Electric Charges and Fields

1. A thin plastic rod is bent into a circular ring of radius R. It is uniformly charged
with charge density A. The magnitude of the electric field at its centre is: (2024)

(A) A/(2e0R)
(B) Zero

(C) A/(4meoR)
(D) A/(4€0R)
Ans. (B) Zero

2. A cube of side 0-1 m is placed, as shown in the figure, in a region where

—> A
electric field E =500 xi exists. Here x is in meters and E in NC-L.

(2024)
Calculate:
(a) the flux passing through the cube, and
(b) the charge within the cube.
Y

v 4

)

0-1m
VA

Ans. Calculating

(a) the flux passing through the cube

(b) the charge within the cube

a)P.=E, . A=-[500x0.11x [(0.1*]=-0.5Nm?C !
Qr=Eg . A=[500x0.2] x [(0.1)*]= INm?C "'

Net flux = @ + (PR=O.5Nm2C'l
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b) flux, ¢ =—

€o

charge,q =@ X &
=0.5 &
=44x10"2C

1.2 Electric Charges

L

1.4 Basic Properties of Electric Charge
McQ 5

In an experiment three microscopic latex spheres
are sprayed into a chamber and became charged :
with charges +3e, +5e and -3e respectively. All the :
three spheres came in contact simultaneously for
a moment and got separated. Which one of the :
following are possible values for the final charge on

2
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MCQ

A negatively charged object X is repelled by another
charged object Y. However an object Zis attracted to :
object Y. Which of the following is the most possibility

for the object Z£7

{a) Positively charged only.

(b} Megatively charged only.

(¢} Meutral or positively charged.

{d) Meutral or negatively charged.
(Term12021-22) |_|

the spheres?

Four objects W, X, ¥ and 7 each v ¥ g
with charge +q are held fixed at *------%------»
four points of asquare of sidedas T
shown in the figure. Objects Xand ' d
Z are onthe midpoints of the sides ;
of the square. The electrostatic ; l
force exerted by B S
object W on object X is F. Then the mam:tude of the
force exerted by object Won £ is
fa) F/7 (b) F/5 () F/3 d) F/2
(Term 1 2021-22) (Ap)
(1 mark)
é Two identical conducting balls & and B have charges
-Qand +30 respectively, They are brought incontact
with each other and then separated by a distance d
apart. Find the nature of the Coulomb force between
them.
(2019) (R)
7. Two equal balls having equal positive charge 'q'

e @)

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?
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(a) +5e,-4de, +5¢e(b) +he, +6e, -Te
{c) -4de +35e +5.5¢ (d} +5e,-Be, +7¢
(Term12021-22) (U] :

electrons. The net charge on the object becomes
(a) -0.80C (b} +080C
() +180C (d +0.20C

(Term12021-22) (R

1.5 Coulomb's Law
McQ

4., Three charges q. -q and qg are placed as shown in Question No. 9 is Assertion (A) and Reason (R) type

fgure. The magnitude of the net force on the charge . questions. Given below are the two statements labelled

! as Assertion (A) and Reason (R). Select the most

qgatpoint Ois
e
¥k -{4mn} i
rq‘il
an" q
Ole—s s
(a) © b o
'J'Iikﬂﬂn 1 kggg
@ 2 @ %

(Term 12021-22)

m {3 marks)

10, A particle of charge 2 uC and mass 1.6 g is moving
1. At t = 0 the particle enters
. XM (2 marks)
= 80i+60]. Find the velocity of the particle at :
(2/3,2020)

with a velocity 4ims™
in a region having an electric field £ (in N Ei}

t=5s.

(S marks)

11. Two point charges of +1uC and +4 pC are kept 30cm
apart. How far from the +1 uC charge on the line :
joining the two charges, will the net electric field be !

(2/5.2020) ; 59

zero?

12. A thin circular ring of radius r is charged uniformly
so that its linear charge density becomes A. Derive :
an expression for the electric field at a point Pata :
distance x from it along the axis of the ring. Hence,

- 23 Given a uniform electric field E=5x10%iN/C. Find

prove that at large distances (x == r), the ring behawves

- T (5 marks)

3. An object has charge of 1 C and gains 50 x 101 | © W identical point charges, q each, are kept

e @)

(A12014) (U]

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 gq.

(3/5, Delhi 2019) [An)

1.7 Electric Field

MCQ

appropriate answer from the options given below.

: 9. Assertion (A) : A negative charge in an electric field

moves along the direction of the electric fisld.
Reason (R) : On a negative charge a force acts in the
direction of the electric field.
{a) Both [A) and (R) are true and (R) is correct
explanation of (A).
{b) Both (&) and (R) are true, and (R) is not correct
explanation of (&).
(€} (A)is true, but (R} is false.
(d) (A)is false and (R) is also false.
(Term 1 2021-22) (U]

@ a'ce () Lo (O %H*c @ 0

(Term12021-22) ()

21. An electric field along the x-axis is given by
E=100i N/C for x > 0 and E=-100i N/C for x < 0.
A right circular cylinder of length 20 cm and radius
5 cm lies parallel to the x-axis, with its centre at the
origin and one face at x = +10 cm, the other face at
x = =10 cm. Calculate the net outward flux through
the cylinder. (Al 201%C)

Define the term "electric flux’. Write its Sl unit.
(ii) What is the Ffux due to electric field

E=3x103?wc through a square of side 10 cm, when
itis held normal to E? (Al 2015C) (Ap]
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as a point charge.
13. Consider a system of n charges g4y, g

n

arigin 'O Deduce the expression for the net electric
field E at a point P with position vector FP duetothis :

- 1.10 Electric Dipole

system of charges. {3/5, Foreign 2015)

1.8 Electric Field Lines
(1 mark)

14, Draw the pattern of electric field lines, when a point
charge = 15 kept near an uncharged conducting

(2019) (T) |
15. Draw the pattern of electric field lines when a point

(1 mark)

plate.

charge +q is kept near an uncharged conducting

plate. (Delhi 2019) (1) '
14. Why do the electrostatic field lines not form closed
loops ? (A12014) (R) :

17. Why do the electric field lines never cross each

- XM (2 marks)

26. Obtain the expression for the electric field at a point

other?

IELXT (3 marks)

(Al 2014)

1B, Two electric field lines cannot cross each other. Also,
i IR (3 marks)

(1/3.2020) 27. Derive an expression for the electric field due

19. A point charge (+Q) is kept in the vicnity of an
uncharged conducting plate. Sketch the electric field

they cannot form closed loops. Give reasons.

lines between the charge and the plate.

(1/3, Foreign 2014) (1) |

1.9 Electric Flux
McQ

20. A sguare sheet of side 'a’ is lying parallel to XY plane
at z = a. The electric field in the region is E=cz%k. The

electric flux through the sheet is

(5 marks)

28. (a) Derive an expression for the electric field E due :
to a dipole of length '2a’ at a point distant r from

the centre of the dipole on the axial line.
(b) Drawagraphof Eversusrforrz>a.

(3/5,A12017) (An) :
29. An electric dipole of dipole moment § consists of

(3/5,2020) (gy) |

e |
with position vectors §, f, %, ... F, relative to some !

e @)

the flux of this field through a square of 10 cmon 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?

(Dethi 2014) (An)

MCQ

24. An electric dipole consisting of charges +q and -gq

separated by a distance L is in stable equilibrium in a

uniform electric field . The E electrostatic patential
energy of the dipole is
(a) glE (b) zero (o)

-glE (d) -2gEL

(2020)

i 25, Torgue acting on an electric dipole placed in an

electric field is maximum when the angle between
the electric field and the dipole moment is .
{2020)

on the equatorial line of an electric dipole.  (2019C)

to dipole of dipole moment p at a point on its
perpendicular bisector. (2/3, Delhi 201%9)

CR

Derive the expression for electric field at a point on
the equatorial line of an electric dipole.
(2/3, Delhi 201%, 2017)
OR
Find the resultant electric field due to an electric
dipole of dipole moment 2aq (20 being the
separation between the charges £ g) at a point

distance x on its equator. {2/5, Foreign 2015) |'E_',."_§

- NI (3 marks)

34. Two small identical electric dipoles AB and CD, each
of dipole moment p are kept at an angle of 120° to
each other in an external electric field £ pointing
along the x-axis as shown in the figure. Find the
{a) dipole moment of the arrangement, and
{b) magnitude and direction of the net torque acting

on it
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point charges +q and -q separated by a distance
20 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 §. Hence show that in the limit :

(3/5, Delhi 2015) () :

x>>a, E —3 2 Ndnege).

1.11 Dipole in a Uniform External Field
MCQ

30. Anelectric dipole of length 2 cm is placed at an angle
of 30° with an electric field 2 x 10° N/C. If the dipale :

- =3 - H
experiences atorque of 8 x 10~ Nm, the magnitude | 35 Depict the orientation of the dipole in (a) stable,

of either charge of the dipole is

(a) 4uC (b) 7uC () BmC (d) 2ZmC

field can experience

{a} aforcebutnotatorque

(b} atorgue but not a force

{c) alwaysa force and a torque

(d) neither a force nor a torque

(1 mark)

32, Write the expression for the torque T acting
on a dipole of dipole moment § placed in an

- TN (5 maris)

(Foreign 20115) :
38. (a) Define torque acting on a dipole of dipole

electric field E.

BETY (2 marks)

33. Derive the expression for the torque acting on an
electric dipole, when it is held in a uniform electric
field. ldentify the orientation of the dipole in the
electric field, in which it attains a stable equilibrium.

(2020)

OR
If dipole were kept in a uniform external electric

dipole in both the cases.

OR

Deduce the expression for the torgue acting on
a dipole of dipole moment p in the presence of a

(3/5.A12014) (T

uniform electric field E .

(2023) 36. (a) Obtain the expression for the torque *

31. An electric dipole placed in a non-uniform electric

e @)

¥

A_!Hq

D
-q
1200
x ¥ .
° :
-
;S Be-q +q
W
z ¥ Al 2020)

(b) unstable equilibrium in a uniform electric field.
(1/3, Delhi 2017) (A |

experienced by an electric dipole of dipole
moment p ina uniform electric field, E.

(b) What will happen if the field were not uniform?

(Delhi 2017)

e 37. An electric dipole of dipole moment p is placed ina
(2020) (R ¢

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) (Tr)

moment p placed in a uniform 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?

{c) What would happen if the external field E is
increasing (i) parallel to § and (i) anti-parallel to
p? (Foreign 2018)

' 1.13 Gauss's Law
field Eg, diagrammatically represent the position of
the dipole in stable and unstable equilibrium and | o0 100\ ot clectric flux through a closed surface is
write the expressions for the torgue acting on the !

(2/5, Al 2017)

MCO

zero, then we can infer

{a) nonetcharge is enclosed by the surface

(b) uniform electric field exists within the surface

) electric potential varies from point to point
inside the surface

{d) chargeis present inside the surface.

(2020) (R ]
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40. The electric flux through a closed Gaussian surface

depends upon

{a) net charge enclosed and permittivity of the

medium

(b) netcharge enclosed, permittivity of the medium

and the size of the Gaussian surface
{c) netcharge enclosed only
(d) permittivity of the medium only.

(1 mark)

41. Electric flux through a spherical surface shown in the

figure, is ;

.+

(2020) (U]

42, How does the electric flux due to a point charge
enclosed by aspherical Gaussiansurface get affected
(Delhi 2016) :

43. What is the electric flux through a cube of side 1 cm

when its radius is increased ?

which encloses an electric dipole?

(5 marks)

44, An electric field is uniform and acts along +x
direction in the region of positive x. It is also uniform
with the same magnitude but acts in -x direction

in the region of negative x. The value of the field is : . . ’
pisstssiprs Pt onr e s kcb bl 1.14 Applications of Gauss’s Law

& right circular cylinder of length 20 cm and radius
5 cm has its centre at the origin and its axis along the

i 49, Th itude of electric field due to a point ch
x-axis so that one flat face is at x = +10 cm and the : F S VEL M P e

otherisatx=-10cm.

Find :

(i) The net outward flux through the cylinder.
(ii) The net charge present inside the cylinder.

(2/5,2020) (Ap) :
45, {a) Define electric flux. |s it a scalar or a vector
(1 mark)

: 50. A paoint charge is placed at the centre of a hollow

quantity? q
A point charge q is at a
distance of d/2 directly above
the centre of a sguare of
side d, as shown in the figure.
Use Gauss's law to obtain

the expression for the electric flux through the :

square.

(Delhi 2015) (1] |

e @)

T (2/5, Delhi 2015)

: 47. Define electric flux. Write its S.I. unit.
(2020) (U] :

“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.

(A12015) (An]

48. Consider two hollow concentric spheres 5, and 55,

enclosing charges 20 and 40 respectively as shown

in figure.

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

(i) How will the electric flux through the sphere 5,
change if a medium of dielectric constant ‘e, is
introduced in the space inside 5, in place of air?
Deduce the necessary expression.

(A1 2014) (Ap]

MCQ

2q, at distance r is E. Then the magnitude of electric
field due to a uniformly charged thin spherical shell

of radius R with total charge g at a distance %{r} =R)
will be

E

{a) 3 (b) O e} 2E (d) 4E

(Term12021-22) (U]

conducting sphere of internal radius 'r' and outer
radius "2r’. The ratio of the surface charge density
of the inner surface to that of the outer surface will

be___. (2020) (U]

) ) ) 51. A metallic spherical shell has an inner radius R, and
(b) If the point charge is now moved to adistance 'd" :

from the centre of the square and the side of the :

outer radius R;. A charge Q is placed at the centre
of the shell. What will be the surface charge density

@ www.studentbro.in



44. Given the electric field in the region E=2xi, find

square is doubled, explain how the electric flux :

will be affected.

(2018) (An)

the electric flux through the cube and the charge

enclosed by it.

BT (2 marks)

Apply Gauss’s law to show that for a charged
spherical shell, the electric field outside the shell
is, as if the entire charge were concentrated at the !

53.

54,

Get More Learning Materials Here : i

centre.

Twa large paraliel

(A12019) () |

plane sheets have uniform

charge densities +o and -o. Determine the electric !

field (i) between the sheets, and (i) outside the
(A12019) |
. A small metal sphere carrying charge +0 is located

sheets.

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,.

(A12014) (Bp)
(5 marks)

i 60.
. (a) Auniformly charged large plane sheethas charge : -

density ﬁ=(-—1'--)xiﬂ_15 C/mZ. Find the electric |
18n i

field at point A which is 50 em from the sheet.

[x] | P
A S50cm 10ecm 50cm
| Q
\/ R
10em

Consider a straight line with three points P, Q
and R, placed 50 cm from the charged sheet on :
the right side as shown in the figure. At which of
these points, does the magnitude of the electric
field due to the sheet remain the same as that at

point A and why ?
(b)

Two small identical conducting spheres carrying

charge 10 uC and- 20 uC when separated by a ©
distance of r, experience a force F each. If they

e @)

on the (i) inner surface, and (i) outer surface of the
shell? (Al 2019)

. Does the charge given to a metallic sphere depend

on whether it is hollow or solid. Give reason for your
answer. (Delhi 2017}

A hollow conducting sphere of inner radius ry and

outer radius r, has a charge Q on its surface. A point

charge -q is also placed at the centre of the sphere.

{a) What is the surface charge density on the
(i) inner and (i) outer surface of the sphere ?

Ib) Use Gauss' law of electrostatics to obtain the
expression for the electric field at a point lying
outside the sphere. (Al 2020)

Two infinitely large plane thin parallel sheets having
surface charge densities oy and o5 (o; > o3) are
shown in the figure. Write the magnitudes and
directions of the net electric fields in the regions
marked Il and 111

1
(Foreign 2014) [Ey|

State Gauss's law on electrostatics and derive an
expression for the electric field due to a long straight
thin uniformly charged wire (linear charge density 1)
at a point lying at a distance r from the wire.

(3/5, 2020)

. Using Gauss law, derive expression for electric field

due to a spherical shell of uniform charge distribution
o and radius R at a point lying at a distance x from the
centre of shell, such that
iy D<x<R and

fiiy x=R {3/5, 2020)
OR

Use Gauss's law to show that due to a uniformly
charged spherical shell of radius R, the electric field
at any point situated outside the shell at a distance
r from its centre is equal to the electric field at the
same point, when the entire charge on the shell
were concentrated at its centre. Also plot the graph
showing the variation of electric field withr,forr<R
andr>R. (3/5, 2020)
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&3.

64,

Consider a straight line with three points P,
and R, placed 50 cm from the charged sheet on
the right side as shown in the figure. At which of
these points, does the magnitude of the electric !
field due to the sheet remain the same as that at

point A and why 7

(b} Two small identical conducting spheres carrying
charge 10 uC and- 20 pC when separated by a !
distance of r, experience a force F each. If they :
are brought in contact and then separated to a
distance of r/2 what is the new force between :

(20210) (U] |
. {3) Aninfnitely long thin straight wire has a uniform

linear charge density A. Obtain the expressionfor |
the electric field (E) at a point lying at a distance x

theminterms of F?

from the wire, using Gauss' law.

(b) Show graphically the variation of this electric

field E as a function of distance x from the wire.

(a)

charged infinite line of charge density 4. C m-L

(b)

perpendicular distance r from the line of charge.

(c) Find the work done in bringing a charge g from
(2018) :
Use Gauss’s theorem to find the electric field due to

a unifarmly charged infinitely large plane thin sheet
(2/5,A12017)

perpendicular distance rqto ra (ry > ry).

with surface charge density o.
OR

Use Gauss's law to find the electric field due to a
uniformly charged infinite plane sheet. What is the

\ CBSE Sample Questions

Charging by Induction
MCQ

1

Get More Learning Materials Here : i

Consider an uncharged conducting

sphere. The net charge on the sphere is then,
(@)

surface of sphere
{b)

surface of sphere

{c) negative and appears at a point surface of

sphere closest to point charge

(d)

ZEro.

(2020) |

Use Gauss' law to derive the expression for :
the electric field (E) due to a straight uniformly :

: -1 65.
Draw a graph to show the variation of E with

sphere.
A positive point charge is placed outside the !

negative and uniformly distributed over the

positive and uniformly distributed over the '

(Term12021-22) (U]

&2,

&b,

e @)

OR
Use Gauss's law to show that due to a uniformiy
charged spherical shell of radius R, the electric field
at any point situated outside the shell at a distance
r from its centre is equal to the electric field at the
same paint, when the entire charge on the shell
were concentrated at its centre. Also plot the graph
showing the variation of electric field withr, forr<R
andrz=R. (3/5, 2020)

(a) Using Gauss' law, obtain expressions for the
electric field (i) inside, and (ii) outside a positively
charged spherical shell.

ib) Show graphically variation of the electric field as
a function of the distance r from the centre of the
sphere.

(c) A square plane sheet of side 10 cm is inclined at
an angle of 30° with the direction of a uniform

electric field of 200 NC'L.
Calculate the electric flux passing through the
sheet. (Al 2019C)

direction of field for positive and negative charge
densities? (3/5, Al 2018) (An|

Use Gauss's law to prove that the electric field inside
a uniformly charged spherical shell is zero.
(3/5, Al 2015)

£ 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’
(il betweenthe sphere and the shell (r< x < R).
(i) outside the spherical shell.

(3/5, Foreign 2015) (An|

string makes a constant angle B with the vertical. The
sign and magnitude of g is

TN
i ‘.n'i
ta) positive with magnitude mg/E
(b) positive with magnitude {mg/E)tand

) negative with magnitude mg/E tan
(d) positive with magnitude E tanB/mg
(Term12021-22) (An)
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1.5 Coulomb's Law

2 According to Coulomb's law, which is the correct
relation for the following figure?

e TR b e e e T‘I
4y ;_71"2 Ez da
(a) g,9,>0 (b) a,4,<0
) g1q:=0 {d 1>g4/qg,>0

(2022-23) |

1.7 Electric Field
MCQ

3. Two point charges +8q and =2g are located at x =0
and x = respectively. The point on x axis at which net

electric field is zero due to these charges is
a) BL {b) 4L ) 2L d) L

(i)

aFaraday cage?

{a] Plastic (b} Glass

{c) Copper (d) Wood
(il Example of a real-world Faraday cage is

{a) car (b} plastic box

[c) lightning rod (d) metal red

(lii) What is the electrical force inside a Faraday cage

when it is struck by lightning?

{a) The same as the lightning

(b) Half that of the lightning

(c) Zero

(d) A qguarter of the lightning

(v}
Faraday cage. Its surface must have charge equal to
{a) Zero (b) +g
cd -g (d) +2q

(w)

cube normally will be

{a) 1.9 x10° Nm2/C entering the surface
(b} 19x10° Nm?/C leaving the surface
() 20x10° Nm%/C leaving the surface

Get More Learning Materials Here: 1 m

(Term 12021-22) |

A small object with charge q and weight mg is !
attached to one end of a string of length "L’ attached
to a stationary support. The system is placed in a |
uniform horizontal electric field 'E, as shown in the :
accompanying figure. In the presence of the field, the :

Which of the following material can be used to make

An isolated point charge +q is placed inside the

A point charge of 2 C is placed at centre of Faraday
cage in the shape of cube with surface of 7 cm edge.
The number of electric field lines passing through the

| 1.8 Electric Field Lines

e MCO

Question 5 is Case Study based questions and are
: compulsory. Attempt any 4 sub parts from each question.
. Each question carries 1 mark.

5. Faraday Cage: A Faraday cage or Faraday shield isan
i enclosure made of a conducting material. The fields
within a conductor cancel out with any external
fields, so the electric field within the enclosure is zero.
These Faraday cages act as big hollow conductors
you can put things in to shield them from electrical
fields. Any electrical shocks the cage receives, pass
harmlessly around the outside of the cage.

(2020-21) (An)

(e}  Adstrue but Ris false.

(d) Adsfalse and R is also false.

: (2020-21) (An)
: 1.13 Gauss's Law

8

Which of the statement is true for Gauss law?

fa) All the charges whether inside or outside
the gaussian surface contribute to the electric
flusc

(b} Electric flux depends upon the geometry of the

gaussian surface.

{c}] Gauss theorem can be applied to non-uniform

electric field.

{d) The electric field over the gaussian surface

remains continuous and uniform at every point.

(Term12021-22) (U]

1.14 Applications of Gauss's Law
¥ McQ
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(d) 2.0x 10° Nm?/C entering the surface : 9. Two parallel large thin metal sheets have equal
19 Eleetei Fli : surface densities 26.4 x 1072 C/m? of opposite signs.
‘ The electric field between these sheets is
Mk (a) 1.5N/C (b) 1.5x10~16N/C
) 3x%10°ON/C d) 3N/C
(Term 12021-22) (Ap]

. A cylinder of radius r and length [ is placed in an
uniform electric field parallel to the axis of the
cylinder. The total flux for the surface of the cylinder

m {3 marks)

is given by
(a) zero (b) w” i
(€) En? (d) 2En? : 10. (a) State Gauss's law in electrostatics. Show that

(Term 1 2021-22) Eﬁ‘. with help of suitable figure that outward flux due

111 DipUIE in a Uniform External FlEId i surface, is independent of its size and shape.
MCQ (b) In the figure there are three infinite long thin

to a point charge @, in vacuum within gaussian

sheets having surface charge density +2o, <20
and +o respectively. Give the magnitude and
direction of electric field at a point to the left of
sheet of charge density +2o0 and to the right of
sheet of charge density +o.

For gquestion below two statements are given one
labelled Assertion (A) and the other labelled Reason (R).
Select the correct answer to these questions from the :
codes (a), (b), (c) and (d) as given below :
7. Assertion (A): In a non-uniform electric field, a dipole :
will have translatory as well as rotatory motion
Reason (R) : In a non-uniform electric field, a dipole :
experiences a force as well as torque.

(a) Both A and R are true and R is the correct : A B C n
explanation of A,

(b) Both A and R are true, and R is not the correct |

Detailed glolRVag{e] 1

F A I
RO e DT W | 6 Final charge on each ball =%=@=+Q

1 (c):As Xis repelled by Y, so ¥ is negatively charged. | As both the balls have same nature of charges, hence
Now Z is attracted to Y, so either it is positively charged : nature of the Coulomb force is repulsive.

iﬂ' 'EU fag

(2020-21) (Ev)

tral. i 2
A } 7. Asinair, F=o %
2. (b):qy=3e,9;=+5e,q3=-3e 4dney
The total charge, g =g, + g; + g3 = 3e + 52 - 3e= 5e 1 qz

As the charge is conserved, so,
inoption(a),g=5e-4e + 5e= e
inoption (b, g = fe+ e - Te=5e
inoption (), g = -de + 3.5e + 5.5e = Se

not possible.
inoption(d),g=5e-8e+ Je=4e

Cicey Points ()]

= According to guantisation of charge, only integral

multiple of elementary charge, e is possible.

Get More Learning Materials Here : i
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. Inmedium, F'=——%L
: N medium 2

Iﬂlﬂl‘{ l'2
" F' L
G =

© where K is dielectric constant (or relative permittivity) of
But, from quantisation of charge, charge 3.5e and 5.3 IS : .iorial and K > 1 for insulators.

Hence, the force is reduced, when a plastic sheet is inserted.
8.  Let us suppose that the third charge "Q is placed
on the line joining the first and second charge such that
P AD=xand OB=(2 - x).

Met force on each of the three charges must be zero for
: the system of charges to be in equilibrium.
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3. [d): Initial charge,q=1C

Mumber of electrons gained, n=5x 10'®
Charge transferred, Q = ne
Q=-5x10"¥x16x10""=-08C

S0, net charge onohject=q+Q=1-08=02C

4. (c):Foree on qgdue to =g

¥
Fu =j‘:12i ; along y-direction

TA
Force on gg due to +q 'qa \

kaqag ; B E TR
Fg =? along negative x-direction g 4
- D T X

Met force on gy Fy “ B
Fe V{FA 3 kﬂiﬂnv 2
5. (b):

[Shortcut (]

= Here, we do not need to find force due to all the
charges, only use the given condition and find force
between Wand £,

Force on X by Wis F.
2 W

4Kq A afy
G

=y
-

q
Il
-
=8
=1
i
|
F
o

Il
L
=

F=md

or qf:nﬁ

= 2x107%(80i+60j)=(L6x10"°)a
=  d=100x10"%i+75x107%]

Mow from equation of motion,
V=l+at=4i+(100x10 i +75x1072 )5
=45i+0.375]

11. Let at point P, the net electric field is zero, then
1 4 _ 1 qa

4neq 32 = Aney (30-xP
. [
g1 = 1pC pqm—'p% 4uc
Ej-_"' 1—£

= E=(2-xP

W oo (7]

..,
f— o gy

Pu=4] ms~,

[meNemnn'slaw}E E_ 1 99
i b TR 2 1P
1

e @)

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

d 2 )
A o B
S
® i t}'j:] -

Zm '

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

i For charge -Q to be in equilibrium, the force acting on -Q
i dueto+g at A and +q at B should be equal and opposite.

1Qq

1Qq _
Aneg(2-x)F°

-I'-1-:'|:£.n,1r2

x=%(2-x)
x=1m

i.e., the position of third charge is at 1 m from either charge

= Fwe need to find the position of third charge between
twao charges, we should consider third charge placed
at the centre.

: 9. (d):Force on a negative charge in electric field
i F=-gf, so it moves along the opposite direction of the

(Using (i) | electric field. So, (A) and (R) both false.

: 10. Giveng=2uC,m=16g=16x10" kg,

E:Bﬁ+6ﬂ}andt=55

411:0

¢ where ;iF' is a unit vector in the direction from g, to Pand

© ryp is the distance between g; and P. Hence, the electric
: field at point P due to charge g, is

© Similarly, electric field at P due to charge g, is

1 gp-

:E r
: zdﬂnr;pzp

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

0 )
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Concept Applied @j
= First consider an elementary charge and find

associated electric field. Mow, integrate the field to
find net field of the ring.

Givenradius =r,
Circumference = 2nr=|
Elementary charge = dqg = Adl

Joedl
=h[c,=:,{r2 +x2 }3"'2
aodl 1 aad

dE, =dEcosB=

s E,.=|dE b= =
* 'F e 'Fihnzl:,,l:.r'2 +.1'[2]-3"IE 4meg {,.--2 .;_32]3"1
when x => r, then
=i xM 1 ﬂ
4!“:& Ele:ﬂ'z 4“1} xi‘

13. Consider a system of n point charges g4. g3, .. G
having position vectors #, &, ... [, with respect to the !
origin 0. According to Coulomb's law, the force on test

charge gy due to charge g4 is
¥ &

20. (a):Side of square sheet = gis XY plane
E=cz’k; Electric flux, 6=E-dE

o=(cz2k)-(a®
o=cra” (putz=a)
e=a'c

P14,

i 15,

19,

e @)

e Brp+ i, +h.+%a.p
dneg| q; a; P

-: or .E= —j-—iELFw

mﬂj::l"l%

14, Electrostatic field lines do not form closed loops due to
i conservative nature of electric field.

17. At the point of intersection of two feld lines, there
i will be two directions for the resultant electric field. This
: is not acceptable.

i 18. Electrostatic field lines do not form closed loops due to

canservative nature of electric field.
i At the point of intersection of two field lines, there will be

two di;ectinm for the resultant electric field. This is not
acceptable.

& svwer Tios (7]

= Electric field lines originate from positive charge and
terminate at negative charge.

i 26. 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 ie.,

F=q-(2a)
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71. Flux through right circular surface, 6, =F-AS
¢, =100 As
1I.'5¢I

S5em

B ncrat,

AS 2 \J ast

Flux through left circular surface, &, =E-A3
95=100As
Flux through the curved surface, ¢, =E. A%
93=0
Net flux, ¢ =, +&, + &, = 200 As = 200 = 3.14 x (0.05)*
= 1.57 Nm%/C

22. (i)
of electric flux is N m* CL,

along normal to the surface.
Here, E=3x10%iNC™
Area of the square AS = 10 x 10 cm?
AS=100cm’ = 102 m?
Since normal to the square is along x-axis, we have
AS =102 m2
Electric flux through the square,
o=E-A8=(3x10%)-{107%)
6=30Nm°C!

23. Here, E=5x10% N/C

Side of square=ag=10cm=01m

Area of square, S =a” =(0.1)* = 0.01 m*
Case | : Area vector is along x-axis, g =

§=D.ﬂﬂm2
Required flux, ¢=E-§
= &={5x10%){0.01}) = ¢ = 50N m?/C

Here, angle between area vector and the electric field is 607
5o, required flux e’ =E-5cos 8
= (5% 10%(107%) cos60° = 25 N m*/C

Concept Applied @

= Electric field is always perpendicular to anequipotential
surface.

24. {d) : For stable equilibrium, 8 = 0®
Potential energy, U==p-E ==pEcos0°=-pE ==2gLE

25, F=pxE

Z is maximum, when angle between electric field and the

dipole moment is 0%

and is directed from negative
| to positive charge, along the 79 M
line joining the two charges.
¢ lts SlunitisCm.

! [Vertical component cancel each other)
:or E ot =2Epcos8 (Ep, = Epg)

f Epg= 2
E T Aneg (P4 d?) (P ral )

o Epep=

Electric flux : Total number of electric field lines : 9irected antiparallel to dipole

crossing a surface normally is called electric flux. 51 unit
! field at point Pis

(i) Thearea of a surface can be represented as a vector E i p

. = 1 =p-
E given by E=4—T-r

| 27. Electric
equatorial line of an electric
dipole ; Electric field at any point
on the perpendicular bisector of
i an electric dipole at distance r
: from its centreis

Case I1: Plane of the square rskes a 30° angle with the xeas, | et~ Cv~ Lp00s @+ Epgoas®
i [Vertical component cancel each

other)

e @)

¥

1 q a

E o= 1 g-2a
nes dmey {rE +ﬂz:|m
1 p

4dneg i_'rz+-::2]':"'2

moment 5. For short dipole, when r >>> g, then electric

In vectorial form, the electric field intensity at point P on
the perpendicular bisector of short electric dipole is then

nn{

Concept Applied @5

= Electric field on the equatorial line of an electric
dipole: Magnitude of electric field at any point on
the perpendicular bisector of an electric dipole at
distance rfromits centreis, E ;= E,

field on the

E or EI'.ET.‘ = EE‘;“ cosh {Em = Epﬂ‘]
il =
net 4EEG{r2+ﬂz] {ri+|']i'!1';r-E
1 q-2a 1 p
E e . T E e e
" dneg (12 +a? P e dmeg (2 +a? Y2

directed antiparallel to dipole moment p. For short
dipole, when r >>> g, then electric field at point P is

Pt
411‘};5
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In vectorial form, the electric field intensity at point Pon : where 5 is a unit vector along the dipole axis from

the perpendicular bisector of short electric dipole is then : —ato+q

Electric field due to charge +q at point Pis

: - 1 ~p-
enby E=s———-
given by i r

28. (a) Electric field at an axial point of an electric dipole. E
Let us consider an electric dipole consisting of charges +q :

and -q, separated by distance 2a and placed in vacuum, ; Hence the resultant electric field at point Pis

Ems"'e

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 +q.

s X a

Electric field at an axial point of dipole

E - fJ (towardsleft)

-4 4mo(r+a)2

-gqto +q.
Electric field due to charge +q at point P is
= mﬁ (towardsright)

Hence the resultant electric field at point P is
a1 1]

" 4neo| (r-a)? (r+af

_q 4ar 4

“aneg (-2 P
__1 2pr

= e (=) P

Here p = g x 2a = dipole moment

Forr > > :L a’can bE neglected as compared to .

or Em=%1%-ﬁ (towards right)

O

or £

29. Electric field at an axial point of an electric dipole.

centre O of the dipole on right side of the charge +q.

-I-q' E_q P E:‘IT

-------

Get More Learning Materials Here : i

e @)

q . -
=——"_p (towardsright)
e 4n£o(x-a)2 P gh

Bt 1 1]5

T 4weo[(x-a)2 -(x+a)2

q dar £

1 2
b on B
4ney (x2-a?)

- L L
2l angy (x2-a2)

Here p = q x 2a = dipole moment
: Forx >>a,a” can be neglected as compared to 2.

-

or Ew=z-:-z;~;2§— (towards right)

: 30. (a):Given:2f=2cm,0=30°%E=2x10°N/C
wherepis a unit vector along the dipole axis from :
t=PEsin®

: 8x107%=px2x10°xsin 30°

: p=8x108cm

i Letthechargeisq

. p=ax2l

i 8x108=gx2x 102 =g=4uC

- 31 (c]: An electric dipole in a non-uniform electric field
- always experience a force and a torque.

t=8x10"3Nm

32. Thetorque T acting on a dipole of dipole moment p
: placed in an electric field E is given by

§ t=pxE

: t=pEsind

where 0 = Angle between dipole moment and electric field.

i 33.

Concept Applied @

= Tofind the torgue on the dipole, find torgue of force on
each of the charges individually.

| Torque on a dipole in uniform electric field:

When electric dipole is placed in a uniform electric
! field, its two charges experience equal and opposite
Let us consider an electric dipole consisting of charges +q : :_:‘ca?'e;zgii E?HCEP; ;azhu::; ;a;:cr:zc:d;e; 2‘:;_'::
and -q, separated by distance 2a and placed in vacuum. : R = :

Let P be a point on the axial line at distance r from the

e

g, A :
. —e—p HE
P X, e

-q 5 2asind” E
B 2acosh

-gE-

L
-

However these forces are not collinear, so they give rise to
: some torque on the dipole given by
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H ] "
Electric field at an axial point of dipole

E

=q .
=——————p (towardsleft
3 4n€,uﬂx+a]2p (omarcelaty

where B is the angle between the directions of p and E.
In vectorial form, T=pxE

{a) Whent=0°or 180° then t,;,=0
(b) Wheno=90thent_  =pE

uniform electric field.

If the field is not uniformin that condition the net force on
i When electric dipole is placed

WhenB=0;t=0and j and E are parallel and the dipole : N @ uniform electric field, its

electric dipole is not zero.

is in a position of stable equilibrium.

34, Given,AB and CD are dipoles kept at an angle of 120°

to each other,
Resultant magnetic dipole moment is given by,

I
B, = u'pz +;.‘r2 +2ppcos120°

=\/2p? +2pcos120°

| 1
=1||2p2+r2p11x(_5]
|2p*-p® =p

=y
or 307 with x-axis.
Mow, torgue is given by
t=pxE

= pE sinf

= pE sin307

1
=—pE
5 [
Direction of torque is along negative -direction.
35. {a} We know, torque 1 = pEsinf

whenB=0;1=0and p and E are parallel and the dipole !
is in a position of stable equilibrium.

(b) When8=180°t=0and p and F are anti-parallel
and the dipole is in a position of unstable equilibrium. I

34. (a) Torque on a dipole in uniform electric field:

When electric dipole is placed 3 >

in a uniform electric field, its 5 *q e
i [i5 Lo

tws charge_s Expfzrlence Eﬂl_.ﬁ'-: DY A E

and opposite farces, whic q e read

cancel each other and hence C
net force on an electric dipole in a uniform electric field :
is Zero. '
However these forces are not collinear, so they give rise to
some torgue on the dipole given by

| 38, (a)
i is placed along a direction, making an angle 8 with the

Torgue = Magnitude of either force

x* Perpendicular distance between them
t=Fr, = qE. 20 sinb = q2a. E sind

or T=pEsind

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

! (b} i the field is not uniform in that condition the net
force on electric dipole is not zero.

Thus, tarque on a dipole tends to align it in the direction of Whenfi=0;t=0and § and E are parallel and the dipole

¢ isin a position of stable equilibrium.

37. Torgue on a dipole in uniform electric field:

!‘.w;: cha r:ge'_s EH[:E rience E:uc.:-;: " S s £
: and opposite forces, whi i i Fa tosh

i cancel each other and hence >
net force on an electric dipole in a uniform electric field

i iszero.

However these forces are not collinear, so they give rise to
some torque on the dipole given by

Torgue = Magnitude of either force

x Perpendicular distance between them
t=Fr, = qE2a sinb = g2a. E 5ind

or t=pEsinb

. . where B is the angle between the directions of fand E.
Resultant magnetic dipole makes an angle 60° with Y-axis : 2 Ei_ R B _p -
In vectorial form, T=pxE, here T is perpendicular to p

¢ and 1 is perpendicular to E also.

W v Tos (7]

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

Whenb=0O;t=0and p and E are parallel and the dipole
is in a position of stable equilibrium.

Concept Applied @

2 I=pxE

Here, T is perpendicular to both p and E
Pairs of perpendicular vectors are

(a) (t.B) (b) (r.E)

Suppose an electric dipole of dipole moment p

direction of an external uniform electric field E. Then,
¢ the torque acting on the dipole is defined as pE sind

or I=pxE.
¢ Its direction will be perpendicular to both § and E.
i (b} If the field is non-uniform there would be a net force

on the dipole in addition to the torque and the resulting

Get More Learning Materials Here : i
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Torgue = Magnitude of either force

t=Fr, =qE.2asinB = g2a. Esinf
or 1= pE sind
where 8 is the angle between the directions of p
and E.
In vectorial form, T=pxE
(i) Wheno=0"or 1B0° then 1, =0
(i) Whent=90"thent__, =pE

to the dipole moment, hence it will have linear motion |
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

opposite to the dipole moment.

39. (a):As p=L $p=0=g=0
Ep

40, (a):Net charge enclosed and permittivity of the

medium.

Q

41. The total electric flux through a surface, ¢=—,

£y

where (Q is the charge enclosed by the surface. Here

q::ﬂl:.EL :

o

42. According to Gauss's law, the e : \ i
electric flux passing through a closed 7 ‘ 4
surface is given by

#E.£=M \L J,.f

Ep b e H

When radius of spherical Gaussiansurface is increased, its
surface area will be increased but point charge enclosedin (b) Here distance of point charge becomes doubled and
the sphere remains same. Hence there will be no change |

i also sides of square gets doubled.
! Same kind of symmetry is still here with sides of cube 2d,

hence electric flux through the sguare will not be affected

in the electric flux

43. According to Gauss's law,
Total charge enclosed, q,, =0
as net charge on dipole is zero.

0
= — =)
O £

ey Points ()
= Met flux through a closed surface,
F e
*E =0F s =—~
@ g

44, ()Givenl=20em,r=5em=005m
Net flux, 6= [E-dA+ [E-dA=200m(0.05/ cosOx2

B Concept Applied @

e @)

- : : motion would be a combination of translation and
* Perpendicular distance between them

¢ rotation.

. e} (i) E isincreasing parallel to § thenf =02

S0 torgue 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.
(i) E is increasing anti-parallel to 5. 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

Let us assume that the given square be one face of the cube

¥
"
0
"
"
"
¥
i
¥
H
[
¥

is

iLe., ¢m=i.

Hence, there will be no change in electric flux.

= Tofindelectric field in such cases, we have to assume
a symmetrical Gaussian surface. Then, find the
electric flux associated with the Gaussian surface.
Now, find the flux through the asked surface by using
unitary method.

P as. E=24
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(ii) The net charge enclosed, g = ¢4
=aNm?C %885 x 107 2N m™
=27.789x 107 12C

45. {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 owver that
surface 5 ie.,

o= E-d
It is a scalar quantity.
Electric Charges and Fields

2

Let us take a charge O inside a cube or a sphere.

[Key Points (]

The flux through both the closed surfaces will be

same. Le., ¢ . = _q.

48. (i) Charge enclosed by sphere §; = 2Q
By Gauss law, electric flux through sphere 5, is
61=2Q/eg

Charge enclosed by sphere,

5;=20+40=60Q

92 =06Q/eg

The ratio of the electric flux is
9y:9;,=2:6=1:3

(i) When a medium of dielectric constant g U5 i
introduced in sphere 5;, the flux through 5; would :

2
F

Get More Learning Materials Here : i

H ; xr t -LI"-.
0 Lo it P
JE 4nr? ll:ur.lslll"=E b J
(- E is constant throughout the
surface)

e @)

50, flux passes through faces of cube

i which are perpendicular to x-axis.

! The magnitude of electric field at the

| left face (x=0),E =0 7
i The magnitude of electric field at the

© right face,

P x=a),Eg=2a

. So,netflux, o= F.A3

i =E, Ascos 180° + EyAs cos0°

: =0+2axa’=2q"

i Assume enclosed chargeisg.

© UseGauss's law, 0= L:g=eq0 - q=2a%,
: Eo

47, Electric flux linked with a surface is the number of
electric lines of force cutting through the surface normalhy.
: Its Slunitis Nm® C Y or V m. On decreasing the radius
of spherical surface to half there will be no effect an the
i electric flux.

19
Charge will be distributed uniformly over the surface of
: the sphere.
i 53. Using Gauss's theorem at point P, PR

Eg

Q

Key Points {
2 This is same as electric field due to a point charge which
can be assumed to be concentrated at the centre.

: 54. Thedirectionofelectric +a -3

: field in various regions is E, E,
R _ —3 |— —>| —>
given as follows E, E,
E1=E2=— 1 2
2eg m l i
(i) T O AN A
Eper={Ej 4Bl gt 5=
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49. (c):Electric field due to a point charge (2q) at :

distance ris E.

K-2q
S50, Es——
I""
Electric field due to thin shell at r/2 charge g is
K-q Kqx4 i)

E* = — = ——
(r/2) r
On dividing eqn. (i) by (ii),

E K29 r* 1
ot == :F'=2F
E. 2 Kax& 2

50. Let the charge on inner surface be g, then g, =4—:;
Then charge on outer surface will be -g, then

-q -q
ﬁ - 3
A2’ 16mr

51. {i) Charge induced on the inner surface = -0

. Gy = =
4k}
(ii}y Chargeinduced onthe
outer surface = +(}

Oy

(&

" Ez=

Q
4nR3

depend on whether it is hollow or solid because all the
charges will move to the outer surface of the sphere.

Whey they bought in contact,

, s 10=-20 r
q1=q1= 2 =—5]_|,C,r'=-2-
pr_kx5x5x1072 x4
2

F SxS5x4x1072 _ F
Tt Fla

F  10x20x10 2
57. (a) Electric field intensity due to line charge or :

infinite long uniformly charged wire at point P at distance
r from it is obtained as :

i) |
i electric field at Py

E;=
i Again field at Py,
B

N 3

e @)

55. Using Gauss’s theorem,

19
ameg i

= —1 E=ﬂ
4ﬂEn rg‘

i Because electric field inside a conductor is zero.

Commonly Made Mistake ( £

= Here, while applying the Gauss law over a Gaussian
surface, students might think that the calculated
electric field is only due to the charges inside the
Gaussian surface, but it is the resultant electric field of
all the charges, present there,

564. (a) Electric field due to a uniformly charged shest

..
=5

_1x10 B x4nx9x10°
- 18rx2

[ l:ﬂnx?xlﬂ* ]
Eg

: E=10"* N/C outwards.

{ PointisQ

As, for the finite plane sheet, electric field is uniform in the
i middle and the edges it will be curved.

52. Mo, the charge given to a metallic sphere does not (b} gy =10uC gy =-20uC

_kaga,  kx10x20x107

2 2
59.
b,
—
E,
|
i Inregionll:

: The electric field due to the sheet of charge A will be

! from left to right {along the positive direction) and that

Assume a cylindrical gaussian surface 5 with charged wire b by this skt of charge Bwill be from right to left (along

on its axis and point P on its surface, then net electric flux | . negative direction). Therefore, in region Il, we have
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through surface Sis

or o=0+EA+0 or ¢=E2mnr

But by Gauss's theorem ¢=i=£

o Fa
Where g is the charge on length | of wire enclosed by :
cylindrical surface 5, and . is uniform linear charge density

P o [ o5
E'zzlf['zan]

E=2Ei[n-i-ﬁz} along positive direction

0

i Inregionlll:

: The electric fields due to both the charged sheets
i will be from left to right, i.e., along the positive direction.
i Therefore, in region I1l, we have

Gy O3

ey 2t

E:-E:—[n',_+ﬁz} along positive direction
: (1]

Commonly Made Mistake @

= Electric field due to a non conducting sheet is %.

but for conducting surfaceitis i.
Eg

i 60. According to Gauss's law, total flux over a closed

of wire. : 1
l A i surface Sinvacuum is — times the total charge enclosed
Ex2arl=— or E= i Eq
Eq 2neqr ! by closed surface 5
directed normal to the surface of charged wire. S =¢§. E. 7 = Benclosed
i % Eg
(b) Since E=L :}Ewl : Electric field intensity due to line charge or infinite long
2megr ¢ % uniformly charged wire at point P at distance r from it is
Therefore, plot of E versus r will be as : obtainedas:
shown. — : Assume a cylindrical gaussian surface 5Swith charged wire
! onits axis and point P on its surface, then net electric flux
58. (a) Surface charge density on the inner surface = 4:'_2 through surface 5 is
[ | 1% dS
On the outer surface = 9;4;!. i + t »E
: R —
(b) For a spherical Gaussian surface x > ry nal Iy
+
ol i
Eds= + ds
L , : By
+
E x dmx? =b 5 +
Fo i
E= 1 Q=g +|I—DE'
41‘[-‘:".n J[1 ¥ ds
Electric Charges and Fields M
¢=nf!-d§= J’ EdS eos 50 + }' Ed$ cos 0o .[ Edl o 90 : However there is no charge enclosed by this Gaussian
5 upper curved lower ¢ surface. Hence using Gauss's Law
o - e i Exdnr =0 Gaussian
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or d=0+EA+0 or &=E2mur

But by Gauss's theorem ¢=i=£
Eg

Eg

Where g 15 the charge on length | of wire enclosed by
cylindrical surface 5, and A is uniform linear charge density -

af wire.

A

E:-u:21:rl=£ or F=——

2megr

directed normal to the surface of charged wire.

61. Consider a thin spherical shell of radius R carrying
charge g. To find the electric field outside the shell, we
consider a spherical Gaussian surface of radius r (> R), :

concentric with given shell.

The electric field E is same at every point ufé
Gaussian surface and directed radially outwards @ -

(as is unit vector n so that 8 =0°)
According to Gauss's theorem,

é E-d;=¢ Eﬁd‘s:i Gaussian
i 2 £y Surface

_q
or Eiids-a

. Ef4nrt)=4
Eg

q
dnr

E=

. = 1 g-
Vectorially, E= —
orially, 2 rzr

Special cases
At the point on the surface of the shell.r=R
£=Li2
dneg B

If o is the surface charge density on the shell then

q= AnRe

_ 1 4% _o

dnes R g I

If the point P lies inside the o
r<

spherical shell then the Gaussian 5 —

surface encloses no charge.
le. r<R centre (r)

g=0,hence E=0
&2. (a) (i} Inside
The point P is inside the
spherical shell. The Gaussian
surface is a sphere is a sphere ]
through P centered at "0’
Flux through this surface = E x dnr?

density o

Get More Learning Materials Here : i

Distance from —»

Surface charge Coattssian

Surface surface

i = E=0 charge p
Qutside density o “

¢ To calculate Electric Field E w

i at the outside point P, we take e

i the Gaussian surface to be a

: sphere of radius 'r' and with

: center O, passing through P.

Electric flux through the Gaussian surface

Charge enclosed by this Gaussian surface = a % 4nR?
i By Gauss's Law

2

i Exam?=3® AnrR? g

i Eg Eg
! Where g = total charge on the spherical shell.
s g
4m:ﬁrl
= 1 g-
i E= -
ey
- (b)

! E=0 r=R r—®

¢ {c) Electric flux passing through the square sheet
o=|EE

i =EAcosf

| =200 x0.01x cos60®

i =10Nm%/C

i 63. {a) Electric field intensity due to line charge or
infinite long uniformly charged wire at point P at distance
! rfrom it is obtained as :

Assume a cylindrical gaussian surface 5 with charged wire
: on its axis and point P on its surface, then net electric flux

oA
[ ¢

: through surfaceSis

gds 5

G e e e e 3 5

3

J

o=¢F-d3= | EdScos90°+ | EdScosOP+ | EdScos90°
i 5 upper curved lovmwer
plare surface plane
or 9=0+EA+0 or ¢=E2nr
m @& www.studentbro.in
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But by Gauss's theorem, ¢-=i= £

g E

Where q is the charge on length | of wire enclosed by

indrical surface 5, and A is uniform linear charge density : . : . ;
Sipcreal antacey abd & umiaeminaar change cons iy i &5, Consider a thin spherical shell of radius R carrying

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

The electric field E
! Gaussian

of wire.

EHQ#[FF:-E ar E=-2L-

TEgF
directed normal to the surface of charged wire.

(b) Since E=—*_ 5wl .

2mpgr r ?
Therefore plot of E versus r will be as
shown.

(c) As per the situation, charge g is
kept at a distance r; from line charge. i

=

or E{ﬁsds=%.ﬂ

i i

Elml=m 1= S P

Work done in moving charge g formrs
to ry.
W=["F.di =[* 2 _grcos0r = T[22
s B 2mEar 2meqim r

=....E:I|L_ [Inr]r:I =_"E‘_. In .ﬂ.
ZN:Ea 5 .EI'[EG L}

&4, Assume a cylindrical Gaussian surface 5 cutting qw-rft-:rcﬂzu
through plane sheet of charge, such that point P lies on :

its plane face, then net electric flux through surface 5 is

ds

_l.

+
-
+
+

jm

my
(¥ ]
my

o+ F
++ + +++ +

5

q;:efE-Hs: [ Eds+ | Eds+ le-Es

left curved ;Ee

prlame surface
face face
or g= ! Eds cos0®+ !' Eds cos 20"+ _[ Edscos0®

Ie=ft curved
plare face surface

or ¢=EA+0O+EA=2EA

plr:ﬁ‘fzr

But by Gauss's theorema = i:ﬁ
o %o

Wectorially, E= 3 !

e @)

Commaonly Made Mistake @

= 5Students think that, here the shape of Gaussian
surface is only cylindrical, but it can be cuboidal also.

is same at every point of

surface and directed radially outwards

(as is unit vector n so that 8 =0°)
i According to Gauss's theorem,

P fERbEad=
; § E-T=g,F-nds .

Eldm?)=2L
Eg
q
4mzﬂrz

qa\.
—zf

MEg I

: Special cases
At the point on the surface of the shell, r=R

dmeg R® g

. If the point P lies inside the spherical shell then the
: Gaussian surface encloses no charge.

ie, r<R - q=0henceE=0

o

E P N>R
r< R
g r= R
Distance from —
centre (r}

: 66. (i) Consider a sphere of radius r with centre O
: surrounded by a
! conducting shell of radius R.

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

i The total electric flux through the Gaussian surface is

given by

large concentric

@ www.studentbro.in



where g is the charge in area A of sheet enclosed IJ!,.r ¢=c§Eds=E§ds

cylindrical surface S and o is uniform surface charge : 2
density of sheet. Now, SEﬂE:q'ﬂ

D oe= 2 y

A= o ER L & e _ =

£ i Since the charge enclosed by the Gaussian surface is g,

directed normal to surface of charged sheet (i) away ; according to Gauss's theorem,

from it, if it is positively charged and (ii) towards it, if itis | ¢=-1 i)

negatively charged. ! P

Electric Charges and Fields 23

From (i} and (i), we get ! (i) (c):zero (1)

Py MEb S0 ETial “RORES (i) (c):Its surface must have charge equal to -q. (1)
Eg Amegx” i (v) (b):1.9 % 10° Nm?/C, leaving the surface. (1)

(i) To caleulate the electric feld
intensity at any point P, where point
P lies outside the spherical shell,
imagine a Gaussian surface with

d.  {a):

> L >—E
c

centre O and radius ®", as shownin W . /7 § e -A) (B ...... Bocke
the figure. j
According to Gauss's theorem, i ? > >
i Flux through surface &, ¢, =E = I:E
. + w + L
E'Hﬂﬁ:% =5 E =4.:;_q£ . Flux through surface B, ¢ = E * nR?
i Flux through curved surface, C= jE-ds (1)

Concept Applied @ —jEdscﬂs?ﬂ’—ﬂ
= Here, —-q charge will induce on inner surface of lager

shell. Thus, net charge on outer surface of the larger © Tﬂtai L thrctugh_ Eyfinders ¢'f' tog* uc-F ¢ .
shell will be Q + . : 7. [a): An electric dipole placed in non-uniform electric

: field experiences both torque and force. (1)
"8\ CBSESample Questions JB i 8 (d):The electric field over the Gaussian surface
! remains continuous and uniform at every point. (1)

1. [d) : Equal and opposite charges appear on the 9. [d):
nearby conductor due to induction, but still net charge
on the conductor is zero. (1)
2 (b): According to Coulomb's law, Fyy==Fay o
There is a force of attraction which shows that the charges e | =2
must be unlike charges. i

_ %G
Also, F-W

. Here: Surface charge density, o = 26.4 x 1071 C/m?

For attractive force, g49;< 0, (1) ¢ E=i+i=£=£
gy = +ve and g; = ~ve 2eq 2eq 2eg Eg
91420 © 264x107%
3. [c):Let P is the observation point at a distance | =————— (v £,=885x10"2C?/N-m?)
(L + r) from Bg and at r from -24. i BLEE”_':{‘Q_ .
+8q =24 B oo E=3N/C i1)
g R P — i 10. (a) Gauss's law in electrostatics states that the total

Net slectric field at P =0 : electric flux through a closed surface enclosing a charge

HE 1 .
E1 = EF] {electric field intensity) at Pdue to +8q i 5 equal to = times the magnitude of that charge.
H o
E, = EFI (electric field intensity) at P due to -2q
o=¢-ds=— (1)

Iy I=I1Es] : £q
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i Letus take acharge () inside a cube or a sphere.
hhal. Mol 4 £ = 4% ={I_+Jr]z

[L+rlz- g [L+rJz =r_E

= Zr=l+r = r=L (1)
- Pisatx=L+L=2L fromorigin, : Q

{b): From figure,

i -9

;:r::{;g& E ) ,i., i The flux through both the closed surfaces will be same.
qE = mg tanb | Dol Q= —
mg a - )
q=[? ]'*""E' < : 9 Thus, outward flux due to a point charge in vacuum is
E Tsing l : independent of the shape of gaussian surface. (1)
- mg :
tanf=—= (1) | (1) Net electric field towards left = —— (1/2)
% 2,
% iR oppey (1) | Net electric field towards right = —— (1/2)
(i) (a):car (1) : 2ey
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