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Electric Charges and Fields

Topic-1: Electric Charges and Coulomb's Law

5

4.
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horizontal, frictionless, non-conducting, circular hoop of
radius R. One of the beads is glued to the hoop at some
point, while the other one performs small oscillations about
its equilibrium position along the hoop. The square of the
angular frequency of the small oscillations is given by

(&, is the permittivity of free space.] [Adv. 2024]
i 229 \ alsaaliog:
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Consider a neutral conducting sphere. A positive point
charge is placed outside the sphere. The net charge on the
sphere is then [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
A charge g is placed at the centre of the line joining two
equal charges Q. The system of the three charges will be
in equilibrium ifq is equal to: [1987 - 2 Marks]

o
d =
()+2
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Five point charges, each of value + ¢ coul, are placed on
five vertices of a regular hexagon of side L metres. The
magnitude of the force on the point charge of value — g
coulomb placed at the centre of the hexagen is .............o.....
newton. [1992 - 1 Mark]
Twosmall balls having equal positive charges O (coulomb)
on each are suspended by two insulating strings of equal
length L (metre) from a hook fixed to a stand. The whole
set up is taken in a satellite into space where there is no
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newtons. [1986 - 2 Marks]
6.  Aring ofradius R carries a uniformly distributed charge +

gravity (state of weightlessness). The angle between the
two strings is ........... and the tension in each string is ........

Q. 4 point charge - ¢ is placed on the axis of the ring at a
distance 2R from the centre of the ring and released from
rest. The particle executes a simple harmonic motion along
the axis of the ring. [1988 - 2 Marks]

Two identical metallic spheres of exactly equal masses are
taken. One is given a positive charge Q coulombs and the
other an equal negative charge. Their masses after
[1983 - 2 Marks]

charging are different.

Two identical non-conducting solid spheres of same mass

and charge are suspended in air from a common point by two

non-conducting, massless strings of same length. At

equilibrium, the angle between the strings is c.. The spheres

arenow immersed ina dielectric liquid of density 800 kgm = and

dielectric constant 21. If the angle between the strings remains

the same after the immersion, then [Adv. 2020]

(a) electric force between the spheres remains unchanged

(b) electric force between the spheres reduces

(c) mass density of the spheres is 840 kg m 3

(d) the tension in the strings holding the spheres remains

unchanged

Two equal negative charges —q are fixed at points (0, — a)

and (0, a) on y — axis. A positive charge O is released from

rest at the point (24, 0) on the x - axis. The charge O will
[1984- 2 Marks]

(a) executesimple harmonic motion about the origin

(b) moveto the origin remain at rest

(¢) movetoinfinity

(d) execute oscillatory but not simple harmonic motion

10. Four charges 0,. 0,, O, and Q, of same magnitude are

fixed along the x axis at x = — 2a, — a, + « and + 24,
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respectively. A positive charge g is placed on the positive
y axis at a distance b > 0. Four options of the signs of these
charges are given in List-1. The direction of the forces on
the charge g is given in List-II. Match List-1 with List-Il and
select the correct answer using the code given below the

lists. [Adv. 2014]
List-1 List-11

P, Ql! 0, Q3, Oy all positive 1. +x

4(0, b)
0, 0, O, o)
(-24,0) (-a,0) (+a,0) (+2a,0)

Q 0,0 positive; 3.
05, Q4 negative

R 0,, O, positive; 3+
05, 04 negative

S. 0, O, positive; dip iy
0,, 0, negative

Codes:

(@) P-3,Q-1,R-4,S2
(c) P-3,Q-1,R-2,54

(b) P4,Q-2,R-3,5-1
(d) P4,Q-2,R-1,8-3

Three particles, each of mass 1 gm and carrying a charge g,
are suspended from a common point by insulated massless

12.

13.

14,

strings, each 100 cm long. Ifthe particles are in equilibrium
and are located at the corners of an equilateral triangle of
side length 3 cm, calculate the charge g on each particle.
(Take g= 10 m/s?). [1988 - 5 Marks]

A thin fixed ring of radius | metre has a positive charge
1 x 1075 coulomb uniformly distributed over it. A particle of
mass 0. 9g and having a negative charge of 1 x 10~ coulomb
is placed on the axis at a distance of 1 m from the centre ofthe
ring. Show that the motion of the negatively charged particle
is approaximately simple harmonic. Calculate the time period
1982 - 5 marks]

of oscillations.

A rigid insulated wire frame, in the

form ofright triangle ABCis set in

a vertical plane. Two beads of

equal masses m each carrying

charges g, and g, are connected

by a chord of length / and can j

slide without friction on the wires. Considering the case

when the beads are stationary, determine : 11978]

(i) theanglea,

(i) the tension in the chord, and

(iii) the normal reactions on the beads.

If the chord is now cut, what are the values of the charges

for which the beads continue to remain stationary?

Three charges each of value ¢, are placed at the corners of

an equilateral triangle. A fourth charge O is placed at the

centre of the triangle. [1978]

(i) If OQ=-gq, will the charges at the corners move towards
centre or fly away from it.

(i) For what value of O will the charges remain stationary?
In this situation how much work is done in removing
the charges to infinity?

Topic-2: Electric Field and Field Lines

Charges O, 20 and 40 are uniformly distributed in three
dielectric solid spheres 1, 2 and 3 of radii R/2, R and 2R
respectively, as shown in figure. If magnitude ofthe electric
fields at point P at a distance R from the centre of sphere 1,
2and 3 are £, £, and E, respectively, then [Adv. 2014]

e
i
R 40
20
0
Ri2 oR
Sphere 1

Sphere 2
Sphere 3

@@ E|>E,>E; b) Ey>E\>E,
(©) E,>E >E,4 (d) E3>E,>E,
A tiny spherical oil drop carrying a net charge q is balanced
in still air with a vertical uniform electric field of strength

cnrene €

81 >
—;;E x10° Vm™. When the field is switched off, the drop

is observed to fall with terminal velocity 2 x10 % ms™.
Given g = 9.8 m 52, viscosityoftheair = 1.8 x 10~ Ns m™
andthe density of oil = 900kg m ~*, the magnitude ofq is [2010)

(@ 1.6x10°C ®) 32x107"°C

(© 48x10"°C ) gox10"cC

Three concentric metallic spherical shells of radii R, 2R,
3R, are given charges O, 0,, O, 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

theshells, 0, : 0, : Q. is [2009]
(@) 1:2:3 ) 1:3:5
(c) 1:4:9 (d) 1:8:18

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 [2007]
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(a) zeroeverywhere

(b) non-zeroand uniform

(¢) non-uniform

(d) =zeroonly at its center =
5.  Three infinitely long charge sheets are placed as shown in

figure. The electric field at point Pis [2005S]
= ¥4
@ =i '
€0 g | Z =3a
4o » i
(b) a_k famae
02 = E Z=a
g ~ ]
-k ]
(C) R o i o + X
~ - =
@ - e
€

6.  Six charges of equal magnitude, 3 positive and 3 negative
are to be placed on PORSTU corners of a regular hexagon,
such that field at the centre is double that of what it would
have been if only one +ve charge is placed at R. Which of
the following arrangement of charge is possible for P, Q,
R, S, T and U respectively. [2004S]

i

Q
U t
S
(a) +9+!+>_9_9_ GJ) _;+)+j+j_!_
(c) _)+:+}_3+1'" (d} +a_s+s_p+,_
7. A metallic solid sphere is placed in a uniform electric fied.

The lines of force follow the path(s) shown in Figure as
[1996 - 2 Marks]

1 1

Lo
1
Bow N

(@ 1 (b) 2 (© 3 (d) 4
8.  Ametallic shell has a point charge ‘g’ kept inside its cavity.
Which one of the following diagrams correctly represents

the electric lines of forces? [2003S]
@ (b)
© d

9.  Three positive charges of equal value q are placed at the
vertices of an equilateral triangle. The resulting lines of
force should be sketched as in [20018]

N

(@

B3

10. An infinitely long solid cylinder of h
radius R has a uniform volume charge C:D
density p. It has a spherical cavity of | R

radius R/2 with its centre on the axis P

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
23pR

by the expression ]
. H 16Kegg

The value of k is [2012]

11. A solid sphere of radius R has a charge Q distributed in its
volume with a charge density p = A+*, where &k and a are
constants and r is the distance from its centre.

If the electric field at » = % is % times thatat » =R, find
the value of a. [2009]
12. A point charge ¢ moves from point P to point S along the
path PORS (fig.) in a uniform electric field £ pointing parallel to
the positive direction of the X-axis. The cooridnates of
the points P, O, R and S are (a, b, 0),(24, 0, 0) (a,— b,Q) and

(O, 0,0) respectively. The work done by the field in the
above process is given by the expression ................

[1989 - 2 Marks]

) o iR e A
13. An electric line of forces in the x — y plane is given by the
equation x2 + y2 = 1. A particle with unit positive charge,
initially at rest at the point x= 1, y=0in the x —y plane, will
move along the circular lineof force. ~ [1988 -2 Marks]
14. Two protons A and B are placed in between the two plates
of a parallel plate capacitor charged to a potential difference
V¥ as shown in the figure. The forces on the two protons
are identical. [1986 - 3 Marks]

— 4+ +F A+t
p- 1]
we

—  ——n
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15. A small metal ball is suspended in a uniform electric field
with the help of an insulated thread. If high energy X-ray
beam falls on the ball, the ball will be deflected in the
direction of the field. [1983 - 2 Marks]

) v R O o s

16.  Auniform electric field, £ = 40037 NC ! isapplied in
a region. A charged particle of mass m carrying positive
charge g is projected in this region with an initial speed
of 24/10 x 10° ms. This particle is aimed to hit a target 7,
which is 5 m away from its entry point into the field as

shown schematically in the figure. Take% =10" kg,
Then [Adv.2020]

E

Gk et

—

Sm

(a) the particle will hit 7'if projected at an angle 45° from
the horizontal

(b) the particle will hit T'if projected either at an angle 30°
or 60° from the horizontal -

(c) time taken by the particle to hit T could be E s as

’5
wellas [=— us
2!1

5
(d) time taken by the particle to hit T is \j; ps

17, Anelectic ipole with moment (7 + ) isheld fixed at

the origin O in the presence of an uniform electric field of
magnitude £,. If the potential is constant on a circle of
radius R centered at the origin as shown in figure, then
the correct statement(s) isare : (g, is permittivity of free

space. R >>dinole size) - [Adv.2019]

(a) The magnitude of total electric field on any two
points of the circle will be same

(b) Total electric field at point Bis Ep =0
(¢) Total electric field at point 4 is Ea= \EEQ (; + :r)

1
i - 3
( 4n €y Eo.

Get More Learning Materials Here : i m

18.

19.

20.

21,

Consider a uniform spherical charge distribution of radius
R, centred at the origin O. In this distribution, a spherical
cavity of radius R,, centred at P with distance OP = a
=R, — R, (see figure) is made. Ifthe electric field inside the

cavity at position ;. is E(r), then the correct statement(s) is
(are) {Ady. 2015]

(@ E isuniform, its magnitude is independent of R, but
its direction depends on

(b) E is uniform, its magnitude depends on R, and its
direction depen‘ds on ;.

(¢) E isuniform, its magnitude is independent of a but
its direction depends on 4

(d) E is uniform and both its magnitude and direction
depend on ,

Let E, (r), E5(r) and E;(r) be the respective electric field ata

distance r from a point charge 0, an infinitely long wire with

constant linear charge density A, and an infinite plane with

uniform surface charge density c. If E,(r,) = E,(rg)
= E,(r,) at a given distance 7. then [Adv. 2(%14
@ Q=domy

0 peerh

b n=35--

© Ern/2)=2E(n/2)
@ Ey(r/2)=4E5(rp/2)
Twonon-conducting solid spheres of radii R and 2R, having
uniform volume charge densities p, and p, respectively,

touch each other. The net electric field at a distance 2R
from the centre of the smaller sphere, along the line joining

the centres of the spheres, is zero. The ratio PL canbe
P2
{Adv. 2013]
4 .. = d) 4
@) B 5 © 35 8@

A few electric field lines for a system of two charges 0,
and @, fixed at two different points on the x-axis are shown
in the figure. These lines suggest that [2010]

@ 10,/>104
(b) 19)l<i@yl
(¢) ata finite distanceto < g,
the left of O, the
electric field is zero
(d) at a finite distance to
the right of O, the
electric field is zero
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22. A non-conducting solid sphere of radius R is uniformly
charged. The magnitude of the electric field due to the sphere
at a distance r from its centre [1998S - 2 Marks]

(a) increases as r increases, for r <R.

(b) decreases as r increases, for 0 <r<w,
(c) decreases as r increases, for R <r< oo,
(d) is discontinuous at r=R.

23. The electric field E is measured at a point P (0, 0, d)
generated due to various charge distributions and the
dependence of E on d is found to be different for different
charge distributions. List-I contains different relations
between E and d. List-II describes different electric charge
distributions, along with their locations. Match the
functions in List-I with the related charge distributions in

List-1I. [Adv. 2018]
LISTI LIST-1I

P. Eisindependentofd 1. A pointcharge Q at the
origin

Q Exld 2. A small dipole with
point charges Q at (0, 0,
) and — Q at (0, 0, /).
Take 21 <<d

R E «l/d? 3. An infinite line charge
coincidentwith the x-axis,
with uniform linear charge
density &

S. Eol/d? 4. Two infinite wires

carrying uniform linear
charge density parallel to
the x-axis. Theonealong
(y=0,z=/) hasacharge
density +A and the one
along (y=0, z=-/) has
a charge density -
ATake?2l <<d

5. Infinite plane charge
coincident with the xy-
plane with uniform
surface charge density

(@ P—>5Q—3,4R—>1;S—2
(b) P—>50Q—>3;R>1,4,8-52
(c) Po5Q—>3;R—>1,2,S—4
(d P>40->2,3R—>1;8S-5

s Comprehension/Passage Based Questions. T
Passage

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. [2008]

g(r)

= (8] a
24, Theelectric fieldatr=Ris
(a) independent ofa
(b) directly proportional to a
(¢) directly proportional to a?
(d) inversely proportional to a
25. Fora =0, the value of d (maximum value of p as shown in

the figure) 1s —
3Ze 3Ze 4
@ md @ o5 e) T a5 W) s

26. Theelectric field within the nucleus is generally observed
to be linearly dependent on r. This implies.
(a) a=0 (b) a=R/2 (c) a=R (d) a=2R/73

27. Twouniformly charged large plane sheets S, and S, having
charge densities o, and o, (5, > 0,) are placed at a distance
dparallel to each other. A charge ¢, is moved along a line of
length a(a <d) at an angle 45° with the normal to S, . Calculate
the work done by the electric field [2004]

Topic-3: Electric Dipole, Electric Flux and Gauss's Law

1. A small electric dipole pg. having a
moment of inertia [ about its center, is
kept at a distance » from the center of
a spherical shell of radius R. The
surface charge density o is uniformly r
distributed on the spherical shell. The
dipole is initially oriented at a small
angle 8 as shown in the figure. While R
staying at a distance r, the dipole is
free to rotate about its center.

[Adv. 2024]

If released from rest, then which of the following

statement(s) is(are) correct?

[ €p is the permittivity of free space.]

(a) Thedipole will undergo small oscillations at any finite
value of 7.

(b) The dipole will undergo small oscillations at any finite
value of » > R.

(c) The dipole will undergo small oscillations with an

angular frequency of J ZEUP? atr=2R
0
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(d) The dipole will undergo small oscillations with an
SPy
100 g 1

2. Consider an electric field E = Egk where E isa constant.
The flux through the shaded area (as shown in the figure)
due to this field is - [2011]

(@) 2Ea,
®) 2Eyd’
(¢ E,2

atr =10R

angular frequency of

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

Enaz

i
>y
@ —5 & 000 (©a0)

3. A discofradius a / 4 having a uniformly distributed charge
6C is placed in the x -y plane with its centre at (~a/ 2, 0,0). A
rod of length a carrying a uniformly distributed charge 8C is
placed on the x - axis from x =@ /4 tox = 5a [ 4. Two point
charges—7 C and 3 Careplaced at(a/4,—a/4,0) and (—3a
/4,3a/4,0), respectively. Consider a cubical surface formed

by six surfacesx= ta/2,y= +a/2,z= *a/2. Theelectric

flux through this cubical surface is [2009]
» ¥
(a) _gg
&0
2 a4
(®) = & . X
10C
. =
€
12C
===
&

4. A Gaussian surface in the figure is shown by dotted line.
The electric field on the surface will be 12004S]
(a) dueto g, and g, only .

(b) due to g, only 9 &
(c) zero T i
@Geetoalhs. - o o e =

5 0

5. Acharge is kept at the central point
P of a cylindrical region. The two
edges subtend a half-angle 8 at P, as
shown in the figure. When 0 = 30°,

then the electric flux through the :’
curved surface of the cylinder is @. i
If 6 = 60°, then the electric flux 10"

through the curved surface becomes .
s , where the value of r is

Jn

[Ady. 2024]

Get More Learning Materials Here : &
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6. A charge g is surrounded by a closed surface consisting
of an inverted cone of height 4 and base radius R, and a
hemisphere of radius R as shown in the figure. The electric

ng ;
flux through the conical surface is g‘g (in SI units). The

value of n is [Adv. 2022]

7. Aninfinitely long uniform line charge distribution of charge

per unit length A lies parallel to the y-axis in the y —z plane at
3 .
z= = a (see figure). If the magnitude of the flux of the

electric field through the rectangular surface ABCD lying in

AL
the x — y plane with its centre at the origin is ;;‘0'
(&, = permittivity of free space), then the value of n is

p [Adv. 2015]

5
o(r)=oyp (1 *E)a where o, is a constant and r is the

distance from the center of the disc. Electric flux through a
large spherical surface that encloses the charged disc
completely is ¢, Electric flux through another spherical

R
surface of radius 9 and concentric with the disc is ¢.

¢
‘Then the ratio 73 i [Adv. 2020}

9. A charged shell of radius R carries a total charge Q. Given
¢ as the flux of electric field through a closed cylindrical
surface of height A, radius » and with its center same as
that of the shell. Here, center of the cylinder is a point on
the axis of the cylinder which is equidistant from its top
and bottom surfaces. Which of the following option(s)
is/are correct ? [Adv. 2019]
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10.

11.
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[£, is the permittivity of free space]

(@ Ifh>2Randr=3R/5then$¢=Q/5¢,

(b) If#>2Rand >R then ¢=QJs,

(¢) Ifh<8R/5andr=3R/Sthen $=0

(d) Ifk>2Randr>4R/5then ¢=Q/5¢,

An infinitely long thin non-conducting wire is parallel to
the z-axis and carries a uniform line charge density X. It
pierces a thin non-conducting spherical shell of radius R
in such a way that the arc PQ subtends an angle 120° at
the centre O of the spherical shell, as shown in the figure.
The permittivity of free space is €,. Which of the

following statements is (are) true? [Adv. 2018]
Z
A

() The electric flux through the shell is y/3Ri\./e,

(b) Thez-component of the electric field is zero at all the
points on the surface of the shell

(¢) The electric flux through the shell is v2R)/e,

(d) The electric field is normal to the surface of the shell
at all points

A point charge +Q is placed just outside an imaginary

hemispherical surface of radius R as shown in the figure.

Which of the following statements is/are correct?

[Adv.2017]
o0

(@) Theelectric flux passing through the curved surface

: bl ¢ ( 1 )
of the hemisphere is ~——| | ——
P 280 ‘\/E

(b) Total flux through the curved and the flat surfaces is
Q

80 ¥
(¢) Thecomponent of the electric field normal to the flat
surface is constant over the surface

(d) Thecircumference ofthe flat surface is an equipotential

12.

13.

14.

B7

A cubical region of side a has its centre at the origin.
It encloses three fixed point charges, —g at (0, —a/4, 0), +3¢
at (0, 0, 0) and —¢ at (0, +a/4, 0). Choose the correct
options(s) [2012]

(@) The net electric flux crossing the plane x = +a/2
is equal to the net electric flux crossing the plane x=~a/2

(b) The net electric flux crossing the plane y = +a/2 is
more than the net electric flux crossing the plane y=
—al2.

9
(c) Thenetelectric flux crossing the entire region is EO_
(d) Thenetelectric flux crossing the plane z=+a/2 is equal to
the net electric flux crossing the plane x =+a/2.
An ellipsoidal cavity is carved within a perfect conductor.
A positive charge ¢ is placed at the centre of the cavity.
The points 4 and B are on the cavity surface as shown in
the figure. Then [1999S - 3 Marks]

/

(a) electric ficld near 4 in the cavity = electric field near B
in the cavity

(b) charge densityat 4 = charge density at B

(c) potential at 4 = potential at B

(d) total electric field flux through the surface ofthe cavity
is g/e,

The magnitude of electric field £ in the annular region of

a charged cylindrical capacitor. [1996 - 2 Marks]

(a) is same throughout

(b) is higher near the outer cylinder than near the inner
cylinder

(c) variesas 1/r, where r is the distance from axis

(d) variesas 1/r* wherer is the distance from the axis.

Topic-4: Miscellaneous (Mixed Concepts) Problems

A wooden block performs SHM on a frictionless surface
with frequency, v,. The block carries a charge +Q on its

surface. If now a uniform electric field E is switched-on as
shown, then the SHM of'the block will be [2011]

e

E ;
Slaaant

(a) ofthe same frequency and with shifted mean position.
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(b)
position
of changed frequency and with shifted mean position.

©
(d

of the same frequency and with the same mean

of changed frequency and with the same mean position.

i}

,':Q: Z

5.  The work done in carrying a point charge from one point
to another in an electrostatic field depends on the path

2. Auniformly charged thin spherical shell of radius R carries along which the point chargeis carried. [1981-2 Marks]
it vt O R e
two hemispherical shells, held together by pressing them -—
with force F'(see figure). Fis proportional to [2010] 6. The figures below depict two situations in which two

infinitely long static line charges of constant positive line
F F charge density A are kept parallel to each other. In their
resulting electric field, point charges q and —q are kept in
equilibrium between them. The point charges are confined
: to move in the x direction only. If they are given a small
@) ch R? (b) —O R displacement about their equilibrium positions, then the
Eg £ correct statement(s) is(are) [Adv. 2015]

2 2

(o] et
selaa) e A by A A
(c) S(} R (d) £ R2
. - — OS5 (TTTITY OTPSP IR S X
n-g 2 +q —q

3.  Four point charges, each of +q, are rigidly fixed at the four
comers of a square planar soap film of side ‘a’. The surface
tension of the soap film is y. The system of charges and (@) Both charges execute simple harmonic motion

qz i (b) Both charges will continue moving in the direction

planar film are in equilibrium, and a = k| = , Where of their displacement
ik scondot Then N s [2011] (c) Charge+q execiut&s 51mp1.e ha‘nnomc .rnon‘on wh{le
= charge —q continues moving in the direction of its

4. Oneend of a spring of negligible unstretched length and (d) Charge—q exccatey simplfa ha.rmonic fnutiPn whi.le
spring constant / is fixed at the origin (0, 0). A point particle cl‘large +q continues moving in the direction of its
of mass m carrying a positive charge g is attached at its d“"’Pl"?cemmt
other end, The entire system is kept on a smooth horizontal 7 Under the influence of the Coulomb field of charge + 0, a

s S “harge —¢ is moving around it in an elliptical orbit. Find
surface. Wh t dipol ting towards the charge -

; on e ap? mA gl p ea ’ out the correct statement(s). [2009]
q is fixed at the origin, the spring gets stretched fo a length (a) Theangular momentum of the charge — g is constant
fand a.ttams ) n.ew eqmlllbnum pos T below)..lf (b) The linear momentum of'the charge — g is constant
the point mass is now displaced slightly by A7 << 7 fromits (c) The angular velocity of the charge —g is constant
equilibrium position and released, it is found to oscillate at (d) The linear speed of the charge ~g is constant

8.  Apositively charged thin metal ring of radius R is fixed in

1 |k
frequency 3 J; . The value of 8 is ]

the xy plane with its centre at the origin O. A negatively
charged particle P is released from rest at the point (0, 0,

Y z,) where 2> 0. Then the motion of Pis
[1998S - 2 Marks]
- (a) periodic, for all values of z satisfying 0 <z <
1 Jmmm\éf 5 (b) simpleharmonic, for all values of z  satisfying 0 <z,
s (.0.0) ; X <R . .
&S . ' (¢) approximately simple harmonic, provided z, <<R

A
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(d)

such that P crosses O and continues to move along
the negative z axis towards z=-%
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Q Answer Key

Topic-1 : Electric Charges and Coulomb's Law

e o kO?
e R R 7580 6 (False) T (T 8 @O 9 (@

aneg [
10. (a)
Topic-2 : Electric Field and Field Lines

R RS 3. (b) . b 5 © 6@© 1@ 8@ 9%@© 10.6
11. () 12. (—qEA)I3. False 14. True 15. True 16. (b,c) 17. (b,d) 18. (@ 19. (o)  20. (b,d)
21. (a,d) 22. (a,0) 23. (b) 24. (@ 25. (b) 26. (0

Topic-3 : Electric Dipole, Electric Flux and Gauss's Law

1. (bd) 2. (¢ 3 (a 4. (d) 550 3) 6. 3 7. (6) 8. (640) 9. (ab,c)10. (a,b)
1. (a,d) 12. (acd) 13, (cd) 14. (o)
Topic-4 : Miscellaneous (Mixed Concepts) Problems

L @ 2 @ 3. 0 4. 314) 5. False 6. (¢) 7. (@ 8. (a0
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Hints & Solutions

C—l___"—“] Topic-1: Electric Charges and Coulomb's Law

=
1. () Herer=2Rcospalso0=2¢ = 9:%
And 0= % .
If 0 is the small angular displacement of free charge, then
qu
F(b)= ——
(¢ 2
qu
So, restoring force towards mean position is Fpy=—— sin ¢
T
K -Kgq? —Kq? -si
aR=_[Fi= Kg sing = qu Smj’
m mr m 4R “cos”
2 2
- 1
— aR i _____ﬂ_._.sjn(%) =~ qu E _l)% = {;_]2 X
4mR? cos? (%) 4mR 5.
@m)__ (Glued) i
"*»-_ib._-;_’ﬂ!.l\.‘fq m) 6

2. (d) When a positive point charge
is placed outside a conducting ~ ___net charge =0
sphere, a rearrangement of charge !
takes place on the surface asshown |
in the figure. But net charge on the @ !
sphere is zero as no charge has left ™1
orentered thasphete;, =~ 2 e esogmmeetoo
3. (b) Charge g has tobe negative for equilibrium. 7
1 Fi 2 Fn3
Fi; +Q ;‘:1 —q +Q

— e — [ —

Considering equilibrium of charge

Fi3=F,

KOxQ KQ(-q) . __ @
) RN Ao

(2£) ¢

( 1 qz\

L4'neoLz)

Forceon (—q) at O dueto chargeatD
will get cancelled out by force on (-
q) due tocharge on A. Similarly force
on —q due to charge at E will get
cancelled out due to charge on B.

So the net force will be because of charge q on C only at
2

q r L
—3 newton and attractive in nature.

iy F =
0 dney [

2
(180°, £QT ) Here only electrostatic force of repulsion is
4L

acting which will take the two balls as far as possible.
The angle between the two strings will be 180°.
The tension in each string will be equal to the electrostatic
force of repulsion

Q 180° Q
Here, Q, =Q,=QandR=2L < % = ; s

Lloep 1y O

2 4mey (2[,)2 4meq E
(False) Electric field along axis of ring.

. -4 - 10x2R =t SO0

a 32 e 3
4meg (Rz +x2) 4nsO[R2 +{2R)zf 41:505\/5!?.
Force=—gE

—20R

=2 je., The forceisnot proportional to displacement.
4ngy5\SR?

Hence charge particle will not execute simple harmonic motion.
(True) The metallic sphere which gets negatively charged
gains electrons and hence its mass increases.

The metallic sphere which gets positively charged loses
electrons and hence its mass decreases.
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8.

10.
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(a, ¢) The net electric
force on any sphere is
lesser but by Coulomb
law the force due to one
sphere to another
remain the same.
In equilibrium
T cosb =mg
and Tsin 6=F

F
StanB= m—g ()
As force between two charge bodies according to
coulomb's law does not depend upon the medium, hence
force between them remain same.

Hence after immersed in dielectric medium
As given no change in angle 8.

SN F
T'sinb=—  and T cosﬁ=mg( —ﬂ]
= Ps
T b R L, .
rrlg(l~--p—I =h (i)

5

Now equating eqn. (i) & (ii)

1= ﬂ = ..l_ = 1_@. = L
Ps & ps 21

~p,= 840 kg/m’

Hence option (c) is correct

And tension, T'= Tr.I
R
Hence option (d) is incorrect.

(d) Let us consider the positive charge Q at a distance
x from the origin. Let force between @ and —g be F.

On resolving this force F'sin @ cancels out. The resultant force

Fr=2Fcos6 1
-q $(0.a) Fsin @
kQOgq x
=2>(__._.._’><__
2 2 2 2 [i] (2a, 0)
("+a") Jx’+a Foost 070
_ 2kQg«x F
) (2 +a2)"2 4 (0, -a) Fsin0

Since F is not proportional to x, the motion is not simple
harmonic. The charge Q will accelerate il the origin and gain
velocity. At the origin the net force is zero but due to momentum
it will cross the origin and move towards left. As it comes on
negative x-axis, the force is again towards the origin.

Hence charge Q will execute oscillatory but not simple
harmonic motion. :

(@) IfQ,, O,, O, and Q, are all positive, then the force
will be along + y-direction as components of forces along
x-axis cancell out each other.

IfQ,, O, are positiveand O, O, are negative the force will
act along + x-direction as components of forees along
y-axis cancell out each other.

11.

cnrene €

If 0, O, are positive and Q,, O, are negative then attractive
force will dominate repulsive force and the force will be
along — y direction.

If 0,, O, positive and 0,, 0, negative components of
forces along y-axis can cel out each other. So net force on
charge ¢ along x-axis.

Each particle will be in equilibrium under the act of three force
tension of string T, weighting, resultant electrostatic force F
of the two other charges. Force F and mg are perpendicular.

Resolving T'in the direction of mg and F and applying the
condition of equilibrium,

T cos @ = mg; Tsin® =F
F g
tan@ = — wikl)
mg

= JFSA + Fgg +2F¢Fep cosa

1
F= R, +F2 +2F%, x>

2
F= ﬁFCA =\/§><(—k-€--—

o (i)

| Fep |=|Fcx | anda=60°)
Let T'make an angle @ with the vertical

oC= % (0.03)* - (0.015)* =0.0173m

OM=0.9997
oc 00173
i 0
an® = oM = 09997 (i)

From eq. (i), (ii) and (i)
00173 3x9x10” xg?
09997  (0.03)2 x100x9g - 973-16% 102C.
Given : Mass of particle m=0.9 x 103 kg
Charge on particleg=~ 10" C

r=1m; (0]
0=103C 7T
Theelectric field due a uniformly

charged ring of radius 7 at a point
distant x from its center on its axis

i+ g
= “Qx i+ Z
(r2 + x2)32 !}+

P
" Fc}:{ce on the negative charge g o
qr=q
—F -
F=JL'_XX or. ma= &xx
P +2)"2 > P+
e Qg
h & k m(r? + %22 Rk
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13.

14,
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kQq
=)
Hence motion is simple harmonic in nature.
Comparing the above equation with a =—m?x
k k
0= qu o o= 221

3

For x <<r a=-

XX

mr mr
3
2n _ |kQq mr
= = I'=n
o mr3 kQq

1/2
0.9x107° x 13
9x10° x107° x107°

=6.28[0.01]"2=6.28 [0.1] = 0.628s
Ifthe charges ¢, and g, are similar in nature, then electric

T=2><3.l4l:

force F = q;qz will be repulsive and is opposite to tension
force T

o qr fAqa_, %-a +
< :muTT}’— T
30° 60",
B v c
mg mg

For equilibrium of bead at P
mg cos60° = (I'- F) coso. (1)
N, = mg cos30° + (T— F) sinat (i)
Similarly, for the equilibrium of bead at O
mg sin 60° = (T - F) sina ..(iii)
N, =mgcos 60° + (T —F)cosa. -(iv)
(i) Dividing equation (iii) by (i), we get : tan 60° = tana
ie. a=60° (V)
Now (ii) from equation (iii) T— F'=mg
or T=F +mg=(q,q,/%) + mg Vi)

(iti) From equation (ii) N, =mg cos 30° + (T —F) sin 60°
N, =mg cos30° + mg sin 60°

5 Ny =Bmg (vil)
From equation (iv) N, = mg cos 60° +mg cos 60° =mg...(viii)
Again if the chord is cut, then 7'becomes zero. Hence from
equation (vi)

9,9, = —mgl? - (iX)
This shows that ¢, and ¢, must have unlike charges for
beads to remain stationary.

(i) Here three charges each of value ¢ are placed at the
corners of an equilateral triangle and a fourth charge Q is
placed at the centre of the triangle as shown in the figure.

The force on charge g kept at 4 due to chargeskept at Band C
F1 2F cos 30°

ﬁx[gxm‘;’ ‘?EJ

a

=Zx|9x10” x ‘—i-_,—

(Za /3% 4 a“
Clearly the two forces are not equal. Also as F, > F| the
charges will move towards the centre.

F,=9x10° .

The force on g due to char[ge (—q) keptat D
g

oy

2F cos 30°

q a
(ii) For charges to remain stationary
2 2 '
2% kLB 0 g, L9, Ha_
a* 2 4 a* 9

The charge Q should be negative.
Potential energy of the system

-3[ 2+K } [xiﬁ___qxq}

9 (2a/3)

2 2 2

= 6K x ‘5’—+3J§K‘? =32+V3) kL
Q‘

ﬂ
This is the amount af work needed to move the charges to
infinity,

Topic-2: Electric Field and Field Lines

=]
L. © E-= : __Q_;
4ney R2
) I g2
yE == By =
dngy R 4ngy R?
Clearly E,>E, > E,4
2. (d Whenthe electric fieldison
In equilibrium, force due to electric field = weight
qE=mg
4 s mR’pg
- —7R st i
=gF 3 TR pg 38 (1)
When the electric field is switched off
Weight of the drop = viscous force on the drop
mg= 6mnRy,
4 . 9y,
—nR’pe =6mnRy, .- R= ii
3 ™ pg =6mnky, 208 {11
3
v, 2_pg
From & MM L) G4
rom eq. (i) & (i) 4= [2%} -
3
4, | 9X18x107° x2x107 > 900x9.8x 7
3 2x900x9.8 81m x10°
or,g=7.8%10719C
3. () Thecharges on the surfaces of the metallic spheres

cnrene €

charge
area

are shown in the figure, charge density 6 = and

as per question
O _G+0
4nR*  4An(2R)?
_9+O+0;
4n(3R)*
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8108 a Physics|
0, + Qz 7. (@) The electric lines of force cannot enter the metallic
L e 0, =30 sphere as E = 0 inside the solid metallic sphere. Also, the
electric lines of force fall on the metallic surface normally.
8. (¢) Electric field everywhere inside the metallic portion
+05 +
QI—Q;-—% =0 i.e., conductor of shell is zero.

Electric field lines are always normal to a surface.
=80,-0,=0, 9.  (¢) Electric lines of force do not form closed loops.
=80.—-30.=50. = 10. (6) The magnitude of the electric field at the point P

i 10 =26,~0s whichisata dlstance 2R from the axis of the cylinder
€ Ql :QZ :Q3 =1:3:5 E= Elcta] cavit}'
4. () Let the charge per unit = ; A
volume be & and O be the centre 2neg (2R) 4ne, (23)2
of'a uniforms charged solid sphere. 5 3
Let us consider a uniformly 4 (5] _mRp i
charged sphere of negative Qgphere = 3 * 7 = & °* lcy]indcr = P
charged density o having its centre
at 0'. Also let OO be equal to a. S nR*p 1 aR%p/6 _23pR _ _ 23pR
Let us consider an arbitrary point P in the small sphere. S5 dmegR 4dney 4R 96g; 16x6xg,
The electric field due to charge on big sphere using Gauss's R
i whle 11. (2) Lettherebea spherical shell of radius x and thickness
theorem £} = —8'0“"1 dx. Volume of this shell, V= 4rmr%(dx). Charge enclosed in
: this shell
Also the electric field due to small sphere da = (i % 1
Ez=—nr" . Thetotal electric field or, dq=d4nke>dx
350 A
Forr=R:
ExBiibs o —a Total charge enclosed in the
g sphere of radius R
Hence electric field will have a finite non-zero value which R R
will be uniform. 0= J’ drtk 2 dy — dmk
5. (¢) The direction of electric fields are according to the 3+a-
charge on the sheets i.¢., along negative z-axis. Blectiiefiald uty=:
@
7=% 25 RO . i
Talia@ ' 4ney (3+ a)R? _4neo 3+a
e = P Forr=R/2:
Total charge enclosed in the sphere of radius R/2.
RI2
€] 3+a
= : 0'= | nk ey - SRR/
The total electric field at point P 0 3+a
F=Ei+F+ 5 (—£)+E2(-§]+E3(—E} The electric fi feldair"};J'Z 1
+a +a
Je 2 e : ——Z—Gk . 1 4xmk (R/2) 1 4nk[£}
B e g o S%a CELQR A0 T
= vy = "El
6. (¢) Electricfield, | £ |- -@- 8
1 field d 1 _4_7[;}(_(_)“‘“ i 1 S 1 4nk Rl+a
dEch::; Oslo ue to P on O is cancelled by electric field dneg Gra)\ 2 g
Similarly Electric field due to ' = gm and
s e 12, EA) Si i i i
o 0 is citiceNed by Cedic (—qEA) Since electrostatic field is a conservative field

Get More Learning Materials Here : &

field due to Tand O,

The electric field due to R on
O is in the same direction as
that of U on.Q. Hence the net

electric field E+ E = 2F .

(W +W T W) + Wep=0
or WPS+ WSP 0 or WPS——WSP
Work done = gE. SP(.. =gFE)

Wsp = qEi (7p — g ) (- E 11x -axis)
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13.

14,

15.

16.
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Wep — qu{af + b})

W, SPp = qEﬂ

Wpe=—Wsp=—qEn
.. Work done by field along process PORS = —qEa
(False) For a particle to move in circular motion, we need a
centripetal force which is not available.
(True) The electric field produced between the parallel
plate capacitor is uniform. The force acting on charged
particle placed in an electric field is given by F'=gE.
Hence, the forces on the two protons are identical being
equal charge and uniform electric field.
( True) When high energy X-ray beam
falls, it will knock out electrons
from the small metal ball due to
photoelectric effect, making it
positively charged and an electrostatic
force in the direction of
electric field acts. Therefore the ball will
be deflected in the direction of electric field.

(b, ¢) Given: electric field, E, = —40043 NC™!

X-Rays

Initial speed of charged particle, u = 2@ x10%m/s
Range, R=5m

F=maandF=qE ..a, =%Ey =_4003 x 10"

=
[ 9 _jolocke (given}]
m

o uzsin29:>5 4010 sin 20
n e, —1 —
- ay 400~/3 x10'°
:::~¢sin2'B=-i

2

=20=60"or, 120 =>0=30°0r, 60°
Particle hits the target, if® = 30" or 6 =60’

u:bﬁﬁxl(}é l'l'l..‘.'v_1

be

< 5m >
& 1
Time of licht T 2usin 2x2410x10 XE
ime of fli = =
il R 40043x10'°
5 -]
=ij.s (for8=30)
g 5
) 2><2\/rlax106x—3
Time of flight T L sm9= 2
s 40043 %10

17.

18.

cnrene €

=J§us (for0=60")

(b, d) Given dipole moment
of electric dipole

P= %(f+ﬁ) and circle is

equipotential. Also electric
field is normal to such a line
that is the direction of
electric field is either radial
or the magnitude of electric
field should be zero at points on the circle.

Now considering point A, the electric field due to dipole

2K]
EE (directed from O to A) as point A lies on the axial line of

electric dipole. The external electric field E  should also be in

the direction of O fo A.

Now considering point B which is a point on the equitorial

line ofthe electric dipole. The electric field here due todipole
K]

is El; in a direction opposite to the dipole. The external

electric field should cancel out this field. i.e., E,=0

- —Kp d
Further Eg =— (1)
R}
The electric field at A
e 2Kp =2 - = -
Ea =—3P+E0 = -2Eg+Eo =-Eo
R

1 Po 2
%2
dn ey 2(R?)
4 Po

B U
4m gy Ey 4nehEp
(d) Letusconsider a pointM inside the cavity where electric
field has to be calculated. Assume the cavity to contain similar
charge distribution of positive and negative charge as the
rest of sphere. Electric field at M due to uniformly distributed
charge of the whole sphere of radius R,

Again from eq. (i) E,=

3¢
Electric field at M due to the
negative charge distribution in
the cavity

.. The total electric field at M inside
the cavity,

@’E www.studentbro.in
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19.

20.
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ol
3e

Hence inside the cavity E is uniform and both its
magnitude and direction depend on 4 .

o I
g o Ve
¢ g S e
I!— ? dmey 1o
- o )
= 573%
E\(rg)= Ey(ry) = E5(r) (Given)
1 Q o 2
= S————= 2nor,
(a) El(?’g) Eg("a) dne, foz 26 Q= 0
) E, (f0)=E3(ro)
2K o
.__=.__..=>r0 —_—
dney 1y 2¢ on
1 4Q
© B
e 4x29\.r0 l 8
dney 1} 47:50 I
E(rg=Ey(rg) - 0=2Ar,
1
And 2E, (ry/2)= 2 R = =
dngy 1y | 4dng 1

-2 1 4 &
4r eorof‘z dn g 1y

A E,(ry2)=

€T
4E, (ry2) 46 2o 2>< A
T, = —r-:——:—— _
: 2¢p & €
(b,d) Electrc field E| due to smaller sphere'4' at O
ot =nd
s bt 31tR (] B
4rgg (2R)
Electric field E,

due to bigger Q
sphere'B'at0 w—ar

4 3
1 5“(2R} P2

4neg  (sR)?
E,+E,=0
4 4 3
1 pl 1 Eﬂ{zR) p2 vi
dmeg (2R) " ane (5R)?
Pho o0
P2 25

Electric field E, due to smaller sphere ‘A’ at P

21.

22

23,

cnrene €

4 3
e 1 p] " EER = 1 plTﬁR p;R
' 4ne, (2R)* dney, 3 4egyx3
Electric field £, due to bigger sphere ‘B’ at P
4 3

4ne (2R)3 3gg

E]=E2 .'.—-—-le =ﬂE e El--=4. :
4ep%x3 3¢ P2

(a, d) Clearly from figure electric field lines are orginating
from @, and terminating on Q,.

Q, is positive and 0, is negative.
Number of electric field lines originating from Q, is more
than terminating at 0,.
- 10,1>10y).
Since at a finite distance to the right of 0, the electric field
is zero. The electric field created by O, at a particular point
will cancel out the electric field created by O, . But at a finite
distance to the left of O, the electric field is non-zero.
(a,c¢) Theelectric field inside the sphere

Q,
4ng, R3 E
or, E oc r Outside the sphere
Q

dngy 2

(r<R)E=

(R<r<w)E=

m‘,Eoci2
r

r

Hence, E increases for < R and decreases for R <t < oo,

() Fora pointchargeE= -kgle E «c—
@ 240,
@ 4 F
and for a dipole E = —- = ie,Exc— pY 'T':}E‘___
/
el
g BN g
For an infinite long line charge ,",’ | L
2kA 1 S Y
=—;*1.e.,E°CE L e ey \
+A £ —A
For two infinite wires carrying uniform linear charge density.
2k 2k ¢ 2kne
E= —oosa = I
V102 NB+@ dP+t
or, Eoc ;l— 2l <<d
 She. o]
For infinite plane charge E = B i.e., £ is in dependent of d

(®  Atr=R, aread=4nR?and total enclosed charge,
g, =z¢ .
From Gauss's theorem ¢ = iﬂ

0
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Gin ze 1 ze
or, E (4nR? )— 4?t8|] Rz

Clearly electrtc field £ is mdepcndent of A.

25. (b) Fora=0, the equation for the graph line r= d—%dx

plr)
5 4
d
y
(8] R .;1'
Charge in the shaded element
dg=r x 4nr’dr
d B0 TRy
sodg= [d-—r] dpr?dror, Ze= | 4ndr dr—j'—R-r3dr
o o
3 4
= 7e= 4ndi__ir_|:ER_.
3 R
L TR I e _3ze
Patdind) 3 4 12 R>

26. (¢) Ifthe volume charge density is constant then E ccr.
27. Electric field due to sheet S|, E, = —

€9
Electric field due to sheet S/ 57,4 2
Tn ¢
S, E,=—% - b
2 2 50 (g—o—)b.
. Net electric field, E= E, - E, o, ‘E’ﬁ_ o,
L2099 i)
£
Work done by electric field /
~ ¥
W=gv=(qoE 45" =g, E*x —=
av= () acosds” =goE* = ‘
qo(o1—03)a
W —
J_Eﬂ

5—3 Topic-3: Electric Dipole, Electric Flux
= and Gauss's Law
1. (b, d) The electric field inside sphere is zero,
oscillate whenr >R
so option (b) is correct (a) is incorrect.

R2

so dipole will

Forr>RE =
[ P R2
W= LW
IEOI'
p00R2
SR B
i Ieg [ZR)Z

Pyo
o W= 2
y 4180
so option (c) is incorrect.

Get More Learning Materials Here : &

Bl11

PyoR?

henr=10R; ®= | — 7
g e (10R)*

: Pyo
o= f——
1001g,,

so option (d) is correct.
(¢) Given E = E, &
i.e,-aieciric field E acts along +x direction and is a constant.
Therefore the electric flux through the shaded portion whose
area A=axv2a=+2d"

¢ =E. 4= EAcos0=E,(J2a*)cos 45° = Eo(ﬁﬁX%

=Ea* (-» Angle between E and A, Q=45°)
Z
e

0

L g=45°

X

(a) From the figure total
charge enclosed in the
cubical surface g;, = 3C + %
2C-7C=-2C.
According to Gauss's
theorem the electric flux
through the cube

2¢
_9in _—2C iC .
ac

By g
(d The flux through the Gaussian surface is due to the
charges inside the Gaussian surface. But the electric field
on the Gaussian surface is the vector sum of electric fields
due to all the charges i.e., q,,—q, and q,.
(3) Solid angle subtended at centre by plane surface
Q=2x%x2n(1-cosB)
= 4n—4mncos 0
So solid angle made by curved surface = 4n—Q
=4n—(4n—4mncos B)=4ncos O

Q
Flux through curved surface = 8_005 0

¢300=¢=_4ﬂcos30°_()_=cos3002
4n =] €p
4
b0 L v —
4r Ep 80
@2005300 -5
gy €os60°
) B o
——=\3=>bgpp=—7=..0=3
g0 NS
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9 _3q =
6. =——= .S0,n=3
(3) ¢oone 2 EU‘ 6 EO
BCEY  @l2 1
7. (6) Fromfiguretanh =—=——" =
i e Al b
vy, =gl Sy ~ . cylinder
Electric flux through the . Sy
complete cylinder by ff’ N
Gauss’s theorem ! line charge )
\
. _ % M : /?\O :
¢ cylinder= S \ e !
> ‘ : -Jia\'\ ;‘
(Where L = length of cylinder) ‘. _;? \\ 7
*. Electric flux passingthrough  A™ a3 B a2 27C
cylindrical surface i.e,, for60° T~~~ —~

angle= = Hence,n=6
659

8. (6.40) Let us consider a ring element of radius r and
thickness dr
Surface charge density of disc of radius R,

U(S)ECIU I—L

U(l‘}=ao(l——1;—] | (-3)

Charge of disc element, i
r

dQ-Gu(l"E) 2mrdr

Now from Gauss's theorem, Electric flux, through a large
spherical surface that encloses the charged disc completely.

Tl Icu[l—{i]hﬂk

dq=un(1—%]2rtrdr

4o = | =
Electric flux through another spherical surface of radius R/4
R/4
T
| cu[]——)Zm'dr
,p,__m: 0 5
1] €
R 2
GOZﬂI[r—r—Jdr R_z__Ri
o PUR SR\ SRS 90
ap2n I {r——-]dr E—Sxa
0
3R
9. (a,b,0) (a) Forh>2Randr=?
gty ino=2B3 .3 a0
H R 5

0 A d=0l1-2]_.2
9in = O[1 - c0s37°] Q[l SJ .

From Gauss's theorem 0= ZA
0

(b) Forh>2Randr>R

10.

11.

cnrene €

B
e

- -
R

—— —>
P gl
-‘.I : @ r
==
]
oS
Il
S

(a, b) According to Gauss's Law,
Electric flux, ¢

1 1 B
= = Qi = Zﬂ- [A %2 Rsin 60°]
VAR

i)
AB =R sin 60° or AC = 2R sin 60°
Also, electric field is perpendicular to
the wire therefore its z-com ponent I
will be zero. :
(a,d) The circumference P +Q
of the flat surface is an :

equipotential V= LA
V2R
because the circumference
is equidistant from+Q. The
component of electric field
pet-pendicular to the flatsurface is E cos 8.

Here E as well as 6 changes for different point on the flat surface.
The total flux through the curved and flat surface should

be less than e 1

€o
The solid angle subtended by the flat surface at P

N
Ecos 6 E

=2n(1-cosB) = 2n(1-cos 45°) = 2n(1 ~%]

. Flux passing through curved surface

e (R
= 4n

25 2
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12. (a,c,d) Due to symmetry, the net electric flux passing
through x= +%,

a a .
X=-7,27 +— issame
According to Gauss's theorem, net electric flux net

electric flux crossing through any closed surface ¢ = Gin

Ep
_-49+39-9_4
£ g
13. (c,d) The potential of all points lie on the conductor

is same. Thus potential at 4 =Potential at B
Total electric flux through cavity = - this according to
=y

Gauss's theorem.

Option (a) and (b) are dependent on the curvature which

is different at points 4 and B because cavity is elliptical.
14. (¢) Electricfield at a distance @~ = _——==

r from the axis of cylinder ] = = “
E=_t (A= charge per unit length) 1
2megr i S
. Exl l i,'i---_-j
r i o ]
ﬁ Topic-4: Miscellaneous (Mixed Concepts)
=] Problems
1. (a) Here frequency of SHM performed by wooden block
E
—_
= o
Yo 2r \'m

This value of frequency will remain unchange because
when electric field is switched on, the value ofk and m is
not affected the mean position of SHM shifts towards

rightby /= QTE

due to force acting F= gE.

2. (a) Theelectrostatic force per unit area i.e., electrostatic
pressure at a point on the surface of a uniformly charged
2
sphere = : goE? =——
2 2g

O
. The force on a hemispherical shell F = e nR?

2p2
oF, F ot o°R
; Eg
3. (3) Netelectrostatic force on one charge due toremaining
three charges,
A L
Fy _2a2+2 7 XJE _a—zxconstant

cnrene €

8113
Surface tension force F,=ya 2 "
In equilibrium, = kq
5 2a et
q - 2
;—2- x constant = ya k—qg 45 e 'Q
+ 1 1
qz 1/3 | E
a=k 73 L N=3 i 5
l i
G1) Ky e O
-
P . q
P ¥
i: I+x, -
) 2 K
Original frequency, f= F3
If dipole appears at equilibrium,
ZEE --q=Kx, ()
(£+xq)
When displaced towards right by length x,,
2KP
q9-K(x,+x)

i (£ +xg+ x]3

ma = i i ;
(f"'xo)z' 7 ~K(x,+x)

%
3
__2Kpq [ 3x e
(f+x0)3 £+ x = (xﬂ x)
3
= MR T KxD—Kx=—Kx{ %0 +1}
(U+xp)t L% {4+

: : 4K
As'f'isnegative, ma=—Kx4 = a=—-=x

m
New frequency, f = — ’£=2f'=lJE
2\ m nVm

~8=n=3.14

(False) Electrostatic force is conservative in nature, Hence
work done is path independent.

(¢) Net force on charge ¢ when it is given a;L small
A

.

displacement x
Fo = Fi=Fy

nef

1 K ko ok

= 2meg d—x—2nan d+x _____Fi_.j._fé___,,

A |dtx-d+x T T

net 2neg 42— x2 3

d
2 A 2x

&3 2_ 2 R

ne MEy d° —x > :
line charge 1 line charge 2
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When x <<d then

F

net &g xie,focx

displacement therefore
the charge +q will execute SHM.

In case of charge (—¢) F,
>F, i.e., charge — g is
unstable, therefore the
charge —¢ continues to
move in the direction of
its displacement.
(@) According to "question,
under the influence of coulomb
field of charge +Q a charge —q \
is moving around it in an e
elliptical orbit and this
situation is shown in the figure
which is similar toa
planet revolving around sun. The distance of — g from + O
is changing, therefore, force between the charges will
change. The speed of the charge — ¢ will be greater when
the charge is nearer to + O as compared to when it is far.
Hence, the angular velocity of charge — ¢ is not constant.
The direction of the velocity changes continuously,
therefore, linear momentum is not constant. The angular
momentum of charge (— ¢) about Q is constant because
the torque about charge + Q is zero.

r_i——:ﬁ
1

line charge 1 line charge 2

=}

cnrene €

(a,¢) Let Obethecharge
on the ring, the negative

charge - g is released from
point P (0, 0, Z,). The © *
electric field at P due to the =
charged ring will be along PR
positive z-axis and its [ O -.i(u E—
magnitude will be :
_gnl Oz R) e
_4naﬂ'(32+z§}332

Therefore, force on charge P will be towards centre as
shown, and its magnitude is
e 9
e dneg (R +22)""
Similarly, when it crosses the origin, the force is again
towards centre O.
Thus the motion of the particle is periodic for all values of
Z, lying between 0 and co.
Secondlyif Zy<<R,(R*+ 2} )*? = R®
_ 1 0
E oo Zy
i.e. the restoring force F, o — Z,. Hence the motion of the
particle will be simple harmonic. (Here negative sign implies
that the force is towards its mean position).

Zy..(1)

[From equation 1]
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