Electric Charges and Fields

Questionl

An electric charge 10‘611C is placed at origin (0,0) m of X — Y co-
ordinate system. Two points P and Q are situated at (v3, v3)m and (¥6,
0)m respectively. The potential difference between the points P and Q
will be :

[27-Jan-2024 Shift 1]
Options:
A.

V3V

V6V

C.
ov
D.
3V

Answer: C

Solution:

Potential difference = @— @
ry ry

r,= Y (V6)’+0
Asr =r,= V6m

So potential difference =0

Question?2

A thin metallic wire having cross sectional area of 10~4m? is used to
make a ring of radius 30cm. A positive charge of 2nC is uniformly
distributed over the ring, while another positive charge of 30 pC is kept
at the centre of the ring. The tension in the ring is N ; provided that



the ring does not get deformed (neglect the influence of gravity).
1

(given, “~o = 9 x 102 SI units)

[27-]Jan-2024 Shift 1]

Answer: 3

Solution:

k
2Tsin ¥= b irdo

R.Z

4= 5]
Kq,Q

=2T= —
(R x 21

_ (9%10°)2zx30x10")
(0.30)* % 21

_ 9x107°x30 _

i G
9x1072

Question3
Given below are two statements : one is labelled a

Assertion (A) and the other is labelled as Reason(R)

Assertion (A) : Work done by electric field on moving a positive charge
on an equipotential surface is always zero.

Reason (R) : Electric lines of forces are always perpendicular to
equipotential surfaces.

In the light of the above statements, choose the most appropriate
answer from the options given below :

[27-Jan-2024 Shift 2]
Options:
A.



Both (A) and (R) are correct but (R) is not the correct explanation of (A)

B.
((A) is correct but (R) is not correct

C.

(A) is not correct but (R) is correct

D.
Both (A) and (R) are correct and (R) is the correct explanation of (A)

Answer: D

Solution:

Electric line of force are always perpendicular to equipotential surface so angle between farce and displacement will
always be 90-. So work done equal to 0.

Question4

The electric potential at the surface of an atomic nucleus (z = 50) of
radius 9 x 10~ 13cm is x 106V

[27-Jan-2024 Shift 2]

Answer: 8

Solution:

Potential = kQ= k-je

_ 9x10°x50x1.6x107"

9x10 P x1072

=8x10%

Question5

Two charges of —4pC and +4pC are placed at the points A(1, 0, 4)m and
B(2, —1, 5)m located in an electric field £ -020iv/em. The magnitude of the
torque acting on the dipole is 8Va x 10~> Nm, Where a =

[27-Jan-2024 Shift 2]



Answer: 2

Solution:

Fa’ M A
= (4i -4 +4k}uC—m

Sl

—

¢ = 47— 4] +41c) < (20]) x 107 Nm

A M
— (8k+8j) x 107 =8v2 x 1073

a=2

Question6

Two charges of 5Q and —2Q are situated at the points (3a,0) and (—5a,
0) respectively. The electric flux through a sphere of radius ' 4a ' having
center at origin is :

[29-Jan-2024 Shift 1]
Options:
A.



3Q
£y

Answer: B

Solution:

5Q charge is inside the spherical region flux through sphere = 5Q/g

Question7

Match List I with List I1

List | List Il
i L dog g
A | $B - dl = ui,+pgE e l. | Gauss law for electricity
B. $E-dl= e Il. | Gauss law for magnetism
C.|$E -da= 89 lll. | Faraday law
0
D.| §B-da=0 IV.| Ampere -Maxwell law

Choose the correct answer from the options given below

[29-]Jan-2024 Shift 1]
Options:

A.

A-1V, B-1, C-I11, D-II

B.

A-II, B-1II, C-1, D-IV

C.

A-1V, B-III, C-I, D-II



D.
A-1, B-II, C-III, D-IV

Answer: C
Solution:

Ampere-Maxwell law

— — d
—¢$ B - dl = i, + 18, %

—_— — d
Faraday law —¢ E - dl = %

Gauss' law for electricity —¢ E - dA = =
€p

— —

Gauss ' law for magnetism —¢ B -g4=0

Question8

An electron is moving under the influence of the electric field of a
uniformly charged infinite plane sheet S having surface charge density
+0. The electron at t = 0 is at a distance of 1m from S and has a speed

of 1m/ s. The maximum value of o if the electron strikes Satt =1 s is
mEO] C

¢ 'm’ the value of a is

a

[29-]Jan-2024 Shift 1]

Answer: 8

Solution:

oe
250111

u=1lm/ s;a=—

t=1s
S=—-1m

Using S=ut+ % i

1 ge

=l Ly x (1)
2 2gm

E4
e,
€

Lo=8



Question9

An electric field is given by (6i+5/+3kIN/C. The electric flux through a
surface area 3™ lying in YZ-plane (in SI unit) is :

[29-Jan-2024 Shift 2]
Options:

A.

90

B.

150

180
D.
60

Answer: C

Solution:

o=6i+55+3k) - (30)

¢ =6x30=180

Questionl0

The electrostatic potential due to an electric dipole at a distance 'r'
varies as :

[30-Jan-2024 Shift 1]
Options:

A.

r

B.



1/r2

1/r3
D.
1/r

Answer: B

Solution:

kPcos@

=
&

¥

I =

& can also checked dimensionally

Questionll

A particle of charge ' —q' and mass ' m ' moves in a circle of radius 'r'
around an infinitely long line charge of linear density ' +2 '. Then time
period will be given as:

(Consider k as Coulomb's constant)

[30-Jan-2024 Shift 2]

Options:
A.
2 4?(21113
T = Ek)‘qr
B.
g \/ ad
2krg
C.
. \/ m
T= o= el
2mr 2kiq
D.
=1 \/ 2kig
2T m

Answer: B

Solution:



m
T=2m V z—qu

Questionl2

Two identical charged spheres are suspended by string of equal lengths.
The string make an angle of 37° with each other. When suspended in a

liquid of density 0.7g/cm3, the angle remains same. If density of
material of the sphere is 1.4g/cm3, the dielectric constant of the liquid

is (tan 37° = 3/4).
[30-Jan-2024 Shift 2]

Answer: 2

Solution:

T cosl=mg

Tsinf=F,

tanf= —=

tanff= —— =% ... (ii)

From Eq. (i) & (ii)
peVe=(pg—p)kVg
1.4=0.7k

k=2



Questionl3

Two charges q and 3q are separated by a distance ' r' in air. At a
distance x from charge q, the resultant electric field is zero. The value
of xis:

[31-Jan-2024 Shift 1]
Options:
A.

(1+3)

¥

7

3(1+V3)

C.

¥

(1+3)

D.

(1 +v3)

Answer: C

Solution:

Questionl4

Force between two point charges (q; and > placed in vacuum at ' r ' cm



apart is F. Force between them when placed in a medium having
dielectric K = 5 at ' r/5 ' cm apart will be:

[31-Jan-2024 Shift 2]
Options:
A.

F/25

5F

F/5
D.
25F

Answer: B

Solution:

1 4%

InairF =
AxE

g Ty
In medium

Fo_ 1 Q% _ 25 9% _,
4KEy) Y AGEQ )

Questionl5

The distance between charges +q and —q is 21 and between +2q and —2q
is 41. The electrostatic potential at point P at a distance r from centre O

N AT
is [ rz] """ where the value of a is (Use 1/41gg = 9 X 109NM2C2)

4 +
‘zq -q

[31-Jan-2024 Shift 2]



Answer: 27

Solution:

+2q -q

VI Z60°

ra
ey

P =6q

net

_Kp -1 _ 9x10%6q)

r I

cos(1207)

\

=—['27){- % ’ < 10°Nm’e *

N 1 !

-

=a=27

Questionl6

Two identical charged spheres are suspended by strings of equal
lengths. The strings make an angle 0 with each other. When suspended
in water the angle remains the same. If density of the material of the
sphere is 1.5g/cc, the dielectric constant of water will be (Take
density of water = 1g/cc)

[1-Feb-2024 Shift 1]

Answer: 3

Solution:



J{B' .
) [] LY
¥ 1 ~
, ' ‘i\
,p’ ] A F
L E 4 #
r
Fﬂj\
mg
2
In airtan€= L q,,
2 mg 4:{60r‘ mg
F q

=1
=
o
1]
|
&
B

|

Il

4
mg dwgErmg o

Equate both equations

s ol 1— 1
E‘Dg_EUEIEI: ﬁ

g =3

T

Questionl?7

C1 and Cy are two hollow concentric cubes enclosing charges 2Q and 3Q
respectively as shown in figure. The ratio of electric flux passing
through C1 and C» is :

[1-Feb-2024 Shift 2]

Options:

Answer: A



Solution:

_ 2Q
¢| smaller cube E_qj
5Q
¢ bigger cube = E_.D
{b smaller cube _ E
¢ biggzer cube 5
Questionl8

Suppose a uniformly charged wall provides a uniform electric field of 2

x 10%N/C normally. A charged particle of mass 2g being suspended
through a silk thread of length 20cm and remain stayed at a distance of

10cm from the wall. Then the charge on the particle will be Vs  where x
=....[. use g = 10m/ s?]

[1-Feb-2024 Shift 2]

Options:

Answer: 3

Solution:

+ — > E (Uniform)

___________

. qx2x10*
1x10° %10

=qx 10°

%4~

X it

1~ B

x=3



Question19

Two small spheres each of mass 10mg are suspended from a point by
threads 0.5m long. They are equally charged and repel each other to a
distance of 0.20m. The charge on each of the sphere is & x 10" 8C. The

21
value of a will be ............. .

[Given, g = 10ms 2 ]
[25 Feb 2021 Shift 2]

Answer: 630

Solution:

Given, mass of each spheres, m = 10mg = 10 X 10‘3g
Length of thread (1) = 0.5m
Separation between charges, d = 0.2m

Charge of each sphere, q = 2% x 1078C

Acceleration due to gravity (g) = 10ms™
The situation can be shown as below,

2

— »qE
Tsine@ l
mg
Taking component of tension (T)
T cos® =mg... (i)
2

Tsin® =qE = ko|1—§...(ii)
ds2_01_1

1 0.5 5 o
cos®={1-sin’0=vI—-1/25= \/ZTAL

sin@ =

sinf _ kq®
cos®  d’mg
1/5 _ kg’
v24 /5 d’mg
1 9 x 10° x g*
Y 2 =3
V24 (0.2 x10x 107" x 10

(0.2)2x 107! -7
o q= . >q=3x10""C
d \/ V24 x 9 x 10° d
a

-8 _ -8
= 21><10 =30x10

a =630

. tan O = [using Egs. (i) and (ii)]




Question20

Two identical conducting spheres with negligible volume have 2.1nC
and —0.1nC charges, respectively. They are brought into contact and
then separated by a distance of 0.5m. The electrostatic force acting

between the spheres is x107°N.
[Given, 4ng, = ﬁ SI unit]

[25 Feb 2021 Shift 2]

Answer: 36

Solution:

According to Coulomb's law, the force of attraction or repulsion is directly proportional to the product of distance
between them and inversely proportional to the square of the distance between them.
F =Kl

r

Here we have, q; is the charge of the first mass, g, is the charge of the second mass, r is the distance and K is the

proportionally constant.
Given: Charge of first sphere q, = 2.1nc

and Charge of second sphere q, = —0.1 NC

when they connect with each other the charge becomes, q = w
_21-0.1

=>q = —2

=q=1nC

o

According to Coulomb's law, we have;
1 q,49,
41E o r2
Now, on putting the given values we have;
-9 -9
F =9><109><1><10 x1x10

0.52

~ o 10718
F =9x10 x—0'25

=F =36 x 10°°N
Hence, F = 36 x 107°N



Question21

Two electrons each are fixed at a distance 2d . A third charge proton
placed at the mid-point is displaced slightly by a distance x(x< < d)
perpendicular to the line joining the two fixed charges. Proton will
execute simple harmonic motion having angular frequency? ( m = mass
of charged particle)

[24 Feb 2021 Shift 2]

Options:

2
A. 29"
e md

1
B ( nsomd3) 2
. 2q2

c. | —<
2meymd °

1

( 2naomd3) 2
D. -
q

N+~

N|—

Answer: C

Solution:

The arrangement of charges is shown below




As we know that,
Coulomb's force between two charges. i.e. q; and q,,

1 9.9, _ 1 q,9,
dne, 2 4ng, (d2+x°)
Here,q, =dq,=4q
Forcein SHM, F = mw’x ...(ii)
Since, in order to have SHM + g should move downwards and force responsible for this will be only
F = F sin® + F sin® = 2F sin®. . . (iii)

Using Egs. (ii) and (iii), we get
2F sin® = mw?x

F = . (i)

2
= 2 q sin® = mw?x
4ne; (42 + x?)
2
o 2 q X - mw?x

4ne; (d? +x%) (A2 +x%)H/?

( 1 q2 )1/2
21'[80 (d2+X2)3/2m

As, x< <d

2 1/2
ZHSOmd

= W=

Question22

An inclined plane making an angle of 30° with the horizontal is placed
in a uniform horizontal electric field 200N / C as shown in the figure. A
body of mass 1kg and charge 5mC is allowed to slide down from rest at
a height of 1m. If the coefficient of friction is 0.2, find the time taken by
the body to reach the bottom.

[ Take, g = 9.8m / s?, sin30° = 1, cos30° = */73]

1
2

s s
,ﬁ?&’ WO m

[26 Feb 2021 Shift 2]



Options:
A.0.92s
B.0.46 s
C.23s
D.1.3s

Answer: D

Solution:

Given, mass of block, m = 1kg
Acceleration due to gravity, g = 9.8ms™
Inclination, 6 = 30°

Electric field, E = 200N /C

Coefficient of friction, p = 0.2

Charge, g = 5mC =5 x 1073C

Let friction force, f = uN

where, N be the normal reaction.
Since, net force is zero along the perpendicular direction of incline.

2

N"-. _~E cos 30
XN -
130 »E= 200 N/C
% h=1m

_B=30° ]
o ymg cos 30°

mg sin 30° +
my

-+

E sin 30°
Therefore, force along Y -axis will be zero.

= N =mgcos30°+ qE sin30°

> N =1x98xV3/2+5x107°x200x1/2

=8.49+ 0.5

= 8.99N ~ eq9N

Cf=puN = 2 x9= 18 _
..f—}1N—10><9—10 1.8N

Now, total force along the plane of incline,

mgsin30° —f — qE cos30° = ma

->1x98x%x1/2-18-5x10"3x200V3/2 =a

=5-18-1.732/2 =a

> a=2.34ms >

Since, initial velocity of body, u = Oms™' and distance along incline, s = h /sin30° = 1 /sin30° = 2
By using second equation of motion,

s =ut+1/2at?

=2 =04+1/2x2.34xt?

2 _ 4
=v =5
V2.34

Question23



Find the electric field at point P (as shown in figure) on the
perpendicular bisector of a uniformly charged thin wire of length L
carrying a charge Q. The distance of the point P from the centre of the
rod is

a= %L

. Lg
[26 Feb 2021 Shift 1]

Options:

A V30

41‘[80]_.2

B. _Q

31'[80L2

2\/§H£0L2

D. _Q

2
4n£0L

Answer: C

Solution:

Given, length of conductor =L
Charge on conductor = Q

According to figure, OP = a = \/2—3L, 0Q = %

e 3

w

Q -
Let PQ =r = {OP?*+ 0Q?

_ V3, )2 L\?2_ [ 3;2, L _ e ,
= PQ = \/ ( TL) + ( E) = \/ 4:L + 1= L and E be the electric field at point P.
Since, E (due to finite wire) = %(sin(p1 + sing@,). . . (i)



where, k = Coulomb's constant =

1
41'180

o L Q . _L/2_ 1
A = linear charge density = T and sing = sing, = T = 3
Substituting the above value in Eq. (i), we get

a 4me, L. V3L 2\/§HSOL2
2
Question24

Given below are two statements:

Statement I An electric dipole is placed at the centre of a hollow sphere.
The flux of electric field through the sphere is zero but the electric field
is not zero anywhere in the sphere.

Statement II If R is the radius of a solid metallic sphere and Q be the
total charge on it. The electric field at any point on the spherical
surface of radius r(<R) is zero but the electric flux passing through this
closed spherical surface of radius r is not zero.

In the light of the above statements, choose the correct answer from the
options given below.

[26 Feb 2021 Shift 2]

Options:

A. Both Statement I and Statement II are true.

B. Statement I is true but Statement II is false.
C. Both Statement I and Statement II are false.
D. Statement I is false but Statement II is true.

Answer: B

Solution:

Net charge on electyric dipole = +g—q=0
Hence, according to Gauss's law,
Dnet _ 0 _ 0
€ €
Electric field due to electric dipole is non-zero and varies at point to point.
Hence, statement I is true.
Electric field due to charged solid sphere at a distance r from centre.

Electric flux, @ =

1 Qr when r <R

4ne, R3 R - radius
which is non-zero. Hence, statement Il is false. Hence, option (b) is the correct.

Question25

A charge q is placed at one corner of a cube as shown in figure. The flux
of electrostatic field E through the shaded area is



- > » Y
~ :J ~
|~ o~

-
L 4

X
[25 Feb 2021 Shift 2]

Options:

q
A. 48¢,

B. -L

C. L

q
D. 24¢,

Answer: D

Solution:

Given, charge q is at one of the corner of the cube.
. Contribution of g in cube will be q ., j0seqa = a/ 8

As, only 3 faces of cube is allowing the flux lines to pass through it.

d enclosed — l q/8 — 0]

= Fl =
ux (@) € 3 g 24¢,

Question26

The electric field in a region is given E = ( °E 03 + :E 03 ) X. The ratio of

flux of reported field through the rectangular surface of area 0.2m?

(parallel to YZ-plane) to that of the surface of area 0.3m? (parallel to
XZ -plane)isa: b, wherea = ..........

[Here 3, j and k are unit vectors along X, Y and Z -axes, respectively]
[25 Feb 2021 Shift 1]

Answer: 1

Solution:



: SEgn 4t
Given, E = T1+ gE NE

A A
A, =0.2m%i and A, = 0.3m”]
Let ¢, and @, be the flux linked with area A, and A,, respectively. As we know that,
¢ =¢E - -dS=E A

A I\) A
= @, = (3/5E01+4/5E0j +0.2i =3/5E ;% 0.2
and similarly, ¢, =4/5E ;x0.3
¢, 3/5E,;x02 06 1

Now. o, = T/5E,x03 12 2
na=1
Question27

A point charge of +12uC is at a distance 6¢cm vertically above the centre
of a square of side 12cm as shown in figure. The magnitude of the

electric flux through the square will be .......... X 10°N —m?/C

« ¢tQ
e ’A‘x
D l“."l’l‘ .
4
A N
/IJ \\
; v B
N\, /
2\ ¥
“
N é :
N

[24 Feb 2021 Shift 2]

Answer: 226

Solution:

Given, charge, g = 12pC = 12 x 1076C

Height of charge from surface, h = 6cm = 6 x 10™*m

and side of square, a = 12cm = 12 x 10™%m

From figure, it is clear that the given square is one of the face of a cube of side 12cm and +12uC charge is placed at its
centre. Then, by Gauss's theorem,



|V /
* 3 »
Flux through any face, ¢ = 6%0
L = —12X107° (096 %10°N —m?/C

6 % 8.854 x 10~ 12
=226 % 10°N —m?/C

Question28

A cube of side ' a ' has point charges +Q located at each of its vertices
except at the origin where the charge is — Q. The electric field at the
centre of cube is :

Ax

+Q +Q

> 7

+Q/—Q
. e—a—> 0

{24Feb2021 Shiftl}

y

Options:

A 39 (x+y+z2
3\/31‘[8082



B. _=2Q (%+7+3)
3\/31'16062

.20 (3+4+y+12)
3\/31180512

D. 9 ([i+y+2)
3vV3me a

Answer: B

Solution:

Electric field due to all charges will cancel out except two charges +Q and —Q placed along body diagonal.

2 __-Q [x+y+2
-Q A 3a’ V3
& 73~
> —Q (f+v+2)
E,,= _ Y
3nea V3
Net electric field at the centre of cube is
- - -
E net =E_Q+E+Q
= =29 (3+9+2)
3V3meja
Question29

An infinite number of point charges, each carrying 1uC charge, are
placed along the Y -axis at y = 1m, 2m, 4m, 8m. The total force on a 1C

point charge, placed at the origin, is x X 103N . The value of x to the
nearest integer, is .............. .

(Take, - =9 x 10°N - m*/C*)

[18 Mar 2021 Shift 2]

Answer: 12
Solution:

The 1C charge present in the origin and other 1uC charge are placed at 1m, 2m, 4m, 8m...




Using the Coulomb's law,

F = K9
rZ
F =9x10%x(1)x 107° [1+?+ 41—2+ é+
=9 x 103 x [ = 12 x 10°N
11

4
The value of x to the nearest integer is 12 .

Question30

Find out the surface charge density at the intersection of point X = 3m
plane and X -axis, in the region of uniform line charge of 8nC / m lying
along the Z -axis in free space

[16 Mar 2021 Shift 2]

Options:

A. 0.424nCm™2
B. 47.88nCm™>
C. 0.07nCm ™2

D. 4.0nCm 2

Answer: A

Solution:

Solution:

Given,

Linear charge density, A = 8nC/m = 8 x 107°C/m

The relation between surface charge density and linear charge density can be given as

2kh _ o
r g

where,

k = Coulomb's constant,

A = linear charge density,

o = surface charge density,

g, = absolute electrical permittivity of free space

and r = distance.
Substituting the values in Eq. (i), we get
2kAg,
r
2x9x109x8x107?x8.85x 1072
3
=0.424 x 107°Cm™2 = 0.424nCm ™2

o=

Question31



An o0il drop of radius 2mm with a density 390m'3 is held stationary

under a constant electric field 3.55 x 10°V m™"! in the Millikan's oil drop
experiment. What is the number of excess electrons that the oil drop

will possess? (Take, g = 9.81m / 52 )
[18 Mar 2021 Shift 1]

Options:

A.48.8 x 10"
B.1.73 x 10'°
C.17.3 x 10"

D.1.73 x 102

Answer: B

Solution:

Given, the radius of oil drop, r = 2mm = 0.002m

The density of oil drop, p = 3g / cm® = 3 x 10°kg / m®
The constant electric field, E = 3.55 x 10°Vm™*

The constant electric field, E = 3.55 x 10°Vm™!
Under stationary condition of oil drop,

mg = qE

= pVg=qE ['m=pV]

= p( %nr3)g=neE

['.'V = %HI‘?’ and q = ne]

4
p(gﬂrg)g
eE
3 4 3
3% 103 x (gn(o.ooz) 9.81

= n=

1.6 x 10712 x (3.55 x 10°)
= n=1.73x10"°

Question32

The electric field in a region is given by E = %E OQ + %E 03 with
E,=4.0x 103N / C. The flux of this field through a rectangular surface

area 0.4m? parallel to the yz-plane is .......... N -m’C™'.
[17 Mar 2021 Shift 2]

Answer: 640

Solution:



Given,
2 N 3.1
—E01+—E0_]

The electric field in the region, E = 5 5

_ 3 N
Here, E ;=4 x 10 el

Area of the rectangular surface, A = 0.4m?

The direction of electric field vector and area vector is same, so the angle between the electric field vector and area
vectoris 0.

As we know the expression of electric flux,

@ =E -AcosH...(i)

Here, E is the electric field vector, and A is the surface area of the surfaces.

Consider the surface parallel to the Y — Z plane, so the area vector, A=0.4i {m}~{2}

Substituting the values in Eq. (i), we get

©=F -Acos0’ = @ = %E ,(0.4)

= = %(4 x 10%)(0.4) = 640N m*C™?

Hence, the electric flux of the surface parallel to the Y — Z plane is 640N m?C™1,

Question33

Two identical tennis balls each having mass 'm' and charge ' q ' are
suspended from a fixed point by threads of length '1°. What is the
equilibrium separation when each thread makes a small angle ‘0" with
the vertical ?

[27 Jul 2021 Shift 1]

Options:

1
A.x=( q’l )E

1
212 5
D.x=(—ql )2

2 2
2ne,m°g

Answer: B

Solution:




2

T sin@ = k%
X

qu

x°mg

tan6 =

~ i ~ X
as tanO = sin O o
x _ K¢’
2L x’mg
2 1/3
- (g
2ng mg

Question34

A particle of mass 1mg and charge ( is lying at the mid-point of two
stationary particles kept at a distance ‘2 m ' when each is carrying same
charge 'q'. If the free charged particle is displaced from its equilibrium
position through distance ' x’ (x< < 1m). The particle executes SHM. Its
angular frequency of oscillation will be x10°rad / s if g°> = 10C?

[25 Jul 2021 Shift 1]

Answer: 6

Solution:

Solution:
q q q
& B &

X
< >< >
d d
Net force on free charged particle
. kq2 i qu

(d +x)? (d —x)?

F = _qu[(dzék_liz)z]
_M(i)
m d*

2
a=-(2ka ),

md 3
So, angular frequency
4kq®
md 3
4x9x%x10%x10
1x107%x13
w = 6 x 10%rad / sec

w =

Question35

An electric dipole is placed on x-axis in proximity to a line charge of



linear charge density 3.0 x 10”°C / m. Line charge is placed on z-axis
and positive and negative charge of dipole is at a distance of 10mm and
12mm from the origin respectively. If total force of 4N is exerted on the

dipole, find out the amount of positive or negative charge of the dipole.
[22 Jul 2021 Shift 2]

Options:

A. 815.1nC
B. 8.8uC

C. 0.485mC
D. 4.44nuC

Answer: D

Solution:
Solution:
o0
+
+ —_— +——
+
) (9) ©)
+
i > 4 >
+ r X
+
_+_
an
r=10mm, x = 2,
2 2kA
Fol = -
2 _ 2kA
|F ‘q| “rex{
= 2kA 2kA
=P | = 55 - 105
1;’ _ 2kAg.x
net r(r + x)

4o 2x9x10°x3x107°x qgx2mm
- 10mm.12mm
=q = 4.44nC

Question36

A certain charge Q is divided into two parts q and(Q - q). How should
the charges Q and q be divided so that q and (Q — q) placed at a certain

distance apart experience maximum electrostatic repulsion?
[20 Jul 2021 Shift 1]

Options:

=4
A.Q—2

B.Q =2q



C.Q =4q
D.Q = 3q

Answer: B

Solution:

Solution:

_kaQ-q) _ k 2
F,= qu d = 5@Q-a)
dF = 0 when force is maximum
dq
dF _ k;~ _ _
dq = 21 2a=0

Question37

What will be the magnitude of electric field at point O as shown in
figure? Each side of the figure is 1 and perpendicular to each other?
A(—q) e 1 ..Db

(2q) (+q)
! /
B (+)q 0 G(2q)
[ [
/ [
29 1 J@ |
E F H
[27 Jul 2021 Shift 2]
Options:
1
A. 41'[80%

1 g 5 _
B.4H€O(212)(2\/2 1)

cC.—9
4mie (21)?

D. L 29(y7)

41’I£0P
Answer: B

Solution:

Solution:

k
E1=1_§1=E2



12 212 212
A(—q) I
2)q (+q)
/ I E,
B {ﬂqE{. G(2q)
l E, v/ /
E.|!/ |
20 1 j@ |9
E F H
Question38

A body having specific charge 8uC / g is resting on a frictionless plane
at a distance 10cm from the wall (as shown in the figure). It starts
moving towards the wall when a uniform electric field of100V / m is
applied horizontally towards the wall.

If the collision of the body with the wall is perfectly elastic, then the

time period of the motion will be S.
100 V/im
Body >

FTIFFTF T T T I T T T T T T T T T T T T T FF7F.

[20 Jul 2021 Shift 1]

Answer: 1

Solution:

—>a = acceleration

m o wall
F=qE
+qQ—>
J7777777777 7777777777777 77777777777
L~ wl
< Ca
d=10cm

=0.1m



2x0.1 1
t= - =2
V (& x 100

107
- Time period = 2t = 1sec

Question39

The total charge enclosed in an incremental volume of 2 x 10" °m?

located at the origin isnC, if electric flux density of its field is found as
D = e *sinyi — e *cosyJ + 2zkC / m?.
[22 Jul 2021 Shift 2]

Answer: 4

Solution:

Electric flux density

(D) = charge , 2 Q 2 eo(%?)

Area r 4m €, r
= _ D _ e ¥sinyi —e *cosyj +2zk
=>F == =

<o <o
Also by Gauss's law

ﬁ

P ([ T+ 5+-k) E=(-T+-5+-k). 2
S (X1 y‘] z ) (X1 y‘] z I TEg,

—_— —X &3 Y —-X —_
=p = X(e siny) + y( e " cosy) +Z(22)

p=—e “siny+e “siny + 2

At originp = —e %sin0 4+ e °sin0 + 2

p=2C/m’

Charge = px volume =2x2x102=4x10"%=4nC




Question40

Consider a sphere of radius R which carries a uniform charge density p.

-y

If a sphere of radius % is carved out of it, as shown, the ratio % of
E B

magnitude of electric field E A and E)B, respectively, at points A and B due
to the remaining portion is:

[9 Jan. 2020, I]
Options:

21
A. 31

18
B. 31

17
C. =1

18
D. =1

Answer: B

Solution:




4 (R)\3
= pX§H(§)
:EA_ R 12
80.41'[(5)
=2 o(R/2) oR
SEA= T3, =(§ﬂ

Electric fields at ‘B’
4 3 4 (R)3
k x p x znR _k><p><§n(§)

E,= 3
G
2
3
=>EB_oR_( 1 ) (0) 4m R

= 35, 3R 73 2

2

4mg,

= _oR _ oR

B 3g, b4,

- 17 oR
"En=51 %
Ep _1x54_ 9 _9 2_18
E, 6x17 17 17 2 34

Question41

An electric dipole of moment v = (? -3j + Zﬁ) x 10%9C . mis at the

origin (0,0,0) . The electric field due to this dipole at © = +i+ 3] + 5k
(note that 7. 3 = 0) is parallel to:

Y
A
E
P - ®
trY T‘
a
! 5
04—-2a—>IQ
2v

[9 Jan. 2020, I]
Options:

A [+7 237 —28)
B. (=7 +37 = 2&)
c. (+7+3] —2%)
D. (=7 =35 +2k)
Answer: C
Solution:

7

Since B =0



g . -
E must be antiparallel to p
~.E is parallel to (+ i+3j - Zk)

Question42

A charged particle of mass ' m ' and charge 'q' moving under the

influence of uniform electric field E i and a uniform magnetic field Bk
follows a trajectory from point P to Q as shown in figure. The velocities

at P and Q are respectively, vi and —2vj. Then which of the following
statements (A, B, C, D) are the correct? (Trajectory shown is schematic
and not to scale)

_ 3 mv

wE =3(2)

(B) Rate of work done by the electric field at P is % ( mTVZ )

(C) Rate of work done by both the fields at Q is zero

(D) The difference between the magnitude of angular momentum of the

particle at P and Q is 2 mav.
[9 Jan. 2020, I]

Options:
A. (A), (C), (D)
B. (B), (C), (D)
C. (A), (B), (C)
D. (A), (B), (C), (D)

Answer: C
Solution:
Solution:
(A) By work energy theorem
\ mg T W .= %m(ZV)2 - %m(v)2

_3 2 _ gmv2
0+ qE j2a = 2mv =E,= 4_qa

. 3mv>

(B) Rate of work done at P = power of electric force = qE ,V = 1a

(C) At, Q, C(li—vtv = 0 for both the fields

(D) The difference of magnitude of angular momentum of the particle at P and Q,
- ~ ~

AL = (—m2v2ak) - (—mvak)

N
AL‘ = 3mva

Question43

Three charged particles



A
v 4
B d 4
150t d
30° &
O 30° '
d
4
-2

A, B and C with charges —4q, 2q and —2q are present on the
circumference of a circle of radius d . The charged particles A, C and
centre O of the circle formed an equilateral triangle as shown in figure.
Electric field at O along x -direction is:

[8 Jan. 2020, I]

Options:

A _V3q
H€0d2

B. 2v3q
neE, d?

C. _V3q _
dne€,d’

D 3v3q
dn €, d?

Answer: A

Solution:

Solution:

Electric field due to charge +2q at centre O
Eo—_1 «29 [ v3i-j ]
E, = X e 5

Electric field due to charge —2q at centre O



Eo-_L & 2q v3i 1 v3i-j ]
2 4mg,
Electric field due to charge —4q at centre O
> 1 ag|v3i 4] ]

- e[ ]
- Net electric field at point O

- - - -
E,=E,+E,+E,= ‘/3q21
ne,d

Question44

A particle of mass m and charge ( is released from rest in a uniform
electric field. If there is no other force on the particle, the dependence
of its speed v on the distance x travelled by it is correctly given by
(graphs are schematic and not drawn to scale)

[8 Jan. 2020, II]

Options:
A.




Answer: B

Solution:

Solution:

VA

> X
Using

v2 —u? = 2a$ .....(J)

Here,u=0,s=x

A|SO, F electric ma

=>qE =ma=>a=%=>a=%

Substituting the values in (i) we get
V2 = 2qE <
m

Question45

Two infinite planes each with uniform surface charge density +o are
kept in such a way that the angle between them is 30°. The electric field
in the region shown between them is given by:

+0
y

30° ‘
4G b

[7 Jan. 2020, I]

Options:

A [a+vay-2]

2€,
o V3l A, X
BEJ(1+EJY+E]



Answer: D

Solution:

Solution:

30
+o

From figure,
—_

Pay _) Pay Pay
E, = Ziy andE, =i(—cos60°x —sin60°y)

0 1 )
CY Y

EIectnc fleld in the region shown in flgure
-

EP=E) +E 0[—— +(1— ) ]

or, EP__[(l__ _§]

Question46

An electric field £ = 4xi — (y* + 1)iN / C passes through the box shown
in figure. The flux of the electric field through surfaces ABCD and
BCGF are marked as ¢, and ¢,, respectively. The difference between
(b, - d,,) is in Nm?/C)

Z
f

2
A|0.0.2) 8(3,0, 2)
D C
0.2.2) (3,22
E E .
0,0, 0) (3, 0,0)
H G
(0,2,0) (3,2,0)

[9 Jan 2020, II]

Answer: -48



Solution:

g -
Flux of electric field E through any area A is defined as
¢=[E .Acos6
Here, 6 = angle between electric field and area vector of a surface
For surface ABCD Angle, 6 = 90°
¢, =JE .Acos90° =0

- o
For surface BCGF ¢ = [E .dA
shy = lax T -2+ 1)) )4t = 16x

b, = 48N£[12

¢, — ¢, = —48

Question47

In finding the electric field using Gauss law the formula | = g is

applicable. In the formula € is permittivity of free space, A is the area
of Gaussian surface and q_ is charge enclosed by the Gaussian surface.

This equation can be used in which of the following situation?
[8 Jan 2020, I]

Options:

A. Only when the Gaussian surface is an equipotential surface and |E| is constant on the
surface.

B. equipotential surface and |E| is constant on the surface.

C. Only when |E| = constant on the surface.
D. For any choice of Gaussian surface.

Answer: A

Solution:

According to Gauss' Law,
2 = qene
$§EdA= —/=
0

- -
Where E , is the electric field and d A is the elemental. areal vector for any small elemental area on the gaussian surface.

= -2 qene
E1| dA|cos®= —
EO
-
Given that the formula ‘E ‘ = Hene is applicable.
S | Al

A211.] _ @
..|EHA|_EL;G

‘E||A| = §|El| |dX|cosG

- - -
This relation will be valid when E , is a consatnt and |E 1‘ = |E | and also when 6 = 0°



- - - - -

§|E1| |dA‘cosG becomes ‘E MdA|=|E HA|

The condition 6 = 0 means that the components of electric field parallel to the elemental surface araE ;sin6 = 0.
This means that the potential gradient over the surface is zero. Hence the surface is equipotential.

Question48

Charges Q, and Q, are at points A and B of a right angle triangle OAB

(see figure). The resultant electric field at point O is perpendicular to
the hypotenuse, then Q, / Q, is proportional to :

A
Q,
_rl
Q,
O X, B

[Sep. 06,2020 (I)]

Options:

A2

D. 2

Answer: C

Solution:

Solution:

Electric field due charge Q,, E, = —

Electric field due charge Q,, E;, = —



hnul Vhl
From figure,
tan0 = —2 = 21 KQ, _ %
1 X 2 kKQ X,

Question49

Consider the force F on a charge ‘q’ due to a uniformly charged
spherical shell of radius R carrying charge Q distributed uniformly over
it. Which one of the following statements is true for F, if ‘q’ is placed at
distance r from the centre of the shell?

[Sep. 06, 2020 (I1)]

Options:

A.F =1 Qfrr<R

 4me, R?

B.F =-L2>F>0forr<R
4me) R

C.F=-1 Q@frr>R

 4me, R?

D.F =1 Q—glforallr
4me, R

Answer: C

Solution:

Solution:
For spherical shell
E=-L Qfr=R)

4H80r2 -
=0(ifr<R)
Force on charge in electried field, F = qE
~F =0(Forr <R)

1

=_1 Qq
F Ime, r2(Forr>R)




Question50

Two charged thin infinite plane sheets of uniform surface charge
density o, and o_, where |0_|> | 0_ |, intersect at right angle. Which of

the following best represents the electric field lines for this system?
[Sep. 04, 2020 (I)]

Options:




ER
-

Answer: C

Solution:

Solution:

The electric field produced due to uniformly charged infinite plane is uniform. So option (b) and (d) are wrong. And +ve
charge density o, is bigger in magnitude so its field along Y direction will be bigger than field of - ve charge density o_ in

X direction. Hence option (c) is correct.

\E

+ o

El ER ER I =g
> | E
E, |E, A
+0
1 \
E
Questionb1

A particle of charge q and mass m is subjected to an electric field

E =E,(1- axz) in the x -direction, where a and E ; are constants.
Initially the particle was at rest at x = 0. Other than the initial position
the kinetic energy of the particle becomes zero when the distance of the
particle from the origin is :

[Sep. 04,2020 (I1)]
Options:

A. a

B.

o ]

/E’



N
D. 1

Answer: C

Solution:

Solution:
f =qE =qE (1 - ax’)
dv _ — ax?
=>mv ix - qE O(1 ax”’)
qE ,(1 - ax?)

vdv = ——dx
m

[ both sides;

v E X

fvdv= 071 - ax?dx
0 m o

v? CIEO( ax3)
v x— &

2 m 3
K.E of particle becomes zero
3

| ) ax
SmV" = qe, - (x— T) =0

Question>2

A charged particle (mass m and charge q ) moves along X axis with
velocity V ,. When it passes through the origin it enters a region having

uniform electric field £ = —E | which extends upto x = d. Equation of
path of electron in the regionx > d is:
YA —>
VE
O4—bx
Vy
d

[Sep. 02, 2020 ()]

Options:

Ay=9Ed(x—d
Y mVOZ(X )

B.y= (g -x]



gE d

2X
mV 0

gEd?

X
2
mV

Answer: B

Solution:

Solution:
F = 0, a, = 0, (v)X = constant

Time taken to reach at 'P" =

Y

(d, _}h.)

net

—qEd
2

tan® = LdZ Slope =
m.v, mv,

No electric field =>Fnet =0, vV = const.

m = d4Ed

2

y =mx +c, mvy
(d, =y,

2
_y0=_qE2d'd +C=>0=—y0+%
IIlVO mVO
- E d?
y= qux—y0+q Z
mvo I‘IIV0
-1 E(i)z _1gEd’
Yo= 32 m \A 2rnV02
_-gEdx _1gEd’ gEd’
y= 2 E 2 2
mVO InVO mVO
_ —qEd , 1qEd? . _qEd (d
y="—"1= ) =y =1 z(f_x)
mv, mv, mv,
(]
Question53

A small point mass carrying some positive charge on it, is released from
the edge of a table. There is a uniform electric field in this region in the
horizontal direction. Which of the following options then correctly
describe the trajectory of the mass ? (Curves are drawn schematically
and are not to scale).



— £

s/, o4 > X
v
[Sep. 02, 2020 (D]
Options:
A

-
i
2

¢

C
D
¥
Answer: D

Solution:

Solution:
Net force acting on the particle,

- N
F =qEi+mgj



Net acceleration of particle is constant, initial velocity is zero therefore path is straight line.

N 2E
a.‘r ™
m
N g
ay=g m J
Question54

A particle of mass m and charge q has an initial velocity v = vof . If an

electric field £ = E OQ and magnetic field B = BOg act on the particle, its
speed will double after a time:

[2020, I]

Options:

2mv,

A.
qE 4

3mv,
qE

V3mv,
qE

v2mv,

D.
qE 4

Answer: C

Solution:

Solution:
Electric field will increase the speed of particle in x direction.
Fy=qE

L.a= E
m

AlsoVy =at = 9y
m

v+ Vy2 = v
=v 2+ v, = (2v,)?
=V, =3y,
9By o V3v,
m —

v3my,
ﬂt =

qE,

Questionb5

Two identical electric point dipoles have dipole momentsf’)1 = Pi and



1_’)2 = —Pi and are held on the x axis at distance 'a' from each other.

When released, they move along x axis with the direction of their dipole
moments remaining unchanged. If the mass of each dipole is ' m ', their
speed when they are infinitely far apart is :

[Sep. 06, 2020 (I1)]

Options:

AR \/ 1
a nsoma

Answer: B

Solution:

Solution:

Let v be the speed of dipole.
Using energy conservation
K;+U;=K;+U;

2k.
=0 — r3p1p2 cos(180°) = %mv2 + %va +0
. . . . —2p,p,cos0
(** Potential energy of interaction between dipole = ——=——
ame;r

2k 2k
mv? = PP Ly \/ I:;spz

Question56

Three charges +Q, q, +Q are placed respectively, at distance, % and d

from the origin, on the x -axis. If the net force experienced by +Q,
placed at x = 0, is zero, then value of q is:
[9 Jan. 2019 I]

Options:
A.-Q/4
B.+Q/2
C.+Q/4



D.-Q/2

Answer: A

Solution:

Solution:

F

a

[ ]

Fy,
L
+Q d/2

Force due to charge +Q
r = KQQ
a d2
Force due to charge q
b d 2
(5)
For equilibrium,
g g
F,+F =0
_kQQ ., kQq _
d? (d/2)?

=y |
=
(]
_I_
-

1O

Question57

Charge is distributed within a sphere of radius R with a volume charge
density p(r) = %e_zr/ * where A and aare constants. If Q is the total

charge of this charge distribution, the radius R is:
[9 Jan. 2019, II]

Options:

A. alog(l - 2121A)

C. alog 1
(=)
2maA

a __Q
D. Elog( 1 2naA)
Answer: B

Solution:

Solution:



%e_zr/a(élnrzd r)

o
Il
—
i)
o o}
<
Il
o—m
—

e—Zr/a R
=4nAIe_2r/adr=4nA( )
0

=4nA(—%)(e‘2R’a— 1)
Q = 2maA(l — e 2R/3)

_a 1
R_210g(1_ 9] )
21maA

Question538

For a uniformly charged ring of radius R, the electric field on its axis
has the largest magnitude at a distance h from its centre. Then value of
h is:

[9 Jan. 2019 I]

Options:

AR

<.
(93]

B.

édw

C.

=

D. RvV2

Answer: B

Solution:
Solution:
Electric field on the axis of a ring of radius R at a distance h from the centre,
E = kQh
- (hz + Rz)s/z
Condition: for maximum electric field %—E =0
d kQh _

~dn (RZ+ 1772
By using the concept of maxima and minima we get,
- R
V2




Question59

Two point charges q,(v10nC) and q,(—25pC) are placed on the x -axis at
x = 1m and x = 4m respectively. The electric field (in V / m ) at a point
y = 3m on y -axis is

[take 1 =9 x 10°N mZC'Z]

4ne,

[9 Jan 2019, II]

Options:

A. (637 - 277) x 102
B. (=637 +277) x 10
c. (817 - 817) x 102
D. (-817 +817) x 10?
Answer: A
Solution:

Solution:
E,

y=34
i lﬁkq S
(0,0) x=1 x=2 x=3 x=4M X
- - . . . . 1 ql
Let E, and E , are the values of electric field due to charge, q, and q, respectively magnitude of E | = ine 2
ol

1

V10
0,
1

__1 viox107°
4ne, (1% +3?%)

= (9 x 10°) x v10 x 107

= 9v10 x 10°

N

— - -
~E | =9V10 X 102 [cos@l(— i) +sin0, j ]

SE, =9 x V10 x 10? [%(—?h%}]



B, =9x102[-7 +35] =[-97 +277 |10

i _ 1 q
S|m|IarIy,E2—4rI€0r2
9 -6
EZ=9><1O >;(25%><10 E2=9><103V/m
(4 + 39)
g 3 n . " 3
~E,=9x10 (005921 —smezj) '.'tan92=z
5 3(47 37\ _ AN 2
“E,=9x10°(£1 - 27) = (721 - 547 ) x 10
o - - ( ~ {\) 2
~“E=E,+E, =163i -27j/x10°V /m

Question60

An electric field of 1000V / m is applied to an electric dipole at angle of

45°. The value of electric dipole moment is 10"2°C . m. What is the
potential energy of the electric dipole?
[11 Jan 2019, II]

Options:

A. —20 x 10718
B.—-7x107%7]
C.-10x 10729
D. -9x 10729
Answer: B

Solution:

Solution:
Potential energy of a dipole is given by

- -
U=-P.g
= -PE cos©
[Where 6 = angle between dipole and perpendicular to the field]
= —(10 — 29)(10°) cos 45°
=—-0.707 x 1072%] = =7 x107?7]

Question61

Charges —q and +(q located at A and B, respectively constitute an
electric dipole. Distance AB = 2a, O is the mid point of the dipole and
OP is perpendicular to AB. A charge Q is placed at P where OP =y and
y> > 2a. The charge Q experiences an electrostatic force F. If Q is now

moved along the equatorial line to P' such that OP" = ( 2 ) , the force on

Q will be close to: (%> > 2a)



P
[
|
|
[
|
|
QeP
[
[
Ae-ee-- ——L—Q ————— B
—q I +q
[
[
|
[10 Jan 2019, II]
Options:
A. 3F
F
B. 3
C.9F
D. 27F
Answer: D
Solution:
Solution:
Electric field of equatorial plane of dipole = —K—SP
r
A .P
Yoo ]
y3
A @-rrorsin b "n ............... ‘l' .................. oRB
— 'q
< Z2a >

. At point P, = +—3Q

At Point P!, F ! = + KPQ _ 575,
(y/3)

Question62

A simple pendulum of length L is placed between the plates of a parallel
plate capacitor having electric field E as shown in figure. Its bob has
mass m and charge . The time period of the pendulum is given by:



Frrttrr Tttt
@

||||-1

v

E e
[10 April 2019, II]

Options:

Y e
"y

|
"V e

Answer: D

Solution:

Solution:
Time period_of the pendulum (T) is given by

S
Yetr

_ V(mg)* + (qE )
eff — m

=Getr = \/9 + g_

" \/\/g+qE)

Question63

Four point charges —q, +q, +q and —q are placed on y -axis at
y=-2d,y=-d,y=+d and y = +2d, respectively. The magnitude of



the electric field E at a point on the x -axis at x = D, with D> > d, will
behave as:
[9 April 2019, II]

Options:

Answer: D

Solution:

Solution:
- -

- - -
E=(E,+E,)+(E,+E,)
or E = 2E cosa — 2E cosp

.
) S N
~—— oty

d il S \\
I

d\«<— D —> 3,

q
d

—q
2kq % D _ 2kq % D
(D*+d?  {D?+d? (D*+(2d)*. VD?+(2d)
2kqD _ 2kqgD
D> +d2°2 D%+ (2d) "2
Ford<<D
D 1

E « = «

D} D?

Question64

The bob of a simple pendulum has mass 2g and a charge of 5.0}IC. It is

at rest in a uniform horizontal electric field of intensity 2000V / m. At
equilibrium, the angle that the pendulum makes with the vertical is :
(take g = 10m / s?)

[8 April 2019 I]

Options:
A. tan"'(2.0)

B. tan_1(0.2)



C. tan_1(5.0)
D. tan”*(0.5)

Answer: D

Solution:

Solution:

(i) ya
t E

At equilibrium resultant force on bob must be zero, soT cos6 = mg ....... (i)
T sin® =qE ........ (ii)
Solving (i) and (ii) we get

_ 5x107°x 2000
2x107%x%x10

[ Here, g = 5% 107°C,E =2000v/m, m =2 x 10" °kg ]

-1(1

=tan (E)

tan©

=1
2

Question65

Shown in the figure is a shell made of a conductor. It has inner radius a
and outer radius b, and carries charge Q. At its centre is a dipole © as
shown. In this case :

[12 April 2019, I]

Options:

A. surface change density on the inner surface is uniform and equal to S/ %
IIa

B. electric field outside the shell is the same as that of a point charge at the centre of the shell.

C. surface charge density on the outer surface depends on ‘3|



D. surface charge density on the inner surface of the shell is zero everywhere.-

Answer: B

Solution:

Solution:
Surface charge density depends only due to Q. Also

- - A
§E .dA =02
€y
orE x4nr2=gﬁE 1
€

41‘[80

L0

, r=R

Question66

Let a total charge 2Q be distributed in a sphere of radius R, with the
charge density given by p(r) = kr, where r is the distance from the
centre. Two charges A and B, of —Q each, are placed on diametrically
opposite points, at equal distance, a, from the centre. If A and B do not
experience any force, then.

[12 April 2019, II]

Options:
A.a=8"1"R

— 3R
B-a—21/4

C.a=2"14R
D.a=R/V3
Answer: A

Solution:

Solution:

b d b d qin
$E .dA = -
€p

or E x 4nr? = SlfS(4nr2)dr
0



4
or E x 4nr® = 4nk(r_)
o ' 4
. k 2 .
AE = —1r" ... (i)
de,
R AR
Also 2Q = [ (kr)(4nr°)dr = 4nk|—
0 410
nkR* .
=5 e (ii)
From above equations
2
= Qr T eeeeees (iii)
2me R
According to given condition
Q* -
=EQ———— ......... (iv)
Q4H80(20)2
From equations (iii) and (iv), we have
a=81R.
[ ]
Question67

An electric dipole is formed by two equal and opposite charges q with
separation d . The charges have same mass m. It is kept in a uniform
electric field E. If it is slightly rotated from its equilibrium orientation,
then its angular frequency w is :

[8 April 2019, II]

Options:

Ay E
B. \/ZqE
c.2y L&

D. \/Zmd

Answer: B

Solution:

Solution:

T= —PE sin0
orla = —PE (0)
o= %( 0)

On comparing with

a=—-wo

2




Question638

Two identical conducting spheres A and B, carry equal charge. They are
separated by a distance much larger than their diameter, and the force
between them is F. A third identical conducting sphere, C, is
uncharged. Sphere C is first touched to A, then to B, and then removed.
As a result, the force between A and B would be equal to

[Online April 16,2018]

Options:

A 3E

F
B. >

C.F

D. 3E

Answer: D

Solution:

Solution:
Spheres A and B carry equal charge say 'q'

. Force between them, F = kizq
r

When A and C are touched, charge on both q, = q. = %

Then when B and C are touched, charge on B
q

_279_3q
b= "7
Now, the force between charge q, and g,

q,39
pookaa 2% sk 3,
r’ r’ 8r* 8
[ ]

Question69

A body of mass M and charge (q is connected to a spring of spring
constant k. It is oscillating along x - direction about its equilibrium
position, taken to be at x = 0, with an amplitude A. An electric field E is
applied along the X-direction. Which of the following statements is
correct?

[Online April 15, 2018]

Options:

2 2
A. The total energy of the system is %mouzA2 + %%

B. The new equilibrium position is at a distance: % fromx =0



C. The new equilibrium position is at a distance: % fromx =0

.1 2,2 1q°E*?
D. The total energy of the system is SMW A" — 55—
Answer: A
Solution:
Solution:
Equilibrium position will shift to point where resultant force = 0
- - 9E
kxeq =qE = Xoq = 1
_1 242, 1 2
Total energy = 5mw A+ Ekxeq
_1 20, 1qE”®
Total energy = Smw A+ "

Question70

A solid ball of radius R has a charge density p given byp = p, ( 1-z ) for

0O = r = R. The electric field outside the ball is:
[Online April 15, 2018]

Options:

PR’

2
gl

A.

4p,R*
3g,r’

3p0R3
480I‘2

PR’
" 12g,r?

D

Answer: D

Solution:

Charge density, p = p, ( 1- PE{)

dg=pdv
q,=/dg=pdv

=p0(1—f£{)4nr2dr( wdv = 4nr’dr)
R r\ o2
=4np0£(1—§)rdr

R r?
= 4np,r°’dr — dr
o R

[I5] - TR] T = e[ B -5
=dmeo| [3], ~larl, | =40l 3 ~ R



R’ R3] [R3
=4Hp0[?—z = 4mp,, 12

np0R3
=73
3
I L )
E 4nor° = ( —360
3
. e . PR
. Electric field outside the ball, E = 5
2 E,r

Question71

A charge Q is placed at a distance a / 2 above the centre of the square
surface of edge a as shown in the figure. The electric flux through the
square surface is:

P

r

a2

[

[Online April 15, 2018]

Options:

A R

3g,

B. Q

62,

c. [

26,

D.Q

€
Answer: B

Solution:

Solution:
When cube is of side a and point charge Q is at the center of the cube then the total electric flux due to this charge will
pass evenly through the six faces of the cube.
So, the electric flux through one face will be equal to 1/6 of the total electric flux due to this charge.
Q

Flux through 6 faces = =
E0

. __Q
.. Flux through 1 face , = 6e,



Question72

An electric dipole has a fixed dipole moment v, which makes angle 0
with respect to x-axis. When subjected to an electric field £, = E 1, it

experiences a torque ?1 = ©vi When subjected to another electric field
52 = \/BTIE it experiences torque ?2 = —?1. The angle 0 is:

[2017]

Options:

A. 60°

B. 90°

C. 30°

D. 45°

Answer: A

Solution:

Solution:
- - -
T = PE sintheta Torque experienced by the dipole in an electric field, T = P X E

= pcoseli\ + psin® j

2
1 =Ei

Hl myol

1 =1_))><E)1 = (pcosGli\+psineii\) XE (/1\)
T/ﬁ:pE sin (—/1;) ........ (i)

~

2 =V3E,]

i my

T, = pcoseli\ +psin9/j\ xV3E 13'\
1k = V3pE ,cos 0Kk ........ (ii)

From eqgns. (i) and (ii)

pE sin® = V3pE cos6

tan6 =v3 ..0=60°

Question73

Four closed surfaces and corresponding charge distributions are shown
below.



Let the respective electric fluxes through the surfaces be ®,, ®,, ®;, and
®,. Then :
[Online April 9, 2017]

Options:

A, <O,=0,>0,
B.®,>0,>0,>9,
C.O,=0,=0,=0,
D.®o, >, 0, <O,
Answer: C
Solution:

Solution:
The net flux linked with closed surfaces S;, S,, S; & S, are

For surface S, ¢, = ¢%(Zq)
0

For surface Sy, ¢, = al(q ta+tq-q = Sizq
0 0

For surface S;, ¢, = l(q +q) = l(2(:1)
€9 €9

For surface S,, ¢, = l(8q —2q-4q) = l(2C[)
€o €o

Hence, ¢, = ¢, = ¢; = ¢, i.e. net electric flux is same for all surfaces.
Keep in mind, the electric field due to a charge outside (S; and S, ), the Gaussian surface contributes zero net flux
through the surface, because as many lines due to that charge enter the surface as leave it.

Question74

The region between two concentric spheres of radii 'a' and 'b’,
respectively (see figure), have volume charge density p = %, where A is a
constant and r is the distance from the centre. At the centre of the

spheres is a point charge Q. The value of A such that the electric field in
the region between the spheres will be constant, is:



[2016]
Options:
A 22

B. 2Q

c. -9

2ma’

D.—Q
2m(b? — a?)

Answer: C

Solution:

Solution:

Applying Gauss’s law
F.ds=2

$oE .ds = 3

Q + 2mAr? — 2mAa®

~E X 4mnr? =

dr

P
Q 2
Q=

nrzd r= 2nA[r —a ]

Il
cuh.-—s'o o
'-ﬂl:t> *'><

1 [ Q-2mAa*
4:1'[60 rz
For E to be independentof '
Q- 2mAa* =0
A= _Q

2ma’

E = + 2mA

Question75

Shown in the figure are two point charges +Q and —Q inside the cavity
of a spherical shell. The charges are kept near the surface of the cavity
on opposite sides of the centre of the shell. If sigma, is the surface

charge on the inner surface and Q, net charge on it and o, the surface
charge on the outer surface and Q, net charge on it then :
[Online April 10, 2015]



Options:

Ao, #0,Q =0
0,=0,Q,=0

B.o,#0,Q,=0
0,#0,Q,=0

C.0,=0,Q,=0
0,=0,Q,=0

D.o,#0,Q, =0
0,#0,Q,=0

Answer: C

Solution:

Solution:

Inside the cavity net charge is zero.

~Q,=0ando,; =0

There is no effect of point charges +Q, —Q and induced charge on inner surface on the outer surface.
~Q,=0ando,=0

Question76

A long cylindrical shell carries positive surface charge o in the upper
half and negative surface charge —o in the lower half. The electric field
lines around the cylinder will look like figure given in : (figures are
schematic and not drawn to scale)

[2015]

Options:

A.

ik

Ak



3

Answer: C
Solution:
Solution:

Field lines originate perpendicular from positive charge and terminate perpendicular at negative charge.
Further this system can be treated as an electric dipole.

Question77

A wire of length L( = 20cm), is bent into a semicircular arc. If the two
equal halves of the arc were each to be uniformly charged with charges
+Q, [|Q| = 10380. Coulomb where g, is the permittivity (in SI units) of

free space] the net electric field at the centre O of the semicircular arc

would be :
Y

0 X
[Online April 11, 2015]

Options:

A. (50 x 10°N /C)J
B. (50 x 10°N /C)i
C. (25 x 10°N /C)]

D. (25 x 10°N /C)1

Answer: D

Solution:



Given: Length of wire L = 20cm
charge Q = 10%,
We know, electric field at the centre of the semicircular arc
E = 2K A
r

or, E = 2K (%)r[AsA=§

_4KQ _4KQr' _41KQ _ 55, 10%y s}
mr? nL? L’

Question78

A thin disc of radius b = 2a has a concentric hole of radius ' a ' in it (see
figure). It carries uniform surface charge ' ¢ ' on it. If the electric field
on its axis at height ' h ' (h< < a) from its centre is given as ' Ch ' then
valueof 'C 'is:

[Online April 10, 2015]
Options:

A 9
4a€,

o
B. 8a€g,

o
C..Z

o
D. 2a€,

Answer: A

Solution:

Electric field due to complete disc(R = 2a) at a distance x and on its axis
o X o h
E =_[1-=] E =_[1_:
! 2¢, Y R? + x? ! 2¢, { 4a® + h?

9 11- L][herex = hand, R = 2a]
2a

=2_E:0



< x >
Similarly, electric field due to disc (R = a)

Ez:g%()(l_%)

Electric field due to given disc

E=E, -E,
O f[;_h _L[l_h] - oh
2¢g, 2a 2g, al = 4gp
Hence, ¢ = 4350
Question79

The electric field in a region of space is given by, E=F o? + 2E Of where
E = 100N / C. The flux of the field through a circular surface of radius
0.02 m parallel to the YZ plane is nearly:

[Online April 19, 2014]

Options:

A.0.125Nm?/C

B. 0.02Nm?*/C

C. 0.005Nm?*/C

D.3.14Nm?/C

Answer: A

Solution:

- ~ A
E=E_ i +2E_]
Given, E, = 100N /c

- ~ ~
So,E =1001i +200i
Radius of circular surface = 0.02m

Area = or’ = % x 0.02 x 0.02

= 1.25 x 1073 1m? [Loop is parallel to Y-Z plane ]
Now, flux (¢) = E Acos9

= (1001 + 200 ) .1.25x 10734 cos0°[6 = 0°]
=125x10"°Nm?/c

=0.125Nm*/c

Question80



A spherically symmetric charge distribution is characterised by a charge
density having the following variations:

p(r) = po(l—%) forr <R

p(r) =0forr=R

Where r is the distance from the centre of the charge distribution p, is a

constant. The electric field at an internal point (r < R) is:
[Online April 12,2014]

Options:

A (-]
8.2 (5~ &)
C. spg (%‘%)

Py (z_r_z)
D'lZs0 3

Answer: B

Solution:

Solution:
Let us consider a spherical shell of radius x and thickness dx.

Shell

Charge on this shell
dq=p.4nx’dx = po( 1 —%) .4mx*d x

r
- Total charge in the spherical region from centre to $r(r g = [d q = 4mp,[ ( 1- %)xzdx
0

X3 4 I"3 4

_ x_x]7_ [__r_] _ s[1_ 1
‘4“"0[3 4R]0‘4“"0 3 T 4R ‘4Hpor[3 4R]

- Electric field atr, E = 1 g

4me, 2
__L w1 x) _Rofr ]
T 4ng,t 2 L3 4R1 T g l3 4R
Question81

The magnitude of the average electric field normally present in the



atmosphere just above the surface of the Earth is about 150N /C,
directed inward towards the center of the Earth. This gives the total net
surface charge carried by the Earth to be:

[Given £, = 8.85 x 10" '?C* /N - m?, R, = 6.37 x 10°m]

[Online April 9, 2014]

Options:

A. +670kC
B. —670kC
C. —680kC
D. +680kC

Answer: C

Solution:

Solution:

Given,

Electric field E = 150 N/C

Total surface charge carried by earthq = ?
or,q= €,EA

= €,Enr’

=8.85x1071? x 150 x (6.37 x 10°)?2.
=680K c

As electric field directed inward hence

q = —-680Kc

Question82

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 q, = 7 is placed at the origin. If charge

d, is given a small displacement (y< < a) along the y-axis, the net force

acting on the particle is proportional to
[2013]

Options:
Ay
B. -y
c.i

y
D. -1

y

Answer: A

Solution:



@ ol ey x

= Fsin O« l » [ sin O

2F cos O
=F . =2F cos0
q
qu(z) y
Fnet = S5 5)2° 2 2
(Vy?+a%)* Vy*+a
2kq(%)y
ot = W(Tsﬁ <a)
k 2
=>%Y So, F xy
Questiond3

Two balls of same mass and carrying equal charge are hung from a fixed
support of length 1. At electrostatic equilibrium, assuming that angles
made by each thread is small, the separation, x between the balls is

proportional to:
[Online April 9, 2013]

Options:
Al
B.1?
Cc.12/3
D.11/3

Answer: D

Solution:

Solution:



In equilibrium, F _ =T sin6

mg =T cosH
F 2
tanf=—2=— 9 5
4n €,x" X mg
also tan® = sin = ¥
2
Hence, % = —q2
2411 €, X" X mg
o201
4n €, mg
2 1/3
X = q—l )
2n €, mg
Therefore x « '3
L]
Question84

The surface charge density of a thin charged disc of radius R is o. The
value of the electric field at the centre of the disc is ;z-. With respect to

the field at the centre, the electric field along the axis at a distance R
from the centre of the disc :
[Online April 25, 2013]

Options:

A. reduces by 70.7%
B. reduces by 29.3%
C. reduces by 9.7%
D. reduces by 14.6%

Answer: A

Solution:

Solution:
Electric field intensity at the centre of the disc.

—_— [} 1
E = _260( given)

Electric field along the axis at any distance x from the centre of the disc

E = L( D S
2€, Vx*+R?
From question, x = R (radius of disc)



R
2€, VR? + R?

__o (\/ER_—R)
2€,' V2R
=4

= 14"

.. % reduction in the value of electric field

( = )

E-—E ) x100

_ 14 _ 1000, _ o
= 5 = % = 70.7%

Question85

A liquid drop having 6 excess electrons is kept stationary under a
uniform electric field of 25.5kVm~'. The density of liquid is

1.26 x 1O3kg m~>. The radius of the drop is (neglect buoyancy).
[Online April 23, 2013]

Options:
A.43%x10'm
B.7.8x 10" 'm
C.0.078 x 10™'m

D.3.4% 10 'm

Answer: B
Solution:
Solution:
F =qE =mg(q=6e=6x1.6x10""9
. __Mass _ m
Density (d) = volume 4_ 3
—IIr
3
3 m
orr’=——
éHd

3
Putting the value of d and m( = %) and solving we getr = 7.8 x 10" 'm

Question86

Two point dipoles of dipole moment 7, and 7, are at a distance x from
each other and 7, || 7,. The force between the dipoles is:

[Online April 9, 2013]

Options:

1 4p,p,
) 41'[80 X4




B, _L 3p,p,
) 41'[80 X3

c _1 6p,p,
) 41'[80 X4

D. 1 8p,p,
) 4:1'[80 X4

Answer: C

Solution:

Solution:
Force of interaction
1 6plp2
4H€ r4

+(q Q +qQ

Question87

In a uniformly charged sphere of total charge Q and radius R, the
electric field E is plotted as function of distance from the centre, The

graph which would correspond to the above will be:
[2012]

Options:
A.

'3

E (r)T

1

r



E(!')T

v

F—

E(r)T

P —

&

E (P)T

V—
Answer: C

Solution:

Solution:
E. «r

mn

E ocl

out 2

—

Question88

Three positive charges of equal value q are placed at vertices of an
equilateral triangle. The resulting lines of force should be sketched as
in

[Online May 26, 2012]

Options:

A.



0=

7€

O
0,0

Answer: C

Solution:

Solution:
Electric lines of force due to a positive charge is spherically symmetric.

All the charges are positive and equal in magnitude. So repulsion takes place. Due to which no lines of force are present
inside the equilateral triangle and the resulting lines of force obtained as shown:

)



Questiond9

The flat base of a hemisphere of radius a with no charge inside it lies in
a horizontal plane. A uniform electric fieldE is applied at an angle ; with
the vertical direction. The electric flux through the curved surface of
the hemisphere is

t 450

E

[Online May 19, 2012]
Options:
A. ma’E

B naZ_E

CV2

2
na‘E
C. 2V2

(m + 2)r1a2E
(2v2)?

Answer: B

Solution:

Solution:

We know that,

b=¢E .dS=E ¢§dScos45°
In case of hemisphere

d)curved = d)circular

Therefore, ¢

2

2 1 E na
curved =Ema ﬁ = \/E

Question90

Two identical charged spheres suspended from a common point by two
massless strings of length 1 are initially a distance d (d < <1) apart
because of their mutual repulsion. The charge begins to leak from both
the spheres at a constant rate. As a result charges approach each other
with a velocity v. Then as a function of distance x between them,

[2011]



Options:

A vox !

B.vax'/?

C.vax

D.vax 1/?

Answer: D

Solution:

Solution:

From figure

T cos® =mg ...... (i)

T sin6=F SRR (ii)

Dividing equation (ii) by (i), we get
=>sine _F,

Since 6 is small

. S - X
~tan® = sin® ol

L 2_Xmg _ 5 32
2kl

ﬁq o« X

dq 3
a2

Since % = const.
1/2

—dx _ 3.~
\/Xﬁ = 2\/XV

R ['-'q2 « x°]

Question9l

A thin semi-circular ring of radius r has a positive charge q distributed
uniformly over it. The net field E at the centre O is

h =

J

[2010]

Options:



41'[2801‘2
B.——9

4112501*2
C.——94 j

21'[2801"2
D.—4 j
21'[21»:01"2

Answer: C

Solution:

Solution:
Letus consider a differential element d1 subtending at angle d Q at the centre Q as shown in the figure. Linear charge
density

|

Qr

dE

A 4

dE sin 9
= (4

Charge on the element, d q ( P ) dl
=L(rd6) (+d1 =rd6)

Ir
= (9)ae

II

Electric field at the center O duetodq is

1 dg__1 q
dE 41760' 2 4H€0'nr2de
Resolving d E into two rectangular component, we find the component d E cos 6 will be counter balanced by another
element on left portion. Hence resultant field at O is the resultant of the component d E sin 6 only.
n
~E =[dEsin6=/-—9 sin6d 6
04n°r EO
=—9 [—cosO]"
4n2r2€0 0

= L(.i.l +1) = 9
An’r? €, 2m°r? €,
The direction of E is towards negative y -axis.
= ~

SE = — LJ
2n2r2€0

Question9?2

Let there be a spherically symmetric charge distribution with charge



density varying as p(r) = p, ( 2 - %) uptor =R, and p(r) =0 forr > R,

where r is the distance from the origin. The electric field at a distance
r(r < R) from the origin is given by
[2010]

Options:

E(E_L)
A'4ao 3 R

B. 2 (51
3 \3 R

E(E_L)
C. 4,02 R

M(E_L)
D. 3gp\4 R

Answer: A

Solution:

Solution:
Let us consider a spherical shell of radius x and thickness dx.
Due to shpherically symmetric charge distribution, the chrge on the spherical surface of radius x is

dgq=dVp.4mx’dx = P %—%) .4mx*d x
.. Total charge in the spherical region from centre to r(r < R) is

- _ (5 _x)\.2
q—qu—4np0£(z R)xdx

_ 5 r° 1 1] __ 35 r
—4Hp0 13 §4 —Hpor (E 1:—{)

.. Electric field intensity at a point on this spherical surface

1
E ~ 4n€g, %
__L M5 r) _ P (5 )
ane,” 2 \3 R/ 2,3 R
Question93

A charge Q is placed at each of the opposite corners of a square. A
charge ( is placed at each of the other two corners. If the net electrical
force on Q is zero, then Q / q equals:



[2009]
Options:
A. -1

Answer: D
Solution:
Solution:

Let F be the force between Q and Q. The force between q and Q should be attractive for net force on Q to be zero. Let F”’
be the force between Q and q. The resultant of F"and F is R. For equilibrium

A(Q) P(q)
¢ \r
D(q) 2 (,Q

Net force on Q at C is zero

- - _

“R+F =0=>V2F = -F
— 2

v x kT = —Q

12 (v21)®
Q- 22
q
Question94

This question contains Statement- 1 and Statement- 2 . Of the four
choices given after the statements, choose the one that best describes
the two statements.

Statement-1: For a charged particle moving from point P to point Q, the
net work done by an electrostatic field on the particle is independent of
the path connecting point P to point Q.

Statement- 2 : The net work done by a conservative force on an object
moving along a closed loop is zero.

[2009]

Options:

A. Statement- 1 is true, Statement- 2 is true; Statement-2 is the correct explanation of
Statement- 1 .

B. Statement- 1 is true, Statement- 2 is true; Statement-2 is not the correct explanation of
Statement- 1 .



C. Statement- 1 is false, Statement- 2 is true.
D. Statement- 1 is true, Statement- 2 is false.

Answer: A

Question95

Let p(r) = -2r be the charge density distribution for a solid sphere of
nR

radius R and total charge Q. For a point ‘P ' inside the sphere at
distance r; from the centre of the sphere, the magnitude of electric field

is :
[2009]

Options:

A Q
41 € Or,?

Qr,”
T4m g, R?

c. 9
" 3m g, R

D.0O

Answer: B

Solution:

Solution:

Let us consider a spherical shell of thickness d x and radius x. The area of this spherical shell = 4mx?.
The volume of this spherical shell = 4mx*d x. The charge enclosed within shell

_[Q.x 2 _4Q.s3
dq [—HR4 ][4Hx d x] R4X dx

The charge enclosed in a sphere of radius r; can be calculated by



Ctdg< Q.0 _4Q[X_4] '_Q.1
Qrfdamgixax =qilal, =g
- The electric field at point P inside the sphere at a distance r, from the centre of the sphere is

-1 9
"~ 4nE r_12
Q. 4
g o1 R4r1] __1 Q.
~ 4n€, r,2 "~ 4n€ Ri!
Question96

A thin spherical shell of radus R has charge Q spread uniformly over its
surface. Which of the following graphs most closely represents the
electric field E (r) produced by the shell in the range 0 =r < «, wherer
is the distance from the centre of the shell?

[2008]
Options:
A.
E(r)
0] RNI-
B.
E(r)
O R
C.
E(r)
/!\ r
0 R




E(r)

Answer: A

Solution:

Solution:
The electric field inside a thin spherical shell of radius R has charge Q spread uniformly over its surface is zero.

Q ++

y

Outside the shell the electric field is E = k%. These characteristics are represented by graph (a).
r

Question97

If g and g,, are the accelerations due to gravity on the surfaces of the

earth and the moon respectively and if Millikan's oil drop experiment

could be performed on the two surfaces, one will find the ratio

electronic charge on the moon
electronic charge on the earth to be

[2007]

Options:
A.gy /9
B.1

C.0

D. gy /9y
Answer: B

Solution:

Solution:

It is obvious that by charge conservaiton law, electronic charge does not depend on acceleration due to gravity as it is a
universal constant.

So, electronic charge on earth = electronic charge on moon

. Required ratio = 1.




Question93

Two spherical conductors A and B of radii 1mm and 2mm are separated
by a distance of 5cm and are uniformly charged. If the spheres are
connected by a conducting wire then in equilibrium condition, the ratio
of the magnitude of the electric fields at the surfaces of spheres A and B
is

[2006]

Options:

A 4:1

B.1:2

C.2:1

D.1:4

Answer: C

Solution:
Solution:
+Q, pal
A B

When the two conducting spheres are connected by a conducting wire, charge will flow from one to other till both acquire
same potential.

- After connection, V, =V,

Q_9

r r

ﬁk& = k% =
T I

1 2

Q

; I E, r,’
The ratio of electric fields =— =
E 2 QZ

2

]
o
—~
)
N}

)
|
Il
|
X
|

[
I\
H"i
Qo
N

Question99

An electric dipole is placed at an angle of 30° to a nonuniform electric
field. The dipole will experience
[2006]

Options:
A. a translational force only in the direction of the field

B. a translational force only in a direction normal to the direction of the field



C. a torque as well as a translational force
D. a torque only

Answer: C

Solution:

Solution:

As the dipole is placed in non-uniform field, so the force acting on the dipole will not cancel each other. This will result in
a force as well as torque.

Question100

Two point charges +8q and —2q are located atx=0and x=1L
respectively. The location of a point on the x axis at which the net
electric field due to these two point charges is zero is

[2005]

Options:
L

A. 1

B. 2L

C. 4L

D. 8L

Answer: B

Solution:

atp K24 K8q _
(x—1L) X

or

_2
x—L x
=>x = 2x — 2L orx = 2L



+8¢g -2¢q

JL'=0 xI:L P
(‘E‘—)
§ : S
Question101

A charged ball B hangs from a silk thread S, which makes an angle 0
with a large charged conducting sheet P, as shown in the figure. The
surface charge density o of the sheet is proportional to

P

+++++++++
o

[2005]
Options:
A. cotO
B. cosH
C. tan®
D. sin@

Answer: C

Solution:

mg
T sin® =qE ....... (i)
T cos® =mg ....... (i)

Dividing (i) by (ii),



tanezﬁ—i( o ) oq

mg mg sO_K g,K . mg
"0 « tan®
Question102

Two spherical conductors B and C having equal radii and carrying equal
charges on them repel each other with a force F when kept apart at
some distance. A third spherical conductor having same radius as that B
but uncharged is brought in contact with B, then brought in contact
with C and finally removed away from both. The new force of repulsion
between B and C is

[2004]

Options:
A. F/8

B. 3F/4
C.F/4
D. 3F/8

Answer: D

Solution:

Solution:

&

=G

Initial force, F =K QB—ZQCX is distance between the spheres. When third spherical conductor comes in contact with B
X

charge on B is halved i.e., % and charge on third sphere becomes % Now it is touched to C, charge then equally

distributes themselves to make potential same, hence charge on C becomes (Q + Q )% = %

2
= Qs (%)(%) =k3Q2

~F new X2 =k X2 ) X2
orF .. = %F
Question103

Four charges equal to —Q are placed at the four corners of a square and
a charge q is at its centre. If the system is in equilibrium the value of q
is

[2004]

Options:



A. —%(1 +2v2)

(1 +2v2)

o
1O

C. —%(1 +2v2)

D. %(1 +2v2)
Answer: B
Solution:
Solution:

For the system to be equilibrium, net field at A should be zero

V2E, +E,=E,

LkQxv2 . kQ _ _kq
a’ (vV2a)? (i_ ) 2
V2

Questionl104

A charged oil drop is suspended in a uniform field of 3 x 10* v/ m so
that it neither falls nor rises. The charge on the drop will be (Take the

mass of the charge = 9.9 x 10_15kg and g = 10m / s%)
[2004]

Options:

A. 1.6 x 10718C
B.3.2x 10718
C.3.3x10718C
D. 4.8 x 107 8C
Answer: C

Solution:

Solution:

Given, Electric field, E = 3 x 10*

Mass of the drop, m = 9.9 x 10~ *°kg

At equilibrium, coulomb force on drop balances weight of drop.
qE =mg



mg 9.9x 107" x 10

s>q="==q=

= 3 x 10 =3.3x107'%C
X

Questionl105

Three charges —q,, +(q, and —q; are place as shown in the figure. The x
- component of the force on —(, is proportional to

b §
—q, A
2N
\-1— b —»
-
-q, g, X
[2003]
Options:

A.%—q—gcose
a

B. q—§+q—§’sin6
b a

C. q—§+q—§cose
b a

D. %—q—g’sine
a

Answer: B

Solution:

Solution:

FJ:
e —
- ; Ul
F,,sing
v F,

F,.cosB

Force applied by charge q, on q;

Fi,= puise

b2



9,9
a2

Force applied by charge g, onq, F,, =k
The X -component of net force (F ) on
q,isF, ,+F, ,sin6

P k3% D%
X b2 aZ

. dq, , d; .
~F o« §+¥sm9

sin O

Questionl106

If the electric flux entering and leaving an enclosed surface respectively
is ¢, and ¢,, the electric charge inside the surface will be

[2003]
Options:

A. (, — g,
B. (; — d,) / ¢
C. (b, — ;) / g
D. (¢, — d,)¢,
Answer: A

Solution:

Solution:
The electric flux ¢, entering an enclosed surface is taken as negative and the electric flux ¢, leaving the surface is taken

as positive, by convention. Therefore the net flux leaving the enclosed surface,
¢ = ¢’2 - ¢1

According to Gauss theorem

=€i=q= €= €, (0, — )
0

Question107

If a charge ( is placed at the centre of the line joining two equal
charges Q such that the system is in equilibrium then the value of q is
[2002]

Options:

Q
A‘f

Q
B. -

a
iNYe)



_Q
D. 2
Answer: D

Solution:

Solution:
At equilibrium net force is zero,

(2x)2 X
€ X >€ X >
[ t ]
Q q Q
Questionl108

A charged particle q is placed at the centre O of cube of length
L(ABCDE F GH ). Another same charge (q is placed at a distance L from
O. Then the electric flux through ABCD is

ABCDis E
D--=="'-__

A
[2002]
Options:
A.g/4n €, L
B. zero
C.q/2ng,L
D.q/3mn &, L

E. (None)

Answer: E

Solution:

Solution:

Electric flux due to charge placed outside is zero. But for the charge inside the cube, flux due to each face is %[

Dl

which is not in option.






