)

(r+1)

Ans. (4)
Sol.

l2

)
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Capacitance / ﬂ—

1.

Ans.
Sol.

12,

Ans.

Sol.

13.

current in the circuit TRY2T § &RT 1 = E
r+r,
potential difference across AB(AB @& RRI TR favar=ix) = Ir2 = Er,
r+r,
charge on capacitor HITRF TR 3MI = Q = C(AV)as
Q-= CEr,
r+r,

A parallel plate capacitor of capacitance 90 pF is connected to a battery of emf 20V. If a dielectric
material of dielectric constant K = g is inserted between the plates, the magnitude of the induced

charge will be :
[JEE (Main) 2018; 4/120, —1]
90 pF uTRAl & Teh WAMRR ©ic WulRa & 20V fgd a'd 9 @ & e § oied &1 afk

K=%mﬁawﬁﬁﬁ$ﬁaﬁwﬁmam%ﬁﬁﬁmﬁwmﬁ@mﬁm:

(1)24ncC (2)0.9nC (3")1.2nC 4)0.3nC
(3)
Qcap = KCoV

|onlarised

1
Qcap [1 - Ej‘

= (90 x 10-12) (20) [gj (1-%} Coulomb = 1200 x 10-'2 Coulomb = 1.2 nc

A parallel plate capacitor has 1uF capacitance. One of its two plates is given +2uC charge and the

other plate, +4uC charge. The potential difference developed across the capacitor is :

Th TR ©ic GURT &1 giiRdl 1uF 8 | 398! U6 ©ic 1 +2uC Tl T8 e 1 +4uC M9 < & |

IR IR I fAvar=R 2 : [JEE (Main) 2019; 4/120, -1]
(1) 5V 2)2v (3)3V 4)1Vv
(4)
3uC| |3uC
.
_Q_WC_yyon
C 1uF
—
X

/\
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Capacitance / ﬂ—

Ans.

Sol.

14.

Ans.
Sol.

A parallel plate capacitor has plates of area A separated by distance 'd' between them. It is filled with a
dielectric which has a dielectric constant that varies as k(x) = K(1 + ax) where 'X' is the distance
measured from one of the plates. If (ad) << 1, the total capacitance of the system is best given by the

expression:

FAFTR @Il ¥ a9 Th QUIRT ) @il & 3% AT 0 39 d/F @ g0 'd'g | 39 @il & 94 Uh
WRIGEd Ua1Yf W1 g3 & TPt WIagdid k(x) = K(1 + ax) 81 I8l )R X' &l 1o wic 4 0 & | Il
(ad) << 181, O 369 FRF BT eRAT BT IUYd A 8RN

[JEE (Main) 2020; 4/120, —1_07-01-20 (Shift-1)]

Acy K(, o?d? AK e, (, ad A, K ad AK &,
(1) T[HT] @) T(”?] (@) —2— 1+(7J (4) —2(1+0d)

(2)

Capacitance of element ge® &1 &TRdr = kZ—OA
X
—><§>
X dx
K1 A
Capacitance of element gc& &1 g1Rkdl, C' = (Jr;x—x)so
X

zi:i dx

c' OKSOA(1+OLX)
11
C KegyAa
Given f&a1 8— ad << 1

1 1 a?d?
— = od—

C KejAa 2
1_ L@ _a_dj

C KeA 2

C

KgOA[“_a—dj
d 2

/n(1+ ad)

Effective capacitance of parallel combination of two capacitors C1 and C2 is 10uF. When these
capacitors are individually connected to a voltage source of 1V, the energy stored in the capacitor Cz is
4 times that of C1. If these capacitors are connected in series, their effective capacitance will be:

uTed HEE A G al GYIRAT Cq AR C2 B ywrdl a1Ra1 10uF 8| 99 39 |LRAT DI AAT—AAT 1V B
i ¥ el 9@ B, a1 CoH 9fud Huil Cr A Wi ot & 4 T Bkl B | Ak 59 GulRA a1 soflag
Feud § SISt oI, di 39! gard) gmiar 2

[JEE (Main) 2020; 4/120, —1_08-01-20 (Shift-1)]
(1) 4.2 uF (2) 8.4 uF (3)3.2 uF (4) 1.6 uF
(4)

/\
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Capacitance / ﬂ—

1V
Given f&@m 8 C1+ C2=10pF  ...(I)

4[%C1v2] = %szz

=  4C1=Co ..(ii)

from equation (i) & (i) T, (i) @2 (i) |

Ci1=2uF

C2=8uF

If they are in series IfX gTdI AN HA H ST WY
eq. = C?LLCCZ:Z =1.6uF
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Capacitance / ﬂ—

Il High Level Problems (HLP) |

. Marked Questions can be used as Revision Questions.

= RIffed uv9 SRE A7y R |

SUBJECTIVE QUESTIONS
fdTaTH® U9 (SUBJECTIVE QUESTIONS)

1. A capacitor having a capacitance of 200 uF is charged to a potential difference of 20V. The charging
battery is disconnected and the capacitor is connected to another battery of emf 10V with the positive
plate of the capacitor joined with the positive terminal of the battery.

200 pF gTRar drel |enRar @ 20 V fawarR a6 mafda fbar Siar ® | deagarg Al & arell e
P! B2l e S 8 AR gER) 9 st f4. a1 9 10V R, & gcds R 31 GaiRT 31 ghrcid <
H ST o€ B |
(a) Find the charges on the capacitor before and after the reconnection in steady state.
|RA ®1 g aRuT I e ¥ Y4 71 915§ GEnRe W ifaH srawen § e b1 4 qaisy |
(b) Find the net charge flown through the 10 V battery
10 V 98 @ 984 aTel ol NI BI IO BIF |

(c) Is work done by the battery or is it done on the battery? Find its magnitude.
T IS GRT AT 98 R R o a1 8 ? A1 ST URATT S B |

(d) Find the decrease in electrostatic field energy.
Rer Jgd Soft # & T & |

(e) Find the heat developed during the flow of charge after reconnection.

U gRUY Sire & 18 AP & 981 A I~ ST & B |
Ans. (a) 4000 uC, 2000 uC (b) 2000 uC  (c) work is done on the batterySedl © &1 faar &, 20 mJ
(d)30mJ (e) 10 mJ
Sol. (a) Charge on capacitor before connection TRu ¥ Ugel HUTRF TR 3T
+ 20V -

-

2001F Q1 =CV1=4000 uC

Charge on capacitor after connection IRUY & d1¢ FERA TR 1Y
+ | =
20|0|;,1F

I\

| I

0V Q2 =CV2=200 x 10 = 2000 pC

(b) Charge flown through the 10V battery = 4000 — 2000 = 2000 uC
10V 98 9§ yarfga smaer = 4000 — 2000 = 2000 uC

(c) Work is done on the battery. 929t 4= & favar T
Work done faam /a1 &Rf = Q, x V2 = 2000 x 10 = 20mJ.

(d) The decrease in electrostatic field energy. ReR Igd il # HHI

=Ui-U= 1 CVi2 — 1 CV2? = 1 x 200 x (20)% — 1 x 200 (10)?
2 2 2 2

=30mJ

(e) W =AU+ AH
—20mJ =-30mJ + AH
[AH = 10 mJ]
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Capacitance / ﬂ—

2,

Ans.

Sol.

Ans.

Sol.

Six 1 uF capacitors are so arranged that their equivalent capacitance is 0.70 uF. If a potential difference
of 600 volt is applied to the combination, what charge will appear on each capacitor?

1 uF aIRAT & B: FuTRAT H1 39 YR FaRed f&ar oar 2 & a1 e enikar 0.70 uF wr et 2
I 39 FIHE & RRT W) 600 diee favarr aRIfUg fovam S0 @ ude TaRe o S 3iae @
BT ?

420 puC on one, 180 uC on two, 60 uC on remaining 3 capacitors

gl W 420 uC, T W 180 uC, ¥ THl W60 uC

Equivalent capacitance g gikar = 0.7 uF = % pF

1
C

1 1 1

1
« 10 1+§ 1+L 1+ 1
7 7 7/3 +1

Ceq = 0.7uC can be obtain as shown in figure

Ceq = 0.7uC 17 3 SN ITAR UT HR Fadl © |
% — Three capacitors in series 9 werR= Sofispg &

2 — 2 capacitor in parallel. 31 FETRE AR 64 H |
and now charge distaribute as shown in figure

AR 39 e IRl R 9 Sy IR

6O&C_+ _6_9 EC

—HHH
420uC 60,C
+ = hite
]l L ] L
11 11

180uC
HT
L]
180uC
| |
|
600V

A battery of 10 volt is connected to a capacitor of capacity 0.1 F. The battery is now removed and this
capacitor is connected to a second uncharged capacitor. If the charge distributes equally on these two
capacitors, find the total energy stored in the two capacitors. Further, compare this energy with the
initial energy stored in the first capacitor.

TP 10 dlee BT 91 BT 0.1 F 91RaT arel 9amRel & RRI ) Siis o ar 21 oW 59 9uiRy 9 9 &)
gel foran S 2 iR 39 WIS 1 gox WIS 9 SireT Ol 8 | 3R $91 &1 WA ¥ 3f9e aR1ER qedl
2 A M 9UIRT § o Gl Bl BT AM S BRI | 3G TH SHoll Dl URMAD AR H AR Holl |

T B |

EJ Uinitial = i =2 UW = i =2
2 Ufinal 25 UW 2.5

Q=Cv=01x10=1C
0.1F .
1 | |= *Q I-Q

I'Toar |

! | | | ]

Q:=Q1=Q/2 10V N L N o, Iq,

Uinitial = % x0.1%(10)2 =5J

1
Umﬁw= E

x 0.1 x (10)2 =5

/\
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Capacitance /

2 2 2
Ufinal :lQ_ +1Q_=Q_
2 C 2¢C C
2 2 2
U '1%11!= l Q_ + l Q_ = Q_
N 2 C 2 C C
2
= l x 10 = E = EJ
2 4 2
Uinitial = i =2
Ufinal 25
UW = i =2
Usp 25
4. The circular plates A and B of a parallel plate air capacitor have a diameter of 0.1 m and are 2 x 103 m
apart. The plates C and D of a similar capacitor have a diameter of 0.12 m and are 3 x 103 m apart.
Plate A is earthed. Plates B and D are connected together. Plate C is connected to the positive pole of
a 120 volt battery whose negative is earthed. Calculate
(i)  The combined capacitance of the arrangement and
(i)  The energy stored in it.
FARR q1g USC TR & TP g 9 2 x 103 1. S R Rerd g wici A 9 B & &9 0.1 91 2|
TEH 3 M GURT & 3x 103 H. & W T =il CI D & &9 0.12 WM. B =ic A yawfdd g |
e B 9 D 3y # S Bl ®ic C, 120 dice H 98 B gIRE F G 2| ITh & RO qaedfdha
2| 9 PRI—
(i) FASE B FYad R
(i) 9 wFufkd S
Ans. () S9F€0 L17pF (i) 122.4 nJ
c, C,
Sol. =MP° PCF
0.1
S -
_ 2 _b5neg
e =
2x1073 4
o [0.12j2
0 Rt
Co= 23 _ bre
3x10” 5
Ceq - C1C2 - 307'[ EO _ 30 5 ~ 17pF
C,+C, 49 49 x36x10

The energy stored &ferd ot U = %Ceq V2

5.#

% x 17 x (120)2 x 10-'2 =122.4nJ

A capacitor is made of a flat plate of area A and a second plate having a stair-like structure as shown in
figure. The width of each stair is a and the height is d. Both plates have the same width perpendicular to
plane of paper. Find the capacitance of the assembly.

TH GUTRT &1 A 8Fhe B T9dd ©Ic a1 U 3G AIGgHl ©I & §RI REAAR I91-1 91 8 | IS
A ) NS a T FHAS d B IF @IS SIS I & oivadq GH 1SS Wl B | 39 =] B

/\
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Capacitance / ﬂ—

Ans.

Sol.

6.

Ans.

Sol.

5a
8¢, A
15 d
<L> 4}

5a

This is combination of 5 capacitors connected parallel.
Ui |AETRAT BT FHAR A FAToH ©

C=Ci+Cs+Cs +Ca+Cs= AV 5 (AID)E 5 (A5,
d 2 d 3 d
_As 8 _8¢&A
5d3 15 d

Calculate the capacitance of a parallel plate condenser, with plate area A and distance between plates
d, when filled with a dielectric whose dielectric constant varies as;

Kx) =1+ PX 0<x<%; Kx)=1+ L2 (d-x) %<x<d.

<o <o
For what value of B would the capacity of the condenser be twice that when it is without any dielectric?
8FFA A Tl ®il & 7 g d Al GARR U GuTRA @ gIRAr @1 OET BIRNG S9 99 WRIagd
forgdie S =1 yeR uRafda 2 2,
K(x):leB_X 0<x<%; K(X)=1+£(d—x) %<x<d.

<o <o
H W R oar 51 B P 99 & fog GenlRa @1 ariRar a1 wwidega yeed |qaiiRa &1 aiikar &1 g
B |

C= d

AB . Bd=4con [1+B—]

2/n {1 + ij
2¢
Solution of this equation gives required value of 3 .

39 GHIGR & T D A B <l B |

260

1 _ dx _oruez dx d dx
dc _IK(X) Ae, Io X B X
B {1+B} Aeg, 2{1+B(d—x)} Aeg,
<o <o
d/2 d
L /n{1+BX} 1 /n {1+B(d—x)}
.[ 1 _As €0 Jo A <o o dr2
dc B _ B
<o <o

EREPYNI RN
dC ~ AB 2¢, | AP 2

/\
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Capacitance / ﬂ—

7#

Ans.

Sol.

8.#

Ceq = L

2Zn{1 + Bd}

2 EO
Now 319 Ceq = 2Co (Co = capacitance when it is without any dielectric)
(Co=oRAT & 19 S HIs WIALAIP 8! ©)
= AB = zegA Bd = 4eofn {Hzﬁdj
2Zn{1 + Bd} <0
2 EO

(a) Find the current in the 20 Q resistor shown in figure.

(b) If a capacitor of capacitance 4uF is joined between the points A and B, what would be the
electrostatic energy stored in it in steady state ?

(a) foed W fa # 20 Q URRIY # 9RT BT 79 A9 BT |

(b) I 4pF eRTT &1 Ud WaTR= fdg5 A9 B & #&9 Siiel oI A1 s99 T @ 3§ §ed s
g Sort & BRf ?

10Q A 10Q

5V_|_ 200 T5V
B
(a) %A(b) 32 1
100 100 .
5vr/W\Aji AN\A_—st i

(@) T 220Q T N 20 Q Ty
Both the batteries are in parallel i Y3 AR H9 H ©

i= i = lA
25 5
(b) At steady state the capacitor will be fully charged.
Rer srawen W |AaRE g1 mafid 7 |

10Q 100
5V AuF g 3200 5V

|

Potential difference across capacitor v = % x20=4V

ﬁaﬁaﬁ@a‘iq’\’ﬁﬂmﬂ’\’v=%><20=4v

%x4x(4)2 =32 pJ

x4 x (4)2 =32 pJ

Energy stored U = %CV2 =

% Sl U= 1CVv2 =
2 2
(i) Find the total charge flown through the battery in the arrangement shown in figure after switch S is
closed (initially all the capacitors are uncharged).
(i) Find out final charge on each capacitor.
() form # =i awen § ol S &1 48 A B 9§ e gNI QA T §A amaw F@| i (3
g | HerRe s @) |
(i) TP FAIRT W I T B |

4.0pF 8.0uF

_|

20V

/.

/\
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Capacitance / ﬂ—

Ans.

Sol.

o.#

Ans.

Sol.

(i) 240 pC (i) Qaur = 80 pC, Qsur = 160 uC
4.0uF 8.0pF
— i

20V

0
= If
(i) Charge flown through the battery Q = Ceq. V =240 uC
(i) Charge on 4 pF capacitor = Qqur = 20 x 4 =80 pC
Charge on 8 pF capacitor = Qsur = 20 x 8 = 160 uC
(i) IS8 & YaIfRd I Q = Ceq. V = 240 uC
(ii) 4 uF GITRA IR MM = Qaur = 20 x 4 = 80 pC
8 UF HemRE UR 37Je = Qaur = 20 x 8 = 160 C

Find the potential difference Va — Vb between the points a and b shown in each part of the figure.

fra & ud% 9T A g a9 bd 727 fAvamIR Va— Vo 910 & |

12v

2uF 2uF 2uFf }—\4%
12v£| AuF |14”F ;K_Z‘W}j
(b)

b

()
@) % V (b)-8V

2uF 2uF
12 X \4
F 4uE }14’”:
b
(a) ¢ 0 0 By KCL g1,
(x=12)2 + (x = 0).

[SLRIRN

+(x-0).4=0

2x—24 + ‘;—X +4x=0

bx+ X =24
3

Y = 12 V
11
Va—Vb=%V Ans.

12v

) —12-34+024_9- FK wr

— — = 2ul

2 Ty T\J
a q

24V

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVCP - 6
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029 ) ‘




Capacitance / ﬂ—

10.#

Ans.

Sol.

1M4%_

9,9-1

2 4

37? =12 = q=16 uC

VaeVo == 3 =18 __gv Ans.
c 2

The figure shows two identical parallel plate capacitors connected to a battery with the switch S closed.
The switch is now opened and the free space between the plates of the capacitors is filled with a
dielectric of dielectric constant (or relative permittivity) 3. Find the ratio of the total electrostatic energy
stored in both capacitors before and after the introduction of the dielectric.

forr # < vp T IR ug HuiRe Rag S Wiy 98l 9 9S ge €| Rag S 9= ? | o Rag S @
Gl S 8 AR SH GIRET 31 wiel & 9 wRiagd Aegd W) R S 2 (e widgdie 3 1) |
F FRAT & forg wRided @ qd 3R uvErq @1 dgd Rfdw Soitel w1 rgurd w I |

3

5
Before opening the switch potential difference across both the capcitors is V, as they are in paralle.
Hence, energy stored in them is,

Rerer o1 @re A gd, S GaRE wifd =R &, o Geilal & deg faqar=iR V 8 | 3 S S
Sl o= Bl -

Ur=Us = %CV2 oo Utota = CV2=Ui ... )

After opening the switch, potential difference across it is V and its capacity is 3C

e @i & 91e, 3701 favar<R V 8 3k sqa ariar 3C 2 |

Un=— (3C)v2= Sove
2 2

In case of capacitor B, charge strored in it is g = CV and its capacity is also 3C. Therefore,

HgiR= B &1 Rerfad #, 39 W |afdd amde g = CV 8 3R g9a! a1ikar 9 3C 8 | 31

2 2
Us =_3 _Cv
2(3C) 6
2 2 2
Uz SOV VT 0ol SOVE Ly )
6 6 3
From Egs.(1) and (2)  &Hi&vor (1) *fR (2) &
U_.s
U 5

A capacitor is composed of three parallel conducting plates. All three plates are of the same area A.
The first pair of plates are kept a distance d1 apart, and the space between them is filled with a medium
of a dielectric K1 . The corresponding data for the second pair are d2 and Kz, respectively.

The middle plate is connected to the positive terminal of a constant voltage source V and the external
plates are connected the other terminal of V.

g GuTRT &1 AT i JHR ardeE @il 9 B @ R (REER) | 99@e ©ic @ a9%d A B
wIel B YUH SIS Pl di T W W AT & Ud I A b WM DI Ky WIAEYATS & HAEIH A AR T & |
fgd Sie @ foI 3978 A9 H9e d2 TAT K2 & | 989 =i &l U 9d dieedl 91 V & g1d <l |
SIET ST 2 3R 9129 Wiel &1 91d & RS ©Ic | SISl 9l §

/\
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Capacitance /

(a) Find the capacitance of

(b) What is the surface charge density on the middle plate ?

d, 4,
K | K

the system. e & enlRar qarsy |

HEY ©IC R YOIY 37 O R 8 7

(c) Compute the energy density in the medium Ki . AT Ky H SHoll g B IT0ET IR |
Ans. (a) oAl K1 K2 ) &= [KiSo A\ _Kigoy 5ng R o [KeS AV _Kegy
4, d, A 4 JA 4, A 4, JA d,
EO K1V
2d?
<d1>
K,
g
K,
Sol. |
ly 1

K,

(a) Ceq=C1+C2=

€0A+K2€0A=€A &4»&
d, d, °7 ld, d,

(b) Surface charge denisity = % = [K1 o AJX _Ki% v and Q =(K2 o AJX _Kesy,

d JA  d, A

d, JA d,

WWW=&={K1EOAJX_K1EOV gon &{KZEOAJX:KZEOV

A d JA 4 A d JA 4
(c) Energy density in medium K = 1K1 g E2 = S0 K12V
2 2d3
1 € K1V2

WWK1ﬁWW=EK1eoE2=

2d?

12#  Two parallel plate capacitors A and B have the same separation d = 8.85 x 104 m between the plates.
The plate areas of A and B are 0.04 m? and 0.02 m? respectively. A slab of dielectric constant (relative
permittivity K = 9) has dimensions such that it can exactly fill the space between the plates of capacitor

B.
A B
110V
(c)
(i) The dielectric slab |s placed |nS|de A as shown in the figure (a). A is charged to potential
difference of 110 V. Calculate the capacitance of A and energy stored in it :
(ii) The battery is disconnected and then the dielectric also slab is moved from A. Find the work

done by the external agency in removing the slab from A.

(iii) The same dielectric slab is now placed inside B, filling it completely. The two capacitors A and

B are then connected as shown in the figure (c) . Calculate the energy stored in the system.
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Capacitance / ﬂ—

Ans.

Sol.

13.#

T FHRR ®ic FETRFT A 1 B 31 @iel & 49 999 X d = 8.85x 104 ¥ 8| |9eRa A9 B &1 wiel
BT &FAB P 0.04 M2 g 0.02 {28 | WAGAid K = 9 PI UfgshT 9 PR I o &, Sl B Pl <l &
9 B W B T W D |

A ls A B
I
110V
(@) (b) (c)

(i) AD <R R (a) & TJIR TP WRAYd Ufedt w@d 81 A BT 110 V dF AR &= 81 A &
GTRTT TAT THH FARAT ol BT T BT |

(ii) IS8 D TCH D YA WG UfedT B WOIRT A 9 BC Tl AY  UfgdH @I seM W I
BHRE §RT a1 T BRI ST BT |

(iil) IR IF A YR fgdl I BH I 2, Sl 3901 YU w0 § WX <dl & | a9 ]I Gy
B'd'AD FF (c) § R AR Sied & | Fem § Fafia St &1 1o S |

(i) 2nF, 12.1uJ (ii) 48.4pJ (iii) 11ud
A2
Caz= KA SA
— — 2d | 2d
A
. c A 8.85x1072 x0.04
) Ca= 22 (k+1)= 9+1) =2x10°F = 2nF
B = g == sesx10® O
Ua = % CaV2 = % x2x109x (110)2=121 x 107J = 12.1ud Ans
(i)W = |U; -
-9
Car = 0A_Ca2 _2x107x2 _ 4 ¢ Q=CaV=2x109x 110 = 0.22uC
d  (k+1) 10
2 —6\2
U= 12 =1M =60.5ud, Ui=121p) = W=484pJ  Ans
2C, 2 (0.4x1079)

keg A 9x8.85x107%2x0.02
d 8.85x107*
total charge 0.22x107°

total capacitance (0.4 +1.8)x107°

S fg v = Z0OWE _0.22x10° 40
e aiRel (0.4 +1.8)x107°

(i) CA=0.4nF,Qa=0.22uC, Cg= =18 x 10-"°F =1.8 nF

common potential V = =100V

1

u CaV? + 5 CeV2 = % (Ca + Cg) V2

1
2
(0.4 +1.8) x 10-° (1002 = 11pJ Ans

N =

Find the equivalent capacitance of the combinations shown in the figure between the indicated points.
welRid o # aiamel & Faed 4 e f[Awgell & d9ra gou giiRar smd &1 |

2uF 4uF

2uFy 8P ouF

e )

4pF 2pF

/\
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Capacitance / ﬂ—

Ans.
Sol.

14.#

Ans.
Sol.

15.=#

27

=L uF

7 H

Equivalent circuit diagram e gRuel v

2],LF 4uF

4uF 2uF
1| 1L

1T 11
2uF 2uF

= from part (a) 97T (a) ¥

Resultant capacitance TRUTHT enRkar = —+1:£pF

7

A finite ladder circuit is constructed by connecting several sections of 6 uF, 8 uF capacitor combinations
as shown in the figure. Circuit is terminated by a capacitor of capacitance C. Find the value of C, such
that the equivalent capacitance of the ladder between the points A and B becomes independent of the

number of sections in between?
6pF 6uF 6uF

\| \|
A | - —»—‘I
8uF | 8uF | 8pF
= " ::l‘I = H jc

B
e IRAT aRuet FASH $1 6 uF, 8 uF & |G & B3 9FN &l FAdrex RFIEgaR 991 T 2| 98 C
gIiRTT & FeTRT R @ Bl &1 C P 79 &1 999 1 d=1 a1y & A a B fagell & 9o =yl
W&%g@mﬁmswm$wﬁaﬁmwﬁﬁ?:@aﬁl

6pF BuF

SUEBT__—)E
12 uF

If capacitance of C is equal to 12uF. Then equivalent capacitance of the ladder between points A and B
is becomes in dependent of the number of section in between points.

Ife FeRa @1 gikar C=12uF 21 99 A @ B Igel & w2 o &1 dod gIRAl 39 a1 & 91N &)
T § WA B 2 |

6uF
As--
8uF |C

Be--
= 6C +8=C
6+C
= C2-8C-48=0 = C=12yF

A spherical capacitor is made of two conducting spherical shells of radii a and b = 3a. The space
between the shells is filled with a dielectric of dielectric constant K = 3 upto a radius ¢ = 2a as shown. If
the capacitance of given arrangement is n times the capacitance of an isolated spherical conducting
shell of radius a. Then find value of n.

/\
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Capacitance /

-

adb=3afa & TV ATAD Mol B §RT P Mg GRS 9191 Sl 8 | DI & 99 & Rad @+

B K =3 WAgd® & RIEA S A ¢ = 2a B 9@ REgER w1 9@ & | Ik 3 ™ qaika 3

gRaT a s & fafia Mo aras e o aRar &1 n AT 2, 99 n FT A Ad B |

Ans. n=3
Sol.

j 1 AT AT
4n eor 4TE€ rl, 47‘[60 r

Cc

_q (11 1 1 1 bc —ab—kab +kac
T 4ne, {E[QTJ{E_BH 4n eo{ kabc }
v @ [ba(b—c)+b(c—a)} Cog= &
47 g, kabc \
41 ¢, kabc (
ka(b—c)+b(c—a)
Ceq =3 (4neoa)

_4n & (3) (a) (3a) (2a)
3a (3a—2a)+3a(2a—a)

Ceq =

= 3 (capacitance of capacitor of isolated conducting shell of radius a)

=3 (a e & faafia mfera ares e @ e1Rkan)

= n=3

16.=»# The capacitance of a parallel plate capacitor with plate area A and separation d, is C. The space
between the plates is filled with two wedges of dielectric constant K1 and Kz respectively (figure). Find
the capacitance of the resulting capacitor.
FAR U a1 GIRA B @il B 89%hd Ad @il & 989 g4 d, @ giRdl C 8| ©icl & 7e WRIdgdid
Ki @ Kz @ 9fgdt 90 & ©9 # (wedges) RAEATTIR &l Sc 2, a1 o9 o= @t aRomd enfRan @ grf

?
A
K,
( d
K
Ans. Cgr= CKiKy In =2 where C = S0 A
K, K, K, d
Ans. Cgr= CKi,. In &Tﬂﬁ C= S A
KK, K, d
X dx
> €>
1 }y
Sol. 2
7
take ‘dx’ element at x distance x 38 W dx s@TE AT § X = g; y= X—[d
y /
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Capacitance /

_ Kpbdxe, _ Ky e, brdx

dC+
xd
d4Cs = Kibeodx _ Ky b g dx /¢
d-y d(¢-x)

dC1and dC2 are in series, so their equivalent

dC1 3R dC2 &1t %A &, 3 SHB! JeudT

dc = dC, dC, _ KKjpble, dx
dC, +dC, d Ky —Kox+Ky/

Now, we can consider there parallel slabs to the parallel in circuit combination

T B O AR wIel BT IRYY FASE § AR %9 § A g |

Ceq.=dCq1 + dC2 +dCs + dC4

Jac

14

= K Ko B S i iki—inke
d(Ki-K3)
c=Ki Ko ble | K K Ky Bl ) Ky
d(K, —K,) K, d(K; —Ky) Ki

/\
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