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Electric Charges and Fields

TYPE A : MULTIPLE CHOICE QUESTIONS 7.

1.

A body can be negatively charged by : [1998]

(a) removing some neutrons from it

(b) giving excess electrons to it

(c) removing some protons from it

(d) removing some electrons from it

The number of electrons for one coulomb of
charge are: [1999]

(@) 6.25x108 (b) 6.25x 102!

() 625x10'8 (d) 6.25x 1017

Let E, be the electric field due to a dipole in its
axial plane distant ¢ and E_ be the field in the
equatorial plane distant /', then the relation

between E, and E q will be : [2000]
(@ E,= 4Eq (b) E 0 2E,
(¢ Ea:2Eq (d) Eq: 3E,

A particle of mass 2g and charge 1pC isheld at
adistance of 1m from a fixed charge ImC. Ifthe
particle is released it will be repelled. The speed
of particle when it is at a distance of 10 metre

from the fixed charge is [2000]
(@ 90m/s (b) 100m/s
() 45m/s (d) 55m/s

What is the electric flux associated with one of
faces of a cube, when a charge (q) is enclosed in

the cube ? [2001]
69 a
® 3, ® o
3q
© 3o @ o

The point charges Q and —2Q are placed at some
distance apart. Ifthe electric field at the location
of Qs E. The electric field at the location of Q is
E. The electric field at the location of —2Q will be

3E
@ -

> [2001]

(b) -E

E
© - (d)

> -2E

10.

11.

How many electrons make up a charge of 20 pC.
[2002]

(@) 125x10 (b) 223x10

(c) 3.25x104 (d) 525x10

A conducting sphere of radius 10 cm is charged

with 10 pC. Another uncharged sphere of radius

20 cm is allowed to touch it for some time. After

that if the spheres are separated, then surface

density of charges on the spheres will be in the

ratio of [2002]
@ 1:1 (b)y 2:1
(c) 1:3 (d 4:1

An electric dipole placed in a non-uniform electric
field experiences : [2003]
(@) both, a torque and a net force

(b) only a force but no torque

(c) only a torque but no net force

(d) no torque and no net force

Three charges are placed at the vertices of an
equilateral triangle of side 'a' as shown in the
following figure. The force experienced by the
charge placed at the vertex A in a direction normal

toBCis: [2003]
A
+Q
Q +Q
B C
(a) Qz/(47t80a2) (b) —Qz/(4n80a2)

d) Q*(2me,a?)

Shown below is a distribution of charges. The

(c) zero

flux of electric field due to these charges through

the surfaces S is : [2003]

(@) 3q/e

(b) 2q/ SZ
© dlg

(d) =zero
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12.

13.

14.

15.

The electric field due to a uniformly charged non-
conducting sphere of radius R as a function of
the distance from its centre is represented

graphically by [2004]
l l
E E
(@) (b)
R r— R r—
l l _
E E
© (d)
R r— R r—

In the basic CsCl crystal structure, Cs* and C1~
ions are arranged in a bec configuration as shown
in the figure. The net electrostatic force exerted
by the eight Cs* ions on the Cl~ion is : [2004]

+ +
Cs Cs
.
Cs / /

Cl a
(]
+ +
Cs Cs
a
Cs+ a Cs+
1 4e? 1 16e*
@ dmeg 3a2 dne 3a°2
1 3282
(© 4ncy 3a’ (d) zero

Two infinitely long parallel conducting plates
having surface charge densities +c¢ and —c
respectively, are separated by a small distance.
The medium between the plates is vacuum. If g,
is the dielectric permittivity of vacuum then the
electric field in the region between the plates is :
[2005]
(@) Ovolt/m (b) o/2g; volt/m
() o/gy volt/m (d) 2o0/gj volt/m
Two concentric conducting thin spherical shells
A and B having radii r, and rg (rgz > 1,) are

16.

17.

18.
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charged to Q, and — Qg (] Qg | > [ Qy [)- The
electrical field along a line, (passing through the

centre) is: [2005]
3
A%
@ [\
0 N F}/X—b
3
A%
(b)
0 N F}/X—b
©
0 N I X—»
3
A%
(d)
0 DN r X—>

A particle having charge q and mass m is projected
with velocity v=2i- 33 in a uniform electric

field E =E0.3. Change in momentum |A;T|
during any time interval t is given by :  [2005]

@ qEgt (b) qEqt
(© 9Eot (d) =zero
m

Two parallel large thin metal sheets have equal
surface charge densities (6 =26.4 x 10712 ¢/m?)
of opposite signs. The electric field between
these sheets is : [2006]

(@ 15N/C ®) 1.5x107'ON/C

(c) 3N/C (d 3x107''N/C

The spatial distribution of the electric field due

totwo charges (A, B) is shown in figure. Which

one of the following statements is correct ?
[2006]
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19.

20.

21.

(@) Ais+veandB-ve; |A|>B]

(b) Ais—veandB+ve;|A|=|B|:

(c) Bothare+vebut A>B

(d) Both are —ve but A>B

Three point charges +q, —2q and +q are placed
atpoint(x=0,y=a,z=0), (x=0,y=0,z=0)and
(x=a,y=0,z=0) respectively. The magnitude
and direction of the electric dipole moment
vector of this charge assembly are [2008]

(@ \/2qa along + y direction

(b) \/Eqa along the line joining points
(x=0,y=0,z=0)and (x=a,y=a,z=0)

(¢) qaalongthe line joining points
(x=0,y=0,z=0)and (x=a,y=a,z=0)

(d) \/Eqa along + x direction

A hollow cylinder has charge q C within it. If ¢ is
the electric flux in unit of voltmeter associated
with the curved surface B, the flux linked with
the plane surface A in unit of voltmeter will be

[2008]
C A
1q ) a

@ 75, ) 2
q q

© d 8—0—4’

Charge q is uniformly distributed over a thin half
ring of radius R. The electric field at the centre of
the ring is [2008]

@) 2n280R2 ®) 41'c280R2

© 41'czv:0R2 ) 2n80R2

22,

23.

24,

25.
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The electric field at a distance r from the centre
in the space between two concentric metallic
spherical shells of radii r; and r, carrying charge

Q,and Q,is (r; <r<r,) [2009]
Q+Qy Q+Q,

@ dr ey ( +r2)2 ®) 4m e r?
Q Q

© 4m e r? @ 4m e r?

The potential at a point P due to an electric dipole
is 1.8 x 109V, If Pis at a distance of 50 cm apart
from the centre O of the dipole and if CP makes
an angle 60° with the positive side of the axial
line of the dipole, what is the moment of the

dipole? [2010]
(@ 10C-m (b) 103C-m
(¢©) 104C-m (d 10°C-m

The figure shows two situations in which a
Gaussian cube sits in an electric field. The arrows
and values indicate the directions and
magnitudes (in N-m?/C) of the electric fields.
What is the net charge (in the two situations)

inside the cube? [2011]
6 9 7
7 6
8 5
7 15 3 2
1 2

(@ (1) negative (2) positive

(b) (1) negative (2) zero

(¢) (1) positive (2) positive

(d) (1) positive (2) zero

There exists a non-uniform electric field along
x-axis as shown in the figure below. The field
increases at a uniform rate along +ve x-axis. A
dipole is placed inside the field as shown.
Which one of the following is correct for the
dipole? [2012]

v Y

A
+qg”

AN
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26.

27.

28.

29.

(@) Dipole moves along positive x-axis and
undergoes a clockwise rotation

(b) Dipole moves along negative x-axis and
undergoes a clockwise rotation

(c) Dipole moves along positive x-axis and
undergoes a anticlockwise rotation

(d) Dipole moves along negative x-axis and
undergoes a anticlockwise rotation

Two point charges +q and —q are held fixed at

(-=d, 0) and (d, 0) respectively of a x — y

coordinate system. Then [2013]

(@) the electric field E at all points on the axis
has the same direction

(b) work has to be done in bringing a test
charge from oo to the orgin

(c) electric field at all points on y-axis isalong
X-axis

(d) thedipole moment is 2qd along the x-axis

A charged particle g is placed at the centre O of

cube of length L (4 B C D E F G H). Another

same charge ¢ is placed at a distance L from O.

Then the electric flux through ABCD is [2013]

E P
C
O._ 4+ —=—- - -o
Hl 4 q
A B
— [ —Pi
(@ g/Aneyl (b) zero
(© gl2meyl (d) g/3neyl

Ina med_ium of dielectric constant K, the electric
fieldis E.If €, is permittivity of the free space,

the electric displacement vector is [2014]
KE E

@ — (b)
€0 K €0

© % d) KeE

Three charge q, Q and 4q are placed in a straight

line of length / at points distant 0, % and /

respectively from one end. In order to make the
net froce on q zero, the charge Q must be equal

to [2015]
@ —q (b) —-2q
© = @ q

2

30.

31.

32.

33.
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The electrostatic potential inside a charged
spherical ball is given by ¢ = ar® + b where r is
the distance from the centre a, b are constants.
Then the charge density inside the ballis [/2015]
(@) —bagyr (b) —24nag,

(©) —bag, (d) —24nagyr

An infinitely long solid cylinder of radius R has
a uniform volume charge density p. It has a
spherical cavity of radius R/2 with its centre on
the axis of the cylinder, as shown in the figure.
The magnitude of the electric field at the point P,
which is at a distance 2R from the axis of the

cylinder, is given by the expression 23pR . The
)
value of k is [2016]
R
R/ \ P
L 2R> Y

@ 6 (b) 5
© 7 (d 4

An electric dipole of moment P is placed in a
uniform electric field E such that P points

along E . Ifthe dipole is slightly rotated about
an axis perpendicular to the plane containing

E and P and passing through the centre of
the dipole, the dipole executes simple harmonic
motion. Consider I to be the moment of inertia of
the dipole about the axis of rotation. What is the
time period of such oscillation? [2016]

@ +(pE/D) (b) 2m\/(I/pE)
() 2m/(1/2pE) (d) None of these

A hollow insulated conduction sphere is given
a positive charge of 10 nC. What will be the
electric field at the centre of the sphere if its

radiusis 2 m? [2017]
(@) Zero (b) 5pCm=2
() 20uCm2 (d) 8puCm=
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TYPE B : ASSERTION REASON QUESTIONS 39.

Directions for (Qs. 34-38) : These questions consist
of two statements, each printed as Assertion and
Reason. While answering these questions, you are
required to choose any one of the following five
responses.

(@)

(b)

(©
(d)
(©

34.

3s.

36.

37.

38.

If both Assertion and Reason are correct and
the Reason is a correct explanation of the
Assertion.
If both Assertion and Reason are correct but
Reason is not a correct explanation of the
Assertion.
Ifthe Assertion is correct but Reason is incorrect.
If both the Assertion and Reason are incorrect.
If the Assertion is incorrect but the Reason is
correct.
Assertion: Electron move away from a region of
higher potential to a region of lower potential.
Reason: An electron has a negative charge.
[1999]
Assertion : Ametallic shield in form of a hollow
shell may be built to block an electric field.
Reason : In a hollow spherical shield, the electric
field inside it is zero at every point. [2001]
Assertion : Electric lines of force never cross
each other.
Reason : Electric field at a point superimpose to
give one resultant electric field. [2002]
Assertion : The Coulomb force is the dominating
force in the universe.
Reason : The Coulomb force is weaker than the
gravitational force. [2003]
Assertion : In a cavity within a conductor, the
electric field is zero.
Reason : Charges in a conductor reside only at
its surface. [2007]

Directions for (Qs. 39-43) : Each of these questions
contains an Assertion followed by Reason. Read them
carefully and answer the question on the basis of
following options. You have to select the one that
best describes the two statements.

(@)
(b)

(©
(d)

If both Assertion and Reason are correct and
Reason is the correct explanation of Assertion.
If both Assertion and Reason are correct, but
Reason is not the correct explanation of
Assertion.

If Assertion is correct but Reason is incorrect.
If both the Assertion and Reason are incorrect.

40.

41.

42,

43.
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Assertion : Four point charges q;, q,, q; and q,
are as shown in figure. The flux over the shown
Gaussian surface depends only on charges q,
and qj,.

®q,

Gaussian
surface

Reason : Electric field at all points on Gaussian
surface depends only on charges q; and q,.

[2012]
Assertion : Consider two identical charges
placed distance 2d apart, along x-axis.

The equilibrium of a positive test charge placed
at the point O midway between them is stable
for displacements along the x-axis.
Reason: Force on test charge is zero.  [2013]
Assertion : A deuteron and an a-particle are
placed in an electric field. If F; and F, be the
forces acting on them and a, and a, be their
accelerations respectively then, a; = a,.
Reason : Forces will be same in electric field.
[2015]
Assertion : In the absence of an external electric
field, the dipole moment per unit volume of a
polar dielectric is zero.
Reason : The dipoles of a polar dielectric are
randomly oriented. [2016]
Assertion : The positive charge particle is placed
in front of a spherical uncharged conductor. The
number of lines of forces terminating on the
sphere will be more than those emerging from it.
Reason : The surface charge density at a point
on the sphere nearest to the point charge will be
negative and maximum in magnitude compared to
other points on the sphere. [2017]
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HINTS
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Type A :

Multiple Choice Questions

1.

(b)
©

©

@)

)

A body can be negatively charged by
adding some excess electron to it.

1 electron carries a charge of

1.6 x 1019 coulomb.

No. of electron in one coulomb

~ 1
1.6x107"°

19
107 100018 625108,
1.6 1.6
We know that for short dipole,
field at axial point, E, = 2—?
d

and field at equatorial point, E q= %
d

So, E,=2E

Potential at 1 m from the charge

K.107°

Vj = =K x107°

Potential at 10 m from the charge

-6
K.10 —Kx10~7

VB =
Potential diff.=V , - V5 =K(106-1077)

Its velocity at 10 mis V, then

1
Exmvz =(Vp —Vp)xq

L %103 xv? =K x1076 (1—ij 1073
2 10

-9
2 :w: Kxixlo_é
107 x10 10

:9x109x%x10*6:81x100

\%

v=90m/sec

N

!

NTS & SOLUTI

©

@)

)

[IONS
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®

Charge q is lying inside the cube. Flux

coming out of it = 4 1tis now distributed

evenly over six faecozes. So, flux passing
through one face
a,tl_a
€ 6 6¢)
Fieldat QisE. So, forceon Q=QE
This force will be applied on —2Q. Also
according to Coulomb’s law. So, field
QE _E
2Q 2°
Charge on an electron
=1.6 x 1019 coulomb
20x10°°

1.6x107"°

at—2Q is

No. of electrons required =

=20 1013 Z125x10M
16

Let the common potential after the touch is
V. So, applying conservation of charge
10x106=VxC,+VxC,
_10x107°
(C+Cy)
Charge on first sphere
_10x107°
(C+Cy)
Charge on second sphere
_10x107°
(C+Cy)
Charge densities are,
_10x1079xCy & 10x107° xC,
(C;+Cy)amg>  (Cy +C,)dnr,’

G n’
and their ratio = C_2 % 2
1

| 1

V2 2

2
dnteyn; T
=01 ,72

4r €y r12
_n_20_,,
n 10 -

[Capacity of spherical capacitor =4ne R]

EBD_7100
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9.

10.

11.

12.

13.

14.

@

©

@

)

@

©

An electric dipole placed in a non-uniform
electric field experiences a torque and a net
force. In a uniform field it experiences only
torque.

; +Q
‘.“A

From the figure it is clear that force on Q
due to charges on B and C will be as shown
in the figure. Their resultant will be parallel
to BC. So, their component perpendicular
to BC will be zero.

Net charge inside the surface is zero. So,
flux through the surface is zero.

Inside a uniformly charged non-conducting
sphere, charge is uniformly distributed. So,
field is there. In such cases electric field is
directly proportional to the distance from
the centre. Outside the sphere, field is
inversely proportional to (distance)?. So,
graph is as follows

0) -
r=r,

All Cs ions are symmetrically distributed
around CI~ so, resultant of all the forces
acting on CI~ will be zero.

c -c

> 4+ + + o+
o
[

15.

16.

17.

18.

19.

©

)

©

@

)

} P-113|

Field at P due to plate, A = 2
€

Field at P due to plate, B = o
2¢g

Both are acting in the same direction so,

26 o©
Total field =—=—

2e0 g
Electric field inside sphere A is zero.
Potential inside is uniform. If we move out
of the sphere starting from centre, we find
potential dropping to —ve value at the
surface of B. After that it becomes zero at
infinity as we take potential at infinity to be
ZEro.

Impulse = mv—mu= Change in momentum
= force x time qE, x t = qEt

= Change in momentum

Field between two parallel sheet

o 264x107"

€  8.85x107'?
A is positive as electric lines are coming
out of it. B is negative as electric lines are
entering into it.
The given charge assembly can be
represented using the three co-ordinate axes
X,y and z as shown in figure.

=3 N/C

A(a, a,0)

o

(0,0,0)

v
v

«— a 4&1(3-, 0,0)

p—»

z
The charge —2q is placed at the origin O.
One +q charge is place at (a, 0, 0) and the
other +q charge is placed at (0, a, 0). Thus
the system has two dipoles along x-axis and
y-axis respectively.
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20.

21.

@

@

As the electric dipole moment is directed
from the negative to the positive charge
hence the resultant dipole moment will be
along QA where co-ordinates of point A
are (a, a, 0). The magnitude of each
dipolemoment,

p=qa

So, the magnitude of resultant dipole
moment is

PR = VP2 +p% =4(qa)’ +(qa)*
:\/Eqa

Let electric flux linked with surfaces A, B,
and C are ¢,, ¢ and ¢ respectively.
Thus ¢t0tal = ¢A + ¢B + ¢C

A= 0

q
and Drotal = g (From Gauss's Law)
a_, .
" e =20 +0p But o = ¢ (given)

Hence, =205 +0

q
=N
b=

M _
or

dE cos 6
From figure, d¢ = Rd®
Chargeon d/=ARdO,
where A =linear charge density .
Electric field at centre due to d/

ARdO

dE =k. 2

We need to consider only the component
dE cos 6, as the component dE sin 6 will
cancel out.

Topicwise AIIMS Solved Papers — PHYSICS

n/2
. Total field at centre = 2 I dEcos®
0
n/2 n/2
2kA,
=2 | kM{—‘;"Sede = =21 cos0do
0 R R 9
=5 (sincer=-1)
2n° ¢ R nR
22. (0) IE.dx:&:E: %1
€o 4nr” g
- 1 pcosB
23. @ 2

Here, V=1.8 x 105V, 8=60°,
r=50x102=0.5m

pcos60°

5 1.8x10° =9x10° x :
(0.5)

1.8x10° x0.25x2
9%10°

24, (a) Thefieldlinesin 1 are:
(6+7)out—(2+7+15+8)in=19 (in)

It represents negative charge.
The field lines in 2 are :
(9+5+6)out—(7+3+2)in =8 (out)
It represents positive charge.

25. () Thedipoleisplaced in a non-uniform field,
therefore a force as well as a couple acts on
it. The force on the negative charge is more
(F o< E) and is directed along negative
x-axis. Thus the dipole moves along
negative x-axis and rotates in an
anticlockwise direction.

or p= =10"3C-m

Eiq —q

+q E\q

EBD_7100
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26.

27.

28.

29.

30.

31.

©

)

@

@

©

@

If we take a point M on the X-axis as shown
in the figure, then the net electric field is in
X-direction.

.. Option (a) is incorrect.

Ifwetake a point N on Y-axis, we find net
electric field along +X direction. The same
will be true for any point on Y-axis. (c) isa
correct option.

Weo = q(Ve _VO) =q(0-0)=0

.. (b) is incorrect. The direction of dipole
moment is from —ve to+ve. Therefore (d) is
incorrect.

The flux for both the charges exactly cancels

the effect of each other. 32. O
Electric displacement vector, D= SE
As, e=¢)K D = SOKE
(Fnet )q =0
2

=k qu +k4i2 =0

fj 14

2

Ao,
q Q 4q
where k = !
4me

= 4Qq+4q¢%*=0
= Q=-q 33. (1)

d
Electric field, £ = —74; = 2ar

By Gauss's theorem E(41‘cr2) -1
€0

= g= —8n80ar3

_da _dg _dr
dav dr dV

1
2
= (24ngyar )[4nr2] = —6gga

We suppose that the cavity is filled up by a
positive as well as negative volume charge
of p. So the electric field now produced at P
is the superposition of two electric fields.
() The electric field created due to the
infinitely long solid cylinder is

} P-115|

R .

E; = P2 directed towards the +¥
480

direction

(@) The electric field created due to the
spherical negative charge density

E, directed towards the —Y

__p
96¢,,

direction.

The net electric field is

E=E, -E, =l{2136pR}
€

6

The dipole experiences a torque pE sin 0
tending to bring itself back in the direction
of field.

Therefore, on being released (i.e. rotated)
the dipole oscillates about an axis through
its centre of mass and perpendicular to the
field. If I is the moment of inertia of the
dipole about the axis of rotation, then the
equation of motion is

1.d%6/dt> =—pE sin 0

For small amplitude sin 6 ~ 0

Thus d20/dt?> =—(pE/1).0 = —»°0

where o =,/(pE/]) .

This is a S.H.M., whose period of oscillation

is T=2n/w=2n,/(1/pE) .

Charge resides on the outer surface of a
conducting hollow sphere of radius R. We
consider a spherical surface of radiusr <R.
By Gauss theorem

IE.&S =i>< charge enclosed or
S 80
1
Ex4nr=—x0 =E=0
€0
i.e., electric field inside a hollow sphere is
ZEro.
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Type B :

Assertion Reason Questions

34. (e

35. (a)
36. (b)
37. @
38. (a)

Direction of electric field is from region of
high potential to low potential & electron
or any -ve charged particle will move against
the field or lower potential to higher
potential.

A metallic shield may be used to block an
electric field because field inside a metallic
shield is zero.

Electric lines of force never cross each
other. Electric field at a point add up
vectorally to give one resultant electric field.
So, they do not have independent existence
at the point of superposition so, electric
lines of force do not cross each other
(crossing of electric lines of force at a point
means at a point two fields are having
independent existence).

Gravitational force is the dominating force
in the universe so Assertion is incorrect.
Gravitational force is weaker than
Coulombic force so, Reason is incorrect.
Net field inside the conductor is zero
because by virtue of induced charges,

Topicwise AIIMS Solved Papers — PHYSICS

39.

40.

41.

42,
43.

@
)

©

@
@

applied and induced electric fields are equal
and opposite thus the net charge resides
on surface only. If any cavity is there inside
the conductor, electric field will be zero
init.

Electric field at any point depends on
presence of all charges.

If+ve charge is displaced along x-axis, then
net force will always act in a direction
opposite to that of displacement and the
test charge will always come back to its
original position.

qq4=6, md:2mp:2m

4, =2e, ma:4mp:4m

F,=F,=¢E,F,=F =2eE#F,

Furth a, = i _cE
urthet, " 2m 2m

F, 2¢E ¢E
and ay =—~=——=— =23

2m:4m_2m

No. of lines entering the surface = No. of
lines leaving the surface.

EBD_7100
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