Capacitance

Bl Exercise-1

i Marked Questions can be used as Revision Questions.

PART -1: OBJECTIVE QUESTIONS

Section (A) : Definition of Capacitance
A-1.  Sol. (1) Qt=Q1+ Q2=150uC

@ G g
Q _Cy _ 2 = Q1' = 50uC
Q2'=100uC
25uC charge will flow from smaller to bigger sphere .
A-2. Sol. (2) Isolated capacitor = Q = constant
sepration d increase = C = decrease
Q=Cv = V = increase
cv?
A-7. Sol. w= 2
2U _2x0.16
v2= C 2x107°
V =400 Volt

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

1cvf2 - 1CV12 1
B-1. Sol. W=Vf-Vi=2 2 = 2 C (402 - 202) W =600 C
1 900 900 W 3
W1=2 C(502-402)= 2 C wi= 2 600 4\ aps
B-2.» Sol.  As battery is disconnected, charge remains constant in the work process.
Work done = final potential energy — initial potential energy
Q? @
- 2C _2C°
Q1 _1
_2 (C ¢°
Ag,V Ag, Ag,
Where, Q=Ccv= d c= d c= «
£ AV?
Now, work done = 2d Ans.is (4)
V,C, +V,C,
B3. Sol. v= ©i*C
100x10+0
C,+GC,

400 =
Cl+C2=25uF
C2=25-10=15pF

£oA 60(2A) (@
=4

B4 Sol. c= d ci= d/2 dj:4c:48u|:

C1V1 + 02V2 _ (900 + ZSOO)HFVOIt

C,+C, (3+5)uF

B-5& Sol. V=



Capacitance
3400Volt

8
455 Volt

Section (C) : Combination of capacitors

C-1m
Sol.
c c
{} {}
I J
[ i
A 1T 1T B
| {]
|C C
ac
Ceq= 2 =2C
C-2.
Sol.
c
{}
c c
— | {1
il ]
B
A cC ¢ C
11
1
2
Ceq=C+ 2 +C =3C.
C-3.»
Sol. Equilent figure
TuF
| |
11
2uF
. | | .
A B
3uF
| |
Ceq=Cl+C2+C3=1+2+3 =6F
C-4.
2uF 2uF 2uF
—H—H 1
A B A B
| | |
I 11
Sol. 1uF = TuF

CAB = Ceq = 2pF

Section (D) : Equation of charging and discharging

D-1.» Sol. () (2) attd;q=90=60puC

60

~100x10°% /10x10°%x10

(i) (3) q=g0e~t/RC =60 x 10-6 © & ,C =22 uC.



Capacitance

D-2.i»

Sol.

D-4.»
Sol.

D-5.

60

“11072/10x10°x10 10

(i) (1) g = q0e~t/RC = 60 x 10-6 © e uC =0.003 uC.

_0.2¢10°7°
g 4x10°x6 [1-e #1002
(3) q= 2 = 2
g=12(1 - e-2)uC
(e*-1)
2
=12 € uC =10.37 pC.
3) t1>12
R1C1 > R2C2 for same gmax
g01 =q01 = E1C1 = E2C2
If R1>R2,C1=C2&E1=E2.
Sol. (B) vc + VR=12
Ve
ve+ 3 =12 = vc = 9 volt
’“ﬁ 2.5%10°0
|1 ANV
lrad
v.=2v,

q CE(1-e'"%)
ve=C = c
=E (l — e—t/RC)
9 =12 (1 - e-t/4x2.5)
9=12 - 12e-t/10

1
3=12e-t/10 ; e-t/10= 4
t
10 - /n4 =2/n2 =2 x.693
t=2x6.93 =13.86

Section (E) : Capacitor with dielectric

E-1.

E-2.

E-3.

EoA 2EOA
Sol. c=d2=- d -oc

|
4V
Here, Potential difference on the capacitor will depend on emf of battery i.e., 4V (3)

Sol. Charge or battery=Q=CV =4C
Now charge remains same, as battery is disconnected new capacitance = C" = KC =8C



Capacitance

Q 4 1
CV =0Q v=C=-8C=-2y (1)
Tove Teve
E-4» Sol. U0= 2 Now energy =U" =2
C =CK
Tevak
U =2 = UoK Ans. is (1)
E-5.» Sol. Now, charge remains same on the plates.
QZ
uo= 2C (given)
Q* @

Us
Now energy =U" = 2C" = 2CK= K (3)

Bl Exercise-2

Marked Questions may have for Revision Questions.

PART -1: OBJECTIVE QUESTIONS

1
Sol. Immediately after the key is closed, capacitor be have like a conduetory wire, therefore.
—
R,
E
R, i= R Ans
After a long time interval, capacitor be have like a open circuit. Therefore.
E
i= Ri*Rg Ans
2._
Sol.
E E E
o R ==C 3R J‘C J‘C R
E T
0 O O
Qfirst = Qlost = CE
Qﬁrst
Ratio = Qost = 1.
3. Sol. Csmall = 4me0r
CBig =4me0R
R=n"r=2r
CBig = 2 Csmall

4.



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

e R,
—S>——————— A AAA————
i R,
i1 ]|
Il "
ER,
voltage across C=iR2 = Ry +r
CER,
Charge on capacitor = CiR2 = 2 *F
5.
Sol. Q=CegxV
6
T 1 7 OWF
Q=2 3 6
Q _6uC
va=Cz 3F 5y
v o6
7. sol. (i) i0= R = 24 =0.25A
(ii) i =i0 eRC
0.25
=0.25 e = €& =009A.
o
A
Sol. A0 R = d
SOA EDTCRZ R
d= 4nggR _ 4mnggR _ g
charge=CV charge = 4CV
— —
10. Sol. C 2C
q—BCV\_Xl : Ve SCV—q
i
C
;ri iq
q- 2C

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

g9 3CV-gq
So, 2= C = q=2CV
» CV
I
C

{1
2¢ S2cv



Capacitance

Qf QA2 ac’V? 3oV
Total potential energy = 2C1 4 2Co - 2C 4 2x2C = 2
11.
Sol. Charge on each capacitor will be same. In steady state current through capacitor will be zero
f—~——H
A S B
b i
P
10 !
10
current in steady state =i = 5 =2 amp
potential across AB =4V
oneachplate Q=CV =3x4=12uC
12.
Sol. =
solving by parallel series combinations, -
200 J: L 200
=100 ‘|i =100
100 -|: T 100 T 200
= [ = [
L >~
100 = =100 = 200pF
= [ = ———

Ceq =200 pF Ans.




Capacitance

13.
Sol.

14>
Sol.

15.

16.>»
Sol.

If S1is closed and S2 is open then, condenser C is fully charged at potential V.

(A) \/C2 = ch = V
Cci=C
C2=KC
ql= CVe - cv
VC
g2=C2 *2 =KCV
gl<g2.
Sol
C R

Q2
energy stored in capacitor = 2C

4@ Qda Qi
Rate at which energy is stored = dt 2C = C dt - C
Q=cC{l-etRc}

cat/RC
i= R
Rate of energy storage = R {1 —e¥RC}{e-tRC} = R {eRC_g-20RC}
It will be maximum when, e-VRC —e=2(RC wjjll be maximum let y (t) = eVRC —
for maximum , y (t)=0
_el/RC 2g-2t/RC

y'(t) = RC + RC

1
et/RC _ 5
putting it back in eq. (1)
2 {1_[1}2} $2
SR T

£
(i) maximum rate of energy storage = R

Ans.is (1)
1
(ii) This will occur when, e¥R¢ = 2
-t 1
RC =n2
t= RCIn2 Ans.is (3)

A, wire

NS

All given charge of A1 goes to Az



Capacitance

Therefore C = 4né€or?



Capacitance

17.

18.
Sol.

19.»
Sol.

gg A dc g A 1 dc 1

—_— _— o —

Sol. x=W, = dot - Vvt dt VvV {? dt g2 Ans

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.

A long time after closing the switch, system comes in steady state and no current flow through capacitor.
Circuit : -

E

i= Ri+R;

2
1 1 [ﬂ}
energy stored in battery = 2 CV2= 2C Ri+R;

PART -1l : MISCELLANEOUS QUESTIONS

Section (A) : ASSERTION/REASONING

1.

Sol. If potential difference across an isolated charged capacitor is doubled by doubling separation
Q2

between plates, the energy stored is capacitor from U = 2C pecomes double of previous value. Hence

statement 1 is false.

Sol. Let the electric field in region I and Il be E1 and E2. The potential difference across left half
capacitor and right half capacitor is same. Therefore E1d = E2d where d = inter planar gap.
~E1=E2

Hence statement 1 is false, statement 2 is correct by definition.

Sol. (1) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-
1

Section (B) : Match the column

1#

Sol.

Ans. ()p 9r (3)q (4)p

The initial charge on capacitor =CVi=2x 1 uC =2 uC

The final charge on capacitor =CVi=4x 1 uC =4 uC

~ Net charge crossing the cell of emf 4V is

gr—gi=4-2=2uC

The magnitude of work done by cell of emf 4V is
W=(@Qr—qg)4 =8

The gain in potential energy of capacitor is

1 1
SCVE-VE) -

AU = 2 =2 1x[42-22]pI=6pd
Net heat produced in circuit is

AH=W-AU =8-6 =2uJ

Section (C) : One or More Than One Options Correct



Capacitance

1.
Sol.

2%,

Ans.

Sol.

4.*

5%

A long time after closing the switch, system comes in steady state and no current flow through capacitor.
Circuit : -
i R i

S >
PRoie

m
|
'
—
N
N

__E
Ry +Rs; +R;

2
1 1 [ ER; +R;) J
energy stored in battery = 2CV2= 2C Ri+Rz +Ry

Sol. Magnitude of charge on the charged capacitor decreases and total charge is conserved.
AtVi=Vz2 = no further flow of charge occurs i.e. condition of steady state.
In charge flow energy is consumed in heat.

(A.C)

gmax =01 = q02 = Both capacitors are charged up to the same magnitude of charge
t2>1tl

R2C2 > R1C1

g01 =C1lvl=9g02=C2V2

Cl1+cC2

So blfy, V1#£V2.

Sol. During decay of charge in RC circuit
| = 10e~YRC

1 _ Yo
0 = —
where RC
I _ Qp
0 =—%
whent=0,I= RC

I 1

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

=% _V
RC R
% %
Also q=q0eRc. When q= 2 then 2 =q0eVRrC
= etvRC = 2,
t
RC = /2
> t=RC loge 2
> t « C. Therefore time taken for the first capacitor (1uF) for discharging 50% of Initial charge will

be less.
(B), (D) are the correct options.

Ans. (A,B,C)



Capacitance

Sol.

6%,
Sol.

v
g=d = remains constant
C'=KC > Increase
Q =KQ= Increase

1
U= 2KCV2 = KU = Increase
Ans. (A,C,D)
Battery connected V = constant

1

U'= 2KCV2=KU = Increase by K—times

v
E= d =constant

Q? c?v? K2c?v?

F: 260A = F:2€0A = Fs: ZEOA :KZF
= Increase by K2—times

Q=CVv = Q' =KCV=KQ = Increase by K—times.



Capacitance

» Marked Questions may have for Revision Questions.

PART - 1: JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARYS)

1. Sol. Energy stored by any system of capacitors is
1
= 2 Cnet V?
where V is source voltage
Thus, n capacitors are connected in parallel,
Therefore, Cnet = nC
1

~ Enet= 2nCV2

2.
Sol. Capacitance of spherical conductor
= 4nela
where a is radius of conductor
1 - l %x107°
_9x10° 9 - oF — _10
Therefore, C = =0.11x10°F = 1.1x 1010F Ans.
1 1q
3. Sol. W=2cv,=2 C
1, (8x10718)? 1. 64 x 1076
-2 100x10° _ 2 100x10°
=32 x 10-32J
4, Sol. E=(@2)cv: L ()
The energy stored in capacitor is lost in form of heat energy.
H=msAT ... (i)
From Eq. (i) and (ii), we have
msAT = (1/2) CV?
2msAT
v=" C
5. Sol. Capacitance between any two adjacent plates is ‘C’
_”—
_”—
%

n
Capacitor consists of n plates, then there are (n -1) combinations joined in parallel.
CAB=(n-1)C

6.0 Sol.  Work done by battery = (CV) V = CV?

1
Energy stored in capacitor = 2 CV?2



Capacitance
1

- : —cv?
Energy stored in capacitor 2 1
Work done by battery _ cy2 2

Correct choice is (4)

7.1 Sol. No change in the energy of the system. Hence, not net work done by the system is zero.
Correct choice is (4)

A EO A EU
dy N d, d N 2d 18A g,
8. So. C=3 6 =9 18 - 4d
C=9PF
3 6
C =405PF
Correct choice is (3).
9. Ans. (3)
i gge ' Uy i o2/t _ 1
Sol. U= 2C U=z 2C _—2_4C -
*
1= 2 /n2 (1)
—tylt
ando g =qo® v
Y0
4 — 0 e—tzft,
o/t _ 1
4
t2=2tIn2 ...(2)
H 1
10 Ans. (3)
Sol.
MM | |
R [
2uF
| ~
I [
200V
v =200(1 — e™)
120 = 200(1 — e )
200-120 80
etr= 200 - 200

t/t =log(2.5) = 0.4
5=(0.4) x Rx2x10°5



Capacitance

5
—

N R= (04)x2x107 _p =2 7 x 108 Ans.

11.»  Sol. Time constant for parallel combination = 2RC
RC
Time constant for series combination = 2
In first case :
bV
_ 2RC
V=Vee 2 Q)
In second case :
b Vi
(RC/2) —
V=Voe =2 . (i)
t4 b t,

From (i) & (ii), 2RC = (RC/2) = 2= 4=4 =25sec.
12.»
Ans. (4)
Sol. Q=ce0etR

4g = 4¢0 gt

e=e0et"

Whent=0 = £0=25

e=e0=25

when tct=200= €=5

200
T

5=25¢€
200
In5= t©
200 200
t= ¥n5 - 10-4n2

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 :

13. Sol. qg=CV (1-e¥")

at ij t=2t
g=CV (1-e3?
Ans (3)
14~  Sol.
C,
+ —
1
«—>
120V
C,
— +
| |
I
+«—



Capacitance

15.

Sol.

16.1

Ans.

Sol.

For potential to be made zero, after connection
120C1 =200 C2
> 3C1=5C2
Ans. (2)
qb +q9c=0
when switch is closed, the circuit is as following
In steady state, the current in the resistances is 1 amp. Potential difference across 3pF
= potential difference across 3Q = 3 volt.
Similarly p.d. across 6 pF is 6 volt

~ charge on plate b=—-9 uC

and charge on plate ¢ = + 36 uC

~ charge on plates b and ¢ = +36 — 9 = +27 uC.

The change in charges on plates b and c goes through wire from Y to X.

Ans. (1)
G

Electric field inside dielectric Keo =3 x 104
=>0=2.2x8.85x%x1012x 3 x 104

=6 x 107 C/m2
(2)
Q,
@ »—Ew
C
Q. 2uF
| |
"E
2 =
Q2=2+10Q=3
CXSJ
Q=E C+3
g(fiCE} 2CE
- Q2=3\C+3)_ C+3
Charge SUGH]
Q /—E Q -




Capacitance

17.
Ans. (2)
Sol.
4pf 12uf
| | | |
| | ||
+6V +2V
Q1 = 24puc
Q2 =18mc
Q =42uc
E=107"x42 x 106
E =420 N/C

18. Ans. (1)

Sol.
| | | | | | | |
I I I I
| | | | | | | |
I 11 I 11
| | | | | | | |
I I I I
| | | | | | | |
I [ 1 11
| | | | | | | |
I 11 I 11
| | | | | | | |
I 11 I 1 11
| | | | | | | |
I I I I
| —
+—r > > <—>
250V 250V 250V 250V
Minimum no. of capacitors required = 32
19.
Ans. (4)
Sol.
E r
v —]
C
—AN—
)

A —/VV\WW—g

current in the circuit
E

r-+r,

I =



Capacitance
potential difference across AB = Ir2

Er,
r+r,

charge on capacitor = Q = C(AV)as
CEr,
r+rs

Q:

PART -1l : JEE (ADVANCED) /IT-JEE PROBLEMS (PREVIOUS YEARS)

* Marked Questions may have more than one correct option.

1. Ans. C
Sol. AU = decrease in potential energy
=Ui— Ut
2
1 1 (MJ 1
= 2C(Viz + V22) - 2 (2C) 2 = 4C(Vi- Vo)

% v
Sol. logi = RC 4 log ; Compare with  y=mx +c

R
S
> m] = RC ¢ = log R
as R increases, |m| and C both decreases so (B) is the correct option.
3.
Sol. (B) VvC+VR=12
Yo
v+ 3 =12 vC = 9 volt
q CE(1-eF%)
vc=C= c
4F 2 sx10°0
v
v.=2v,

= E (1 -e¥RC)

9=12 (1 —et429

9=12- 120

1

3=12et0 ;. ggt0= 4

t

10 = /na=2/m2=2x 693

t=2x6.93 =13.86
4.1
Ans. (C)
Sol.  When switch is opened, the circuit is as following

since the capacitors are in series plates b and c will have equal and opposite charges



Capacitance

5.
Sol.

6.2

|1
| !

~ gb + gc =0 also charge on each capacitor = 18uC
when switch is closed, the circuit is as following

In steady state, the current in the resistances is 1 amp. Potential difference across 3uF

= potential difference across 3Q = 3 volt.

Similarly p.d. across 6 uF is 6 volt

~ charge on plate b =-9 uC

and charge on plate ¢ = + 36 uC

~ charge on plates b and ¢ = +36 — 9 = +27 uC.

The change in charges on plates b and c goes through wire from Y to X.

and Aq =27uC

Time constant =t =RC
Let thickness of dielectric filled is x at time t.

B

C1C2 AED A80
—+—
C= Ci+Cy _ d-x X
C
d
"""""""""" ji
3
=|
_ KAg {X_E_Vt}
c = X+K(d-x) 3
RKAg,
9—Vt+K{d—9+Vt)
T= 3 3
A=1 K=2
SXZRSD BREO

= d-3Vt+6d-2d+6Vt - 5d+3Vt

Ans. (A)



Capacitance
Capacitance

Ans. (D)
v
Tawv? =
Sol Ui= 2 , Vcommon = 5

2V
2pF
-2V

V ——
3 5
Uf= 2 (2+8)
V2
(V-
Y UfX100 ) %100
i =
i><100
5

= 80% Ans.

+2v—x
—2uF

— 8uF

—X




Capacitance

7.8
Ans. (O
03
sol. q3=%2*Cs g
3 3
g3=3+2 xg80= 5x80
=48 uC
8.5
Ans. (A), (D)
KepA . 2e0A
Sol. c= 3 3d
KegA
ci= 3d
C _2+K
C K Ans. (D)
v
El=E2= d
By
= E, Ans. (A)
KegA Y,
Ql=c1v= 3d
250A Vv
Q2=c2v= 3d
Q _K
Q, 2



Capacitance

-Additional Problems For Self Practice (APSP)‘

PART-I: PRACTICE TEST PAPER

1.
Sol.  Just after switch closing
1|2v 10
|
Iy I [
_’, P
BQ% 50 %GQ
Q
current through resistor PQ is zero just after closing the switch.
2.

Sol. Theoritical capacitance = «, because d become zero
3.

' <¢ :> i !

|
A | B

Sol. il = [} Ceq = 2C
4,
Sol. Charge on Co, Q1 = CoVo,

Initial charge on C1 Q2=0

Q,+Q, CyV, (073
Common potential V1 = Ci+Cy C+GCo Q1=CoV1 = C+Go Vo
CoV, _[ Co JZ c3
- 2
Similarly Va = C+Cy C+Cq Vo= Q2=CoV2= (C+GCo)
1/
V

forntimesn, Va= Vo= C+Co) y C= Co Ans

5. Sol.

Potential difference = VO
Capacitance = C

Q0 =CV0

Potential difference = VO
Capacitance = KC
[K is the dielectric constant of Slab K > 1]
New charge = KC VO



Capacitance

Sol.

Sol.

Sol.

1

Potential Energy = 2 CVO0:
Correct options are (4).

C=2uF
cC Cc Cc C
—t—t—+—

()2 (i)
Cog=c =172 12) _ 4

Charge on first row capacitor is q1 = 2 x 10uC = 20uC
Charge on second row capacitor is g2 = 1 x 10uC = 10uC

1

1

New potential energy = 2 KC VO

Charge on third row capacitor is s = 2 x 10uC = 5uC
Therefore charge on the capacitor in the first row is more than on any other capacitor.

1

Energy stored in all capacitor is = 2 Ceq V?

C=2uF
c ¢ Cc C
—t—+—=+—

()2 (i)
Ceq=C 1-1/2 1/2 =

1

= 2 x4x10%x(10)2=0.2mJ Ans

q
L (300—q)uC

T 2uF

F Ans
Sol. c= d | c= d Q=cv= d
v Mi_V

Q=CV=CiV: = vi= K E=d Kd Ans

1 1 1 & AVZ_iKEOA(!JZ e AV2

— — 2 - _ .
W=U—Uz= 2Cv2— 2Civyz2 =2 d 2 d \K 2d

1.5 yF
o—| Ip_o 1.5 uF
I
°° 300uC e
- + 360-
3uF 120V 150V ==2uF 3uF 52( )
360-
360uC (360-0)
A A
(300—q) _a., 360-q
VA+ 2 1.5 S =vA L (i)
by solve this equation we get = g =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 .
1 _1,1,1_3+2+4 60 20

Co, 20 30 15 60 35 "3 W

Ceq =



Capacitance

10.

Sol.

11.

12.

13.

Sol.

14

Sol.

20
Total charge in this series conbination is = 3 x90 g = 600uC
a 600
Potential difference between the plate of C1 is = C 20 =3pv
a 600
Potential difference between the plate of Cz is C2= 30 20V
q 600

Potential difference between the plate of Cz is = Cs = 15 - 40V

V,

Vo g-t/RC
| = R
nl=42n Mot

R RC
Vo Vo

In both cases log of initial current is same that means R is constant. To keep R constant, both Vo
and R have to be changed whereas it is stated that only one parameter out of Vo, R and C is changed.
Therefore only C has been changed and to match the straight line in the graph, it is decreased.

Sol. Tis RC i.e. time constant. After one time constant, capacitor looses 0.67 part of its initial charge.
¢ _d
Sol. Initially,u= 2C = 2KCo 0
.
When di—electric is pulled out, then U + 3U = 2Co
@
ay=2C (ii)
Then, (ii) & (i) > K=4.

The two plates acts as a dipole

——

Force on charge q ;
F=Eq

2kQd Qqd
8 )T 2m @

Q-x |x -X|-2Q + x
—_—
E

[JF 2014 -15]
Charges on outer surfaces must be equal
Q—-x=-2Q+x
3Q
2 =y



Capacitance

16.

Sol.

17.

18

Sol.

19.

Sol.

20.

Sol.

X X
SOE = 2e0A | 2gA
3 Qd  3Q

V:Ed:E SOA :E

1 T 1 4 dy (dy+dyp)

Cerr :a+ Cy _— gA +80A - gA

Since (d1 + d2) does not change Ceff remains unchanged.

_(charge)”

Sol.  Energy= 2capacitance
(charge)”
Capacitance = (2) Energy
Q2

. . 1272
Dimensional formula= ML T* =m4 L. T:Q:

[easy] Equivalent circuit is

3 3IxB
1W’k/6 1F@,3+s
A< TR
(Moderate)
Z
X 1 =y
. 2uF l F3HF
X
—|—4H 2uF y
X x—1—Y
Rearrange the circuit
2uF
[
I 3uF
X Z 1 6uF 3uF
o—X o X
A L s
2pF ||
I |l
I = 2uF
Ceq = 4pF

The given circuit is :

23F
'l
[
| |
| I
4/3F =2F
x A
o O
a
]|
|
= 2pF



Capacitance

staj
Charge across CD = 3+6 x 12 =24 uC

21.
A
Sol. ceff = 9 since effective capacitance between plates A and E is zero.
1 Y
U=2cv. = 2d v,
22.
Sol.
A—i—P C B
C c
ey S A A/AE?\P<::jFﬁHE\B
ﬁ? B *Qé@iilﬁ4 c
A 11 11
1l r s B c
110
Get Ceq= 5
11ce
Charge flow= Ceqe= o
Q,+Q,
23 sol. @v=%+C =g
30p —30p
e |
I
—-30n  30u
5 L ¢ e

Final potential difference = zero
Final charge = Zero
Charge flow 30 pc from Ato D

24.
Sol.



Capacitance

25.

Sol.

26.

Sol.

27

Sol.

o x i
I [
¢
V] T o
5
4C v-x 3C

xX=V)3+(x-0)4+x-(v—=x))1=0
3X—-3V+4x+2x-V=0

9x = 4V
4v
x= 9

8v Vv
VA-VB=(V-x)—x=V-2x = V- 9 =9

1)

Initially 24V finally 4\

N
16”C+ +16”(_; .12pC+ +24pC |
—>

+15|JC—|—16[JC

0V ' |_ J

+24uC_—8V—_12uC+

< (through switch dqath Is xqtjus okys = 12 HC

1[0} cv2 cv 2cv
viz=2\2) v,z 4 Qi= 2 Qf= 3
ov?
WB = V(Qf—Qi)= ©
E] e
vi=2 V3 /y,= 3
cvZ  ov? cv? ov?
Vi+oB=Vi+H=> 4 + 6 _ 3 =12

Since current is going out of the body,

_dq
j= dt
di
- =4
Given fn;k gs  dt
~dg dq _
q= dt? o q+ dt?
This is differential equation of SHM with
2r
— =2n sec

T=©

= 3 volt

= V=27 volt.



Capacitance

T
The min. time for the charge to become zero = T/4 = 2 sec.
Let ekuk q= Qcosot

E COSmt=1 sinot = 7l=ﬁ
Whentc q= 2 2. 4 2

Qw£=0\/§

i= 2 2



Capacitance

PART -1l : PRACTICE QUESTIONS

Sol.

Sol.

Sol.

Sol.

Sol.

Sol.

Sol.

Net charge must remain same.
¢«— L —— > with dielectric

(RTdgE & 1)
! !
l — L2 — l
(QJrE] 2v
2 2)y=cusv=KH

Potential in conductor is constant
Potential in dielectric decreases at slower rate.

Potential difference across ‘C1’
C,V vV
viz Ci+Ca _ 1+C,/C,
When dielectric is inserted C2 will increase.

FH+ -+
Q

ol # 02
E1+E2

In steady state no current flows through capacitor. The potential difference across capacitor and resistor
of resistance R2 is same.
R; 1

charge on capacitor = CV = C x r+Ry x 3= 1pF x 5+1 x 3 =2uC.

1

1
Energyreleased in Xy joint = (C.V).V — 2CV2= 2 CV2
1 3

EnergyRreleased in Xz joint = (2C.V).V — 2 CV2 = 2 CV2
Total heatreleasea = 2CV2 which is 4 times energy store.

Let the capacitance before insertion of dielectric be C and the resistance be R.



Capacitance

Sol.

10.

Sol.

11.

Sol.

t q/C q

~q=qe" and i= R =RC

- Just after insertion of dielectric the capacitance increases.
~ The charge just after insertion of dielectric remains same, but the current decreases.
= (1) and (2) are false

q2

The energy stored in capacitor is 2C hence energy decreases
= (3) is false

The time constant is RC and hence increases.

= (4) is true

During the charging process, charge does not jump or cross the area between the plates.

lC V2 kegA _ 2epA
U= 2 cl1= d4/2  (d/2)
@m)xﬂ
d/i2) di2
CC, A T amA dwA
Ceq= C17C2 co= di2 : Ceq = d/2 -3 d

1£@V2 EMVZ
_2l37d _ 3l d

(2) Method 1
Force between plates

goA §
2 -V 2

F= 2A% 2hey 2x? where x is separation between plates
dW = F dx
2d sz
I P27 dx  gAVZ GV
W= d 2x = 4x 4 =200 uJ
Method II

U + WB + Wext = Uf + loss

Process is slow so energy loss is zero work done by battery = WB = QE
Q=0Qf—-Qi=20-40=-20
WB =-20 x 20

1 1

22x20:—20%x20+Wext= 21x20:+0
Wext =200 pJ



Capacitance

12.
Sol. Force on metal plate S due to electrostatic attraction by plate Tis F =
Force exerted on plate S by spring is = mg
QZ

In equilibrium = 2A<0 —mgorQ = V2MIA S

Comprehension # 1

In the arrangement of the capacitors shown in the figure, each C1 ||Cw
capacitor has capacitance of 3uF and each C: capacitor has
capacitance of 2uF then,

_C, —C,
— s s
1 1 1 1
c ¢ ¢c'¢c,
15.  Sol. @ ~+ ' TV TP o5 Cli= 1yF
Cl=Cx+Cil= 3[1': Ceq =1puF Ans
3uF
a—| "
—_— 3uF
b——
(ii) 3uF
Ceq = 1|J.F Q = Ceq V= QOOMF
charge on nearest capacitor = 900uF Ans
(i) from point potential method
3uF 2uF 3uF
goov  °MT gpov
a—1| |2V L 466.3v
—— 2uF ——2uF 3uF
% I 300V | 400V ! 1333V
3uF 3uF 3uF Ve — Va = 100V Ans

Comprehension : 2

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

€

18. Ans. (e @R (@3¢
Sol. .

R J \
att=0 Cis replace by wire.

(1) Vrmax = ¢
&

(z)i:R
(B)VC=¢

S



