[/} Explanations
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Refer to diagram on page 4 (Electric Field Lines).
(1)

Refer to diagram on page 4 (Electric Field Lines).
(1)
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The electrostatic field lines do not form closed
loop because no electric field lines exist inside the
charged body. (1

According to the question, both the balls have
same charge g. Let the balls are separated by a
distance r. Hence, according to Coulomb’s law, if
F and F’ are the force of attraction between balls
in air and in medium respectively.
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. F’=F/K

where, K is dielectric constant of material and
K >1 for insulators, hence the force is reduced,
when a plastic sheet is inserted. 4]

If electric field lines cross each other, then there
would be two tangents drawn at the point of
intersection and hence two directions of electric
field at that point which is not possible. So, lines
of forces never cross each other. (1

As, electric field inside a conductor is always zero.
The electric lines of forces exert lateral pressure on
each other which leads to repulsion between like
charges. Thus, in order to stabilize spacing, the
electric field lines are normal to the surface. g)]

As per the condition given in question, fwo
conclusions that can be drawn are as follows
(i) The two point charges (¢, and gq,) should be of
opposite nature. (1/2)
(ii) The magnitude of charge g, must be greater
than the magnitude of charge g,. (1/2)

11. Electric dipole moment of an electric dipole is

equal to the product of the magnitude of its
either charge and the length of the electric dipole.
It is denoted by p. Its SI unit is coulomb-metre.
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lp| = g x2I

It is a vector quantity and its direction is from
negative charge to positive charge. 4]

12. The plot showing the variation of electric field with

distance r due to a point charge q is shown as below
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13. Force on positive charge due to electric field is
always in the direction of electric field. So, proton
being a positively charge will tend to move along
the X-axis i.e. in the direction of a uniform
electric field. m

14. (i) For stable equilibrium, the angle between p
and E is 0° i.e. it should be placed parallel to
electric field.

> E

-q P +q

> (1/2)

(ii) For unstable equilibrium, the angle between p
and E is 180° i.e. it should be placed
antiparallel to electric field.

h 4
m

& &

+q -q

> (1/2)

15. Two point charges system is taken from air to
water keeping other variables (e.g. distance,
magnitude of charge) unchanged. So, only factor
which may affect the interacting force is dielectric
constant of the medium.

Force acting between two point charges in a

medium is
F = 1 QI Q.Z
dne, K r?
or F =< L
K
= Fair =K
Fmedium
= L =80
water
8
= Fwater = %
= F : N
water 10 [1]

16. Path d is followed by electric field lines because
electric field intensity inside the metallic sphere
will be zero. Therefore, no electric lines of force
exist inside the sphere. Also electric field lines are
always perpendicular to the surface of the
conductor. M

17. Right, because mutual force acting between two
point charges is proportional to the product of
magnitude of charges and inversely proportional
to the square of the distance between them i.e.
independent of the other charges. (1

18. Refer to text on page 5 (Torque on an electric
dipole placed in a uniform electric field). (2)

19. (i) Electric field at a point on the equatorial
line of an electric dipole.

Consider an electric dipole consisting of two
point charges + g and — g separated by a small
distance AB = 2] with centre at O and dipole
moment, p = g(2[)as shown in the figure.

Eg

2] »ta

Resultant electric field intensity at the point Q,
E,=E, + E

1 q
Here, E ,= —
T ane, (24 B
1 q
and E, = R E—
5 4me, (X2+ 12) m

On resolving E,andE; into two rectangular
components, the vectors E ,sin@ and E sin® are
equal in magnitude and opposite to each other
and hence, cancel out.

The vectors E , cosO and E; cosf are acting along
the same direction and hence, add up.

" Ey=E,c0s6 + Epcosb
= 2E , cosO
& q ‘ !
Came, (*+ 1) P+ D2

[ Es=Eg]

[ 1]
l cosO = WJ
1 21

" 4me, '(xz + 13

3/2

But, the dipole moment |p|= g x 2!

E. = 1_2WL
4me, (x*+ 1

3/2
)



The direction of E is along E,, that is parallel to

BA, i.e. opposite to AB. In vector form, we can

: -Pp
rewrite as, E, =
. 4TEEU(X2 -+ 1'2)3/2 M
20. Given,

Length (2a) = 4cm = 4 x10°m
Angle, 6= 60°
Torque, T = 4./3N-m
Charge, Q =8 x 107°C
We know that, T = Q(24) E sinf
Electric field, E = —

Q(24)sin6

443

T 8x10° x4x102xsin60° ()
E=2.5x10"NC™!
. Potential energy,
U=—-pEcos® =-Q(2a) E cosO
U=-8x10"7 x4x1072x 2.5%x10" cos60°

=-4] m
21. 16 J, Refer to Sol. 20 on page 11. (2)
22. 6J, Refer to Sol. 20 on page 11. (2)

23. (i) Work done in rotating the dipole, W = _L:z 140
If the dipole is turned from direction parallel
to electric field to direction opposite to electric
field, then angle 6 will change from 0 to .

W= EpE sinB d0 = pE [-cos8]; = 2pE .

(ii) We know that, t = pEsin®

If 6 = m/2, then 7 is maximum
iLe. T= pEsinE = T =pE (maximum)
2 m
24. According to the question, the charge on inner
surface=-Q
and the charge on outer surface = + Q
Electric field at point B, is given by E = Q/4me, 1,

(2)
25. Equal charge of opposite nature induces on the
surface of conductor nearer to the source charge.
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26.

27.

28.

Electric lines of forces should fall normally on the
surface of conductor, i.e. at 90° on the
conducting plate. (2)

Surface charge density,
__Q
4R’
According to the question,

surface charge density, ¢ =
constant

Let Q and @, are two charges

Hence, Charge, Q = 47R’c ..-(i)

Charge, Q, = 411:(2R)2G

On dividing Eq. (i) with Eq. (ii), we get
Q _ 4mR%e _1

Q 4n(2R’*c 4 2)

According to question, for unstable equilibrium,
the angle between p and E is 6, =180°

Finally, for stable equilibrium, 8, = 0° (1/2)
Required work done
W = pE(cos6, — cosf,) (1/2)

= 3x10° x10°(cos180° — cos0°)
[rcos180° = -1 and cos0° = +1]
W=-6x10"] M

According to Coulomb’s law, the magnitude of
force acting between two stationary point charges

is given by F = N 9> (L]
ane, J\r?

. 1
For given g, g5, F o< (?)

The slope of F versus 1—2 graph depends on g, ¢,.
r

Magnitude of ¢, ¢, is higher for second pair.

. Slope of F versus % graph corresponding to
r

second pair (1nC, —3uC) is greater. Higher the
magnitude of product of charges g, and ¢g,,
higher the slope. (1
A For (1 uC, -3 uC)

pair of charges

For (1 uC, 2 uC)
pair of charges

Magnitude of
force F ——

Y

(1



29,

30.

31.

32.

When two identical conducting charged spheres
are brought in contact, then redistribution of
charge takes place, i.e. the charge is equally
divided on both the spheres.

When C and A are placed in contact, charge of A
equally divides in two spheres. Therefore, charges
on each spherical shell A and C =+ 2Q. m
Now, C is placed in contact with B, then charge
on each spherical shell B and C becomes
2Q+ (_lOQ) - _ 4Q
2

When A and B are placed in contact, then charge
on each A and B becomes

20+ (-4Q _ _ Q
2 (1)
For stable equilibrium, the angle between p and E
6, =0°.
For unstable equilibrium, 8, =180°. m

Work done in rotating the dipole from angle 6, to 6,
W = pE(cos;, — cos8,)
= pE(cos0° — cos180°)
W = 2pE m

Electric field intensity, E =10° NC ™
Work done, W =2x107% ]
Work done in rotating the dipole from stable
equilibrium position to unstable equilibrium
position.

W = pE(cos6, — cos0,)

W = pE (cos 0° — cos 180°) = 2pE m
Magnitude of dipole moment is

g
2F
_2x107%

TR 10%° C-m Q)
X

Let two point charges ¢, and g, are situated at
points A and B have position vectors ; and 1,.

yn E2
E
I
Ap—" A"\
P ]
- I
I'1 I'/, q2B
ro
) g
AP=r-g

and

33.

34 (i) Refer to Sol. 19 on page 10.

Electric field intensity at point P due to g,,

1
El — . QI ;
4me, |AP|
Similarly, E,= 1 . 92 _pp
47580 | BP| (1)
.. Net electric field intensity at point P,
E=E, +E,
=L [ h@-r)+ D2 B(r—rz)]
4mey [ |r—x | |r— | t))

(i) An electron falls through distance 1.5cm, if
electric field is 2x10* N/C.

So, net force on electron F = ¢,E |E
m,a=4q,E e
a= 2. [ F = ma] =
m

€

where, g, =1.6x107° C,
m, = 91x107" kg

and E =2x10* N/C
1.6x107"% x 2x10*
S0, a= =
91 %10

=35x10" mys?

1
As we know, s = ut+ —at?

1.5><10*2=0><r+£2><3l5><10“"><r2

. [2x1.5%107
35%10"

=+/857x10°% =292ns (1%)

Similarly, time of fall of proton if direction of
field is reversed

g (B [ E]
a, qu m,

where, m, =1.6x107" kg, g, =1.6x107° C

So,

(i)

and s =1.5cm

. \/2><1.5><10‘2 1.6 X107
=

1.6 X107 x 2x10*

=,1.5x10™"*

_ -7
f, =122x107 s %)

(1%2)

(ii) Refer to Sol. 14 on page 10. (1%2)



35. (i) Dipole in a uniform electric field

Y

¥

Y

According to the figure, if we consider an
electric dipole consisting of charges —g and +¢
of length 22 placed in a uniform electric field E
making an angle 6 with electric field, then force
exerted on charge —gat A=—gE
(opposite to E) 1)}
Force exerted on charge +g at A= g E (along E)
Hence, the net translating force on a dipole in
a uniform electric field is zero. But the two
equal and opposite forces act at different
points and form couple which exerts a
torque T.

T = Force X Perpendicular distance between

the two forces
T = gE(AN) = gE(2asin0)
T = ¢(2a)E sin®
= T=pEsind = t1=pXxE m

(ii) When the dipole is placed in a non-uniform
electric field, it experiences both net force and net
torque. (1

36. According to the question, suppose that the ring

is placed with its plane perpendicular to the
X-axis as shown in figure. Consider small element
dl of the ring.

al
e o dE sin 9
*oo 1

- dE
0 = > X

5 ] j 6 . dE cos 6

K X >

) dE

Let the total charge ¢ is uniformly distributed, so

the charge dg on element dl is dg = A_xadl.
2ma

37.

38.

or dg = A-dl

Since, only the axial component gives the net E at
point P due to charge on ring.

So, j:dE = I:de cosO = ISMI(- A d—i x X
reor

where, cosf = 5, K= 1
r 4me,

= R p i 1 o
_IMF]G dl = KxA r_3[”°

1

=K?~.x-( T 2)3/2-27&1 [or? = x?+a?)
X" +a

_ Kgx . .
E= m [using Eq. (1)]

Now, for points at large distances from the ring
X>>a.

g Ka_ 1 g

X 4me, 'S

This is same as the field due to a point charge and
indicating that for far-off axial point from the
centre of a ring, the charged ring behaves as a
point charge. (1)

Refer to text on page 5 (Torque on an electric
dipole placed in a uniform electric field). (2)

Pairs of perpendicular vectors
(a) (t. p) (b) (t, E) (M
(i) The magnitude,

(1

2 2
Epet =\ E a5’ + Eqc> + 25 45 4 COSO

=\/(2E)2+EZ+2><25><B><(—12]

= J4E*+ B - 2B*=E\3
We know that, E = q/4mne,a’
So, Enet = 4\/3/47[80(22 )]



39.

(ii) Direction of resultant electric field at vertex, s deefe{ toll;exl;do‘n page? (TOI%UEIO.H ?nlgl)ecmc @
. ipole placed in a uniform electric field).
E ,;sinl20° E x+3/2
tano = AB - 31 Conditions

Q -
Eqc+ Eppcos120°  2E + E x(-1/2) (i) When ® = 0; T = 0, then p and E are parallel and

tano = L = o = tan" L the dipole is in a position of stable equilibrium.
V3 V3 (a72)
o= 30° (with side AC) (1) (ii) When 6 =180° t = 0, then p and E are
For electric dipole moment Refer to Sol. 11 on e At et )
Saned p ’ a unstable equilibrium. (1/2)
Vi derrvating abE 41. (i) Electric field lines due to a conducting sphere

: S . are shown in figure.
Consider an electric dipole AB consists of two &

charges + g and —g separated by a distance 2a. We
have to find electric field at point P on

equipotential line separated by a distance r. (1 =
Flectric ficld at noint P due to ch ~— Conducting
ectric field at poin ue to charge +4g Sphe? ha\{]ing
negative charge
=t x4 =" x4 . o (1%)
4me, [\/ (r*+a) AmE (7 +a) (ii) Electric field lines due to an electric dipole are
Along AP, shown in figure.
E—
|
(1'2)
B &Y
-q 42. (i) Refer to Sol. 19 on pages 10 and 11. 2
Electric field at point P due to charge — g, iy FEEERE e poli '?“' Whlch e systen‘{ of
charges as shown in the figure below is in
E, = 1 X — q _along PB equilibrium, then m
4ne, r°+a F(x) =F(2- x)
On resolving E, and E, into rectangular components, Q
we get resultant electric field at point P. Qe ;) °q
E=E, cos®+ E, cos0 X 2-x
1
= X—s q 5 cos 0+ 5 9 3 cos 6 b . ka0 (from figure)
ang, (r° +a’) 4ang, (r° +a’) 4me, x* 4me, (2- x)°
1 q a 1 1
=2X — Bt —
aney, (P +a’) [+ a) 2 2-x?°
o 4 5 2424232 [But gx2a = p] = x=2-x > x=1
amey  (r* + a?)? Thus, the charge Q should be placed at the
E= 1 % centre of line joining two given charges. Also
= ame, o % + a)?? the two given charges are identical i.e. having
same nature. So, the third charge could be of
Ifr>>a, then E = ! x% any nature (positive or negative), as the forces
ame, r (1) on it at the centre are equal and opposite.  (2)



43. (i) Electric field due to dipole at axial point

We have to calculate the field intensity E at a
point P on the axial line of the dipole at
distance OP=r from the centre O of the dipole.

A 0 B Ex Eg
*~——--—- e i e e
-q +q P
= 21 >
|€—r—1—»
| r >
|« r+l >

Resultant electric field intensity at the point
Pis E.=E,+E;
The vectors E , and E; are collinear and opposite.

Ep=Ez-E,
Here, E,= 1 _4 e L 42

4ne, (r+)) 4re, (r—1)

E.= 1 [- g 4 ]

i 4neOL(r—02 (r+f)2J
_ 1 4qxl
dng, (r*-1%)?

Ep= 1 2p

ame, (r’-1%*

If the length of dipole is short i.e. 2/<<r, then
.,
=

4mgy -1’

The direction of E; is along BP produced.

So, Epoe<—
P o)

! 1
(i) E ccr—3.Asr i

increases, E will

sharply decrease. T
The shape of the E
graph will be as
given in the figure. (1)

[
>

@] r—>

(iii) When the dipole were kept in a uniform electric
field E,. The torque acting on dipole is
T1=|p*xE = pE sinf

.
—

AN
F—
PR
(a) [f0=0° then t=0, p ||Eand the dipole is in

stable equilibrium. m
For diagram Refer to Sol. 14 on page 10.

(b) If 6=180°, then t=0, p ||-E and the dipole
is in unstable equilibrium. (1)

For diagrams Refer to Sol. 14(ii) on page 10.
44. (i) © = pEsinb
In vector notation, T =p XE

SI unit of torque is newton-metre (N-m) and its
dimensional formula is [ML? T™%]. Torque is

always directed in plane perpendicular to the
plane of dipole movement and electric field.

Casel If6=0°thent=0
The dipole is in stable equilibrium.

Case2 1f6 = 90° then 1t = pE (maximum value)
The torque acting on dipole will be maximum.
Case3 1f0=180°thent=0 (2)

The dipole is in unstable equilibrium.

(ii) If the field is non-uniform, then there would
be a net force acting on the dipole in addition
to the net torque and the resulting motion
would be a combination of translation and
rotation.

T=pXxE(p
Net torque acts on the dipole depending on the
location, where r is the position vector of the
centre of the dipole. (1)
(iii) (a) E is increasing parallel to p, then 6 = 0°. So,
torque becomes zero but the net force on the
dipole will be in the direction of increasing
electric field and hence, it will have linear
motion along the dipole moment.

— £t
Force on-g
Force on +q
)
-q p +q

Direction of net force= ——
Direction of increasing field= ———

(b) E is increasing anti-parallel to p. So, the
torque still remains zero, but the net force on
the dipole will be in the direction of
increasing electric field which is opposite to
the dipole moment. Hence, it will have linear
motion opposite to the dipole moment.

__E |
Q-—e—--Q
+q p -q
Force Force
on +qg S on—-g

Direction of net force= ——
Direction of increasing field= ——
(2)
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1.

Explanations

According to question, electric flux ¢ due to a

point charge enclosed by a spherical Gaussian
surface is given by

0=E-A
=E.4ﬂr2=1{q.4ﬂ;
rZ

( E = ﬁ and A = 4nr2)
T2

So, there is no effect of change in radius on the
electric flux. m

According to the Gauss’ law of electrostatics,
electric flux through any closed surface is given
by

0 =q/¢ -.(1)
So, in the given case, cube encloses an electric

dipole. Therefore, the total charge enclosed by the
cube is zero. i.e. g = 0.

Therefore, from Eq. (i), we have
b =q/g, =0

i.e. electric flux is zero. M
According to the question, E = 3x10° iNc™.
Side of square (§) =10cm = 0.1 m.
Area of square (4) = (side)® = (0.1)* =1 x 107 m*?
Hence, electric flux through the square,

0=E-A=(3x10%-102 =30Nm*C"’ a
Gauss’ theorem states that the total electric flux
linked with closed surface S is ¢ = g/¢,

where, g is the total charge enclosed by the closed
Gaussian (imaginary) surface.

-2Q +Q
(0,00 | (8,0 (3a,0) (4a,0)

Charge enclosed by the sphere = -2Q

Therefore, ¢ = 2Q/g, (inwards) m
By Gauss’ theorem, total electric flux linked with
a closed surface is given by ¢ = q/¢,

where, g is the total charge enclosed by the closed
surface.

. Total electric flux linked with cube, ¢ = g/¢,

As charge is at centre. Therefore, electric flux is
symmetrically distributed through all 6 faces.
a8

Flux linked with each face = lcb - Rt =
6 6 g 6g) M

. Electric flux through the closed surface S is

) —E—m
e -
€ €
:i:pq)szi
€ €

Charge +3g is outside the closed surface S.

Therefore, it would not be taken into
consideration in applying Gauss’ theorem. m

. Given, electric field intensity

E=5x10°iNC "’
Magnitude of electric field intensity
|E |= 5x10°NC™*
Side of square, S=10cm=0.1 m
Area of square, A= (0.1)*=0.01 m’
The plane of the square is parallel to the YZ-plane.

Hence, the angle between the unit vector normal
to the plane and electric field is zero. §)]

ie., 6=0°
Flux through the plane,
d=|E|x A cos®
= $ = 5x10° x 0.01 cos 0°
o = 50Nm’C"
If the plane makes an angle of 30° with the X-axis,
then 6 = 60°

.. Flux through the plane,
d=|E|x A X cos 60°

=5x%x10% x 0.01 X cos 60°
=25 Nm?C™! (1

8. 40 NmC~! and 20 Nm?C™!

Refer to Sol. 7 on page 22. 2

9. 200 Nm?C ! and 100 Nm?C™!

Refer to Sol. 7 on page 22. (2)

10. According to Gauss’ law,

Flux through §;, ¢, = Q ..(i)

€

Q+20_3Q
€ B £

On dividing Eq. (i) by Eq. (ii), we get

0, /¢, =1/3 )

Flux through §,, ¢, = ... (i)



There is no change in the flux through §, with
dielectric medium is introduced inside the sphere
S,. (1)

11. A thin straight conducting wire will be a uniform
linear charge distribution.

e
T\_____:_/
+

l TN A

A
+
7T TN

N~

Let g charge be enclosed by the cylindrical
surface.

1
]

(i) m

. Linear charge density, A =

qg=»xM
By Gauss’ theorem,
. Total electric flux through the surface of cylinder

o= q [Gauss’ theorem]

€
=£ [from Eq. (i)]
€ (1)

12. Let g charge be uniformly distributed over the
spherical shell of radius r.

~. Surface charge density on spherical shell

cs=4‘*'2 (i)
r )

- Electric field intensity on the surface of spherical
1 1 4

2
ane, r

shell E=

(1/2)
[+ E acts along radially outward and along i1 ]

2
il B L

€ €y (1/2)

13. Here, two points are important

1. Charge resides on the outer surface of
spherical conductor (skin effect).

2. Equal charge of opposite nature induces in the
surface of conductor nearer to source charge.
(i) (a) Charge produced on inner surface due
to induction = —g
.. Surface charge density of inner surface
- _~1q

" 4nR?

(b) When charge —g is induced on inner walls,
then equal charge + ¢ is produced at outer
surface.

Charge on outer surface

=q+ Q
.. Surface charge density of outer surface
4mR; (M
(ii) Electric field intensity at point P at a distance
X(x>R,)
gl . @+0
4me,  x°

[along CP and away from spherical shell]

Whole charge is assumed to be concentrated at the
centre. M

14. (i) According to Gauss’ theorem,

0
0s, 20+4Q 3 5

(ii) If the medium is filled in §;, then electric flux
through spheres is

e, e 4 _ 2
Sl TR A s

€&, €oE; m
15. Refer to Sol. 23 on pages 25 and 26. (3)



16. (i) When a charge —g is placed at the centre of the
hollow conducting sphere, then the charge
induced on the inner surface is + g and on outer
surface is —g. But charge Qs already present on
its outer surface. So, net charge on outer surface
is (Q—g) as shown.

«—Q-q

/i

Therefore, surface charge density on
q
4mr,

(a) inner surface is

(b) and on outer surface is i f
4nr,

(17%2)
(ii) By Gauss’s law, at a point lying outside the
sphere the electric flux is given by
¢p =fE-as =T
s €0
where, g is the net charge enclosed.
As Eand 4S8 are in same direction as shown.

Q-¢q

= Electric field, E =

4dmeyr? (1%%)

17. (i) Refer to Sol. 23(ii) on pages 25 and 26
(Replacing r by x).
(ii) Refer to Sol. 27(ii) on page 27
(Replacing r by x).

18. (i) Electric field to the left of first sheet (region I)

E1=El+Ez=£f—£1’

2% 2

where r be the unit vector in the direction
from first sheet (+ ve sheet) to second sheet
(— ve sheet)

c - 20
E E E
¢ 1 1} 1
| Il 1
E E E
2) 2) 2
1 SLEN 2 (1)

(ii) Electric field to the right of second sheet
(region I1I)

EHI — i r —E r
%, 2% m
(iii) Electric field between two sheets (region II)
EII — i r+ 2£ T
2%, 2 m

719. (i) When a charge + g is placed at the centre of
spherical cavity as shown in the figure, then
the charge induced on the inner surface of a
shell is —g and the charge induced on the
outer surface of shell is + 4. So,

g 4+ 44
Lt

ST At
(a) Outer surface charge density = e (2?
47,
(b) Inner surface charge density = —¢?2
415?‘1 (2)

(ii) Yes, the electric field inside a cavity is zero
irrespective of shape because the cavity has
enclosed zero net charge. (1)

20. Refer to text on page 16 (Electric flux).

Since, the electric field is only an x component for
face perpendicular to x direction.

The flux, ¢ = EAs is separately zero for each face
of the cube except the two faces i.e. front and its
opposite ones.



21.

Now, the magnitude of electric field at the left
face is

E, =ox =04
So, O=E;As cos® = oa[a’ cos180°]= —aua’

(-6 =180°)

(. x = a at the left face)

Field at right face, i.e. x =2a
Ep =ax=02a
= ¢ =EpAscos0 = 2a0a’ cos0°]= 20.a’
(+0 = 0°)
Oper = 200a> — 0> = o’
According to Gauss’ law

bt = 2 =0 = g0

€ [2]
= 885x1072x100x(01)* = 885x1072 C

According to the figure, A and B are two thin
parallel plane sheets of charge having uniform
densities o, and ¢, with 5, > o,

0 = E X area of the end faces of the cylinder

E)(ZA:% =>E:i

£ 2,
EB EB
- —
—_— —
Es 111 £,
B
LA i

In region II

(1)

The electric field due to the sheet of charge A will
be from left to right (along the positive direction)
and that due to the sheet of charge B will be from
right to left (along the negative direction).
Therefore, in region II, we have

F=514,|_9%2
2g, 2g,
= E = l—(cl —0,) (along positive direction)
2g, (1)
In region III
The electric fields due to both the charged sheets
will be from left to right, i.e. along the positive
direction. Therefore, in region III, we have
6,0

E = =2
2g, 2,

E= L((51 + 6,) (along positive direction)
€ )]

22. (i) Given, E=50 x i
and AS=25cm?’=25x 10" m?
Y

1 M« 1m >
A

B
ol [ AN

/ ﬁA«—U >

4

As the electric field is only along the X-axis, so
flux will pass only through the cross-section of
the cylinder.

Magnitude of electric field at cross-section A,
E,=50x1=50NC™

Magnitude of electric field at cross-section B,
Ez =50x2=100 NC

(172)
The corresponding electric fluxes are
4 =E,-AS=50%25x10"" x c0os180°
=-10.125 Nm*C!
0 = Ez-AS =100 x 25x10™* x cos0°
=0.25 Nm*C ™
So, the net flux through the cylinder,
d=0,+ 0p
=-0.125 + 0.25=0125N-m’C™' o)
(ii) Using Gauss’ law, 0= 35E-dl =4
€
= 0u25=—271 _
885x10"
= g =885%0125x107"2
= g=11x 1072 C (1/2)
So, the charge enclosed by the cylinder is
1.1x 10 2 C. (M

23. (i) Gauss’ law states that the total flux through a

closed surface is L5 times the net charge
£
enclosed by the closed surface.
Mathematically, ¢z = ﬁ E-ds=1.
5 80
Here, g, is the absolute permittivity of the free
space, ¢ is the total charge enclosed the closed
surface and Eis the electric field at the area
element 4S. g)]
(ii) Electric field intensity due to an infinitely long

uniformly charged wire at point P at distance r
from it is obtained as follows



Consider a thin cylindrical Gaussian surface §
with charged wire on its axis and point P on its
surface, then net electric flux through surface S is

d

.

.\

A
Y

I+ +[+ + + F +H +]

$ 10

!
'

¢=§E-ds

- jEds C0s90°+ _[EdS c0s 0%+ _[EdS c0s90°
Upper plane face

0=0+FEA+0 or ¢=E-2mrl (1)
But, by Gauss’s theorem, ¢ =g/g, = Ml/g,

where, ¢ is the charge on length [ of wire
enclosed by cylindrical surface S and A is
uniform linear charge density of wire.

Curved surface  Lower plane face

E X 2mrl = E
€
= E = A
2mEyr

Thus, electric field of a line charge is inversely
proportional to distance directed normal to the
surface of charged wire. (4]

24. Gauss’ law Refer to text on page 16.

Now, the electric field E= fo is in X-direction

only. So, the faces of the cube with surface normal
vector perpendicular to this field would give zero
electric flux, i.e. ¢ = E dS cos 90° = 0 through it. (1)

X

N t— —>

—a—h—a— "
Z

So, flux would be across only two surfaces.

Magnitude of E at left face,
E, =Cx=Ca
Magnitude of E at right face

Ep =Cx =C2a = 2aC [x = 2z at right face]
Thus, corresponding fluxes are
0; =E,-dS=E; dS cosB

[x = a at left face]

=—aCxa* [As, 6 =180°]
0p = Ep -dS=2aC dS cos ® [-0=0°]
=2aCa*=2°C (1/2)

(i) Now, net flux through the cube is
=0, + Op=—a’C+ 2a°C
= ’CNm’C’! (1/2)
(ii) Net charge inside the cube
Again, we can use Gauss’ law to find total
charge g inside the cube.

We have ¢ = 3
2

or 7 = 0eq

25. Let us consider charge + ¢ be uniformly distributed
over a spherical shell of radius R. Let E is to be
obtained at P lying outside of spherical shell.

.+ Eat any point is radially outward (if charge g is
positive) and has same magnitude at all points
which lie at the same distance r from centre of
spherical shell such thatr > R.

Therefore, Gaussian surface is concentric sphere of

q = a’Ce, coulomb )

radius r such thatr > R. )]
P S g Concentric
N = spherical
AY

v, Gaussian
surface

Charged
spherical
shell

tm————

By Gauss’ theorem,

E';E-dS:i = §E dsS cos 0":i
& =)

[ - Eand dSare along the same direction]

E- ?dS =4 [ *Magnitude of E is same at every
€o point on Gaussian surface]

J’E><41rcr2=i
&
=5 E = 1 .2

= 1
4me, r "



Now, graph

E 1

ISR, 5
/E Amey R2
’
E‘IE
o R I

(1

26. (i) Electric flux It is defined as the total number

of electric field lines that are normally pass
through that surface.

Total electric flux ¢ over the whole surface S
due to an electric field E is given as

¢ = $E-dS ={EdS cosb
5

[t is a scalar quantity. m

A
|

JA— _d-fz._l ______ 4

From the given problem, ¢ is the point charge

at a distance of i directly above the centre of

the square side.

Now, construct a Gaussian surface in form of a
cube of side d to evaluate the amount of
electric flux.

.. We can calculate the amount of electric flux
for six surfaces by using Gauss’S law,

05 = [E-ds=1
s €y
‘. For one surface of the cube, amount of

electric flux is given as ¢;" = 5 &
680 (2)

(ii) Even if the point charge is moved to a distance

d from the centre of the square and side of the
square is doubled, but amount of charge
enclosed into the Gaussian surface does not
changes.

. The amount of electric flux remains same. (2)

27. (i) Field due to an infinitely long thin

(ii)

straight charged line

Consider an infinitely long thin straight line
with uniform linear charge density (A).

E
f
- E
F 3 X
Aﬁ ;.' C L ﬁ/\
n : A n

From symmetry, the electric field is everywhere
in the radial direction and its magnitude only
depends on the radial distance (r).

From Gauss’ law,

o =§E-d$=i
E
s 0

Now , ¢E=35E-ds= ﬂSE-ﬁds
5 5
=§§E-ﬁds+3€E-ﬁds+§E-ﬁds
A B C
&E-dS=:f>EdScos90°+§Ed5c0590°
: ’ i&EdScos(P
C

- 395 ds = E(2mr)
C
Charge enclosed in the cylinder, g = A/

E(2nr!)=£ or E = A

€y 21,

The direction of the electric field is radially
outward from the positive line charge. For
negative line charge, it will be radially inward. (2)
Electric field E due to the linear charge is
inversely proportional to the distance r from
the linear charge. The variation of electric
field E with distance r is shown in figure. (1)

m




(iii) V:_[E-dr:_[

n_ dr = A -J‘rzldr
2me,

2 2|E,t nor

- Moo |
B 21e, L 8;J

()
2me, n J 2

Work done =gV =g {

28. (i) According to the question, ¢ is the surface

charge density of the sheet. From symmetry, E
on either side of the sheet must be
perpendicular to the plane of the sheet having
same magnitude at all equidistant points from
the sheet. We take a cylinder of cross-sectional
area A and length 2r as the Gaussian surface.
On the curved surface of the cylinder, E and n
are perpendicular to each other.

Therefore, the flux through the curved surface

of the cylinder = 0. (1'%2)
T
~ s -+ S
-+

A + + ++ E
= | [ | G
~ + Fa
n = . n

\ g Yn

e — ¥ %, A S

Flux through the flat surfaces = EA+ EA = 2EA
The total electric flux over the entire surface of
cylinder

0p = 2EA
Total charge enclosed by the cylinder, g=cA

According to Gauss’s law,

¢E=i=>2,4}5 %A F=95

£g E 2g,

E is independent of ri.e. the distance of the
point from the plane charged sheet. E at any
point is directed away from the sheet for
positive charge and directed towards the sheet
in case of negative charge. (1%%2)

(ii) Surface charge density of the uniform plane

sheet which is infinitely large =+ . The
electric potential (V) due to infinite sheet of
uniform charge density + ¢

y=—"r

28,
The amount of work done in bringing a point
charge ¢ from infinite to point of distance r in
front of the charged plane sheet.

W:q x V= q__cr =—Gr‘q J

2, 2, (2)

29.

(i)

Electric field on an axial line of an electric dipole

------- e
-g 0 +q E_qP E+q
+—f—-9g—
r+a

Let P be the point at distance r from the centre of
the dipole on the side of charge + g.

Then, the electric field at point P due to charge — g

of the dipole is given by, E_, = - %fp
4me,(r + a)
where, p is the unit vector along the dipole axis
(from —¢q to q). (1)
Also, the electric field at point P due to charge +4q
of the dipole is given by, E, , = % p
dme, (r — a)
The total field at point P is
[ 1 1 .
E=E,+E = ! 2 7| P
4mey | (r — a) (r+ a)
—E=_1 % p [ r=x] (given)
4ne, (r°—a”)
E= q 24ax - A
ame, (x° —a)
For x>>a, E= 44 -p = E= 2p S
4meyx 4me,x
[.p=29qa] M
Y
X
a
z

Since, the electric field has only x component.
For faces normal to X -direction the angle
between E and AS is 0°. Therefore, the flux is
separately zero for each of the cube except the
surface perpendicular to X-axis.

The magnitude of the electric field at the left face is
E; =0 (as, x = 0 at the left face).
The magnitude of the electric field at the right
faceis E p = 2a (as, x = a at the right face). (1)
The corresponding fluxes are
o, =E -AS=0
Op = Ep - AS = ERAS cosO = EzAS
= ¢y =F Raz

(0 =0°)



Net flux through the cube
O=0; +0p =0+ Ega’ = Epa’
= 0=2(a)? =2’

We can use Gauss’ law to find the total charge ¢
inside the cube.

0=q/g, - O=0g, =2’¢, (2)

30. (i) Electric Flux Refer to text on page 16.
The SI unit of electric flux is N-m*C™".

According to Gauss’ law in electrostatics, the
surface integral of electrostatic field E
produced by any sources over any closed
surface S enclosing a volume V in vacuum is
4_j.e. total electric flux over the closed surface
€

Sin vacuum is1/ g, times the total charge (g)
contained inside S, i.e. ¢ = §E-ds =9

S €

Gauss’ law in electrostatics is true for an
closed surface, no matter what its shape or
size is. In order to justify the above statement,
consider an isolated positive charge g situated
at the centre O of a sphere of radius r.

According to Coulomb’s law, electric field
intensity at any point P on the surface of the

sphere isE = S

dme, r’

where, r is unit vector directed from O to P.

Consider a small area element dS of the sphere
around P. Let it be represented by the vector
ds or n-ds.

where, 7 is unit vector along normal to the
area element.

.. Electric flux over the area element,
dog = E-dS = (q/4me, - v/r?).(i1- dS)
E-dS = q/4me, -dS/r*-r-n

As normal to a surface of every point is along
the radius vector at that point. Therefore,
rn=1

E-dS = g/4me, - dS/r’
Integrating over the closed surface area of the

sphere, we get total normal electric flux over
the entire sphere,

0z = §E-dS= 1 fas
L s

4me, -

- _ 4
4me, r’

X total area of surface of sphere

— q x_ 9
= 2(41rc1'“ )= —
dme,r €

Hence, {) EdS = g/¢g,, which proves Gauss’
Ay

theorem. (2V2)
(ii) Electric field inside a uniformly charged

spherical shell
According to Gauss’ theorem

§E-ds=§ E hds= L or Efas=1

€9 o €

. E-4nr’=gq/e, = E =q/4ne,r’ (i)
In the given figure, the point P where we have to
find the electric field intensity is inside the shell.
The Gaussian surface is the surface of a sphere S,

passing through P and with the centre at O. The
radius of the sphere S,isr < R.

The electric flux through the Gaussian surface,
as calculated in Eq. (i), i.e. E x 47mr’. As, charge
inside a spherical shell is zero. So, the Gaussian

surface encloses no charge. The Gauss’ theorem
gives
Exanr’=9 =0
€
E=0forr<R.

Hence, the field due to a uniformly charged
spherical shell is zero at all points inside the
shell. (2'2)



31. (i) Refer to text on page 5. (2'42)

(ii) Refer to Sol. 10 on pages 22 and 23. (2'2)
32. Refer to Sol. 25 on pages 26 and 27. (5)
33. (i) Electric flux Refer to text on page 16. (2%%)
(ii) Using Gauss’ theorem,

Let point P, be at a distance r; from the centre.

}5><4nr‘12=2 —pg=_1_2

€ dme, 10
Field at point P, = 0, because the electric field
inside the conductor is zero. (2%2)
34. (i) Refer to text on page 16 (Electric flux). (2)
(ii) Refer to Sol. 28 (i) on page 28.
B P
2,

Hence, electric field at a point is independent of
distance from the sheet.

(a) Normally away from the sheet when sheet
is positively charged.
(b) Normally inward towards the sheet when

plane sheet is negatively charged. (3)

35. (i) Refer to text on page 16.
Refer to Sol. 25 on pages 26 and 27. (3)
(ii) Refer to Sol. 29 on page 12. (2)
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