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| ELECTROSTATICS - 2|

[ Exercise - | I

(Objective Problems) ]

1. In a region of space, the electric field is in the x

direction and is given as E=E,xi. Consider an

imaginary cubical volume of edge a, with its edges
parallel to the axes of coordinates. The charge inside
this volume is

1 E 3 1 2
(A) zero  (B) g,E,a°  (C) e 0d (D) 5&oFod
Sol.

2. Electric flux through a surface of area 100 m? lying

in the xy plane is (in V-m) if E={+v2]++/3k
(A) 100 (B)141.4  (C)173.2  (D)200
Sol.

3. Aninfinite, uniformly charged sheet
with surface charge density o cuts
through a spherical Gaussian surface
of radius R at a distance x from its
center, as shown in the figure. The
electric flux ® through the Gaussian

surface is
nR%c 2n(R% - x?)o
(m) ~ B — o
R-x)%c 1(R%-x%)o
(o ) R
0 0

Sol.

4. The volume charge density as a function of distance
X from one face inside a unit cube is varying as shown
in the figure. Then the total flux (in S.I. units) through
the cube if (p, = 8.85 x 1072C/m?3) is :

density

Pof----- :

‘ X
3/4 1 (inm)

(C) 3/4

/4

(A) 1/4 (B) 1/2 (D) 1

Sol.
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5. Figure shows two large cylindrical shells having
uniform linear charge densities +A and -A. Radius of
inner cylinder is 'a' and that of outer cylinder is 'b'. A
charged particle of mass m, charge g revolves in a
circle of radius r, Then its speed 'v' is : (Neglect gravity
and assume the radii of both the cylinders to be very
small in comparison to their length.)

A [+

(A) 2n ey m TEyM

TEyM (D) 4n ey m

Sol.

6. An uncharged sphere of metal is placed in a uniform
electric field produced by two large conducting parallel
plates having equal and opposite charges, then lines
of force look like :

4

YYYYYVYY YYVYVYY

(©) (D)

Sol.

7. A hollow metal sphere of radius 5 cm is charged
such that the potential on its surface is 10 V. The
potential at the centre of the sphere is

(A)oV

(B) 10V

(C) same as at point 5 cm away from the surface out
side sphere

(D) same as a point 25 cm away from the surface
Sol.

8. Two spherical, nonconducting, and very thin shells
of uniformly distributed positive charge Q and radius d
are located a distance 10d from each other. A positive
point charge q is placed inside one of the shells at a
distance d/2 from the center, on the line connecting
the centers of the two shells, as shown in the figure.
What is the net force on the charge q ?
Q
L

_9Q aQ _

Q

10d

3629Q 3604Q _
(C) 3617580 d2 to the left (D) 3617‘680 d2 to the r|ght

Sol.
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9. Potential difference between centre & the surface
of sphere of radius R and uniform volume charge
density p within it will be -

2 2 pR2

PR PR™ PR™
e, ® 4. (©0 (D)5

(A)
Sol.

+ o . A solid sphere of radius R is charged uniformly. At
what distance from its surface is the electrostatic
potential half of the potential at the centre ?

(A)R (B)R/2 (C)R/3 (D) 2R
Sol.

11. Two similar conducting spherical shells having
charges 40 uC and -20uC are some distance apart.
Now they are touched and kept at same distance.
The ratio of the initial to the final force between them
is:
(A)8:1
Sol.

(B)4:1 (C)1:8 (D)1:1

12. n small drops of same size are charged to V volts
each. If they coalesce to form a signal large drop,
then its potential will be -

(A) V/n (B) Vn (D) Vn#3
Sol.

(C) Vni/3

13. 1000 identical drops of mercury are charged to a
potential of 1 V each. They join to form a single drop.
The potential of this drop will be -
(A) 0.01V (B) 0.1V (©)1ov
Sol.

(D) 100 V
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14. A bullet of mass m and charge q is fired towards a
solid uniformly charged sphere of radius R and total
charge +q. If it strikes the surface of sphere with
speed u, find the minimum speed u so that it can
penetrate through the sphere. (Neglect all resistance
forces or friction acting on bullet except electrostatic
forces)

q
(B) Jane,mR
V3 gq
(D) JaneomR

q
(A Jore,mR
q
(©) fgre,mR

Sol.

15. A unit positive point charge of mass m is projected
with a velocity V inside the tunnel as shown. The
tunnel has been made inside a uniformly charged
nonconducting sphere. The minimum velocity with
which the point charge should be projected such it
can it reach the opposite end of the tunnel, is equal
to -

(A) [pR?/4me ]/

(B) [pR?/24me, ]2

(C) [pR?>/6me ]/

(D) zero because the initial and the final points are at
same potential.

Sol.

16. A positively charged body ‘A’ has been brought
near a neutral brass sphere B mounted on a glass
stand as shown in the figure. The potetial of B will be:

(A) Zero (B) Negative
(C) Positive (D) Infinite
Sol.

17. Acharge'q’is placed at the centre of a conducting
spherical shell of radius R, which is given a charge Q.
An external charge Q' is also present at distance R" (R’
> R) from ‘q". Then the resultant field will be best
represented for regionr < Rby :

[where r is the distance of the point from q]

Q
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) K )
E E
(A) (B)
i SN E— —— S,
R r— R r—
) )
E— E—\
() (D) ;
Rr— R r—
Sol.

18. In the above questins, if Q" is removed then which
option is correct :

i \ T
E E
(A) | (B)
N N E—N —
Rr— R r—
T T
E— E\
(©) (D) ;
—+— T —
R r— R r—
Sol.

19. A positive point charge Q is kept ( as shown in
the figure) inside a neutral conducting shell whose
centre is at C. An external uniform electric field E is
applied. Then :

—>E

(A) Force on Q due to E is zero

(B) Net force on Q is zero

(C) Net force acting on Q and conducting shell
considered as a system is zero

(D) Net force acting on the shell due to E is zero.
Sol.

20. The net charge given to an isolated conducting
solid sphere :

(A) must be distributed uniformly on the surface

(B) may be distributed uniformly on the surface

(C) must be distributed uniformly in the volume

(D) may be distributed uniformly in the volume.

Sol.

21. The net charge given to a solid insulating sphere:
(A) must be distributed uniformly in its volume

(B) may by distributed uniformly inits volume.

(C) must be distributed uniformly on its surface.

(D) the distribution will depend upon whether other
charges are present or not.

Sol.

22, Adipole having dipole moment p is placed in front
of a solid uncharged conducting sphere as shown in
the diagram. The net potential at point. A lying on the
surface of the sphere is ;

2
(A) 120 (B) “L2
2
(C) zero (D) Z"LSS“’

r
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Sol.

23. Three concentric conducting spherical shells carry
charges as follows +4Q on the inner shell, -2Q on the
middle shell and -5Q on the outer shell. The charge
on the inner surface of the outer shell is :

(A) O (B)4Q () -Q
Sol.

(D) -2Q

24. Three concentric metallic spherical shell A, B and
Corradii a, band c (a < b < ¢) have surface charge
densities -6, +0, and —o respectively. The potential of
shell Ais -

(A) (o/ey)[a + b -]
(C) (o/g,)[b - a-c]
Sol.

(B) (o/gy)[a - b + ]
(D) none

25. Both question (a) and (b) refer to the system of
charges as shown in the figure. A spherical shell with
an inner radius ‘a’ and an outer radius ‘b’ is made of
conducting material. A point charge +Q is placed at
the centre of the spherical shell and a total charge -
g is placed on the shell.

5

(i) charge —q is distributed on the surfaces as

(A) -Q on the inner surface, — q on outer surface
(B) -Q on the inner surface, - q + Q on the outer
surface

(C) +Q on the inner surface, - q - Q on the outer
surface

(D) The charge —-q is spread uniformly between the
inner and outer surface

Sol.

(ii) Assume that the electrostatic potential is zero at
an infinite distance from the spherical shell. The
electrostatic potential at a distance R(a < R < b) from
the centre of the shell is

Q-g

(c) k=4

(A) 0 =

(8) 2

(D) K% (where K = )

4me,
Sol.

394,50 - Rajeev Gandhi Nagar Kota, Ph. No. : 93141-87482, 0744-2209671
IVRS No : 0744-2439051, 52, 53, www. motioniitjee.com , hr @ motioniitjee.com

1IT-JEE| ATEEE
CBSE|SATINTSE]
OLYMPIADS

Nurturing potential through education




Page # 52

| ELECTROSTATICS - 2|

26. A positive charge g is placed in a spherical cavity
made in a positively charged sphere. The centres of
sphere and cavity are displaced by a small distance

/ - Force on charge q is :

(A) in the direction parallel to vector j

(B) in radial direction

(C) in a direction which depends on the magnitude of
charge density in sphere

(D) direction can not be determined

Sol.

27. If the electric potential of the inner metal sphere
is 10 volt & that of the outer shell is 5 volt, then the
potential at the centre will be -

€

(A) 10 volt  (B) 5 volt

Sol.

(C) 15volt (D)0

28. An infinite number of concentric rings carry a charge
Q each alternately positive and negative. Their radii
are 1, 2, 4, 8... meters in geometric progression as
shown in the figure. The potential at the centre of
the rings will be

Q
(A) zero (B) 127e, (© 8ne, (D) 67e,

Sol.

29. Two uniformly charged non-conducting
hemispherical sheels each having uniform charge
«ensiy 0 and radius R form a complete sphere (not
stuck together) and surround a concentric spherical
conducting shell of radius R/2. If hemispherical parts
are in equilibrium then minimum surface charge density
of inner conducting shell is :
(A) -20 (B) -o/2

Sol.

(C) -o (D) 20

30. A point charge q is borught from infinity (slowly so
that heat developed in the shell is negligible) and is
placed at the centre of a conducting neutral spherical
shell of inner radius a and outer radius b, then work
done by external agent is:

k g ka*> kg k @
©)2b " 2a

2b

(A)O  (B)
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Sol.

31. A charge Q is kept at the centre of a conducting
sphere of inner radius R, and outer radius R,. A point
charge q is kept at a distance r ( > R,) from the
centre. If q experiences an electrostatic force 10 N
then assuming that no other charges are present,
electrostatic force experienced by Q will be :

(A)-10N (B)O
(C)20 N (D) none of these
Sol.

32. A solid metallic sphere has a charge +3Q.
Concentric with this sphere is a conducting spherical
shell having charge —Q. The radius of the sphere is a
and that of the spherical shell is b (>a). What is the
electric field at a distance r (a < r < b) from the
centre ?

1 Q 1 3Q

(A) 47e, T (B) 47e, T
3Q 1 Q

© 4me, = (D) 4me, =

Sol.

33. Two identical conducting spheres, having charges
of opposite sign, attract each other with a force of
0.108 N when separated by 0.5 m. The spheres are
connected by a conducting wire, which is then
removed, and thereafter, they repel each other with a
force of 0.036 N. The initial charges on the spheres
are

(A)£5x10°%Cand  15x10°C
(B)£1.0x 10°Cand 7 3.0 x 10¢C
(C)x£2.0x 10°%Cand £ 6.0 x 10¢C
(D) £0.5x10%Cand + 1.5x 10°C
Sol.

34. Two small conductors A and B are given charges
q, and q, respectively. Now they are placed inside a
hollow metallic conductor (C) carrying a charge Q. If
all the three conductors A, B and C are connected by
a conducting wire as shown, the charges on A, B and
C will be respectively.
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i +92 91 +0Qp Q

(A) 2 2

(B) Q+9,+9; Q+q+0, Q+9;+Qp
3 ’ 3 ’ 3
G +3+Q g+, +Q
3 ’0
(©) 5 3
(D)0,0,Q+aq, +q,
Sol.

35. There are four concentric shells A, B, C and D of
radii a, 2a, 3a and 4a respectively. Shells Band D are
given charges +q and -q respectively. Shell C is now
earthed. The potential difference V, - V_is :

Kg Kq Kq

Kq Kq Kq Kq
2a 3a 4a

(D) &5

(A)
Sol.

(B) ©

36. You are travelling in a car during a thunder storm.
In order to protect yoursefl from lightening, would
you prefer to :

(A) Remain in the car

(B) Take shelter under a tree

(C) Get out and be flat on the ground

(D) Touch the nearest electrical pole

Sol.

COMPREHENSION
A solid conducting sphere of radius ‘a’ is surronded by
a thin uncharged concentric conducting shell of radius
2a. A point charge q is placed at a distance 4a from
common centre of conducting sphere and shell. The
inner sphere is then grounded.

4a

37. The charge on solid sphere is :

q
(A) 3
Sol.

®-2 ©-3 O
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38. Pick up the correct statement :

(A) Charge on surface on inner sphere is non-uniformly
distributed

(B) Charge on inner surface of outer shell in non-
uniformly distributed.

(C) Charge on outer surface of outer shell is non-
uniformly distributed.

(D) All the above statement are false.

Sol.

39. The potential of outer shell is :

q q
(A) 32me,a (B) 167e,a
C q
(© 8meya () 47e,a
Sol.

REASONING TYPE QUESTION
40. Statement - 1: If a concentric spherical Gaussian
surface is drawn inside thin spheical shell of charge,
electric field (E) at each point of surface must be
zero.
Statement - 2 : In accordance with Gauss's law

¢E — @Ed/& — Qnet::nclosed

0

Qnet enclosed — 0 Imp“es q)E =0

(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 correct explanation for state-
ment - 1.

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

41. Statement - 1 : Electric field of a dipole can't be
found using only Gauss law. (i.e. without using super-
position principle)

Statement - 2 : Gauss law is valid only for symmetri-
cal charge distribution

(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 correct explanation for state-
ment - 1.

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

42, Statement - 1 : In a given situation of arrange-
ment of charges, an extra charge is placed outside
the Gaussian surface. In the Gauss Theorem

JEdA - %o
€o
Q,, remains unchanged whereas electric field g at the
site of the element is changed.

Statement - 2 : Electric field E at any point on the
Gaussian surface is due to inside charge only.
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(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 correct explanation for state-
ment - 1.

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

43. Statement - 1 : The flux crossing through a closed
surface is independent of the location of encloses
charge.

Statement - 2 : Upon the displacement of charges

within a closed surface, the E at any point on sur-
face does not change.

(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 correct explanation for state-
ment - 1.

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

44. The electrostatic potential on the surface of a
charged solid conducting sphere is 100 volts. Two
statements are made in this regard

Statement - 1 : At any point inside the sphere, elec-
trostatic potetial is 100 volt.

Statement - 2 : At any point inside the sphere, elec-
tric field is zero.

(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 correct explanation for state-
ment - 1.

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

45. When two charged concentric spherical conduc-
tors have electric potential V, and V, respectively
Statement - 1 : The potential at centreis V, + V,
Statement - 2 : Potential is scalar quantity.

(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 correct explanation for state-
ment - 1.

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

46. Statement - 1 : A point charge q is placed inside
a cavity of conductor as shown. Another point charge
Q is placed outside the conductor as shown. Now as
the point charge Q pushed away from conductor, the
potential difference (V, - V;) between two point A
and B within the cavity of sphere remains constant.
Statement - 2 : The electric field due to charges on
outer surface of conductor and outside the conduc-
tor is zero at all points inside the conductor.

(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 correct explanation for state-
ment - 1.

(C) Statement - 1 is true, statement - 2 is false.
(D) Statement - 1 is false, statement - 2 is true.
Sol.
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EXERCISE - 11

1. Units of electric flux are -

N—m? N
(A) Coul® (B) Coul? —m?
(C) volt-m (D) Volt-m3
Sol.

2. An electric dipole is placed at the centre of a sphere.
Mark the correct answer

(A) the flux of the electric field through the sphere is
zero

(B) the electric field is zero at every point of the
sphere.Ex

(C) the electric potential is zero everywhere on the
sphere.

(D) the electric potential is zero on a circle on the

surface.
Sol.

3. Which of the following statements are correct?
(A) Electric field calculated by Gauss law is the field
due to only those charges which are enclosed inside
the Gaussian surface.

(B) Gauss law is applicable only when there is a
symmetrical distribution of charge.

(C) Electric flux through a closed surface will depends
only on charges enclosed within that surface only.
(D) None of these

Sol.

4. Mark the correct options -

(A) Gauss’s law is valid only for uniform charge
distributions.

(B) Gauss’s law is valid only for charges placed in
vacuum.

(C) The electric field calculated by Gauss’s law is the
field due to all the charges.

(D) The flux of the electric field through a closed
surface due to all the charges is equal to the flux due
to the charges enclosed by the surface.

Sol.

5.Charges Q, and Q, lies inside and outside
respectively of a closed surface S. Let E be the field
at any point on S and ¢ be the flux of E over S.

(A) If Q, changes, both E and ¢ will change.

(B) If Q, changes, E will change but ¢ will not change.
(C)IfQ,=0andqg,=0then E#0but¢=0.
(D)IfQ,#0and Q, = 0 then E = 0 but ¢ = 0.

Sol.

6. An electric field converges at the origin whose
magnitude is given by the expression E = 100rNt/Coul,
wherer is the distance measured from the origin.

(A) total charge contained in any spherical volume
with its centre at origin in negative.

(B) total charge contained at any spherical volume,
irrespective of the location of its centre, is negative.
(C) total charge contained in a spherical volume of
radius 3 cm with its centre at origin has magnitude 3
x 10-13C,

(D) total charge contained in a spherical volume of
radius 3 cm with its centre at origin has magnitude 3 x
10-° Coul.
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Sol.

7. A conducting sphere of radius r has a charge. Then
(A) The charge is uniformly distributed over its surface,
if there is an external electric field.

(B) Distribution of charge over its surface will be non
unifrom if no external electric field exist in space.

(C) Electric field strength inside the sphere will be
equal to zero only when no external electric field exists.
(D) Potential at every point of the sphere must be
same

Sol.

8. For a spherical shell

(A) If potential inside it is zero then it necessarily
electrically neutral

(B) electric field in a charged conducting spherical
shell can be zero only when the charge is uniformly
distributed

(C) electric potential due to induced charges at a
point inside it will always be zero

(D) none of these

Sol.

9. At distance of 5cm and 10cm outwards from the
surface of a uniformly charged solid sphere, the
potentials are 100V and 75V respectively. Then

(A) potential at its surface is 150V

(B) the charge on the sphere is (5/3) x 10°C

(C) the electric field on the surface is 1500 V/m

(D) the electric potential at its centre is 225V

Sol.

10. A thin-walled, spherical conducting shell S of radius

R is given charge Q. The same amount of charge is

also placed at its centre C. Which of the following

statements are correct ?

(A) On the outer surface of S, the charge density is
Q

2nR?

(B) The electric field is zero at all points inside S.

(C) At a point just outside S, the electric field is double

the field at a point just inside S.

(D) At any point inside S, the electric field is inversely

proportional to the square of its distance from C.
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Sol.

11. Ahollow closed conductor of irregular shapeis given
some charge. Which of the following statements are
correct ?

(A) The entire charge will appear on its outer surface.
(B) All points on the conductor will have the same
potential

(C) All points on its surface will have the same charge
density.

(D) All points near its surface and outside it will have
the same electric intensity.

Sol.

12. A and B are two conducting concentric spherical
shells. A is given a charge Q while B is uncharged. If
now B is earthed as shown in figure. Then :

B

O

(A) The charge appearing on inner surface of B is -Q
(B) The field inside the outside A is zero.

(C) The field between A and B is not zero.

(D) The charge appearing on outer surface of B is
zero.

Sol.
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[ Exercise - I1li I

(SUBJECTIVE PROBLEMS)

]

1. What do you predict by the given statement about
the nature of charge (positive or negative) enclosed
by the close surface. "In a close surface lines which
are leaving the surface are double then the lines which
are entering init."

Sol.

2. The length of each side of a cubical closed surface
is 1. If charge q is situated on one of the vertices of
the cube, then find the flux passing through shaded
face of the cube.

Sol.

3. A point charge Q is located on the axis of a disc of
radius R at a distance a from the plane of the disc. If
one fourth (1/4th) of the flux from the charge passes
through the disc, then find the relation between a &

a:

*Q

Sol.

4. A charge Q is uniformly distributed over a rod of
length 1. Consider a hypothetical cube of edge [ with
the centre of the cube at one end of the rod. Find the
minimum possible flux of the electric field through the
entire surface of the cube.

Sol.
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5. Avery long uniformly charged thread oriented along
the axis of a circle of radius R rests on its centre with
one of the ends. The charge on the thread per unit
length is equal to A. Find the flux of the vector E
through the circle area.

Sol.

6. A particle of mass m and charge —q moves along a
diameter of a uniformly charged sphere of radius R
and carrying a total charge +Q. Find the frequency of
S.H.M. of the particle if the amplitude does not exceed
R.

Sol.

7. There are 27 drops of a conducting fluid. Each has
radius r and they are charged to a potential V. They
are then combined to form a bigger drop. Find its
potential.

Sol.

8. There are two concentric metal shells of radii r;
andr, (> r,). Ifinitially the outer shell has a charge q
and the inner shell is having zero charge. Now inner
shell is grounded. Find :

(i) Charge on the inner surface of outer shell.
(ii) Final charges on each sphere.

(iii) Charge flown through wire in the ground.
Sol.

9. A point charge 'q’ is within an electrically neutral
conducting shell whose other surface has spherical
shape. Find potential V at point P lying outiside shell
at a distance 'r’ from centre O of outer sphere.

Sol.
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10. Consider two concentric conducting spheres of
radiia &b (b > a). Inside sphere has a positive charge
q,- What charge should be given to the outer sphere
so that potential of the inner sphere becomes zero?
How does the potential varies between the two
spheres & outside ?

Sol.

11. Two thin conducting shells of radii R and 3R are
shown in figure. The outer shell carries a charge +Q
and the inner shell is neutral. The inner shell is earthed
with the help of switch S. Find the charge attained by

the inner shell.
+Q

<

Sol.

12. Consider three identical metal spheres A, Band C.
Spheres A carries charge +6q and sphere B carries
charge -3q. Sphere C carries no charge. Spheres A
and B are touched together and then separated.
Sphere C is then touched to sphere A and separated
from it. Finally the sphere C is touched to sphere B
and separated from it. Find the final charge on the
sphere C.

Sol.

« » . A metal sphere of radius r, charged to a potential
V, is than placed in a thin-walled uncharged conducting
spherical shell of radius r,. Determine the potential
acquired by the spherical shell after it has been
connected for a short time to the spher by a
conductor.
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Sol.

14. Two thin conducting plates (very
large) parallel to each other carrying
total charges oA and -26A
respectively (where A is the area of
each plate), are placed in a uniform
external electric field E as shown.
Find the surface charge on each
surface.

cA —20A

Sol.
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[ Exercise - IV I

(TOUGH SUBJECTIVE PROBLEMS)

]

1. A positive charge Q is uniformly distributed
throughout the volume of a dielectric sphere of radius
R. A point mass having charge +q and mass m is fired
towards the centre of the sphere with velocity v from
a point at distance r (r > R) from the centre of the
sphere. Find the minimum velocity v so that it can
penetrate R/2 distance of the sphere. Neglect any
resistance other than electric interaction. Charge on
the small mass remains constant throughout the motion.

2. A cavity of radius ris present inside a solid dielectric
sphere of radius R, having a volume charge density of
p. The distance between the centres of the sphere
and the cavity is a. An electron e is kept inside the
cavity at an angle 6 = 45° as shown. How long will it
take to touch the sphere again ?

£
\® /

3. Figure shows a section through two long thin
concentric cylinders of radii a & b with a < b. The
cylinders have equal and opposite charges per unit
length L. Find the electric field at a distance r from
the axis for -

(A)r<a (B)a<r<b (Or>b

4. A solid non conducting sphere of radius R has a
non-uniform charge distribution of volume charge

r
density, p = Pog where p, is a constant and r is the

distance from the centre of the sphere. Show that -
(a) the total charge on the sphere is Q = np,R3 and
(b) the electric field inside the sphere has a magnitude

K 2
given by, E= F?:

5. An electron beam after being accelerated from rest
through a potential difference of 500 V in vacuum is
allowed to impinge normally on a fixed surface. If the
incident current is 100 pA, determine the force exerted
on the surface assuming that it brings the electrons
torest. (e = 1.6 x 10 C; m = 9.0 x 1073 kg)

6. A cone made of insulating material has a total charge
Q spread uniformly over its sloping surface. Calculate
the energy required to take a test charge g from infinity
to apex A of cone. The slant length is L.

A
I AB=L

B

7. Two concentric rings, one of radius ‘a’ and the other
of radius ‘b’ have the charges +q and -(2/5)37? q
respectively as shown in the figure. Find the ratio b/a
if a charge particle placed on the axis at z = a is in
equilibrium.
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[ Exercise - V I

(JEE-PROBLEMS) ]

1. The magnitude of electric field g in the annular

region of charged cylindrical capacitor

(A) Is same throughout [IIT-96,2]
(B) Is higher near the outer cylinder than near the
inner cylinder

(C) Varies as (1/r) where r is the distance from the
axis

(D) Varies as (1/r?) where r is the distance from the
axis

Sol.

2. A conducting sphere S, of radius r is attached to
an insulating handle. Another conducting sphere S, of
radius R is mounted on an insulating stand. S, is initially
uncharged. S, is given a charge Q, brought into contact
with S, & removed, S, is recharged such that the
charge onitis again Q &t is again brought into contact
with S, & removed. This procedure is repeated n times.
[IIT-98]

(a) Find the electrostatic energy of S, after n such
contacts with S,

(b) What is the limiting value of this energy asn — e ?

Sol.

3. A n 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 [IIT-99,3]

/ // IIIIIIIIIII///////////
// IIIllmllllII////
(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 field flux through the surface of the

cavity is q/SO
Sol.
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(iDA non-conducting disc of radius a and uniform
positive surface charge density ¢ is placed on the
ground, with its axis vertical. A particle of mass m &
positive charge q is dropped, along the axis of the
disc, from a height H with zero initial velocity. The

q _4e.9

particle has . [IIT-99]

c
(i) Find the value of H if the particle just reaches the
disc.
(ii) Sketch the potential energy of the particle as a
function of its height and find its equilibrium position.
Sol.

4. A point charge 'q’ is placed at a point inside a
hollow conducting sphere. Which of the following
electric force pattern is correct ?

e
-8

5. Three large parallel plates have uniform surface
charge densities as shown in the figure. What is the

(B)
(D)

electric field at P. [JEE’ 2005 (Scr)]
k
z=a
(e}
—2c i =a
- =—2a
-2k Kk
(A) 2, (®) 2,
=k =2k
© o, (D) o,
Sol.

6. A conducting liquid bubble of radius a and thickness

t (t<<a) is charged to potential V. If the bubble

collapses to a droplet, find the potential on the droplet.
[JEE2005]
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Sol.

7. The electrostatic potential (¢,) of a spherical
symmetric system, kept at origin, is shown in the
adjacent figure, and given as [JEE 2006]

[

R, r
= r=R
¢_4neor( 0)
q
=— (<R
¢F_4TEEORO( o)

Which of the following option(s) is / are correct ?
(A) For spherical region r < R, total electrostatic
energy stored is zero.

(B) Withinr = 2R, total charge is q.

(C) There will be no charge anywhere exceptatr=R.
(D) Electric field is discontinuous at r = R

Sol.

8. A long, hollow conducting cylinder is kept coaxially
inside another long, hollow conducting cylinder of larger
radius. Both the cylinders are initially electrically
neutral. [JEE 2007]

(A) A potential difference appears between the two
cylinders when a charge density is given to the inner
cylinder

(B) A potential difference appears between the two
cylinders when a charge density is given to the outer
cylinder

(C) No potential difference appears between the two
cylinders when a uniform line charge is kept along the
axis of the cylinder

(D) No potential difference appears between the two
cylinders when same charge density is given to both
the cylinders.

Sol.

9. Consider a neutral conducting sphere. A positive
point charge is placed outside the sphere. The net
charge on the sphere is then, [JEE 2007]

(A) negative and distributed uniformly over the surface
of the sphere

(B) negative and appears only at the point on the
sphere closest to the point charge

(C) negative and distributed non-uniformly over the
entire surface of the sphere

(D) Zero

Sol.

10. A spherical portion has been removed from a solid
sphere having a charge distributed uniformly in its
volume as shown in the figure. The electric field inside
the emptied space is - [JEE 2007]
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(A) zero everywhere (B) non-zero and uniform

(C) non-uniform (D) zero only at its center
Sol.

11. STATEMENT-1

For practical purposes, the earth is used as a refrence
at zero potential in electrical circuits. [JEE 2008]
and

STATEMENT-2

The electrical potential of a sphere of radius R with
charge Q uniformly distributed on the surface is given

by 4ne R

(A) STATEMENT-1 is True, STATEMENT-2 is True;

STATEMENT-2 is a correct explanation for STATEMENT-1

(B) STATEMENT-1 is True, STATEMENT-2 is True’

STATEMENT-2 is NOT a correct explanation for
STATEMENT-1

(C) STATEMENT-1 is True, STATEMENT-2 is False

(D) STATEMENT-1 is False, STATEMENT-2 is True

Sol.

Paragraph for Question No. 12 to 14
The nuclear charge (Ze) is non-uniformly distributed
within a nucleus of radius R. The charge density p (r)
[charge per unit volume] is dependent only on the
radial distance r from the centre of the nucleus as
shown in figure The electric field is only along the
radial direction. [JEE 2008]
Figure :

p(r) 1

d

[
y

12. The electric fie(l)d atr=Ris
(A) independent of a

(B) directly proportional to a
(C) directly proportional to a2
(D) inversely proportional to a

Sol.

13. For a = 0, the value of d (maximum value of p as
shown in the figure) is

3Ze 4Ze Ze
(A) ® 5 Ogm O g
Sol.

47R3

14. The electric field within the nucleus is generally
observed to be linearly dependent on r. This implies.

(A)a=0 (C)a=R (D) a:E

R
(B) a=— 3

2
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Sol.

15. Three concentric metallic spherical shells of radii
R, 2R, 3R, are given charge Q, , Q,, Q,, respectively.
It is found that the surface charge densities on the
outer surfaces of the shells are equal. Then, the ratio
of the charges given to the shells Q, : Q,: Q, , is

(A)1:2:3 (B)1:3:5
(C)1:4:9 (D)1:8:18 [JEE 2009]
Sol.

16. A solid sphere of radius R has a charge Q distributed
in its volume with a charge dinsity p = Kr* , where K
and a are constants and r is the distance from its

R 1
centre. If the electric field at r = > is 3 times that

at r = R, find the value of a. [JEE 2009]

Sol.

17. Adisk of radius a / 4 having a uniformly distributed
charge 6 C is placed in the x-y plane with its centre
at(-a/ 2,0,0). Arod of length a carrying a uniformly
distributed charge 8 C is place on the x-axis from x =
a/ 4tox=>5a/ 4. Two point charges -7 Cand 3 C
areplacedat(a/4,-a/ 4,0)and(-3a/ 4, 3a/ 4,
0), respectively. Consider a cubical surface formed by
sixsurfacesx=xa /2, y=xa/2,z=+xa/ 2. The
electric flux through this cubical surface is

. ¥
B X
-2C
) &, (B) ¢
10C
() Z (D) & [JEE 2009]
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Sol.

18. A uniformly charged thin spherical shell of radius R
carries uniform surface charge density of ¢ per unit
area. It is made of two hemispherical shells, held
together by pressing them with force F (see figure). F
is proportional to

| &——-—
F F
1 5Re 1o
(A) ¢, (B) ¢,
19 1o
© &R (D) ¢ gz [IEE2010]
Sol

19. Consider an electric field E = E, x, where Ej is a
constant. The flux through the shaded area (as shown

in the figure) due to this field is [JEE 2011]
V4
(a,O,a) (alala)
y
y (0,0,0) (0,a,0)

E,a’
(A) 2Eya2 (B) J2Epa%?  (C) Ega? (D) Nl
Sol.

20. A spherical metal shell A of radius R, and a solid
metal sphere B of radius Rg (<R,) are kept far apart
and each is given charge '+Q'. Now they are con-

nected by a thin metal wire. Then [JEE 2011]
(A) EIESide =0 (B) Qa > Qg

GA = RB onsurrace onsurrace
(@) G_B_R_A (D) EQrsmeee < B
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