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Electric Charges

and Fields

TOPIC 1

Electric Charges and
Coulomb’s Law

01 The acceleration of an electron due
to the mutual attraction between
the electron and a proton when
they are 1.6 A apart is,

(m, =9x10™ kg, e=16x107°C)

D 1 9 2 —ZD
[take, =9x10°Nm“C™ [
0 4 0

&
[NEET (Oct.) 2020]
(b)10% m/s?
(d)10%® m/s?

(a)10% m/s?
(€)10% m/s?
Ans. (¢
Force of mutual attraction between the
electron and proton.

(when, r=18 A°=16 x 10”7 m)is given as
2
F=9x10° x_
rz
gxn? x[18X107")
(16 x10710)?
=9x107°N

[OAcceleration of electron

Ans. (a)
The force between two point charges A
and B having charge+ 0 and - 0
respectively is given by

+Q -Q

Ao———ef

K r A
:KOAOB :KO(_O) _KOZ

r’ r r

F

where, K = constant =

4mig

and r =distance between two charges A
and B.

When 25% charge of Ais transferred to
B, then new amount of charge onAand B
respectively become

75 3
0',=—(0,)==0

100 4

025 a_m -3
0',=[20,+0 :%o—ongo
*~Hog " el 4
So, the force between the two charges

now becomes

KI:BO oo §OD
Fo k0L 0 Ha b5 40
2
_T9KO” _S8 [ [from Eq.(i)]

8- 16
Thus, the new force between the
charges is 9/16 time the initial force

zero, then Aeis of the order [Given
mass of hydrogen,

m, =1.67x10" kg]  [NEET 2017]

(a)10® C (b)10 C
(c)10¥ ¢ (d)10™ ¢
Ans. (¢)

Net charge on one H-atom

g=-e+e +Ae =Ae
Net electrostatic repulsive force
between two H-atoms

Similarly, net gravitational attractive
force between two H-atoms

_6m;
6 d?
Itis giventhat, F, —=F, =0
K(ae)? _Gm? _
O E - 7 =0
2
O (Ae)? :Gﬁ
K

6.67% 107") (1.67 x 107 )?
9% 10°
O Ae=1437x10"Y C

(Ae)z :(

between the charges. —

E Two point charges A and B, having 04 Two identical charged spheres

charges +0 and -0 respectively, are 03 Suppose the charge of a proton

placed at certain distance apart and
force acting between themiis F. If
25% charge of Ais transferred to B,
then force between the charges

becomes [NEET (National) 2019]

@ o 0%  (F
16 9 3
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and an electron differ slightly. One
of them is —e and the other is

(e + Ae). If the net of electrostatic
force and gravitational force
between two hydrogen atoms
placed at a distance d (much
greater than atomic size) apart is

suspended from a common point
by two massless strings of lengths
|, are initially at a distance d(d < <)
apart because of their mutual
repulsion. The charges begin to
leak from both the spheres at a
constant rate. As a result, the
spheres approach each other with
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avelocityv. Then, vvaries as a ( o1d,.0r0,.,02r0 ? Ans. (c)
a) (b) (c) (d)
function of the distance x between B:/Z H ﬁ/z B t/3 H 3 @ Two positive ions each carrying a charge

the sphere, as [NEET 2016] g are kept at a distanced, then it is found
P 1 Ans. (b) that force of repulsion between them is
(a)v Ox (b)v Ox 2 Casel F, cosB=mgsin® ,_—:Mz 1T qq
} 1 0 Fe = tang d 4mg o
(c)v Ox (d)v Ox? where, g=ne
_ 1 n’e?
Ans. (b) O F= ,
. . . ' 4me, d
According to question, two identical ;
charged spheres suspended from a F, 0 4mg Fd
common point by two massless strings e?
of length L.
07 An electron is moving round the
2/ 8 mg Mo nucleus of a hydrogen atomin a
g sin@ . . .
: r . circular orbit of radiusr. The
A9 5 . mg=_—— i) coulomb force F between the two
F. ’)\JB q tan@ X
T Casell  F.'cosd, =mg sing, s [CBSE AIPMT 2003]
: L F T
Q X 0 e =tanb, (a)ke—sr (b) =k e—sr
R mg mg o rZ rz
_ o e, e’ .
-+ INAABC . mg = i) (c)k —F (d) k=
r F tan®, r r
tan@=—  or — =tan@ ..(i) From Egs. (i)and (ii), we get ]
mg mg R F. _ tan® (Where,k—lﬂ_[ )
Since, the charges begins to leak from tan® tan®, Fo tand,
both the spheres at a constant rate. As a _ P(perpendicular) _ r Ans.(b)
rgsult, the.spheres approach each other As, tan@ b lbasel (base] —5 Let charges on an electron and hydrogen
with velocityv. nucleus beg, andg,. Then, Coulomb's
Therefore, Eq. (i) can be rewritten as tan®, =P/b = xp=" force between them at a distanceris,
Kg?> _  x/2 2xy y F=- 1 qqulﬁ
2 - 2 LsLssss0l LT r2
xmg 2 =X Fe cOSB; I 1 %
4 ! Putting, =k (given)
K* _ x 4rig)
O ———="or ¢’ Ox’ - 992 ;
x"mg 2 - 2
O q Ox*"? Since, the nucleus of hydrogen atom has
0 ded(Xs/z).dl one proton, so charge on nucleusisei.e.
dt — dx dt g, =+e
0 aq 5,02, alsoq, = e for electron
in® A 2.
*© o . g S So,  F=-kZfF=-k° ¢
O vO— orvOx™? e=" xy O F'=0F, r r
sz Fe’ 2)/Xr but ;:L:E.
— kq” _ 2kq” 1_42 el r
05 Two pith balls carrying equal So, R o R Hence, F=-k e’ r
charges are suspended from a 0 pe ' 2y
common point by strings of equal Ny __ ki .
length, the equilibrium separation — P
between themisr. Now, the strings 06 Two positive ions, each carryinga
are rigidly clamped at half the charge g, are separated by a 08 When air is replaced by a dielectric
height. The equilibrium separation distanced. If F is the force of medium of constant K, the
between the balls now becomes repulsion between the ions, the maximum force of attraction
[NEET 2013] number of electrons missing from between two charges, separated
— each ion will be (e being the charge by a distance  [CBSE AIPMT 1999]

on an electron) [CBSE AIPMT 2010] (a) decreases K times

I

i

I

| (a)leneuFdz (b) }4n50F92 (b) increases K times

i e’ da’ (c) remains unchanged
I

| 4rie, Fd’ (g) 4T d” (d) becomes%times
r K

) (c) >
e q

2
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Ans. (a)

According to Coulomb’s law, force
between two charges is directly
proportional to product of charges and
inversely proportional to square of
distance between them. Thus,

F=1 9% A1)

4me 1

= proportionality constant.

where, ]
4TT

If adielectric medium of constant Kis
placed between them, then new force
between them,

=1 9% (il
! 0
dmgK 1
Dividing Eq. (i) by Eq. (i), we have

R
F K
or F'=E
K

Thus, new force decreases K times.

A charge g is placed at the centre
of the line joining two exactly equal
positive charges 0. The system of
three charges will be in equilibrium,

ifgisequalto [CBSE AIPMT 1995]
@-2 m+o ©@-0 (@2

4 2
Ans. (a)

Let two equal charges 0 each be held at
Aand B, where AB =2x.C is the centre of
AB,where chargeq is held.

Net force ongis zero. So, g is already in

equilibrium.
A

5

¥ oea

k N|
I d

For the three charges to bein
equilibrium, net force on each charge
must be zero.
Now, total force on 0 at Bis

P9+ 1 00 g

4me X 4mg (2x)
2
or e 1
4meg, X 4mg 4X
0
or =-2
=

A charge g is placed at the centre
of the line joining two exactly equal
positive charges 0. The system of
three charges will be in equilibrium,
ifgisequalto [CBSE AIPMT 1995]

Get More Learning Materials Here : &

(a)- Y (b)+ 0
4
(c)-0 ()Y
2
Ans. (a)

Let two equal charges 0 each be held at
Aand B, where AB =2x.C is the centre of
AB,where chargeq is held.

Net force ongis zero. So, g is already in

equilibrium.

[ Jos}

¥ oea

For the three charges to be in
equilibrium, net force on each charge
must be zero.

Now, total force on Q at Bis

g, 100
4me, x* 4mg (2x)
2
or LI PR
4me, x* 4mg 4x°
0
or =-=
=

11 Point charges +4g, —q and +4q are

kept on the x-axis at points

x=0,x =a and x =2a, respectively.
Then, [CBSE AIPMT 1988]
(a) only =gisin stable equilibrium

(b) None of the charges isin equilibrium
(c) allthe chargesare in unstable
equilibrium

all the charges are in stable
equilibrium

Ans. (¢)

Net force on charge placed at A due to
charges placed atC and B

(d

+4q 9 p +4g
0 X - a X - 2a
F T (+4q)(=q)
A 2
4Tig, a
+ 1 (+4q)(+4q)
4me, (20)
2 2
= ! Z{i + ! 4q =0

4me o’ 4meg a’
Similarly, F; and F, will be zero.
As net force on each charge is zero,
therefore all the charges are in
equilibrium. If we were to displace —q
to the right, (in figure), net force of
attraction will be to the right which will
displace it further. Therefore,
equilibriumis unstable.

TOPIC 2

Electric and Field Lines

12 Adipoleis placed in an electric
field as shown. In which direction
will it move? [NEET 2021]

(a) Towards the left asits potential
energy will increase

(b) Towards the right as its potential
energy will decrease

(c) Towards the left as its potential
energy will decrease

(d) Towards the right as its potential
energy will increase

Ans. (b)

We know that, the direction of electric
dipole moment is from negative charge to
positive charge.

The strength of the electric field at+ g is
greater than that of —g charge, i.e.

l[E, I>1E, |

So, the net force on the dipole act
towards the right side.

We know that, a system always moves to
decrease in its potential energy.

So, the given dipole move towards right
side as its potential energy will
decreases.

13 A spherical conductor of radius 10
cm has a charge 0f3.2x107 C
distributed uniformly. What is the
magnitude of electric field at a
point 15 cm from the centre of the

sphere? [NEET (Sep.) 2020]
D 1 9 2 ZD
0——=9x%10" Nm® /C°0
ChTLE, 0

(b)1.28x10° N/C
(d)1.28x10% N/C

(a)1.28x10° N/C
(c)1.28%10" N/C
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Ans. (a)

Given, radius,r=10cm=10 x10 m
Charge,q=3.2x107C

Electric field, E =7

Electric field at a point (x =15cm) from
the centre of the sphereis

E=_ @
4T, X

32x107
(15x107%)?
=128 x10° N/C
Hence, correct optionis(a).

=9x10° x

14 An electron falls from rest through
a vertical distance hin a uniform
and vertically upward directed
electric field E. The direction of
electric field is now reversed,
keeping its magnitude the same. A
proton is allowed to fall from rest in
it through the same vertical
distance h. The time of fall of the
electron, in comparison to the time
of fall of the protonis [NEET 2018]
(a) 10 times greater
(b) 5times greater
(c) smaller
(d) equal

Ans. (¢)

Force on a charged particle in the
presence of an electric field is given as
F=qE i)
where, g is the charge on the charged
particle and E is the electric field.

From Newton's second law of motion,
force on a particle with mass mis given
as

F=ma i)
where, ais the acceleration.
From Egs. (i)and (ii), we get

F =ma =qE
O g=9E i)
m

Now, consider that a particle falls from
rest through a vertical distanceh.
Therefore, u =0 and the second
equation of motion becomes

s =ut +lat2
2

or h=0><t+%at2

=1 %92 [from Eq. (jil)]
2 m

_2m
gk

O t?

Get More Learning Materials Here : &

_ |[2hm
or t= |/
qE

Since, the particles given in the question
is electron and proton; and the quantity

ZTIZ_(here,qD =q, =e)for both of them
a

is constant. Thus, we can write

t=kJm

where, k= &
qE

or t04/m

As, mass of proton(m,)>>mass of
electron(m,).

Thus, the time of fall of an electrons
would be smaller than the time of fall of a
protons.

15 A charged wire is bent in the form
of a semicircular arc of radius a. If
charge per unit lengthis A
coulomb/metre, the electric field at
the centre Ois [CBSE AIPMT 2000]

A A
b
(8)21102 g ( 410 g0
(c) A (d) zero
2TiE,0
Ans. (¢)

Considering symmetric elements each
of length dl at Aand B, we know that
electric fields perpendicular to PO are
cancelled and those along PO are added.
The electric field due to an element of
lengthdl(=ad6) along PO.

= Ma d6) cos0 (-.-dl =ad6)
4me, a’
Net electric field at O
E:J_n/z dE=2J’m2 1 AaconGdG
-1/2 0 41'[% a
=2._ ' Alsingpr
4mg; a
=20 _dpo=_2
4, a 2meg a

16 A particle of mass mand charge g

is placed at rest in a uniform
electric field E and then released.
The kinetic energy attained by the
particle after moving a distance y is
[CBSE AIPMT 1998]

(a)gEy” (b)gE’y (c)gEy (d)q’Ey

Ans. (¢)
Electric force on charged particle is
given by
F=qE
Kinetic energy attained by particle
=work done
=force xdisplacement
=qE Xy
Alternative
Force on charged particle in a uniform
electric field is

F=ma=Eq
or a -Eq ()
m

From the equation of motion, we have
v =u? +2ay
=0+2 XE xy
m
_2Eqy
m
Now, kinetic energy of the particle

[u=0]

K zlmvz
2

17 A pendulum bob of mass30.7 x10°°
kg and carrying a charge2x107° C
is at rest in a horizontal uniform
electric field of 20000 V/m. The
tension in the thread of the
pendulum is (g =9.8m/s?)

[CBSE AIPMT 1990]

(b)4 107N

(d)B6 %107 N

(a)3x10“N
(c)5 x10™ N
Ans. (¢)

There are 2 forces acting on pendulum (i)

its weight
LL L

O——0qF

mg
(i) Weight,

mg =30.7 x107° x9.8
=3x10™N

@g www.studentbro.in



vertically downward, and
(ii)Force, F =qgE
=2x107° x20000
=4x10"N
In the horizontal direction.
So, net tension, T =4/(mg)” +F?
= J3x107)7 +(4 x107)?
=5x10" N

TOPIC 3
Electric Dipole

18 Polar molecules are the molecules
[NEET 2021]

(a) having zero dipole moment

b) acquire a dipole moment only in the
presence of electric field due to
displacement of charges.

(c) acquire a dipole moment only when
magnetic field is absent

(d) havinga permanent electric dipole
moment

Ans. (d)

In polar molecules, the positive charge
and negative charge do not overlap each
other. So, the total charge on the polar
molecule is zero. Thus, these types of
molecules have permanent electric
dipole moment. e.g. Water is polar
molecule.

19 The electric field at a point on the
equatorial plane at a distancer
from the centre of a dipole having
dipole moment P is given by
(r>>separation of two charges
forming the dipole, €, =

permittivity of free space)  [NEET
(Oct.) 2020]
P 2P
alE= b)E =
@ 4reg o’ o) 4rg
P P
E=- dE=-
© 4Tig r’ ) 4mie,
Ans. (a)

Electric field due to electric dipole on
equatorial plane at a distance r from the
centre of dipole is given as

E=_!
4Tig, rf

20 An electric dipole of moment pis
placed in an electric field of
intensity E. The dipole acquires a
position such that the axis of the

Get More Learning Materials Here : &

dipole makes an angle @ with the
direction of the field. Assuming that
the potential energy of the dipole to
be zero when 8=90°, the torque and
the potential energy of the dipole

will respectively be
[CBSE AIPMT 2012]

) pEsin®, —pEcos®
)pEsin®, =2 pE cos®
)pEsin®, 2 pE cosO

) pE cosB, —pE sin®
Ans. (a)

Here, torque, T = pE sin@

(a
(b
(c
(d

+q

0 - E

-q

Potential energy of the dipole,
U=(tdd
0
=Inp/£5 sinBd@ = —pE[cosb]? ,,

=-pE cosH

21 An electric dipole is placed at an
angle of 30° with an electric field
intensity 2 x10° N/C. It experiences
a torque equal to 4 Nm. The charge
on the dipole, if the dipole length is
2cm,is [NEET 2016]
(a) 8mC (b) 2mC (c) 5mC (d) 7uC

Ans. (b)

-~ Torque on an electric dipole inan
electric field,

T=pxEO |t|=pE sind
where, Bis angle between E and p

0 4=px2x10° xsin30

| p=4x10"°cm

O p=q2l

0 q21=4x10"°

where, 2/=2cm=2x10"m

O S4X107 09 c=2me

T 2x107

22 Three point charges +q, —2q and

+q are placed at points
(x=0,y=a,z=0),(x=0y=02z=0)
and (x=a,y =0, z =0), respectively.
The magnitude and direction of the
electric dipole moment vector of

this charge assembly are
[CBSE AIPMT 2007]

(a) /2 gaalong +ydirection

(b) +/2 ag along the line joining points
(x=0,y=0,z=0)and
(x=a,y=a,z=0)

(c) gaalong the line joining points

(x=0,y=0,z=0)and

(x=a,y=a,2z=0)

(d) v/2 ag along + x direction

Ans. (b)

Choose the three coordinate axesas X, Y
and Z and plot the charges with the given
coordinates as shown. Ois the origin at
which —2q charge is placed. The system
is equivalent to two dipoles along x and
y-directions respectively. The dipole
moments of two dipoles are shown in

figure.
Y
(0,a,0)
T Qo-nrmrennnn- Pnet(afao)
a p
000 /f57 P 9@00

N

The resultant dipole moment will be
directed along OP where coordinate of
P... is given by (a,a,0). The magnitude of
resultant dipole moment is

Poee =/P° + D’
=/(ga)* +(qa)’ =+2qa

23 An electric dipole of momentpis
lying along a uniform electric field
E. The work done in rotating the
dipole by 90° is
[CBSE AIPMT 2006]

(a)v2 pE (b)p7E
(c)2pE (d)pE
Ans. (d)

When an electric dipole is placed in an
electric fieldE, atorquet=p xEacts on
it. This torque tries to rotate the dipole.
If the dipole is rotated from an angle®, to
6, then work done by external force is
given by

W =pE (cosB, -cosB,)  ..0i
Putting®, =0°,6, =90°in the Eq. (i),
we get

W =pE (cos0°-co0s90°)
=pE (1-0)=pE

)
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24 An electric dipole has the
magnitude of its charge as g and its
dipole moment is p. It is placed in a
uniform electric field E. If its dipole
moment is along the direction of
the field, the force on it and its
potential energy are respectively

[CBSE AIPMT 2004]

)2gE and minimum

)gE and pE

) zero and minimum

) gE and maximum

(a
(b
(c
(d

Ans. (¢)
An electric dipole is an arrangement of
two equal and opposite charges placed
at adistance?2l. The dipoleis placed in
electric field as such its dipole moment
isin direction of electric field as shown
in figure. Direction of dipole moment is
from negative to positive charge.
—E
e - o
-q +q
2/
Now, force on the chargeqisF, =gE
along the direction of E and force on
charge —qis
F, =—qE in the direction opposite to E.
Since, forces on the dipole are equal and
opposite, so net force on the electric

dipole is zero.
Fi = —E F,=qE
-q +q
Now, potential energy of the dipole.
U=-pE cosB

where, Bis the angle between direction
of electric field and direction of dipole
moment.

O 6= 10
Hence, U = —pE cos0° = —pE (minimum)

25 A point 0 lies on the perpendicular
bisector of an electric dipole of
dipole moment p. If the distance of
0 from the dipole isr, (much larger
than the size of the dipole) then

electric field at 0 is proportional to
[CBSE AIPMT 1998]

(a)p™ and r? (b)p and r?
(c)p? and r (d)p and r®
Ans. (d)

Electric field due to a dipole at bisector
oratapointonits broad side on position
or equatorial position is given by

E=_ ' PoEnf )
bre, r’ r

Get More Learning Materials Here : &

where, ris the distance of that point from
centre of dipole and pis dipole moment.
So, from Eq. (i)

EOpand EOr

The formation of a dipole is due to
two equal and dissimilar point
charges placed at a

[CBSE AIPMT 1996]
)short distance
)long distance
)above each other
)None of these

(a
(b
(c
(d

Ans. (a)

An electric dipole consists of a pair of
equal and opposite point charges
separated by a very small distance.
Atoms or molecules of ammonia, water,
alcohol, carbon dioxide, HCl etc are
some of the examples of electric
dipoles, because in these cases, the
centres of positive and negative charge
distributions are separated by some
small distance.

Intensity of an electric field (E)
depends on distance r due to a

dipole, is related as
[CBSE AIPMT 1996]

(@E0) (EDL(EDL(@EDL
r r r

r
Ans. (c)
Field intensity on axial line of electric
dipole is given by

1

E=_1 3P ()
4mie, rf

and electric field at equatorial position is

given by
E=_' xP i)
4me,  rf
where, pis electric dipole moment.

From Egs. (i) and (ii), we get

E IZIr—L
An electric dipole, consisting of
two opposite charges of 2x107°C
each separated by a distance 3 cm
is placed in an electric field of
2x10° N/C. Torque on the dipole is
[CBSE AIPMT 1995]
(b)12 107 N-m
(d)12 X107 N-m

(@)12 x107" N-m
(c)12 x107° N-m
Ans. (¢)

When a dipole of dipole momentp is
placed in a uniform external electric field
E then torque acting on dipole is

T=p xE =|p|l x|Elsin®

where, p=g %2l (2/islength of dipole)
Given, q=2x10"°C
21=3cm=3x10"m
E=2x10° N/C
As, T=pE sin® (0=90°p E)
So, T1=pE
O t= (X 10°% (X% 107k (% 10°)
=12x107 N-m
TOPIC 4

Electric Flux and
Gauss’s Laws

29 A sphere encloses an electric

dipole with charge +3 %107 C.
What is the total electric flux
across the sphere?

[NEET (Odisha) 2019]
(a)—-3x10° N-m?/C
(b)zero
(c)3 %108 N-m?/C
(d)6 x10° N-m?/C

Ans. (b)

When a sphere encloses a charged
dipole,

Here,q=+3x10"°C

Thus, according to Gauss's law, the net

electric flux across the closed surface is

equal to the net charge enclosed by it

divided by e, i.e.

+3x107° =3 x107° _
€

Q :E&L:
€

0
0 0
Hence, electric flux across the sphere is

zero.

5 Two parallel infinite line charges

with linear charge densities +A C/m
and =\ C/m are placed at a
distance of 2R in free space.

What is the electric field mid-way

between the two line charges?
[NEET (National) 2019]

@22 Nne (-2 ne
g R g, R

(6)7)\ N/C (d)Zero
2ne,R
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Ans. (b)

Consider two infinite line charges with
linear charge densities+ AC/mand — A

5 What is the flux through a cube of

side a if a point charge of g is at one
of itscorner?  [CBSE AIPMT 2012]

C/mrespectively, which are lying in 2
y-direction as shown in the figure below. @2 - @I (0T 6
A Y € 8¢, g, 2¢,
T Egl|- Ans. (b)
i —E, | Concept According to Gauss's law, the
+ g electric flux through a closed surface is
i B equal toitimesthe net charge
+ 2R _ 0
A B O enclosed by the surface.
Then, the electric field due to line A at 0 As the Chargeenc;osed:q/B
So, electric flux= et [ =9

the mid way between the two line
charges, i.e.atRis

E =
2ng R

8¢,

0 0

(i) The electric field at the surface (r = R),
N/C (i) 0

E=
4mg R

34 Acharge Qis enclosed by a
Gaussian spherical surface of
radius R. If the radius is doubled,
then the outward electric flux will

[CBSE AIPMT 2011]
(a)be reduced to half
(b) remain the same

which lies along +ve x-axis (outward), i.e.

from Ato B.

Similarly, the electric field due to line B

at the mid-way between the two line

charges, i.e.atRis Thus, the electric field is zero inside the
E, = A N/ C (i) hollow sphere maximum at the surface

(iii) The electric field inside hollow sphere is

=9 =g [0 =0]
hrigr

inside

2me R and decreases as rincreases for r>R. (c)be doubled
This can be shown graphically as - -
Due to negative charge on B, E; also lies E grap y (d)increase four times
along +ve x-axis (inward), i.e. from Ato B. Ans. (b)
Sp,the resultantelectric fieldatkRis | Ermax Total flux through any enclosed surface
given as is given by, @, _netcharge enclosed
— 1 @
' IE?I—IEA|+ IE,| ' E—0 E0 ' g,
(S“L)Jbv\slzzuing the values from Egs. (i)and Hence, we can say that the electric flux
l r depends only on net enclosed charge by
E = N - A N/C o R
2me R 2mgR &R o surface.

32 The electric field in a certain region
is acting radially outward and is
given by E = Ar. A charge contained
in a sphere of radius ‘a’ centred at
the origin of the field will be

35 A square surface of side L metre in
the plane of the paper is placed in a
uniform electric field E (V/m) acting
along the same place at an angle ©
with the horizontal side of the

Which also lies along the + ve x-axis, i.e.
fromAto B.

31 A hollow metal sphere of radius R is
uniformly charged.The electric field

due to the sphere at a distance r given by [CBSE AIPMT 2015] square as shown in figure. The
from the centre @ 4m°Aa§ ®) Asoaz electric flux linked to the éurface in
[NEET (National) 2019] (c) 4mgAa (d) e,Aa . .
: unit of V-m, is [CBSE AIPMT 2010]

(a) zeroasrincreasesforr<R, Ans. (¢)

decreases asrincreases forr>R Given,
(b) zeroasrincreasesforr<Rr, E=Ar i) / £

increases as rincreases forr>R
(c) decreasesasrincreasesforr<R

andforr>R ___A0
(d) increasesasrincreases forr<Rand /‘

forr>R

NG

Ans. (a) /
As the hollow sphere is uniformly
charged, so the net charge will appear on (a)EL? (b)EL*cosO
the surface of the sphere. 1 (c)EL*sin® (d)o
N g f : Here r=a 0 E=—
(i) The electric field at a point outside the ' 4me, o Ans. (d)

hollow sphere is Flux of electric fieldE through any area A

(p:j;Ems:Oemﬂ [from Gauss' law] From Eq'(li' is definedas@=E [A cosBor @ =E[A =0,
J g, fﬂ%=Aa 0 g=4meAd’ the lines are parallel to the surface.
g a
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A thin conducting ring of radius R is
given a charge +0. The electric
field at the centre O of the ring due
to the charge on the part AKB of
the ring is E. The electric field at
the centre due to the charge on the
part ACDB of the ring is
[CBSE AIPMT 2008]
(b) E along OK
(d)3E along OK

(a) 3E along KO
(c) EalongKO
Ans. (b)

Concept Net electric field at the centre
of thin conducting ring is zero.

Etotal = D
E. s +Eyp =0
E,»=E

AKB

E, .., = Ealong OK

3_7 A hollow cylinder has a charge

g coulomb within it. If @is the
electric flux in unit of voltmeter
associated with the curved surface
B, the flux linked with the plane
surface A in unit of voltmeter will

be [CBSE AIPMT 2007]
B

o) A

10g O q

— - b)——
(a)z ﬁo i ( )250
(c)® ()1~

3 £,
Ans. (a)

Gauss's law states that the net electric
flux through any closed surface is equal
to the net charge inside the surface
divided by €.

l.e. (ptota\

- qmside

0
Let electric flux linked with surfaces A, B
andCare @, @ and @ respectively, i.e.
(Rota\ = (R + @ + ép
Since, Q@ =Q

Get More Learning Materials Here : &

0 29+@ =9, =
sD
1 g 0
or Q =—LU—-q@lU
2k, O
But Q=0 (given)
a 0
Hence, @ =109 - ¢
20k, O

§ A square surface of side L metre is

in the plane of the paper. A uniform
electric field E(V/m), also in the
plane of the paper, is limited only
to the lower half of the square
surface, (see figure). The electric
flux in Sl units associated with the

surface is [CBSE AIPMT 2006]
E
2 2
a EC (b) L
(2¢g,) 2
(c) zero (d)EL?
Ans. (¢)

As we know, the electric flux (@ through
any surface areais given by,

@=Eds =|E ||ds |cosb
As according to question, surface area is
in plane of paper andEis also in plane of
paper. So, angle between area vector
andEis 90°

So, @=IE|lds cos30°=0"°

5 A charge g is located at the centre

of a cube. The electric flux through

any face is [CBSE AIPMT 2003]
a mq (b) q

BlaTe, ) Bl4Tte,)
(c) 21Qq q 419

BluTe, ) Bl4Tte,)
Ans.(d)
As we know expression of Gauss's law is

Ems = qmswde
80
So, <p=i 0) :fE ds]
€

0

This is the net flux coming out from
cube.

Since, a cube has 6 sides so electric flux

through any faceis ¢ =2=_9_
Be,

E A charge g uCis placed at the

centre of a cube of aside 0.1m,
then the electric flux diverging
from each face of the cube is
[CBSE AIPMT 2001]
x107° x107
gxv (b) 92
24¢, =
-6 —4
(c) X107 (g) 110
Be, 12¢,

Ans. (¢)

The electric flux emerging from the cube
is

(a)

(p=i xcharge enclosed 9, 0)
0

:i xqins\de x 10_6
EU
:i quswde X]D-B [qmsme :q x ]0_8]
80
Since, a cube has six faces, so electric
flux through each face is,
-6
(p’:ip:i xq X]O_B:&
6 B, Be,

a1 A charge q is placed at the corner

of a cube of side a. The electric flux
through the cube is
[CBSE AIPMT 2000]

b (0L (9L
3g, Be, 8¢,

(a) &
80
Ans. (d)

According to Gauss's law, the electric
flux through a closed surface is equal to

itimes the net charge enclosed by the
8U

surface.
Since, g is the charge enclosed by the
surface, then electric flux, @ =9

0
If charge g is placed at a corner of cube,
it will be divided into 8 such cubes.
Therefore, electric flux through the cube
is

]

(p':lDi
8 [k,

|

E A hollow insulated conducting

sphere is given a positive charge of
10uC. What will be the electric field
at the centre of the sphere if its
radiusis2m? [CBSE AIPMT 1998]
(a) Zero (b)5puCm=
(c)20pCm= (d)8puCm™
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Ans. (a)

Charge resides on the outer surface of a
conducting hollow or solid sphere of
radius R (say). We consider a spherical
surface of radius r<R.

By Gauss' theorem,

ZE[ds: qins\de
ED
or E X4T[]’2 :i xq\’ns'\de
€O
and we know thatq, =0
So, E=0

i.e. electric field inside a hollow sphere
iszero.

E A point charge +q is placed at

mid-point of a cube of side L. The
electric flux emerging from the
cubeis

Get More Learning Materials Here : &

[CBSE AIPMT 1996] 0

(a) 4 (b)6 oL’ (c)—9 (d)zero
€, €, 6L° €,
Ans. (a)

By Gauss's theorem, total electric flux

over the closed surface isitimesthe
80
total charges contained inside surface.
O Total electric flux
_ total charge inside cube

€

0

o =1
€

0

E The electric field strength in air at

NTP is 3 x 10° V/m. The maximum
charge that can be givento a
spherical conductor of radius 3 m

IS [CBSE AIPMT 1993]
(a)3x10°C (b)3x107°C
(c)3x1072C (d)3x107'C
Ans. (b)
Given, E, ., =3x10°V/m and R=3m
We know that,
E= ! XQ O
4TE, R’

6

=4me, R2E,,  =oX8XI0
9x10°

=3x107°C

45

Two spherical conductors Aand B
of radii 1 mm and 2 mm are
separated by a distance of 5 cm
and are uniformly charged. If the
spheres are connected by a
conducting wire then in equilibrium
condition, the ratio of the
magnitude of the electric fields at
the surfaces of spheres Aand Bis
[CBSE AIPMT 1992]

(a)4:1 (c)2:1 (d)1:4

Ans. (a)

Concept The electric field at any point,
outside orinside, the conducting
sphere can depend only on r(the radial
distance from the centre of the sphere
to the point).

When the two conducting spheres are
connected by a conducting wire, charge
will flow from one sphere (having higher
potential) to other (having lower
potential) till both acquire the same
potential.

(b)1:2

1

As, E=
4T, I
So, for different cases,5 = E&g =41
E, On0O
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