GIST OF THE LESSON

- permittivity of free space,
: 1

Here, 4neo = 9 X 102 N-m?¥/C?
2 The value of £o is 8.85 X 102 C?/ N-m?, :
~ Ifthere is another medium between the point charges except air or vacuum, then o is replaced by £5K. 0F £o6; 0F
e
vhere K or ¢ is called diclectric constant or relative permittivity of the medium,
B K=g=¢c/c, where,c= permittivity of the medium.
¢ Forairor vacuum, K = | For water K = 81 For metals, K =
Fy = 02
- In Medium Culomb’s force becomes * "~ &
Coulomb Law implics:
Force on gy due (0 q2 =~ Force on g2 due (o i
Fia=~Fy
* The forces due to two-point charges are parallel to the line joining point charges; such forces are called central
- forces and electrostatic forces are conservative forces.
Electric Ficld: 1
The space in the surrounding of any charge in which its influence can be experienced by other charges is called
clectric field.

Electric Field Lines: ,
“An electric field line is an imaginary line or curve drawn through a region of space so that its tangent at any

point is in the dircction of the electric field vector at that point. The relative closeness of the lines at some
place gives an idea about the intensity of electric ficld at that point.”
Properties of Field Lines:
(i) Two ficld lines can never intersect, _
(ii) Electric field lines always begin on a positive charge and end on a negative charge.
(iii) In Charge Free region field line are continuous curves without any breaks. ,
(iv) Drawing of ficld lines is proportional to the magnitude of charge. and do not start or stop in mid space.
(v) Strength of electric field at a point is directly proportional to the number of field lines passing per unit area
of an element held normal to the direction of the field.
] (vi) direction of field lines is always normal to the surface of the conductor.
© (vii) Field lines never form closed loops.
. Electric Field Intensity (E):
’ The electrostatic force acting per unit positive charge on a point in electric field is called electric field intensity
. at that point, ;
: Electric field intensity q St
 Its SI unit is NC*' or V/m and its dimension is [MLT A™!].
It is a vector quantity and its direction is in the direction of clectrostatic force acting on positive charge.
lectric field Intensity due to a point Charge:

due 1o a point charge q at a distance r is given by
ot L
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An eloctile tpole consisty of twospoint charges of equnl nu’tunil'udc“ﬂnd c‘:——— 28 el
opposite stgn soparated by a very small distance, e, 8 molecule of HCL, a - +q
moleeule oF water vte. rcimn e, fie, e

Eleetric Dipole Mowent: Product of magnitude of either charge and distance between them. ne. p=q(2a)

1t STunit i *contombemetre® and its dimension is [LTA], -

I is & veetor quantity and its direction 1s from negative charge towards positive charge,
Electrie Fleld Intensity and Potential due to an Electric Dipole:

(1) On Axial Line
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I r>>2a, then V= Anro# ( Short Dipole)
(i1) On Equatorial Line:

I“ - 1 P
Electric field intensity =~ #neo ¢+ alplt

L
If r > > 20, then E= tnwe 1 ( Short Dipole)
Electric potential V =0
(iii) At any Point along a Line Making 0 Angle with Axis
Electric field intensity
Magnitude of electric field

Ew 1 p J1+43cosi0
* dneo "

V = 1 pcos@
Electric potential T 4nmzo ri-adcost o

__1_ pcoscosf

If r>>2a, then 4meo r ( Short Dipole)

Torque on a Electric Dipole in Uniform Electric Field:

Torque acting on an electric dipole placed in uniform electric field is given by
1= plisin 0

or T=pxE

When 0 = 90°, then *Tuax = pE (Maximum)

When clectric dipole is parallel to electric field, it is in stable equilibrium and when it is anti-parallel to electric
field, it is in unstable equilibrium. (In this Case Torque = 0)

Electric Dipole in Non-Uniform Electric Ficld:

—

When an electric dipole is placed in a non-uniform electric field, then a resultant force as well as a torque act
on it.

I\{cl force on clcc‘lric.dipolc = (qE1 — qE2), along the direction of greater electric field intensity
Therefore, electric dipole undergoes rotational as well as linear motion.

Work done to rotate an electric dipole In Uniform electric Field:

Work done is rotating an electric di i [ i [
: pole in a uniform electric field from angle 0, to 0; is gi
W = pli (cos 0y ~ cos 02) = -pE(cos 0; - cos 0)) st




Potential Energy of a Dipole:

Potential energy of an electric dipole in a uniform electric field is given by
4 U = —pE cos0 = - p.E
Stable Equilibrium:

When angle between p and E is 0 degree.
Unstable Equiibrium:

When angle between p and E is 180°.
Electric Flux (g):
Electric flux over an area is equal to the total number of clectric field lines crossing this area.
Electric flux through a small area clement dS is given by

dor = E. dS

where E= electric field intensity and dS = area vector.
Its SI unit is Nm2C!,
For a curved surface, it is divided into smaller area clement and flux through each element is calculated to
find total Nux i.e.

CE=XEbs-E.ds
Gauss’s Theorem:
The electric flux over any closed surface is 1 / €, times the total charge enclosed by that surface, i.c.,

P = §E. ds= &= .
€0 where Qi = Net Charge enclosed in the surface.

Important points regarding Gauss’s Law:

(1) The law is valid for a surface of any shape and size. .
(ii) Qu includes only those charges which are inside the closed surface (may be located anywhere in the

surface)
(iii) E in LHS is due to all the charges located inside or outside the surface.
(iv) Any violation of Gauss law will indicate the departure from inverse square law or Coulomb’s law.

Note: If a charge q is placed at the centre of a cube, then total electric flux linked with the whole cube = q /
&, electric flux linked with one face of the cube = q/ 6 «..

Electric Field Intensity due to an Infinite Line Charge: :
2
E = 2neyr 2.: r— g
( Direction —Radially outwards for q > 0 and inwards or q<0) +
where A is linear charge density and r is distance from the +
line charge. '
Electric Ficld Near an Infinite Plane Sheet of Charge:
E=0/2¢ /:f N
where o = surface charge density. . & =
If infinite plane sheet has uniform thickness, then + : +le=2
E=0/g rerl % _
et N
Electric Ficld Intensity due to an Uniformly Charges v 2~ ‘ r *
Spherical Shell/ Conducting Sphere ( of radius R): ' o ]
(i) At a point lying outside the shell (r>R) T dmgg r :
E = g K
(if) At a point on the Surface of the shell (r=R) ey 1 —

(1ii) At a point inside the shell: E =0




MULTIPLE CHOICE QUESTIONS: |
1. When the distance between the charged particles is halved, the force between therli becomes
(a) One-fourth (b) Half (c) Double | (d) Four tlme§
2. Two charged spheres separated at a distance d exert a force Fon each other. If they are immersed in a liquid
of dielectric constant 2, then what is the force (if all conditions are same)
(a) - (b) F (c) 2F (d) 4F
3. 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 radius is 2 meters
() Zero (b) 5uCm=2 (c) 20uCm=? (d) 8uCm™?
4. Anelectric dipole consisting of two opposite charges of 2 x 1076C each scparated by a distance of 3cm is
placed in an electric field of 2 x 105 N/C. The maximum torque on the dipole will be
@12 x 10"'Nm (b)) 12X 1073Nm  (c) 24 x 10~INm (d) 24 x 1073Nm
5. The electric field due to a dipole at a distancer on its axis is
(a) Directly proportional to 13 (b) Inversely proportional to 3
(c) Directly proportional to r2 (d) Inversely proportional to r2

6. If E, be the clectric field strength of a short dipole at a point on its axial line and E, that on the equatorial
line at the same distance, then

(a) E. = 2E, (b) Eq = 2E, () E; =E, (d) None of the above

7. A charge q is located at the centre of a cube. The electric flux through any face is
4nq 2nq
(@ )6(4n£ ) (b )6(4rr£ ) C )6(4rrso) (d )6(47" )
8. The position of the point where net electric field will be zero -
4Q -Q
€ a >
(a) (1+ a) m from 4Q (b)am from-Q
(c) Im from 4Q (d) Neutral point not posible
HINTS AND SOLUTIONS:

1. Answers: (d) Sol. F X -5 50 when r is halved the force becomes four times.
2. (@) Sol.F«x2 ..Mﬂ=K
K F

air
3. (a) Sol. The intensity of electric field inside a hollow conducting sphere is zero.

4. (b) Sol. Maximum torque =pE=2x 10 x3 x 102 x 2 x 10° = 12 x 10> N-m.
5. (b) SoLE=—2

4mey "3

6. (b) Sol. We have B, = 22 and £, =2; ..E, = 2E,

4
7. (a) Sol. Prqce = 6% =- (4:;'0)
8. (b) '

ASSERTION AND REASON QUESTIONS
In the following questions, two statements are given —one labelled Assertion (A) and other labeled Reason
(R).
Select the correct answer to these questions from the options as given below.
A. If both Assertion and Reason are true and Reason is the correct explanation of Assertion.

B. If both Assertion and Reason are true but Reason is not the correct explanation of Assertion.
C. If Assertion is true but Reason is false.

D. If both Assertion and Reason are false.
1. ASSERTION : When charged balloon is put against on insulating wall, it get stick to the wall.

REASON :Wall acauire a net negative charEc & thus attract balloon.




2. ASSERTION (A): In a non-uniform electric field, a dipole may have translatory as well as
rotational motion,

REASON (R): In a non-uniform electric field, a dipole experiences a force as well as torque.

3.ASSERTION (A): Gauss law is applicable only for symmetric charge distribution.
REASOfN (R): In gauss law, clectric field is due to only those charges which are present inside the SIOSCd
surface,
4. ASSERTION: A point charge qo is kept outside a solid metallic sphere, the electric field
inside the sphere is zero.

REASON : Induced charge does not contribute to electric field or potential at a given point.

S. ASSERTION (A): No torque acts on an electric dipole when its dipole moment is in a
direction opposite to the electric field.
REASON (R): An electric dipole is in stable equilibrium when placed in a uniform electric field with its
dipole moment opposite to the field.

6. ASSERTION (A): Charge cannot exist without mass.

REASON: The particles such as photon or neutrino which have no (rest) mass are uncharged.
7. ASSERTION (A) : An electron has a negative charge.

REASON (R) : Electrons move away from a region of lower potential to a region of

higher potential.
8. ASSERTION (A) : If a point charge q is placed in front of an infinite grounded
conducting plane surface, the point charge will experience a force.
REASON (R): This force is due to the induced charge on the conducting surface which is
at zero potential.

HINTS AND SOLUTIONS:
L. c 2. A 3. D 4. C 5. C
6 B 7. B 8. A

VERY SHORT ANSWER TYPE QUESTIONS
1. If a dipole is kept in uniform electric field E, diagrammatically represent the position of the dipole in stable

and unstable equilibrium and write the expression for the torque acting on the dipole in both the cases.
Solution: - Stable Equilibrium:

The dipole is aligned parallel to the electric field (angle 8 = 0°).

Torque: t = 0 (The torque is zero because the forces on the positive and negative charges are equal and
opposite, and they act along the same line, thus causing no rotation).

Unstable Equilibrium:

The dipole is aligned anti-parallel to the electric field (angle 6 = 180°).

Torque:

=0 (The torque is zero because the forces on the positive and negative charges are equal and opposite, and
they act along the same line, thus causing no rotation).

—
Stable Unstable >
Equilibrium Equilibrium
> E,
Q9 2a 4 qQ 2a -q
P————l >r——f
—>» P P >
(a) (b)

2. A spherical balloon carries a charge that is uniformly distributed over its surface. As the balloon is blown
up and increases in size, how does the electric flux come out of the surface change? Give reason.




AL St a D )lfﬁu%
Solution:- The electric flux coming out of the balloon's surface reimaing urichanged as the !mlluun I lilllwn
up and increases in size. This is because the electric flux is dircctly proportional (6 the enclpaed eliitye, ]
the total charge on the balloon's surface remains constant.

3. An electric dipole of length 10 ¢m having charges 4: 6 x 10, placed at 30° with respect (o a unifists; el
field, experiences a torque of 6V3 Nm. Calculate the magnitude of the electric field,
Solution: so, dipole moment of dipole, P = qd = 6 = 10" C » (10¢im)
=OX 10N Cx (10/100)m = 67 107 Cm
and angle between dipole , P and external electric ficld , s, 0 = 30°
we know, torque = DI sin0 = 6Y3 = ¢ x |0 » Exsind0"= V3 » [t~ » (1/2)

or, 1= 2¥3 » |04 N/C

4. (a) Define electric flux. Write its ST unit. Is it a scalar or veelor?

Solution: Electric flux: It is the number of electric field lines passing through a surface normally whichi i5
give asp = EAScos0

S.lunitof flux = Nm2C™' .t is a Scalar quantity,

5. Find ratio of electric lux through the surface Sy and S; us shown in figure

4 '
= = -ﬂ.f- § o
Answer: 1 & and ¥ o and i iiad

6. Two small balls, each with a charge Q, hang from the same point by insulating
strings of length L from a fixed support. Consider the setup in 4 region of zero
gravity and in equilibrium.

(a) What will be the angle between the
(b) What w

Solutio

two strings?
ill be the tension in each of the strings?
n — (a) The angle between the two strings will be 180°,

(b) Tension in each string will be equal to the electrostatic force of repulsion

Z
between the two charged balls, F = —%°__

4mey(2L)?
7. A thundercloud carries a charge of +50 C at u height of

height of 2000 m from the ground. An airplane crosses

at a height of 3000 m from the ground. Find the magnitude and the direction of the electric
field acting on the airplane as its crosses through the charged-up thundercloud,

Solution: Electric field due to +50 C above the airplane: -’:—g =9x10? (.__105;;1 z)
=4.5x 10° N/C, acting downwards.
Electric field due to -50 C above the airplane: f:—;l =9 x107 ( 2y )

—_——

10007

4000 m and a charge of -50 C at a
through the charged thundercloud

=4.5 x 10° N/C, acting downward
So, the total electric field acting on the airplane = 4.5 x 105 N/C + 4.5% 10° N/IC

=9 x 10° N/C, acting downwards,
8. Two charged conducting spheres of radii a and b are connected to each other by a wire. Find the ratio of the
electric fields at their surfaces. ‘

Solution - The electric potential V at the surface of a sphere is given by: V = KQ/r
When connected by a wire, the spheres reach the same
ie. Vi=V2 or kQya= kQyb
or Q|/Q) =a/b
“Qy 2
Ev _ 2T _ Qb

) ] Ex P2 T p,al £
Now ratio of electric field -2 7 % Or Ez

potential.

»
<o
[

o
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SHORT ANSWER TYPE QUESTIONS £
I Deﬁnt? electric dipole moment. Is it a scalar or vector ? Derive the expression for
the electric field of a dipole on the equatorial plane of the dipole. ¢ e
Solution: Electric dipole moment is defined as the product of any one of the charges
and the length of the electric dipole. p=q(2a) N
g = One of the charges and 24 = Length of the electric dipole.
Its direction is from negative charge to positive charge. Its SI unit is coulomb metre.
Electric field of a dipole on the equatorial plane of the dipole:
The magnitudes of the electric fields at point ‘P’ due to the
two charges +q and —q are given by

k
G
which are equal in magnitude,
The directions of E+q and E—q are as shown in Fig.
Clearly, the components normal to the dipole axis cancel away.
The components along the dipole axis add up.
The total electric field is opposite to dipole moment p.
Net electric field at point P is
E= Eqcos6 + E_; cosb
= 2 Egcos6

kg 1
OrE=2x(7+ad)x (r2+a2)2
2kp

2
OrE=(r*+a®}  (Direction — Opposite to direction of p)
At large distances (r >> a) (or for short dipole), this reduces to

2kp _ 2kp
E=7 InvectorformE=" "

2. Using Gauss’s 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> R and r <R ( r being the distance from the
centre of the shell

Solution : Let 9 be the uniform surface charge density of a thin spherical shell of radius R . The situation has
spherical symmetry. The field at any point P, outside or inside, can depend only on r (the rzdizal distance from
the centre of the shell to the point) and must be radial (i.e., along the radius vector).

(i) Field outside the shell:

Consider a point P outside the shell with radius vector r.

To calculate E at P, we take the Gaussian surface to be a sphere

of radius r and with centre O, passing through P.

All points on this sphere are equivalent relative to the given

charged configuration. (That is what we mean by spherical

symmetry.) The electric field at each point of the Gaussian surface.
therefore,

has the same magnitude E and is along the radius vector at each point.
Thus, E and dS at every point are parallel and the flux through

each element is E dS.

Summing over all dS, the flux through the Gaussian surface is E » 4z12 .

e e S e N N A s+~




2
The charge enclosed is 0 (47R"),

= 2=
By Gauss’s law €
¢ (4zR)
g SEAWRT)
Or Exd4ar = e
_ eR? 1 g

Or o tmear where 0 = q(47R?) is surface charge density. '
The electric field is directed outward if q > 0 and inward if q < 0. This, however, is exactly the field produced

by a charge q placed at the centre O. Thus for points outside the shell. the field due to a uniformly charged
shell is as if the entire charge of the

shell is concentrated at its centre.
(11) Field inside the shell: In this case the Gaussian surface is

again a sphere through P centred at O.

The flux through the Gaussian surface. calculated as before, is E * 472
However, in this case, the Gaussian surface encloses no charge.
Gauss’s law then givesE x 4ar" =0ie., E=0(r<R)

that is, the field due to a uniformly charged thin shell is zero at all points
inside the shell

When Point Lies Insice the Snall
3. State Gauss’s law in electrostatic. Use this law to derive an expression

for the electric field due toa uniformly charged infinite plane sheet having uniform charge density +c. Obtain

the expression for the amount of work done in bringing a point charge g from infinity to a point, distance r, in
front of the charge sheet.

Solution: Gauss’s Law:
Electric flux of electric field through a close surface held in vacuum is | upon £ times total charge enclosed
by the surface.
= &=
le. 4 €
Direction of E:- Let ¢ be the uniform surface charge density of an infinite plane sheet . We take the x-axis

normal to the given plane. By symmetry, the electric field will not depend on y and z coordinates and its
direction at every point must be parallel to the x-direction.

Magnitude of E: We take the Gaussian surface to be a cylindrical surface

of cross-sectional area A, as shown.

(A rectangular parallelepiped will also do.) As seen from
the figure,

only the two faces 1 and 2 will contribute to the flux;

electric field lines are parallel to the other faces and they, t 1
therefore, do not contribute to the total flux. £

A #1 " i
The unit vector normal to surface | is in —x direction while the unit ??%)_q - Q. s : G"-
vector normal to surface 2 is in the +x direction. Therefore, flux E.AS 2 . .
through both the surfaces are equal and add up. Therefore the net flux ;_//

through the Gaussian surface is 2 EA. The charge enclosed by the closed
surface is GA.

= &=

Therefore by Gauss’s law, 14 €9
2EA =cAles
or, E=0/2¢
Vectorically, E = 6/2&; n where n is a unit vector normal to the plane and going away from it.

Work Done: W =4V = V(@] =q[Er—0] = q.=r




4. Show s : o
o s that an electric dipole held in uniform electric field will not undergo any translator motion. Henge
¢rve an expression for the to

Solution: Fquie experienced by the dipole. _
Le_t us consider an electric dipoleof dipole moment . }’L—j’
Where, p = Electric dipole moment , + ; - —t
q = One of the charges and / S L

2a = Length of the electric dipole. e — o
1t makes an angle 8 with the direction of electric field as shown. '

Net force on the dipole =qE—qE=0

Hence dipole will not undergo translator motion.

Du_e to different line of action of force . it experiences a torques

which is given by

T = magnitude of either force x Perpendicular distance between the two forces
=qE(2asin @)
ort=pEsin® ort=pxE

Sl; Th; figure below shows an arrangement of four charges along with some electric field lines drawn between
the charges.

(a) Identify three things that are incorrect in this figure.

(b) Draw a correct diagram representing the electric field lines for this system of charges..
Solution:

(a) Electric field lines cross each other as shown at point P.
Number of field lines that end on the negative charges is
not proportional to their charges.The field lines drawn between
+4q and —q are shown as parallel and equidistant.
(b) The correct representation: (shown in fig)

6. A small ball of mass 2 x 10°'° kg carrying a charge q =- 2 pC is fired from the positive 1 =
conducting plate towards the negative conducting plate with a speed of 3 x 108 m/s. (
figure)
Will the ball strike the negative plate? Give mathematical working for the answer.
Solution : The Ball hits the negative plate if KE of the ball is greater
then Work done against the field . P -
Now KE of the Ball E=mv¥2=9x10"] sov
& work to be done against the electric fieldis W =U=qV=2x10®x50=10"J
Since the KE of the ball > Energy required to move through the field between the plates of conducting
sheets, the ball will strike the negative plate.

4+ 4+ ¢
]

SOURCE BASED QUESTION:
1. Read the following passage carefully and answer the questions that follow after paragraph-

Two small metal blocks (X and Y) of the same mass m are placed on an insulated frictionless surface such
that both of them are at the same distance from the edge of the surface as shown in the image below. The
charge on block X is +100 Q and that on Y is +50 Q. The two blocks are held in position by an external force.
L U T




+100Q +50 Q
X .y edge

¢ ),'.',_"‘ . v

edge

[ "

A"| ™

‘
> ) d

d

(i) The external force is require to held them in position since '
(a) Both will attract each other with equal magnitude of clcclrosta'tlc force.
(b) Both will repel each other with equal magnitude of electrostatic force.
()X will repel Y with greater magnitude of electrostatic force.
(d) Y will repel X with greater magnitude of electrostatic force. . '
(ii) If the external force holding the blocks in their respective positions is removed, then which of the

following will happen?
(a) Block X will reach the edge first.
(b) Block Y will reach the edge first.
(c) Both the blocks will reach the edge at the same time.
(d) The blocks will NOT move from their positions.
(iii) . If block Y is replaced with another block Z with the same charge but mass 2m, which of the
following will happen when the external force holding the blocks in their respective positions is removed?
(a) Block X will reach the edge first.
(b) Block Z will reach the edge first.
(c) Both blocks will reach the edge at the same time.
(d) The blocks will NOT move from their positions.
(iv) . The two blocks X and Y are momentarily brought in contact and placed again in the same initial position
as shown in the image.
Which block will reach the edge first, once the external force holding them in their positions is removed?
(a) Block X will reach the edge first.
(b) Block Y will reach the edge first.
(c)Both blocks will reach the edge at the same time.
(d) The blocks will NOT move from their positions.
(v) If nature of charge on Y is altered and they are released, what will be the velocity of their
centre of mass ?
(a) 10 m/s towards right  (b) 10 m/s towards left (c)zero (d) none of these

Ans - (i) (b) (ii) (c) (iff) (a) (i) (©) ) (©)

2. Read the following passage carefully and answer the questions that follow after paragraph-

Afield lineis a graphical visual aid for visualizing vector fields. It consists of an imaginary integral
-curve which is tangent to the field vector at each point along its length. A diagram showing a representative
set of neighbouring field lines is a common way of depicting a vector field in scientific and mathematical
literature; this is called a field line diagram. They are used to show electric fields, magnetic fields,
and gravitational fields among many other types.

(i) Study the given electric field representation and identify one INCORRECT qualitative impression given
by this representation.




A7
N

: tribution is two-dimensional.
(c)The electric field at point C is zero.
(d)The electric field alwa

\ I : ys points away from a positive charge.

(ii) A. metalllf: solid sphere is placed in a uniform electric field. The )
electric field lines follow the path(s) shown in the figure. Which among 2
the four correctly describes electric field line- 3 '

3 N 3
@1 (02 (©)3 (d)4
(1ii) Which of the following is not the prope

(a) Electric field line form closed loop.
(b) Electric field line emerges from positive charge.
(¢) Electric field line can not have sudden breaks in charge free Region.
(d) No two Electric field lines can intersect each other.
(iv) Electric field lines about negative point charge are
(a) Circular, anticlockwise (b) Circular, clockwise
(c) Radial, inward (d) Radial, outward
Answer: (i) (B)The electric field distribution is two-dimensional.
(if) (d) 4
(iii) (a)Electric field line form closed loop.
(iv) (¢) Radial, inward

3. Read the following passage carefully and answer the questions that follow after paragraph-
Gauss Theorem: Electric flux of electric field through a close surface held in vacuum is one
upon £o times total charge enclosed by the surface.
= din
i.e. P €0
where qin included only those charges which are located inside the closed surface. Gauss theorem can be
conveniently applied to find electric field due to the given charge distribution by assuming any closed surface

imagined around the charge distribution called Gaussian Surface. The law is applicable for a Gaussian Surface
of any shape and Size.

rty of electric field lines

( i) Two charges of magnitude -2Q 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 origin?
(a) Qleo (b) -2Q/eo (c) 3Q/ey (d) -3Q/eo
(ii) A charge q is placed at the Centre of a cube of side I. What is the electric flux passing through each face
to the cube?
(@) g/Seo (b) q/9¢0 (c) q/6eo (d) q/e0 .

(ili) Chares outside the Closed surface does not contribute in electric flux through the surface since due to
outside charges




(a) number of filed lines are countless
b) no field lines can get through the surface ' ‘ -
Ec)) number of field lines entering the surface is equal to number of field lines leaving the surface,

(d) no field lines are emitted.
(iv) Sl unit of electric flux is -
(b) Vm (¢) Nm*C

(a) N’mC
(iih) (C) (iv) (D) both (b) and (c)

(d) both (b) and (¢)

Answer: (i) (B) -2Q/co (i) (C) ¢/6¢o

LONG ANSWER TYPE QUESTIONS:
loses a positive charge q. Find net clectric flux through the surface. Explain

{ electric flux through the Gaussian surface if:

I. A spherical Gaussian surface enc

with a reason what happens to the ne

(a) the charge is tripled.

(b) the volume of the sphere is tripled.

(c)the shape of the Gaussian surface is changed into a cuboid.

(d) the charge is moved into another location inside the Gaussian surface
q

Solution: clectric flux through the surface is v = €0
(a) The net flux is also tripled because as per Gauss law the net flux is proportional to the net charge

enclosed.
(b) Regardless of the volume of the enclosed surface, if the net charge enclosed is the same, the net flux

remains the same as per Gauss law.
(c)No change in the net flux as it doesn’t depend upon the shape of the closed surface.

(d) As long as the new location of the charge remains inside the Gaussian surface, there is no change in net flux.

2. (a) Given is a line of charge of uniform lincar density. A charge +q is distributed M
uniformly between y =0 and y = a and charge —q is distributed uniformly between
y=0andy = -a. .

" P

2,
Explain how the direction of the resultant electric field at point P can be obtained. y
Represent using a vector diagram. i
(b) Two point charges 4Q, Q are separated by | m in air. At what point on the line &
joining the charges is the electric field intensity zero?
Solution
(a) The x-components of E; and Ez, due to two equidistant points on either
side of O, cancel each other. The resultant electric field is due to the .y
superposition of the y-components of E| and Ea. I
The direction of the net electric field is along the negative y-axis. This is true for . \
all pairs of equidistant points on either side of O. e - :'\P{‘_‘*E"——“*
(b) Let the point be at a distance x from 4Q charge. . ; ee. &
Electric field at P due to 4Q = Electric field at P due to Q N
kGQ) _ _kQ 40 Q g
. I | f v i

x (1-x)- A * ) I v 1

2. b f——— | 1y ———pl
x 1-2

Therefore x =2/3 m or 2m,
Since 2m is not possible so answer is 2/3 metre from charge 4Q.

3. (a) State Gauss’s law in electrostatic. Use this law to derive an expression for the electric field due to an
infinitely long straight uniformly charged wire having linear charge density A C/m.




() Obtuin the expression for the nmount of work done In bringlng a polnt chargo q from nfinity to u polnt,

distance 1y in front of the line charge. |
(¢ An Inflnite Hoe chargo produces n feld of 9 x 101 N/C at o distance of 2 em. Caleulate the linear charge
density,
Solution:
(0) Gauss's Law:
tmes total eharge enclosed

Eleetrie flux of electrie fleld through o close surfuee held in vacuum Is 1 upon to
by the surliee,

L
e, €0
Eleetrie field due to nn infinitely long stealght uniformly charged wire:
For a wire of infinite length, the electric Nold |s everywhere radial n the plane
cutting the wire normally, and its magnitude depends only on the radial distance .,

To caleulate the tield, weo imagine a eylindelen! Gaussinn surfuce, us shown in the.,
Since the feld s everywhere radinl, Eleetrie fux through the two ends of the ﬂ
gy o =Y . . YO H ! l""' | e
cylindricnl Guussinn surfiace Is zero. At the eylindrical part ol the surface, I is ( N
normal to the surfhee at every point, and Ity mugnitude Is constant, sinee 1t depends S L B
only on t. The surface aren of the curved part Is 2nrl, where | s the length of the 5 i 5
eylinder, il
P ) !

q) - i]-ﬂ H ’ i
Using Gauss Law on surface S, €@ IR L) EO
| Al [ -
nanrl= — i TM-;J'

Eo See : Lev”
. 2kA 4]
b B m——
ey r
LA ' ZkA"

In Vector form 2weg 1

Where n is the radial unit veetor in the plane normal to the wire pussing through the point.
I} is directed outward I'A is positive and inward i1 A is negative.

() W= Jo Eedr o o Bdreost = - ,,',i,,‘dr =~ 2kAlog, »

(¢) Using
fa A o2 Er
R e— T e— —
Mg v OrAmu
9x108 2x 1072 -7
Substituting the values we get A =" 2y 100 = 107" N/C

d. () Figure shows tracks of three charged particles in a uniform clectrostatic field. Give the sign of these

charges.

PO T T T S S »
D
——
-e >x

e o5 et e A 25 ——

e - e o e,
T —

o -,
-,
- e =4 "m e W mm J

Solution : (a) Charge 1 = negative charge, charge 2 — negative charge , charge 3 - positive
charge.




CHAPTER=2: ELECTROSTATIC POTENTIAL AND CA.I‘ACITANCE o
Syllabus:- Electric potential, potential difference, electric potential due to a point charge, a dipole and SYstem
of charges; equipotential surfaces, clectrical poten
dipole in an clectrostatic field.

Conductors and insulators, free charge

polarization, capacitors and capacitanee,
parallel plate capacitor with and without diclectric medium betwee

(no derivation, formulae only)

s and bound charges inside a conductor. Diclectrics and electrio |
combination of capacitors in series and in parallel, capacitance of -
n the plates, energy stored in a capacitor

MIND MAP
¢ (Permitivity of madium) Polar diclectrle NUf"l""‘l‘"‘l"llt"l""f o "j;";."c""‘:' isotrupic & (7= KO
o —— v ol f yace) Permanent dipole moment Lach molecule has zer electe °U=KU
ColPermitivily ol iree space. exist I absence of electrie  dipole moment In 1x pgy £y, = electrical 9
ficldalso. normal state, 2 weeeptibitity) *Q=KQ,
Encrgy Stored Diclectric f % »E=~[,
. 3 ‘ : lectric ey
Uelev!a _Q__lm. Constant | Types of Diclectric y // V=Y,
2 20 2 e —— +Q .
Encrgy Denslty ' Dielectric is an insulator which T
e lr k2 . transmits clectric efTect without =Q KO
o & conducting. If ficld cxcccdsl i ¥
' \ the diclectric strength, the QoVa I3
Parallel Plate diclectric beging to conduct, +Q !
£ Mo JERS Dattery v, F,
Capacitor —— e — et 1) )
Energy Stored r & [ y Co;nrc!ul -0 " U= % - F H—h;l
v=love & O Dielecticand Ly, S s
2 Brg A o ‘“} Its Properties “; .:A' D Battery g
Energy Density Spherical Conductor "‘EIWIQY; Vi ‘ “ ;‘capacllor‘-\/“’““““’
Q: & of Radius 0 ‘Sl-ornuu ¥ e .Ju,,m" —
U= ——— 5 fresat ¢ ,' CAPACITOB Y «",“,' p 5} l+{! ’»—0 - P'-ll'ﬂ-l“y filled
Rnleyr! g Dielaclri ol
o Cap ;l:ltﬂl;'r Capaclior s a passive - :I‘,ﬂ{",:" =T dielectric
fﬁ‘;\.,;!_‘ o clectronle component that ;_,;‘{Lﬁkﬁﬁ‘- o I C'= !
Covnal ] stores energy In the form of vad ikl L d=t+=
Panallcl Comblnation an clectrostatic field. ., -« elea -Q K
- v (g = Ql‘t Q;'1 Q_n‘ The ratto of charge and Charge —d— * New charge
SCy=C+ GGy . Comblaation the potential it raised Sharlag -—-Q T Bt e [ &
® ko nidentical capacitor ol Is valled capacitance, Belween (;: F"‘ [Ff‘ é‘"an P Q= Q. —’—’[ g
Co=nCand Q' = Qin Capacltors ' Conductors AT L R 5
& Used when high capacity - & . 1l = Q’ =Q‘.—‘—']
- K is required atlow potential (e SRR, s s oy M
pd 2Types of Capacliors 3., Sk phrsna g ke s
Series Combination eVaV +V, 4V : qf. . iTpnd tlllff,jl’fj j‘:’.}% o JL “~___* Common
: =V + V4 <! Cana raree pree —
G, & o ke . Capacitancen 7= Gl e e
. ]-_—:”:———:l - o—l—--_l._...L.,._l. TR | SO A vtV
Q Q «Q ~Q Q -Q C“l Cl CJ ‘3 L ] +2 i l.',' Cl ‘PC:

\ o Energplos

\',—n--j-\'_.—-“—\' @ For i ldentical
16 capacitor C, = C/mand cc
V= Vin el A ¢
2y +c,)“‘ VY
4 Parallel Plate Capacitor

It consists. of two large plates placcd
zurullcl to cach other with a separation

Capacitance: Wire |

¥y enlA : /Q | = Z
[ & <
gsele I :’;‘,.f(‘_‘ TR
Potential LU "“'\"S-\/iq

difference =V \\'lrcl Plate b, Area A ]

tial energy of a system of two-point charges and of electyic || -




: GIST OF THE CHAPTER
The concep! of.clectric Potential and capacitor used in daily lifc as
1. Power Distribution: Electric potential, or voltage, is
what drives current flow in electrical circuits, ensuring
that power is delivered to devices,
2. Electronic Devices: Electric potential is used to
control the movement of charges, as seen in TV screens,
electron microscopes, and other devices,
3. Lightning Rods: Lightning rods are designed to facilitate the transfer of charge, preventing damage
during lightning strikes
4. High-Voltage Transmission Lincs: Smooth surfaces are used on high-voltage transmission lines to
prevent charge leakage
5. Household Appliances: In refrigerators, air conditioners, and other appliances, capacitors help start
motors efficiently and reduce power consumption,
6. Audio Equipment: Capacitors are crucial in audio equipment for filtering out unwanted noise and
stabilizing signals, ensuring clear and reliable sound. :
7. Camera Flashes: Capacitors store energy to provide a burst of power for camera flashes, allowing them
to capture images in low-light conditions.
8. Automotive Systems: In hybrid and clectric vehicles, capacitors are used for energy recuperation systems.
9. Medical Devices: Capacitors are used in medical devices like defibrillators to deliver a burst of energy to
restore a normal heartbeat.

Vaneton of pntentes due Lo charged Shell weh
Amanre »irom L4 Cale

Electrostatic potential (V) 4
Electrostatic potential (V ) at any point in a region with elcctrostatic field is the work done in bringing a unit
positive charge (without acceleration) from infinity to that point.[]

V=-[E.dr

https://ophysics.com/em4.htm]

1. Electric potential due to point charge V = .

i 4meg r L.

2. A system of charges qi, g2,..., ga With position vectors ry, r2,...,a relative to some origin '

The potential ¥ at any point P due to the total charge configuration is the algebraic sum of the potentials due
to the individual charges

V=V +Va+Vi+ moeeee + Vi
V=_1_(_q;+.q_z+£+... ______ + 1n_) |
4MEy \Typ  Tzp T3P Tnp J Fssh
3. Electric potential due to Electric dipole =
(i) At any point
= 1 BEGE = LB
4ne, 712 4mey 12
(ii) At a point on the dipole axis (0 =0, )
=18 gy=.-L19 )
4TEY T 4TEy T x %
(iii) Potential in the equatorial plane (0 =) |
V=0

4. Electric potential uniformly charged spherical shell

(i) At a point outside the shell (r>R)
et B

ATEg T
(ii) At a point on the surface of shell (r=R)




1 g

T e
—

4TED R ;
(iii) At a point inside the shell (r <R)

Electric Potential Difference (A'V)'
It is the work done against elzccm_c_. ficl
Vz-V|=-flE.dr :
' in moving a charge q Iro v:‘
If Wiz is work done 1t vl N l';
Vo—Vi=—2 ey Wi2=q(V2 ’:
2 5

d in moving a unit positive charge from one point to other, T hat is

m one point to another point then

, "ACES ;
IPOTENTIAL SURFAC . |
F?Fgc electric potential is the same at all locations on the surface,

2. The electric field lines arc always perpendicular to the equipotential surface.,

3' Two equipotential surfaces cannot intersect. . :
4. No work is required to move a charge along an equipotential surface because the potential difference js
zero along the surface. . ' . .
5. No work is required to move a charge along an equipotential surface because the potential difference js:
zero along the surface,

6. Shape of equipotential surfaces

T s - —_—
Pt // .":_\\ /‘:"__\ \\
1” / -'/-ﬁ':\'\ ) ". \‘. '{ /r//-’;.“ \\ h\ :: ‘.""
: ’/ ;J"¢/, '\'\-“. e & l ( "Ie:;\:,‘} 1) ‘1 { //ﬁ/@%\i\‘\:\J |
VLN A7 I IR 24
Point cl \ AN’ 1 \ W S 4
oint charge R Oy g P Nl
a dipole o PR
T _-—-~—~\\\ 16—y 7[‘— dz —|

vYoew
m{

L ¢ > \ 3

"\ A\ e NS

g =t ‘\.f‘“'..,“/y : v 2V Y
Two identical positive charges - dy=d;

Uniform electric field
Relation between field and potential
dv

dr
() Electric field is in the direction in which the potential decreases steepest.
(ii) Its magnitude is given by the change in the magnitude of potential per unit displacement normal to the
equipotential surface at the point.
Electric Potential Energy(U)

Potential energy of charge q ata point (in the presence of field due to any charge configuration) is the work
done by the external force (equal and opposite to the electric force) in bringing the charge q from infinity to
that point.

(i) Potential energy for a system of two charges q; and qz is
=_1 %19
4TEg 2
(ii) Potential energy of a system of two charges in an external field
U=q, V() +q, V() +— 4%

4“50 Ty2
(iii) Potential energy of a dipole in an external field

[ .




e amount of work done by the extemal torque rotatlng dipole from angle Og 10 atigle O ot an
tnfinltesinmal ml\p.ulur speed und without angular neceleration will be given by
W=l (cos Oy = cos 0,)

This work 1s stoved us the potential energy of the system, Take Oy = and 0y= 0
U= s plicas O =« i, I l
Stmutation lnk tfor toplet- Capieltor

hupsi/phetcolomdo.edw/en/simulations/enpaclior-lnb:=basics

_ MULILLE CHOICE QUESTIONS

LA walform electrle field polnting in positive xedlreetion exlats In n region. Let A be the origin, 8 be the
point o the X=axXis ot X =4 1 em and € bo the polnt on the y-nxls at y = | em, ‘Then, the potentials at the
points A, B and C satisty
() Va < Vi (b) Va = Vy (¢) Va =< Ve (d) Va= Ve
2. Which staterment Is not correet for an equipotential surfuce?
() Electrie tield intensity Is always perpendicutur to the equipotential surface,
(1) Potentinl difference between any two polnts on It s zero.
(¢) Equipotential surfuees are spherieal in shape,
(d) No work s required to move a charge on an equipotentinl surfice

3. Anelectron mass moand charge ¢ travels from rest through u potential difference of V. What will be the
(inal velacity of electron?

(n) eV L) %! (¢) -27‘:-;! () ?-';”l'-’-

A, Four point charges =Q, =q, 2q and 2Q are placed, one at each corner of the square. The relation between Q
and q for which the potential at the centre of the square zero, is

W Q= Q== (©Q™q Q=+
S. A hollow metal sphere of radius 10 ¢ is charged such that the potential on its surface is 80 V., The ratio
of potential at a distance Sem from the centre of the sphere to the potential at the surface of sphere is

() 112 (b) 2:1 (¢) 1:1 (d) 1:4

6. There is one charged isolated air capacitor and U Is the energy stored in it. Separation between the plates
of the capacitor is increased to double of the initial value. Energy stored becomes

(W) U2 (b)2U (c)yun (d)y3u

7. Four condensers are joined as shown in the figure and the
capacity of each condenser is 8 pF. The equivalent capacity between
the points A and B will be: Q___, I—"_' }___., | ___{
(@) 16 pF° (b) 8 ¥ )

() 32 pi¥ () 2 pF ®
8. A parallel plate capacitor is connected to a battery as shown in Fig. Consider two situations:

A: Key K is kept closed and plates of capacitors are moved apart using insulating
handle.

A
B: Key K is opened and plates of capacitors are moved apart using insulating handle. l l
Choose the correct option(s). ¢
&

(a) In A : Q remains same but C changes. .-I ’

(b) In B : V remains same but C changes.
(¢) In A : V remains same and henee Q changes.
(d) In B : C remains same and hence V changes.




ANSWERS .

L(b)E= Y Direction of electric field must be in the direction of the decreasing order of electric potentiaf
, . T 3 e Y " ,
2, (c) Shapc: :)f equipotential surface depends on charge or distribution of charges

20V

1 i
Jo(e)eV=omy? gy vE [

] -1
- 1 =y 1 2¢ 1 29 i as —k
4. (b):{-;:?; .f ,|.m Ti“ﬁm:.. _’?4. 4t 0 0 =Q q : A
5. (¢) Value of potential inside and on the surface of a charged spherical shell is sam

6.(b) As capacitor is isolated so charge on capacitor remains same
' » C s
New capacitance C'==and  V'=2V

Hence, new encrgy U' =2U ’
7.(¢) All capacitors are connected in parallel 50 Coq= Cy+C;+C3+C450 Coq = 32 PF ;
8.(c) As it is connected to battery so V remains same but as capacitance changes so charge changes
ASSERTION-REASON QUESTIONS

Seleet the correct answer to these questions from the codes (a), (b), (¢) and (d) as given l.)elow: e

(a) Both assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of Assertion

(A). ,

(b) Both assertion (A) and Reason (R) are true and Reason (R) is NOT the correct explanation of

Assertion (A).

(¢) Assertion (A) is true and Reason (R) is false,

(d) Assertion (A) is false and Reason (R) is also false. e
1. Assertion (A): Electric field is always normal to equipotential surfaces and along the dircction of decreasing
order of potential. /
Reason (R): Negative gradient of electric potential is electric field,
2. Assertion (A): Electric field inside a hollow conducting sphere is zero.
Reason (R): Charge is present on the surface of conductor.
3. Assertion (A): Work done in moving a charge between any two points in a uniform electric field is:
independent of the path followed by the charge between these two points.
Reason (R): Electrostatic forces are non conservative.
4. Assertion (A): Electric potential and electric potential energy are two different quantities. o
Reason (R): For a test charge Q and a point charge Q, the electric potential energy becomes equal to the
potential, ;
5. Assertion (A): When the distance between the parallel plates of a parallel plate capacitor is halved and the.
dielectric constant of the dielectric used is made three times, then the capacitance becomes three times.
Reason (R): Capacitance does not depend upon the external battery connected, : ;
6. Assertion (A): Circuit containing capacitors should be handled very carefully even when the power is off,
Reason (R): The capacitors may break down at any time. :
7. Assertion (A): Capacity of a conductor is independent on the amount of charge on it.

Reason (R): Capacitance depends on the dielectric constant of surrounding medium, shape and size of the .
conductor, ' :

8. Assertion (A): Two parallel metal plates having charge +Q and

The plates are now immersed in kerosene oil and the electric poten
Reason (R): Dielectric constant of kerosene oil is less than 1.

—~Q are facing at a distance between them.
tial between the plates decreases.




‘ _ ANSWERS
1. Option (A) is correct. Explanation: E= - 2¥
dr

So, the electric field is always perpendicular to equipotential surface. Negative gradient of electric potential
is electric field. So, direction of electric field must be in the direction of the decreasing order of electric
potential. -

2. Option (A) is correct. Explanation: Since no charge resides in the surface of a hollow sphere, the electric
field also zero inside. So, assertion is true. For hollow conducting sphere, the charged reside on the surface
only. So, reason is also true and it explains the assertion properly.

3. Option (C) is correct. Explanation: Work done in moving a charge between any two points in a uniform
electric

ficld = charge x potential difference. So, it is independent of the path followed by the charge. Hence the
assertion is true. Electrostatic forces are conservative type. Hence, the reason is false.

4. OP.ﬁ.OH (C) is correct.  Explanation: Electric potential and electric potential energy are two different
quantities. ’
Hence the assertion is true. Electric potential is defined as the potential

energy per unit charge. Hence V = P.E./q

So, the reason is false.

5. Option (B) is correct. Explanation: Initial capacitance C; =C = KE‘;A
_3Keg A
< d/2

So C2 = 6C,, Hence the assertion is true S

6. Option (C) is correct. Explanation: Even when power is off capacitor may have stored charge which may

discharge through human body and thus one may get a shock.

So, assertion is true. Breakdown of capacitors requires high voltage.

So, reason is false.

7. Option (A) is correct. Explanation: C = .&dé

In the expression, there is no involvement of charge. So, capacitance is independent of

charge. Hence the assertion is true. '

It depends on permittivity of the surrounding medium and the area of the plate. So, reason is

also true.Reason explains the assertion. ‘

8. Option (C) is correct. ~ Explanation: Electric field for parallel plate capacitor in vacuum
g

&

Electric field in dielectric E’ = -
KEo

Since the value of K for Kerosene oil is greater than 1, then E’< E. Hence the assertion is true. Dielectric
constant of Kerosene oil is greater than 1. Hence the reason is false.

YERY SHORT ANSWER TYPE QUESTIONS (2 MARKS)
1. Draw an equipotential surface for a system consisting of two charges Q, —Q separated by a distance r in air.
Locate the points where the potential due to the dipole is zero.
Ans. The equipotential surface for the system is as shown. Electric potential is 5
zero at all points in the plane passing through the dipole equator AB.

2. A point charge +Q is placéd at point O as shown in the figure. Is the potential
difference V-V positive, negative or zero? ‘




+QeO- e e n oo e L o
0 A B

Ans. The potential due to a point charge decreases with increase of distance.
So, Va— Vg is positive. ‘ .
3. Draw an cquipotential surface in (i) a uniform clectric ficld and (i) a dipole

/ i
Ans. (i) (i1)
gt = '-\ " "S-
S~ ’ N, _ Y
\ \\ \..‘1______: // P i ~ 0\ /’-’. e\
bep . ‘: — s — / ":"‘ :;\Q\ ‘\.\' ('/ . \
P __: E ( I(’e\J‘\“l .; " ’ l‘/"'?:- \ 'I‘ .|
=t = LWy W
N e+ B0 o/, 1 \, s~ S
| = &\
. oy > i %, ~
\\ —_~ "/

4. “For any charge configuration, equipotential surface through a point is normal to the electric field.” Justify.

Ans. The work done in moving a charge from one point to another on an equipotential surface is zero. If
electric field is not normal to the equipotential surface, it would have

non-zero component along the surface. In that case work would be done in moving a
charge on an equipotential surface.

5. A charge ‘q" is moved from a point A above a dipole of dipole moment ‘p’ to a point B below the dipole in
cquatorial plane without acceleration. Find the work done in the process.

Ans. Work done in the process is zero. Because equatorial plane of a dipole is

A

equipotential surface and work done in moving charge on equipotential surface :
is zero. D .. ......... =

W=q(Va-Va)=qx0=0 :

il

6. A charged particle (+q) moves in a uniform electric field (E) in the direction

opposite to E. What will be the effect on its electrostatic potential energy during its motion?

Ans. When charge +q moves in opposite direction 10 electric field then work done is negative.
AU =-W

so, change in potential energy is positive, the potential energy increases.

7. Two large plane parallel conducting plates are kept 8 cm apart as shown
in figure. The potential difference between them is V. Find potential

difference between the points A and B (shown in the figure) ? -—1|
Ans. AsV=Ed

V=E(8) )
Therefore Vag = E(4) = (%)4:%

8. Find the charge on the capacitor as shown in the circuit.

Jcm
r---b &
- n
4
;/,'\“7
’0 \.
Y
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A, Total resistionce © = i1 - R
asistence, B WOLL = 2060 = 3910, S0 the curem, § = 2= ot o

Porestial differerice W onip ot B il ok
VIR X AO 72N, Therefore, charge O = CY =6 % 224 4C
| SHORT ANSWER TYPE QUESTIONS
| 1 Thwee points A, B 206 C it in 5 uniform et ol § 7 107 NC v
} P showminthe ficme, i ubarm electeic field (B) of § » 1P NC™ Aveome B
- Find the potential diffmbﬂwmgi;fwm B.and (i) A and C. 5 cm fﬁtm' o
Assii} Porential difference betwoen A ssd B = E » (AB) ~ 5 » 10* T
ety dB=E > (AB)~5 7 10" 7 (47 >

{1} The lor joining Bio Cis pespendicular 1 i i fie - ial of B = i3]
] , prependicuiar w electtic field, so potential of B * potential
of Cre, VB =V i v ot

Dnstance AR =4 om
Potereeal dilference betwern A and C = E » (Al
=5 x 16" 5 (§ » 10-2) = 200 volt X

Z.‘ T i formly targe paraflel thin plates having charpe densities 40 and ~ o are kept in the X-Z plane 2t 3
disance “d” apant. Sketch 20 equipotential surface due 1o electric field between the plates, I 2 particle of mass
m znd charge "~ remaing stationary between the plates, what is the magnitude and direction of this field?
Ans. (i) Weight mg 2cts vertically downward ‘

(i) Electric force qE acts vertically upward, Y LR RICEN b
£0 g = qﬁ W“"“'Q}‘g’““"l’d }.—.
Em_ﬂz ;-‘._.‘ - 9-4\-."&"}
& ez

.g,')"o‘cv.ootj

3. Calculate the potential difference between points A and i A e |
B 23 shown in figure O W ,..;i
i, ¥ 1 3% t
Ans. Equivalent cepecitance = % pF [ g
Charge supplied by banery = X 260 = 500 uC L {r—
Potentiz! difference between A and B is 80V e
4. Figure shows two identical capacitors, Cy and Cp, ezch of 1 mF s
capacitance connscted 1o 2 banery of 6 V. Inittally switch *S” is closed. r B !
After sometimes ‘S’ is lefi open and dielectric slabs of dielectric constant K % g :
= 3 are inserted 1o fill completely the space between the plates of the two 8-~ 17 |, €y TaF==C;
o i the
How will the (i) charge and (ii) potential difference between the plates of i

the czpacitors be affected zfter the sizbs zre inseried?

Ans. When switch S is closed, p.d. zcross each capacitor is 6V

Vi=V=6Vand Ci=Ci=1pC

~ Cherge on each capacitor

G =@ (=CV)=( pF)» (6 V)=6C

When switch S is opened, the p.d. across C1 remains 6 V. while the charge on capacitor
Cs remnzins 6 uC. After insertion of dielectric between the plates of each capacitor, the
new capacitance of ezch capacitor becomes ¢

Cy=C3=3= 1 pF=3pF

Charge on capacitor Cy, @'y = C'1 Vi = (3 pF) « 6 V = 18 pC Charge on capacitor Cr remains 6 5C
Potentizl difference zcross Cy remains 6 V. Potential difference across Cz becomes




V;=3=2V
5. (a) Twelve negative charges of same magnitude are equally spacgd
and fixed on the circumference of a circle of radius R as shown in
Fig. (i). Relative to potential being zero at infinity, find the electric
potential and electric field at the centre C of the circle.
(b) If the charges are uncqually spaced and fixed on an arc of 120° of
radius R as shown in Fig. (ii), find electric potential at the centre C.

. 4 L ooe v T B

Ans. (a) Potential due to single charge at C, V- e i o
“ -1 12

Net potential at C is Ve s 28

nty R

Due 1o symmetry of distribution of :l:i;rgc electric fields are cancel each other, so E = 0

(b) Potential is scalar quantity so orientation is irrelevant

Hence potentinl st Cis V = ;—‘;’-t: ’—f;f’-

6. Three point charges +Q, <2Q and -3 are placed at the vertices of an equilateral triangle ABC of side L. [f

these charges ate displaced to the mid points Ay, By and Cy respectively. calculate the amount of work done
- inxhifting the charges to the new locations,

1 2
Anx, Unmml e — 9_
Ane, |
1 2Q!
final ATty 1
1 2
W= Ufinat = Ummnl =— L

angg |
7. Two parallel plate capacitors X and Y have the same area of plates and same

X | * 4
separation between them. X has air between the plates while Y contains a h
dielectric medium ¢, = 4,

(1) Calculate the capacitance of each capacitor if equivalent capacitance of the . i
combination is 4 uF. ﬁ'f);’f ‘
(i1) Caleulate the potential difference between the plates of X and Y.

Ans.(i) -% =4 and =

After solving Cy = 5 uF and Cy=20pF

(i1) in series charge on each capacitor is same so ) :',—x =4
Vx +Vy=15

Afler solving Vx= 12V, Vy =3V

CvCx

LONG ANSWER TYPE QUESTIONS
L. (i) An electric dipole (dipole moment P = pi ), consisting of charges - q and q, separated by distance '.‘n. is
placed along the x-axis, with its centre at the origin. Show that the potential V, due to this dipole, ata pointx,

. 1 pi
[ o> P S il
(x >> a) is equal 10 i

(ii) Two isolated metallic spheres S; and S; of radii 1 cm and 3 cm respectively are charged such that bath
have the same charge density (,z_' X 10"9)Clmz.. They are placed far away
from each other and connected by a thin wire. Calculate

h
the new charge on sphere S, < > '
; ; v "notential at P, V = 1 r wmemeban m e meaan e sanmanne e e
Ans.(i) Derive expression of potential at P, prevape s S P ! :
" . 0 f :
| As pis along x-axis so ' ! . 1 N 'f
1 P < > f
V — S . _L

Aney x¥—a?
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G137 000w ON2o X 100ms @) s X 100w ()3 2N 1 s




—,'\
2, A poratlel plate capacitor is an arrangement f’f two metal plate of areq §
Identlcal metal plates kept parallel, @ small dmt.xr!cc |
! g I U
wpurt, The capacitnee of u capacitor depends on the size

ind separation of the two plates and also on the d wlccl.nc ’
iween the plates, Like distance _-M

T Vwolts
constait of the mediam be )
tenlstors, capaciiors can also be arranged in s'crlcs or
pitillel or i combination of both, By virtue of electric
fleld between the plates, charged capacitors store
Cnergy. . ) ] ;
((n) ‘The capacitance of o parallel plate capacitor increases from 10pF to 80puF on introducing a dielectric -
medinm between the plates, Find the dieleetric constant of the medium,
Q(b) n capacitors, each of capncitance C, are connected in series. Find the equivalent capacitance of the
combination.
O(¢) A capacitor is charged to a potential (V) by connecting it to a battery. After some time, the battery is
dixconnected and a dieleetrie 18 introduced between the plates. How will the potential difference between the
plates, and the energy stored in it be affected ? Justify your answer,
1. Licetrostatics deals with the study of forees, ficlds and potentials arising from static charges. Force and
electiic field, due 1o o point charge is basically determined by Coulomb's law. For symmetric charge |
configurations, Gauss's lnw, which is also based on Coulomb's law, helps us to find the electric field. A |}
charpe/a sy stem of charges like a dipole experience u force/torque in an electric field. Work is required to be il
done 1o provide a specific orientation to a dipole with respect to an clectric field. 1
Answer the following questions based on the above:
Q(a) Consider a uniformly charged thin conducting shell of radius R. Plot a graph showing the variation of V[
with distance 1 from the centre, for points 0 <r < 3R, ’

Q(b) The figure shows the variation of potential V with % for two point charges Q1 ¥

‘ . ' Q1
and Qz. where V is the potential at a distance r due to a point charge. Find &,
s Qa
(1o
J0
b 1
Q(c) An electric dipole of dipole moment g is initially kept in a uniform electric H

ﬁcl.d b fllch that ji is perpendicular to E' . Find the amount of work done in rotating the dipole to a position at
which 7 becomes antiparallel to £

Ans.1. (i) (D) 1V ANSWERS
ns.l. (i (i) (D) accelerate along -f  (iii) (C) E4 > E3 > E; >
(iv) (B) 2.6 X 10¢ m/s (iii) (C) E4 > E3 > E2 > Ey
Ans.2 (n) K=8 (b) Cs= [4
n

(¢) Potential difference decreases by a factor 1/K, Energy reduces by a factor I/K
Ans. 3 (n)

v

Q1 _ tan6o _
(b)Q tan30 3

(¢) Work done = + pE




CHAPTER-03 - CURRENT ELECTRICITY
SYLLABUS APTER-03 - CURRENT ELECTRI

Electric current, flow of electric charges in a metallic conductor, drill velocity, mobility and their relation with

clectric current; Ohm's law, V-1 characteristics (linear and non-linear), electrical energy and power, clectrical

resistivity and conductivity, temperature dependence of resistance, Internal resistance of a cell, potentiol

dll‘:icrcncc and emf of a cell, combination of cells in series and in parallel, Kirchhofl's rules, Wheatstone
bridge.

CONCEPT MAP
(.‘,‘.urn:m Density [ Olun's Luw
Conductance 1 Electric Current }——"—' ( Resistanee &
Conductivity | d i Resistivity
1] ) - ’ .
Ty 1= charpe/time = ar, i flow is unfform | = ¢ Jeeh =5 V=R
Reciprocal off

resistancee is known
as conductance, CURRENT Ro=R,(1+al)
ELECTRICITY ! b

L ;
k g « el a

i’ ~!

1
{: —
R=p

' Drift Velocity & '_Llirchhoﬂ‘s Law —L Liectric Cell
Mobility of Charges —1 IR R ) [ SHEESSS——— e
. Current Inw (ACL) is the Emtofeell (&) : The
Drift velocity Vd = =8l algebruic sum of’ currents potentinl difference neross
m meeting at a junction 1s the werminals of a cell
e i J o © 2er0. e Tl = 0, when L is not supplying
e Voltage Inw (KVL) is the uny current,

3 REA ne ne  pne ulucb::\iu sung ul'\h)c Potentinl difference (M) ¢
Current 1= neAVy changes in potentiul in The voltage across the
Current Density J = L. nevy complete truversal of o terminals of n cell when it

A closed loop is zero, e TV is supply ing current to

e nde’ £ . - external resistance.

m Internal resistunce (r) @
ndelV In case ol weell the

=™I1=

opposition of clectrolyte
ml l to the 1low of current
<V

R - ; ‘ through it,
Resistance & Resistivity : W |l\u;:;lom. In Series combination of
R =p—|- - ! Jridge cells- /&

A

R g = Iy and .
ne't A . P
From R n-'— ot I'he bridge is said to be W v h
A4 nelr balunced when detlection In Parellel combination of
Reciprocal of resistivity is called in galvanomeler is zero colls- F = By + By
conductivity (o) i.e.o = LR i e no current tlows v Pty
e through the galvanometer. and
Drifl velocity per unit clectric On mutually changing the _—
ficld is called mobility ol electron position of cell und L= '.""'3"
i Va  -e galvanometer this n chm'_"“'.: :‘,' .
£ m condition will not change. In nnclrc\::uh ul:.n cell 17 =
GIST OF THE CHAPTER
ELECTRIC CURRENT

» The electric current in measured by ‘rate of flow of charge'.Or Charge flowing per

L
second from any cross section of the conductor is called clectric current, =
. : dq . - . .
> Current i = charge/time = -d—‘:. if flow is uniform i = % "

» Unit : Ampere (A), Dimension : (MOLOTOA

> 1 ampere = 1 coulomb/second. i.e. if | coulomb of charge flows per second then 1
ampere of current is said to be flowing.




v secti
» 1 ampere of current means the flow of 6.25 x 1018 clectrons per second through any cross section of
mpere
conductor . g ) 5
ion i :n i = —wheree=1.6x 10—
» Ii'n electrons pass through any cross section in every tseconds then i = =
coulomb. .* - . 5 e
» The conventional direction of current is taken to be the filrcctloq of ﬂ0\;v of po:n:cvcc:ig:a(r)% Conducf:,? J
» Value of the current is same throughout the conductor, itrespective of the cros
different points, : i iig
» Net charge in a current carrying conductor is zero at any instant o

E | -
time, i ’
Note: A current carrying conductor cannot said to be charged, [0 «—o o |
beeause in conductor the current is caused by clectron (free “«—0 <o .4__;’_.9 ;
clectron). The no. of clectron (negative charge) and proton «—0 <+—o

(positive charge) in a conductor is same. Hence the net charge
in a current carrying conductor is zero.

A
4

» Electric field outside a current carrying conductor is zero, but it is non zero inside the conductor and is %

. v
givenby e =— N

Note : The electric ficld inside charged conductor is zero,

but it is non zero inside a current carrying L]
conductor 5

Note: Current is a scalar quantity because it does not obey law of vector

CURRENT DENSITY

Current density at any point inside a conductor
unit area surrounding that point. Remember ar
passes) through that point.

» Current density at point P is given by T =

s defined as a vector having magnitude equal to current per
ea is normal to the direction of charge flow (or current

fp
dA

dA cos@ ’
> If the cross-sectional area is not normal to the current

then J =dAi')$0:di = JdAcos 6 =7.a:i = f?d_)A

# If current density 7 is uniform for a no

> Current density J is a vector quantity.
[L734).

# In case of uniform flow of charge through a cross-section normal to it as
[ =nqvA=/ = i = nqv

It's direction is same as that of E. It's S.1I. unit is amp/nt* and dimension

- -
> Current density relates with electric field as ] =cE =

specific resistance of substance.
Drift Velocity

© |ml

; where o= conductivity and p= resistivity of |

i )

, but makes an angle 8 with the direction of current |

rmal cross-section A then J= /A g




Drift veloci.ty is the average uniform velocity acquired by free electrons inside a metal by the application of
an electric field which is responsible for

o e . J—

‘ ' - current through it. Drift velocity g ol
ns~ver¥ small it is of the order of 10m/s as compared to thermal speed 4«0 it
(=10°m/s) of electrons at room temperature. ' s &E

If suppose for a conductor #n = Number of electron per unit volume of the N
conductor, =

= : il v

A= A]rca ‘?f cross-section, V' = potential difference across the conductor, E

= electric

field inside the conductor, i = current, /= current density, p = specific resistance, o

) 1
conductivity (cr = ;) then current relates with drift velocity as i = neAvy we can also

. i E
wite vy=—=L=E_E v

—_ e—

neA  ne ne pne pine' :
» The direction of drift velocity for electron in a metal is opposite to that of applied electric field (Z.e. current
density/).vg « Ei.e., greater the elecic field, larger will be the drift velocity.
» When a steady current flows through a conductor of non- v
uniform cross-section drift velocity varies inversely with area of s
. 1 A< A2
cross-section ('Ud =4 :) S0 Vg, > Vay

. A
» If diameter (d) of a conductor is doubled, then drift velocity of £ &
electrons inside it will not change.

Relaxation time (7) : The time interval between two successive collisions of electrons with the positive ions
in the metallic lattice is defined as relaxation time T = —"<2 et _ _ 4 with rise in temperature

r.m.s. velocity of electrons Vrms

Vrms increases consequently 7decreases.
2

Mobility : Drift velocity per unit electric field is called mobility of electron i.e.u = -"Ef'-. It’s unit is e e
Ohm's Law '

If the physical conditions of the conductor (length, temperature, mechanical strain etc.) remains some, then
the current flowing through the conductor is directly proportional to the potential difference across it's two
ends i.e.i x V=V = (R where R is a proportionality constant, known as electric resistance.

(1) Ohm’s law is not a universal law, the substances, which obey ohm’s law are known as ohmic substance.

(2) Graph between ¥ and i for a metallic conductor is a straight line as shown. At different temperatures V-i
curves are different.

v vt
Ohm's law is true For metallic conductors at low I 1 Ty
temperature Because with rise in temperature resistance ! ,
of conductor increase, so graph between V and i becomes 2 :
non linear.
0 [0\
Resistance i Zaid Pt
> The property of substance l?y 'virtue of which it (?pposcs (A) Slope of the line b s it
the flow of current through it, is known as the resistance. = ek So Ry
> Formula of resistance : For a conductor if / = length telpls

of a conductor 4 = Area of cross-section of conductor,

n =No. of free electrons per unit volume in conductor, 7= relaxation time then resistance of conductor
m

o 1 ER .
R = Py =D where p = resistivity of the material of conductor

» Unit and dimension : It’s S.1. unit is Volt/Amp. or Ohm (Q).It’s dimension is [ML?T~342]

> Dependence of resistance : Resistance of a conductor depends upon the following factors.
(1) Length of the conductor :Resistance of a conductor is directly proportional to it’s




; 1
i it’s ¢ oss-section .e.R o« —
portional to it’s area of cr : ;

length i.e.Recl and inversely pro

(ii) Temperature : For a conductor' "

If  Ro= resistance of conductor at %
R, = resistance of conductor at /

and a, = temperature co-efficient of resistance

. Re=Ro
then R, = RO(I + at) for 15 300°C' or RoXt

a=—0
: R 1+at
oC respectively then = = —=

If Ry and Ry are the resistances at 1°C and 2 Re — Ttaty

. ‘orent temperature. Temperature cocfTicient of resistance
The value of a is different at diffcrent temper: Ro=12,

"to 1,°C is given bya = ———— which gi
averaged over the temperature range n°C to 1°C'is given by Rilla-tD) ch gives
Ry=Ri [1 + a(z—1)].

Resistivity (o), Conductivity (o) and Conductance ©
Resistivity : From R = P;l': If1=1m,4=1m?then R = pi.c. resistivity is numerically equal to the resistance
of a substance having unit area of cross-section and unit length,

» Unit and dimension : It’s S.1. unit is ofsmxm and dimension is [ML?’T""’A’Z]
» (i) It’s formula : p = % "
» (iii) Resistivity is the intrinsic property of the substance. It is independent of shape and size of the body

(i.e. land A). :

For different substances their resistivity is also different

Pinsulator > Patloy > Psemi-conductor >
(MaxImum for fused quartz) ¥ conductor (Mingrtt:zrr;f}lg-glver)

7 Resistivity depends on the temperature. For metals Pe = po(1 + adt)i.e. resistivity increases with
temperature. :

# Resistivity increases with impurity and mechanical stress.
Conductivity : Reciprocal of resistivity is called conductivity (o) i.e.oc = -:;with unit

mho/m and dimensions ~ [M~1L-3T342],

Conductance: Reciprocal of resistance is known as conductance. € = %It’s unit is i1

1

Y or Q.

Cell

The device which converts chemical energy into electrical energy is known as electric : Y —
cell. Cell is a source of constant emf but not constant current,

(1) Emf of cell (E) : The potential difference across the terminals of a @ N
cell when it is not 1 é

supplying any current is called it’s emf. [ mnde caose T~

(2) Potential difference (V) : The voltage across the terminals of a cell % = 8. =
when it is g

supplying current to external resistance is called potential difference or Symbol of el

terminal voltage.
Potential difference is equal to the product of current and resistance of
that given part
i.e.V=IiR.
(3) Internal resistance (r) : In case of a cell the opposition of electrolyte to the flow of
current through it is called internal resistance of the cell. The internal resistance of a cell

RG] - b R L D SN AR AR DI AL | L PN 1 RO R B P I W AL ROCAT s € 3 AU i Vit el




(i) Current given by the cell { = £ |

depends on the distance between electrodes
nature, concentration (rcC) and temperatuy
A cell is said to be ideal, if it has zerg jnte
Cell in Various Positions

(1) Closed circuit : Cell supplies a constant current in the circuit.

(recd), area of electrodes [rec (1/4)] and

re of electrolyte [rec (1/ temp.)].
mal resistance.

i o Rer
(ii) Potential diflerence across the resistance V=iR

Sammm——

R

pim | R

(iii) Potential drop inside the cell = jr

(iv) Equationofcell E=V + (r  (i>p

(v) Internal resistance of the cell r = (E - 1) ‘R
- g v
(vi) Power dissipated in external resistance (load)

=Vi=1(*R = ﬁ = (E_ 2
P=Vi=iR== (R") R
Power delivered will be maximum whenR = r so p £~

: ’ . 4rmax’
This statement in generalised from is called “maximum power transfer

ey

-

k.r

theorem™.

(vii) When the cell is being charged i.e. current is given to the cell then £= V-
ir and

E<V.

(2) Open circuit : When no current is taken from the cell it is said to be in open oW

circuit
(i) Current through the circuit i =0
(i)  Potential difference between 4 and B, Viy = E

(iii)  Potential difference between C and D, Ve =0

(3) Short circuit : If two terminals of cell are join together by a thick conducting

b

-

wire
(i) Maximum current (called short circuit current) flows momentarily is. = =
(i)  Potential difference V=0

R=0

Grouping of Cells

(1) Series grouping : In series grouping anode of one cell is connected to
cathode of

other cell and so on. If n identical cells are connected in series

(i) Equivalent emf of the combination E.; = nE | | - I:"

(ii) Equivalent internal resistance rp,g = nr

" : nkE
(iif) Main current = Current from each cell= i = ——

(iv) Potential difference across external resistance V = iR

v
(v) Potential difference across each cell V' = =

2
, . nE

(vi) Power dissipated in the external circuit = ( R+nr) .
2

E
(vii) Condition for maximum power R = nr andP (;;)max
(viii) This type of combination is used when nr<<R. _
(2) Parallel grouping : In parallel grouping all anodes are connected at one point and

all cathode are connected together at other point. If n identical cells are connected in




parallel,

~—~——
12
(i) Equivalent emf E.y = E 8 i
(ii) Equivalent internal resistance Regg=1/n {— :
wurw v . E i E.r :
(iif) Main current i = reee | b [ !
(iv) Potential difference across external ! - .p
resistance = p.d. across each cell = V=R AV
(v) Current from each cell i’ = %
2
(vi) Power dissipated in the circuit P = ( R:; /n) .R
2
(vii) Condition for max. power is R = r/n andP (i—)
T/ max
(viii) This type of combination is used when nr>>R

Kirchoff's Laws

(1) KirchofPs first law : This law is also known as junction rule or current law (KCL).
According to it the algebraic sum of currents meeting at a junction is zero i.e.3i = 0.

In a circuit, at any junction the sum of the currents entering the junction must equal the
sum of the currents leaving the junction. hhtiz=i;+i,

(if) This law is simply a statement of “conservation of charge”.

(2) Kirchoff's second law : This law is also known as loop rule or voltage law (KVL)

and according to it “the algebraic sum of the changes in potential in complete traversal
of a mesh (closed loop) is zero”, i. exV=0

(i) This law represents “conservation of energy”.
(3) Sign convention for the application of Kirchoff’s law : For the application of
Kirchoff’s laws following sign convention are to be considered

(i) The change in potential in traversing a resistance in the direction of current is — iR
while in the opposite direction +iR

A i R

A i R
*—r—— "N ———r——e

R —
-iR

(ii) The change in potential in traversing an emf source from negative to positive

terminal is +£ while in the opposite direction — £ irrespective of the direction of current
in the circuit, E 3 E

4 B
Ao—-—li—“c 40—-{!——-—-

—_— —
-

. +E
Wheatstone bridge : Wheatstone bridge is an arrangement of four resistance which can be used to measure

one of them in terms of rest. Here arms 4B and BC are called ratio arm and arms AC and BD are called
conjugate arms

(i) Balanced bridge : The bridge is said to be balanced when deflection in galvanometer is zero i.e. no current
flows through the galvanometer or in other words ¥ = V). In the balanced condition % = §, on mutually
changing the position of cell and galvanometer this condition will not change.

(ii) Unbalanced bridge : If the bridge is not balanced current will flow from D to
Bif V>V i.e.(V4 — Vp) < (V4 — V) which gives PS>RQ.

‘




