Electric Charges and Fields

Previous Years’ CBSE Board Questions

1.6 Coulomb's Law

(1 mark)

1. Two identical conducting balls A and B have
charges -Q and +3Q respectively. They are
brought in contact with cach other and then
separated by a distance d apart. Find the
nature of the Coulomb force between them.
(A1 2019)
Two equal balls having equal positive charge
‘q’ coulombs are suspended by two insulating
strings of equal length. What would be the

effect on the force when a plastic sheet is
inserted between the two? (AI 2014)

BEIXE 2marks)

3. Plotagraphshowingthevariation of coulomb

5

1 . .
force (F) versus (—3) where ris the distance
r

between the two charges of each pair of
(1uC, 2uC) and (2pC, - 3uC),
(AI 2011)

charges :
interpret the graphs obtained.

B Gmarks)

4. Two identical point charges, g each, are kept
2 m apart in air. A third point charge Q of
unknown magnitude and sign is placed on the
line joining the charges such that the system
remains in equilibrium. Find the position and

nature of Q. (3/5, Delhi 2019)

1.8 Electric Field
(5 marks)

5. Consider a system of n charges q,, 4, ... g,

with position vectors 7, 7, 73, ... T, relative
to some origin ‘0. Deduce the expression
for the net electric field E at a point P with
position vector 7, due to this system of

charges. (3/5, Foreign 2015)

1.9 Electric Field Lines
(1 mark)

6. Draw the pattern of electric field lines when
a point charge +q is kept near an uncharged
conducting plate. (Delhi 2019)

7. Why do the electrostatic field lines not form

(Al 2014, AT 2012C)

8. Why do the electric field lines never cross
(AI2014)

closed loops ?

each other ?

m (3 marks)

9. A point charge (+Q) is kept in the vicinity
of an uncharged conducting plate. Sketch the
clectric field lines between the charge and the
plate. (1/3, Foreign 2014)

1.10 Electric Flux
BN (mark s ad

10. Write an expression for the flux Ao, of the

electric field E through an area element AS.
(Delhi 2010C)

BEIYM 2marks)

11. (i) Define the term ‘electric flux. Write its
SI unit.
(i) What is the flux due to electric field
E=3x10"i N/C through a square of side
10 cm, when it is held normal to E ?
(Al 2015C)
. uniform  electric field
E=5x10% i N/C. Find the flux of this field
through a square of 10 cm on a side whose
plane is parallel to the y-z plane. What would
be the flux through the same square if the
plane makes a 30° angle with the x-axis?
(Dt’"lf 2014)

BEXIE (3 marks) )

uniform  electric  field

12. Given a

13. Consider a
E= 3x103; N/C. Calculate the flux of this



field through a square surface of area 10 cm?
when

(1) its plane is parallel to the y-z plane
(ii) the normal to its plane makes a 60°
angle with the x-axis. (Delhi 2013C)

1.11 Electric Dipole
_VSA _NUENY I ,

14. Define the term electric dipole moment of a
dipole. State its S.I. unit.

(Foreign 2013, AI 2011)

YN Gmarks)

15. Derive an expression for the electric field due
to dipole of dipole moment P at a point on
its perpendicular bisector. (2/3, Delhi 2019)

16. Derive the expression for electric field at
a point on the equatorial line of an electric
dipole. (2/3, Delhi 2017)

mgarks) o

17. Derive an expression for the electric field at
any point on the equatorial line of an electric
dipole. (2/5, Delhi 2019)

18. (a) Derive an expression for the electric

field E due to a dipole of length 24’ at

a point distant r from the centre of the
dipole on the axial line.

(b) Draw a graph of E versus r for r >> a.

(3/5, AI 2017)

19. An electric dipole of dipole moment

P consists of point charges +q and —q

separated by a distance 2a apart. Deduce the

expression for the electric field E due to the

dipole at a distance x from the centre of the

dipole on its axial line in terms of the dipole

moment p. Hence show that in the limit
x>>a, E —> 2 p /(4nep®).

(3/5, Delhi 2015)
20. Find the resultant electric field due to an
electric dipole of dipole moment 2aq (2a
being the separation between the charges

+ g) at a point distance x on its equator.
(2/5, Foreign 2015)
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21. Define electric dipole moment. Is it 4 scalar

or a vector quantity? Derive the expression
for the electric field of a dipole at a point on
the equatorial plane of the dipole.

(3/5, A1 2013)

1.12 Dipole in a Uniform External
Field

(1 mark)

22. Write the expression for the torque % acting
onadipole of dipole moment p placed in an

electric field E. (Foreign 2015)

m[. (3 marks)

23. Depict the orientation of the dipole in (a)
stable, (b) unstable equilibrium in a uniform
electric field. (1/3, Delhi 2017)

24. (i) Obtain the expression for the torque

T experienced by an electric dipole of

dipole moment p in a uniform electric
field, E.

(ii) What will happen if the field were not

uniform? (Delhi 2017)

An electric dipole of dipole moment p

is placed in a uniform electric field E.

Obtain the expression for the torque T

experienced by the dipole. Identify two pairs

of perpendicular vectors in the expression.

(Delhi 2015C)

26. An electric dipole is kept in a uniform

electric field. Derive an expression for the

net torque acting on it and write its direction.

State the conditions under which the dipole

is in (i) stable equilibrium and (ii) unstable

equilibrium. (Delhi 2012C)

(5 marks)

27. If dipole were kept in a uniform external
electric field E,, diagrammatically represent
the position of the dipole in stable and unstable
equilibrium and write the expressions for the
torque acting on the dipole in both the cases.

(2/5, AI 2017)

28. (a) Define torque acting on a dipole of
dipole moment p placed in a uniform

25.
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electric field E. Express it in the vector
form and point out the direction along
which it acts.
(b) What happens if the field is non-
uniform?
(¢) What would happen if the external field
E is increasing (i) parallel to p and
(ii) anti-parallel to p? ( Foreign 2016)
29. Deduce the expression for the torque acting
on a dipole of dipole moment p in the

presence of a uniform electric field E.
(3/5, AI 2014)

1.13 Continuous Charge Distribution
(2 marks)

30. Deduce the expression for the electric field

E due to a system of two charges g, and g,
with position vectors 7, and 7, at a point ¥
with respect to the common origin O.

(Delhi 2010C)

1.14 Gauss’s Law

(1 mark)

31. How does the electric flux due to a point
charge enclosed by a spherical Gaussian
surface get affected when its radius is

(Delhi 2016)

32. What is the electric flux through a cube of
side 1 cm which encloses an electric dipole?
(Delhi 2015)

33. A charge ‘q is placed at the centre of a cube
of side . What is the electric flux passing
through each face of the cube ?  (A12012)

increased ?

shows three
point charges, +24, -g,
+34. Two charges +24
and -gq are enclosed

34. Figure 3

o

within a surface ‘S What is the electric flux
due to this configuration through the surface
§? (Delhi 2010)

7

35. A charge Q pC is placed at the centre of a
cube. What is the electric flux coming out
from any one surface ? (Al 2010)

m. (2 marks)

36. Show that the electric field at the surface of

¢ . - ¥
a charged conductor is given by f=—pn,

£,
where 0 is the surface charge density and 7n
is a unit vector normal to the surface in the

outward direction. (Al2010)

m (3 marks)

37. A hollow cylindrical box of length 1 m and
area of cross-section 25 cm’ is placed in
a three dimensional coordinate system as
shown in the figure. The electric field in the
region is given by F= SOx;', where E is in
N C-' and x is in metres. Find
(i) net flux through the cylinder.
(ii) charge enclosed by the cylinder.

y

A e B
olm U—

X

< (Delhi 2013)
38. State Gauss’s law in electrostatic. A cube with
eachsside ‘a’ is keptin an electric field given by
E= Cx}, (asis shown in the figure) where Cis

a positive dimensional constant. Find out

b

t— (i —pt—i—p T

4

(i)  the electric flux through the cube
(ii) the net charge inside the cube.
(Foreign 2012)
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(5 marks)

39.

41.

(a) Define electric flux. Is it a scalar or a
vector quantity ?

A point charge ¢ is at a distance of d/2
directly above the centre of a square of side
d, as shown in the figure. Use Gaus's law to
obtain the expression for the electric flux
through the square.

d

g
d

(b) If the point charge is now moved to a
distance ‘d’ from the centre of the square and
the side of the square is doubled, explain how

the electric flux will be affected. (2018)
Given the electric field {

in the region E=2xi , find

the electric flux through

the cube and the charge - >x

enclosed by it. z
(2/5, Delhi 2015)

Define electric flux. Write its S.I. unit.

“Gauss’s law in electrostatics is true for any
closed surface, no matter what its shape or
size is”. Justify this statement with the help of
a suitable example. (AI2015)

Consider two hollow concentric spheres
S, and S,, enclosing charges 2Q and 4Q
respectively as shown in figure.

(i) Find out the ratio of the electric flux
through them.

How will the electric flux through
the sphere S, change if a medium of
dielectric constant ‘¢, is introduced
in the space inside 8§, in place of air?
Deduce the necessary expression,

(ii)

(Al2014)
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1.15 Applications of Gauss’s Law
(1 mark)

43.

44,

45,

A metallic spherical shell has an inner radius
R, and outer radius R,. A charge () is placed at
the centre of the shell. What will be the surface
charge density on the (i) inner surface, and
(ii) outer surface of the shell ? (Al2019)

Does the charge given to a metallic sphere
depend on whether it is hollow or solid. Give

reason for your answer. (Delhi 2017)

Two charges of magnitudes -20Q and +Q
are located at points (a, 0) and (4a, 0)
respectively. What is the electric flux due to
these charges through a sphere of radius "3a’
with its centre at the origin? (A7 2013)

m. (2 marks)

46. Apply Gauss’s law to show that for a charged

47.

48,

49.

spherical shell, the electric field outside
the shell is, as if the entire charge were
concentrated at the centre. (AT 2019)
Two large parallel plane sheets have uniform
charge densities +0 and -o. Determine the
electric field (i) between the sheets, and (i)
outside the sheets. (Al 2019)

A small metal sphere carrying charge +Q is
located at the centre of a spherical cavity inside
a large uncharged metallic spherical shell as
shown in the figure. Use Gauss's law to find
the expressions for the electric held at points
P, and P,

Metal

@
ll -

|

s Free g

hv.l\\: 4
“p.

»

et (AL2014)

Two concentric metallic spherical shells of
radii R and 2R are given charges Q, and Q,
respectively, ‘The surface charge densities
on the outer surfaces of the shells are equal.
Determine the ratio Q, : Q,. (Foreign 2013)
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50. A spherical conducting shell of inner radius
r;, and outer radius r, has a charge Q. A
charge q is placed at the centre of the shell.
(a) What is the surface charge density on

the (i) inner surface, (ii) outer surface
of the shell?

(b) Write the expression for the electric
field at a point x > r, from the centre of
the shell.

(AI 2010)

LMW 3marks)

51. Two infinitely large plane thin parallel sheets
having surface charge densities 6, and G,
(o, > 0,) are shown in the figure. Write the
magnitudes and directions of the net electric
fields in the regions marked II and III.

/
+

+
+

G, *
6, + ' H I
+ 4 + +
+ d4 m %
>
(Foreign 2014)

52. (i) State Gauss’s law.
(ii) Athinstraightinfinitelylongconducting
wire of linear charge density ‘A’ is enclosed
by a cylindrical surface of radius ‘7’ and length
‘. Its axis coinciding with the length of the
wire. Obtain the expression for the electric
field, indicating its direction, at a point on
the surface of the cylinder. ~ (Delhi 2012C)

53. Using Gauss’s law obtain the expression for
the electric field due to a uniformly charged
thin spherical shell of radius R at a point
outside the shell. Draw a graph showing the
variation of electric field with r, for r > R and
r<R.

(Delhi 2011)

Y 5 marks)

54. (a) Use Gauss’ law to derive the expression
—
for the electric field (E) due to a straight

55.

56.

57.

58.

59.

60,

9

uniformly charged infinite line of charge
density A C m™',

(b) Draw a graph to show the variation of E
with perpendicular distance r from the line
of charge.

(c) Find the work done in bringing a
charge q from perpendicular distance r, to r,
(ry>1y). (2018)
Use Gauss’s theorem to find the electric
field due to a uniformly charged infinitely
large plane thin sheet with surface charge
density G. (2/5, AI 2017)

Use Gauss’s law to find the electric field due
to a uniformly charged infinite plane sheet.
What is the direction of field for positive and
negative charge densities? (3/5, A1 2016)

Use Gauss’s law to prove that the electric field
inside a uniformly charged spherical shell is
zZero.
(3/5, AI 2015)
A small conducting sphere of radius ‘r’
carrying a charge +q is surrounded by a large
concentric conducting shell of radius R on
which a charge +Q is placed. Using Gauss’s
law derive the expressions for the electric
field at a point ‘x’
(i) between the sphere and the shell
(r<x<R).
(ii) outside the spherical shell.
(3/5, Foreign 2015)
Using Gauss' law deduce the expression
for the electric field due to a uniformly
charged spherical conducting shell of
radius R at a point (i) outside and (ii)
inside the shell. Plot a graph showing
variation of electric field as a function of
r> Rand r < R, (r being the distance from
the centre of the shell). (Al2013)
Using Gauss's law, derive the expression for
the electric field at a point (i) outside and
(i) inside a uniformly charged thin spherical
shell. Draw a graph showing electric field E
as a function of distance from the centre.
(AI2013C)
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61. (i) Define electric flux. Write its S.I. unit.

(i) A small metal sphere carrying charge
+Qislocated at the centre of a spherical cavity
inside a large uncharged metallic spherical
shell as shown in the figure. Use Gauss's law
to find the expressions for the electric field at
points P, and P,.

1. Final charge on each ball
+ —
A 98 Q+3Q=+Q
~ 3 2
As both the balls have same nature of charges,
hence nature of the Coulomb force is repulsive.

2
2. Asinair, F=—1 9
41&90 r2
1 4° :
In medium, F’= 1 o
4TCEOK ;r2
=L
K

where K is dielectric constant of material and

K > 1 for insulators.
Hence, the force is reduced, when a plastic sheet
is inserted.

3.
Pt due to (1 pC, 2 pC) repulsive
o T X
F a
due to (2 pC, - 3 uC) attractive
v

(i) Pair (1 pC, 2 uC) : From upper graph it is
clear that the force of repulsion increases with the
reducing distance between two charges.

(ii) Pair (2 uC, -3 uC) : From lower graph it is
clear that the force of attraction increases as the
distance between two charges reduces.

4. Let us suppose that the third charge ‘Q’ is
placed on the line joining the first and second
charge such that AO = xand OB = (2 - x),

Net force on each of the three charges must be zero
for the system of charges to be in equilibrium.,

CBSE Champion Physics Class 12

(iii) Draw the pattern of electric field lines in
this arrangement. (Al 2012C)

Detailed Solutions /

If we assume that ‘Q’ is positive in nature then it
will experience forces due to other two charges
in opposite direction and the net force on ‘Q’
becomes zero. But, the repulsive force acting on
either ‘q" will not be zero as the forces acted in
same direction.

+q o +q
*—— * s ]
A 0 B
- NS ~

x N 2-x 7
— 2 = -1

However, if charge ‘Q’ is taken as negative then,
on a charge g forces due to other two charges will
act in opposite directions. Hence, the third charge
must be negative in nature.

For tharge -Q to be in equilibrium, the force
acting'on -Q due to +q at A and +q at B should be
equal and opposite.

1 Qq 1 Qq
4n€0x2 47[80(2—.\')2

= =12 = x)
x=%(2-x)
x=1m
i.e,, the position of third charge is at 1 m from
either charge ‘g
5. Consider a system of n point charges q,,
92> -+ q, having position vectors A, B,....7, with
respect to the origin O. According to Coulomb's
law, the force on charge test q, due to charge g, is
Y 4
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F= 1 9149 ;1P
2

. 41t£0 n

where r1p is a unit vector in the direction from g,

to Pand r,, is the distance between g, and P. Hence

the electric field at point P due to charge g, is
< 1 ~
L) S . | -8

l =
do 4T rp
Similarly, electric field at P due to charge g, is
= 1
E, ' qu np

If E is the electric field at point P due to the
system of charges, then by the principle of
superposition of electric fields,

E=E+E,+...+E,

1 q, "
-q—lrlp +q—1r2p Femtr-Thb
4“80 q; 9, Tup
qi -
or E ~tp
47380,__1 rp

LN

€ S=an

i

7. Electrostatic field lines do not form closed
loops due to conservative nature of electric field.
8. At the point of intersection of two field lines,
there will be two directions for the resultant
electric field. This is not acceptable.

9. Refer to answer 6.

10. Electric flux A¢ = E - AS = E AS cos .

11. (i) Electricflux: Totalnumber of electric field
lines crossing a surface normally is called electric
flux. SI unit of electric flux is N m? C',

(ii) The area of a surface can be represented as a
vector along normal to the surface,

Here E=3x10% NC™

Area of the square AS = 10 x 10 cm?

AS =100 cm? = 1072 m?

Since normal to the square is along x-axis, we have
AS =102

Electric flux through the square,

1

0= E-AS = (3x10%)-(107%)
¢=30Nm?C"

12. Here, £=5x10"iN/C

Side of square=a=10cm =0.1 m
Area of square,
S=a?=(0.1)>=0.01 m?

Case I : Area vector is along x-axis,
§=0.01i m

Required flux, ¢=£-S

S A
= ¢=(5%10%i)-(0.01i) = ¢ =50 Nm?*C
Case 1I : Plane of the square makes a 30° angle
with the x-axis.
Here, angle between area vector and the electric
field is 60°.
So, required flux ¢’ = E-S cos 0
= (5 x 10%)(1072) cos60° = 25 N m?/C
13. Given electric field E =3 x 10° i NC™!
Magnitude of area, §$ = 10 cm*=1 x 10~ m’
(i) When the surface is parallel to y-z plane, the
normal to plane is along x-axis.
In this case 8 = 0; so electric flux,

0=E-§=(3x10%)-(1x107}) =3 N m? C"!

(ii) In this case 0 = 60°, so electric flux,
¢=E. ScosO

=3x10*x 1 x 1073 cos 60° =3 x o
=LSNmCH, .

14. Strength of an electric dipole is measured by
its electric dipole moment, whose magnitude is
equal to product of magnitude of either charge
and separation between the two charges i.e.,

=q-(2a)
and is directed from negative to positive charge,
along the line joining the two charges. Its SI unit
is C m,

Y

|
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15. Electric field on
the equatorial line of
an electric  dipole:
Electric field at any
point on the
perpendicular bisector
of an electric dipole at
distance r from its o g
centre is L A=)
E,u=E,=Ep,cos 0+ Epy cos 0

(Vertical component cancel each other)

or E,q=2Ep,cos0 (Epa = Epp)

l|F~f.,." sink

Encl =2 : 1 ' <
ameg (r2 +a%) (r? +a*)'?
E. - 1 q-2a
. ame, (rz +az)3f2
or E..= : P

ame, (12 +a2)*?

directed antiparallel to dipole moment p. For

short dipole, when r >>> a, then electric field at

point P is

.

47[80 r3

In vectorial form, the electric field intensity at

point P on the perpendicular bisector of short
- 1 —p -

electric dipole is then given by E = 1 TPy

4me, r3

16. Refer to answer 15.
17. Refer to answer 15.

18. (a) Electric field at an axial point of an
electric dipole.

Let us consider an electric dipole consisting of
charges +g and -4, seperated by distance 2a and
. placed in vacuum. Let P be a point on the axial

" line at distance r from the centre O of the dipole
on right' side of the charge +4.

’,

PEESEEE £
Electric field at an axial point of dipole

E_ 4 (towards left)

T gmey(r+ a)?
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A
where p is a unit vector along the dipole axis
from —¢ to +4.
Electric field due to charge +q at point Pis
—. ( A ;
Eyy= 4. ol (towards right)
Ane(r —a)

Hence the resultant electric field at point P is

¥y

NURE P LS. .
axial = f“l'q' U hg‘l a 4me,, [(r - a)z (r+ ﬂ)z JP

q dar A

-
I‘
4
Ly

4me, (r* - a*)?

E, _ | ‘ ZPI' A
axlal 47'[80 (rz _az)z

or

Here p = q x 2a = dipole moment
For r > > a, a? can be neglected as compared to r.
= 1

2p A .
. =——."% p (towards right)
axial 41[80 r3 P gh

or

E A

(b)

>

19. Refer to answer 18 (a).

20. Refer to answer 15.

21. Refer to answers 14 and 15.

22. The torque T acting on a dipole of dipole
moment P placed in an electric field E is given by
T=pxE

1= pE sind

where 0 = Angle between dipole moment and
electric field.

23. Work done in rotating the dipole through an
angle 0 in uniform electric field, U= -pE cosb.
When 0 = 0° then U, = -pE

So, potential energy of an electric dipole is
minimum, whenitis placed with its dipale moment
p parallel to the direction of electric field E and
5o it is called its most stable equilibrium position.
When 0 = 180°, then Uy = + PE

So, potential energy of an electric dipole is
maximum, when it is placed with its dipole
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moment p anti parallel to the direction of

electric field E and so it is called its most unstable
equilibrium position.

24. (i) Torque on adipole in uniform electric field:
When electric dipole is placed in a uniform
electric field, its two charges experience equal
and opposite forces, which cancel each other and
hence net force on an electric dipole in a uniform
electric field is zero.

P T
P X6

L —q49 :2asin@” E
-qb“—‘k 5221'&659 >

However these forces are not collinear, so they
give rise to some torque on the dipole given by
Torque = Magnitude of either force
X Perpendicular distance between them
T=Fr, = qE.2a sinB = q2a. E sinO
or T=pEsinf '

where 0 is the angle between the directions of P
and E.

In vectorial form, T=px E

(a) When8=0°0r180°thent,,, =0

(b) When 6 = 90° then T, = pE

Thus, torque on a dipole tends to align it in the
direction of uniform electric field.

(ii) If the field is not uniform in that condition
the net force on electric dipole is not zero.

25. Refer to answer 24 (i).

T=pxE
Pairs of perpendicular vectors
(a) (%.p) (b) (%,E)

26. Refer to answer 24 (i).

(i) When0=0;7=0and p and F are parallel
and the dipole is in a position of stable equilibrium.
(i) When 0 = 180°, T =0 and p and E are
antiparallel and the dipole is in a position of
unstable equilibrium.

27. Refer to answer 24 (i),
28. (a) Suppose an electric dipole of dipole

moment p is placed along a direction, making an
angle 0 with the direction of an external uniform

13

electric field E. Then, the torque acting on the
dipole is defined as pE sinf or = px E.

Its direction will be perpendicular to both p
and E.

(b)If the field is non-uniform there would be a net
force on the dipole in addition to the torque and
the resulting motion would be a combination of

translation and rotation.
If the field is non-uniform there would be a net

force on the dipole in addition to the torque and
the resulting motion would be a combination of
translation and rotation.

(c) (i) E isincreasing 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.

(ii) 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.

29. Refer to answer 24 (i).

30. Electric field due to a system of charges :
Consider a system of charges g, and g, with
position vectors 1, and 7, relative to common
origin O. Let P be any point with position vector
7 at which electric field is to be determined.

l" P
o’
1
Electric field E, due to q, is given by

4T|:£0 ’.]?}] I[’

where r, p is a unit vector in the direction from g,
to Pand ry, is the distance between g, and P,
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Similarly, electric field E, due to g, is

% 1 45 =
B = 2 T2
41'080 er

where ;'2 p isaunit vector in the direction from ¢,
to Pand ry, is the distance between g, and P.
By the superposition principle, the electric field
E at 7 due to the system of charges is E(r) =
E\(r)+ Ey(r)
1 ~ X

| 1 4. p

— 1 -~ ~
E(T)-_-'— -qzll"lp'f'ﬂiz—rzip
41(80 rlp r2p

31. According to Gausss law,

theelectric flux passing through
a closed surface is given by

4&5‘ ’ d; - enclosed
€

When radius of spherical Gaussian surface is
increased, its surface area will be increased but
point charge enclosed in the sphere remains same.
Hence there will be no change in the electric flux.

32. According to Gauss’s law, net flux through a
closed surface, O = Cﬁ E.ds=den
€0

Total charge enclosed, g, = 0
as net charge on dipole is zero.
0
O = e
33. By Gausss theorem, total flux through whole

of the cube, ¢ = 4
€y

where, g is the total charge enclosed by the cube.

As, charge is at centre, therefore, electric flux is

symmetrically distributed on all 6 faces.

Therefore,

Flux through each face of the cube, ¢’ =

e E==

A
6€,,
34. Total charge within a surface §
=+2g+(-q)=+4q
Electric flux ¢ = A
€o
35. Refer to answer 33.
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36. Consideran elementary area &S on the surface

of the charged conductor.
/(}atrqﬂian surface

&S

Enclose this area element with a cylindrical
gaussian surface as shown in figure.

Now electric field inside a charged conductor is zero.
Therefore, direction of field, just outside 8S will be

normally outward i.e. in direction of 7.
According to Gauss’s theorem, total electric flux
coming out is

. .- 00§ -
E-88§=——  [E is electric field at the surface]
€y

oS G

= E8Scos0°=—— = E=—
€ £,
37. (i) y
A B

0 A (i -

/“U
L

z
Given, E = SOx; and A=25cm?=25x10"m*
As the electric field is only along the x-axis, so,
flux will pass only through the cross-section of
cylinder.
Magnitude of electric field at cross-section A,
E,=50x1=50NC"
Magnitude of electric field at cross-section B,
E;=50x2=100NC"!
The corresponding electric fluxes are
gy= E,-A =50x25x 10" cos 180°
=~-0,125 N m? C!
Gy= Ey-A =100x 25 x 10 cos 0°
=0.25Nm?*C"!
So, the net flux through the cylinder,
d=dy+ Py =-0.125+0,25=0125Nm*C"!
(i) Using Gauss's law

cj)E-dAzl = 0.125= —1—
) 8.85x107'°

= g=8.85x0.125x10"2=11x10"2C
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38. Gauss's law in electrostatics states that the total
electric flux through a closed surface enclosing a

charge is equal to L (imes the magnitude of that

€
charge. y
.“
' 3
ne—— — 1
¢z iy
———a—> i
-~
¢=¢E-ds= 4

€0

(i) Netflux,0=¢, + 9,
where ¢, = 2aC dS cos 0° = 2aC x a* = 2a°C

, =aC x a* cos 180° = -a*C
¢ = 2a°C + (-a°C) = a®*C Nm? C!
(ii) Net charge (q) = &, x ¢ = a’C g, coulomb
39. (a) Electric flux linked with a surface is the
number of electric lines '
of force cutting through
a surface normally and is
measured as surface
integral of electric field
over that surface S i.e.,

E
/
S
It is a scalar quantity
Let us assume that the given square be one face of
the cube of edge d cm. As charge of g is at distance
of d/2 above the centre of a square, so it is

enclosed by the cube. Hence by Gauss’s theorem,
electric flux linked with the cube is

’

+q

di2

d
q
o=7-
€o
So, the magnitude of the electric flux through the
square is

15

ot O,
6 6g,
(b) Here distance of point charge becomes
doubled and also sides of square gets doubled.
Same kind of symmetry is still here with sides of
cube 2d, hence electric flux through the square

il

A
Hence there will be no change in electric flux.

will not be affected i.e., ¢

40. E=2xi y
So, flux passes through faces of 1
cube which are perpendicular
to x-axis.

The magnitude of electric field =
at the left face (x =0), E; =0 ¢

The magnitude of electric field at the right face,
(x=a), Eg=2a

So, net flux, o = E-A3

= E; As cos 180° + Ep As cos0°

=0+ 2axa’=2a

Assume enclosed charge is g.

RN

»

Use Gauss's law, ¢ = ei ;g =€ . g=2a,

0
41. Electric flux linked with a surface is the
number of electric lines of force cutting through
the surface normally.
It’s SI unit is N m? C! or V m. On decreasing the
radius of spherical surface to half there will be no

effect on the electric flux.
Let us take a charge Q inside a cube or a sphere.

Q

The flux through both the closed surfaces will be

Q

same. i.e., Ot = —
(30
r

42. (i) Charge enclosed by sphere §, = 2Q
By Gauss law, electric flux through sphere S, is
¢, =2Q/¢,

Charge enclosed by sphere,
S,=2Q+4Q=6Q

$, = 6Q/g,

The ratio of the electric flux is

¢, :9,=2:6=1:3
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(ii) When a medium of dielectric constant €, is
introduced in sphere §,, the flux through S, would

2
be ¢; = =L
€0E,
43. (i) Charge induced on or

the inner surface = -Q

-3 (@
4Ry

(ii) Charge induced on the
outer surface = +Q

4TR;

44. No, the charge given to a metallic sphere
does not depend on whether it is hollow or solid
because all the charges will move to the outer
surface of the sphere. Charge will be distributed
uniformly over the surface of the sphere.

45.

L -20)
Electric flux ¢ = Qivside ==
0 €
46. Using Gauss's theorem at . ‘
polutly Xt ? o
$E-ds = % 5
r .

JE 4mr* cos0° = 9—

80 .....
(- E is constant throughout the surface)
E= Q
4meyr*

This is same as electric field due to a point charge
which can be assumed to be concentrated at the

centre.
47. The direction +0 o
' ' B, E
of electric ﬁeld in : i H .
yarious regions 1s I’ “"_‘? _—f
iven as follows: : E, <'—“'L2

E1:E2:.2_Eg
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=y  E=H G (o] g
) E. =|B+E|s————=
B Epet =1y + B2 28y, 28 2
6] 0]
e r - E o E - ________20
(11) ant | 2 280 280

48. Using Gausss theorem,
electric field at P,

Again field at P,

1 Q
TE r

Because electric field inside a conductor is zero.

49. Surface charge density, ¢ = constant
Charge Q, = 4nR*c
Charge Q, = 4n(2R)*c

Q 4nR*c

Q, ) AT2R)*o g i '
P

50.

Q+gq

(a) (i) Surface charge density on the inner surface

—{
of the shell is &, = —1
4ann”
(ii) Surface charge density on the outer surface of
; +
shellis 0, = Q ?
4Ty N
9 +
(b) Using, Gausss law, E(x)= A \‘l
4“80 o
51.
+
ﬂ i ¢
i " t "
' t ,'.‘" G: t EH
+ <+ + -
t
+ - -»
1 }'-“,\ t E\
¥ d 1 LB
L
1 A

In region II:
The electric field due to the sheet of charge A will
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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 11, we have

= 1 . :
E = —(0, —0,) along positive direction
%o
In region 111 :
The electric fields due to both the charged sheets
will be from left to right, i.e., along the positive
direction. Therefore, in region 111, we have
o, O,
E=—14+=2
€& &

= ] " : '
E =— (0, +0,) along positive direction
€

0

52. (i) According to Gauss's law, total flux over a
, g
closed surface S in vacuum is — times the total
£
0

charge enclosed by closed surface S
0= (j) E.ds = Jenclosed

s EO
(ii) Electric field intensity due to line charge or
infinite long uniformly charged wire at point P at
distance r from it is obtained as :
Assume a cylindrical gaussian surface § with
charged wire on its axis and point P on its surface,
then net electric flux through surface S is

e Y
. i

x .
<
+
+ N
I ; []=s»
.‘,.
5 i
e g >
n I}
Vv ds
q).—.(j‘J:}-dS': Jk'd.‘a'cns‘)()" I Il‘,'(!.‘h'ns()“
S upper curved
})Iune surlnce
nce

+ I HdS cos 907

lower
rlunc
nce
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or g0t BEAYO or ¢ 2yl
, q M
But by Gauss's theorem ¢ I
o ¥y

Where ¢ I8 the charge on length [ of wire enclosed
by cylindrical surface S, and A Is uniform linear
charge density of wire,

A

s Ex 2mrl or I/
4 2T, r

£y
directed normal to the surface of charged wire,

53, Consider a thin spherical shell of radius R
carrying charge ¢. To find the electric field outside
the shell, we consider a spherical Gaussian surface
of radius r (> R), concentric with given shell.

The clectric field F is same at every point of
Gaussian surface and directed radially outwards
(as Is unit vector n so that 0 = 07)

According to Gauss's theorem,

4)1‘:!\2(-[) li'-}]d:iﬂ-i
b’ s £

. ( Ciausslan
or I:(J.) ds = - !- surface
§ £

© E(dmrt)=-1
€

(
=9
‘I‘nsur
: =
Vectorially, E=——=r
dme o2
Special cases
(1) At the point on the surface of the shell, r = R
! 1 q
e, R?
(i) If o is the surface charge density on the shell
then g = 4nR*e
" e ank’e o
dme, R €y

(i) If the point P Hes inside the spherical shell
then the Gaussian surface encloses no charge

he, r<i
w0, hence =0

1
[

0 re it
Distance lrom ——p
centre (r)
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54. (a) Refer to answer 52 (ii).

1
= E o — E
2TE,r 3 T
Therefore plot of E versus r
will be as shown.

(b) Since E=

r—p
(c) As per the situation charge q is kept at a
distance r, from line charge.

A

and E'(,_l) =
: 2me

E,,=—
() 21(80!2

A q

]
1
| " Lp}
]
]

Work done in moving charge q form r; to ;.

= -
W=| F-dr
72
A A d
=Jr] 9% 4r cos0° =q—r‘_l
n 2MELT 21‘[’.80 nor
- far]} -t
ZJEEG 0

55. Assume a cylindrical Gaussian surface §
cutting through plane sheet of charge, such that
point P lies on its plane face, then net electric flux
through surface § is

e

/ s
+
Gaussian B
& surface + Fi E
= + + ds =
I S Il 2
+ + +
+ + +
+i+
+

—§Eds= [ Bdsr | Bds+ [ Eods
5

left curved right
plane surface plane
face face
or 0= j Edscos0° + I Eds cos 90° +
left curved
plane face surface

J Eds cos ();’

right
plane face

or ¢=EA+0+EA=ZEA

CBSE Champion Physics Class 12

, CA
But by Gauss's theorem ¢ = AL 28

€ €
where g is the charge in area A of sheet enclosed
by cylindrical surface S and G is uniform surface

charge density of sheet.

(0]
2Ea =94 orE= —

€ 2¢,
directed normal to surface of charged sheet (i)
away from it, if it is positively charged and (ii)
towards it, if it is negatively charged.

56. Refer to answer 55.
57. Refer to answer 53.

58. (i) Consider a sphere of radius r with centre O
surrounded by a large concentric conducting shell
of radius R.

To calculate the electric field intensity at any point
P, where OP = x, imagine a Gaussian surface with
centre O and radius x, as shown in the figure.

The total electric flux through the Gaussian
surface is given by

¢=<j>Eds:E<ﬁds
Now,(ﬁd5= 47x?
® = E x 4mx? k1)

Since the charge enclosed by the Gaussian surface
is g, according to Gauss's theorem,

b= g ; (i)
€9
From (i) and (ii), we get
Exdnx’=1 = p=_9
€y 4me X~

(ii) To calculate the electric field intensity at any
point P, where point P’ lies outside the spherical
shell, imagine a Gaussian surface with centre O and
radius x’, as shown in the figure
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According to Gauss’s theorem,
E(anx?) =175 +Q
€
= p=1*2
4me X"
As the charge always resides only on the outer
surface of a conduction shell, the charge flows

essentially from the sphere to the shell when they

are connected by a wire. It does not depend on the
magnitude and sign of charge Q.

59. Refer to answer 53.
60. Refer to answer 53.

61. (i) Refer to answer 41.

(ii) Refer to answer 48.

(iii) The electric field lines due to the arrangement
is shown in the figure.

Charges will be uniformly distributed on the
whole surfaces hence, all field lines will be
uniformly separated.

“«W@Q»



