Electric Charges and Fields

. EXERCISE

)

ELEMENTRY

Q1 (1
Q=ne=10"x16x10" = Q=16%x10°C=16
puC

Q.2

Q.3

Q4

Q.5

Electrons are removed, so chare will be positive.

(3)

The force will still remain G

(3)
We put aunit positive charge at O. Resultant force due
to the charge placed a A and C is zero and resultant
force due to B and D is towards D aong the diagonal
BD.

(3
— Q2
IR =R [=k—=
B C az
Fe Fcsin 60°
Fccos 60° no
Fg cos 60° —soéiA
60y
Fg ¥ 60° Fs sin 60°
@0y
B a C

Hence force experienced by the charge at A in the
direction normal to BC is zero.

(2)

Suppose in the following figure, equilibrium of
charge B is considered. Hence for it's equilibrium
IF,l = IFc|

1@ 1 _Q
= e, AX° T dngy X2 T =7
Q. =Q q Fc Q=Q
> — 0 ——o0—~
A C B
X1 X2

X

Short Trick : For such type of problem the magnitude
of middle charge can be determined if either of the

Q.6

Q.7

Q.8

Q.9

Q.10

extreme charge is in equilibrium by using the
following formula.

2
If charge A isin equilibrium then g =-Q, (ﬁj
X

2
If charge B isin equilibrium then q=-Q, (ﬁj
X

If the whole system is in equilibrium then use either
of the above formula

(2)

According to the question, eEE=mg = E = mg
e

(1)
Suppose electric field is zero at point N in the figure
then

Q;=25uC E; N E; Q,=36uC

L4

X1 X2
€ x=11cm =————>

AtN [E|=|E)]

which gives X, =

(2)

mg
For balancemg=eE = E = o

Also m= gnr3d :%x%x(loqf x1000 kg

ﬂx?x(10’7)3><1000><10

= g=3

16x10 =200NTC

(3)
AtA and C, electriclinesare equally spaced and dense
that'swhy E, =E_>E,

(1)



Electric Charges and Fields

Sidea=5x102m

Half of the diagonal of the square r = %

N

Qe D -9 TQ- D -2

2E A . E A

. : x a

r~o,. 2EY NOE

\A;' = e
Ey ™ ’ )
—q Fmmmmmeeennnaes D+20 g @ O+
kq

Electric field at centre dueto chargeq, E= 5
a
&
Now fieldat O = VE? + E? =Ev2=—4_. 2
a
V2

 9x10° x10° x/2x 2
(5x107%)?

=1.02 x 10" N/C (upward)

Qu (4
Flux through surfaceA, ¢, = E x nR? and ¢, =—E x nR?

A
}
Zy E
A >
€ -[- -|->
A ¢ B| >
> >
Flux through curved surface

C= j' Eds= j' Edscos90°= 0
- Total flux through cylinder = ¢, + ¢, + ¢.=0
Q.12 (3
Q.13 (2
Charge enclosed by cylindrical surface (length 100
cm) isQ, =100 Q.

By applying Gauss'slaw ¢ == (Q,..) = —(100Q)
€ €

0

Q14 (2

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

b= xQu = —(20)
€ €

(1)

Electric field due to a hollow spherical conductor is
governed by following equation E = 0,

forr<R ()

Q_ forr>R ...(ii)
Are

i.e. inside the conductor field will be zero and outside

and E=

the conductor will vary according to E o iz
r

(3)

k
Electric field outside of the sphere E,, = r_?

()
e e . . kQx

Electric field inside the dielectric sphere E;, = g

(i)

From (i) and (ii),

r’x
Ein = Eout XF

At 3 cm,

2
320 _ 120V /m

0

E =100x

(2)
Since potential inside the hollow sphere is same as
that on the surface.

(3)

ABCDE is an equipotential surface, on equipotential
surface no work is donein shifting acharge from one
place to another.

(2)
_ AU o1, o,
Electrostatic energy density - = EKSoE
. d_U o E?
av
(2)

Using V=,/%: v /Q
Va_ [Q_ja_1
= v, \Qs V\4q 2



Q.21

Q.22

Q.23

Q.24

Q.25

(3)
AtO,E10,V=0

+q 0 -q
Q- ———---
E. E.
f— r—le—r—}
(1)

Potential at the centre of square

o -6
V = 4x 9x10° x50x10 — 90V2x10'V
2/\2

Work done in bringing a charge (g = 50 mC) from <«
to centre (O) of the squareisW =q (V, -V ) =qV,

= W =50x10° x90/2 x10* =64 J

(2)

2
Net electrostatic energy U = kQq +ki+ kQq =0

a a a/?2
ka Q) _.
= a(Q+q+\/§j 0 = Q 212

(1)

Intensity at 5mis same as at any point between B and
C because the slope of BC is same throughout (i.e.,
electric field between B and C is uniform). Therefore
electric field at R = 5m is equal to the slope of line

=\
BC henceby E=——;
dr
N
S 4y ; ;
S i)
£ 2r /o P
g P P
e /o .
: P\ C

0 1 2 3 4 5 6
Distance R in meters
_ (0-5 __V

25—
6-4 m

(1)
The electric potential V(x, y, z) = 4x2 volt

Now E:_(ﬂqﬁﬂﬂj

OX oy 0z
Now gZSX,ﬂ:O and ﬂ:o
oX oy 0z

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

Electric Charges and Fields

Hence E=-8xi , so at point (1m, 0, 2m)
E = —8i volt/ metre or 8 along negative X -axis.
(1)

In non-uniform electric field. Intensity ismore, where
the lines are more denser.

(1)
Qv 5xV
F=QE==— 5000 = —— =
Q 4= 102 =V =10volt
(3
10V
E 20V
30° F‘. 94%0
Ar
Using dv = —Edr
= AV =-E.Ar cos©
-~ E- —-AV
Ar cos0
-
_ —(20-10) -10 107 _ 200
10x107% cosy@R10 2(-sin30°) -1/2
V/m

Direction of E be perpendicular to the equipotential
surfacei.e. at 120° with x-axis.

(3)

(3)
Potential energy = — pE cosd
When 6 = 0. Potentia energy = — pE (minimum)

(4)
Work done = [ Esin6 do =|—pEcos6
= .[90 pEsin =[-pEcosb]

270
90

0

+q

<

(2)



Electric Charges and Fields

Q.33 (4)
Potential due to dipole in general position is given
by
Vo k.pc2036 V- k.pcgser _ k-(g-r)
r r r
Q.34 (3)
Electric field near the conductor surface is given by
C anditis perpendicular to surface.
€y
JEE-MAIN
OBJECTIVE QUESTIONS
Q1 (2
Qz (1)
Q3 (4
Q4 (4
F — quzqz
r
| = KQ1q22 — 4K§1q2 — 4F
(r/2) r
Q5 (3
Attraction is possible between a charged and a
neutral object.
Q.6 There is no point near electric dipole having E =
0.
Q7 (1)
_Kag,q, _ Ka,q,
F - 2 - 2
r err;
1
(20cm)* 57
-4
r12:20><20><10 :80)(10_4
5
L, =8.94x107°m
Q8 (2
F_ Kq(Q2 -9

r

Q.9

Q.10

Q.11

Q.12

dF K
aq- r—z[Q(—l) +(Q-0a)1]=0

~q+Q-q=0
Q=29
Q 2

q 1
(3

F = quqZ

— (2L)2 F = quqZ

(aLy

(2)

Foo =VF2 + F2 + 2F2 cos60°

2
- 3F=3Rd
a

(1)
X > < (309>
49 <« E-0> ¢
K(4g) _  Kq

x? (30 - x)?

x = 20 cm from 4q
10 cm away from g

(4)

Length of the arrow showes magnitude



Q.13

Q.14

Q.15

FOB

-2q +2(q
A D

Resultant Ris | to surface AB
(1)

Negative charge is placed to achieve equilibrium.
4q -Q q

— - X—k— X—3
Net force on Q is zero

K49Q  kqQ
T o(-x)? T X2
= X=//3
Net force on q is aso zero
_kQa__kagq  _4q
D R
(4)
(01010) --------------- - (2 _1 3)
= Q. P A
— K —
F =% (') : (By definition)
F-_1
4dne,

0 9o[(0—2)i +{0—(-1)}j +(0-3)K]
3
[0-27 +{0- (1) +(0-37 |

0,0 (-2i+)-3K)
4neg * (V4+1+9)°

o Q2(—2iA + ] —3|2)

56+14ns,
(1)
+4q Q F, q
memmmmmma——— =
A 4 B 4 C F,

Q.16

Q.17

Q.18

Q.19

Electric Charges and Fields

Charges are placed as shown on line AC.

For net force on g to be zero, Q must be of —ve sign.

If F isforceon qdueot 49 & F,dueto Q
Then, F, = F, (magnitudewise)

kdg-q kQq
or 2 T ()
g
. 49=4Q
or Q=q (in magnitude)
S Q=—q (with sign)
(1)

2
(each) [Distibution by conducting]

. iz(qqu)i:@—B'l
"R (wgy); 100 77

Final charge on both spheres=

(3)
k
Initially, F:% (1)
, ko
Finally, 4F = 16R2 ...(2)
N 4kq,0, _ 4kq,q, orR= -~
r? 16R? !
4)
B
2kqcla

D 3kqc/a,

Resultant lie in between region COD

(2)

<O

Let the two chargesareq & (20 —q) uC

F= K(q)(r220 )

20—q

Fe

dg

F, will be max, when =0

uC=10uC



Electric Charges and Fields p— ]

dFe K 9 -6
ofr —— = — (20-2q) =0 Now E = 21073901077 o 1en\m
q r 100
— .. q=10pC. Q.25 (3)
= Kq(f+2]+2|2)
.20 3 E,=—"—F—F7+—"
Q (3) A (V14)?
F F,
«— —> y
+Q 4 +Q
: | X
A C B
q X
Q Q
— —
+ +
Q i i © X nonoa
A C B E - Kq(i + j—k)
0 ’ (v13)°
. Kq(2i +2j+2K) L
E.= -
Osillation c (+12)3 Now E,.E; =0
A C B L
= E, LEg
Q21 (2 26 (4
2 e Q26 (4
=190 _son/c E
L
': Cd X
Q22 (1) q YL
ar; 9 i
~.,\’% E ‘“,f‘.‘ !
E Q.27 (2
Force on charge = gE = gE Sin ot
j,.a‘ E Eo,.....‘. qS
gl ~Iq acceleration = ?0 sn ot
E.=0 (1)
INSHM a=Ao?snot  ...(2)
Q.23 (2) Comare (1) & (2)
qE =mg
A(J)2=qﬂ = A= q802
E_ Mg _9.1x107°"x9.8 m mo
q 1.6x1071°
Q.28 (4)
=5.6x10"'N/C
Q24 (4)
E |- X9 (~2uC)
|7

F=(B8-2)i+(-5-3)]




Electric Charges and Fields

The given figure shows force diagram for charge dE R
10 FormaxE,&:O:orxzﬁ
at O due to all other charges with r = ﬁ cm
. S 2kq
|:net = 2F + 4F cos 60° = 4F - Putting x in (I)Emax = 3\/§R2
9 —12
_ 4k(2|,tC)(2p;C) _4x 9%x10° x2x 2x10 033 (1)
( 10 j (1j <da
J3100 300 E="
=36 x 4 x 300 x 10° N = 43.2 N.(Towards E) d
dg=5 ~d
Q.29 (2 T
After timet
v=3E
m
2242
KE = lmv2 = Eq—t %
2 2m
Q.30 (4) E Kd d 1
W = Frcos 0 =.. 4= (0.2) E (2) cos 60° SR =>EX§3
= .. E=20N/C.
Q.34 (1)

Q31 (2

The electric field due to apoint charge‘q’ at distance
‘r fromitisgivenas: 2

kq
E= r_2 ;more is g, more is r for E to have same

magnitude

By this mathematical analogy, electric field
cannot be zero in the region iii — == —
Inregionii, electric field due to both chargesis added
& net electric field is towards left A s
Along | . bisector line IV electric field due to both == ore R '
charges will be added vectorially & can ‘t be zero °

E.F (net) can be zero in region | only Q35 (D)

(by mathematical analogy explained)

—2ki

X
mi

kgx

At point P on axis, E = R2 +x2)%/2

kx
5/2?

N
ViR




Electric Charges and Fields

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

Q.43

ki,
d
k.

k}\;
E, == 60° — 0°] = =&
[l [cos cos 0°]

N|ﬁ|

E, = %[sin60°+sin0°] =

1
tanezﬁ = 6=30°

(1)

a& b can't be both +ve or both — ve otherwise field
would have been zero at their mid point.

b can't be positive even, otherwise the field would
have been in —ve direction to the right of mid point
answer is (1)

(1)
By definition

(4)
(2)
Density of electric field lines at a point i.e. no. of

lines per unit area shows magnitude of electric
field at that point.

(3)

(2)
(2)

- A~
E= gxi

E

z

Incoming flux ¢, = E, (0) =0

Out going flux ¢, = E, (&f)
e
€0
q=¢,E &
(3)

A =100k . E={++2j+3Kk

¢=EeA
¢ =100,/3
(4)

Incoming flux = Outgoing flux

Q.44

Q.45

Q.46

Q.47

Q.48

(1)
o= [EdS, —xR7E

(4)
Radius of the cutting

disc = IRZ _ X2

charge on disc

gq=cA
g=on (R*-x?

qa on(R?-x?)
Nowp= — = ———

€0 €0
(2)
AY

A

2 | E=Exk

RSN i | > x

— dx< (a,0)
flux through differential element d¢ = E x adx.
Net flux

E,a’
2

= ¢=E,a[xdx =
0

(1)

If chargeisat A or D, itsall field lines cut the given
surface twice which means that net flux due to this
charge remains zero and flux through given surface
remains unchanged.

(3)

Net flux =¢, — ¢, = ?,%g 0, = & (0, — ¢,)



Q.49

Q.50

Q.51

Q.52

(1)

since same no of field lines are passing through
both spherical surfaces, so flux has same value for
both.

(1)
Q.53
=
: -
+ X
: Gaussian surface
’ r 2l
al b
54
== ?
Using Gauss's law for Gaussian surface shown in
figure. Q.55
E.dA=—"". - —
45 & E. 2nre = %
A
-~ E= 2megr
For circular motion.
mvZ  qr [_ar
qE= ro 2megr V= 2negm
(3)
For the closed surface made by disc and
hemisphere
qin = 0
' (I)net = O (I)disc + ¢H.S = O
¢Hs:_¢disc:_¢
Q.56
(3)
29
Flux ¢ = <
Q.57
—dxe Q.58
>q = pafdx
Q.59
q=2a Ipdx

= & (areaunder curve)

Po , Po , Po
|
q-az(s 2 8)

Electric Charges and Fields

3
9=, &p,

3/ 4a%p,
=T e

3
4

(2)
¢:%:CI2+Q3

€ €

o (o]

=-36nx10°

(4)
qin: 0
$=0

(1)

From notes electric field in a cavity

EZEZ

ap!
F=qge= 3¢,
(4)
By M.E. conservation between initial & final point

U+K =U+K,
. Answer is (4)

(3)
(2)

(4)

_ K(-2x107°)

\Y
1/2

K(-3x107°)
1/2

K(-6 x107°)

J3/2

-1.52x10°V



Electric Charges and Fields

Q.60

Q.61

Q.62

Q.63

Q.64

Q.65

Q.66

Q.67

Q.68

10

Q.69
(2)
S A—qV,2 B =4qV =.. V2 4 Q.70
Va_1
= Vg 2
(4) Q.71
Comparison can be shown as :
Vo2V =k>4k=PE_ > 4PE_ =T
(1)
~ V=Er . r= v 6
- V=Er r= g =6m
(2)
k 72
Apply theformulaV = TQ Q
1
D Q.73
v ok, L 9x10°x1.5x107° o7y
R (0.5) e
(2)
(3)
K.E. = VQ and momentum = ,/2m(KE) = ,2mVQ
Potential at 5cm.
_y - _Ka
= 5cm =V = (10cm)
(- point lying inside the sphere)
. kq 2
Pontential at 15cmV'=15cm V' = == V.
15cm 3
(1)
_ka_ka, _ 2kq
V= ro3r 3
Field intensity at distance 3r from centre =
ka _v
o2 ~ er

(2)
The whole volume of auniformly charged spherical
shell is equipotential.

(3)

PE =0 (Vg = Viniia)

PE = gAV PE decreasesif qis+veincreasesif q
is—ve.

(2)

By conservation of machenical energy

1 2 _kaay kagp 1

mv =(2x107%) v?
I L 2

1 1
=9 x 10° x 10 x 103 (E_EJ

9
or v?=9x10%x —

10 or v =90 m/sec

(3)
PE may increase may decrease depending on sign
of charges.

(1)
2 2 2
2Kq +2xkq N xkq

PE f = =
of system a a 0
where a is distance between charges.
2
or 2+3x=0 X =—3
3

(2)

m Y m

[ %‘
Q < Q Initially

r=oo

u m u m

< Q < finally

< d ;Q at closest
distance
from E.C.
2

Lz =2t/ 2mv?) K8
2 d
..()
from
M.C. mv=2mu = u=v/2
(2

from (1) and (2)



Q.75

Q.76

Q.77

Q.78

Q.79

(2)
U=—QV

(4)

Let gischarge and ais radius of single drop.

_ 3kg?

single drop - 5a

Now, charge on big drop = nq.
& let Radius of big drop is R.

By conservation of volume

= chR3 = n.gnae':; R = an'3.

P.E. of big drop

_ 3k(gn)® _3kg*n’

—Un3

5 R 5a® "
(2)

K Kgn-1
- Ka |, _Kan-1)

r r
—=r(n-1)
(4)

[ [ ]
a: d q.
Seperation increase then
U= Kg,9; l

d
But
[ ] [ J
q, d P
-k
ifd? then U = —(jjlqz T
(3)
Higher S Lower

potential (v,) potential (v,)

v Vv

Q.80

Q.81

Q.82

Q.83

Q.84

Electric Charges and Fields

U, =-qv, 9E <—-q , U, =—qV,
U, <u,
(2)
Q Q,
R R
W=gAv
= K, KQ, _KQ K
R V2R BT R 2R

kQ, KQ, kQ, kQ,
W = _ _
q{ R V2R R ﬁR}

vy 3)

W = q(Q; - Q,)(V2 - 1)|(v2 4ngR)

(2)

1

—mvi=eV . .v= w—zev
2 m

(2)

1 2eV
— mv?=eV .. v= akd
2 m

(2)
v = const.
ka
—=10
R = v, =10V
(1)
40uC 20uC

11



Electric Charges and Fields

Q.85

Q.86

Q.87

Q.88

Q.89

12

- _ k(40)20)

17 d2

After touching the charge on sphere = 10uC
10pC 10uC
k(10)(10)

2T 2

F:F,=8:1

(1)

(4)

_kQ _kQ  kQ kQ
V.= 1" 2 + 2 8 +...
1 1
= 1-—+=—=.....
kQ{ 8 }

1
2 4
1+£+i+ l+1+i+
=kQ TR —&Q >t o

{ 1 . 1/2}
=kQ11Z1/471-1/4

Ve= 6neg

)
AV =ER
AV = 1000x1x10? = 10Volt

(4)
WhenE =0

_av
dx
V = constant

(4)
T

line of force

equipotential surface

Angle between both = 90°

Q.90

Q.91

Q.92

Q.93

Q.94

Q.95

Q.96

Q.97

(3)
Since B and C are at same potential (lying onaline
1 to electric field i.e. equipotential surface)

. AV,,=AV, =Eb.

(4)

Property of equipotential surface.
(1)
(4)

ef is perpendicular to equipotential surface

for ef L
mforef=—-
2

Now check option Ans- D

(3)
Integrate partially one of the term

v= j4axy\/E dx = const.

XZ
day \[7 > = const.

F=qE

3000 = 3E

E = 1000 N/c
AV =E.d=1000 x 10 = 10 volt

J

(1)

Inagivenfigure
E =ECosQ ;| +Esing j
d=d | +dj
v=E.d=Ed(Cosp +SinQ)
(4)

100 _
y=3+Xx E=ﬁ[i+ﬂ

d :_I%[f+]]-[dxf+dyj]



Q.99

Q.100

Q.101

Q.102

Q.103

(1)

. dv
(i) E=-4

= —(slope of curve).

5
Atr=5cm, slope=- > V/iem = —-2.5V/cm

E =25V/cm

(at sin)
(4)

dv
At origin, E= ~ar -~ 25V/ecm=-250 V/m

F=forceon2C=qE =2 x (—250) N =-500

N.
(1)

av
E=——=-10x-10

dx
" E(x o~ 10(1) -10=-20V/m
(2)

AV = —EAX

= VX—OZ—EUX. orVX:—on.

(2)

:4

+ + I c
=2 V= %

+ + + Va 2gg 1 B 2¢g 2

+ t 4 A B

+ * L |e—r—

y:< r2 >

GivenV, -V, =5V

Q.104

Q.105

Q.106

Q.107

Q.108

Electric Charges and Fields

(o)
2 (r,-1,)=5V
280(2 1)

r, —r,=0.88mm

(2)
. E=E =E
y p4
E = 108 _ o /m
At
y
10y 8v
(1,0,0) X

Now E = 2f + 2} + 2k

dv=—E.dr=(2i + 2] + 2k)(dxi + dy] + dk)

1 1 1
v, —v, =| | 2dx + | 2dy| 2dz
| e
v, —10= -[2+2+2], v,=4v

(2)
V = k(2x® —y? + 7%)

E=- dl?+dl]+dlﬁ K
dx dy dz

E= -[4xiA—2y]+22ﬂK

E == —[4xf—2y]+ 22|2:|K

(111 —

| E |= 2kv/6
(3)

(3)

P=qd

1x 10% x 2 x 10?= 2x10°8
Maximum torque
t=PE=2x102Nm

(2)
_2KP

axis —
r.3

E

13



Electric Charges and Fields

Q.109

Q.110

Q.111

Q.112

Q.113

Q.114

Q.115

14

. KP Q.116
LT3
Eaxis — E
E, 1
(1)
(3)
Since P & Q are axial & equatorial points, so
electric fields are parallel to axis at both points.
Q.117
(3)
Q.118
N
In shown diagram, E = Net electric field vector
1
due to dipole. (by derivation) & tan o = 2 tano
- 119
Anglemade by E with x-axisis (6 + o) Q
(3)
T, = PESIN90°=10°x2x10?x1x10°N -m
=2 x 10° N-m
Q.120
(3)
max PE = position of unstable equilibrium = 6 =
.
(4)
Tmax =PE =4 x 108 x 2 x 10* x 4 x 108= 32 x
10* N-m.
Work done W = (PE.), - (PE.), = PE - (-PE) =
2PE = 64 x 10 N-m
(3) Q.121
e —
Axis
ORESSOES 5=
o p
At a point 'P' on axis of dipole electric field E =

2kp : . kp
3 and electric potential V = 2

both nonzero and electric field along dipole on the
axis.

(4)

Force on one dipole due to another

dE
=P [drj where E isfield due to second dipole at

first dipole.
1 dE 1

Ea =5 .. -o
r3 dr r4

1
.. Force Otrj

(1)

(1)

20423 g+2a

e

X - axis component will cancel out

(4)
Since, dipole has net charge zero, so flux through
sphere is zero with non-zero electric field at each

point of sphere.

(4)

. \% 8000
= —_—= = 5
E =Field near sphere= R~ Ix102 8x 10°V/m
. _ 1 2 _ 47'[80 2
Energy density = ZSOE ~8x E
8x8x10™ 80
— =2.83Jms

"~ 8rx9x10° " on

(2)

+ vely charged

metal A
plate



Q.122

Q.123

Q.124

Q.125

The given diagram shows induction on sphere
(metallic) due to metal plate.

Since distance between plate and —ve chargeisless
than that between plate and +ve charge. electric
force acts on object towards plate.

(3)

Induction takes place on outer surface of sphere
producing non-uniform charge distribution & since
external electric field can not enter the sphere, so
interior remains charge free.

(4)

by induction

by conservation of charge

Given diagram shows the charge distribution on
shells due to induction & conservation of charge.

(3)
—» plagtic plate
Q
—» E,=ps=50V/m
p- T As
] Copper (metallic) plate
q/2
g/2
—>
P
o A2, 0912 9 g5y,
P 2Agy 2Agy  2Ag
(3)

Dueto outer charge, sincethereisno charge induced
inside the sphere, so no electric field is present inside
the sphere.

Q.126

Q.127

Q.128

Q.129

Q.130

Q.131

Electric Charges and Fields

(3)

Since field lines are always perpendicular to
conductor surface field lines can' t enter into
conductor so only option C is correct.

(1)
Car (A conductor) behaves as electric field shield
in which a person remains free from shock.

(3)
Potential of B = Potintial at the centre of B

= Potential due to induced charges + potential due
toA.

=0+ (+ve)

. Potential of B is +ve.

(1)
Since electric field produced by charge is
conservative, so work done in closed path is zero.

(1)

closed suface

enclosed charge = +ve = flux through closed
suface = +ve.
= Duetoinduction the charge enclosed in the dotted
becomes +ve

(1)

RV
5/

[«

Let surface charge density on inner shell is o,

. . Loa_o
Dueto inner sphere, field at A = 4" %, g , and
) . 02 c,0
electrostatic pressure at point A. = ——+ " —
gy 4eg

15



Electric Charges and Fields

Q.132

Q.133

Q.134

Q.135

Q.136

16

62 [e7]9)
Net force one hemisphere = (2+41] R? =0
€0 o
= 02+G—;G:0, orc,=-2c
(1)
Q.q
-q
q r Ql
R R
kg
E.= ?7
(1)
(1)
k
E= U

r

(1)
In a conductor given charge is distributed uniformly
on the surface of sphere

(2)

Dependson body either conductor or non-conducting.
(3)
Potential of shell A is

_kQa  kQs  kQc
a b c

Now Q, = —4n&o
Qg = 4nb’c
Q. = —4ncC’c

1
T 4me,

k

Q.137

Q.138

Q.139

Q.140

(3)

L . k3Q
Electric field at point P = Tz

Q

@

(2
g, -5
E'—r = 0.5 m—*

k
Given quzqz

=0.108 ... (i)
Now after connecting through awire

9 -9% G-
2 2

r=0.5m

k _ 2
Given (%—rqu) = 0.036.... (2)

After solving equation (1) & (2) will get the answer.

(4)
Aswe connect A and B through wire with C. Then all
the charge on A and B move towards C so

9,=0,0,=0
9.=Q+q,+q,
(4)

b=2ac=3a d=4a

ka_ka_ ka'_,
3a 4a 3a




k k kq'
Now v, = 4_%,5 0

2a 4a 3a
kg
Va= 6a
kqg kg
VA—VC=—a—O=a

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1

Q.3

Q.4

Q.5

(D)

think x isnot small

(D)

(B)
If we displaced q lightly then

F

.o le > fll
— stable equilibrium

Q.6
(©

Given diagram shows :

C Enet

Thedirection of E_, isaong OC.

(B)

max

Electric Charges and Fields

Aswedisplaced upward g€’ T
gE’ > mg So particle move upward
= Unstable equilibrium

N !
H

qE

(b) Aswe displace upward gE’

mg > gE’ particle comes at point P again

Now we displace down ward from x, gE’ > mg so
particle comes at point P again

= stable equilibrium

N P gE
) stable
€g.
X, mg
RIZ
<D
(B)

2'=Q/rR

dF=dgE

2kA
dF=A'Rd6 R

2kx . do
dF = —Q —
R Q T

dF

dFsind

dFcos6
17



Electric Charges and Fields

. . Q.10 (B)
; 2kAQ [
F.= J(;dFsme == ism@d@ Feino y
F a
AQ Q16
— 0 :
F= 7R X0 2Fsing .
Fsno  *
Q7 (B)
At equilibrium Net force on —Q charge = 2F cos 6
f =mgsind as 2F cos0
Net tisalso 0 m
= 20Esin6 =f.R. _ 2kqQx
mg m(a? + x?)
= 2_
a da
fora., g = 0
Q.8

(B)
+q MNa
P
P
-q p
+q -q

X
(0,0,L)is | top,,
= component along z-direction is zero
e (O ey &= x
which gives+ NG
>E ax— o a=0
[ S x—>0 a=0
4
> Q.11 (D)
qvm —% q,E -
- y
24(0,8)
3 1
3|(0-a)
Efat (0,0, 2
5 l/2 ’ ) o
it {QZJ{EJ } g - kqzk —a) = _ kq(zk —ai)
1 > 5 2
m ( a‘2 +22)3' ([a2+22)3

E - kq(zﬁ+af) E - kq(zﬁ+af)

it W2+ 2R W2+ a)

18



Q.12

Q.13

Q.14

Q.15

Q.16

4quIA<

Ena: ( [22 +a2)3

4kqz

(V22 + a%)¥

Magnitude E =

dE

for maxima — =0
dz

which givesz =

N

©
B Kq.x
(R2 + X2)3/2
For x>>R
_ Kogx
= (X2)3/2

~ 4
N

(B)

— ve charge may move opposite to line of force

C

S
X

(©
Electric flux due to outside charge will be zero. But
elecric field will be due to al the charges.

olz

J

<

(D)

Q.17

Q.18

Electric Charges and Fields

() E.PE. of charge +q at point A can be given as:

_2kq —2kq qu
E, = \/—a & E.PE. of system
_ Epn+Eg+Ec+Ep +Ep +E¢
= E= >
whereE, =E,=E.=E,=E.=E_
E.=3E,
E—6—kiz +6 k_qz +3 _k_q2
s~ a a\/ﬁ 2a
¢ V315
- ne,al 2 8
(B)
.
0%,
#C0s0 ‘
I
o £sing

(WD), + (W.D.), =

1
(QE ¢sind) + (¢/—fcosB)mg = > mv?

mg) ¢ 1(_1 .,
q| — |—=+mg/|1-—| = —mv
ST

2g0 , 0= 29

A
R Vv
(B)

+
2 2 2 2
2
a
r=x%+=-
2
4kq?
U 2
X“+a“ /2

19



Electric Charges and Fields

between point P& A

= qv+%mv2 = 4qv

lm\/2:3qv = V= 6q_v
X 2 N\ m

Q.19 (B) Q.23 (B)
X Y
o > ®
v
Either y is fixed or not E is conserved but wheny is

fixedF ,#0

= P not conserved
whenyisfreeF =0
= P = conserved

from AME about point O
Q20 (A)q = mvd=mvR
1 u az
y . - < x Lvd
m m R
After long timey will move with velocity uandv, =0 (1)
becouse momentum is conserved 1, 1 ,  ka,q
fromE.C. =mv® = =mu® + —2%
2 2 R
Q.21 (C) (2
A from eq. (1) and (2)
R 2R >
<« N
ap v 2\/; my/sec.
U (R{B.00)
EQq _ EQq 1 >
24 (B) f EC.=—— =——+—-mv
Q (8) from r r 2
Aq KA2nR K 1
Energy at PointP= -, + Q[—j kQq = “mv?2
4eo 2R = T 2
_a, @ g ,_ [KQa
dey  4deg 2 mr
kQgm
. gkr(2zR) _ 9r Impulse =mv = .
Energy at point 0 = — R - 2¢,
i.e. particle will reach just point O. Q.25 (C)
M 2r—X
022 (A 0 S >Q
Energy conservation A r P T B
(midpaint)
&g Let thetwo chargesat A & B are separated by distance
2r.
P Let us consider ageneral point ‘M’ at distance
A < ‘x’ from point ‘A’ in figure.
Ay a 4a v
k kQ
V_=Potentid a M = <2 + )

20



Q.26

Q.27

1+ 1 (2r)
Va=kQ X (2r—x) =kQ X(2r —x)

. dvy
For V_tobemax.ormin: —= =0

\Y
dx
d 2r B
or dx [ka(Zr—x)}_o
x(2r —x)(0) —kQ(2r)[2r — 2X] _
[x(2r—x)1? -

X=r
2

| >->0 o x=rismin.
X

& Atx=r,

Hence potential continuously decreases from A to P
and then increases

©)
y
A= N Q.3
(-a/2,0,0) z (a/2,0,0)

Let —Q chargeis placed at (0,y,2)
Now total potential energy of the system

_ KQ? KQ(Q) KQ(r—Q) o

a r

/2

a 2, .2

Fr=,—+y“+z
4 y

According to problem U =0
KQ? KQ* K@’

a a .. \/az 2, .2
RAENIVE S / RGNV
\/4 Y sy

2
2 ory?47? =4a°

U

2
y2 +22 :153.

(B)

Energy conservation between surface and point C

d
+q
C——

m u

Q.28

Q.29

Q.30

Q.31

Q.32

Electric Charges and Fields

1
=q(V.,-V)= Emv2

3kq _ka) 1 4
ZAl2r R)T2™"  UT (4re,mR)V?
(B)

Ve =K E v—,/ﬂ
q —2mV— E=V= m
(B)

Movement is parallel to x-axis
. w.d. by 2\ is zero.

1 —>
(W.D)pg = [ Edr
J2

im B
T

{2m

° >

T 2k(31)
-

1
———dr _ 3x 2kx|n(—J -
5 r \/E 3k?»|n2

1o (2)
(W.D.) duetowire L iskrln (2) = Tc

€0

(D)

B o

check slope

21



Electric Charges and Fields

Q.33 (A)
AHo—>E
X 2m
m L

N0 0+1uC

_1IJC ,,,,,

: ~
qE Q.36
T.,=0E2snQ+gEsnQ=3gEsinQ
T.o= 30E O

e [Kem _\/3><l><10_6><20><10_3
VT 6
N L ir
= — =0Ulr Sec

Q.34 (B)
Potential energy =—P, - E ; where, E = Electricfield
due to dipole P,.
U12 == (Pl) (Ez)
U12 —-_ (Pl) [ZK PZ COSG]

r3

Q.35 (A)
.9 _2
" nR/2 nR
/2

dP= I dPcosb
0

dp,=dpsind
dp,
0 dp,=dpcosh Q.38
5]
—q
n/2
- | (*Rd0)Reos 0
0 Q.39
/2
=3R? [ cosdo = AR [sin0]" Q.40
0
2 20R
= aR?1= g RP=5

22

. 20R
— | dPsing - 21~
_2J20R
- o
(D)
dE
_pP—=
F= dr
JE_ R
an dr = atr—\/z
=F=0
(B)
20
th= 2¢, . xdx
G |
:—xgnejx.dx
0
dx
X
______ 30
ol?sind
- 2¢,
(A)
P ommmmmmmssmessess P 7




Q.41

Q.42

Q.43

Q.44

Electric Charges and Fields

dcosd=r
x +
__kp _ kpcos®¢ = o x
Va=Ve= d_ = r2 + Q
-Q + +
X *
(A) o
Balancing occur only when —ve charge occur ininside
conductor.
o2 JEE-ADVANCED
Paec. = TO MCQ/COMPREHENSION/COLUMN MATCHING
Q.1 (B,D)
G2
F=-—A
280 » (0,3)

Iy ox
at equilibrium
o o O (4R
2¢, (4nR) = 2g, 4
c' =20 (-ve)
©
(WD.),,=U,-U,
Ui =0 (at w)
Self energy of a conductin here = g
ay g P! ~ R Q.2
&q

~ qu qu ~ qu qu
U=y ~2a WP =0 ~2a
(D)

Electric field inside the conductor will be zero. Either
external electric field is present or not.

Hence potential at every point must be same.

Charge distribution depends on external field and o

Q.3

1
oc T (when no electric field)

(D)

(0-a)

(i) From diagram, force on Q at general position
X, isgiven by

kQax .
F ., =—-2Fcos0=- m (Towards origin)

(i) When charge moves from (2a, 0) to origin O,
force keeps on acting on Q and becomes zero at O.
.. Velocity of Q ismax. at O.

(iii) -+ Motion is SHM for very small
displacements. & 2aisnot very small os motion is
periodic but not SHM.

(C.D)

If we glightly displaced —Q charge towards B thus
force on —Q due to B increses

A Q
P >< >B
+2q a a +2q

= —Q moves towards BC (unstable equillibrium)
If we displaced to wards y axis

«— 4Q Qe
e €) € PE.

23



Electric Charges and Fields

Q4

Q.5

24

(A,B,C)

Q —Q/4
- - Br. P

_KQ KQI4__

PoX+r r

1 1
———=0=4r—x-r=0
X+r 4r

_X
=3

-KQ/4 KQ
Vo= r +(x—r):0

11 x
= atx-r "7 "5
Q _Q/é

<>
r

o | KQ K(Q/4)

X+ I’)2 2 -

r>0

(A,B,C,D)
Asvelocity along y-axis remains unchanged, so there
should not be any electric field along y axis.

v, =V

Y l
—€, v,
B(2a, d)
u,=v.’
_%_) u =0
> X
(0, 0) A(a 0)

Asvelocity along x axisisincreasing, so force on the
electron must be along +x direction, so electric field
must be towards —x direction.

So force on the electron is :

F=qgE=¢€E

eE
acceleration, a= I~ towards +x direction

FromA - B
S=ut
y y

— . d
or d=vt = .. t,_, v

From:A—>B

S =u t+£at2
X_ X 2 X

1(§j dy
or a—0+5 m v

amV ?
= E= >— toward-x direction ....(1)
ed

(A) Velocity along x axisat B :

FromA —-> B
V, =u +at
eE d
or V. =0+ m Y,
V = eEd
=V mv
2amv? 2aV
where, E = > = o Ve =E——
ed d

(D) Net velocity vector at B
Vg =V,i+V,]

Vo - 2L+ vi

(B) Rate of work done at B = Power = F-V,

= (e£) . [%nv]j

2aV 2amV 2
=eE _d : where, E = B
ed
4ma’v?
= .. P= T
(C) Rate of work doneat A :
Pa= _F\_]A



Q.6 (B,C)
Fair
mQQ=-96x10"C|Vv
Q.1
mg
mg = fair
QE
(i) m@a=-vele 1V (finally)
Fa
mg
s QE=mg+f, =2mg
.. chargeis—ve, so electric field 'E' is directed downwards.
& QE=2mg
Q.12
g 2mg _ 2x1.6x107°x10 _1 > NG
T Q 9.6x107% 3
Q7 (AQ
Fnet
]
u
In constant force field path may be straight line
Fnet — Q.13
u — or Parabola
Q.8 (A,C)
(i) At any point P inside the sphere, electric field Q.14
kQr
= P_ ?
E, increases as r increases .
. : . kQ
(if) Atany point M outside the sphere, E,, = 2
E,, decreases as r increases.
Q.9 (A,C)
+o ol2¢, -o
«— —

o/2e, o/2¢,
o/2e, o/2¢,

ol2e,

Electric Charges and Fields

(A,D)

AD

Flux due to charge which is outside will be zero.
. dA =i

€o

electric field due to &l the charges.
(A,B,C)

@é.dA:%

Q
Flux electric field due to charge lie inside or out side

the surface. But ¢ is only due to charge lie inside the
surface.

(A,B,C)
E=100r
3 A

. dA =din

in
edA cos180° = —

€0
=0q,=-ve
|qin| = EdA g, = 3x10BC
(AC)
(A,B,C,D)
_kQ kQ
(r+5cm) ~ 100v & (r+210cm) nv

S .1n-9
Q: §X10 C, r=10cm
kQ
Vsurface: 7 =150V
_kQ _
Ee e =2 = 1500 V/m
centre” E Vsurfme_ E x 150_ 225V

25



Electric Charges and Fields

Q.15

Q.16

Q.17

Q.18

Q.19

26

(C.D)

(A) Charging by conduction has charge distribution
depending on size of bodies.

(B) Chargeisinvariant with velocity.

(C) Charge requires mass for existence

(D) Repulsion shows charge of both bodies because
attraction can bethere between charged and uncharged

body.

(8,0
Ey
180V 20V
—Zyo 2cm "E
E,

160
from given data E = 2 V/em=40V/cm

but E = \/EZ +EZ +E2 = E may be equal or greater

than 40 V/icmie.

As shown, there can be electric fields L to x axis,
which will not affect the electric potential difference
but can increase net field.

(A.B,C,D)

K
(A)V = TQ=0 biwz §=0

(B) Depends on distribution of charge .
(C) Depends on distribution of charge .
(D) F,, iszero but T may be non zero

(B.D)

4KQ
V=
r
At Z axis horizontal component of E cancelled but
vertical is added.

(AD)
higher density — Higher E

Q.20

Q.21

Q.22

Q.23

Q.24

E>E

A B
Electric field lines from higher potential to lower
potential.

V>V,
(B.C)
To reduce potential energy
__w
Tk
4Q Q x 16Q
F=0 _ N
9cm
16Q2k  _4QK
= 2
%2 (9-x)
2(9x) =x
18-2x =x
X=6cm
(A,C)
%
Me 53
A B
F=eE—

k.E. = e (7-3) = dev

(B,C,D)
mAV +mBV =mAV1
k
ECEIm,V, = Z(m, +m,)V, + -k
2 2 lin
Momentum is concerved because
F.=0

(A.Q)

Circleis perpendicular
bisector to dipole.

(A.C)



Q.25

Q.26

Q.27

Q.28

Q.29

“ -~ Equipotential surface

.
.
.

>

In al orientations, dipole experiences force, but does
not experiencetorqueif dipole hasitsdipole moment
along or opposite to ELOF.

Dipole can never bein stable equilibrium & work done
in moving dipole along an EPS of point charge Q will
be zero.

(A,B,D)
Dimension theory

(A,B,D) Q.30

= (0.6§ -0.4j-0.9%)
PE.=-PE
Max PE.= | P|| E|

(A.D)

Q.31
+q L +q

P2, = P>+ P? +2P° Cos80

:\/éqL
(B,C)
Fnet=2Fsno

5 kqQ 9 d
. (r2 + d2) (rz + d2)1/2 r3 r3

L

Q.32

Q.33

Electric Charges and Fields

(i) Due to earthing
Let total chargeon B isq.

kg kQ

V=0 . ?+T=Oorq=—Q.

(i) .. All chargeq=-Q

appears on inner surface of B due to induction
= Charge on outer surface of B = 0
= Field between A and B due toB =0

Field between A and B due toA = 0

Net field between A and B = O.

(A,C,D)
+Q+Q=2Q S
4nR?
B
o= Q
2nR?

g, only due to inside charge

o —
r.2

&, due to charge (inside + outside)

(A,B)
In conductor given charge inside on its outer surface.

coc T = Potential will be same

c

o
Electric field near the surface = g

1
Where c = Local charge density o o T

©
For 30 C charge, angle € (5°,9°) = 7°

(©

In (iii) most of the positive charge with run away to
the metal knob. So due to less charge on the leaves,
the leaves will come closer than before.

27



Electric Charges and Fields

Q.34

Q.35

Q.36

Q.37

Q.38

28

(A)

kq? A

2
(26 sin QJ //
2

Applying torque balance about hinge point O.

kg? v 2o (fj 0
(%sinef( cos3)=mg |3 )sn;

for small 0 sin9 9cos9 1
SN 2 557

B 4k o?
" \'mg¢?
©
Q
X ¢ — e—

0
=2x10°%8.85x 102 C
=177 uC

(B)
1.77x10°° +
( ) __ 4y q00
€0

=Q,=-531%x10°C

(D)

For al values of r, flux ¢ isnon-zero i.e. no Gaussian
sphere of radius r is possible in which net enclosed
charge is zero.

(B)

The inner sphere is grounded, hence its potential is
zero. The net charge on isolated outer sphereis zero.
Let the charge on inner spherebe q'.

.. Potentia at centre of inner sphere is

Q.39

Q.40

Q.41

Q.42

(©

The region in between conducting sphere and shell is
shielded from charges on and outside the outer surface
of shell. Hence, charge distribution on surface of
sphere and inner surface of shell is uniform.

The distribution of induced charge on outer surface
of shell depends only on point charge g, hence is
nonuniform. The charge distribution on all surfaces,
isas shown.

+%(uniform)

_%(uniform)

_%(non uniform)

(A)

1

The electric field at B is= Are.
e,

q
? towards | eft.

a
1 ¢ 1 q
S Ve=Ve=V, = 5';41180 4x? o = 32ng, a
(A)p.a B)p.a () p.a,s(D)r,s
Insituation A, B and C, shellsT and II are not at same
potential. Hence charge shall flow from sphere I to
sphere II till both acquire same potential.
If charge flows, the potential energy of system
decreases and heat is produced.
In situationsA and B charges shall dividein somefixed
ratio , but in situation C complete charge shall be
transferred to shell Il for potential of shell I and II to
be same.
(A)—>p.q, B)->pa, (C)—>pas
In situation D, both the shells are at same potential,
hence no charge flows through connecting wire.
(D)—>r,s

(A)p B)rs (Cpg (D)rs _
The resultant dipole moment has magnitude

/(\/3P)2+P? = 2P at an angle 0 = tan’* L

= 60°
with positive x direction.

(_@, R]




Diameter AB isaong net dipole moment and diameter
CD is normal to net dipole moment.

R V3R
Potential at A A

E ' 2 ]lsmammum

J3R R
Potential is zero at C T _E and D

AR
2 2
1 40

Magnitude of electric field is _47T80 R3

(B | @] i [_B , @J

at A

2 2 2 2

1 2p
Magnitude of electric field is dne. R3
e

o R®
(«/E%R RJ ( J3R Rj
VSRR 4o -BR R

2 2 2 2

at C

NUMERICAL VALUE BASED

Q.1

Q.2

[40]
Electric field on particle

~[250-(-250)]

_ E:_ - E:
E 20102

2500 V/m
Acceleration of charge particle

QE _ 1.6x107'°x 2500
m 16107
2x5

— 2500x 10" m/s?

thus time taken = {S=

N

at?)

2% 20x1072
= W=4X10_SS€C.=4OHS
[96]

4 3
= —Tr
V=g ()

Q

4nr?

()

e

Po

Q.3

Q.4

Q.5

Electric Charges and Fields

p—p,=0 . (4)
1 Q? 4s
2, 1672t r
1 nme s 4
= 2¢, 162
n =96
[6]
A
2negr - Eoreak

_
r= ZTC Go Ebreak

1073
2%3.14x8.85x10 72 x 3x10°
- L 10°

= —X
2x3.14x8.85
=599m ~ 6 mAnNs.

(3]
Along E-dA=0
E = cont.
. 0,=0

Zaxis

Along xaxis

fory=0

[E-dA = [3(0+2)j-da-])=6[dA =6
fory=1

[E-dA = [31+2)j-da(j)=9[da=09

" O™ t3€ ANs.,

[4]

W g =W=U,-U,

y
B (0,2R,0)

29



Electric Charges and Fields

Q.6

tion.

Q.7

30

y
B (0,2R,0)

v
x

/2

2
o
°~ 4ng,/5R
At new position
2
9
5~ 4ne,n5R
Work done=U", =U,=-W =-4]

w=u

Q.8

UI

(]

Inuniformelectricinvertica directionif (+ve) charge
feels extra acceleration in downward direction, then
(-ve) charge will fed acceleration in upward direc-

Vuncharged = 5\/5 ml%c
v =0, h=height
vZ—u2=-2(g)h

~(5v/5)? =-2gh

u,, = 13 m/sec
v=0,h=h

Vi—u2= Z(Q'FEJh
m

0-(132= _2(g+F—nijh

Letu = u(say)
v=0h=ht

Q.9
(6]

=

a
= O+)xa =al

a
—)FCD=|_ (I+0)xal  =2a\l
y
C—a2—1 B
—> “xdx I[
A D

For FAD = FBC

[
2
a al | X 3
= —X+|ldX = — _+IX =
F jl( ) I[Z L @
Gakl =6x5x10°x 20 x 106 x 0.1
= 6N (ans)
[44]
X N
g ",
7 I I
G 9 A —%—0
X-4 4 "~ x+7 7
9 x-4
d, 4
S x+7
d; 7
X-4 _X+7
4 7
X —28=4x + 28
3x =56
_5%6
=3
56
&_?+7_1_1
q2 - 7 - 3
lg,|=+12pc
11
= q,=12x — =44 yuc
3
[17]
Initially, 2Tcost = mg (D)
—2—- 12
519 T13 h



here T =Kk(26 —24)
T=2k

5
So, 2 x 2k x E =mg .(A)

1% Case
Now length of string = 30 cm

T, = k(30 - 24)
2T,cosp = gE; + mg

9
ZXkaE:qu+mg

5 <713
(468—100)k
65 05
368k
—65 =qE, ..(B)

2nd Case
T, = k(40 — 24) = 16k

16
2x 16k x —— =qE,+mg

20
__lask 20k
== "5 T3
_ (1664-100)k
B 65
12
16 20
20 By
qE,
mg
1564
gE, = Ek (C)
E, 1584 ,
E, " 368 ** |

Q.10

KVPY

Electric Charges and Fields

[45]
OP= (81 —ki)— (21 —3))
OP=6i —8)) = OP=10

_ Q — KOQ .-

E —K—OP=—<QOp

P op? OF?

9x10° x50x10°°
E,= 2
(10)

= 4500 V/m

PREVIOUS YEAR’S

Q.1

Q.2

(D)

If one charge is removed then net force on Q is
qxQ
4nsoR2

Towards the position of removed charge

(B)

NG !
" \30Na Fpet =2Fc0530°

Fq
f(r)=kr
now F_ on aparticleis 2F, cos 30° due to the other
two charges

_2%q® V3

net az 2

alsor:EEE J
3l 2
~a=+3r replacing it in K, we get

. ﬂ(ﬁ}'&
net (\/ér)z 2 \/§I’2

31



Electric Charges and Fields

Q.3

Q.4

Q.5

Q.6

32

thisis balanced by F (r)

1x q2
S Fr)=F,=>kir=—————
( ) net 4TE80><\/§I’2
2 \V3
S r= \/§—q
12neqk
(B)

Using law of conservation of mechanical energy
Initial K.E. = Fina PE.

2 2
lmv2+—mv2:ki r=—1J -
2 r 4Ame,mv
(D)

¢—Q

For a conductor electric field inside its cavity is only

due to inside charge and not due to outside charge.

(B)

—Pp---—

E, E Q 20
(©)
For uncharged particle
. u’sin20 0
= .. i
g
Range for particle of mass m and charge g.
L _u’sin20
2 g+ (ii)
m

From (i) and (ii)
u?sin20  u’sin20
9 9E

9+m

=mg=qE
Range of particle of mass m & charge 2q.

R= u?sin20 _ u’sin20 L
T2~ [, 2gE) 3
g+ 2E g(“ 2qu 3

m mg

Q.7

Q.8

Q.9

(B)

pr
Whenr <R E= 3neor2
Whenr >R E= 4neor2

t+t+++tttt++

energy conservationat A & B

av, Jr%mu2 =qV, +%m>< 2u?

1
av,-V.= Emu

A In, .

gx

2n e,

energy conservationat A & C

1 1
V, +=mu? =gV, + =mv?
ava 5 qVg >

q[VA—VC] + Emu = Emv

iIn4+1mu2 +lmv2
2n e, 2

qr
2n e,

1 1
IN2+=mu?+=mv?

muzému2 =%mv2

3 1
§U2=—szvz \/éu

2
(A)



Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

outside the nucleus electric potential decreases

€ isnegativity charged

.. its PE is negative even outside the nucleus where
nuclear attractive force is negligible

B o> e

outside the nucleus

neutron will not

experience electric force

asitisneutral. So no potential energy associated with
it outside nucleus

1 — neutron

(A)

Due to induction, bend in same direction

(©

(1)

k(-
VBk—SJr (Cq):v (Given)

4= 4meg.be v

c-b
ChargeonC=-q

(D)

1 9x10%x(4x10°)
==X

=45V
2 1.6x107%

45V from higher to lower potential.

(D)
Charge on outer most surface is zero
Hence forceon gisalso ‘0’

(B)

Q.16

Electric Charges and Fields

d

Q

Q
kQxQ _kQ?
d d
Third chargeis put between them

Energy E = (D)

d d

2 2
Q Q
2

O

Energy of system = —deX Q,kQ (ﬁj + kQ(

N\o.|

From (1)
Energy of system=E

(A)

><

VX remain same and it isequal to u

V, eEl 1 eEl
—_— = X — = —

tan6 =
V, mu u mu,
1

tan® oc —
l‘12

1
when speed u is doubled then 6 will become Zth'

tan9% =0.1
4

33



Electric Charges and Fields

Q.17 (O = q=mv,?
V12 = %
Vl = %
- Similaly Vo = \/%
Q2 Vl :VZ
PEi = Initial energy of system = self ener 2nR
gy of sy 8re,R ay 1

L_ A :2nR1X v,

of sheel) T, 2R, v, 2nR,
PE, = Find energy of system= 8112:R + q:n:g) + kQRX a, ngq) = 812:}? - A:;R Vo
(sellf energy of shell) (Interaction energy between R, v, 1
various charges) SEUXSTTS
v R, 2

Work done = PE, — PE, I

2

- 4‘q Q020 (B)
Teod Electric field lines should be perpendicular to surface
2 of metal.
Magnitude of work done =
4mea 021 (A)
Q.18 (A)
du -d
=—=—1J[qV
F= 0~ o [aV] q — constant
P
_ [d_U}
F= = dr a
Let at the corner of cube potential = V
v =kr 0
— av
F=-gk «— | X = ; _
- ( dr k} Potential Side of cube
mw?R = —gk Q=pxa
2 . a
m(%) _ ok So potential ocp?
Potential o &
2
m(4TC2 )R = qk «—2a—»
T
=T?«R
=T« Rv2
Q.19 (B)
e-K
r r

34

[

for 1% electron

1 my?
@5~

Big cube consist of 8 cube

At centre of big cube of side 2a, potential is8V
Potential at corner of big cube =V x (2)°= 4V

8V,
i ig=—1r=2:1
Required ratio 4V,



Q.22

Q.23

Q.24

Q.25

Q.26

(D)

1 . .
If coloumb'sforce « P gaussslawisnotvalid

. (I);tq_e”

€
For static condition E = 0in both of conductor

.. ¢ through a Gaussian surfacejust under the
surface of conductor =0 but as

Oo . .
¢=—"" isnot valid.
€p

So g, =0isnot correct statement. Some charge
will present insider bulk of conductor.

(A)

Option 'A'" is correct option. According charge
conservation & Gauss's law.

(B)

gq=+2e

laV =+ 2ev.

©
q,(1-cosa) = q, (1~ cosP) solving we get 30° < 8 <
60°

(D)
My

X tan0 = dx = rsec?0do
r

dF— 2K,
rseco

AodX

dF = 2KMA2 | o2 g4
rseco

= 2K),\, secOdo
n/2
F = ZJ dFcos6

net
0

=2KA L, Ans.

Q.27

T
E
Q.28 (C)
g_dv
dr
¢ = 4nr°E = Jene.
€o
qenclosed:q/e
Q.29 (B)
daTr
=_K 4nR*>—
Q=-K 4R
Qx R?
Q.30 (D)
QE
Mg
am, >am,
Mlg—Q1E>Mzg—Q2E
Ml MZ
g_Q1E>g_£
Ml MZ
QE _QE
MZ Ml
M,Q, > M,Q,
Q.31 ()
3
N d
NAS >¢ 0
3
d
J
J \
OITTTTTITTITITIT]

(B)

-

Electric Charges and Fields

35



Electric Charges and Fields

By method of image, the given arrangementisequivalent  JEE MAIN
to PREVIOUS YEAR’'S
Q1 (1)

1 1

F = F = , Q.2
Y4ne, (2d)®T 7 4ne, (2d)°

2

4 e, (24/2d)?

3

2 2

LR =21
e 16ne,d* 32ne,d’

o Q.3
=— 1 (2J2-1)[towards O]
R2n e, d?

Q.32. (B)
Potential inside uniformly charged solid sphereisgiven

by

k
V= 2:33[3R2—r2]

_kQ|3rR* r?
R|2R* 2R?

njgéjGT Q4
C4ne,R|2 2\R

Compare with given formula, i.e.,
C
Q a+ b(LJ
dne, R R

a=§,b=—£,c=2
2 2

Q.33 (A)
As charge is increased in discrete manner. (A) graph
should be correct option

36

3
(DP1: 5o (0.2

4
®,, = 5 E, (0.3)

Pz _06 1
Cp T 127 2
(36)
[¢———0.5m——»]
1nc 1nc
K(1x107°)(1x10°°) .
- (05)2 - 36 X 10_ N
x =36
(1)
_Kh .
E = o (sn 9, +sino,)
V3r Q
61262:300,r: T,?\.: 7

Q(1+1j
1 /2 2 Q

(2)

1 V3
t= [E + 937} x 0.2

9.8 1 V3
a=— =(02) [E + 937}

=49-179~31



Q.5
Q.6

Q.7

Q.8

Q.9

2 2
~ Va7 \B1
~ 113 sec
(3)

«—d—>‘e—d—
Restoring force on proton

2K e’y
Fr = m y <<<<<d
2Ke?y ey
F = & " 2n eod3 Ky
e2
k= 2n €, d

(1)

If we consider two point charges+q and —q at position
of —q charge, then after interchanging —q charge with
+q charge, net electric field at centre of cube is zero
due to symmetry. Now remaining charges are —2q so

. . (—8kqg
net electric field at centre is 32 )

(226)
using gues law it is a part of cube of side 12 cm and

Q 12uC
charge at centreso @ = Be. —
0

6g,

X% 103=2 x 4 x 9 x 10° x 108

@ =72x x 10% S units
X = 226

Q.10.

Q.11

Electric Charges and Fields

2= — R, 512q

V' r(512) . K(512)q

2" R VTR

v 512 4 4
VYo 2e 2 3-2 3
S =g =128 (512) 5w = 2 7R
V' = 128 volt R=8r

(90)

v=— =10v
r

4 4
T o3- 2 _p3
27 x 3TCI' 3nR

R=3r

. kx27q
vV = —

3 =90 volt

(640)

2
d0=E A= £ x4x10°x0.4=640

Q.12 (2)

Q.13
Q.14
Q.15
Q.16
Q.17
Q.18
Q.19

Q.20

gE=Mg

_ [ s
nek =p 3 x g
nx16x107° x 355 x 10°

4
=3x10°x _ xx(2x10°)°x9.81

n=173 x 16(3‘9‘5”9)
n=173x 10%

(2)

(4)

(4)

(3

(2)

(2)

(2)

(2)

As electric field is in y-direction so electric flux is

only due to top and bottom surface
Bottom surfacey = 0

37
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Q.21
Q.22

Q.23

38

=E=0=¢=0 E
Tope surfacey = 0.5 m
150
= E=150(5?2 = — 4
4 k A
150 150 i e
NOWﬂUXd’:EAZT(-S)Z:T =R r=a r= >
Q Option (1)
By Gauss'slaw ¢ = e—m
0 Q.24 (3
150 _Qn Sincef = E.A = EA cos6
16 e,
AA
Q = @x 8.85x102=83x101C
i 16 ’ o0 E
Option (2) E
(2) 0 = 90°
L 6=0
(4)
Q25 (2
(1)
Considering outer spherical shell is non-conducting Q.26 (1)
Electric field inside a metal sphere is zero.
r<R=E=0 JEE-ADVANCED
K PREVIOUS YEAR'S
r>R:>E=r_2 Q.1 (A,D)
E
kQ
o L
=R >r . . :
From the diagram, it can be observed that Q, is
Optiqn (2) _ . _ positive, Q, is negative.
Considering outer spherical shell is conducting No. of lines on Q, is greater and number of lines is
directly proportional to magnitude of charge.
So, 1Q|>1Q|
Electric field will be zero to the right of Q, asiit has
small magnitude & opposite sign to that of Q, .
Q2 (A
F F
_> ‘—

02 2
Electrostatics repulsive force ; Fy = |5 - mR*

o’nR?
F=F,= 260




Q.3

Q.4

Q.5
(D)
In equilibrium, mg=qE
In absence of electric field, mg = 6anrv
= (gE=6nqgrv
b
m= 3 nRrd. = g
3
E
ﬂTL' qE d = q_
3 | 6mnv g
After substituting value we get,
g=8x10C Ans.
(A,B,C,D) Q.6
+Q
QtQ=2Q
. 7
(i) Q
KQa _KQg
RA RB
(D))
. - RA
() and (i) = Q,=Q, |/,
2
& Q (“—A] =20 =0Q,= ¢
B &)
RB
8
2QRg °
~ Ry +Rp
20 R,

& Q=R 4R, ~ %>

oa _Qal4nRR  Rg
g —QB/4nR§ = R, using (ii)

(e} (e}
A B
E,= & E,= v 0,<0
c B e A B
0 0
- EA< EB(aIsurfaoe)

Electric Charges and Fields
©

(a, 0,a) (a, a,a)

{0, 0,0) (0, a,0)
flux = (E, cos 45°) x areq)

= 5><a><\/§a = anz

V2

(A)

1 }k
The frequency will be samef = —,|—
2\ m

but due to the constant qE force, the equilibrium

E
position gets shifted by q? in forward direction. So

Ans. will be (A)
©
Surface Tens _ force
rface Tension y = length
ﬁqu qu
2=t 5| =yxaf2 x2
a 2a
1
3

2
a = (Some constant) (q_] So
Y

N=3 Ans.

(B.D)

At point P
If resultant electric field is zero
then

39
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Q.9

Q.10

40

KQ, _KQ,
"o = N
4R* B8R
PL_
P2
At point Q
If resultant electric field is zero
then
KQ,  KQ, _
2t 2~
4R  25R
h__32 st be negati
0, - 725 (p, Must be negative)
(A,B,C)

+q —q

O A -
*2d A e 4K D

*q —-q

E, = 6 K (dong OD)

V,=0

Potential on line PR is zero
PR

(C,D)

For electrostatic field,

P ep e
3eg 3eg

3~ (CP+PCy)
3eg

Ep = 3Lc:lc2
€0

Q.11

Q.12

Q.13

(®)
KQ
B R
_ k(2Q) _ 2kQ
2T R2 = 2 = R2
_k@QR  kQ
5= "@r? &= re
E3< El< E2
(®)
Q _ A _©
iy Sh) r02 27 €p rO 2 €
Q= 2ncr§ A incorrect
A .
= —- B incorrect
o
El(f_o) _ 4E; (o)
2 1

I
E, [on =2E[r) = C correct
f'o .
E, o= E.(r) =E, (r,) D incorrect
(A)

(P)

+d +d +‘Q ~+Q

Component of forces along x-axis will vanish. Net

force along +ve y-axis

Q)

+Q +Qa



Q.14

Component of forces along y-axis will vanish. Net
force along +ve x-axis

F.

(R)

Q -Q Q. +Q

Component of forces along x-axis will vanish. Net
force along -ve y-axis.

S

Component of forces along y-axis will vanish. Net
force dlong -ve x-axis.
(A) P—3, Q—1, R—4,5—2

(CD)

(A) ¢ total due to charge Q is= g S0 ¢ through

€

the curved and flat surface will be less than 8_
0

(B) The component of the electric field perpendicular
totheflat surface will decrease so we move away from
the centre as the distance increase ( magnitude of
electric field decreases) as well as the angle between
the normal and electric field will increase.

2nd Method

Q.15

Electric Charges and Fields

N E
E =Ecos
KQ KQcos*0
3
£l KQccz)s 0
R

Aswe move away from centre © T cosd so E L1
(C) Since the circumference is equidistant from ‘Q’

KQ
V2R

(D) Q= 2n(1-cosb);0 = 45°

it will be equuipotential \/ =

¢__£xg__2n(l—cose)2
 4n €5 N 4n €

__g(l_iJ

- 2¢, J2

(A, B)

Q:
Field dueto strai ght wire is perpendicular to the wire
& radialy outward. Hence E,= 0

Length, PQ = 2R sin 60 = /3R According to Gauss's

law

Gn _ M3R

total flux = <]5E-d—5

So So
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Q.16

Q.17

42

(B)

() E-"2=Exy

(i) Dipole

E= zd—'?\/u 3c0s? 0

1 .
EOC@ for dipole

(iii) For line charge

2
d

E
Eoc1
d

202K
V) =247 a1y

:2K7{d+€_d+q

d?—r?

(v) Electric field due to sheet

c
e=—o
2¢;

€ = v isindependent of r

(A,B,D)
For option (1), cylinder encloses the shell, thus op-

tion is correct
For option (2),

cylinder perfectly enclosed by shell,
thus ¢ =0, so option is correct.
for option (3)

v

\
—
¥

<1\
)

A

2xQ 2Q
= o) — —
¢—2€0 (1—00353)—5EO

For option (4) :

2Q
Flux enclosed by cylinder = ¢ = 2¢, (1- cos37°) =

Q

5¢;
(AD)
@ f’=%(f+])

E.F. a B aong tangent should be zero since circle is
equipotential.

_ KIPI _
aaEU_ R3 & EB_O

& 2KP
o 3
7 "

R (R
TR 4n e, Ey

U3
I
SoR= 4n e, E,

So, (1) is correct

(2) Because E is uniform & due to dipole E.F. is dif-
ferent at different points, so magnitude of total E.F.
will also be different at different points



Q.19

S0, (2) is incorrect
2KP KP _KP P(f+])

R R R 2
So, (3) iswrong
(4 E, =0

S0, (4) is correct

Q) E, =

(A)
Let charge on the sphere initialy be Q.

kQ
R =V,
and charge removed = 0.Q

.. —

P
(74 )= -
kQ 2kQo kQ
andV, = —=-———=-"=(1-20)
kQ@-«a)
Vo= —o—
Ve 1w
C Ve 1-2a

@) (EC)initial =280

kaQ
(Ec)inmal = R2

= Electric field increases

kQ kaQ
@ = 257 57

kQ kQ kaQ kaQ Voo
TR RTRT O R. R
Pe
‘R

P

Q.20

Q.21

Electric Charges and Fields

k
@) (VO =
kQ1-
(V= 2

k
AVCFQ () =aV,

(B,C)
a = ~4004/3x10% [aE,=ma]

2 o 2o
R:5_40><101 anO{R( ge)—u smze:l

"~ 400y/3x10° B
J3

sin20=—
2

20=60°, 120 = 6 = 30°, 60°

2% 210 x10° x &
2 5

Time of flight T, =

400+/3x10°
(for 6=30°)
2x 24/10 x10° x 3 5
Time of flight T, = 2 :\ﬁ“
400/3x10%° 3
(for 6=60°)
(3.14)
Al — X
At (:Fe=F,
ke = —lefq
yu

q(2kp)
(€+x)3

Fnet:Fsp_Fe: k (f + X) -

43
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Q.22

Q.23

44

- q(2kp)
Clx/ ey

2kp 3x
kx+ke—gl 2P f1-=X
’ q( P j( / j

= kx+k€—q(2—kpj+ 2kpg 3x

=k(x+/¢

73 VAR

1

m m
keq:4k T= anﬂ :TE\/%
fzzJK

Tym

F, =kx+ k€(3—xj =4kx

R r2
GOZRI(T —Rjdr

Po _ 0
- R/4 r2
6027:_[ [r—}dr
5 R
R*> R’
2 3 _3

"R R* 5=640
32 3x064

(A.Q)

The net electric force on any sphere is lesser but by
Coulomb law the force due to one sphere to another

remain the same.

o

mg

In equilibrium

o
Tcos—-m
5 g

and Tsing=
2

After immersed is dielectric liquid.
Asgiven no changein angle a.

So Tcos% =mg-Vpg
when p=800 Kg/m?

and TsSn—=—
2

r

el’

d=density of sphere
1_, 890

21 d

d=840

Two point charges —Q and +Q /3 are placed in the
xy-plane at the origin (0, 0) and a point (2, 0),
respectively, as shown in the figure. Thisresultsin an
equipotential circle of radius R and potential V =0in
the xy-plane with its center at (b, 0). All lengths are

measured in meters.

--------
0 A,
o ~

(1.73)

(3.00)



Capacitance

ELEMENTRY
Q1 (4
o Ke A
d
Qz (9
By using V,, = n*v
Vblg 213 _ 4
=@ ==
small 1
Q3 (D
Q4 (D
Q5 (1)

The given circuit is equivalent to a parallel

combination two identical capacitors

—

A —| c —e B

]
Hence equivalent capacitance between A and B is
d d d

Q6 (2
Thegiven circuit can be drawn as
whereC=(3+2) uF=5uF

124F

S|

1.1 1.1 201
Cyb 5 20 12 60 3
= Coy=3uF

Q7 (9

The given circuit can be redrawn as follows

= CAB= 3C

Q.8

Q.9

Q.10

Q.11

(2)

The given circuit can be simplified as follows

Hence equivalent capacitance between A and B is2uF.

(3)

The circuit can be rearranged as

2uF

(1)

T—_r Q ‘\%_C\ ¥ Q
c +C=2C 2¢/2=C
zc‘E P 2c'E P
= . = s = = GeC
,’: \___Cr' \" 2
ST ¢ T
j """" Q Q
c+C=2C
(3)
Chargeon C, = chargeon C,
=C(V,-V,)=C,(V,-V,)
C\V,+C)V,
=C(V,-V,)=C(V,-V,)=V = —Cl C,
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Capacitance

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

46

(4)
Potential difference across both the linesis samei.e.
2 V. Hence charge flowing in line 2

2uF 2uF
| | | |
11

| | Line (2)

| | Line (1)

Q:@sz: 2uC . So charge on each capacitor in
line (2) is2 uC

(3)

Given circuit can be reduced as follows

In series combination charge on each capacitor
remain same. So using Q = CV
=CV,=CV,=3(1200- V) =6 (V,-V,)

= 1200-V =2V, (- Vgy=0)

=3V, =1200 =V =400 volt

(4

U :%CVZ :%x 2x10° x (50)* = 25x10*J = 25 x
10% erg

(1)

E
Let E:%covg then, E, = 2E and E, =5

(2)
In series combination of capacitors, voltage
distributes on them, in the reverse ratio of their

c a p a ¢ i t a n c e
.V, 3 .
e A== .. 0)

Vg 2

AlsoV, +V_ =10
Onsolving (i) and (ii) V,, =6V, V=4V

(2)

U :g—c; ingiven case Cincreasesso U will decrease

Q.18 (3)
C.=C,+C, = Katohs Kty
d d
A
2x¢g 4dxg,—
_ T2, 2 019, 0 0 aouF
d d 2 2
Q.19 (4
A A
c _KlgoE_KlsoA_ C =K28°E=K280A and
OO
2 2
KieoA  KigA
C, =300 - Zsolt
2d 2d
Now, C, = C,+—xCe —[Ka | KK, | eA
™ C,+C, | 2 K,+K,) d
JEE-MAIN

OBJECTIVE QUESTIONS

Q.1

Q.2

Q.3

Q.4

(1)
Q=Q,+Q,=150uC
a_G_1
Q G 2
.| =100uC
25uC charge will flow from smaller to bigger sphere

= Q, =50uC

(4)
Chargeisflow until potential are equal and in charge
flow energy is decrease

Q_Q _
C, C, = Qle_ Qle'

(1)
C=4ne R

C

4 €,

R= 1x108%x9x10°=9km

(4)
Charge/ Current flows from higher to lower potential
or Q/C ratio.



Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

(1)
Charge/ Current flows from higher to lower potential
or Q/C ratio.

v, _KQ \ _KQ

R’ e 2R T VaTVe

A—->B
(2)

] € A
GivenC =

d

If separation ishalved d' = d/2

. . AX2
C=€cAld= —q - 2C
(4)

_ ke A

- d
where k = dielectric constant of medium between the
plates

A = Areaq, d = distance between the plates

(3)

C =d4ney

Ci =4neR

The volume of the n dropsis equal to the bigger drop.
4 4
2 3= 2.p3

N 3 mr 3 nR

R= N3

C, =N¥4ner

(3
Q, = 900uC
Q, = 2500uC

When the two capacitors are connected together let
the common potential is V.

900 + 2500 = (3 +5)V

V:$=425v

Q.11

Q.12

Q.13

Q.14

Capacitance

(2)

C C
| |
= 1<
ne | 1C
A [} [} B
| |
C C
_AC _
Ceq— 5 =2C.
(3)
C
I
C C
—} i
1} {
A C ¢ C B

—c+ 2 Lo
C,=C+ = +C =3C.

(4)
1 1 1 1
C—1:§+§+3:C =1pF, C,=2+1=3puF

Cq= 1k

(2)

200+ 200

200= 200 - 100

100 T 2OO-|-100
ye* Yy

solving by parallel series combinations,

—
II§

200 -~

=100
=

=100-|- T

100
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Capacitance

Q.15

48

. Q.16
1 200
=100
=
-|— 200
100 =100
=
.—
= 200pF
=
.—
Ceq =200 pF
) Q.17

Solving the circuit using following steps

Resultant capacitance of the circuit = 1.6C

(2)

Astheresulting circuit isaWheat stone bridge hence
current in 13uF capacitor is zero. Hence the circuit
now reduces to

35pF\/\/7pF
A /\> B
2uF

IOMF/\/\

et opsmcais 2+ 10 2 45 _ 15
€ resultant capacitance 1s 6 6 6 >
pF
(2)
10
I
1
30 2
A [ L 2y B
AT Jy 1l
]
1]
6

Astheresulting circuit isaWheat stone bridge hence
current in 5uF capacitor is zero. Hence the circuit
now reduces to

30uF\/\/ 10uF

A</\ /\>B
6uF 2uF

AN

. . 30 6
The resultant capacitance is 4 + 2 =9uF



Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

(2) Q.24
I solated capacitor = Q = constant

separation d increase = C = decrease

Q=CV =V =increase

(4)
The curve shown isfor afunction xy = constant
Q=Ccv

(1)

E= lSOE2
2

1
2.2><10‘10:§ 8.8 x 1012 E?

E=7NC!
(4)
b 2 2 | S5pF 4pF
i R
2uF 3uF Q.25
I
100V

Since potential of pointd & eissame. No charge will
be stored on 5uF capacitor.

(3)
Force between plates = qE

B B N q°
T 26, T 2Ag, ) ITFNXT oae K
(1)

10V

=FCy=1uF

Co=2uF A2 Ca=3uF

AT T

Bosv 20V

From junction law

(V—10)1 + (V —20)3 + (V + 25)2=0 Q.26
6V =120

V =20 Volt

(2)

Let g be the charge on all the capacitor

T

-q +q -q +

—

2uF

4uF M

N 6uF

Apply KVL

a q
-3 -2~

q
4

4uF

1.2uF |31V

Ak

3+6+3+2+10
2= | |

1
gq=12pC

NowVN+ﬂ +7+— =V

6
V-V =12V

(4)

AY

2

q
4

MJJ

Applying junction law
Xx—22+(X-02+[x—(2]2=0 =x=0

4uF
|12v sz

\;

Applying junction law

x—-6)4+(x-122+ (x-24)1=0

72
X=72 = x=— volt

7

M

B _ 72
So,V, -V, =0-x === Volt

(1)
S5upF
_205c
M~ o0uc

T
3uF
—q ,92

Capacitance

49



Capacitance

9,:9,=3:4
_ 3
Q,= 7 x 20uC
Q.27 (2
q 3uF 5uF
LN ]l Il
I LA
8
4uF
>—|
N
+ |, =
II
8v
C.= E+4— 4 F
«- g " gt
9,9
—+—= = =
375 8= q=15uC
Charge on 2uF
Q_15-a _30_
2 3 ~%T% 7
Q.28 (1)
oy oo 1.1
ViV, _C_llc_z: C.:C,
v_G 1
vV, C, 4
Q.29 (4)
To form a composite of 1000 V we need 4
capacitance in series.
4 capacitance in series means in each branch
capacitance is 2 uF. So 8 branches are needed in
paralel. So a total of 8 x 4 = 32 capacitors are
required.
8 8 8 8
I [l [ I
I [ I I
8 section Total : 32
Q.30 (3)
For charge in 5uF capacitor
C,:C,=2:5
% _ G
q2 B C2

50

Q.31

Q.32

Q.33

5x18
%= 10
charge on 5uF capacitor is 9uC
charge on 4uF capacitor is 24uC
Ratio of charges=9:24=3:8

3uF
6V—H—<::::}O
5uF
6 I o}
4uF
In
'6v
4
Q Q,
Q,
60V C——= —_—C/2

3
Q:ECXGO:QOC
Q,:Q,=C;:C,=2:1

1
Q,=3 x90=30C

o 30C
Potential difference acrossC= —— =30V

C
(2)
E
A| B
11219 1415 C
h— —
C
1'_H p) H 3

C

c _2CxC _2¢A
@7 3C 3d

10V|20 -20

20 20
D -20 5, OV
————

10v

Total charge on plate C =40 uC



Q.34

Q.35

Q.36

Q.37

(2)
Q.38

-0

,_.
N

2,3

(@]

Q.39

(1)
Maximum charge on first capacitor 91 = 160uC

Maximum charge on second capacitor d2_ = 1280

pC.
As capacitors are connected in series. Hence

maximum charge they can storeis 160uC. .40

(4)

Maximum charge on 1% capacitor = 6x10-3C.
Maximum charge on 2" capacitor = 8 x 103C.

In series the maximum charge they can haveis 6 x
103C

1uF 2uF

6 x 10°C 6 x 107°C
Hence maximum voltage =

6x1073

6x1073
= +
2x10°°

T 1x10°°

=KV Q.41

(1)

Qo =3C X 10°C.

Q=4 C x 10°C.

Qo for first branch 3C x 103 C

_3Cx103x5C 5
LT T 2 Tk
6C 2
Similarly for second branch

Q3 =7Cx10°C Q4 _ =6Cx 10°C

\Y

max

5 Q.42
6C x 10 20
=—x10C = —
T T 1c? 7
The two branches are in parallel. So in order to find
max value of voltage for which no capacitor breaks

\Y

down Vimax, < Vipay -

Capacitance

(2)
2uF 3uF 5|p|F
| ||
I [ I
3V 2V 1v
Max charge 6uC 6uC SHC

Hence maximum charge that the series can with stand

. 31 31
is5 uC. So break down voltage=5 x5~ = — volt
30 6
(1)
A

(o)
Force between capacitor plates is equal to oo
0

Asthe systemisin equilibrium

62A
2 EO

=mg

(2)
Force between the platesis given by

c2A
2 Eo

or

E 1x10°x10°
F: q—:—
2 2

E
[5 aselectric field isdue to charges on asingle plate

0.1
is to be written] TN: 0.05Nt

(3)

We know that force between platesis
A Q*  C’V?

260 - 2A€O - ZAEO

e APVZ g AV2
T2A ey d? T 242
2 2
2d 2d
(3)

Let usassume chargeon A isq and potential of A, is
zero as it is earthed.
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Capacitance

Q.43

Q.44

Q.45

Q.46

52

Potential of A is due to charges Q & g. So we can
write the equation as

Vzg +@=0

r g R
9.9, 9
r R R

The system from a sperical capacitor and for a
spherical capacitor capacitance is given by :
C- Ane N,

-1

(3)

U:lCV2
2

1
> x 4 x 1078 x (1 x 108)2

2 Joules.

(1)
Charge carries electrical energy so capacitor stores
electrical energy.

(2)

1 1 1
W=U -U = Ecvf2 _Ecviz = 5 C (40 -209)

W =600C

1 900
W, = 7 C (50?-40%) = - C

900 W 3

Wi= " %00 4 W

(4)

As battery is disconnected, charge remains constant
in the work process.

Work done = final potential energy —initial potential
energy

Q* @
~2C T 2cC

1 1
-2 |C C

_ _AeOV _Aeo ,_AEO
Where,Q=CV = — —,C=— & C' =" 4"
Now, work done = So Av?
’ T2

(1)
Initially

U, =%CV2 :%><0.5><10_6 x102 0.25 %1023

When the 0.5 pF capacitor is connected to an
uncharged capacitor let the common potentia is V.
05x100=0.7V

_0.5x100 _500,,

\ olt

0.7 7
U, = % x 0.7 x 107% x —520 x —530
=178 x 103 J

Loss=U;-U,=0.72x 102

(3)

charge=CV charge = 4CV
— —
C 2C
q-3CVN » 3CV—g
11
11
c
1}
—q7¢"



Q.50

Q.51

Total charge =4CV -CV =3CV

Now, let it is distributed as shown, potential across
the capacitors is same

S0, 5 = ¥4 =20V
'2C - T C =a=
HKCV
C
|
2c S2cv
2 2 2\/2
c?v
Total potential energy = ZQé + 2%2 =>c *
1 2

4c?v? _3cv?
2x2C ~ 2

(2)

10V

++4++

C = 2uF

FrE++

4uF
20V

Before connection
Q,=2x10=20,Q,=4%x20=80

1 1
U= 5 21072+ 54 (20)?= 900

Since connected as shown
After Q ,=—20+80
Connection =60

V—ﬂ—lOVOIt
T 2+4

1
Uy = 5 6(10)? = 300 J

Heat generated = -U; + U, = 600 J

(3)

_1.1_ .
V1 VZ_E'E_Z'l
1
V2:§ x24=8

Q.52

Q.53

1
E= 2 (1) (8)=32)

(1)

Initially
2Q

2 2 17
3Q d 2d
2

N
K
After closing key first and third plate come at same
potential.
V V, V

'Qz Qz Q1 ’Ql %
3Q d 2d
2
E x2d=E,xd

(e} (e}
E,=—,V,-V=—"2d= —>d

S EO 0
26, =0,
2Q,=Q,
Q+Q,=2Q

2Q 4Q

=3Q,=2Q =>Q, = ? andQ2= ?

-4Q/3 [2Q/3
1.5Q syl 203 1.5Q

Initial charge on third plate = 0

- _3Q 20 _5Q
Final Charge= > 3 6

°Q
.. Chargeflown= 3

(2)

Capacitance
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Capacitance

Q.54

Q.55

Q.56

Q.57

Q.58

54

_ & A 885x10™x0.1m?
" d T 0885x10°

=1x10°F

1
Energy stored = E(Cl +GC,)V? =10°x100 = 107 Q.59

Joule

L ceq ve= Locve
2 VTE S

(2)

(3)
Q = constant
New capacitance = KC (increases)

\%
V' = X (decreases)

Q?
U’ = —=— (decreases)
2CK

Q
E= Ac, = FE'= KA (decreases)

(1)

VCZ = VCZ = V
c,=C

C,=KC

ql: C1VC1 =CV

a,= C2 ch =KCV
g,<0q,.

(3)

O

4v
Here, Potential difference onthe capacitor will depend

on emf of battery i.e., 4V

(1)
Chargeor battery =Q=CV =4C

Now chargeremains same, as battery is disconnected

new capacitance =C" =KC =8C
CVv'=Q

Q.60

Q.61

Q.62

Q.63

., Q 4C 1
V=c=8c=3V
(1)

1 2 .

UoZECV (given)

1.
Now energy =U" = EC V2
C =CK
ol
U = ECV K =UK
(3)
Now, charge remains same on the plates.

2

Q .
u,= 2C (given)

Now energy =U’ =Q—= SeT =

(3)

The charge stored in the capacitor before and after

the dielectric is inserted is same so
Q=Ccv

\Y
Q = (KC) (gj
Q=
B KCV _
Hence CV = 8

(3
For metal k =
Hence from formula

SoA

Ca™d-t+t/K

_ EoA
S (d-1)

(3)

o
V,=Ed=—__d=23000
€0

(o)
Vy=Ed= _ d=1000



Q.64

Q.65

Q.66

€
= — =3= e =3¢,=27 x 1012 CZ/Nm?
<o

(2)

A

c:eo—t
d-t+-—
k

A 3 A

Now <o t :Eeod
d-t+—
T

eq KA
Now, C = =0 ™Mmin

dmax

7x1072 x107® x 4000

= = 2
88510 2 x2.8x18x106 _003m

(2)

Initially C_ =

C
a2

C
$0,Q=C,V=7E

e < KO KC
A~ C+CK ~ 12K

_ . __ KCE
%0 Q=CeE= 1Ty

So, change flow throw battery = Q, — Q,

K 1
AQ=CE|7 « "2

CE(K - 1)
AI= 511 1K)

Q.67

Q.68

Q.69

Q.70

Capacitance

(1)

. € A
Charge on capacitor Q=CV = d \
... 1 €p A 2
= — 2= ——V
Initial energy > Ccv >d

Q* _CV? _1cv?
2CK ~ 2CK 2 K

Final energy =

&)1
work done = [Final energy — Initial energy]

- ECVZ 1 _ %o AV? 1
2 K 2d K

(3)

Q
Q |
I'E
i
KC
C =
o K+1 |—< I
I'E
KCE
=C_.V=—, '=EC/2
Q= C K+1 2
Q, EC
Qz = 2[K—C£j —(K + 1)/2K
K+1

(3)

As the potentia difference is constant hence we can
say that

Q,=60uC=VvVxC (1)

Now thereis aready 60 uC on the capacitor.

More 120 uC charge flows from battery. Hence net
charge on capacitor is

Q,=180puC=V xKC ..(2)
2/(1)=>3=K

(3)
; (60x10° )2

2 2x10°
=900 x 106 J

U =
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Capacitance

1 (180 10*6)2

uy=-=- 7
o2 3x2x10°°
180x180x10°°
= 6x2 =2700 x 10 J Q.73
V =30 volts

Heat produced = 1800 x 108J

Q.71 (2
Charge on 15 pF capacitor A = 1500 pC.
Charge on capacitor B = 100 pC.
When they are connected with dielectric removed
from A the capacitor.
Capacitance of A now becomes 1 pF.

oA 15
C= = 15C = 15)/F,

d
ﬁC—lF
d —ll

C =
1500 1|~ -1500
1

+1 1=
100V 1uF

Q remains constant

Qe = Ceq XV gommon
1500 + 100 = 2V

V = 800 Volt
Q.72 (4)
Initially Finally
+E +E
L L
] 1 | 1 Q.74
C C C
" C . _ CK
Ca =73 Cea = k1
_ce _ CE
977 =K1
_ _CEK CE
%4 =%~y 1~ 2
_ CE(K-1)
= 2(K+1)

56

CE - CEK
2 K+1
So charge flows from C to B.

(3)

__q
_AGO

. o
Initialy E = <

=200 x 10? V/m

-+
X2emY
_e_Q

€=V T Ed

Q

C=
200 x 102 x 0.05
....... 1)

In final situation

charge remains uncharged
- Q
C= VI

....... @)
From (1) & (2)

EO A EO A 5
V = x 200 x 10% x 0.05
3x1072 5x1072
V =3 x 102 x 200 x 102
=600V

(4)

The two capacitance C; & C, behave as a series
arrangment as both the capacitors have equal charge
on them

AK,
C.=¢ d/2
AK,
C,=¢, d/2
Cu=g e
1 2



Q.75

Q.76

e,AK, y e,AK,
d/2 ~ d/2 ZZ%A[

- %A&)+ &, AK, d
d/2 d/2

(2)
Initially

K1K2
K; +K,

g,A
d
The two capacitanes act as a paralllel connection

_8A/2 KeA/2

C=25=

Cl

d d

e A Ke A
SuF = o o
M= 2d " 2d
5 = E%léi +_F( E;l;i

2

10

—=K+1=K=3
2.5

(2)

We can express this arrangement as circuit

& 3then

C 2C
2 7]
! 11 3
]
1]
C
2C 5C
G273 =73

When equivalent capacitance calculated between 2 &
4.

C 2C
[ 2/ 1]
1,4 1 3
C
1
C.= 5C/3

Q.77

Q.78

Q.79

Q.80

Capacitance

2C 5C
Hence C, = 3 +C= 3

SoC,:C,equaltol: 1

(3)

Charge on capacitor = CV = capacitance x (voltage
across it)

In steady state, there will be no current through
capacitor.

b A
- VWAAAA

Idm

ER,

voltage across capacitor V = iR, = Ro+r
2
) ) CER,
Charge on capacitor = CiR, = R, +r

(3)
If S isclosed and S, is open then, condenser C is
fully charged at potential V.

(4)
Charge on each capacitor will besame. In steady state
current through capacitor will be zero

[
A AN B
A~ A~——
—~—

10 i

10
current in steady state=1i = T = 2 amp

potential across AB=1IR=2x4=8V.

Potential across each capacitor = 4 V
oneachplate Q=CV =3x4=12uC

(3)

0.6x10°°
_ 0 8x107°x10 1—e 8x10°x20
2 2

q=40(1 — e)uC = 40 (1 - 0.37) = 25.2uC
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Capacitance

Q.81

Q.82

Q.83

Q.84

58

(2
. . . C _ Clcz
For capacitors in series “eq C, +C,
AsSC =C, i = C, hence
C
C =—
“n

For capacitors in parallel
Cy =C,+C, +Cyt C

1 1 1 1
=1+ —+ -+ =+ —+............

C
= 2 4 8 16

= = ZHF
11
2
(3)
B
NG
100V } || oV
1pf
i=0
A—-wwwv\,—||—
100V 30Q ov

By dividing protential across 6uF & 2uF

100
V=V =V, =25V
Now, Vg =V =V, = 100-25= 75 Volt

C uf
(4)
After steady state capacitor acts as an open circuit.
(3)
After steady state capacitor acts as an open circuit.
t=oo, w12 -
> 93A,'.'.,'.,,'.'
3A4 |
'15v
Ry = 5Q
R 3A
=7 =

Hence potential across capacitor is 12 volt.

Q.85

Q.86

Q.87

Q.88

Q.89

(1)

In steady statei, =0

S T S
12713 10120 ~ 15 "MP

(1)

In steady statei, =0

o2 1,
12713 10120 ~ 15 "MP

_ 2
SoV =i, x10= 3 Volt = Q/c

2
Q:E x6:4uC

(4)
V=V e—t/RC
(o]

\ _
_O: Voe t/RC

2

1_ 100010
2

e'=2

t =1In2 = 0.693se

(2)
o
AsE= "
€o

5 Si

And given that E, =3= G_f =3

_Q _
c; = A —3A
= Q,=3Q; Now Q, = QeVRC

% = Qe 4R 3= 2R

2.2
=R=—"7Q0=20Q
In3

(1)

Q= Qe
Q=[20e59|uC
Heretisinps.
Now,



Q.90

Q.91

Q.92

Q.93

20
- 2525 — 2
Q,5 = 20e™ o pncC

_20
Qs = o2 H
50, Heat =[Initial energy —Final energy] of capacitance

1 50 1
26 [Q5-Q%] =7 [1—e—2} nd=4.7u

(1)
We know that

A “t/R qC L
i=ige =1i=iy2

1 __(In2)10°®
E = e R gq*¥0.5x107
In2 = In2/Req x 0.5
= RA +R=2

RA =0

(4)

To calculate charge on capacitor consider that
capacitor acts as open circuit when completely
charged and calculate drop across it which comes out
to be 3V.

When sis opened i.e. discharging circuit

300uC
{1
MWW\
1/20
t=R,C
Z-%x100x10_6X103: 50x10°% =50ms.

(3)

Steps to calculate time constant.

Replace battery by simple wire to find Req.
Apply formula= 1 = ReqC.

R TR
4 T4

(2)

-_V _ -_V -t/RC
|1_Eet/RC1, |2_Ee 2

Q.94

Q.95

Capacitance

i_l_euR(i_ij r(Cm2C,)
P =€ — o2 | —e2RC
P) G G 2C5

With increase in time i,/i, also increases.

(4)
Initally the capacitor acts a closed circuit

= —1000 =2mA

After steady state capacitor acts as an open circuit i =

at=0,l=2mAandatt=oo= | =1mA

(2)
The energy dissipated in the 10Q resistor is equal to
initial energy stored is capacitor

Q2

36x103= T
2x2x10

Q=120puC

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1

Q.2

Q.3

(B)
X=Vt,=>do«t
€A
Vi

dc €Al

dt VvV t?

dc 1
— oC
dt g2

(B)
211 415
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Capacitance

Q4

Q.5

Q.6
Q.7

60

4neyab
Cind = p_a l
4mgyab 4nega =
- B _ a n-1
o(i-s) (7]
b n
= ndng,a = nc;
(B)
\Y,
Vvl |o
Parallel
c 2n € 2n g 2n €
=—— == +
/nb/a ~ /n 2R/R 2\/§R
2R
2n €, 67 €,
= /n2 [1+2]= ‘n2
(A)
i B
/6 s
||
¢ <|1/|6 D —aq/3
Ta6 ql6 T
q/3 == q/6
/3 " q/6
4|

q/3

Due to symmetric charge distribution as shown
for loop ACDB

q_9_9 _ _5q
Vam3cTec T3¢ VemVaVeT5c T Va Ve
q 6C
- Ceq :>Ceq_ ?

(D)

Theoritical capacitance = oo, because d become zero
(B)

Chargeon C,, Q, =CV,,

Initial chargeonC,,Q,=0

. Q+Q; _ CyV
Common potential V, = C1+CZ :CE(‘? =Q, =
1 2 0

C2
CV, = —

V1= cic, Vo

Q.8

CoV. C
Similarly vzz#—{ e

2
C+C, C+C0j Vo= Q=G5

G
= (C+cy)? Vo

forntimesV, = (

N

(D)

N _
V=300V q,=c,v, =900uC
3uF
N _
V=200V Q,=C,V,=400uC
2uF
900uC  3uF
il
11
—F
400uC  2pF
Q@ +Q, _900+400
=Cc,rc,  3+2 200V
(A)
N _
V=300V q,=c,v, =900uC
3uF
N _
V=200V Q,=C,V,=400uC
2uF
900uC
= 3uF
I
= F
2uF 400uC



Q,+Q, 900-

400

V=Tc,+c, 3+

2

Chargeon 3uF = C,V=300uC

amount of charge flow is=900uC — 300uC = 600uC

=6x104C
Q.10 (B)
o
1] 12
al _+q
[ & “Tq
|1
|I
6V

In series charge will be same

ki q._
12-5 +6-7 =0

q=48puC

Q11 (A)

BuF

C,.=6+ 6=12uF

6.3

C,.=2
e (6+

12uF

+2 =6uF
)

a { |

a

48V 12uF
6uF 3uF
’_i
C

IIZHF b

32v \_”L' 0

6uF 3uF

192uC 35y  192uC
1 ' Il

6uF 0

= 100V

Q.13

Q.14

Q.15

Q.16

Charge on 2uF capacitor
=Q=CV

Q=2x32=64uC
(D)

Electric field remains constant but

dt . v?T

Cv -Cv
Q
CVv -CV
Q Q Q|Q
5 CV+E _CV_E 5
V+&
2C
(A)
Q
Vl:E
1 2
g_q |
_2Q Q-9 _ a
Q-4=73 ¢ ¢
2Q0=3q
_
=73
O o0
2Q/3 - Q
T3V
(D)
_/

V— c.1Q, C;
[ v,
Correct statement
C,and C, are pardlel So,V, =V,

Capacitance

61



Capacitance
C,=C,andV,=V,=0Q,=Q,
Initial change Q, = CV
Now, Q, =CV, Q,=CV

Q. +Q,

= Q= >

1
Initial energy U, = 3 Ccvi=U,=U,

ButU, + U, = U

3CV

U, +U,=CVv?
Q.17 (B)
Negative W.D. by external agent
_ <&
Energy = >0 J
Q.18 (B)
cV, ~CV cvI I2cv
11
| 1]
I v
1 > 1 .5
Heat = 6CV2 - |5 C(2V)" -5 CV
Q.19 (B)
II;II Q = const.
QZ
Energy = >C =V,
Q
U=div=2 4
V
= EL
Q.20 (A)

After insertion the slab C T
but battery is still connected V =V

Q>Q,

62

Q.21

(B)
Case — | When di€electric slab of dielectric constant
K entersin to the capacitor.

LVt Vit
—p——p

Ve— k

A
A\ 4

At any time t, there will be two capacitors are in
paralel combination - one with air and other with
dielectric slab.
CM) = Car + Coap
_ ALV Ke AW

Ld Ld

A
= eﬁd [ L — (K —1) V1] (linear function of t)

. A
itsdope=M C(t) = d K-V

Case— || When di€electric slab of dielectric constant
2K aso enters into the capacitor.

]
Iy
»

» o
>

L-Vt Vit

&
<

C()=Cymp1* Cyao
_ S AK(L-VD) g AKVE
Ld Ld

_ KgpA

Ld [L + V1]

(linear function of t)

€, AKV
Ld

Itsslope=C'(t) =

=>C@{t)>C(t)
and both C(t) and C'(t) are linear function of 't hence
variation of capacitance with time be best represented

by (B)

C(t)

1
o I
1
1

—~+v



Q.22

Q.23

Q.24

(B)
Electric field between two plates of capacitor is given

(¢
by l( EC

(e}
WhenK =1thenE= ——
€0

(¢}

thenK =K thenE = K
<0

When K= o then E = 0. From the formulaV = E.d.
Now positive plate at x = 0 is at higher potential and
potential drops linearly as E is constant.

But as E is the slope of potential v/s distance curve
hence inside the dielectric as E decreases hence slope
of v v/sx curvefor theinterval x = 3d to x = 4d aso
decreases.

c —G
\Y 0
(A)
Electric field between two plates of capacitor is given

(¢
by K GO

o
WhenK =1thenE= —
<0

(e)
thenK =K thenE= - —
K 60

On increasing dielectric constant electric field
decreases.

N
K=2
K=4
(e}
O
€0.2 -
€0.4
(d,0) (3d,0)”
(A)
dYI ]

Q.25

Q.26

Capacitance
eoA L sec(ny/2d)

dy
All the elements are in series

d
o [ e[
Hence cr. = ) oAl €S | o

d
= 2d sin ™y
goAAT 2d)],

(A)
Immediately after the key is closed, capacitor behave
like a conducting wire, therefore.

E
I
II
% _E
I_Rl
R,

After along timeinterval, capacitor behavelikeaopen
circuit. Therefore.

R;+Rj3

E, E
7+7
E- R on :E1r2+E2r1_ 2cR+¢ex0
—E= EE,+_4%, G.*_rZ 0+R
h n
_ _hh
:>E—28,req Lt =0
Equivalent battery
R
AN

— 2¢,0 R 2R

63



Capacitance

_ 2
Imax = E
R
AAA'A%
—F 20 SR 2R 2R

. 2 _%
' 2R/13™R
£ . 2¢

e T R

R’3 47 2R

potential on C = potential on 2R resistance =i, x 2R
=&

charge on capacitor, Quax =CV =Ce

Qmax Ce
T="
Imax

Q.27 (B)

Just after switch S is closed capacitor act as
conducting wire.

i;=i,=0
After long time capacitor act as open circuit
l,=1;=06A

Q.28 (B)

V
i = — gtRC
R

logI

Q)

t

RC

at=0,logl =const.
For both only one quantity ischanged V, R are constant

Y
IogI:IogE—

64

and C changesfrom 1to 2. Slopeincreases magnitude
wise and hence C increases.

Q29 (D)
E E E
= —_—C —_—C —_—C
E R R R
@] @) (@)
Qflrst = Qlast = CE
. inrst
Ratio = Oy
Q.30 (D)

Just after switch closing

12v 10

Iy

1 P L
»

GQ% SQ% éﬁﬂ

Q

current through resistor PQ is zero just after closing
the switch.

JEE-ADVANCED

MCQ/COMPREHENSION/COLUMN MATCHING
Q.1 (A,B,D)
Magnitude of charge on the charged capacitor
decreases and total charge is conserved.
At V, =V, = no further flow of charge occursi.e.
condition of steady state.
In charge flow energy is consumed in heat.
Q.2 (B,C)
Electric field in the capacitor is same at every where
whichisequal to V/d. sothat forceat C and B pointis
same.
Electric field out side the capacitor is zero so that
force at A point is zero.

Q3 (BC)

Q, &
Q, Q.+Q,+Q,



Q.4

Q.5

_Qa +Q3

Q,+Q,+Q, Q,

Charge on outer surfacesareequal so Q; = Q;+ Q, +

and Q+Q,+Q3=Q,
......... (i)

Q2 Q1 -Q3-0Q,
V= C orvVv = - c
V= ?3 orV = 7(?1_%_(?4

Adding (i) and (ii)
Q1:Q4 and Q2:_Q3

(A,CD)

When two plates of capacitor are connected to a
battery. The charges get distributed so that the charges
on facing surface are equal & opposite. Also the
battery does not create or destroy charges it
distributes it.

Q Q
v <Y
CVa A—-CV
|1
v
Q=Q+CV
Q,=Q-CcVv
(AD)
equivalent capacitance before switch closed is Ceq =
2C
3 L

2CE
Total charge flow through the cell isq = 3

equivalent capacitance after switch S closed is Ceq =
2C

Total charge flow through the cell isq = 2CE
Therefore some positive charge flow through the cell
after closing the switch is = gq; — g; = 2CE -

2CE _ 4CE
3 3

Q.6

Q.7

Q.8

Capacitance

(A,B,C,D)

1 1 1 1 3+2+4 60 20
—_—=—t —+ — = C . =—=— uF
Cq 20 30 15 60 a9 3

Total charge in this series combination is
20

= ? x 90
g =600uC
Potential difference between the plate of C, is
9 _600 _
=¢C, =20 =30V
N . q
Potential difference between the plate of C, is= c,
600
=30 -2V
N : q
Potential difference between the plate of C;is= C,
600
=15 40V
11,11 3+2+44 6020
Coq 20 30 15 60 Cw= g 3 MF
(A,B,C)
1.5uf
9 -q] 9
(300+q) W
150V thZ VJ; _1(235\? *a)
_(300+q){—2uf 3 360+q
q
V,+V,+V,=0
Q% Q0
c, *c, "¢, 70
300+q , d  360+q _
2 1.5 3
900 + 3q + 4q + 720 + 29 _ 0
6
9q = -1620
=-180
Q, =120uC
Q, =180uC

Flow of charge from right to left through A
(A,B,C,D)

4uF 2uF
He % G
2uF

+
A R o]
2uF © 4uF

+

E F
E=20V 65



Capacitance

given V. =0inAEFCV, — 20=V =V, =20V

2¢, A
Ans. C,=C,= e:
by KCL, at point D
2(Vpo=Vp) +2(Vg=Vp) +4(Vo—-Vp) =0 . Qd
2(Vpo—=Vp)+2(Vg—Vp) = 4V, ..(I) Ans Vi = 22e¢, A
by KCL, at point B
4(Va—Vp) +2(Vp—Vp) +2(Vc—Vp) =0 _3Qd
4(Vp=Vg) +2(Vg—Vp) = 2Vg .......(i)) Ans Vo= oo A o A
adding eq (i) and (ii)
2(Vo=Vp)+2(Vg=Vp) +4(V,—Vp) +2(Vg—Vp) B _d
=4V, +2V, V—V1+Vz—EOA
=6V, =6Vy+6Vy=V, =V +V,
Q9 (AD)
Asthe capactitance arein serieshencechargeonboth .12 (A B,C)
of them will be same. Inshown fig. C,and C, are parallel capacitor therefore
Q2 V2=V3.
E= > Charge Q, flow through battery and gone to C, and
dividedinto C,and C,
1 1 2 Q,=Q,+Q,, total potential V=V +V, =V +V, =
Vl.VZ_I-E’ V1‘§X15—10V V+V2+V3
V,=5V L 2
Q.10 (B.CD) Q.13 (B,O)
From the diagram
C_EOA_C C_GOA_E
Q=78+42=1ZIO|JC 20 20 (. d ™ f= od 2
[:2‘.\+105/ H L . - .
12pF JUF—=V = 6V During pulling charge remains same.
v=Q/c=tov M T Q = v = a2uc
ET 3.9MF= I
=Q7§C}:/ uFm=Q = 42 Q.14 (B,O
i ] V=QcC=14vol Isolated — Q = constant C 4
0 0 0
Q?* o
Q.11 (AB.CD) Energy= — T, E= —— = constant
S 2C €o
Initially
. 1
Q -Q Energy density = = eE? = congtant
_ c= € A 2
d 0]Q -Q|(0
Q.15 (AQ
v=l C=2uF
c c C C C
=C+ —+—+—+—
o d Ceq C 2+4+8+16 ......
() 452)
Finally Cea=Cl1m1/2) " \172) =4FANS
Charge onfirst row capacitor isq, = 2 x 10uC =20uC
+Q -Q Charge on second row capacitor is

g, =1 % 10uC = 10uC
Charge on third row capacitor is

G,

Q
c
Q/21Q/2 -Q/2]3Q/2 50202 1
03 = 2 x 10puC = 5uC
I 1
C

A Vv,

@

A
66



Therefore charge on the capacitor in the first row is more than

Q.16

Q.17

Q.18

on any other capacitor.

Energy stored in all capacitor is= % Ceq V2= % x4
x 106 x (10)2=0.2 mJAns
C=2uF
c C C C
Ceq—C+ E+Z+§+E + ...

_ (1j_2(1j _
Caa=C\1om2) ™ \172) Z4FANS
(A,B,C,D)

Initially
After connecting battery
2Q0
Ql, Jo o
Q Q $_|Q QI%-
|1
Q‘O O‘Q | !
Q/C

Energy supplied by cell = QE = CE?
(B,D)

(5-a) 4, - (-5+q)
|

q\ AQ

| ]
(q-15) -'+ (15-q)

_CV,-C,V, (1-3)5
- Cc,+C, 4

=25V

(common potential)

1 1 2 1 2
== 2_|=CV°+=C,V
AH > (C,+CYV [2 1 572 }

%(1 +3) (257 - E(us)(sﬂ

1
5 x4[625-25]

=2x18.75=37.5{W.D. by battery = 0}

(A,C)

Charge will be stored but some energy will belost in
form of heat.

A — Correct, V = % Increase rapidly initially

C — Correct

Q.19

Q.20

Q.21

Q.22

Q.23

Capacitance

(B,C,D)
Q,=CVv,
Q,=CV,

Net charge = const.
[B correct]
2CV=C(V,+V,)
_Vi+V,
2
[C correct]
As charge flows energy will certainly be lost.

[D correct]
Net charge on the connected plates is equal sum of
initial charges because charge is conserved.

(A,B,C,D)

_kQ _kQ
@Vi= 3R Vo= 3R
(b) Earthing meansV =0

kg' kQ
—+—==0 =
(c R + 3R =q=-03

(d) energy between the spheres increases.

(AC)
4x500-2%x500=6xV

(A,B,C)

\Y,

= q => remains constant

C' =KC = Increase
Q =KQ = Increase

1
U= EKCVZ: KU = Increase

(A,CD)
Battery connected V = constant
1
U = > KCV? = KU = Increase by K-times
\Y%
E= i constant

67



Capacitance

Q.24

Q.25

68

Q2 C2v2 , K2C2V2 ,
2, A T2, A TF T2 a TKF

F

= Increase by K2—times
Q=CV = Q =KCV =KQ = Increase by K—times.

(B,C,D)
In PQS process charge on capacitor is Q = CV
In PSQ process charge on capacitor is Q' = KCV

Electric energy stored in PQSis= — CV2

. . . 1
Electric energy stored in PSQ is = 2 KCv?
Upsg > Upgs

Electric field in PSisE = %

v
Electricfield in SPisE = a4
Eps = Esp
(A,B,CD)
) _ kegal
Capacitance of capacitor is= C, = d

X L—x x=Vt
—r———p—>

B eoax+keoa(L—x)
Cd d

C= a—jo[x+k(L—x)]

ajo [KL = (k —Dvi]

- a?[kL —(k-1)x] =

So, C decreases linearly with time

. kegal
Charge on capacitor Q = C,V, = " V, =
constant.
CyV
Potential difference across plate is V = %= OC o
Ve =
= oC I

Q.26

Q.27

VO
Ljo[kL —(k=Dvt]

. 1 1
Potential energy U = 2 Qv = 7 CyVoV
= UxVAns
(A,CD)
c= € A C|_KeOA _c _eOKAV
=—g =4 Q= V-—d Ans
SOVECV, =V, L B L
Q=CV=CVi=Vi= B2 T kd
Ans
W = U U = = Cv2 ECV2 =
- fo i - 2 1v1 -
1eOAV2_1KeoA(V]2 eOAVZ(l_iJ
2 ¢ 2 d (K 2d K
Ans
(AD)
|I}_‘ 1|
! 1l
A v,

Potential difference =V,

Potential difference =V
Capacitance=C

Capacitance = KC

[K isthe dielectric constant of Slab K > 1]
Qo = CVo

New charge=KCV

. 1
Potential Energy = 5 Cvz2

. 1
New potential energy = 7 KCVz?

Correct options are (A), (D).

(B.0)
30C, = (C, + KVCy.V

(BC)



Capacitance

C=—— ct, Cvy | =cv

Q30 (CD) %D}*

= t.
i o A Q = cons
T d-t+t/K
N CV||:||
Independent of Position = Q2
(®) e= o8
Q31 (ABD) I
CKE CE
I I I I k2C2V2 1 KCV2
e= = —
v d 2KC 2
I >—| vy |-Cv
CE (k - 1) ]
I
Q.32 (B,CD)
Q% _cAv? _1cv?
y ®T2c T 2kC T2 K
| | - F Now insert dielectric
-CV
I +] [- | cv D
IV y VI
1 1 goAV? (1 lj
[ 2 [ 2 = — -
£=5CV £= 5OV W.D. =U,-U, > .
1
c= ECVZ Q33 (A,C)
tl > t2
IDI RC >RC, forsameq,
= Ou =%, = EC,=EC,
If E,=E, = C,=C,=>R,=R,.
y |
! Q.34 (B,CD)
(B)In XWY chargeincreases A long time after closing the switch, system comesin

steady state and no current flow through capacitor..
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Capacitance

Q.35

Q.36

70

Circuit : -

vvvvv

E+ T g; R
i T
_ E
' R,+R, +R;
energy stored in battery = = CV2 = % C
2

E(R;+Ry)

R;+R, +R;
(A,C)

Q.. =9, = q,, = Both capacitors are charged up to
the same magnitude of charge

t,>t

RC,>RC,

O = C1V1 0= Cz Vz

C =C,
SoV, #V,.

(B.D)
During decay of chargein RC circuit
| = | gvRC
0
Yo

[ =—%
where I RC

when t=0,1= I =0

RC

C, c,

\Y A

Since potentia difference between the platesis same
initially therefore | same in both the casesat t = 0
and isequal to

I:qiozx
RC R
— RC —qio qio— t/RC
Also q=q,.e". When q= 2 then > ~ %€
:>e+URC:2‘

Q.37

Q.38

Q.39
Q.40
Q.41

t
E_an

=t=RClog,2

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

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

(A,B,CD)
VAVAVAVAVA
F R,= 20 E D
,=2Q 9. b3
¢ = 10V s
T &
A B C

Just afterclosing switch DC will act as wire
i=10A
After t = co DC will be open circuit

t=o 10 i

© AAAAAA N
['sv [ l
— svE1y  Qma=5 X 0.1
10V ' l = 5.C

i =10

(B,D)

Req =3Q

i =40A

=20A

i =1,
Att= oo capacitor act as open circuit

Ry, = 3Q

i=10A

Charge stored in C, =VC, =20 x 2uc =40 uC

(A)

(C)

(A)

(Q.39 to Q.41)

When C; = o, there will be no charge on C,

L1
j I—

AsV, =10V thereforeV =10V

Y% C,



Q.42

From graph when C;=10pF V=6V Q.43

—|—6V

C,

— 1OV 5
z—l— A —I— p.

Charge on C, = Charge on C, + Charge on C,
6C,=4C,+40puC

e (D) Q.44
Alsowhen C;=6puF VvV, =5V

Again using charge equation

Q.45

10V |

G, sV 6uF Q.46
T T
5C, =5C, +30 uC Q.47
(2) 0.48
Solving (1) and (2) '
C,=8uF
C,=2pFk
(A
Let usassume potentid & B tobex & D to bey.
4uF 2uF
]
2uF
Sl
201 ouF Y 4pF
+|=—
20v

x-204+(x-y)2+2x=0

Ix-y=40 ... (D)
2(y—x) +(y—20)2+y(4) =0
=4y -x=20 ... ()]
Solving (1) and (2)
x=12;y=8
4pF 2pF
/] B |

A—| 1
200 L YT® O 4F
+“—
20V
Vo-V,=12-8=4>0

Capacitance

(A,B,CD)
(A)AsfromfigureV, =20V
(B)4(V, —Vg) +2(Vp—Vp)
=4(20-12) +2 (8- 12)
=32-8=24=2V,
(C)2(V,—=Vp) +2(Vg—Vyp)
=2(20-8) +2(12-8)
=24+8=32=4V,
(D)Vg+Vp=12+8=20=V,

(B.0)
Vg =12 Vp=8

(©

g, =4(20-12) =32uC
a, = 2(20 - 8) = 24uC
0; =2(12-8) =8uC

(C)
(D)

(©)

(Q. 46 to 48)

Fort=0tot = RC seconds, the circuit is of charging
type. The charging equation for thistimeis

t
q=CE(l-e RC)

Therefore the charge on capacitor at timet, = RC is
1

q, = CE(1--)
e

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

-ty

S and i :q_oe RC
ad=q.€ RC RC

Hencechargeatt=2RCand currentatt=1.5 RC are

_2RC-RC 1 1
a=ge "¢ = - CcEQ--)
e e e

t
L

_LSRCRC £ 1
and i=—%e R =22 -=—-(1-5)
RC JeRC JeR e

respectively
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Capacitance

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 isas shown in
figure

Comprehension Type Questions # 4 (Q. No. 49 to 50)

Q.49

Q.50

Q.51
Q.52
Q.53

Q.54

72

The charge across the capacitor in two different RC
circuits 1 and 2 are plotted as shown in figure.

q
qmax

(AC)
GV, =GV,

q max

T T

As Q. for both is same hence A is corrent
As C,V, = C,V, Hence EMF's of the cells may be
different

(D)
R,C,>R,C,

(A)
(B)
(©
(©)

Initial (when Sis open)

Ce/2
als

Ce/2
HE

I
| T
<

Finaly (When Sis closed)

Q.55

Q.56

Q.57

Q.58

So charge flown = [charge finally — charge initially]
eC-€C/2
eCl2

e’ C
2
Initial energy

Work done by battery = % X e=

(52)

u.

(%)

Cé?

N~

Q.19
C C

N[~

Olr
I
N
9]
ml\)

C
I
N

2

1
=—C
Change 1 €

(53)
battery - (U,-U))

:lCez— lCe2 :lCe2
2 4 4

Heat = Work done by

(B)
at,;q=q,=60uC

(©)

, -6 -6 60
q - qoe_URC - 60 X 10—6 e 100x107° /10x10"°x10 -

pC= 22 uC.

(A)
_ _ ~1x107%/10x1076x10 _ ﬂ
q=09,e"=60x10° e = ol

uC =0.003 pC.

(©)

. 100 s
|:E e—lO /10 amp

E—37
5 =37amp



Q.59

Q.60

Q.61

Q.62

Q.63

Q.64

Q.65

(B)
P=V.i=100x37=370W
©

H _on

at !

=(37)?x 10=1369 W

(D)

Pbaltery = PHeat + Pc
PC = Pbattery - PHeat
=370-1369 =233.1W.

(A)

(A)

(©)

C = 100pF R =100
1

I 2

I
energy2&tofed in capacitor = 5C

. . ¢ (@) o
Rate at which energy is stored =4 l2c) ¢
o _Q
at ~ C
Q=¢eC{l1-e'RC}

Seft/RC

R

2
Rate of energy storage = % {1 'R} {e¥R}=

82
E {e—URC _ ethIRC}

Q.66

Q.67

Q.68

Capacitance

It will be maximum when, eR¢ —e2RC will be
maximum let y (t) = e’ — g2Re

for maximum, y" (t) =0

_et/RC

Y= —me

2e—21/RC

RC

1
g t/RC = =

putting it back in eg. (1)

2
(1) maximum rate of energy storage = %

2
1 (1 g (20)
{2 (ZJ}_4 CO

(2) This will occur when, erc = %

-t
RC
t= RC/n2 =10x 100 x 10¢ x /n2 = (/n2) ms

1
—fna

(©
q,=4uC

_da gy e

=4 “re €

- 4><1076 e,1/3: i
1x10°® x3x10° 3

e-1/3 uClsec

(A)

qg
- — RC\2

d_U = i (1_e—tIRC) gtRC
dt RC2

(4x107%)2
T 3x10%x (1x107%)2 (1-

e—l/ 3) e—113

1
=3 (1 -e'®) &8 uJsec.

(©)

dH
— =R

H= J'iZRdt = &

73



Capacitance

Q.69

Q.70

Q.71

Q.72

Q.73

74

dH
= = j2Re2/RC = [

dt € 3x10°

16
?e—2/3 uJ/s

(©)

Uzqv o N —vd&(l—erm)
=a at v dt

dU_M RC
dt ~ Rceﬁ

4x10%x4

- _ 13

3x10% x1x10°

16
3 eV8 nJ/sec.

(D)

=6x10°V/m

E= =
5x107?

\ 300
d

(B)

= — 1 2 1 2
AU=U,-U ;= SCV2-—CV

1(egA A ,
=20d d )V

9x107*? x100x107*
1072

(300)2

=—-12.15x 108 J=-1215 x 109

(D)

Q _
E= Ac, = Constant
v 300 15 x 10° V/
= T = = X m.
d ~ 2x1072

(A)

A e,
Q= —4 V =constant
I

AU =

N |

G G 2

2
j 3x 100 e’ =

2 A2
SEE = lA €, V? (%_

Q.74

Q.75

Q.76

Q.77

Q.78

1 Ae
=2 52 V2 (d-d)

1 100x107* x 9x 1072 x (300)2(5- 2) x1072

2 (2x1072)?
=30.375x 10° J

(A)

Q,=C,V =2x 10=204F
Q,=C,V =4 x 10 = 404F
Q,=C,V =6 x 10 = 60uF

(B)
Total charge flown = Q, + Q, + Q; = 120uC
So W.D. = (120 x 107%) x 10 = 1200 pJ

(©)

T 11
2T °T
0 0 0

1
Total energy stored = = (C, + C, + Cy)Vv2

1
= E(2+4+6)><1043><102

= 600 pJ

(A)

11 1.1 ,
C/ C, ¢ G, =C, =1uF

C, =C,+Cy =3uF = Cg = 1yF

(D)
—— 3uF

b

3uF

Ceq =1uF
Q=Cq V =900pF
charge on nearest capacitor = 900uF



Q.79

Q.80

Q.81

Q.82

Q.83

Q.84

Q.85

(B)
from point potential method
3pF 2uF 3uF
P ML i PP
—— 2uF ——2uF 3uF

S— ||—Ld }};|433.3v
0 3F 300V 5 F 400V 5 ¢
V.-V, =100V
(A)

_Q_30_
V= cC- 5 =6 Volt
(A)

1 1
ECV2 = E (5 X 10_6)(6)l =90uJ

(B)
LetV then
(C,+CHV=0Q,+Q,

Q,+Q, (30+50)x10°°

V=7C,+C, - (5+10)x10°°
v="2 ot
= 3 VO
(A)

(Initial —final) energy

107,103} (1 2
:(2012+2C2J —[E(C1+Cz)v j

- 1[180+ 250—5x10x%} X 106 J
2
=§ x 1076 J
(A)
Ql_ClV_Cl_i_l
Q, GCV " C, 10 2
(B)
. 16 80
Q,=CV=5x 5 uC= - KC

Q.86

Q.87

Q.88

Q.89

Capacitance

16
Q,=C,V=10x —— =160/3 uC

3
(B)
©
Charge is constant
E= q
T 2S¢,
So, F=qE= 2S¢,
So, W.D. = F[x,—X]
q2
= 2S¢, X2 X))
c= €,S
X
1 1 SOSJ
u > Ccv > ( ”
po_du 1 £,SV?
Todx T2 x?

(©)

outer sphere is earthed
4m ey kab
C=——7"—=
b-a

4x3.14x8.85x10 x5x10x1072 x120x 107
(12-10)x1072

10
C=334x1010 = 3 X 1010 F

(A)

inner sphere is earthed
C_4neoab 4 b
" Tb-a o
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Capacitance

Q.90

Q.01

76

10
=3 x1019F +4x3.14x8.85x 1012 x 12 x 10~

3.34 x 10710 + 0.13338 x 10710

Q+1.4 _ 104
3 10 30

j x 1010 = —— x10°0F

(A)p B)r (Qaq ((D)p

Theinitial charge on capacitor=CV;=2x1uC=
2uC

Thefinal charge on capacitor =CV;=4x1uC=4
puC

.. Net charge crossing the cell of emf 4V is
-0 =4-2=2pC

The magnitude of work done by cell of emf 4V is
W= (g—0q)4 =8nd

The gain in potential energy of capacitor is AU =

1 1
E(:(vf2 -V?) = 5 1 [42-22] pd=6pd

Net heat produced in circuitisAH=W —-AU =8
-6 =2ud

(A)p.as (B) prs (C)p.q (D) pr
(A) For potential difference across each cell to be
same

El_EZ

E —ir =E, +ir or or

S
2r+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

E,+ir=0
which is not possible.
Current in the circuit cannot be zero
wE #E,.
(B) For potential difference across each cell to be
same

E,—ir =E,—ir whichisnot possible
No cell charges up.
For potential difference across cell of lower emf to
be zero

E2—ir:0 and
E,—i(r+R)=0
or E, _E which is possible,
r+R P )
- E,>E,.

Current in the circuit cannot be zero.

(C) Situation is same as in (A) except current

E.-E
+R

Hence the only option that shall changes is 'current

shall finaly be zero.'
(D) Situation is same as in (B) except current

decreases from to zero.

E,+E,
2r+R

decreases from to zero.

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

NUMERICAL VALUE BASED

Q.1

Q.2

[119]

Q=cv
4 4 4

v =_— |Edx =_20J'(x2+—j dx
%3 o 3

x3  4x

4
V =-2Q ?Jr? J

V=-2Q _%[64—%— 27] + 2[7]}

119
=3| 3

=119 F1

0l0

1

@]

[12]
Initially,

I 124V




Q.3

Q4
& q,=16 uC

Q Q[ Jaav

(V,—28) x 1+ (V,—0) x 2+ (V,—24) x 2+ (V, —0)
xl:o Q5

V,(1+2+2+1)-24%x3=0

24x3
=> V= 6
Q,+Q,=(12-24)x1+(12-0)x2=-12+24=
12 uC
Q;+Q,=(12-24)x2+(12-0) x1=-24+12=
—-12uC
Initial net charge on platesleft of S=0
Final net charge on platesleft of S=Q, + Q,=12uC
Charge flowing through S = 12 uC towards | eft

=12V

Alternative:—

-2%x12+1%x12=0=-12=12pC

(3]

C VO 4V|O_| X+4V0
e — )T C,=5C
T— T }—F—(
CIZC CZ_C

Q]‘W':'o G 0 B Q.6

x+4V, Vo 0

Cx-=Vy)+Cx-0)+C(x+4V) =0
3Cx =-3CV,

_ 3V080A

L = x=3

Capacitance

4
Potential across 2uF = 3= 2 volt

(4]
_I__Ia_ !
lied voltage
V) 2uF V <+ app a0
:I: Vv
V2 GMF
lb
6 3
:—XV :—V
vV, P 7
1
VZ_ZV
3 400
Now =V <100 = V< —
4 3
V
Z<50 = V<200V
V <400 = V<400

) 40
Common solutionV < —/—

3
[9]
1 1
- - 0.1= F
G AmeRiT 9,008 910!
2 —6 2
oo (201092 o,
17 2¢, 1
2x
9x10'°

77



Capacitance

Q.7

Q.8

KVPY

C,=4neR, andC,=2C,

Ul
U2: 7:9J

H=AU=9J

(9]

q=q

CV,=CV

C,=C asV =V given

EOA
C,= d

3
€ A Q

C1= d—t+i
K

But by increasing d to d + 0.24 cm then

€ A
C, becomes C = (d+0.24—t)+%

t
d—d+0.24—t+E

t

K= 1024 =°
[0750]
Just after closing switch no current flows through R,
sol, =3mA

Long time after closing switch no current flows

through C so |, = 2mA

Directly after re-opening the switch no current flows Q.4

through R, and the capacitor will discharge through
R,s01,=2mA

PREVIOUS YEAR'S

Q.1

Q.2

78

(D)
Discharging -

U Q) avre Qo
—Q etRc U'=— = 20 g2Re_So
Q QO 2 2C 2C

(D)

R
—
5
VAB=5R xV ==V
—+R
3
5
=—CV
Q 8

For equilibrium of m,
T, c_ose =m,g
T,sn0=F

F

tan6 =
mg ...(1)

For equilibrium of m,
T,cos0=m,g
T,sn6=F

F
mg ...(2)
from (1) & (2)

m =m,

tan6 =

(B)

5R/3



Q.5

kC
New chargeoneach C=| — |E
g (k+lj Q3

Changein charge on C is supplied by battery

.. Charge supply by battery = [ﬁj E —%

k+1
= CE[L—E}
k+1 2

k-1
CE
L(k +1)}
Charge passes through battery is change supply by

battery
k-1
4
2(k+1) } Q

.. Ans. CE{

(©)

v.Q_Q

C A 6

V = mx (straight line)

JEE MAIN
PREVIOUS YEAR'’S

Q.1

Q.2

(1)

V, COsa =V, Cos 3
vi cos® o = v5 cos’ P

K,  cos’ B

F(z - (XDS? o

_ 15 GG,
C+G=,lc +q,

4(C, +C,)?=15C,C,
4C?, +4C2,—7C,C, =0

o . Q5
4+ 4{}—42] -7=2 _ 7=0

C, C,

2
4(&j - 7& +4 =0

G C
Q.6

C

FZ has not real value.
1

C2 .
a = Imaginary.

Capacitance

(4)
——1}—Ci=C z CR

c cC
C
—— F———c,=Cq=2C
] B
N
11
C
G 1
C, 4
(3)
3d/4 di4
K
Cc, |G,
A
o d
C =C,andC,in series.
o111
e ~ T~ T~
cC" C GC,
1 _(3d/4) d/4
C' g KA g,A
1 d [3+Kj
C' 4g,A\K
4KC,
C =
(3+K)
(1)
2KA  ©
T T (x =3m)

0

o =0.424 x 109%

(3)

_ A 2gA
C=4 d74d
—+— —+d
2K 2 K

79



Capacitance

Q.7

Q.8

Q.9

2x 2¢, 4x3.2
ST T a2 %

——+1 '

3.2

=304 ¢,

(2)

C

eq

wlN

3
2¢, 3 3
Ceq EX[ZXEJ =2 A=lb=2x E)

(864)

1 1
U =3 x14x12x12p) (- U=CV)
= 1008 pJ

1008
U, = 7 pJ=144pJ

Mechanical energy = AU
= 1008 — 144
= 864 pJ

(- Cm = kCO)

(16)

20=(C+C)V =V =2vaolt.
Q2=C,V =16uC

=16

Q.10 (2)

V_ 30/3
R 5x10°
oo Ans. =2.00

=2x107"°

lp =

Q.11 (161)

80

Sm S5m

Q.12

Q.13
Q.14
Q.15
Q.16
Q.17
Q.18
Q.19

Q.20

A =100 m2

ke, A
Using C= So
d
C.- 10 &, (100)
5
=200 €0
100
c, -0 5
5
. . _ C.C,
Cl & C2arein series so Ceqv.= C,+C,
_ 4000 <,
220
=160.9 x 10? = 161 pF
(12)
1c| 1uC 1pC 1uC luC ~>
12 4 gy

1.1 1
F = k(1C)(1pC) 1+?+F+?+"'

1
=9 x 10° {1_}]} =12 x 10°N

(2)

(3)

(1)

(3)

(3)

(3)

(1)

(3)

p = 200Qm
C=2x10%F

V=40V
K =56

1
q — qO epkeo

i =
pke,  pke,

i _ 2x107™% x 40
™ 200x50x8.85x107

R
10" x8.85

=903uA =0.9mA



Q21 [4
1 2
AU = E(AC)V
1

AU= E(K(:—c:)v2

AU = %(2—1)CV2

1 "
AU = Exzooxlo x 200x 200
AU=4]

Q.22 (2
V =V (1-e'r)
2=20(1-e¥)

i —1_glRe

10x.105

JEE-ADVANCED
PREVIOUS YEAR’'S
Q.1 2 _ '
Equation of charging of capacitor,
Vv = Vo (l— o t/ReaCeq )
C,=2+2=4pF
R,=1MQ

4= 10{ —_e 106><4><106J
>
3

=06 = 4=

t
:Z:£n5—£n3 =t=05x%x4
t=2sec. Ans.
Q.2 (D)

—(2) =

common

\%
5

Capacitance

B

U = L 2+8 v 2
V2
2
Ui ~Uy Vs
x100 — >——x100
i
4
gXlOO = 80% Ans.
+2v—x X
—2uF —8uF
—X
Q3 (O
— CS
% C,+Cs Q
3 3
%= 3,2 x 80 = 5 x80 =48uC
Q4 (BD)
When switch S, isreleased charge on C, is 2CV (on
upper plate)

When switch S, is released charge on C, is CV (on
upper plate) and chargeon C, is CV, (on upper plate)
When switch S, is released charge on C, is CV (on
upper plate) and chargeon C,is—CV  (on upper plate)

Q5 (A (D)
_ KgpA . 2gpA
- 3d
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Capacitance

Q.6

Q.7
Q.8

Q.9

82

2gpA

Q,=CV= 3d V
Q_K
7 Q 2

(©)

The line charge & cylinder will behave as capacitor
filled with conductor i.e. resistance. It will be like a

discharging RC circuit.
Hence, (B)

(A,B,CD)

(D)

E, - %cvg

1 1

E, = V,CV, —Ecvo2 = Ec:vo2

. E.=E,

(B)

e _ VOV —lc.(ﬁjz cVv¢ cvg
3 3 2 \3 9 18
CcV?

18

e _ 220V, Cv

> 3| 3 3

_%[%}_EC N Vo
3| 3] 2

2 1
=| =- X
(9 2x9

_ 12-9 CV02
O9x 6

1
E, =—CV?
D, 180

Ep, =V, {cv0 _ 2V

3) CV¢= (S—%j CV¢

i3]

Q.10

Q.11

_Love Loy [1_5}
3 2 9

-Galow-(Fei-(5
3 18 18
(i+i+ 1jCVO2

18 18 18

- 3evz
18

3[1 1(1
E, =—| =CV¢ :—[—Cvzj
P 9{2 0} 3l2°

[1.50]

V=8V —L_18uC

3uC
& -3uC
1uF BMC

‘|' =3pC

Applying loop rule




Capacitance
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Current Electricity

_ EXERCISES

)

ELEMENTRY
Q1 @
Qz
Q3 @
Order of drift velocity = 10~ m/sec = 102 cm/sec
Q4 @
In case of stretching of wire R o |2
= If length becomes 3 times so Resi stance becomes 9
timesi.e. R' =9 x 20=180Q
Q5 (M
Because with rise in temperature resistance of
conductor increase, so graph between V and i becomes
non linear.
Q6 @
R=PL = 07- > px1
A 22 (1x10°%)2
7
p =2.2x10°ohm-m.
Q7 @
R o i = R«x i oc i
A Az d?
[d=diameter of wire]
Q8 @
In the absence of external electric field mean velocity
/3KT
of free electron (V) isgivenby Vs = g =
Vrmsm ﬁ "
Q9 @
- . E
Specific resistance ki_
Q10 (3
Ohm’s Law is not obeyed by semiconductors.
Qu @
R=91x10?~9.1kQ.
Q.12 (2

84

Q.13

Q.14

Q.15

Q.16

R
Resistance of parallel group :E
. . R
. Total equivalent resistance =4 x > =2R.

©)

S|

. 1
Resistance of 1 ohmgroup= — = 59

L . 2 .
Thisisin serieswith =< resistor.

3
2 1 3
. Total resistance 3373
@
Thecircuit reduces to
30
30 3Q
A AW B
60

AB=9><6=9><6=§=3.6Q
9+6 15 5

@

Givencircuit isequivalent to

~

{60 > 3Q A 30 c

WA MW
{60\
A W\~ = 30 §
30

30 30
AW AW

B B

So the equivalent resistance between points A and B

6x3
i R=——=20Q,
isequal to 613

@
According to the problem, we arrange four resistance
asfollows



20x 20

Equivalent resistance = =10Q .

Q17 (@
Q.22
24x12
Rue = (24+12)
Q.18 @ Q.23
According to the principle of Wheatstone's bridge,
the effective resistance between the given poaints is
40,
B
40Q 4Q
A c
Q.24
4Q 40
D
Q19 @ R
Q20 @ A
Thegiven circuit can beredrawn asfollows R
20
20 20 20 1Q 20
= WWW—AWW— MWW~
20
Q.25
= Req =5Q.
Q21 (2

Thefigure can bedrawn asfollows

W2 @2

Current Electricity

? 7Q 0, c
{30
50
A 100 8 100 B

100

AW
=
AW
A 100 B
=R, =50
(€)
10 10 10 10 10
A —" W\ AW MWW B

@
. . 16 4
By balanced Wheatstone bridge condition X" 05
X= 8_ 2Q
= X= i
©)

wn|x

P
Q

For balanced Wheatstone bridge

12 x+6

= X=6Q.
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Current Electricity

Q.26 (2

. 2
Resistance across XY = §Q

20 2V

2Q

Total resistance

=2+E+§Q
3 3
2 6 3
:—:—:—A
Current through ammeter 8/3° 8 4
Q27 (2

Thlelg'\/rcuit will be as shown

soil= 7 =2A

_,VW\,_@_

Q28 (3

Current through 6Q resistance in parallel with 3Q

resistance=0.4 A
Sotota current=0.8+0.4=1.2 A
Potential drop across4Q =1.2x 4=4.8V.

Q29 (4

Given circuit isabalanced Wheatstone bridge circuit.
So there will be no change in equivalent resistance.

Hence no further current will be drawn.

Q30 (1)

The given circuit is a balanced Wheatstone bridge

type, henceit can be simplified asfollows

Q31 @

Let current through 5Q resistance bei. Then

86

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

10
ix25=(21-0)10 = i=5- x21=06A.

4
SinceE (10V)>E,(4V)
So current inthecircuit will be clockwise.

10 b o B 0

C 1ov av
i

3Q
<« WW—

a b

Applying Kirchoff’svoltage law
—-1xi+10-4-2%xi-3i=0
=i=1A(atobviae)

vV _10-4

" =—=——=1
Current R 6 O ampere
)
Inshort circuitingR=0,s0V=0
@
. . nE
Total em.f. =nE, Tota resistanceR+nr = i = .
R+nr

@
Applying Kirchhoff law

.20
(2+2)=(01+0.3+0.2)i = I=?A
Hence potential difference across A
20 4
=2-0.1x 3 = §V (lessthan 2V).

and similarly across B will be zero.

@
U ol X2x10
=T Tx 10 T TR
€)

Sincethe current coming out from the positive terminal
isequal to the current entering the negative terminal,
therefore, current in the respective loop will remain
confined in the loop itself.

. current through 2Q resistor = 0.

©)

By Kirchhoff’scurrent law.



Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

Q.45

(1)
e R
L

Potential gradient :(RThH)'

2
= 15+5+0)

(3)

_ igG 1x0018 0.018
(i-ig) 10-1 9

(2)

Suppose resistance R is connected in series with

voltmeter as shown.

iy i, R

€= |/ —>ie— (n— 1)V —>
nV

By Ohm’slaw
iyR=(n-1)V

Y
=R=(n-1)G (where ig: 6)'

)
If resistance of ammeter isr then
20=(R+nN4 = R+r=5 = R<5Q.

©)

By Wheatstonebridge, - = A< = 20
y onebriade 5o " Bc " 0

3)
2R>20 = R>10Q

@

5 V V
- =05— =0.005—.
1 m cm

= 00020

= R=20Q.

1000x500 1000

Resistance between A and B = (1500)

{5000 B 5000 €

So, equivalent resistance of the circuit

R =500+ 1000 _ 2500
c 3 3
‘. Current drawn fromthecell

3

Q.46

Current Electricity

1 3
1= (2500/3) T 250
Reading of voltmeter i.e.
potential difference across 500Q2 resistor is4V.

A

@
E-— ¢ R
(R+R,+r1) L

(5+45+0) 10
=[1=8m.

= 04= lo

JEE-MAIN
OBJECTIVE QUESTIONS

Q.1

Q.2

Q3
Q4
Q5

Q6

)

The drift velocity of electronsin a conducting wireis
of the order of Immy/s. But electricfieldisset upinthe
wire very quickly, producing a current through each
Cross section, almost instantaneously.

@
In the presence of an applied electric field (g) ina
metallic conductor. The el ectrons also move randomly

but slowly drift in adirection oppositeto E .
@
)
©)

Giventhat v, =v, V,, =7
We know that
I =neAv,

U
<
]
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Current Electricity

Q.7 (3) AXx

| o _ A= 050 x
]= A current density inversely proportional to area @

of cross section

4pl _ p(f —X) N p(0.5¢ + x)

Q8 @ o A A A
Copper is metal and germanium is semiconductor. . | |
Resistance of a metal decreases and that of a Put value of A'in equation (2) from equation (1)

semiconductor increaseswith decreasein temperature. 2
L Aol _p(tox)  p(0.50+x)?

Q.9 © A A AX
= AX=IX—X2+(0.50)?+ (X +Xx°
Q10 @ After solving x = (1/8)¢
R _ R'
¢ 3¢
During stretching volume is constant
Al=A"(3) Q14 @
Giventhat| =15m,A=6.0x 107 m2.
N A':% R=5Q,p="?
-7
R' p3¢ i 3A o p=¥=m=0.2x10_60m
R - ' pg 1 AI 15
A -
A
Q15 @
PutA'and Rfromabove R'=R, ., =9R =180Q Giventhatl,=20cm, R, =5Q,
l,=40cm,R,=7
Q11 (2 During stretching volume of wireis constant
R | (Resistance decreases which increase of 20A =40A'= A'=A/2
temperature) |
Weknow that R = %
A2 2
? EB) hat | = d=10cm.=0 &—Iixi—é‘—oxi
iventhat|=5m,d=10cm.=0.1m. R, I, A 20 A
2
pl 17x108x5 5
R="=2""""_""-57x107"Q
A 7x0.095° g R, =20Q
4
Q.16 (3
Qi3 @ In seriescircuit current is same
During stretching volume remains constant
V
_ot , , m_ e 4
N — —1 =meA Vo 120eA Ve ) SV, T
{—X X
A Q17 (3
g S S— Giventhat vy = 2y,
A /—X J—— | = neAv,, A =nr?
(0.50+X)
nr?
K | I'=neA'v,,A'= ——
1.5/
R'= 4R

Ax =A'(0.5( + x)
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Q.18

Q.19

Q.20

Q.21

Q.22

Current Electricity

» Q23 (2
I'=ne P A inthisquestionn — p
A—>s e—(
2 i:neAVd
I'=ne 2 2v, i
4 — =V
I'=1/2 psq ¢
Q24 (3
€ i =neAV
yip=po(l+aAT) : isnsamedso
o is—vefor semi conductor ATV L
z:temp T | Hencerateof collision T d
(2) Q25 ()
14
(i) 3 R=%
(@R, =R,, (1+0, AB)=600(1+0.001x 30) =618 Q2
R2=R02(1+oc2A6)=300(1+0.004><30)=33GQ 3.5x10 5 x50x102
R =R +R =618+336=954Q) R =
eq 1 2 square (10—2)2
(b) R, =Ry, (1+a,, AB) 954 =900 ( 1+ 0. 30) o =
54 1 35 Y
- = 1 —_
900x30 500 dedree” _7x10 Q
o 3.5x107° x2[1x1072]
ilzneAV, i2:n(2€)AV/4 Rrectangle: (50 % 10—4)
... _ 3neAv = 7% 105
i=ij+i, = 2
- Q26 ()
weno that | = neAv,, 1 _10,10 . 10times
1 . Rg R R
Vy=—-x—=
neA r? R, =R /100
2 2
Vo _ (h}(r_z] _ (i](%j _16 Q271 @
Vy, L \n 101 A
B w
8Q 250
y N y
50Q 50Q
X
_v_1_1
I V R A 5
tan6 =1/R=w +0 O AN X
©9,>0,
= R, <R,=>T,<T, .
25§ 50§ 50§
- TTRT =
8
% AN v
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Current Electricity

e =2+ +8= >
Q28 (@ Q32
Q29
1amp 7Q 0.5A 50 10 0.25A
v 80 30
90 2Q
Req=7+4+9 =200
V:IReq=1><20:20V
Q30 (@
_pL
A g2t A Foa
~LI_A:k
—e 1V
8V
2L < L '
8V 2.4V
IS A "1V Q.33
Let | bethe current flow
8—-IR-IR/M4=1
_28
~ BR
8 28 R=V
— X = .
5R J
VJ.:2.4V
Q31 ()
initial R_=5Q
e
10 10
1a 10 Q.34
10 10

90

final

©)

R,=3Q
changeinresistance=5-3=20

Thissimplified circuitisshowninthefigure.

30Q2

300

2V— % 30Q

2V— % 30Q %609
i

2V— % 20Q

N

Therefore, currenti =

S

E-ir=V

V=E-

R+r
aR=0
V=0

@
FromV:IR

E 3E
WhenS;isclosed V, = [ﬁj 3R-=

2
20

1

= =A

10



Q.35

Q.36

Q.37

Q.38

E 6E
When S, isclosed V, = —— .6R= —- = 0.85E

7R 7
Whenboth S, & S, are closed

V,= — x2R= £ 206E
37 3R -3
V>V, >V,

(€)
ForP  —=r= Req, Req =R/3

R
01= 3 =R=03Q

Q)
All resistances are parallel so potential is same
V=03x20=6V

oo 111
|1'|1'|3_R1 % . E
=60:3R,; 4R,

3R;
= 0.3= —60+7R1 x(0.8)
= R,=60Q

@

1 1 1 R

R, R, "2R, ™ R, 2

@

After redraw circuit all resistancesare parellel

R

A/ 2R \\B
\—>-M§/v—/

E

Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

Current Electricity
(1)
PR =9
Ryg=2+ 5+ 5 +Ry=9+R,

\% 10

I:R_eqzlzm =R,=1Q

if 4Q replace by 2Q resistance then
R —2+3+E+1—9Q
g~ =" 2 3 -

10
_garnp

@

625(P)=SQ

(D)

when BQ isinterchanged
Q(676)=PS

(2

Fromeq. (1) & (2)

676 S
S ~ 625
S=650Q

@

In an electric circuit containing a battery, the positive
charge inside the battery may go from the positive
terminal to the negative terminal

(4)
Givenroci=r=Kki
V =E—ir =E-i(ki)
V=—i2k+E

\

»
»

@
()V=E-ir,V<E
3V=E@V=E

(QV=E+irV>E

@

102 3V
|
4.5
v | + \Y
30
AN
i BV
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Current Electricity p— ]

Q.49 (3
45 3
-3 10_54 4
E = =— =V i=—=1Amp
I :
V=E+ir=2+1x3=5V
_3x10 30
«w- 13 13 Q Q50 (¥

. 54/13 54 1

6,30 108 2
13

1
Vg =iR= 2 x6=3V

Thereforecurrentin 10Q iszero.

X+4 X xX-4

Q45 (2) 08 "o8* 08 °
E-Ir r R x=0
n=—fg =l-. g 7;r ~06=R=06r+06R ' _ _ _
i.e. thereisno curentin 0.8 Q resistor
4 2R
r GR 3 I1=I3:|:ﬁ:5A
6R  B6R 18R 0.9 90% = V=E-ir=1-(5)(0.2)=0
:> = - - =VU.9= 0
N=r+6R 2R o 2R+18R
3 Q51 (2
Q46 (3
E+ir=125Volt 2 I Q o o
E+(05x1)=125 . fww 20 LZ |
E=12volt VI AT T T
o 2Q 3Q 2A 50
1Q 2A -2V v 1y
Q47 (4 Y Y
E-ir=0 NOWVp:+2—4+VQ
E—ir=V (Discharging) V.—V_ =2V
E+ir=V (Charging) PR
Q48 (1) Q52 @
+
el” €2_ I
&1 &2 r'l +r2
rl r2
O .
—(e2 —¢1) -1, B
ry+r
] ] b
r r
&1 ! &2 z
g +8& Iy
g - |y X—81+X—82 +X—g3 0
n r2 3
(I, +15) x =2 volt

= &7 (I, —1,) ®2
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Current Electricity

Q.53 (3) 10-8

a | b X=8V’i1=T_O'2A

3y 1Q 15V 20
. Q56 (2
20V |‘? 20—¢ ’V\;\/\/ B
N Al C 2V
o . Potential at C point may be greater than potential at
Fromcircuit analysiswe get point B. Therefore current flow in resistance may be
' 18 fromBtoA.
| =
R+3 Q57
moveinthecircuit from point bto a A
V, = 18 D+3+V
b""Ry3 D a X X
V,-V,=0=-18+3R+9
= 3R=9 y y
R=3Q
B
Q54
Folding symmetry
R j=10A
MWV
Q58 (2
+ .
120V B 2 ¢
i/6
— Fw—— A 2
100v 1€ /3 D3 =0
i/6 i/3
i/2
I = 20 -10 G F
- - i/3 i/6
R+1 i/ 0
R=1Q H
i/6 E
Q5 (2
Let potential of junction isx , then current shownin 59  (4)
circuit

6V

FAWWA FWWA

_ME_E

nroor
Independent of n

th

10V 100

Q.60 (1)

nE

10 20 30 -

E
r/n
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Current Electricity

Q.61

Q.62

Q.63

Q.64

Q.65

(1)

- (v
P= R+5 R

dp
aR =0atR=5Q, sopowerismaximumat R=5Q,

Thereforeincrease continuously till R = 5Q.

@

_ (110

_ (110)?
Rosw =5z R

» 100w — W Rz.s > RlOO :
In series current passes through both bulb are same
P2.5 = i2 R2.5’ P100: i2 IQlOU

P,.>P,duetoR, >R & -~ P,.>25W &P <100
W (can beverified)

Therefore2.5W bulb will fuse

(h)
_ (220)?
100
R 4R 4(220)2
R =—+R=—=
Q3 3 300
vZ  (220)2x300 300
P= = s—=—— =75W
Req 4(220) 4
(2
Resistance of oneside=0.1x 10=1Q
ol V@7
Req=1Q P= Req 1 =4 watt
1Q 10
10 10

@

Since,resistancein upper branch of thecircuit istwice
the resistance in lower branch. Hence, current there
will behalf.

40 i12 60

50

Q.66

Q.67

Q.68

Now, P, = (i/2)% (4) (P = i?R)
P, =()? (5

p_ V? _ 240x240
R

115.2-15
~ 115.2

@

||
II
\
2

. \Y;
InitidlyH= —
y R

Now after cutting

R/n
A

R/n
A

| |
II
\

Power in one branch

nV? nV?

Total power= —+ — +... =

R R

@

2
0
VoAt & R=2S

H= —
R A

x100 = 89%

=115.2KW

n2v?2
R




Q.69

Q.70

Q.71

Q.72

Q.73

2
H=AY" At

pl

HocA
/

2
Hoe
,

Heat is doubled only when'r, ¢ doubled

(3)

V
R= rated N RocV2

rated
* Inseriesl| issame.

Power =I12R oc \/2

rated

(3)

P=V.i, P=E.(.JA

P g
A

(1)

=2-16t

daQ
dt

1/8 R
Heat=R j (2-16t)%dt, 5
0

(2

V2 pl
P= — R= —

R A

v’ ,_ p(£-0.10)
P=oor R= A

1.11v?2 Y4
P= ,R'=09 —

A
. 0.9p/
R="A
P= (1+£]P
100

P increses by 11 %.

(4)

V2
We know that p = =

Q.74

Q.75

_ (200)?

ThenR
™A= 300

(200)2
(200 | (200)

300 600

P =200 Watt

(1)

2
Situation shownin diagram P= V?

Casl Casell

_ (2007 o _ (200)*

60 277100
AN

Ry

||
I\
200V

In series combination

Current Electricity

_200% 200% _200° x160

Req = Ri+ R,

& 60 100
2
p_2007x160 .. o\
60x100
(1)
R=(120)2/60

60x100

95



Current Electricity

Q.76

Q.77

Q.78

Q.79

Q.80

96

81
P= (120)2 x 60, =6.7 Watt

(1)

I2R ismaximum for R, resistanceAs| >1, & I,

50 I,
L }\/\M ~

3V 50 20

maximum power dissipationinR,. Q.82

(2)
As Req decreases |, increases hence current through
Xincreasesbut asl _, will now bedistributedinY & Z,

currentin Y decreases.

(4)

From Maximum Power Transfer Theorem
Ve = R+2Q

= 50=R+2Q0=R=3Q

@

Fromgraph | = 0= Open ckt.

V=y=E

Q.83

WhenV =0.1_,,
E=ir
Y=Xr
r=y/x

©)

300x 600
Req—200+ m +100=500Q

100 1 Q84

500 5

1

600 .1 4
le= 1 1 5=75amp

300 600

1
Reading of volt meter =15y, Rgp = 15 X600=40V

(2
150 i,
MMN——>
200
—AVIA>— S
L 600
AW >
Il
15 xi

Given ——=0.75
ven ——

60 xi [60><O.75><75}

Now I,= ? 15 =
@

480x 20 96 146
R, =10 = — =

w=10% 80420 "0 575
current passes through the battery.

_ 20x5_100 _ 50
146 146 739

(3)
E1+E2 3
Case—l I;= Ry+R+2r = 1= Ry+R+2r

=>R,+R+2r=3 ... (D)
Case—Il E,=E=15V

from eq (1) and (2)

ﬂ—05 —EQ
> =Y :>r—3

(4)

2
'=10+R

V_2x10 1
L

X= " T (R+10) 100

2x10 40
(R+10) 100

V,=x/ = 10x 103 =

R+10= 70,1073

=R+10=800 = R=790Q



Q.85

Q.86

Q.87

(3)

High resistance in series

Q.88

RV --------- 7E—~>Voltmeter

(3)

1volt

r+x+y

10 volt

Er
E—— =10volt
X+r

Ex
—— =10volt
X+r

m=1volt
= x=1Q
12+1
=10

1+r
= r=0.2Q

Q.89

Q.90
=1..(1)

Q.91

-2

e

Q.92

Current Electricity

(1)

I, 60Q
I 600
R, =120Q
Net current

- 120 _19A
T 60+40

2
I, = 3 x1.2=0.8Amp.
henceReadingV =0.8x 60=48V

(4)

according to shown network

i i
E RQ:E (20) = Rg:ZO
(2)

i —2—001Am ere
9= 20 TV P

r2 20
i=i [1+= = 1+ —
|—|g( R):lO—O.Ol( RJ

R =002

(3)
Givenfor ammeteri =10°A, R=9Q
for given condition circuit shown like
>—(7) AW
9 10mA 0.90

MWW\
i/ O-m

A B

0.1
10x103= 0 xi=i=1Ampere

(3)
Given for galvanometer rg= 90Q2,i=10mA
i, =10 x 10°°
WW
9100
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Current Electricity

V=ig(R+rg) 1200 — 12x = 8x
V= 10_2 (1000) = X = 60cm
=10Volt
10 Q.98 (2
=—=1
n 01 00
| 10
Q93 (4 | ! MW\
11 volt |_. .J
0 V = 1lvolt
R =10Q
)
I= v
N N r+R
From circuit diagram voltmeter reading will be 12V
11
= —— =1Amp,
Q94 (2 10+1 P
Voltmeter must be connected in parallel and Ammeter 11-1  1volt
in serieswith the resistancein circuit. Potential gradient=x = o " m
Q.9 (1)
R, x60=R, x40 Q9 (2
()
I E,
R, x10 | !
R, x50= R, +10 x50 (2
(/3
_ 50R, 10R, x50 E. S : 0
Devide(2) by (1) 60R, R, +10
R, x 40 —]
E
_ _10Q
Ry=5Q.R =737 E,=3E
15/—>3E, E L
Q.9 (1) DPTEEET Y
6
Potential gradient x = 1 Q.100 (1)
6/=4=1= 2 m
=4=/= 3
Q.97 (2
casel
12x (100—x) =18 x v Voltmeter
1200—12x = 18x Potentiometer  (finjte Resistance)
30x=1200 In case of voltmeter R, < R hence
x=40cm I>1,
case 2 Asvoltmeter always take some current
12x(100-x) =8x fromthecircuitV <V,
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Q.101

Q.102

JEE-ADVANCED

(4)

5V 0 r=05Q
— —+—ww
sl 3

Al 8 volt
_|

Q.3

R=4.5

r
E,= 3V

AsBattery isconnected inreverse order E, will not be
balanced on entirelength of wire AB.

(3)

g R =8Q
| A s,
0—|H—'\N\/\/—0
0.5A 12v 8

N
A 8V B
&1 ry 3V
w6 2Q
8
v 6Q

g, 12 r

=4
8—4m
1Im— 2Volt
1Volt—05m
0.5volt— 25¢cm

Q4

OBJECTIVE QUESTIONS

Q.1

Q.2

D)
i= neAv,
V=iR
Q5
(A)

ppl
R, = % (1+aAT)

pcl
R,= 1‘3 (1+aAT)

Req. =R, +R,

Pe’s . Pels pclc  Pclc
= + AT+ +
Ra™"a A %A A

Net resistance is independent of temp.

acAT

prBaBAT'+ pclcocAT 0
A A -

Current Electricity

)
= ‘e =
(D)
Apply current density concept

|:j“j.dz\

OcPc
Pelpg

Joi for ESXSR
R 2

R/2 X R X

- | Jo(——1j2nxdx+ [ 3,3 2mxix
R

0 R/2
._ 5
IZETCJOR2

©

In parallel combination equivalent resistance Req isless
then the minimum value of any of resistanceR,<R
Inseries Req isgreater than maximum of resistance. R,
>R

D)
10
2 MW BV
10
10 10
E . L
D (1-x) Vi xa C
S22 o axe2=0
3-X
X=2%.[p
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Current Electricity

E_ 2—\/5
ED  +2-1
CE_ (@-V2)2+) 2f2:2-2-2
ED  (V2-D(2+1) ~ 1
CE
Ep - V2
Q.6 ©

For balanced condition

RR;=RR,
(A) No effect of emf of battery

(B) (R, +10) (R, +10) # (R,+10) (R,+10)
Incorrect

(©) (B5R) (BRy=(5R,) (5R)
RR;=R,R, correct.

D)

Balanced

Q.7 (A)
50 30 30
2A 1AY1A 0.5
3109 100 40
28V :
40 20 30

After circuit Analysiswe get Req =140

I—§—2wn
14 P-

100

Q.9

Q.10

Q.11

R r+R +1
R—0 Vg=0
Vo=E
D)
Forided r -0
10V ideal,r=0
15V 10
R
AW,
10 15
v "1 10+15r
E= -
}Jr} 1+r
r 1
E=10V
D)
(E +ina B
|—{W\N\,—|l—fv\/v\,— --------------- —|;«/vvw|~wvw
n_

E”eq: (n-4).E r”eq =nr
From circuit analysiswegetV =E +ir ...(1)

(n—4)E, V= {E+—(n;r4)E.r} =2E (1—Ej

nr n

(D)




Q12

Q.13

Due to input symmetry potential drop in AC, AD and
AE partissame. Therefore potentia at C,D and E point
is same.

7
Req = § Q
30 40
MW M
A— 30 40
AW MY B
3Q 40
AMAN M
(A)
4
r r
1 2
3
]
M
req: r12 = E

AMAN
o
feq=la= 5
(B)
Eior, lEz r
— AW ——
|)—’\/\/\/\: ﬁ | 0
E,-ir,
( 1
AV
R

Q.14

Q.15

Current Electricity
i = El + E2
R+r +r,

So for E, —ir, < 0 (for increasing i)

E,+E,
E,- R+n+r, r,<0

= E,(Ry+r)<E,

(B)

dueto input output symmetry potential at point 2, 4, 5,
areequal and potential at point 3, 6, 8 are equal

R/3 R/6 R/3
AMAN MM AN

1 2,45 3,6,8 7
r R,R.R_5_

“~ 3 6 3 6
(A)

4

due to input output symmetry, here no current passes
through resistance 2 to 6 and 4 to 8. Equivalent circuit
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Current Electricity

Q.16

Q.17

Q.18

Q.19

102

(B)

For maximum power Feq™= Req

6X 12 + 8x

6+x 77 Brx
= 12+8x=24+4x = 4x =12

x=3Q

(D)

For maximum power acrosstheresistance, Risequal to
equivalent resistance of remaining resistance

=2+

RlRZ
_aRg 20
R=R,+R, Q
(A)
—>— \WW—
R
i =AtB
at=AT,i=0
— 0=AAT+B
— AAT=-B
AT AT
g= | da= [ (at-AaT) g
0 0
2 Q.21
= q= AAT —BAT?
g AT A
== T AT?
AT AT 2
Heat = JiZR-dt= I e g Rdt
- AT? AT
0 0
AT 2 Q.22
2
_4 [1—ij Rt
AT?
2 AT)®  2(AT)? 2
I RN o GV _ 49°R
T AT 3AT)?  2AT |77 3aT

L—R
2L—2R
AQ'=2AQ

toraise AT temperaturein sametimet.

ZRAt=2I2RAT
I (2R) AT = 2I°RAT
= I'=|

nE _3E

R-R "6

(A)

I0 I0
(lo-5)4=7% G

2x 4 _
(o=l 572 T

from (1) and (2)
161, y 6

5 8(Iy—-1y) 5l

_ _ Lo
121,21~ 13= 1= 13

©

4amp. 4-1 R
—

1 R,

(4-HR=IR,=20
4 —Tislessthan 4

I.G

L AA—

(1)

(2

(4-T)R=20

So that, R is greater than 5Q

©

case- |
current
30 1
300 10 P
30 3
17200 40 ™

30=(1-I)R, =R, =

10 40

= 12000



Q.23

Q.24

Q.25

60V

[

3000 4000

Case—1I | | m

1200

60 3
300x1200 ~ 32
1200 + 300

1= amp.

400 +

1200 4 3 3

103002(1—10) 1200=1,= 1500 1= 5 32" 20
Redi f vol 3 300 900 225V
= —X = =
ing of voltmeter 20 40 .
B)
Currertinbri reitl= —— = —&
urrentin primary circuit 1= or+r _10r

Potential drop acrosslengthAB=V ,g =L.R

Voo el
ABT 10r T 10
Vag 9
X=—— =7
L 10L
For bal int £ =x 0= 4 =2
or balance poin 2—x =00 179
(A)
For I, » R, isminimum whichis zero .
_ 55
Iax %Amp
forI ,,. Ryismaximumwhichis30Q2.
[ .55 _55
mn~ 20+30 50 P
min 55 20 2
= — X —m— = —
Tex 055 5 AMP
(B)
S, isopen
6V

> o
ve)

amp

Q.26

Q.27

Q.28

According to diagram

%zsv e =12V
L — 12V

& 7 volt
12

100
WW

6V .

12— ——wWW—— 7 Volt

5L/12 @
(o]

12

<
7L/12
b
12v
6—ir=5
6 6 =
T 10+r

= 6r=10+r=r=2Q

D)
r=|g(R+rg)
©
—@ L AN
aA
1, @
20V
_Vv
T
i, <4A
20=iR
20
R=—-">5Q
I
(A)
D R
’i{:‘ ANV
A

N
C| ©

(A) Zero deflection does not depend on r

(B) If R>R, thendrop across
potentiometer is negligible

. We will not get zero deflection

(© Notes

(D) Notes

Current Electricity
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Current Electricity

JEE-ADVANCED

MCQ/COMPREHENSION/COLUMN MATCHING
Q1 (AD)
In series current remain same I = neAv,, J=T/A, for

1 1
constant current v, oc A and Joc e

Q.2 (AD)
N _EA E 5x107
=V = —=FE/ = —=—=
IR=V=E/(=1 A =P .3 10
=5x1030-m
1
c= E: 5x10°2° =200 mho/m.
Q3 (AB,C)
A F——wWW—B
E-+ir 0
H—
Q4 (ABD)

E
for short circuited, I = T

E
V:E—Ir:E—?.r:O

when current flow from negative terminal to positive

terminal
V=E-Ir whichislessthan E
when current flow from positive terminal to negative
termina
V=E +1Ir which is greater than E.
Q.5 (A,CD)

Inparalel resistanced .. i T

WVoa A 30
— | f : M
1 -1
A i3
8 AN\ < X
20 Iy B
| |2
L et potention of point B isx then from kirchhoff'sfirst
lawv
i Hiytig=0

104

Q.6

Q7

Q8

AR + —=
2t 4 T3 70
6x+3x—6+4x+4_0
12 -
= 13x=2
=2 Lot
X=13 Vo
(AQ)
KE KE KE N
RAL=BL AL T upto—
£ oot r K
eq 1 N
ST T4 upto—
ror
EEIJ:KE
1_1 1 N K2r
Ty T e, to — =0
g K& Kr UPO Y Tea™ Ty
_ K?2r NR
Formammumpowerreq:R:W:RjK: -
2
K2r
Prac = | — 2 ['-'R‘W]
K*r
R+—
N
_ (KENY? K?r _ NE?
mec (2K N T gy
(AC)
. _v__ 10 _
() Ryyp= I 10x1073 =1.kQ
220
(i) Roup 50x10~2

sinceincreaseintemperatureincreasesresistance when
it is connected to 220 V mains.

(A,B,D)

Itiseasier to start acar engine on awarm day than on
a chilly cold day because the internal resistance of
battery decreaseswith risein temperature and so current
increases.

Power Loss=1?R, = Power loss o« I?

=)
Also P—V.I:I—V

Sincefor given power & lineP & R are constant

P’R
Power loss=1°R = —
\/



Q9

Q.10

Q.11

1
.. Power IO$0C W

micais good conductor of heat but bad conductor of
electricity

(AC)

14

20 20V
M | +
current flow incircuitisI=10amp

power supplied by the battery is = 2R = (10)2x 2= 200
w

Potential drop across4Q & 6Q areequa anditisequal
to zero.

currentinAB wireis10amp.

(A,B,CD)

iI=neAVy R = ol
' A
E _ VvV iR _ipdx
17 dx = T dx  Adx
! 1
— =constant = E, oc A,
El _A2
E2 Al
) pdx
P=iR = i?
A
(A,CD)
e r
i
R
current i = £
T R+

cell generating power = ¢i
Heat produced in R at the rate

SPPR=iR —f =g
T T R4+r U R4

r
Heat produced inr at the rate = i%r = &i
R+r

Q.12

Q.13

Q.14

Q.15

Current Electricity

(AC)
Current should be maximum in 2Q
8Q
AN
—> Should be minimum
Y
R

= R =0 (power should be maximum when r = 0)
Power =72 watt.

(A,B,C)

. 20
'mex= 5751120 10 AP

\% [

max —

1
Ris= 15 X75=75V

range of potentiometer 0to 7.5V

(A,CD)

For non ideal ammeter and voltmeter, ammeter have
low resistance and voltmeter have high resistance.
Therefore the main current in the circuit will be very
low anddmogt al current will flow through the ammeter.
It emf of cell isvery high then current in ammeter is
very high result of this current the devices may get
damaged. If devices areideal that means resistance of
voltmeter is infinity. so that current in the circuit is
zero. Therefore ammeter will read zero reading and
voltmeter will read theemf of cell.

B0

for50V,R,, = =1000KQinseries

50x107°

for10V,R,, = =200KQinseries

50x1078

100x50x107°

5107 =1Q in paralle
X

for 5mA, R=

100x50x10° 1 .
for 10 mA, R = —10 10 = Ean paralel
X
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Current Electricity

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

106

(A.Q)

-V
' 2o00™

R, =————=4.4kQ
50mA

= (A)and(C)

(A,D)

To ensure maximum current through ammeter its
resistance should be small.

To ensure minimum current through voltmeter its
resistance must be very large.

(A,B)

Asemf of E, isdistributed over thewireAB. HenceA is
correct E, isbalanced by fraction of length of wire E, >
E,

We only balance potential difference henceB iscorrect.

(A.C)

In parallel each will take 10A and hence combination
requries10+10=20A

In seriescurrent will be samein each fuse and that will
be equal to required circuit current hence combination
reguiresthe same current 10 A

®)
®)
00
|_ 10cm —|

1Q
r= (Fj (10cm)r=0.1Q

Viig =(R ) current

11 combination

10x0.1
Viid= 10401 (1) =01V

©

L)
Herei x 10= (I—i) (0.1) = 100i =1—i = 101i =1

If1=1A

Q.23

Q.24

Q.25
Q.26
Q.27

1
i= 101 A = 0.01A

©
[e—— 1km —|
HT wire —— e
A B
earth e——
wire D e
V,p=11KV, Vge=?

Vap=Vag* VectVep

Vg = IR = (1A) (1 kmx 1Q/m) = 1000 V
V=V 5 = 1000V

Vo=V 15—V a5 -V cp = 11000—1000—1000.
V o= 9000Volt

(A)

If critical current through bird is0.1A then main current
1=101i (AsQ.No.5)

1=101x0.1=10.1A

P = (11KV) (10.1A) = 111 KW

(B)
(B)
(D)
(25 - 27)
As E, is increasing it's current also increases, So,
increasing graphisof i, .
i,=0.1A,E,=4V,i,=0

»—0.1A
E a
N~ +40.1A R,
_T E1
As;
01R +01R,-E =0
01R,-4V=0
R,=40Q

o

SVD

027
R,
0.1A 400
T 2

Now;i,=0.3A,i, =—0.1A, E,=8V

Now; 0.1R +E -8=0
When E, = 6V, current in E, isi, = 0 (from graph)
E =6V



Q.28

>R =-7=20Q

102
(B)
We can consider the network to consist of two
resistances connected in parallel between X and Y.
One of theseistheresistance R between X and Y and

the other is the equivalent resistance of the rest of

4

circuit. Thisisshownin Fig (A).

- AMAA ' AMMA (] AAAA -
VWV VWV~ Wy
>
rRs R 1%
14 RE RR 2
1/4 T
_— A'A'AVA'A1 /L S5 MWW MW | _ -
< |/4 R < <
Rz R SR_R =
s | < R
-——— AMMA A AMMA

1 1 ]
1 R ] R ]
I, w1
Yy \AAAAS \AALAS
= = >
Rg. Rz RZ RZ
3 114 yy!/4
- A MAAALS SN -
WS4 My
= R = RI/4 N 114 s
REZ $ _RER:2
I R ™= R
- A AL 'A'A'A'A

: : R 1 1
- AMMA, I AMAA AMA -
yyyvy é vy L YYVYY
RE RE2 RZ RS
I 2(/'\ RYy
- AAMA, SIAMANAS <\ -
WYWy s \/7 lvvv"'\< wyyy
R = R-EI/4+I/4=’ | R =
= ==1/2 RE: R 2
_——— MW MW AY MW -
1
1 R 1 R 1 :
\%
----- |k------Tp
/2 R
- AMMA
Cd
XA Y
\ >— W
1/2
| R ‘M
V
|1
II
(A)

Q.29

Current Electricity

(Here, R is the equivalent resistance of rest of
the circuit, i.e., excluding R)

(Here, Ry is the equivalent of R and R so Ry is
the equivalent resistance of total circuit)
Referringto Fig (A),
I
V= > R
(@dsoV=112R")
andformfig (B),V =1 Ry

|
SoIReq:ER

_R

or Req—2

Hence the equivalent resistance of the network

between X and Y or any two neighbouring pointsis
R/2.

InFig. (B)
V=IR,

V

orI:R
eq

butReq:RIZ
A

..I—F

GivenV =1V, R=4Q

I—E—OSA
=470

So the correct answer is(B).

(A)
X R=R Y
'—
v

InFig (A), sincesthecurrent | isequally shared by R
andR’',s0R’  =R.Nowif theresistanceRis
removed, itwill beonly R’ = R placed acrossthe
battery so that current will now be
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Current Electricity

Q.30

108

|—X—1—025A
TR 4T

(In this case equivalent resistance of circuit will be
R = R) Hence the correct option is (A).

©
Let us draw the corresponding figures for
capacitances.

Co

I
Az I v
c
Y92 |
11
1Q YQ

v
f

(C’eq is the equivalent capacitance of rest of the
circuit, i.e., excluding C)

(Ceq isthe equivalent capacitance of total circuit
between X and Y)
InFig (D)

Potential difference across C,

2 _Q

V="t ¢

. Q
|nF|g(E)V=§

Q Q
Ceq 2C

or C,=2C
so the correct option is (C)

(A)a,(B)p,(C)p,(D)q

) J i
Drift speed V= ne = neA
. pL

= — whereR=—
i R w A

\%
E= I andP=1°R

(A)p;(B)a,s (C)s;(D)p, 1, s

R
MW

short circuited resistor.

Inaresistor current alwaysflowsfrom higher potential
to lower potential.

Inshort circuited resistor or ideal cell, energy dissipated
is always zero because in short circuited resistor no
current flow and inideal cell nointernal resistance.
Potential difference may be zero acrossaresistor, non-
ideal cell or short circuited resistor.

NUMERICAL VALUE BASED
[1]




40 20 4Q

Q2  [4]

Sal. Incombination of 2, 6, 50 heat producewill bemaximum
in2Q, whilein combination of 5w and 4W heart produce

V2
will bemaximumin4Q H= E

Current Electricity

ARAA
VYV YVVV

YWY VWV

2 2
5 4
Hon =| —I 2JH o =| =1 4]
20 (26} x 40 (9 j X

H,,>H

4Q 2Q

3]

10 JZ 100

=|12y=| —— :7)/
P=1%y {2+y+R y (2+y+R)2

For Pto bemaximum

dP d 100y

- =0 - 7
dy = dy (2+y+R)? =0
R=y—-z puty=5 = R=3Q

[4

The circuit can be shown asin the figure. The bulb
ismarked 100W, 220V.

Hence the resistance of filament of bulb.

R= V? _ 220x220 48400
P 100
Current in the given circuit

.20
T 484+8+8

Power delivered to the bulb
2R =(0.44)%(484)

bulb

=93.7Q

I =044 A

[600]
15

450
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Current Electricity

Q6

Q.7

Q8

110

100Q2

AAAA

2500

15v
300Q Q.9

_ 1
~ 300
When both switch are closed

Amp ..»I)

1.5 R

= X
100+ R

| ...(ii)

1000
A

lmmz

AAA
VYV

2500

=3
AAAA

Q.10
1.5V

3000

From (i) and (ii)
R=600Q

[999]

R= ——G
lg

__ 5 4.
= 0005 o9

[4]

Potentiometer will giveterminal potential
5

(R+D

V=E—Ir = V=5— x1 =y x40

5 10
5-— =— x40 = R=40
(R+1) 100

[200hm]

96

V=180

5Amp

Ly

v Iy = O.EAmp.
R, = 46Q

V=96V

I, =0.2Amp
%
R=15-02)

R=200

(1]

Forw,e=5|| 15211 (1)

21 ¢ |R
Forwz,szg 1+RIT (2

Dividing eqg. (i) by (ii) and on solving, we get

Resistance of wirew, =1Q

[0002]
Taking potential at A to be zero potental at B = 3V

and potential at B' = 3V and potential at C =6V so
readingof V,=3V

Let V be potential of point D then sum of charged
reaching point D iszero

VB_VD VB'_VD (VC_VD) _
R, * R, * R, 0

1

2 3

[Ry, =Ry, =Ry, =R]

3-V, 3-V, 6-V,
= R "R "R O
=  12-3V,=0

VD:4voIts

reading of V, =2 volts.



KVPY
PREVIOUS YEAR'S
Q1 ()
ForP:I=1_+1,=V/R+VIR,
R-Y|_Rv
| Ry -V/I
Rv
=Rest| 75—
1-R/R,
~R_[1+R_/R ] (neglecting higher order termsinR_,
IR))
R2
8R,=R_—R|= R% /Ry ~——
RV
Alternatively,
\% RyR
Reg =—= Y
| Ry+R
2
8Rp =|Reg —R| Rv _,,R%
Ry +R Ry
ForQ:V=I(R+R,)
R=V/I-R,=R_-R,
8R,=|R,—RI=R,
If R=\/R,Ry ,thendR, /3R =
R /(RaRy)=R%/R?~1
Qz (A
Part of coil turned then resistance decreases
.. Power consumption will be morethan 1 kW
Q3 ©

For null deflection

P_S,P.Q
Q R S R

Q.4

Q.5

Q.6

Q.7

P_s .
Q—Rstlllvahd

.. deflectioniszero.

(A)
30

AMAAAA
TYYYyyy

1Q

5

<

]
AAARAA
Yyvryyy

(©
Applying volume conservation
AxXL=A"x2L

A=t

2
R=2-

A
R'— px2L _px4L

A’ A
'=4R
O)
R, R,

1 §§ R
VT s

Current Electricity
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Current Electricity

VR, +V,R, . RR,
= R +R Req R, +R
1 2 1 2

DD <

=

|| F[<

N

<

| = €q
R+R,

IneachcaseR & Rissameonly V. & V_ ischanging
A eq 1 2
S Vg ischanging

2xR,+0xR
vV o =—""2 """ 1 _ _
& R1+R2 [V1—2, V2—0]

— 2R2
“ R/ +R,

Va=R TR [V,=0,V,=4]

_10R, +10R,
& R,+R,
2R, 3 2x15R,

T10(R,+R,) = I' 10(25R,) OF I' =25mA

—lw

Q.8 B)
Vxi P
R:—: = —
[ iZ 2
energy = hy =—
ener
Power:—tgy
h
P:t_2
. e
i=—
t
P h
P e
Q.9 (A)
f}%} i2
i R, ii2 R¥600 R, 300
— R:: i/6
3.0V 22400

m

YWYy
8
(o]

112

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Power dissipate in R, is maximum as its current is
maximum and its
resistance is also 40Q2 which is higher than R.R,.

(A)
nE _ E

TR +R2 T (Ry+1R)

nE’R b nE’R

(NRy+R)*" % (Ry+nR)’

wR=R
HenceRo/Rzl
D)
Let R =resistance of each bulb.
V32 3v? V2 2
= = P,=— 4V
"R PQRRRPSZR
F.o.
&
& & &
® ® L | —— E;:,
L I I
P Q R S
(A)

Thegiven circuit can be simplified into two wheatstone
bridgein parallel

(A)
Concept of fusewire
(A)
| c3lBR
1/8
R
21/8
I} A
g
! g
=
©
80 5
YVYVY I1 |2
i 250
T 3200
20Q 60Q )




Current Electricity

20x 60 = 34iR
25+ =i = 34x1 x10°%x1x10°=34volt
0.1 x ( 20+60j I, x20
1,=0.2A Q18 (A)
Hence, i through 80Q
0.1+0.2=0.3A

Q.16 (D)
In stready state i through capacitor is zero.
HenceV across 2KQ =V across capacitor

Vacross 2kQ) = x6=4V LetassumeReq=PQ=x
2+1 p r
Q17 (D r X
R=1kQ,i=1mA=1Mx 103°A
Q
.
are” TF 1 x
2 +1X+1X
X:—
xR _iy 2”2’(2
- =1 X +X2=12+ 2rx
ialfgi 3 X2—rx—r?=0
=
X_+ri\/r2+4r2 - r(1+J§)
i, 2 2
= Power inbulb =1 watt
i’R=1
.
Q i?x16=1
.3 1
|1_|2X§ = I:Zamp.
P e =10
Ll ) R+Rpg
E3 3
Qe i 10
8 4 16+%(1+«/§)
'2:'3XE_
r
i 16+E(1+J§):40
3
P IR r=14.8Q
0 2 Q19 (@
21. 21 N R
21 21
i;=—I,=—x8 =21 X XX ier VVVWV
X .
. 13R + - =01,
Vo Vo =igx| R+~ —e— ]
X € X g,
_ 21ix 2R _
21 current through wire1 =0
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Current Electricity

Q.20

Q.21

Q.22

Q.23

114

(D)

| = neAv

1 500x10° 100 .

= AV 15x10-7x3x107 9 (l0tdm-~10°

5 C/m3

ne

B)
I =neAv,

L

l
AAAAAA
AAAAAA'S

[N

Py

|
Rv = Resistance of voltmeter
Ra = Resistance of ammeter

%:'R—Vz R, (1+R, ) =100 ....()

5]

T+R,

_ ARy - Rv__ 0909

v
A I R, +1
R,=099(1+R )
= R, =999Q
From(i)
R, =10°Q
©)

Total power used by laptopsis =90 x 10 = 900 W.
Power delivered by UPS = 1kVA = 1000W
Statement | is correct

Q.24

Q.25

P=VI
900=220L
~ 900

l=——=41A
220

So 3A fuse can not used (11 isincorrect)
Cost of consumed electricity is

900x 5
1000

x5=Rs.22.5

©
Rate of heat gained by water

ms[‘:j—” =i’R, - 4ceATI[T - T,]

dT _i’R, 4oeATs
d ms ms

(T-To)

dT
o C,—C,T (here C, and C, are positive constant)

rodr
| - = [t

Ti

L GGl
-G GG

C,-C,T=(C,-C,T) ¢

C,T=C,—-(C,-C,T) e

T
A
Ti
>t
(A)
As | = constant
& V=iR& Vingenerd V=i(R,+AR)
pl
R=—
A



Current Electricity

Q.27 (C)
AR _ (AL AA
R "7 A . c
—WWW———{——

AA A ) .
AT & p = constant as there is no joule
heating

I

1L

2A/0 E

So AR = R(pTJ = Rp(2¢)
= V=i(R+2pRe) i :Ee—thC’Q: CE(l_e—t/Rc)

sographwill look like

E
Capacitor is charged to Ex

AV
CE
0y
CE
g . _ ~t/RC
Q.26 (A) "T_CE(l_e )
For circuit (),
1 —gVRe
10 300 2
iz =| —300R " 04 R t=RC/n2
0.1 3% + Work done by battery = (Q, ) (AV)
) 2
CE CE
Current through cell = (7j (BE)= >
[Note: 300 Q2 & Rarein paralel whichisin serieswith
100& 200Q)] Remz
10x 300R Heat dissipated = | i°R
V =
"~ 300R + 3007 + 300R °
[ Vk, is potential difference across resistance R] = RCJf”Z G2URC
Frocircuit (b), 0 4
3( CE?
- 10 . 300 = Z( > j
R | (200+ R)(300) +100 | 300+200+R
200+R “}300 Work done ~ CE?/2 4
. . - 2 -
Current through cell Heat dissipated S(CE ] 3
[Note: R& 200 Q) arein serieswhich isin parallel with 40 2
300 Q2 & againthecombinationisinserieswith100Q]  jEE MAIN
100 300R PREVIOUS YEAR'S
VRh = m Q‘l [ZI
300x 200+ 300R +100x 500+100R
E I
[ Ve, ispotential difference across resistance R] EZ = |—2 = :73_28 =
According to given situation ' !
Ve, = Vg, Q2 [7
. 300R+9x 10+ 300R=6x 10* + 400R+ 5 x 104
— 200R=2x10*=R=100Q Q3 (4
It is balanced wheat stone bridge so
R,z =R
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Current Electricity

Q4

Q5

Q.6

Q.7

QS8

116

[300]
»=QV

=15 x 20 = 300 Joules

@

_pt
R="5
p(L250)

R=1a/125) = a 12

R=R (15625

R =R (1+05625)

Rf B Ri

=" =05625

AR
%? =56.25%

J =oE

=5x10"x10% 1073

=50x 10*A/m?
| =JR?

=50x10*x 1t (0.5% 107%)?
=50 x 10* x 7t x 0.25 x 108

=125x103n
x=5

[11250]

dg )
at = (20t + 8t?)

[do= j;s(zot 1 8t2) dt

_ 20 x (15)? , Bx (15)°

2 3
AQ=11250C
@
- 1
Current | = 10 = gA
6V 20 4
— Fwew—

1
v, +4+8x 5 =vy

Ve~V = -5.56v

A

1

vV 8Q

Fa—e

r

A 4

Q.9

Q.10

Qu

Q.12

Q.13

Q.14

1)
Asper the question

< 2] S
| =
. p(20) _4pt
Resistance = (A12) A
VVA
= Current = R 4p/
(€)
3kQY

NS

21V, 1kQ

(4)

500 =(1.5),x R x 20
E=(3),xRx20

E =2000J

[2500]
Q=i2RT
. Q 10x10°®
T it 4x10°x1
2
i=10A,A=5mm?=5x 10° m?
andv,=2x10°m/s
We know, i = neAvd
5 10=nx16%x10¥x5x%x10%x 2 x 103
= n=0.6®x 10%® = 6% x 10®
4

= 2500Q

R, +R,=s .. (1)
RlRZ

R, +R, =p .. (2)

R1R2:Sp



Q.15

Q.16

RR,=np

nR,R,
~ (R,+R,)
(R, +R,)’

RlRZ -
for minimumvalueof n
R,=R,=R
n= O

R1+R2

Q.17

4

2

b 1

3E
T R4 4T,
TPD=2E-in=0
2E=irl
3Exr
R+r +r1,
2R+2r1+2r2=23r1

r1
=t-r
R 5 2

Q.18
2E =

19
3 °

Xx-=10 x-y x-0

+ +
100 15 10

53x-20y=30 ... (1)

y—10+y—x +y—0 _
60 15 5

17y-4x=10 ... (2

onsolving (1) & (2)

x =0.865

Q.20

Q.21

Q.22

y =0.792
AV =0.073R = 150
i =4.87mA

[70]
50x20 100
R = _ ==
70 7
V1
AAAAAA AAAAAA
10 100
7
|
|I
170
_ 170
Rea™ "7
170
v, = | 170 x10 = 70v
7
(48)
In Balanced conditions
12 x
6 72-X
X=48cm
(4)
- inpardle
RlRZ
_ A
R RﬁRZ_—_QVf—hJ
2
Y4 4
pf leXpZK
N /
2A P *"‘pzﬂ
P_ 6x3 _5
2 6+3
p=4
(1)
(€)
(€)

Current Electricity
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Current Electricity

Q.23
Q.24

Q.25
Q.26
Q.27
Q.28
Q.29
Q.30
Q.31
Q.32
Q.33
Q.34
Q.35

Q.36
Q.37

Q.38
Q.39
Q.40
Q.41
Q.42

Q.43
Q.44

118

[10]
(15)

(O]

(30)

)

(300)

(45

©)

@

©)

@

(4)

(3)

(1)

(2

massof icem=pA/=103x10*x1=10"kg
Energy required to melt theice

Q=msAT +mL
=101 (2x10°x10+3.33% 10°) =3.53x 10*J

Q =i’RT = 353 x 10* = (%) (4% 10°) (1)

Time=35.3sec
Option (2)

(9
(O]
(O]
(NTA=2, ALLEN (Bonus))
@

)

(2)
RlRZ
R, +R,

=3

(12x10°x107) /x4 (51x10°x107) /x4
n(2)° x10°° " n(2)° x10°
63x10°x107% x x4
n(2)°x10°

=/(=97m
Option (2)

Q.45

Q.46

Q.47
Q.48

Q.49

(3)

|
L
22V, r=06Q

B 6+3+2+4_E
24 24

24
R, =7-=16=>R, =16+0.6=22Q

w15
2 2
P:v__(2.2)

R a2 "22W

Option (3)

@
AQ =AU + AW
AQ_AU AW
At At At
3
6000:i+2.5><10 90
60 sec At
At =250sec
Option (1)

(3]
©)

[2]

X, =2nfL

fisvery large

. X isvery large hence open circuit.



1
¢ 2xfC
fisvery large.
. X isvery small, hence short circuit.
Final circuit
2
1
2
L AMN—
)
o
2x2
zZ =1 =2
e« 2+
Q50 @
20 20

20
AW * A
20 é 20 30 3Q
L N
Parallel 0 Parallel

Series

N L 3x32 912
@ 313/2 9/2

Q.51 [6]
Q.52  [100]
Q.53 (1)
Q54 (1)
Q.55 [20]
Q.56 (4)
) B V_2 B (240)2
First case B = 2" e

Second case Resistance of each half = 18 O

Current Electricity

(240)° (240)° (240)’

18 18 9

N

T ol
&
8 NG

JEE-ADVANCED
PREVIOUS YEAR'S

Q.1

Q.2

Q3

Q4

©

_pb_ L pb_p
R=A 2R =1
Independent of L.

(D)

where R’ ., is resistance at any temperature
corresponds to 100 W

V2 1 60 V2
60——R.60:_R.60 = :40——R.40
)

- Ry = V2
From above equations we can say
1 1 1
> 5 > o .
100 R 60 R 40
So, most appropriate answer isoption (D).

©

To verify Ohm's law one galvaometer is used as
ammeter and other galvanometer isused asvoltameter.
Voltameter should have high resistance and ammeter
should have low resistance as voltameter is used in
parallel and ammeter in series that is in option (C).

[4
R

AW

1Q 10

& &

- 2
~ 2+R

3= 2 jZR
17 {2+R
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Current Electricity

Q5

Q6

120

AMN\
:8 10
e 10
e
7_1’_7
1
€™ Lr} =
11
; 1 I € 2¢
- — == =
«” 2 1. r 2R+1
2
_( 2¢ jZR
%= 1+ 2R
_ 9
leen\]l—z\]2
( 2¢ )ZR_Q( 2¢ jZR
1 2+rR) "2 (11 2R
2 3

~2+R 1+2R
— 2+4R=6+3R

= R=4Q.
(9]

E, E

T11+ r22 ngg 15 Q7
€= 1 1 -1 1" 3 =5volt Ans.

(A),(B),(C), (D)
Due to input and output symmetry P and Q and S and
T have same potential.

I
: 20
P N S
20 v
12V 10 10 O
40 N—ww—t 40
A1, 9 40
|12V
|

V, -V =2x4=8V
V,-V,=1x8=8V

>

V/;=VQ = CurrentthroughPQ =0(A)
Vo=V, = V>V ©
l,=3A B)
1,=2A (D)

(B), (D)

In given Kettle R L oL
ngiven eR= = —
g P d 2 ndz
a2
9
2
p=2
R
pL
InsecondKettIeR1=PW ZZW
. _R
SR, =R,= 7
If wiresarein parallel equivalent resistance
R
P- g

then power P_= 8P
soitwill take 0.5 minute
If wiresarein series equivalent resistance



Q.8

Q9

Q.10

then power P =2P
soitwill take2 minutes

(A),(B), (D)
Potential of Junction O

Viig- V2

0

Current through R, will be zero if

Vl Rl
V,=0= v, = R,

(5]
5 (G+a990)=30
1000 ¢ )=
30,000
= G +4990 = TZSOOO
°® 0=[15--8 s
1000 7 (77 1000
gz 80 _2n
= ST 1494 249
249x30 2490
=n= = =5

1494 498 ~

©
For balanced meter bridge

X l
R~ (100-7)
X290 L x-600
40 ~ 60

-
X =R (100-71)

=G=10

Q.11

Q.12

Q.13

Q.14

Current Electricity

AX AL At _01 01
X ¢ 100-¢ 40 60
AX =0.25

soX =(60+0.25) Q

(A.Q)

For maximum voltage range across a galvanometer,
al the elements must be connected in series. For
maximum current range through a galvanometer, all
the elements should be connected in parallel.

(A,C)

(A)

Ballsarerepelled by lower positive plate and hits
upper plate where the ballswill get negatively
charged and will now get attracted to the lower plate
which ispositively charged. Therefore motion of the
ballswill be periodic.

Hence, (A)

©

2q_ 2§ rr
t h mkKVvK

Average current, layg =

Hence, (C)
[5.55]

n =50 tunrs
B=0.02T
Q,=02rad
l,=0-1.0A

A=2x10%m?
K=10*

Rg=50(2
1=MB=C6H,M=nlA

BINA=Cq

0.02x1x50%2x10%=10"x0.2 10

1,=0.1A

For galvanometer, resistance is to be connected to
ammeter in shunt.

1= 0.1R;=50

S

-,

I, xR =(1-1)S
0.1 x50=(1-0.1)S
50
= > _-555
S=7
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Current Electricity

Q.15

Q.16

122

(AC)
2uA

L

100 R,
0.1=2x10°%(10+R)
- R,=49990Q

1mA 2vA 100

7 rd

AR
LAAALL]

R,
2x10%x10=102 R, .. =0.02Q
/\'/\ 50000
o/
AN oo
W, oy Y

y 50000 = (x—y )1000

- 5ly=x
50000
Reading= 2 = = %80
(A, C, D)
i yl
In
|'Vc

All theelementsarein parallel

Vot In(sz
_ \RJ (A)

Q.17

Q.18

Q.19

(—eE) will be inward direction in order to provide

centripetal acceleration. Therefore electric field will

beradialy outward
V<V ©

outer inner

2

mv;
r

_mvy
qr
AV = j Edr

E

(I=neAV,, =V i)

AVoch2
AV o |2

(0.26100.27)

R, = 300(1+ G AT)

=312Q

Now
I |. 100Q

L ANAAAA 2 AMAAAA
YYVVVYY YVVVYVYY

AVAVAVAVAVAVAV AY
i o M I
50 | 50

>
>

AA
Y

>

A
y

<
<
<

D<

V V. =312 | 5001,
=4194-4167
—027V

[1.33]

[067]

N

V

Switch connected to position 'P*

V,-Li -1+2-2i =V,



