
UIDED REVISIO

PHYSICS GR # ELECTROSTATICS

SECTION-I
Single Correct Answer Type 14 Q. [3 M (–1)]
1. There are two point charges q

1
 and q

2
 lying on a circle of unit radius. Electric field intensity at the center

of circle due to these charges is E
r

. Find the position vector of the center with respect to q
2
 if the position

vector of the center with respect to q
1 
is 1r
r

.
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2. An infinite, uniformly charged sheet with surface charge density  s cuts through a spherical Gaussian
surface of radius R at a distance x from its center, as shown in the figure. The electric flux F  through the
Gaussian surface is :-
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3. The electric field intensity at all points in space is given by ˆ ˆ3E i j= -
r

 volts/metre. The nature of

equipotential lines in x-y plane is given by :-
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Low potential
30°
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4. A sphere of radius R carries charge such that its volume charge density is proportional to the square of
the distance from the centre. What is the ratio of the magnitude of the electric field at a distance 2R from

the centre to the magnitude of the electric field at a distance of R/2 from the centre (i.e. 2/RrR2r E/E == )?

(A) 1 (B) 2 (C) 4 (D) 8



5. A point positive charge is brought near an isolated conducting sphere. The electric field is best given by

(A) Fig (i) (B) Fig (iii) (C) Fig (ii) (D) Fig (iv)
6. Figure shows two conducting thin concentric shells of radii r and 3r. The outer shell carries charge q and

inner shell is neutral. The amount of charge which flows from inner shell to the earth after the key K is
closed, is equal to :-

.K

r 3r

(A) –q/3 (B) q/3 (C) 3q (D) –3q
7. Consider a conductor with a spherical cavity in it. A point charge q0 is placed at the centre of cavity and

a point charge Q is placed outside conductor.
Statement-1 : Total charge induced on cavity wall is equal and opposite to the charge inside.
Statement-2 : If cavity is surrounded by a Gaussian surface, where all parts of Gaussian surface  are

located inside the conductor, ò = 0Ad.E
rr

; hence qinduced = – q0

(A) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for statement-1.
(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation for

statement-1.
(C) Statement-1 is true, statement-2 is false.
(D) Statement-1 is false, statement-2 is true.

8. A non conducting semicircular disc (as shown in figure) has a uniform surface charge density s. The
electric potential at the centre of the disc :-
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9. The diagram shows a small bead of mass m carrying charge q. The bead can freely move on the smooth
fixed ring placed on a smooth horizontal plane. In the same plane a charge +Q has also been fixed as
shown. The potential at the point P due to +Q is V. The velocity with which  the bead should projected
from the point P so that it can complete a circle should be greater than
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m
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m
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(D) none

10. In a certain region of space, the potential field depends on x and y coordinates as V = (x2 – y2). The
corresponding electric field lines in x-y plane are correctly represented by :
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11. Two short electric dipoles are placed as shown. The energy of electric interaction between these dipoles
will be :-

(A) 3
21

r
cosPkP2 q

(B) 3
21

r
cosPkP2 q-

(C) 3
21

r
sinPkP2 q-

(D) 3
21

r
cosPkP4 q-

12. A metal sphere A of radius r1 charged to a potential f1 is enveloped by  a thin walled conducting
spherical shell B of radius r2. Then f2 of the sphere A after it is connected by a thin wire to the shell B

will be :-
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13. An ellipsoidal cavity is carved within a perfect conductor. A positive charge q is placed at the center of
the cavity. The points A & B are on the cavity surface as shown in the figure. Then :

(A) electric field near A in the cavity = electric field near B in  the cavity
(B) charge density at A = charge density at B
(C) potential at A = potential at B
(D) total electric f ield f lux through the surface of the cavity is q/e0.

14. Two charges, each equal to q, are kept at x = –a and x = a on the x-axis. A particle of mass m and charge

0

q
q

2
=  is placed at the origin. If charge q0 is given a small displacement (y << a) along the

y-axis, the net force acting on the particle is proportional to [JEE-Main-2013]
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Multiple Correct Answer Type 3 Q. [4 M (–1)]
15. An insulating ring of charge 2plb, radius b is concentric with a charged conducting solid sphere of

charge Q and radius a (b >a ) as shown in the figure. Then

a

b

(A) Potential of the sphere is 
0 0

Q
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l
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(B) If sphere is grounded then charge on the sphere will be 2
0

a
8
- l
p Î

(C) Electric field inside the sphere is non-zero
(D) The sphere is equipotential body. 

16. Two large thin conducting plates with small gap in between are placed in a uniform electric field E
(perpendicular to the plates). Area of each plate is A and charges +Q and –Q are given to these plates as
shown in the figure. If points R,S and T as shown in the figure are three points in space, then the
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(A) field at point R is E (B) field at point S is E
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17. An infinitely long thin non-conducting wire is parallel to the z-axis and carries a uniform line charge
density l. It pierces a thin non-conducting spherical shell of radius R in such a way that the arc PQ
subtends an angle 120° at the centre O of the spherical shell, as shown in the figure. The permittivity of
free space is e0. Which of the following statements is (are) true ? [JEE-Advance-2018]

l
z

120°

P
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Q

(A) The electric flux through the shell is 03 R /l e
(B) The z-component of the electric field is zero at all the points on the surface of the shell
(C) The electric flux through the shell is 02 R /l e
(D) The electric field is normal to the surface of the shell at all points

Linked Comprehension Type (1 Para × 2Q.) [3 M (-1)]
(Single Correct Answer Type)

Paragraph for Question No. 18 and 19
A uniform ring of mass m and radius R can rotate freely about an axis passing through centre C and
perpendicular to plane of paper. Half of ring is positively charge and other half is negatively charge.
Uniform electric field E

0
 is switched on along –ve x-axis (axis are shown in figure) [Magnitude of

charge density l]

+ +
+

+
+

+
+

+
+

––
–

–
–

–

– –

–

E0

y

xC

18. The dipole moment of ring is :-
(A) 2 lR2 (B) 4 lR2 (C) 2 plR2 (D) 4 plR2

19. If ring is slightly disturb from given position, find the angular speed of ring when it rotate by p/2.
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SECTION-II
Numerical Answer Type Question 1 Q. [3(0)]
(upto second decimal place)
1. The figure shows a conducting sphere 'A' of radius 'a' which is surrounded by a neutral conducting

spherical shell B of radius 'b' (>a). Initially switches S
1
, S

2
 and S

3
 are open and sphere 'A' carries a

charge Q. First the switch 'S
1
' is closed to connect the shell B with the ground and then opened. Now the

switch 'S
2
' is closed so that the sphere 'A' is grounded and then S

2
 is opened. Finally, the switch 'S

3
' is

closed to connect the spheres together. Find the heat (in joule) which is produced after closing the
switch S

3
. [Consider b = 4 cm, a = 2 cm and Q = 80 mC]

SECTION-III
Numerical Grid Type (Ranging from 0 to 9) 7 Q. [4 M (0)]

1. A sphere of radius R has charge density given by 0

nr
1

3R
æ ör = r -ç ÷
è ø

, where r
0
 is a constant, r is distance

from centre of sphere. For a spherical gaussian surface of radius R centered at the centre of sphere, the
flux is zero. Find 'n'.

2. A cube is made from six thin non-conducting square faces of size a each. Each face carries a uniformly

distributed charge Q. If electrostatic force acting on each face is 
2

2
0

Q
N aÎ

, then find N.

3. Two fixed, equal positive charges, each +q are located at point A & B separated by a distance of 6 m. A
particle of mass m having equal and opposite charge –q moves towards them along the perpendicular
bisector line COD where O is the centre of line joining A and B. If –q charge is released from rest from

point C, then speed of charge –q at O is given by 
0

x
v q

15 m
=

pÎ
 find value of x. (Neglect gravity)
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4. An electric field given by 2ˆ ˆE 4i 3(y 2) j= - +
r

 pierces Gaussian’s cube of side 1m placed at origin such

that its three sides represents x, y and  z axes. The net charge enclosed within the cube is given by –ne
0
.

Find the value of n.

 

x 

y 

z 

5. The electric potential in a region is given by V(x, y, z) = ax2 + ay2 + abz2. ‘a’ is a positive constant of
appropriate dimensions and b, a positive constant such that V is volts when x, y, z are in m. Let b = 2.
The work done by the electric field when a point charge +4µC moves from the point (0, 0, 0.1m) to the
origin is 50 µJ. The radius of the circle of the equipotential curve corresponding to V = 6250 volts and

z = 2  m is a m. Fill a2 in OMR sheet.

6. The electric field strength depends only on the x, y and z coordinates according to the law

E = 
( )3 / 22 2 2

ˆˆ ˆ( )a xi yj zk

x y z

+ +

+ +
, where a = 122.5 SI unit and is a constant.  Find the potential difference (in volt)

between  (3, 2, 6) and (0, 3, 4).

7. An infinitely long uniform line charge distribution of charge per unit length l lies parallel to the y-axis

in the y-z plane at z = 
3

a
2

 (see figure). If the magnitude of the flux of the electric field through the

rectangular surface ABCD lying in the x-y plane with its centre at the origin is 
0

L
n
l
e  (e

0
 = perimittivity of

free space) then the value of n is. [JEE-Advance-2015]
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SECTION-IV
Matrix Match Type (4 × 5) 3 Q. [8 M (for each entry +2(0)]
1. As shown in column I their are graphs of electric field (E) and potential (V) along the line joining

charges Q
1
 and Q

2
 are drawn against distance (r) on x–axis for charges Q

1
 and Q

2
. Take potential at

infinity equal to zero. [Take direction of E in righward direction as positive]
Column-I Column-II

(A) Q1

Q2

V
(Potential)

r

At infinity V =0

(P) Q
1
 < 0, Q

2
 > 0

(B)
Q1 Q2

r

E

(Q) Q
1
 > 0, Q

2
 < 0

(C) Q1

Q2

E

r
x

x (R) |Q
1
| > |Q

2
|

(D) Q1 Q2

r

E

(S) Q
1
 < 0, Q

2
 < 0

(T) |Q
1
| = |Q

2
|

2. Figure shows an uncharged conducting body having a spherical cavity. Charge Q is placed at the centre
of the cavity.

y

x4

3

2
y

x
1

Q

Column- I (Point) Column - II
(Components of electric field)

(A) 1 (inside cavity near surface) (P) E
x
 = 0

(B) 2 (near but outside conductor surface) (Q) E
y
 = 0

(C) 3 (inside bulk of conductor) (R) E
x
 ¹ 0

(D) 4 (near but outside conductor surface) (S) E
y
 ¹ 0

(T) None of these



3. Column-II shows some charge distributions and column-I has some statements about electric field at
four points A, B, C, D. Match column-I with column-II.

Column-I Column-II

(A) AE
r

 has x component only (P) B

A
x

D
C

y

A solid non conducting sphere

of radius R of volumetric charge
density r with four symmetrical
spherical cavities. All  the five
sphere’s centre lie in same plane.

(B) BE
r

 has y component only (Q)
B

A
x

C

y

D

q

l=l q0sin A very small circular filament

lying in xy-plane. All points lie in
same plane. A, B and D are at
large distance compared to radius
of circle.

(C) CE
r

has y component only (R)  
B

A
x

D
C

y

A charged spherical conductor

with an empty cavity in it.

(D) DE
r

 is zero (S)

B

A
x

y

D

C

q0

A hollow thick spherical neutral

conductor with a concentric cavity.
Charge q

0
 is placed inside at centre

of cavity.

(T) 
B

A
x

y

C
D

p
A small electric dipole p

r
 is placed

at origin. A, B, C and D are four
points at large distance from origin.

Subjective Type 6 Q. [4 M (0)]
1. A simple pendulum of length l and bob mass m is hanging in front of a large nonconducting sheet of

surface charge density s. If suddenly a charge +q is given to the bob in the position shown in figure.
Find the maximum angle through which the string is deflected from vertical.

l



2. A dipole is placed at origin of coordinate system as shown in figure, find the electric field at point
P (0, y).

  

3. Electric dipole of moment P = P î is kept at a point (x,y) in an electric field, E = 4 xy2 î + 4 x2y ĵ . Find

the forces on the dipole.

4. Four point charges +8mC, -1mC, -1mC  and +8mC, are fixed at the points, - 2
27 m, - 2

3 m, + 2
3  m

and + 2
27 m respectively on the y-axis. A particle of mass 6 ́  10 -4 kg and of charge + 0.1 mC moves

along the  - x  direction. Its speed at x = + ¥  is  v
0
 . Find the least value of v

0
  for which the particle will

cross the origin . Find also the kinetic energy of the particle at the origin. Assume that space is gravity
free. (Given : 1/(4 p e

0
) = 9 ´ 109 Nm2/C2)

5. Two concentric rings of radii r and 2r are placed with centre at origin. Two charges +q each are fixed at
the diametrically opposite points of the rings as shown in figure. Smaller ring is now rotated by an angle
90° about Z-axis then it is again rotated by 90° about Y-axis. Find the work done by  electrostatic forces
in each step. If finally larger ring is rotated by 90° about X-axis, find the total work required to perform
all three steps.

6. S
1
 and S

2
 are two conducting surfaces. Between S

1
 and S

2
 and inside S

1
 is air. S

1
 is spherical with A its

centre. S
1
 has total charge Q. S

2
 is uncharged. Find (if possible) :

(i) Charges induced on inner and outer surface of S
2
.

(ii) Total electric field at A, B.
(iii) Electric field at B due to induced charges on S

2
.

(iv) Electric field at C due to induced charges on inner surface of S
2
.

(v) Electric field produced by induced charges on outer surface of S
2
 inside the body of S

2
.

(vi)Can you find electric field at C easily ?
(take the required distances from A). Which charge will produce electric field here.



SECTION-I
Single Correct Answer Type 14 Q. [3 M (–1)]
1. Ans. (D) 2. Ans. (D) 3. Ans. (C) 4. Ans. (B)
5. Ans. (A) 6.

 
Ans. (B) 7. Ans. (A) 8. Ans. (C)

9. Ans. (A) 10. Ans. (D) 11. Ans. (B) 12. Ans. (A)
13. Ans. (C) 14. Ans. (A)
Multiple Correct Answer Type 3 Q. [4 M (–1)]
15. Ans. (A,D) 16. Ans. (A,D) 17. Ans. (A,B)
Linked Comprehension Type (1 Para × 2Q.) [3 M (-1)]
(Single Correct Answer Type)
18. Ans. (B) 19. Ans. (C)

SECTION-II
Numerical Answer Type Question 1 Q. [3(0)]
(upto second decimal place)
1.

 
Ans. 180

SECTION-III
Numerical Grid Type (Ranging from 0 to 9) 7 Q. [4 M (0)]

1. Ans. 4 2. Ans. 2 3. Ans. 2 4. Ans. 3
5. Ans. 6 6. Ans. 7 7. Ans. 6

SECTION-IV
Matrix Match Type (4 × 5) 3 Q. [8 M (for each entry +2(0)]
1. Ans. (A) ® (Q, R) ; (B) ® (Q,T) ;  (C) ® (S,T) (D) ® (P)
2. Ans. (A) ® (Q,R); (B) ® (R,S); (C) ® (P,Q); (D) ® (P,S)
3. Ans. (A) P,R,S (B) P,Q,R,S,T (C) Q,T (D) R,S
Subjective Type 6 Q. [4 M (0)]

1. Ans. 2 tan–1
æ ös
ç ÷eè ø2 0

q
mg 2. Ans. 

kP
y

i j
2 3 ( 2$ $)- - 3. Ans. 4 py  ( y2 + 4 x2)1/2

4. Ans. v
0
 = 3 m/s ; K.E. at the origin =(27-10 6)  × 10 -4 J  approx.2.5 ×10 -4 J

5. Ans. W
first step

 = r
Kq

5
4

3
8 2

÷
ø

ö
ç
è

æ
- , W

second step 
= 0, W

total
 = 0

6. Ans. (i) -Q,
  
+ Q  (ii) E

A
= 0,  can't be found (iii) can't be found  (iv) can't be found (v) 0  (vi) No, induced

charge on outer surface]

ANSWER KEY GR # ELECTROSTATICS
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PHYSICS GR # ELECTROSTATICS

SOLUTIONS
SECTION-I

Single Correct Answer Type 14 Q. [3 M (–1)]
1. Ans. (D)

Sol. O

r2

r1

q1
q2

r
1
 = r

2
 = 1

1 2E E E= +
r r r

1 1 2 2
3 3

1 2

kq r kq rE
r r

= +
r r

r

1 1 2 2E kq r kq r= +
r r r

1
2

2

E kq rr
kq
-

=
r

r

2. Ans. (D)

Sol. Using Gauss’s law, 
( )2 2

0 0

R xq sp -
f = =

e e

3. Ans. (C)

Sol. V E dr= - ×ò
r r

( ) ( )ˆ ˆ ˆ ˆV 3 i j dx i dy j= - - × +ò
V 3x yé ù= - -ë û

V = 3x y- +
So equipotential line having slope 60°

4. Ans. (B)
Sol. r = ar2 [where a is a constant]

Charge in the shell (element)
dq = r(4pr2dr) = a(4p)r4dr

\ Charge enclosed in sphere of radius r, q = 4pa
r

4

0

r drò  = 
54 r

5
pa



By Gauss's theorem,

at r = R/2 (Er= R/2)

2R4
2

é ùæ öpê úç ÷
è øê úë û

=
5

0

4 (R / 2)
5

pa
e

Er = R/2 = 
3

0

R
40
a

e

Total charge enclosed, Q = 
54 R

5
pa

\ Er = 2R = 
5

0

4 R
5
pa

e × 2
1

4 (2R)p  = 
3

0

R
20
a

e

r 2R

r R/2

E
E

=

=
 = 2

5. Ans. (A)
6. Ans. (B)

Sol. For earthed conductor [the inner shell], V = 0 Here  V = 
0

1 q q '
4 3r r

é ù+ê úpÎ ë û
where q¢ is charge that would appear on inner shell as it is grounded Þ q¢ = –q/3
Hence, the charge flown to earth = 0 –(–q/3) = q/3

7. Ans. (A)
Sol. Since Einside conductor = 0

ò ds·E
r

 over guassian surface = 0
q0

–

–

–
–

–
–

–
–

–
–––

Þ ò ds·E
r

 = 
0

inq
e

 = 
0

surfaceonin0 qq
e

+
 Þ qin on surface = – q0

8. Ans. (C)

Sol.

dr

r

O

Electric potential at “O” due to charge element

( )
( )

b

0 a
0

2 rdr
V

4 r

s p
=

pÎò  = 
b

a
0

dr
4

s
Î ò

( )0
0

V b a
4

s
= -

Î



9. Ans. (A)

Sol.
AB

After reaching at B, it will complete the circle
Conservation of energy at A & B

A
KQ V
4a

=

( ) 2Kq Q 1 KqQmv
4a 2 a

+ =

21 KqQ 3mv
2 a 4

æ ö= ç ÷
è ø

21 mv 3Vq
2

=

6VqV
m

=

10. Ans. (D)

Sol.
dv dvˆ ˆ ˆ ˆE i j 2x i 2y j
dx dy

= - - = - +
r

dy y dy dxtan
dx x y x

q = - = - Þ = -

lny = – lnx + lnC ln(xy) = lnC
xy = C
shape will be rectangular hyperbola

11. Ans. (B)

Sol. 1U p E= -
rr

1 2
3

2kp pU cos
r

= - q

E - electric field at p1 due to p2.

2kp
r

2
3 cosqkp

r
2

3 sinq

q
p2

12. Ans. (A)
Sol. E' is the electric field due to conducting sheets.



13. Ans. (C)
Sol. VA = VB

rA ³ rB

so, charge density at A > charge density at B
EA > EB

flux = 0
14. Ans. (A)

Sol.

F
Fcosq q

F
2Fsinq

q

Fcosq90

y qq

(–a,0) (a,0)

net force = ( ) ( )
é ùq = ê ú

+ë û +

0
12 2

2 2 2

kqq y
2Fsin 2 .

a y a y

( )
= »

+

0 0
3 3

2 2 2

2kqq 2kqq y

a
a y

Þ fnet µ y

Multiple Correct Answer Type 3 Q. [4 M (–1)]
15. Ans. (A,D)

Sol. (A) centre
0

KQ K2 b KQV
a b a 2

pl l
= + = +

Î

(B) Vcentre =0  for eathing

KQ' K2 b 0
a b

pl
+ =

Q' 2 .a= - pl

(C) inside sphereE 0=
r r

 always (property of conductor)

(D) Conductor without cavity is always equipotential. 
16. Ans. (A,D)

Sol.
E–

E+
E–

E+

–Q+Q

E+ E–

R
S

T

E



17. Ans. (A,B)

Sol.
120°
60°

R

O

P

Q

z-axis

Field due to straight wire is perpendicular to the wire & radially outward. Hence Ez = 0

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

total flux = E.dsò
uurr

Ñ  = 
in

0 0

q 3Rl
=

Î Î

Linked Comprehension Type (1 Para × 2Q.) [3 M (-1)]
(Single Correct Answer Type)
18. Ans. (B)
Sol. dP = (dq)2R

P
Net

 = ( ) ( )cos 2 cosdp dq Rq q=ò ò

+ +
+

+
+

+
+

++

––
–

–
–

–

– –

–

C

(+dq)

(-dq)

R

R
q

( )
( )

( )/ 2
2 2

/ 2

2 cos 2 cos 4Rd R R d R
p

p

l q q l q q l
+

-

= = =ò ò
19. Ans. (C)

Sol. Conservation of energy loss gainU KD = D

( ) 2
0

1
cos90 cos180

2
PE Iw° - ° =

( )2 2 2 0
0

81
4

2
E

R E mR
m

l
l w w= Þ =

SECTION-II
Numerical Answer Type Question 1 Q. [3(0)]
(upto second decimal place)
1. Ans. 180
Sol. When outer surface is grounded charge '–Q' resides on the inner surface of sphere 'B'

Now sphere A is connected to earth potential on its surface becomes zero.
Let the charge on the surface A becomes q

a
kq

 – b
kQ

 = 0 Þ q = Q
b
a

Consider the figure. In this position energy stored                   

E
1
 = 

2

0
Q

b
a

a8
1

úû
ù

êë
é

pe  + b8
Q

0

2

pe  + )Q(Q
b
a

b4
1

0
-úû

ù
êë
é

pe



when 'S
3
' is closed, total charge will appear on the outer surface of shell 'B'. In this position energy

stored E
2
 = 

2
2

0
Q1

b
a

b8
1

÷
ø
ö

ç
è
æ -

pe  Heat produced = E
1
 – E

2
 = 3

0

2

b8
)ab(aQ

pe
-

 = 180

SECTION-III
Numerical Grid Type (Ranging from 0 to 9) 7 Q. [4 M (0)]
1. Ans. 4
Sol. For flux to be zero

qin = 0
dq = r4pr2dr

2
0

nrdq 1 4 r dr
3R

æ ö= r - pç ÷
è ø dr

R

dq

r
R 3

2
inc 0

y

nrd 4 r dr
3R

æ ö
= pr -ç ÷

è ø
ò

32 4
0

0
4 RR nR n4 1

3 4 3R 3 4
æ ö pr é ù= pr - = -ç ÷ ê ú´ ë ûè ø

qinc = 0 when 
n1 0
4

- =

n = 4
2. Ans. 2

Sol. Force = 
2

0
A

2
é ùs

´ê ú
eê úë û

2 2 2

2
0 0 0

Q A Q Q
A 2 2A 2a

é ù= ´ = =ê ú e e eë û

N = 2
3. Ans. 2
Sol. By energy conservation

k
1
 + pE

i
 = kE

f
 + PE

f

2
2kq 1 kqL0 2 mv q

5 2 3
æ ö æ ö+ - ´ = + -ç ÷ ç ÷

è øè ø

C

5m

B
qq O

D

5m
4m

–q

3m 3m

A
2

21 kq 1 1mv 2
2 5 3 5

æ ö= -ç ÷
è ø

2
21 4kqmv

2 15
=

2

0

8kq 8v q
15m 4 15m

= =
p Î ´

0

2v q
15 m

=
p Î

x = 2



4. Ans. 3
Sol. Net flux in x–direction = 0;

Net f lux in y–direction = ( ) ( )2 2A 3 1 2 A 3 0 2é ù é ù+ - +ë û ë û  Þ q = –3Î
0
  (as 2A 1m )=

5. Ans. 6

Sol. V
(0,0,0)

= 0 and V
(0,0,0.1)

 = 
( )a 2 a

100 50
=

W
elect

 = q(V
1
 – V

2
) Þ 50 × 10–6 = 4 × 10–6 × 

a
50

Þ a = 625
6250 volts = 625 (x2) + 625 (y2) + 625 (2) (2)2

Þ 6 = x2 + y2 Thus R = 6
6. Ans. 7

Sol. 2

ˆar
E

r
=
r

; V = r
a-

; DV = 
12 r
a

r
a

-  = 5
a

 – 7
a

 = 35
a2

 = 2 × 
122.5

35
 = 7 V

ˆˆ ˆr x i y j z k= + +
r

2 2 2r r x y z= = + +
r

7. Ans. 6

Sol.
x

dq

df = 2 2 2 2
0

d
. Ldx

2 d x d x

l

pÎ + +

f = 
a / 2

2 2
0 a / 2

dL dx
2 d x-

l
pÎ +ò

= 
( )( ) a / 2

1

00

d L 1 x
2 tan

2 d d
-l æ ö é ù

ç ÷ ê úpÎ è ø ë û  = 
1

0 0

L a L
tan

6a 3
2.

2

-l læ ö =ç ÷pÎ pÎç ÷ç ÷
è ø



SECTION-IV
Matrix Match Type (4 × 5) 3 Q. [8 M (for each entry +2(0)]
1. Ans. (A) ® (Q, R) ; (B) ® (Q,T) ;  (C) ® (S,T) (D) ® (P)
2. Ans. (A) ® (Q,R); (B) ® (R,S); (C) ® (P,Q); (D) ® (P,S)
Sol. Since cavity is spherical charge induces uniformly on its inner surface but an outer surface charge

distribution is non-uniform.
Due to point charge electric field is radially outwards.
Near conducting surface net electric field is always perpendicular to the conductor.

3. Ans. (A) P,R,S (B) P,Q,R,S,T (C) Q,T (D) R,S

Sol. For (P) : 
B

A

E at C is zero, field at D may not to zero as sizes and location of cavities are unknown.

For (Q) :  

B

A

D

For (R) : 

B

A
D

C       For (S) :

B

AD

C

q0

+
+ + + + +

+
+

+
+

+

+
+++++

+
+

+
+

+

    For (T) : 

B

AC

D

P

Subjective Type 6 Q. [4 M (0)]

1. Ans. 2 tan–1
æ ös
ç ÷eè ø02

q
mg

Sol. q
max

 = 2q where q ® equilibrium angle.
+
+
+
+
+
+
+

v=0

equilibrium
position

q q
Thus
T cosq = mg

0

T sin q
2

é ùs
q = ê úeë û 0

qtan
2mg

s
Þ q =

e



1
max

0

q2 2 tan
2mg

- æ ös
q = q = ç ÷eè ø

2. Ans. 
kP

y
i j

2
23 ( $ $)- -

Sol.
45°

x

P
2kpcos45

y3

kpcos45
y3

psin45

P

( ) ( )P 3 3
kpcos 45 2kpˆ ˆE i cos45 j

y y
æ ö

= - + -ç ÷
è ø

r

( )P 3

kp ˆ ˆE i 2j
2y

= - -

3. Ans. 4 py  ( y2 + 4 x2)1/2

Sol. In non uniform electric field force on dipole

dF p.
dr

Î
=

r

r

2 2ˆ ˆE 4xy i 4x y j= +
r

2d ˆ ˆ4y i 8xy j
dx

Î
= +

2d ˆ ˆ8y i 4x j
dy

Î
= +

2
x

dF p 4py
dx

Î
= × =

r

r

y
dF p 8xyp
dy

Î
= × =

r

r

2 2 2 4 2 2 2
Net x yF F F 16p y 64p x y= + = +

( )
1

2 2 24py y 4x= +



4. Ans. v
0
 = 3 m/s ; K.E. at the origin = )( 61027-  × 10 -4 J  approx.2.5 ×10 -4 J

Sol.

¥
m, v0

E1

q
qq1

q1

Er

r1

r

x

E

+8µC

q = –1µC0

p

q = –1µC0

+8µC 27
2 m

27
2 m

r1

3
2

m

3
2

m

P is origin. We can see from diagram electric field at P is zero but we have to check if it is zero at any
other point x-axis we have to give particle just as much velocity to reach to point where electric field is
zero. (Called neutral point)
Let field is zero at q.

(Eq)Net
 = 0

2Ecosq = 2E
0
cosq

1

0 0
2 2

11

kq k8qx x2 2
r rr r

´ ´ = ´ ´

1
3 3

1

r1 8 2
rr r

= Þ =

For Q 1r 2
r

= +

r
1
 = 2r again r

1
 = 4

2 227 3x 2 x
2 2

+ = + r = 2

2 227 12x 4x
2 2

+ = +

3x2 = 
15 5x
2 2

Þ =

To reach at origin particle has to reach at Q the it will be attracted towards origin by electric fields of
–1µC
Apply work energy theorem from ¥ to Q.



–qDV = k
f 
– k

i

( ) 2
Q 0

1q v v 0 mv
2¥- - = -

6 9 6 9
6

1

2 8 10 9 10 2 10 9 101 10 0
r r

- -
- é ùæ ö´ ´ ´ ´ ´ ´ ´

- ´ - -ê úç ÷
è øë û

 = 2
0

1 mv
2

-

6 6 2
0

8 1 110 2 10 9 109 mv
4 2 2

- æ ö- ´ ´ ´ ´ - = -ç ÷
è ø

Solving we get v
0 
= 3 m/s

To find kinetic energy at P apply work energy theorem from Q ® P
–q (v

P
 – v

Q
) = KE

P
 – KE

Q
.

( ) ( )6 6

P

k 1 10 k 8 10
v 2 2

3 27
2 2

- -- ´ ´
= ´ + ´

( ) ( )6 6

Q

k 1 10 2 k 8 10
v 2

2 4

- -- ´ ´ ´
= + ´

–q (v
P
 – v

Q
) = k

P
 – E

Q

–1 × 10–6 (v
P
 – V

Q
) = k

P
 – 0

Put value of v
P
 & v

Q 
and find KE at P.

5. Ans. W
first step

 = r
Kq

5
4

3
8 2

÷
ø

ö
ç
è

æ
- , W

second step 
= 0, W

total
 = 0

6. Ans. (i) -Q,
  
+ Q  (ii) E

A
= 0,  can't be found (iii) can't be found  (iv) can't be found (v) 0  (vi) No, induced

charge on outer surface]

Sol.

+Q
–Q

Q

(i) on inner surface of S
1
 charge induce = –Q

on outer surface = +Q
(ii) E

A
 = 0 inside spherical shells

at B can not be found
(iii) S

2
 is assymetric, its electric field can not be calculated

(iv)at C electric field can not be calculated as outer surface S
2
 is not symmetric
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