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Unit | — Electrostatics
1. Electric Charge and Field

2. Electric Potential and Capacitance

Charge

Charge is that property of an object by virtue of which it apply electrostatic force of interaction
on other objects.

Charges are of two types

(i) Positive charge

(ii) Negative charge

Like charges repel and unlike charges attract each other.

Quantization of Charge

Charge on any object can be an integer multiple of a smallest charge (e).

Q=tne

where,n=1, 2, 3,....... ande=1.6*10"C.

Conservation of Charge

Charge can neither be created nor be destroyed. but can be transferral from one object to
another object.

Recently a new particle has been discovered called ‘Quark’. It contains charge t e/ 3, +2e /3.
[The protons and neutrons are combination of other entities called quarks, which have charges
1/ 3 e. However, isolated quarks have not been observed, so, quantum of charge is still e. ]
Coulomb’s Law of Electrostatics

Electrostatic force of interaction acting between two stationary point charges is given by

where q1, g2 are magnitude of point charges, r is the distance between them and &, is
permittivity of free space.

Here, 1 / 4meo, = 9 x 10° N-m?/C?

The value of €, is 8.85 X 1012 C2 / N-mC?.

If there is another medium between the point charges except air or vacuum, then &, is replaced
by €oK or g0€r Or €.

where K or €, is called dielectric constant or relative permittivity of the medium.

K=er=g/& where, € = permittivity of the medium.

For air or vacuum, K=1 For water, K=81 For metals, K= oo

Coulomb’s Law in Vector Form:
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The above equations give the Coulomb’s law in vector form.

Force on g1 due to g2 =— Force on g, due to g1

Fi2=—Fa

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 Field

The space in the surrounding of any charge in which its influence can be experienced by other
charges is called electric 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 direction of the electric field vector at that point. The relative
closeness of the lines at some place give an idea about the intensity of electric field at that
point.”

| Eal >|Eg|

Two lines can never intersect.
Electric field lines always begin on a positive charge and end on a negative charge and do not
start or stop in mid space.

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

Its Sl unit is NC! or V/m and its dimension is [MLT3 A1].

It is a vector quantity and its direction is in the direction of electrostatic force acting on positive
charge.



Electric field intensity due to a point Charge:
due to a point charge g at a distance r is given by
Magnitude -

Electric Potential (V)

Electric potential at any point is equal to the work done per positive charge in carrying it from
infinity to that point in electric field.

Electric potential, V=W /q

Its Sl unit is J / C or volt and its dimension is [ML?T3A1].

It is a scalar quantity.

Electric potential due to a point charge at a distance r is given by

Potential Gradient:

The rate of change of potential with distance in electric field is called potential gradient.
Potential gradient =

Its unitis V / m.

Relation between potential gradient and electric field intensity is given by

Equipotential Surface

Equipotential surface is an imaginary surface joining the points of same potential in an electric
field. So, we can say that the potential difference between any two points on an equipotential
surface is zero. The electric lines of force at each point of an equipotential surface are normal

to the surface.

(i) Equipotential surface may be planer, solid etc. But equipotential surface can never be point
size.

(ii) Electric field is always perpendicular to equipotential surface.

(iii) Equipotential surface due to an isolated point charge is spherical.

(iv) Equipotential surface are planer in an uniform electric field.

(v) Equipotential surface due to a line charge is cylindrical.

Properties of Electric Field Lines:

Electric lines of force are the imaginary lines drawn in electric field at Which a positive test
charge will move if it is free to do so.

Electric lines of force start from positive charge and terminate on negative charge.



A tangent drawn at any point on electric field represents the direction of electric field at that
point.

Two electric lines of force never intersect each other.

Electric lines of force are always perpendicular to an equipotential surface.

Electric Flux (k)

Electric flux over an area is equal to the total number of electric field lines crossing this area.
Electric flux through a small area element dS is given by

de=E. dS

where E= electric field intensity and dS = area vector.

Its SI unit is Nm2C1.

Gauss’s Theorem:
The electric flux over any closed surface is 1 / €, times the total charge enclosed by that surface,
i.e.,

where Qin = Net Charge enclosed in the surface.

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

+ 4+ o+ +
-

( Direction —Radially outwards for g > 0 and inwards or g<0)
where A is linear charge density and r is distance from the line charge.

Electric Field Near an Infinite Plane Sheet of Charge:




where o = surface charge density.
If infinite plane sheet has uniform thickness, then
E =0 / €o

Electric Dipole:
An electric dipole consists of two point charges of equal magnitude and opposite sign separated
by a very small distance. e.g., a molecule of HCL, a molecule of water etc.
a 2a -
o O
-q +q

Electric Dipole Moment p = g (2a)

Its Sl unit is ‘coulomb-metre’ and its dimension is [LTA).

It is a vector quantity and its direction is from negative charge towards positive charge.
Electric Field Intensity and Potential due to an Electric Dipole

(i) On Axial Line

Electric field intensity

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

Electric potential

-+ E
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If r>>2a,then (Short Dipole)

(ii) On Equatorial Line
Electric field intensity

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

Electric potential V=0
(iii) At any Point along a Line Making 8 Angle with Axis
Electric field intensity

Electric potential
If r>>2a,then (ShortDipole)

Torque:

Torque acting on an electric dipole placed in uniform electric field is given by

t=pEsinBor t=pxE

When 6 = 90°, then “Tmax = pE (Maximum)

When electric 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)



Work Done:

Work done is rotating an electric dipole in a uniform electric field from angle 81 to 8; is given by
W = pE (cos 81 — cos 62)

If initially it is in the direction of electric field, then work done in rotating through an angle 6, W
= pE (1 —cos 6).

Potential Energy:
Potential energy of an electric dipole in a uniform electric field is given by
U=—pE cosB =p.E

Dipole in Non-uniform Electric Field

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

Net force on electric dipole = (qE1 — gE2), along the direction of greater electric field intensity.
Therefore electric dipole undergo rotational as well as linear motion.

Electrostatic Potential Energy of Charge System:

(1) Two point charge system, contains charges qi and g2 separated by a distance r is given by
(2) Three point charge system

Important Points

When charge is given to a soap bubble its size gets increased.

In equilibrium for a charged soap bubble, pressure due to surface tension
= electric pressure due to charging

AT /r=0%/2 &

ordT/r=1/2¢,(q/4mr?)?

orq =8mrvV2eorT

where, r is radius of soap bubble and T is surface tension of soap bubble.

Behaviour of a Conductor in an Electrostatic Field:

(i) Electric field at any point inside the conductor is zero.

(ii) Electric field at any point on the surface of charged conductor is directly proportional to the
surface density of charge at that point, but electric potential does not depend upon the surface
density of charge.

(iii) Electric potential at any point inside the conductor is constant and equal to potential.

(iv) Direction of electric field at any point on its surface is always normal to the surface.

Electrostatic Shielding:

The process of protecting certain field from external electric field is called, electrostatic
shielding.

Electrostatic shielding is achieved by enclosing that region in a closed metallic chamber.
Dielectric



Dielectrics are of two types Non-polar Dielectric The non-polar dielectrics (like N2, O, benzene,
methane) etc. are made up of non-polar atoms/molecules, in which the centre of positive
charge coincides with the centre of negative charge of the atom/molecule.

Polar Dielectric

The polar dielectric (like H,0, CO2, NHs etc) are made up of polar atoms/molecules, in which
the centre of positive charge does not coincide with the centre of negative charge of the atom.

Capacitor

A capacitor is a device which is used to store huge charge over it, without changing its
dimensions.

When an earthed conductor is placed near a charged conductor, then it decreases its potential
and therefore more charge can be stored over it.

A capacitor is a pair of two conductors of any shape, close to each other and have equal and
opposite charges.

Capacitance of a conductorC=q/V

Its SI unit is coulomb/volt or farad (F)

Its other unitsare 1 u F=10°F

1uypF=1pF=1012F

Capacitance of an Isolated Spherical Conductor
C=4mne KR ForairK=1
~C=4ne,R=R/9x 10°

Parallel Plate Capacitor

The parallel plate capacitor consists of two metal plates parallel to each other and separated by
a distance d.

Capacitance C=KA &,/ d

For air capacitorCo=A¢g,/d

When a dielectric slab is inserted between the plates partially, then its capacitance.

If a conducting (metal) slab is inserted between the plates, then

Force Between the Plates of the Capacitor:
The plates of a parallel plate capacitor attract each other with a force
F=Q?/2As

Charge Induced:
When a dielectric slab is placed between the plates of a capacitor than charge induced on its
side due to polarization of dielectric is

a=q(1-1/K)

Capacitors Combination:
(i) In Series:
Resultant capacitance=1/C=1/C1+1/C;+1/Cs+....



In series charge is same on each capacitor, which is equal to the charge supplied by the source.
If V1, V2, Vs,.... are potential differences across the plates of the capacitors then total voltage
applied by the

source

V=V1+V2+V3+....

(i) In Parallel:

Resultant capacitance C=C1 +C2 + C3 +....

In parallel potential differences across the plates of each capacitor is same.

If g1, g2, g3 are charges on the plate of capacitors connected in parallel then total charge given
by the source

g=Qqi1+Qgx2+Qgs +...

Electrostatic Energy Stored in Capacitor:
Electric potential energy of a charged conductor or a capacitor is given by,
Where Q = Charge. V = Potential of Capactor, C = Capacitance

Redistribution of Charge:

When two isolated charged conductors are connected to each other then charge is
redistributed in the ratio of their capacitances.
Common potential

Energy loss
This energy is lost in the form of heat in connecting wires.

Very Short Answer Type Questions ( 1 Mark)

1. Is the force acting between two point electric charges q1 and g2, kept at some distance apart
in air, attractive or repulsive, when (i) q192 > 0 (ii) g1g2 <0 ?

Ans: (i) The force is repulsive. When g1g2 > 0, it means that charges are either both positive or
both negative. This implies that the force between them is indeed repulsive.

(ii) The force is attractive. When g1g2 < 0, it means that one of the charges is negative and the
other is positive. This implies that the force between them is indeed attractive.

2. Which orientation of an electric dipole in a uniform electric field would correspond to stable
equilibrium?

:Ans: When the electric dipole is in the direction of the electric field ( © = 0°), it is said to be in
stable equilibrium.

3. A hollow metal sphere of radius 10 cm is charged such that the potential on its surface is 5 V.
What is the potential at the centre of the sphere?


javascript:void(0)

dv

E=-22
Solution: dr and for hollow shell electric field at center = 0
= —ﬂ =0=dv=1

dr Hence V.= 5V

4. Define electric dipole moment. Write its S.I. unit.

Solution: Electric dipole moment is the product of the magnitude of the either charge and the
distance between the charges (this distance is also called the displacement vector). SI unit of
electric dipole moment is coulomb meter (Cm).

5. A charge ‘q’ is placed at the centre of a cube of side /. What is the electric flux passing
through each face of the cube?

b=
Ans : o

6. Two charges of magnitudes —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
the origin?(1)

‘Solution:Gauss’ theorem states that the electric flux through a closed surface enclosing a
charge is equal to (1/g0) times the magnitude of the charge enclosed.

-0 +0Q
0,00 (@00  (3q0) (4a.0)

9=22

The sphere encloses a charge of -2Q thus, €

7. Two equal balls with equal positive charge 'q' coulombs are suspended by two insulating
strings of equal length. What would be the effect on the force when a plastic sheet is inserted
between the two?_

Solution:Since plastic is an insulator, the electric field lines due to any of the charge will not be
able to pass through it. In the absence of an external electric field due to the other charge, both
the charges will not experience any force due to each other.
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Assertion and Reason Based Questions ( 1 mark)

For question numbers 1 to 18, two statements are given-one labelled Assertion (A) and
the other labelled Reason (R). Select the correct answer to these questions from the
codes (a), (b), (c) and (d) as given below.

e Both A and R are true and R is the correct explanation of A

e Both A and R are true but R is NOT the correct explanation of A

e Ais true butR is false

e Ais false and R is also false

1 .Assertion (A): The electrostatics force increases with decrease the distance

between the charges.

Reason (R): The electrostatic force of attraction or repulsion between any two
stationary point charges is inversely proportional to the square of the
distance between them.

Answer: A

2. Assertion(A): The Coulomb force between two points charges depend upon the

dielectric constant of the intervening medium.
Reason(R): Coulomb’s force varies inversely with the dielectric constant of medium.

Answer: A
3. Assertion(A): The charge given to a metallic sphere does not depend on whether it

is hollow or solid
Reason(R): The charge resides only at the surface of conductor.

Answer: A

4. Assertion (A): A comb run through one’s dry hair attracts small bits of paper.
Reason(R): Molecules in the paper gets polarized by the charged comb resulting in
net force of attraction

Answer: A
5. Assertion(A): A proton is placed in a uniform electric field, it tends to move along

the direction of electric field.
Reason(R): A proton placed in a uniform electric field experiences a force.

Answer: B
6. Assertion(A): Electric field at the surface of a charged conductor is always normal

to the surface at every point.



Reason(R): Electric field gives the magnitude & direction of electric force F experienced
by any charge placed at any point.

Answer: B
7. Assertion(A): The potential inside a hollow spherical charged conductor is zero.
Reason (R): Inside the hollow spherical conductor electric field is constant.
Answer: D

8. Assertion(A): Electric filed lines not form closed loops.
Reason(R): Electric filed lines are always normal to the surface of a conductor.

Answer: B

9 Assertion(A): No work is done in moving a test charge from one point to another over
an equipotential surface.
Reason(R): Electric field is always normal to the equipotential surface at every point

Answer: B

10 Assertion(A): No work is done in moving a point charge Q around a circular arc of radius
'r'at the Centre of which another point charge 'q’ is located.

Reason(R): No work is done in moving a test charge from one point to another over an
equipotential surface.

Answer: A
11 Assertion(A): A metal plate is introduced between the plates of a charged parallel

plate capacitor, its capacitance increased.
Reason(R): A metal plate is introduced between the plates of a charged parallel
plate capacitor, the effective separation between the plates is decreased.

Answer: A
12.Assertion(A): In the presence of external electric field the net electric field within

the conductor becomes zero.
Reason(R): In the presence of external electric field the free charge carriers move
and charge distribution in the conductor adjusts itself.
Answer: A

13.Assertion (A): Sensitive instruments can protect from outside electrical influence

by enclosing them in a hollow conductor.
Reason(R): Potential inside the cavity is zero.



Answer: C
14. Assertion(A): Earthing provides a safety measure for electrical circuits and appliances.
Reason(R): When we bring a charged body in contact with the earth, all the excess charge
on the body disappears by causing a momentary current to pass to the ground through the
connecting conductor.
Answer : A

15. Assertion(A): The total amount of charge on a body equal to 4x10-19 Cis not possible.

Reason(R): Experimentally it is established that all free charges are integral multiples of
a basic unit of charge denoted by e. Thus, charge g on a body is always given by g = ne.
Answer: A

16. Assertion(A): The net force on a dipole in a uniform electric dipole is zero.
Reason(R): Electric dipole moment is a vector directed from —q to +q.
Answer : B

17. Assertion(A): Electrostatic forces are conservative in nature.
Reason(R): Work done by electrostatic force is path dependent.
Answer : C

18 Assertion(A): The field intensity in between such sheets having equal and opposite

uniform surface densities of charge become constant.
Reason(R): The field intensity does not depend upon the distance between the thin

sheet. Answer: A

Case Study Based Questions ( 4 Marks)

1. Gold Leaf Electroscope:

Gold leaf electroscope has two gold leafs suspended from a metal(usually brass) stemin a
vacuumed glass jar and connected to a metal cap. The glass is grounded with the help of a
metal foil to make it uncharged. It can be used to: Detect charge: Body under test is touched
with the metal cap.
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(i) Neutral atoms contain equal numbers of positive and negative__.

(a)Electrons and Protons  (b) Protons and Electrons (c) Neutrons and Electrons
(d) Protons and Neutrons
(i) greater the charge on a given body, the divergence in the leaves will be
(a) smaller (b) greater (c) same (d) first smaller then greater
(iii) Magnitude of force between a pair of proton and proton is F and between a protond
electron is F’ then
(@)F=F (b) F>F (c)F<F (d)F>> F

(iv) Earthing means

(a) to perform an experiment on Earth (b) to burry the device in the Earth

(c) To put the device on Earth (d) Process of sharing charges with Earth
(V) If a negatively charged rod touches a conductor, the conductor will be charged by what
method?

(a) Friction (b) Conduction (c) Convection (d) Induction

Answers : (b), (b), (a), (d), (b)

2. Concept of Electric Field:
Electric field is an elegant way of characterizing the electrical environment of a system of
charges. Electric field at a point in the space around a system of charges tells you the force a
unit positive test charge would experience if placed at that point (without disturbing the
system). Electric field is a characteristic of the system of charges and is independent of the test
charge that you place at a point to determine the field
(1) Which of the following statement is correct? The electric field at a point is
(a) always continuous. (b) continuous if there is a charge at that point.
(c) discontinuous only if there is a negative charge at that point.
(d) discontinuous if there is a charge at that point
2. The force per unit charge is known as

(a) Electric Field (b) Electric Flux (c) Electric Current (d) Electric potential.

3. The Sl unit of electric field is



(a)N/C  (b)V/m (c)Vm (d) both (a) and (b)
4. A proton of mass ‘m’placed in electric field region remains stationary in air then magnitude
of electric field is
(@) mge (b)mg/e (c)e/mg (d) e’g/m?
5. Electric field is
(a) Vector (b)Scalar (c)tensor (d) none of the above

Ans: b,a,d, b,a

3. Electrostatic Shielding :
Consider a conductor with a cavity, with no E
charges inside the cavity. A remarkable |
result is that the electric field inside the iy =——"7l
cavity is zero, whatever be the size and
shape of the cavity and whatever be the
charge on the conductor and the external b V<0, V=V, 4
fields in which it might be placed i.e. any
cavity in a conductor remains shielded from Conducting ™
outside electric influence: the field inside boly / 6<0 \
the cavity is always zero. This is known as 5
electrostatic shielding. Faraday Cages uses
this effect to protect sensitive instruments
from outside electrical influence.

V=1
< Constant

6<0i /“"E—: 0

1. A metallic shell having inner radius R1 and outer radii R2 has a point charge Q
kept inside cavity. Electric field in the region R1 < r < R2 where r is the distance from
the centre is given by

(a) depends on the value of r (b) Zero

(c) Constant and nonzero everywhere (d) None of the above

2. The electric field inside the cavity is depend on
e Size of the cavity
e Shape of the cavity
e Charge on the conductor
e None of the above
3. Electrostatic shielding is based
e electric field inside the cavity of a conductor is less than zero
e electric field inside the cavity of a conductor is zero
(c) electric field inside the cavity of a conductor is greater than zero
(d) electric field inside the cavity of a plastic is zero
4. During the lightning thunderstorm, it is advised to stay
e inside the car (b) under trees
(c) in the open ground (c) on the car



5.  Which of the following material can be used to make a Faraday cage
(based on electrostatic shielding)

e Plastic

e Glass

e Copper

e Wood
Answer: 1.b 2. d 3. b 4. a 5.C
4. Capacitor:

A capacitor is a device that stores electrical
energy in an electric __ field. It is
a passive electronic component with
two terminals. The effect of a capacitor is
known  ascapacitance. While some
capacitance exists between any two
electrical conductors in proximity in
acircuit, a capacitor is a component
designed to add capacitance to a circuit.

1. The energy of a charged capacitor is given by the expression ( g = charge on the conductor
and C = its capacity)

(a) (b)  (c)2qC (d)
2. The condensers of capacity C1 and C; are connected in parallel, then the equivalent
capacitance is
(@ G+C (b)) ()  (d)
3. A parallel plate condenser has a capacitance 50 u F in airand 110 puF when immersed in an
oil. The dielectric constant 'k’ of the oil is
(a) 0.45 (b) 0.55 (c) 1.10 (d) 2.20
4 The energy of a charged capacitor resides in
(a) The electric field only (b) The magnetic field only
(c) Both the electric and magnetic field (d) Neither in electric nor magnetic field

5. The capacity of a parallel plate capacitor is C. Its capacity when the separation between the
plates is halved will be

(a)ac (b) 2C (c) €/2(d) c/a
Ans: (a), (a), (d), (a), (c)
Short Answer Type Questions ( 2 Marks)
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1. A spherical Gaussian surface encloses a charge of 8.85 x 1071°C.
(i) Calculate the electric flux passing through the surface.
(ii)) How would the flux change if the radius of the Gaussian surface is doubled and why?

g 885x107"

=—_—=
Solutions: (i) Total flux enclosed %0 $:83%107° 1901 m2

(ii) The flux would not change if the radius of Gaussian surface is double because
enclosed charge remains the same.

2. Two point charges g1 = 10 x 10~8C and g2 = —2 x 10~8 C are separated by a distance of 60 cm
in air.

(i) Find at what distance from the 1% charge, g1, would the electric potential be zero.

(ii) Also calculate the electrostatic potential energy of the system.

Solution:

qy
: b
(i) Here, g1 =10% 1078C, g2 = —2x 108 C
And AB=60cm =0.60=0.6 m

Let AP =x

Then, PB=0.6 — x

a=) -
4

_ kg,
|

Potential P due to charge AP
_ kq,

. q, =
Potential P due to charge PB
po0= X kg _

"’ Potential at AP PB
k4 9

AP PR AP FB
,mxm*_—{ixlﬂ'“}:m_ 2
ox 6-x xr 06-x
2x=00-10xr=2x+10x=6

.'.12.T=ﬁ:>x=£=ﬂ,5m
12

~.Distance from first charge =0.5=50cm
(i) Electrostatic potential energy of the system

U=k hd:
r
, 10107 x(-2x107)
U:'}x[ﬂjx
0.6
_ b -
[ :M:;,D':—E{]x]ﬂ_h =3x=107 ]

0.6
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3. Two point charges 4Q, Q are separated by 1 m in air. At what point on the line joining the
charges is the electric field intensity zero? Also calculate the electrostatic potential energy of
the system of charges, taking the value of charge, Q=2 x 10~ C.

Solution

b . ¢ Electrostatic potential energy of the system
1 X II:r l -x ﬁ iS

-t I m -

Let the point be at a distance x from U=k 9z

4Q charge. r i
Electric field at P due to 4Q = Electric field — = 100 _ k 4

at Pdueto Q ¥ r
k=2 0 4x(2x107)
ch=ma sk TS Uzﬁ}xlﬂr"x—{ )

@ 1)
14

i_lz I j::‘E:iL {Jrzgx]ﬂqx4x4x|ﬂ

o (l-x) l-x

2_1 2 1 U=144x107 =1.44x107"]
x l-x x 1-x

X=2—2xor—x=2—2x
X+2x=20r—x+2x=2

3x=2o0orx=2

2
x=—

Jorx=2
" x =2 mis not possible
) 2
L. =—=

Im

4. (i) Can two equi-potential surfaces intersect each other? Give reasons.

(ii) Two charges —q and +q are located at points A (0, 0, —a) and B (0, O, +a) respectively. How
much work is done in moving a test charge from point P (7, 0, 0) to Q (-3, 0, 0)?

Solution:

(i) Two equipotential surfaces cannot intersect each other because when they will intersect, the
electric field will have two directions, which is impossible.

(ii) Charge P moves on the perpendicular bisector of the line joining +q and —q. Hence, this
perpendicular bisector is equidistant from both the charges. Thus, the potential will be same
everywhere on this line. Therefore, work done will be zero.

5. Figure shows three point charges +2g, —q and + 3g. Two charges + 2q and —q are enclosed
within a surface ‘S’. What is the electric flux due to this configuration through the surface ‘S’?



Solution:

%  where £ujs the permittivity of free space.

The net electric flux through the surface ‘S is
6. (i) Net capacitance of three identical capacitors in series is 2 uF. What will be their net
capacitance if connected in parallel?

(ii) Find the ratio of energy stored in the two configurations if they are both connected to the
same source.

Solution:

(i) When connected in series, the net capacitance is 2 BIF.

When connected in parallel,
Ceq=C1+C+C3=6uF +6 puF + 6 uF = 18 pF.
(ii) Energy for series combination

E‘=%Cuql‘l’3=%x2x]ﬂ'ﬁxlf (1)

Energy for parallel combination

1 Lo ,
Ep=5Cﬁ..nI’ =Ex18xlﬂ“"xi {2}
As both are connected to the same source

lxleﬂ'{’xi’
2

1

El-
E, %xiﬂxlﬂ"’x}’ 9

T
7. Plot a graph showing the variation of coulomb force (F) versus (" ], where ris the distance
between the two charges of each pair of charges: (1 uC, 2 vC) and (2 uC, — 3 uC). Interpret the

graphs obtained._

Solution: Graph between F vs
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For (1pC, 2uC) For (2uC — 3uC)
F

F ql 2 N
Slope m =z— "

For (2uC, -3uC) 1 ¥

Interpretation

(i) Graphs show that F a 1/r?

(i) Slope gives a constant value and depends only on nature of charges and medium.
(iii) It graph is for repulsive force in It quadrant and 11" graph is for attractive force in
IVth quadrant i.e., F > 0 and F < O respectively.

8. A test charge ‘g’ is moved without acceleration from A to C along the path from A to B and
then from B to C in electric field E as shown in the figure. (i) Calculate the potential difference
between A and C. (ii) At which point (of the two) is the electric potential more and why?

-

By\-*
I
L
2.0 L---x L0
( 1{_ A[ﬁl}

-

Solution:

Since work done is independent of the path therefore we may directly move from A to C.
Potential difference between A and C,

[
V.-V, =—[E-dl
A

-
=—[ Edi cos180°
A

o

=—E(-1)] dl

A

=F x4
=4F
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SO, Ve —Va=4E

(ii) Electric potential will be more at point C as direction of electric field is in decreasing
potential. Hence

Vc > VA

9. An electric dipole is held in a uniform electric field.

(i) Show that the net force acting on it is zero.

(ii) The dipole is aligned parallel to the field. Find the work done in rotating it through the angle
of 180°.

Solution:

(i) Consider an electric dipole consisting of two equal and opposite point charges, —q at Aand +

g at B, separated by a small distance 2a.
i —

E

B
TG gk
' >

I
2a :
I
' >
_qE.‘_AM B——
AB = 2q, having dipole moment -
15l =4q(2a)

Let this dipole be held in a uniform external electric field E atan angle Pl with the direction
of £.
Force on charge —qat A= —q E, in a direction opposite to E

Force on charge +q at B = +q E, along the direction of E
Net force on the dipole=qE —qE=0

(ii) Work done on dipole, W = BIU = pE (cos ¢1 — cos &)
W = pE (cos0° — c0s180°)

W = 2pE

10 A slab of material of dielectric constant K has the same area as that of the plates of a parallel
plate capacitor but has the thickness d/2, where d is the separation between the plates. Find
out the expression for its capacitance when the slab is inserted between the plates of the
capacitor.
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Solution: Initially when there is vacuum between the two plates, the capacitance of the two
— 1::IZI"{|il

parallel plate is, Yod

Where, A is the area of parallel plates.

Suppose that the capacitor is connected to a battery, an electric field Eo is produced.

Now if we insert the dielectric slab of thickness t=d/2 the electric field reduces to E.

Now the gap between plates is divided in two parts, for distance t there is electric field E and

for the remaining distance (d-t) the electric field is Eo.

If V be the potential difference between the plates of the capacitor, then V=Et+Eo(d-t)

Ed Ed d d
V=—+—=—(E+E v E=—
>+t 2( o) ( 2}
d E dE E
= V=—i—L+E,)=—2(K+I As, —2=K
2{K+ o) 2}{( | £ )
Now, B, =2 =9 y-9 9 g
Ei? Eﬂh I:\'-'l'.l
Wekmw,t:i:zKE”ﬁ
Vod(K+1)

Short Answer Type Questions ( 3 Marks)

1. Three identical capacitors C;1, C; and Cs of capacitance 6 puF each are connectedtoa 12V

battery as shown.
£y
|1
I

|1
11
'y
Find
(i) charge on each capacitor

(i) equivalent capacitance of the network

(iii) energy stored in the network of capacitors

Solution:

The 12 V battery is in parallel with C;, C, and Cs. C; and Czare in series with each other
while Gsis in parallel with the combination formed by C; and C..

Total voltage drop across Cz =12V

qs = cv

Where, g = Charge on the capacitor

Ci1, C5, C3 = 6 YF (Given in the question)

g3=6x12=72 uC

Voltage drop across C; and C; combined will be 12 V.
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Let the voltage drop at C;1 = V;
Let the voltage drop at C2 = V>
Then,

V=Vi+V,

As both the capacitors are in series,
i =g, =4
Then,

1 1
—t—t=12
q{ﬁ 6}

]
x—=12
3

Or,
g = 36 micro coulombs
Thus, charge on each of C; and Cz is 36 coulombs.

2. (a) Depict the equipotential surfaces for a system of two identical positive point charges
placed a distance ‘d’ apart.
(b) Deduce the expression for the potential energy of a system of two point charges g1 and

gzbrought from infinity to the points l'and "2 respectively in the presence of external electric
field E.

Solution:

(a)

/— Equipotential surface

d2

L

(b)

The work done in bringing charge g1 from infinity to ¥ is g1V(™).
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Work done on g; against external field = g2 V(7?)

Work done on g, against the field due to g1

__94:
dne n,

Where, r1; is the distance between g1 and ga.
By the superposition principle for fields,

[qzlf{;z]+—q'qz ]

dne .,

Work done in bringing g2 to 2 is 2

Thus,

Potential energy of system = The total work done in assembling the configuration

=gV (r)+ gV () + 22
& F

w1l

3. A parallel-plate capacitor is charged to a potential difference V by a dc source. The capacitor
is then disconnected from the source. If the distance between the plates is doubled, state with

reason how the following change:
(i) electric field between the plates

(ii) capacitance, and

(iii) energy stored in the capacitor

Solution:

the area of the plates does
not change, the electric field
between the plates also
does not change.

the capacitor gets halved
when the distance between
the plates is doubled.

(i) (i) (i)
Q=cv Let the initial capacitance Energy of a
Q—[M]{Ed} beCa.:dthebfingl :lQ_E
d capaci .ance eC. capacitor, U 2 C
O =g AE Accordingly, Since Q remains the same
0 .:‘:M but the capacitance
E=— d
e A decreases,
[
. g ' ":DA 1 Q:
Therefore, the electric field | €' = Sd U= = _
between the parallel plates 2 [C]
C
depends only on the charge e =2 2
and the plate area. It does u 1
not depend on the distance | ('= E T
between the plates. 2 )
Since the charge as well as Hence, the capacitance of U =20

The energy stored in the
capacitor gets doubled
when the distance between
the plates is doubled.
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4. Using Gauss’s law derive an expression for the electric field intensity at any point ‘r’ distance
away from a uniformly charged wire of infinite length having linear charge density A C/m. Draw
a graph to show the variation of E with perpendicular distance r from the line charge.

Solution:

(a) Direction of Electric Field:

Consider an infinitely long thin straight wire with uniform linear charge density A. The electric
field is everywhere radial in the plane cutting the wire normally, and its magnitude depends
only on the radial distance r. (outward if A > 0, inward if A < 0).

(b) Magnitude of electric Field:

To calculate the field, imagine a cylindrical Gaussian surface, as shown in the Fig. Since the field
is everywhere radial, flux through the two ends of the cylindrical Gaussian surface is zero. At
the cylindrical part of the surface, E is normal to the surface at every point, and its magnitude is
constant, since it depends only on r. The surface area of the curved part is 2nrl, where | is the
length of the cylinder.

Flux through the Gaussian surface = flux
through the curved cylindrical part of the (.
surface = E x 2nrl

IIIIIH] | TR |
..”--.

FhiE

The surface includes charge equal to A |. > = \. _

l”.”

Gauss’s law then gives E x 2mtrl = Al/gg

i.e., Vectorially, E at any point is given
bywhere n is the radial unit vector in the
plane normal to the wire passing through

the point. E is directed outward if A is 1 —*.r
positive and inward if A is negative.

5. State Gauss’s law in electrostatic. Use this law to derive an expression for the electric field
due to a uniformly charged infinite plane sheet. An infinitely large plane sheet has a uniform
charge density +o. 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:



Direction of E:- Let o 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 ony 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 rectangular parallelepiped of cross-
sectional area A, as shown. (A cylindrical surface 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, therefore, do not contribute to the total flux.

Bairlace

The unit vector normal to surface 1 is in —x ¢ charge densisye
direction while the unit vector normal to
surface 2 is in the +x direction. Therefore,

flux E.AS through both the surfaces are

equal and add up. Therefore the net flux . —
through the Gaussian surface is 2 EA. The FIGURE

charge enclosed by the closed surface is oA. —_

Therefore by Gauss’s law, E,

2 EA =0A/go

or, E=0/2go

Vectorically, E = 0/2eon © where n” is a unit —> 1

vector normal to the plane and going away
from it.

Long Answer Type Questions ( 5 Marks)

1. Derive the expression for the energy stored in a parallel plate capacitor of capacitance C with

air as medium between its plates having charges Q and — Q. Show that this energy can be
l.c.'”l:'_"h d

expressed in terms of electric field as 2 where A is the area of each plate and d is the

separation between the plates.

How will the energy stored in a fully charged capacitor change when the separation between

the plates is doubled and a dielectric medium of dielectric constant 4 is introduced between the

plates?

Solution:
Consider a situation when one plate has a charge Q' and the other plate will also have charge

—Q’.



QF
The voltage between the plates will be € . A small charge equal to §Q’ is transferred from the
negative plate to the positive plate. A small work §W is done in this process.
L0
sw=véQ==C or

100
Energy stored=2 € (1)
Now,
Q = 0A where o — Surface charge density
£,4

d where A — Area of the plates and d — Separation between the plates
Putting these values in equation (1), we obtain

1QE_15-’A3d_1.:r

d _2C 2 g4 2 &, (2)

Energy store
Now, we know that,

E=2
Electric field, €

=l.r:n E*ad

Therefore, energy stored 2
When distance between the plates is doubled and the dielectric constant is 4, the energy stored

Yag, T qoa =Ls T 44

= 0
in the capacitor will be 2 l6e, 4 &
Thus, the total energy will become half when the distance between the plates is doubled and
the dielectric constant is 4.

2. Define the term dipole moment P of an electric dipole indicating its direction. Write its Sl unit.

An electric dipole is placed in a uniform electric field E . Deduce the expression for the torque
acting on it. In a particular situation, it has its dipole moment aligned with the electric field. Is
the equilibrium stable or unstable?

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)

Where,

p = Electric dipole moment

g = One of the charges

2a = Length of the electric dipole

Its direction is from negative charge to positive charge.



Its Sl unit is coulomb metre.

—aF oA
*
T = Either force x Perpendicular distance between the two forces
=g E(2asin )
=t1=pEsing
s T=pxE
=1(F)=pEsint
For equilibrium t(9) =0,
pEsing=0
=sind=0
=¥=0°0r180°
When the dipole is aligned along the electric field,
U=0°
Now,
U — Potential energy
U=—pEcosB
=—pEcosO°
=—pkE
The potential energy is minimum at ¢ = 0.
Hence, the dipole is in stable equilibrium.

Y

3. Derive an expression for the energy stored in a parallel plate capacitor.
On charging a parallel plate capacitor to a potential V, the spacing between the plates is halved,

and a dielectric medium of =~ 10 is introduced between the plates, without disconnecting the

d.c source. Explain, using suitable expressions, how the (i) capacitance, (ii) electric field and (iii)
energy density of the capacitor charge.

Solution:

Energy stored in a parallel plate capacitor:
At any intermediate stage, suppose charge on conductor 1 is + g and charge on conductor 2 is

_q.
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1 2

~.Potential difference between conductors 1 and 2 is q/C, where C is the capacity of the

capacitor.

Suppose the capacitor is charged gradually and at any stage, the charge on the capacitor is g.
9

= Potential of capacitor = ¢
Small amount of work done giving an additional charge dg to the capacitor is

)
dw == d\
C q

Total work done in giving a charge Q to the capacitor

'f—ﬂ:'q 1 q: 4=
W= j-dq:- 4

W C | 2

q =11

w-Ll<

c2
As electrostatic force is conservative, this work is stored in the form of potential energy (U) of

the capacitor.

2
v=w=-1<
2 C
PutQ=CV
vy ,
PO (L0 N o
2 C 2
| .
U ==CF"
2
(i) Let € be the charge in capacitance. (i) Charge of field:
, ¥
E-r
7
=2 _g.g-r
d dE

Charge of energy density:

U, =%£,;’ £, U =%><gn x4E> %10

U =400,




= ked
i

‘.'d'=%andk =g =10

_EA
d
_10xg,x A

SO

C#’

4 (a) Define electric flux. Write its Sl unit.

b

(b) The electric field components due to a
charge inside the cube of side 0.1 m are as

shown: E. =% \Where a = 500
N/C-m E,=0,E,=0 i .
Calculate (i) the flux through the cube and o1 m T Tm

(ii) the charge inside the cube

(a) Electric flux:

It is the number of electric field lines passing through a surface normally.
S.I unit of flux = Nm?C-!

(b) Here, Ex=ax, E,=0,E;=0

o =500 N/C-m, Side of cube a=0.1m

Since the electric field has only x-component,

P =E-AS=0 for each of four faces of cube L to y-axis and z-axis.

- Electric flux is only for left and right face along x-axis of the cube.
(i) Electric field at the left face, x =g, is

E =wa

g, = E, -AS =aaxa’ cos180° = —ad’ [ E = ax]
and electric field at the right face, x=a + a = 2aq, is
sE, :a(Ea]

#, = ERE :.of{za].uj cos0° = 2ea’

~ Net flux through the cube = bt é,



=—aa’ +2aad’

=aa’

=500%(0.1)°

=0.5Nm"C"'

(ii) By Gauss’s law,

q =&,

=8.85x10"" x 0.5=4425x10" C

5. (a) Define electric dipole moment. Is it a scalar or a vector? Derive the expression for the
electric field of a dipole at a point on the equatorial plane of the dipole.

(b) Draw the equipotential surfaces due to an electric dipole. Locate the points where the
potential due to the dipole is zero.

Solution:

(a) Electric dipole moment: The strength of an electric dipole is measured by the quantity
electric dipole moment. Its magnitude is equal to the product of the magnitude of either charge
and the distance between the two charges.

Electric dipole moment, p=qxd

It is a vector quantity.

d , where the direction of 9 is from negative charge to

In vector form it is written as =4 *
positive charge.

Electric Field of dipole at points on the equatorial plane:

d«;h

i .p

The magnitudes of the electric field due to the two charges +g and —q are given by,
7 | (i)

= —
dne, r +a

d_h:l

1 ..
E =1 (i)
' dne, r+a

LE, . =E

+q |
The directions of E.q and E—4 are as shown in the figure. The components normal to the dipole
axis cancel away. The components along the dipole axis add up.



~ Total electric field

E=—E,+E )cosbp [Negative sign shows that field is opposite to ¥ ]

N
. L— - (iii)
dne (r° +a’ )
At large distances (r >> a), this reduces to
2ga . .
E=- - p IV
dme,r

Cp=gx Ef}
E = P = (r==a)
dme

(b) Equipotential surface due to electric dipole:
| v=o0v

iy | |

The .potential due to the dipole is zero at the line bisecting the dipole length.

MM 35 Class Test : Electrostatics Time : 90 minutes

e Figure given below shows two points A and B in a uniform electrostatic field. At which
point ( of the two ) the electric potential more and why?(1)
—
B4

—

e Why does electric field inside a dielectric decrease when it is placed in an external
electric field? (1)

e Which physical quantity has its unit J/C? Is it a scalar or vector quantity? (1)

e Define the term electric flux. Is it a scalar or vector quantity? (1)

For question numbers 6 to 7, two statements are given-one labelled Assertion (A) and the
other labelled Reason (R). Select the correct answer to these questions from the codes (a),
(b), (c) and (d) as given below.

e Both AandR are true and R is the correct explanation of A

e Both Aand R are true but R is NOT the correct explanation of A

e Ais true but R is false



e Aisfalse and R is also false

e Assertion(A): Work done by the electrostatic force in bringing the unit positive
Charge form infinity to the point P is positive.
Reason(R): The force on a unit positive test charge is attractive, so that the
electrostatic force and the displacement (from infinity to P) are in the same
direction. (1)

e Assertion(A): The interior of a conductor can have no excess charge in the static
situation Reason(R): Electrostatic potential is constant throughout the volume of
the conductor and has the same value (as inside) on its surface. (1)

Case Study Based Question No 7 ( answer any four Questions) ( 4 Marks)

e Frictional Elecricity:

When a glass rod is rubbed with silk, the rod acquires one kind of charge and the
silk acquires the second kind of charge. This is true for any pair of objects that are
rubbed to be electrified. Now if the electrified glass rod is brought in contact with
silk, with which it was rubbed, they no longer attract each other. They also do not
attract or repel other lightobjects as they did on being electrified.

Silk thread Silk thread Silk thread

Plastic rod
5

e  When you charge a balloon by rubbing it on your hair this is an
example of what method of charging?

(a) Friction (b) Conduction (c) Grouning (d) Induction
¢ Neutral atoms contain equal numbers of

and

(a) Electrons and Protons (b) Protons and Electrons

(c) Neutrons and Electrons (b) Protons and Neutrons
e Which particle in an atom can you physically

manipulate?

e Protons (b) electrons (c) neutrons

(d) you can't manipulate any particle in an

atom




e The cause of charging of a body is
(a) transfer of electrons (b) transfert of neutrons
(c) Transfer of neutrons  (d) all of the above.

(5) Negatively charged rod is touched to the top of an electroscope,

which one is correct in the given figure

~
J
T "T’ T —
j |

I\ A\ \
. A
e B
e C
e D

An electric dipole of length 10 cm having charges + 6 x 1073, placed at 30° with respect to
a uniform electric field, experiences a torque of Nm. Calculate the magnitude of the
electric field. (2)

A charge ‘q’ is placed at the centre of line joining two equal charges Q. Show that the
system of the three charges will be in equilibrium if . (2)

Two point charges 5 x 10 C and -2 x 108 C are separated by a distance 20 cm in air.
Calculate electrical potential energy of the system taking zero of the potential energy at
infinity. (2)

Three capacitors of capacitance 6 u F are connected to a 12 V battery as shown.
Cl

=
12¥

Find (i) Charge on the each capacitor.

(ii) Equivalent capacitance of the network.

(iii) Energy dtored in the network of the capacitor. (1+1+1)
Derive an expression for the electric potential due to an electric dipole at a point ‘r’
distance away from the centre of the dipole and making an angle with the electric
dipole moment. (3)
Two point charges 3 uC and -3 uC are located 20 cm apart. Calculate electric field at the
mid point O of the line AB joining the two charges? Also calculate the force experienced
by a negative test charge of magnitude 1.5 x 10° C placed at this point. (3)
Derive an expression for the energy stored in a parallel plate capacitor C charged to a
potential difference V. (3)
State Gauss’s theorem in electrostatics. Using this theorem, derive an expression for the
electric field at any point due to a thin, infinitely long wire of uniform charge density A



C/m. Also draw a graph showing the variation of electric field with distance of the point
from the wire. (1+3+1)



UNIT 2
CHAPTER 3, CURRENT ELECTRICITY

Electric current:-The flow of electrically charged particles through a conducting circuit due to
the presence of a potential difference is called electric current

The current in a circuit is the amount of charge flowing through any cross sectional area of the
conductor in second; its symbol is I.

Sl unit of current is ampere (coulomb per second). It is a scalar quantity.

[ Charge _ q
Time t
If g=1 Coulomb ,t=1sec so Current I = 1Coulomb/1sec = 1 Ampere

Ampere: - If one coulomb charge is passing through any cross sectional area of a conductor in
one second then current in the conductor is called one Ampere.
Direction: - Current flow from higher potential (positive) to lower potential (negative).
Current flow along the motion of positive charge or opposite to the motion of electron
(negative) because electron move opposite to the motion of positive charge. So, conventional
current is opposite to the electronic current. Current is scalar because it can be add or subtract
by ordinary algebraic method.
R + 1 *
) e
E——»
A HE «
DRIFT VELOCITY: -Conduction in metals is due to motion of free electrons. The free electron
moves through the conductor with very high thermal velocity of the order of 0 to 10°m/sec. It is

due to their thermal energy at room temperature. Since electrons are moving randomly in all
directions.

Jll

So average velocity of electrons is zero i.e. there is no net flow of electrons in any direction.
When the two ends of the conductor are connected to the battery a electric field E is set up
along the length of the conductor from +ve to ve terminal. Now electron experience a force F=
eE - --(1)

Due to this force the electron get accelerated towards +ve terminal. During their motion they
collide with each other and with atoms of the conductor. However an electron acquires an
extra velocity but this velocity is destroyed at each collision. The net result is a slow drift of the
electrons towards +ve terminal and they acquire a certain average velocity called drift velocity.
The average velocity of free electrons with which they get drifted towards the +ve terminal
under the influence of external electric field is called drift velocity.

If ‘m’ is the mass of electron and ‘@’ is the acceleration produced then,F = ma - - (2)
Comparing equ.1 and eq2. So acceleration acquired by electron qE =ma so a=qE/m -(3)
Average time taken between two successive collisions is called relaxation time (). It is




characteristic of the given conductor. It is equal to 10'*sec.

t+t, +t+t,+ - - - - - - - t,
- n
The drift velocity v =uay+a =0+ a Hence a=vq4/ (4)Comparingeq3 & 4.
V_dzﬂ Lo e E 1 v, = elVr
T m . m ml
Therefore Hence Since V=Ex/

This last result tells us that the electrons move with an average velocity which is independent of
time, although electrons are accelerated. This is the phenomenon of drift and the velocity vq is
called the drift velocity.

Current in terms of drift velocity: - Consider a conductor of length ‘I'& area of cross section ‘A’
connected by a battery. Electron density ‘n’, then drift velocity vq=e V/ml

Distance travelled by electron intsecis d = vq t

Volume occupied by the electron intsecondis V= A d = A (vq t)

Total no of electron occupied intsecis N =n V= n A vgt

Total charge passing through the cross sectionintsecisqg = N e = (nAvgt)e
Electriccurrentl= q/t = nAvgte/t | =vgenA .

Current Density: - Current per unit area is define as current density J, it is a vector quantity.
Direction of J is along drift velocity i.e. perpendicular to the cross section area. Its unit is A /m?.
I v,enA

J:z P Hence J =Vaen J=erEen/m

Mobility:- mobility isBidefined as the magnitude of the drift velocity per unit electric field: u =
Vo _eT

E m

The Sl unit of mobility is m?/Vs and is 10* of the mobility in practical units (cm?/Vs). Mobility is
positive.

Derivation of Ohm’s Law: - Drift velocity va=e V /ml- - -( 1) (n- electron density, A-area of
cross section)

1=YT ena — V:("’“’Ji

2
. m ! etnAd
But electric currentl=vqgen A

V=R Thisis Ohm’s law.

. . ml
Where R is a constant known as resistance R =

Teen A4

Electric Circuit:-The whole path along which the electric current flow is known as electric
current. An unbroken path travelled by current is known as open circuit. A broken path of
current is known as closed circuit.

Ohm’s Law:-George Simon Ohm (German) established a relation between current & potential
difference in 1826. It state that-“If there is no change in physical conditions such as-
temperature, length, density, area of cross section etc then, the current flowing in a metallic
conductor is proportional to the potential difference applied across it”.
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If I current is flowing through the circuit & potential difference developed is V. Then from

Ohm'’s law | V HenceV | V=RI

This is mathematical form of Ohm’s law. If we plot a graph between voltage and current we

obtain a straight line.

Where R = V /| is a proportionality constant known as resistance of the conductor.

Its value depends on length, area of cross section, temperature & nature of the substance. A

conductor having resistance is called resistor. The resistance R of a conductor is the property

due to which it opposes the flow of current through it. The Sl unit of resistance is ohm.

R:K :ﬂ = R=1 _Velt = R=1Q (Ohm)
1 1 Ampere Ampere

/ / -

. . =
junctions

If one-ampere current is flowing through a conductor & p.d. developed across its terminals is 1
Volt then resistance of the conductor is 1 Ohm.

C.G.S. unit of resistance is State Ohm or e.s.u. of resistance. 1 State Ohm =9 10! Ohm

If the metallic conductor obeys the Ohm's law, we call it an Ohmic conductor e.g. metals Many
devices do not obey Ohm's law i.e. diode, transistor, thermistor, discharge tube, filament in a
light. Those substance for which graph between voltage and current is a straight line are called
Nonohmic substance.
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2.10 Resistivity (Specific Resistance): -Resistance of a conductor depends on following factor-
(1)Length:-If length of the conductor increases then electron has to travelled longer distance,
which increase no of collision hence current decreases. Thus resistance of the conductor is
directly proportional to length ‘I’ of the conductor. R I (1)

(2) Area of cross section: - If area of cross section is large then no of free electron available per
unit length are more which increases the current hence resistance decreases. thus resistance is
inversely proportional to area of cross section ‘A’ of the conductor. R 1/A - - - (2)




(3)Nature of the material: - Resistance of any object depends on the nature of the substance
of the material of the conductor e.g. resistance of the Cu is less than the resistance of Fe of
same length & same area of cross section. Combining eql & eq2 R I/A

R= P!

A

Where p = e is proportionalty constant known as resitivity of the material

It is a constant for a material & depends on its temperature only. Resistively does not depend
on the length & area of cross section of the conductor. IfA=1m? &/=1m
then =R

Resistance of a wire of unit length and unit area of cross section is defined as Resistivity.

OR - Resistance between two sides of a cube of unit side is defined as Resistivity. Its unit is m.
For insulator like amber, glass, wood, mica, Teflon has > 10%. a- Temperature coefficient of

Resistivity

High Resistivity of alloy: Nichrom is alloy of Ni & Cr. Since size of Ni & Cr have different size,
they are arranged

randomly relative to each other, so the free electrons have to travel through a random medium
and suffer more collision. Hence alloy has high resistivity. In metals there is systematic
& regular arrangement of the atoms so collision of electrons is less hence their less resistivity.
Conductance (G): -The conductance is defined as the reciprocal of resistance. Conductance is

the properties of a body due to which it provides easy flow of current through a body.
1 I

R V
The Sl unit of conductance is ** (= Amp / Volt ) also known as Mho or Siemen.
Conductivity ( ) : -The conductivity is defined as the reciprocal of resistivity. Conductivity is of a

1 ne'r
Conductivity 0 = —=——
material is its ability to conduct electric current. P m The SI unit

of conductivity is Mhom? .

Effect of Temperature to Resistance & Resistivity: -The resistivity of a any object only depends
on nature of the substance i.e. free electron density & temperature of the body.
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[a] Metals: -As the
temperature of metal increases, the effect leads to increase in resistance and decrease in

conductivity as shown in the figure. In a normal metal conductor, current flow due to motion of



the electrons. The motion of the electrons is impeded by collisions with the atom& ions in the
lattice. As the temperature increases, the vibrations amplitude & frequency of the atoms
increases. Due to this the thermal velocity of the electron increases so time between two

eE t

\%
successive collision decreases i.e. relaxation time ( ) decreases. Since ’ m  that the
mean drift speed of the charge carrier decreases. Hence Current [I =vq e n A], decreases.

So resistance(R=V/I) & resistivity of the material increase [R =m|/ne?/].
Resistance at temperature ‘t’is Rt=Ro[1+ at]
_R-R&,

R, t

(24

Where is a constant known as temperature coefficient of the resistance. Change

in resistance per unit resistance for one-degree rise in temperature is called temperature

coefficient of the resistance . Its unit is K or C1.For metal . Is positive & for insulator and

semiconductor is negative.

Alloy like Magnin (alloy of Mn, Ni, Cu and Fe), Constantan, Eureka etc has low value of
temperature coefficient due to this there is no significant change in the value of their resistance
for a small range of temperature. Hence their resistance is constant. That’s why these alloys are
used as standard resistance.

Resistivity at temperature t is p=p [1+at]
Where ; - is temperature coefficient of resistivity & - resistivity at zero degree Celsius.

[b] Semiconductor: -Semiconductors has negative value of temperature coefficient i.e.
resistance or resistivity of semiconductors decreases with increase in temperature.

Reason-at room temperature they posses less no of free electrons but at high temperature free
electron density increases.

[c] Insulator: -Resistance or resistivity of insulator increases exponentially with increase in

temperature.

E,/kT

T . — g
7 7 P, = pPn €
E g = energy gap, k-Boltzmann constant. RCSlSllVlly at temperature L 1s t 0

Reason-at room temperature they posses less no of free electrons but at high temperature free
electron density increases. AtT = 0 K, =0
m

Resistivity of a material is given by p ne’r . BIThus depends inversely both on the number n of
free electrons per unit volume and on the average timellbetween collisions. As we increase
temperature, average speed of the electrons, which act as the carriers of current, increases
resulting in more frequent collisions. The average time of collisions , thus decreases with
temperature. In a metal, n is not dependent on temperature to any appreciable extent and thus
the decrease in the value of Blwith rise in temperature causes Blto increase as we have
observed.

For insulators and semiconductors, however, n increases with temperature. This increase more
than compensates any decrease in Blin Eq. so that for such materials, Bldecreases with
temperature.



[d] Electrolyte: - With increase in temperature viscosity of liquid decreases, now the ions have
more freedom to move in electrolyte, hence resistivity decreases. The resistivity of electrolyte
decreases with increase in temperature & vice versa.

Superconductivity: - As temperature of a substance decreases its resistance decreases. The
temperature at which resistance of the substance reduces to zero is known as transition or
critical temperature.

The resistance of certain metals and their compounds or alloys may reduce to zero at certain
low temperatures. This phenomenon is called superconductivity. Materials of zero resistance
are called superconductors.

Note: 1. Superconductor becomes super conducting only below a certain transition
temperature.

2. Different metals have different transition temperatures. 3. Usually, transition temperatures
are within a few degrees of absolute zero. 4. The benefit of using superconductors is no energy
is wasted as heat. 5. The drawback of using superconductors is the energy needed to
refrigerate them, but the net energy saving is great. 6. People are still studying new materials
for superconductors. The goal is to find high- temperature superconductors that can
superconductor even at room temperature.

Applications: - [1] Super conducting strong electromagnets for research in higher energy
physics. [2] Electric motors and generators. [3] Long distance power transmission lines without
energy loss.[4] For frictionless transport high-speed train without rail, electric cars... etc.[5]For
storage memory of computers. [6] Huge saving in energy bills. [7] Medical science [8] In
Electronics.

Heating (Joule’s) Effect of Current: - When electric current passed through a conductor wire, it
becomes hot after some time. The production of heat due to flow of current in a conductor is
known as heating effect of current. Joule so also know as Joule’s effect or Joule’s heating effect
first observed this effect. (In 1941)

Cause: - In heating effect, electrical energy converted into heat energy. When a potential
difference is applied across the two end of a conductor wire, an electric field is set up. Due to
this electric field the large number of electron present in conductor experience a force and they
get accelerated opposite to the electric field (i.e. from —ve side to +be side).

Their kinetic energy would increase as they move. We have, however, seen earlier that on the
average, charge carriers do not move with acceleration but with a steady drift velocity. This is
because of the collisions with ions and atoms during transit. During collisions, the energy
gained by the charges thus is shared with the atoms. The atoms vibrate more vigorously, i.e.,
the conductor heats up.

The electron drifted with very high speed of the order of 10> m/sec and suffer collisions with
positive metal ions or atoms.

In collisions electron transfer their kinetic energy to the atom and ions. Hence the average
kinetic energy of vibration of the atoms and ions increases and consequently the temperature
of conductor rises.

Electrical energy: - The total work done by an electrical circuit in given time is called electrical
energy.

i.e. total energy consume by the electric circuit.) Its S.I unit is Joule.

If | current passes through the conductor for time ‘t’ through resistor ‘R’ then,




total charge passes through the resistor Q = |t - -- (1)
From definition of potential difference V=W /Q (2)

i.e work done in carrying the test charge ‘Q" from AtoBisW=vQ=VIt - - - (3)
This work done, dissipated as Heat so heat produced by current so, H=W ,from eqn 1) and 3)
Hence H=IRxIt (InJoule) (V=IR)
H=1?Rt - -- - (4)Thisis known as Joule’s law of heating.
V2ot
H= ——
Putting | =V / R, then R - - = (5) In calorie H=1?Rt /4.2

Electric Power: - The rates of electric energy consume by the electric circuit is called electric
power. Or The rate of doing work by an electric current is power. Electric power, P =
Electric energy / time

p W VIt _
¢ T P=V1I From Ohm's law V =1R
2
P=1I'R p=""
R
Simillarly
Unit: - Sl unit of electric power is watt. If V =1 volt, | =1 amp then power P=1 volt x 1 amp
P=1x1 (Volt x Amp) = 1 Watt When one-ampere current

passes through a conductor develops a potential difference of one volt then power of
conductor is said to be one watt.

Bigger unit of power are Kilowatt, 1 kW = 1000 W and mega watt, 1 MW = 10 W.

Engineering unit of power is “horse power” 1H.P.= 746 W.

Unit of electric energy: - Sl unit of electric energy is Joule.

W=VIt W=1voltx1ampx1sec =1Joule.

If one-ampere current flow for one second through a conductor develops a potential difference
of one volt then energy consumes is equal to one Joule.

Commercial unit of electric energy is kilowatt hour (kWh) also known as unit or Board of Trade
unit (B.O.T.U).

P= W/t W=Px t P=1kWx1h= 1kWh (1unit).

If an electric device of power one kilowatt is used for one hour then energy consumed is equal
to 1 kWh or 1 unit.

1kWh = 1000 W %3600 sec 1 kWh = 3.6x10° Joule.

I+ I,- I3- Iy~ Ig= 0

Kirchoff s law:- Kirchhoff's First Law(Junction Rule) (The current Law ) It is a consequence of
conservation of charge. Charge does not accumulate in a conductor so total charge entering at
one end is equal to total charge leaving at another end.

“At any junction, the total current entering the junction is equal to the total current leaving the
junction”.

Hence, at any junction, the algebraic sum of the currents at any junction is zero. =0




In other words, Entering currents = leaving currents

Current approaching the junction is taken as positive & current leaving the junction is negative.
Kirchhoff's Second Law — {The voltage Law}(Loop Rule) It is a consequence of conservation of
energy.

“In any closed loop of a circuit, the algebraic sum of the voltage drops across the resistors is
equal to the algebraic sum of the e.m.f.s of the cells”.

“In any closed loop of a circuit, the algebraic sum of the product of potential difference across
the resistors and current through them is equal to the algebraic sum of the e.m.f.s of the cells”.
In any closed loop, potential drops = e.m.fs. Vi=E

Sign convention- (1) we have to move in a loop in anticlockwise direction. (2) If direction of
current is along our movement then product V | is positive. (3) If direction of current is opposite
our movement then product V | is negative. (4) As we move through the cell then polarity of the
second terminal is the sign of the e.m.f of the cell.
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Internal resistance of cell: - The opposition (resistance) offered by an electrolyte against the
movement of ions & electrons is called internal resistance of the cell. As current flow in external
circuit from positive to negative terminal, current ‘I’ inside the cell flow from negative to
positive terminal. (Positive ions move from cathode to anode) The internal resistance of the cell
causes this drop in the voltage. The cell itself has a resistance and acts like a resistor.

Internal resistance depends on the following factors —

[a] Area of the electrode dipping in the electrolyte: -As area of the electrode is more then
more ions can reaches to the electrodes which increase current, hence internal resistance
decreases & vice-versa.(r 1/A).

[b] Distance between electrodes: -If distance between electrodes is small then ions have to
travel small distance so less collision between the ions, so current increases hence internal
resistance decreases & vice-versa. (r d)

[c] Conductivity of the electrolyte:-Conductivity of the electrolyte is more, then internal
resistance will be less & vice-versa. (r 1/ G)

[d] Internal resistance increases with increase in the amount of current drawn from the cell.

A cell of eem.f E and an internal resistance r, is connected in series with a resistor of resistance
R, if lis current flowing through the circuit and potential difference across resistor is V, then
V=IR ----1)

Potential difference across internal circuit (Inside the cell) W=Ilr - - - - -(2)

Since e.m.f is the work done in moving 1 coulomb positive charge from one terminal to another
terminal along external circuit & inside thecell. E= V + W OR E=V+Ir

Fromeql & 2 E=Ir+IR E=I(r+R)- - - - - (3)
E_I(r+R) _ E_(r+R)
V IR V R

Dividing eq3 by 1,



E_r R _E | _r R ,,:(E_IJR
V R R v R V

Conclusion-Internal resistance is usually considered a nuisance. Not only must it be taken into

account in circuit design, but it also limits the maximum current available in a circuit. For this

reason, a car battery has a very small internal resistance; consequently, a large current needs to

be supplied to the starter motor.

CELLS IN SERIES: Consider first two cells in series, where one terminal of the two cells is joined

together leaving the other terminal in either cell free.

B, B, are the emf’s of the two cells and ri, rz their internal resistances, respectively. If it is

connected by external resistance ‘R’.

The potential difference between the terminals A and C of the combination is EeRERREERAV + /(

ri I’z)

£, &
A C
II . I Il =
r U B | -
rl r2
R
— AMANAN If we wish to replace the

combination by a single cell between A and C of emf B and internal resistance req, we would
have Bleg=V + | req

Comparing the last two equations, we get

Bleg =Bl + B, + (1) and

reg=ri+n+ (2)

If we connect the two negatives or positive electrodes we will get Bleg = Bli — BalRRreg = r1 + ra.
The rule for series combination clearly can be extended to any number of cells:

(i) The equivalent emf of a series combination of n cells is just the sum of their individual emf’s,
and

(ii) The equivalent internal resistance of a series combination of n cells is just the sum of their
internal resistances.

Current

special casesl: If R >> nr. In this case, nr can be neglected as compared to R. Then | = nE/R

i.e. the current in the external resistance is n times the current due to a single cell.

special cases2: R << nr. In this case, R can be neglected as compared to nr | = nE/nr = E/r

i.e. the current in the external resistance is same as due to a single cell.

Hence the maximum current can be drawn from the series combination of cells if the external
resistance is very high as compared to the internal resistance of the cells.

CELLS IN PARALLEL: Next, consider a parallel combination of the cells. /1 and /; are the currents
leaving the positive electrodes of the cells. At the point B1, /1 and I, flow in whereas the current
I flows out. Since as much charge flows in as out, we have I = /1 + I;




Let V (B1) and V (B;) be the
potentials at B1 and By, respectively. Then, considering the first cell, the potential difference
across its terminals is

V (B1) — V (B2). Hence, from equation.

VERIVEB1RIC3 VEIB,RIRIRR —/ 11

Points B1 and B2 are connected exactly similarly to the second cell. Hence considering the
second cell, we also have VIV (B1) -V( B>) I2r;

Combining the last three equations | =11 + I,

| = | = | =

V= (1)

If we want to replace the combination by a single cell, between B1 and B;, of emf Ecq and
internal resistance req, we would have V = Ecq— 1 req (2) Comparing eql &2.

OR
Current in the circuit if m identical cell of emf ‘E’ connected parallel to a load ‘R’. .
Some special casesl: If R << r. In this case, nR can be neglected as compared to r. Then, | = mE/r
i.e. the current in the external resistance is n times the current due to a single cell.
Some special cases2: If r << R. In this case, r can be neglected as compared to nR. Then | =
mE/mR=E/R
i.e. the current in the external resistance is same as due to a single cell.
Maximum current can be drawn from the parallel combination of cells if the external resistance
is very low as compared to the internal resistance of the cells.
The Wheatstone Bridge Circuit: - This is a very famous circuit for measuring unknown
resistance given by Sir Charles Wheatstone in 1883.
Construction: - In this circuit, there are four resistors and a galvanometer connected in a
quadrilateral electric network, as shown in the figure. Where X is the resistor with unknown
value, R is an adjustable variable resistor with resistance, P and Q are standard resistors with
known values, a galvanometer is used to measure small DC currents.
Principle: -We can adjust the adjustable resistor until a zero reading (no deflection) is obtained

P R

in the galvanometer. At this point, Q X . This is known as balance bridge condition.



{1t
Proof: - Let | be the current flowing out from the battery. As current is reaching to junction then
the current will be divided in to two parts |1 along AB & |; along AD. If potential of B Potential
of D (Vb Vag), then current flows through the galvanometer. The value of R is so adjusted that
there is no deflection in galvanometer. Because in this case (Vv =V 4 ) potential of B = Potential
of D, i.e. potential difference between B & D is zero(V v4 = 0). Applying Kirchoff 's second law in

loop ABDA

b R=-0G-1, P=0 b R=1LP - - - -(1)
Applying Kirchoff s second law in loop BCDB

L X-0G-11 Q=0 LX=1LQ - - - -(2)

LP LR P R

Dividing eq1 by eg2 LQ ©LX Hence 0 X

Application-Meter-bridge & potentiometer are based on this principle.

Meter Bridge: - Construction: -It Consist of a Magnin wire AC of one meter length stretched
over a wooden board. The ends A and C are soldered to thick copper strips, each of these strips
have binding terminals.

Another copper strip is fitted on the wooden board to provide two gaps across which
resistances box ‘X’ are connected by binding screw. A meter scale is fixed on the wooden board
along the length of wire .A cell is connected between A and C. One terminal of galvanometer is
connected to the terminal D and the other to a jockey ‘)’ which can slide over the wire AC.

Unlknown Resistance
: R
o " ! O
o - - 100
- }
| A & "|\B (Jockex) p
I o - E el
- - i+

Principle: - Circuit is exactly the same as that of the wheat stone bridge, so its principle is same
that of wheat stone bridge. In balance condition
P R

Q X_ (1) Where P and Q are the resistance of portion AB and BC.
Method: - Let resistance taken out from resistance box is R and B be the balance point (no
deflection position) with balancing length ‘I'. If resistance per unit length is “a’ then
Resistance of AB is P= a / & Resistance of BC is Q = a (100-1) Putting valuesineq 1



al R , [100 - zj
—_—— = Unknown resistance X =| —— | R
a(100-1) X Hence /
Since R and | is known hence unknown resistance X can be calculated.
Application: - 1) To measure unknown resistance 2) To compare two resistance
Potentiometer: - It is a device used to measure potential difference between two points.
Construction: - It consists of a uniform wire of Magnin or constantan of length usually 10
metres. The wire is arranged on wooden board in the form of parallel wires each of one metre
length and their ends are connected in series. A metre scale is fixed parallel to the length of
wire. The wires are connected between points ‘A’ and ‘B’. A battery is connected across the
wire. There is a jockey ‘)’ which can move along the length of wire and also perpendicular to it.
Principle: - When a constant current is flowing through the wire of uniform area of cross
section, potential difference between any two point of wire is directly proportional to the
length of that wire. i.e VvV |
Proof: - Let V be P.D across any portion of wire whose length is ‘/’ and resistance is R .If ‘' is
current flowing in wirethen V=I1R - - - - (1) But R= //A  where is
specific resistance of wire.
Puting values in equ 1) VvV =/(1/A)
If constant current flowing through the wire (I = const) of uniform area so A = const, is already
constant so

.o il AMA—
Key Rh
Batteny
1000
a J (Jockey) B
.
C

(2) or V | .

Where k=1 /A is potential gradient

(potential difference developed per unit length) .

Application: - (I) To compare e.m.f of two cells: - Circuit: - Let E; and E; be the e.m.f of two
cells. The positive terminals of both cells are connected to point ‘a’ and negative to point ‘b’ of
a two way key. The common terminal C is connected to a jockey ‘)’ through a galvanometer ‘G’.
A battery, rheostat and a one-way key K are connected across point A and B.

Method: - A constant current is passed through the wire of potentiometer by battery when
plug is put in the gap between ‘a “and ‘c’ of two way key .The cell of e.m.f E1 will come the
circuit. Let J be the point of no deflection in galvanometer with balancing length /1 =AJ. So  E;
=kl - (1)

Now key is put between the gaps of ‘b’ and ‘c’ the cell of e.m.f E; will come in the circuit. Now

the balancing length is I, . Then Eo=kl, - --(2)
£ _ K E _4
Dividingeq (1) by ( 2) E, k1, Hence 2 Iy



By changing current with the help of rheostat in the wire different values of E1 / E; can be find
for different value of current. The mean value of E; / E; can be calculated. If we know the e.m.f
of one cell then e.m.f of the other cell can be determined.

Precaution: - In order to obtain balance point on the wire the e.m.f of the battery should
always greater than e.m.f of each cell. le E > E; and E >E;.

(11) Determination of Internal Resistance of a cell: - Circuit: - A battery of constant e.m.f E,
rheostat,

oo S ANNN—
Eey (K Rh
(K Battery
1000
_ : J (Jockey) B

K2

key ki and an ammeter connected between point A and B so that a constant current | flow in
the circuit. The positive terminal of the primary cell is connected to point A and its negative
terminal is connected to the jockey. A resistance box R is connected parallel to cell.

Method: - (1) When key k3 is open the balancing length /1 is determined. So e.m.f of the cell in
the circuit

E=kl - - - 1)

(2) Now close the key ki, and with the help of resistance box determined the balancing length /,.
Potential difference between the terminals of cells

V=kbh - - - (2) dividingeq1 by 2
Ezﬁ :Ezi___(j;)
V [, V [,

r:[E _V]R = (5 - 1)1{
Internal resistance of the cell 4 v From eq3
{ifque r:[;’lljfe
2 So 2 OR

ro= ( h [_ : J R
2 By knowing the value of L1 and L, and R we can find internal

resistance of cell (1) To calibrate the voltmeter.
(IV) To compare unknown resistance
no_hL I'R I R

= = — —
v, |, IR, |, Hence R, 1,

Sensitiveness of potentiometer: - It can measure very small resistance so it is most sensitive
instrument. Sensitiveness of potentiometer increases with increase in length of its wire because
due to increase in length potential gradient K=v /I, so decreases balancing length increase.

Q: - Why potentiometer is better than voltmeter?




Ans: - (1) Potentiometer does not draw any current from the source of emf. While voltmeter
always draw some current to produce deflection. (2) During measurement of e.m.f. reading of
voltmeter is taken by deflection of pointer so there may be parallax error in the reading while in
potentiometer reading is measured by calculation. (3) Since no current flow from the cell into
the circuit so potentiometer is equivalent to the ideal voltmeter of infinite resistance.
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Current carriers — The charge particles which flow in a definite direction constitutes the
electric current are called current carriers. E.g.: Electrons in conductors, lons in
electrolytes, Electrons and holes in semi-conductors.

Electric current is defined as the amount of charge flowing through any cross section of the
conductor in unit time. = Q/t.

Current density J = I/A.

Ohm'’s law: Current through a conductor is proportional to the potential difference across the
ends of the conductor provided the physical conditions such as temperature, pressure etc.
Remain constant. Va li.e. V = IR, Where R is the resistance of the conductor. Resistance R is
theratioof V&I

Resistance is the opposition offered by the conductor to the flow of current.

Resistance R = pl/A where p is the resistivity of the material of the conductor- length and A

area of cross section of the conductor. If | is increased n times, new resistance becomes n?R. If

LR

A is increased n times, new resistance becomes n’

Resistivity p = m/ne’t, Where m, n, e are mass, humber density and charge of electron
respectively, t-relaxation time of electrons. p is independent of geometric dimensions.
Relaxation time is the average time interval between two successive collisions

Conductance of the material G =1/R and conductivity c=1/p

Drift velocity is the average velocity of all electrons in the conductor under the influence of
applied electric field. Drift velocity V4= (eE/m)t also | = neAvqy

d
H=—"

Mobility (i) of a current carrier is the ratio of its drift velocity to the applied field E

Effect of temperature on resistance: Resistance of a conductor increase with the increase of

temperature of conductorRT':Rﬂ(lJraT), where a is the temperature coefficient of

resistance of the conductor. a is slightly positive for metal and conductor, negative for
semiconductors and insulators and highly positive for alloys.

Cells: E.M.F of a cell is defined as the potential difference between its terminals in an open
circuit. Terminal potential difference of a cell is defined as the p.d between its ends in a
closed circuit.

Internal resistance r of a cell is defined as the opposition offered by the cell to the flow of

E
current. r=\" where R is external resistances.
Grouping of cells :



nk

I =
i) In series grouping circuit current is given by R+nr,
mkE

.. . . L P

ii) In parallel grouping circuit current is given by r+mR \yhere n, m are number of cells
in series and parallel connection respectively.

Kirchhoff’s Rule:

. . . . I 1=0
i) Junction Rule:-The algebraic sum of currents meeting at a point is zero. Z

ii) Loop rule:-The algebraic sum of potential difference around a closed loop is zero ZV -0

Wheatstone bridge is an arrangement of four resistors arranged in four arms of the bridge
and is used to determine the unknown resistance in terms of other three resistances. For
P R

balanced Wheatstone Bridge, 0 S
Slide Wire Bridge or Metre Bridge is based on Wheatstone bridge and is used to measure

100—/]
s = R
unknown resistance. If unknown resistance S is in the right gap, [ !

Potentiometer is considered as an ideal voltmeter of infinite resistance.
Principle of potentiometer: The potential drop across any portion of the uniform wire is
proportional to the length of that portion of the wire provided steady current is maintained in
iti.e.val
Potentiometer is used to (i) compare the e.m.f.s of two cells (ii) determine the internal
resistance of a cell and (iii) measure small potential differences.

g

. . . . L, 1
Expression for comparison of e.m.f of two cells by using potentiometer, & b where 7 2

are the balancing lengths of potentiometer wire for e.m.fs € and €2 of two cells.

I z,]
2R
Expression for the determination of internal resistance of a cell | is given by [ b

Where h is the balancing length of potentiometer wire corresponding to e.m.f of the cell, Ly
that of terminal potential difference of the cell when a resistance R is connected in series with
the cell whose internal resistance is to be determined

( £ )rl
V=¢ —
Expression for determination of potential difference R+7)L . where Lis the length of

the potentiometer wire, | is balancing length, r is the resistance of potentiometer wire, R is
the resistance included in the primary circuit.

Joule’s law of heating states that the amount of heat produced in a conductor is proportional
to (i) square of the current flowing through the conductor,(ii) resistance of the conductor and
(i) time for which the current is passed. Heat produced is given by the relation H=1?Rt

Electric power: It is defined "as the rate at which work is done in maintaining the current in
electric circuit. P =VI =I?’R =V?/R. Power P is the product of V & |



Electrical energy: The electrical energy consumed in a circuit is defined as the total work done
in maintaining the current in an electrical circuit for a given time. Electrical energy = VIt = I?Rt
=(V2/R)t = Pt

Commercial unit of energy 1KWh= 3.6x10°)

CONCEPT MAP
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ONE MARK QUESTIONS

How does the drift velocity of electrons in a metallic conductor vary with
increase in temperature?
Ans- remains the same

Two different wires X and Y of same diameter but of different materials are
joined in series and connected across a battery. If the number density of
electrons in X is twice that of Y, find the ratio of drift velocity of electrons in the
two wires.

Ans: VdX/de = ny/nx =%

A 4Q non insulated wire is bent in the middle by 180° and both the halves are
twisted with each other. Find its new resistance?

)
Ans: 1Q

Can the terminal potential difference of a cell exceed its emf? Give reason for
your answer.
Ans: Yes, during the charging of cell.

Two wires of equal length one of copper and the other of manganin have the
same

resistance. Which wire is thicker?
Ans: Manganin.

léThe V-l graph for a conductor makes angle © with V- axis, what is the
resistance of the conductor?

Ans- Ans: R =Cot ©

It is found that 10?° electrons pass from point X towards another point Y in
0.1s. How much

is the current & what is its direction?

Ans: 160A; from Y to X

Two square metal plates A and B are of the same thickness and material. The
side of B is twice that of side o fA. If the resistance of A and B are denoted by Ra
and RB, find RA/ RB.

Ans: 1

The emf of a cell used in the main circuit of the potentiometer should be more
than the potential difference to be measured. Why?

Ans- because, If not, then there will be a small potential difference across

the potentiometer wire and balancing point will not be obtained
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The V-1 graph of two resistors in their series combination
is shown. Which one of these graphs shows the series combinations of the
other two? Give reason for your answer.

V Ans:1

11

The resistance in the left gap of a metre bridge is 100 and the balance point is
45cm from
the left end. Calculate the value of the unknown resistance.
Ans S=12.5Q

12

How can we improve the sensitivity of a potentiometer?
Ans- a) By increasing of lenth of wire of the potentiometer
b) By reducing the current in the potentiometer

13

Why is potentiometer preferred over a voltmeter?
Ans- Because it does not draw any current from the cell.

14

What is the largest voltage you can safely put across a resistor marked 98() -
0.5W?
Ans- 7 volt ( P= V?/R so, V?= PxR= 49 so, V=7 Volt )

15

. Which lamp has greater resistance (i) 60W and (ii) 100W when connected to
the same supply?
Ans: R = V?/P, Ra1/P, 60lamp has more resistance

16

Nichrome and Copper wires of the same length and same diameter are
connected in series in an electric circuit. In which wire will the heat be
produced at a higher rate? Give reason.

Ans: P =I°R P a R Heat produced is higher in Nichrome wire

17

The electron drift velocity is very small (10° ms™?) and electron charge is also

very-very small (1.6 x 10°*°C). Even then how can we set up large current in the

conductors?

Ans. The number density of free electrons (i.e. number of free
electrons/volume) is very large ~ 102° m3. So these large number of
electrons cause large current in the conductor.

18

Is the temperature coefficient of resistance always positive?
Ans. No. The temperature coefficient of resistance of a semi-conductor is
negative.

19

Out of metals and alloys, which has higher value of temperature coefficient of
resistance

Ans. Metals have higher value of temperature coefficient of resistance than the
alloys.
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Can the potential difference across a battery be greater than its e.m.f.?

Ans. Normally not. But during charging when the battery is connected to the
external source (charger) terminal voltage V is greater than E i.e.
V =E+Ir

applied
ASSERTION REASON QUESTIONS

Some questions (Assertion—Reason type) are given below. Each question contains
STATEMENT — 1 (Assertion) and STATEMENT — 2 (Reason). Each question has 4 choices
(A), (B), (C) and (D) out of which ONLY ONE is correct. So select the correct choice :
Choices are :
(A) Statement —1is True, Statement — 2 is True; Statement — 2 is a correct
explanation for Statement — 1.
(B) Statement —1is True, Statement — 2 is True; Statement — 2 is NOT a correct
explanation for Statement — 1.
(C) Statement —1is True, Statement — 2 is False.
(D) Statement —1is False, Statement — 2 is True.

1 | STATEMENT -1
Voltmeter always gives emf of a cell if it is connected across the terminals of a cell.
STATEMENT -2
Terminal potential of a cell is given by V=E —ir.
2 | STATEMENT -1 If thereis current in a wire potential drop has to be there.
STATEMENT - 2If potential drop is zero, the resistance may be zero.
3 | STATEMENT -1
In a wire of non—uniform cross—section, the current is the same everywhere.
STATEMENT -2
The current in a wire is due to the drift of electrons along the wire.
4 | STATEMENT -1
Electric field is present in the vicinity of a current carrying wire.
STATEMENT -2
The principle of conservation of charge of charge is not followed, when charges are in
motion.
5 | STATEMENT -1
Constant potential difference is applied across a conductor. If temperature of conductor
is
increases, drift speed of electrons will decrease.
STATEMENT - 2 Resistivity increases with increase in temperature
6 | STATEMENT-1:
If potential difference between two points is zero and resistance between those points is
zero, current may flow between the points.
STATEMENT - 2 : Kirchhoff’s 1°t law is based on conservation of charge
7 | STATEMENT -1 : The switch S shown in the figure is closed at t = 0. Initial current flowing




4|C|_A,ﬁw_
E
through battery is R+T .

A

STATEMENT - 2 : Initially capacitor was uncharged, so resistance offered by capacitor at

t=
O is zero.
8 | STATEMENT —1: Since all the current coming to our house returns to power house.
(Since
current travels in a closed loop). So there is no need to pay the electricity bill.
STATEMENT - 2 : The electricity bill is paid for the power used not for the current used.
9 | STATEMENT —1: The e.m.f. of the driver cell in the potentiometer experiment should be
greater than the e.m.f. of the cell to be determined.
STATEMENT - 2 : The fall of potential across the potentiometer wire should not be less
than
e.m.f. of the cell to be determined.
10 | STATEMENT - 1 : Direction of current can’t be from negative potential.
STATEMENT - 2 : Direction of current is opposite to flow of electrons.
11 | STATEMENT -1 : Internal resistance of battery is drawn parallel to battery in electrical
circuit.
STATEMENT - 2 : Heat generated in battery is due to internal resistance.
12 | STATEMENT -1 : When a cell is charged by connecting its positive electrode with positive
terminal of the charger battery then potential difference across the electrodes of cell will
be
smaller to the EMF of cell.
STATEMENT - 2 : Potential difference across electrodes in a cell providing electric
current
is E—Ir where E is EMF and r internal resistance.
13 | STATEMENT -1 : Potential measured by a voltmeter across a wire is always less than
actual
potential difference across it.
STATEMENT - 2 : Finite resistance of voltmeter changes current flowing through the
resistance across which potential difference is to be measured.
14 | STATEMENT -1 : The drift velocity of electrons in a metallic wire will decrease, if the
temperature of the wire is increased.
STATEMENT - 2 : On increasing temperature, conductivity of metallic wire decreases
15 | STATEMENT -1
In metre bridge experiment, a high resistance is always connected in series with
galvenometer.
STATEMENT -2
As resistance increases, current through the circuit increases
16 | STATEMENT -1 : In a simple battery circuit, the point at the lowest potential is positive




terminal of the battery.

STATEMENT -2 : The current flows towards the point of lowest potential for battery, as
it

does in a circuit from positive to the negative terminal.

17

STATEMENT - 1 : Insulators do not allow flow of current through them.
STATEMENT -2 : Insulators have no free charge carrier.

ANSWERS-
1-D, 2-D, 3-D, 4-BOTH FALSE,
5-B, 6-B, 7-A, 8-D,
9-A, 10-D, 11-D, 12-D,
13-A, 14-B, 15-C, 16-D, 17-A.

CASE STUDY QUESTIONS-

Ram and Shyam purchased two electric tea cattles A and B of same size, same thickness
and the same volume of 0.4 litre. They studied the specifications of kettles as under
Kettle A:

Specific heat capacity = 1680 J/kgK

Mass =200 g ,Cost = Rs. 400

Kettle B:

Specific heat capacity = 2450 J/kgK

Mass =400 g, Cost = Rs. 400

When kettle a is switched on with constant potential source, the tea begins to boil in 6
min. when kettle b is switched on with the same source separately, then tea begins to
boil in 8 min. the efficiency of kettle is defined as

They made discussion on specification and efficiency of kettles and subsequently
prepared a list of questions to draw the conclusions. Some of them are as under (Assume

specific heat of tea liquid as 4200 J/kgK and density 1000kg/m3.)

1-: Efficiency of kettle A is

e 63.34%
e 83.34%
e 93.34%
e 73.34%
2-: Efficiency of kettle B is
e 82.5%
e 72.5%
e 92.5%
* 62.5%

3- Ratio of efficiency consumed charges for one time boiling of tea in kettle A to that in




kettle B

e 35
e 2:3
e 34
e 11

4-If the resistance of the coil in kettle A and B is Ra and Rb then we can say
e Ra>Rb
e Ra=Rb
e Ra<Rb
e Data insufficient
5- If both the kettles are joined with the same source in series one after another then
boiling starts in kettle A and kettle B after
e 4 times of their original time
e Equal to their original time
e 2 times of their original time
e Data insufficient
Answers:
1.b
2.d
3.¢c
4.d
5.a

An ammeter and a voltmeter are connected in series to a battery with an emf of 10V.
When a certain resistance is connected in parallel with the voltmeter, the reading of the
voltmeter decreases three times, whereas the reading of the ammeter increases two
times.

A: Find the voltmeter reading after the connection of the resistance.
1V

2V
3V
4V

H w N e

: If the resistance of the ammeter is 2 ohm, then the resistance of the voltmeter is:-
1 ohm

.2ohm
.3o0hm
.4 ohm

C: If the resistance of ammeter is 2 ohm ,then resistance of the resistor which is added in
parallel to the voltmeter is




1. % ohm

2.2/7 ohm

3.3/7 ohm

4. None of the above

Answers:
A.2
B.3
C.1

Electric fuse is a protective device used in series with an electric circuit or an electric
appliance to save it from damage due to overheating produced by strong current in the
circuit or application. Fuse wire is generally made from an alloy of lead and tin which has
high resisatnce and low melting point. It is connected in series in an electric installation. If
a circuit gets accidentally short-circuited, a large current flows, then fuse wire melts away
which causes a break in the circuit. The power through fuse(F’) is equal to heat energy
lost per unit area per unit time (h) (neglecting heat loses from ends of the wire).
P=12R=hX20rl [R=]
Where r and | are the length and radius of fuse wire, respectively.
A battery is described by its emf € and internal resistance ®. Efficiency of a battery (1) is

defined as the ratio of the output power to the input power
n = X100%
but | = , input power = El
Output power = El — I’r
Then A =()X 100( 1-) X 100

=1

A =()x 100
We know that output power of a source is maximum when the external resistance is
equal to internal resistance, i.e., R=r.

o ———— i — —— — — -y

A: Two fuse wires of same potential material are having length ratio 1:2 and ratio 4:1
Then respective ratio of their current rating will be
1.8:1

2.2:1
3.1:8
4.4:1

B: The maximum power rating of a 20.0 ohm fuse wire is 2.0 kW,then this fuse wire can




be connected safely to a DC source (negligible internal resistance) of
1. 300 volt

. 190 volt
. 250 volt
. 220 volt

A W N

: Efficiency of a battery when delivering maximum power is
100 %

50 %
.90 %
.40 %

» W N RO

Answers:
A.l
B.2
C.4

In the connection shown in the figure, initially the switck K is open and the capacitor is
uncharged. Then the switch is closed and the capacitor is charged up to the steady state
and the switch is opened again. Determine the values indicated by the ammeter.

[ Given: Vo=30V, R1 =10kQ, R, =5kQ ]
L
1E

AN AANAA—Ca

Fa T

A: Just after closing the switch
1.2mA

3mA
.0mA
. None of the above

: Long time after the switch is closed
2 mA

3mA
6 mA
. None of the above

PO N PD

C: Just after reopening the switch




1.2mA
2.3 mA
3.6 mA

4. None of the above
Answers:

A.3

B.1

C.1

Resistance value of an unknown resistor is calculated using the formula R = V/I where V
and | are the readings of the voltmeter and the ammeter respectively. Consider the
circuits below, the internal resistances of the voltmeter and the ammeter ( Ry And Rg
respectively) are finite and non-zero.

& @
@ ANAN CGO— MW
R R
E r E r
T ANAN —]
(a) (b)

Let Ra and Rg be the calculated values in the two case A and B, respectively.

: The relation between RAand the actual value of R is
R>RA
R<RA
R=RA

. Dependenton Eandr

PN >

: The relation between RB and the actual value of R is
R<RB

R>RB

R=RB

. Dependent upon Eand r

PONPEPD

C: If the resistance of the voltmeter is RV=1 kilo ohm and that of ammeter is RG = 1 ohm
, the magnitude of percentage error in the measurement of R (the value of R is nearly 10
ohm) is

1. Zero in both cases

2. Non-zero but equal in both cases
3. More in circuit A

4. More in circuit B
Answers:
A.2




B. 2
C.4

When a potential difference V is applied across the two ends of a conductor, the free
electrons in the conductor experience a force and are accelerated towards the positive
end of conductor. On their way, they suffer frequent collisions with the ions/atoms of the
conductor and lose their gained kinetic energy and again get accelerated due to electric
field and lose the gained kinetic energy in the next collision and so on. The average
velocity with which the free electrons get drifted towards the positive end of the
conductor under the effect of applied electric field is called drift velocity.

i) The motion of electrons between two successive collisions (with the atoms/ions) in
the presence of electric field follows:

a) Straight line path

b) Circular path

c) Elliptical path

d) Curved path

ii) The drift velocity of the electrons depends on

a) Dimensions of the conductor

b) Number density of free electrons in the conductor

c)Bothaandb

d) None of these.

iii) When potential difference across a given copper wire is increased, drift velocity of
free electrons

a) Decreases

b) Increases

¢) Remain same

d) Get reduced to zero

iv) Two wires of same material having radii in the ratio 1:2, carry currents in the ratio
4:1. The ratio of drift velocities of electrons in them is

a)2:1

b)1:1

c)1:4

d) 16:1

v) If the temperature of a conductor increases, the drift velocity of free electrons

a) Remains same

b) Increases

c) Decreases

d) May increase or decrease.

2 MARKS QUESTIONS

Derive an expression for drift velocity of free electrons in a conductor in terms
of relaxation time of electrons.

Ans-

So average velocity of electrons is zero i.e. there is no net flow of electrons in
any direction.




When the two ends of the conductor are connected to the battery a electric

field E is set up along the length of the conductor from +ve to ve terminal. Now

electron experience a force F=e E - - (1)

If ‘m’ is the mass of electron and ‘a’ is the acceleration produced then, F = m a

- - -(2)

Comparing equ.1 and eqg2. So acceleration acquired by electron g =ma so

a=qE/m -(3)

Average time taken between two successive collisions is called relaxation time
t+t, +t+t,+ - - - - - - - t

(). n

The drift velocity vg =uay+a =0+ a Hence a=vg/ (4)Comparing eq

Deduce the relation between current flowing through a conductor and drift
velocity of free electrons

Ans- Consider a conductor of length ‘I'& area of cross section ‘A’ connected by a
battery. Electron density ‘n’, then drift velocity vq4 =e V/ml

Distance travelled by electron intsecis d = vq t

Volume occupied by the electronintsecondis V= A d = A (vqt)

Total no of electron occupiedintsecis N =n V= n A vgt

Total charge passing through the cross sectionintsecisqg = N e = (nAvgt)e

Electriccurrentl= g/t = nAvgte/t | =vgenA
Deduce Ohm’s law using the concept of drift velocity.
OR

On the basis of electron drift, derive an expression for resistivity of a conductor
in terms of number density of free
electrons and relaxation time.

Ans- Drift velocity vg=e V /ml- - -( 1) (n- electron density, A-area of cross sectior
eV r
I = xen A = V=
But electric currentl=vqgen A "
V=IRThis is Ohm’s law.
ml
Where R is a constant known as resistance R = ———
Teen A4

State Kirchhoff’s rules in electrostatics

Ans- Kirchhoff's First Law(Junction Rule) (The current Law )- At any junction, the
total current entering the junction is equal to the total current leaving the
junction”.

Hence, at any junction, the algebraic sum of the currents at any junction is
zero. =0

ml

2
etnAi



It I,= Ig— Iy Ig=0

Kirchhoff's Second Law — {The voltage Law}(Loop Rule)- In any closed loop of a
circuit, the algebraic sum of the voltage drops across the resistors is equal to the
algebraic sum of the e.m.f.s of the cells”.

“In any closed loop of a circuit, the algebraic sum of the product of potential
difference across the resistors and current through them is equal to the
algebraic sum of the e.m.f.s of the cells”.

In any closed loop, potential drops= e.m.fs. VI= E

(A) Plot a graph showing the variation of conductivity o with the temperature T
in a metallic conductor.
(B) Draw a graph to show the variation of resistance R of the metallic wire as a
function of its diameter D keeping the other factor constant.
Ans-
(b)
(@) © R

T D

Two conducting wires X and Y of same diameter but different materials are
joined in series across a battery. If the number density of electrons in X is twice
that in Y, find the ratio of drift velocity of electrons in the two wires.

Ans: la Nvg i.e. Vax/Vay = ny/nx =%

A non-conducting ring of radius r has charge g distribute over it. What will be
the equivalent current if it rotates with an angular velocity w?
Ans- 1= g/t = qw/2m

Two cells each of emf E and internal resistances r1and r, are connected in series
to an external
resistance R. Can a value of R be selected such that the potential difference of
the first cell is 0.
Ans: | = 2€/(R+ri+n) Potential diff. for firstcell Vi=€—-1r1=0
€ = (2€r)/R+n+n Solving these we get, R=r1-r3

A piece of silver wire has a resistance of 1). What will be the resistance of the
constantan wire of one third of its length and one half of its diameter if the
specific resistance of the constantan wire is 30 times than that of the silver?
Ans-Rs=1Q,1=1/3 1, r=1/2 rs pc=30 ps R=

Rc=40 ()

10

How does the balancing point of a Wheatstone bridge get affected when
e Position of cell and Galvanometer are interchanged?

* (3)

e Position of the known and unknown resistances is interchanged?




Ans- 1.There will be no change in the balance point condition of Wheatstone
bridge even if galvanometer and cell are interchanged.

2.position of known and unknown resistance is interchanged. 1. There will be no
change in the balance point condition of Wheatstone bridge even if
galvanometer and cell are interchanged.

11 An electric bulb rated for 500W at 100V is used in circuit having a 200V supply.
Calculate the resistance R that must be put in series with the bulb, so that
the bulb delivers 500W.

Ans: Resistance of bulb=V?/P = 20(), | = 5A, for the same power dissipation,
current should be 5A when the bulb is connected to a 200V supply. The safe
resistance R’ = V'/I = 40Q). Therefore, 20Q) resistor should be connected in series.

12 Can a 30W, 6V bulb be connected supply of 120V? If not what will have to be
done for it?

Ans: Resistance of bulb R=V?/P =36/30=1.2Q0 Current capacity of the bulb | =
P/V =5A

A resistance R’ to be added in series with the bulb to have current of 5 A, | =
V'/R +R’ =5, R’ =22.80)

13 What are ohmic and non-ohmic resistors? Give one example of each?

Ans- A resistor which obey ohm’s law are called ohmic resistors for eg -> metals
A resistor which do not obey ohm’s law are called non-ohmic resistors .eg ->
semiconductor diode, transistor etc.

14 Three identical cells, each of emf. 2v and unknown internal resistance are
connected in parallel .This combination is connected to a 50hm resister. If the
terminal voltage across the cell is 1.5volt. What is the internal resistance of each
cell .hence define internal resistance of a cell?

Ans- total internal resistance=r/3
Since, r=( - 1)R

r/3=(-1)5

r=5 ohm.

15 Define emf. of a cell? On what factors does it depend?

Ans-lt is defined as the potential difference between the two electrodes of the
cell in open
Circuit (when no current is drawn) It depends on the following factors
(i) Nature of Electrodes
(ii) Nature and concentration of the Electrolytes
(iii) Temperature of the cell.
16 Figure shows a piece of pure semiconductor S in series with a variable resistor

Rand a source of constant voltage V. Would you increase and decrease the
value

of R to keep the reading of ammeter (A) constant, when semiconductor S is
heated ? Give reasons.




5 ——— l

el

Ans- Resistance of a semi conductor decreases on increasing the temperature,
so in order to

increase the temperature, s is heated and in order to maintain the ammeter
current

constant total resistance is the above circuit should remain unchanged, hence
value of r

has to be increased.

-+ ‘ -

17.

A cylindrical wire is stretched to increase its length by 10% calculate the
percentage increase in resistance?

Ans-I'=1.11,

I'A’=1A so, I'/I=A/A’= 1.1

R’= R=1.21R so,

18

Using kirchoff’s law, determine the current 11, 12 and I3 for the network shown.

2¢
2494V

1 o7v 62

P A c
E 1 /\/\/\/\/—_D

Ans- Applying junction rule at point F
l1 =1 + I3 ~--—----——--- (1)

Loop rule for BAFCB

211 +612-24+27=0
211+612+3=0------ (2)

Loop rule for FCDEF

27 +612-413 =0 -------- (3)
solvingeg . (1), (2) & (3) we get
11=3A,12=-1.5A,13=4.5A

19

A set of n-identical resistors , each of resistance R ohm when connected in
series have
an effective resistance of X ohm and when the resistors are connected in

parallel the
effective resistance is Y ohm. Find the relation between R, Xand Y ?
Ans- n — resistors connected in series X = nR -----------—---- 1)

n — Resistors connected in parallel Y =R/n --------------—- 2)
Multiply eg. (1) & (2)
XY = R?

R =
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A potentiometer wire of length 1m has a resistance of 10 Q. It is connected to a
6V battery in

series with a resistance of 5Q. Determine the emf of a cell which gives a balance
point at 40cm.

Ans- 1m potentiometer has 10Q of resistance.

=40cm length would have = 110x0.4 [R=PAL=Roal]

R1=4Q) resistance

At balance point, current through both driver circuit and connected cell would be
same. (I = constant)

Now from onm's Law : V=1R we get,

=R1/E=R2//V [E : Emf of primary cell]

=4/E=5/6

Gives, >E=4.8V

3 MARKS QUESTIONS

4 cells of identical emf E3, internal resistance r are connected in series to a
variable resistor. The following graph shows the variation of terminal
voltage of the combination with the current output.

(i)What is the emf of each cell used?

(ii)For what current from the cells, does maximum power dissipation occur

in the circuit?

Ans: 4E=5.6 E=14V

When | =1A,V=12.8/4=0.7V

Internal resistance, r=(E-V)/I=0.70Q

The output power is maximum when internal resistance = external
resistance = 4r.Imax = 4E/ (4r +4r) = 1A

(iii)Calculate the internal resistance of each cell

A
5.67
421

V(Volts)
2.8

1.4

| | L,
o5 1 15 2
[(Ampere)

Derive the expression of equivalent emf of two cells (, r1) and (, r2) connected
in parallel. Where E is emf and r is internal resistance of the cells.

Ans-

consider a parallel combination of the cells. /1 and I, are the currents leaving the
positive electrodes of the cells. At the point B4, /1 and /> flow in whereas the
current / flows out. Since as much charge flows in as out, we have I =11 + |;




Let V(B1) and V
(B2) be the potentials at B1 and By, respectively. Then, considering the first cell,
the potential difference across its terminals is

V (B1) — V (B2). Hence, from equation.

VERIVEB1RIC3 VEIB,RIRIRR —/ 11

Points B1 and B2 are connected exactly similarly to the second cell. Hence
considering the second cell, we also have V&V (B:) —=V( B>) I2r;
Combining the last three equations | =11 + I,

| = | = | =

V= (1)

If we want to replace the combination by a single cell, between B; and B,, of
emf E¢q and internal resistance req, we would have V = Eeq— | req  (2) Comparing
eql &2.

OR

With suitable circuit diagram, show how emfs of a cell can be compared using a
potentiometer?
Ans-

Circuit: -

Let E; and E; be the e.m.f of two cells. The positive terminals of both cells are
connected to point ‘a’ and negative to point ‘b’ of a two way key. The common
terminal C is connected to a jockey ‘)’ through a galvanometer ‘G’. A battery,
rheostat and a one-way key K are connected across point A and B.

Method: - A constant current is passed through the wire of potentiometer by
battery when plug is put in the gap between ‘a “and ‘c’ of two way key .The cell
of e.m.f E1 will come the circuit. Let J be the point of no deflection in
galvanometer with balancing length /1 =AJ.So  Ei=kh -------- (1)

Now key is put between the gaps of ‘b’ and ‘c’ the cell of e.m.f E; will come in
the circuit. Now the balancing length is > . Then Ex=kl, - --(2)




ﬂ k ll El i
E, lz

Dividingeq (1) by (2) E, k1, Hence

By changing current with the help of rheostat in the wire different values of E1 /
E, can be find for different value of current. The mean value of E1 / E; can be
calculated. If we know the e.m.f of one cell then e.m.f of the other cell can be
determined.

Potential difference V is applied across the ends of copper wire of length (I) and
diameter D. What is the effect on drift velocity of electrons if
e Visdoubled (2)lis doubled (3) D is doubled
Ans-
I=vgena
vg=Il/enA=V/RenA=V/plen
e If Vis doubled, drift velocity gets halved.
e Iflis doubled, drift velocity gets halved.
¢ Since V of is independent of D, drift velocity remains unchanged.

The potentiometer circuit shown, the balance (null) point is at X. State with
reason,
where the balance point will be shifted when

P R

R W\ﬂ/ =
b4
[
| ﬂygqﬁg}\f_@)
S

(1) Resistance R is increased, keeping all parameters unchanged.

(2) Resistance S is increased, keeping R constant.

(3) Cell P is replaced by another cell whose emf is lower than that of cell Q.
Ans-

(a) When resistance R is increased, the current through potentiometer wire AB
will

decrease, hence potential difference across A will decrease, so balance point
shifts

towards B.

(b)When resistance S is increased terminal potential difference of the battery
will

decrease, so balance point will be obtained at smaller length and hence shifts
towards A.

(c) When cell P is replaced by another cell whose emf is lower than that of cell
Q, the

P.D. across AB will be less than that of emfQ so balance point will not be
obtained.

Q




(a) State the principle of meter bridge and find the unknown resistance by using
the suitable circuit diagram of meter bridge.

(b) In a whetstone bridge experiment, a student by mistake, connects key (k) in
place of galvanometer and galvanometer (G) in place of Key (K). What will be
the change in the deflection of the bridge.

Ans-

Unknown Resistance

I
| g
B

m| [

1] . o 100

—] ©
I +,- E Cell
it

( - .

T "|\B (Jockex)

Principle: - Circuit is exactly the same as that of the wheat stone bridge, so its
principle is same that of wheat stone bridge. In balance condition
P R

Q X .. (1) Where P and Q are the resistance of portion AB and BC.
Method: - Let resistance taken out from resistance box is R and B be the
balance point (no deflection position) with balancing length ‘I'. If resistance per
unit length is “‘a’ then
Resistance of AB is P= a / & Resistance of BC is Q = a (100-I) Putting values
ineq 1
ail = £ Unknown resistance X = (100 — lj R
a(100-1) X Hence /

Since R and | is known hence unknown resistance X can be calculated.

(b) When the bridge is balanced, there will be no current in key, therefore
constant

current flows through the galvanometer and hence no change in deflection on
pressing the key.

Two primary cells of emf’s E1 and E2 are connected to the potentiometer wire
AB as shown in the figure if the balancing length for the two combinations of
the cells are 250 cm and 400 cm. find the ratio of E1 and E2 ..

Ans-
E1-E2 = Kx250 ------—--- (1)
E1 +E2 = Kx400 ----------- (2)

Adding eg. (1) &(2)

2E1 = 250K+ 400K

2E1 = 650K

E1=325K - (3)
Subtracting eg. (1) & (2)
E2 = 75K

E1/E2=4.33




With the help of a circuit diagram, describe the method of finding the internal
resistance of the Primary Cell using a potentiometer.

Ans-
Circuit: - A battery of constant e.m.f E, rheostat,
T +|I|:_ A —
ey (K it Battery Rh
1000
‘§<@—T I ocken B
[R.B.|

K2

key ki and an ammeter connected between point A and B so that a constant
current | flow in the circuit. The positive terminal of the primary cell is
connected to point A and its negative terminal is connected to the jockey. A
resistance box R is connected parallel to cell.

Method: - (1) When key k; is open the balancing length /1 is determined. So
e.m.f of the cell in the circuit

E=kl - - - 1)

(2) Now close the key ka and with the help of resistance box determined the
balancing length /,. Potential difference between the terminals of cells

V=kbh - - - (2) dividingeqg1by?2
Ezkll :;,E:i___@)
V k[, V [,

r:[E _VjR = (E - 1)1%
Internal resistance of the cell 4 4 From eqg3
r:[ij'lJR rz(;'ljR
2 So 2 OR
Fo= u R
L,

A potentiometer wire of length 100cm having a resistance of 10() is connected
in series with

a resistance and cell of emf 2V of negligible internal resistance. A source emf of
10mV is

balanced against a length of 40cm of potentiometer wire. What is the value of
the external

resistance?




Ans:
As the source of e.m.f. E'=10mV=10x10-3V is balanced by a length of 40cm of the
potentiometer wire, it follows that 10x10—3=] resistance of 40cm of the
potentiometer wire.
If lis current through the potentiometer wire then
J=E/R+10=2/R+10
Now resistance of 40cm of the potentiometer wire =10/100x40=4Q
10x10—3=(2/R+10) )4
=R=790Q Hence, resistance is 790Q

10.

Answer the following:
(a) Why are the connections between the resistors in a meter bridge made
of thick copper strips?
(b) Why is it generally preferred to obtain the balance point in the middle
of the meter bridge wire?
(c) Which material is used for the meter bridge wire and why?

Ans-

¢ The resistivity of copper wire is very low. The connections between the
resistors are made of thick wires so as to increase the rate of cross-
section. Therefore, the resistance of wires is almost negligible.

* The balance point is obtained in the middle of the meter bridge wire so as
to increase the sensitivity of the meter bridge and there by no deflection
in the galvanometer. so it minimise error in measuring resistance.

e Constantan is used for meter bridge wire because its temperature
coefficient of resistance is almost negligible due to which the resistance
of the wire does not change with increase in temperature of
the wire due to flow of current.




KENDRIYA VIDYALAYA SANGATHAN, AHHMEDABAD REGION
SELF ASSISSMENT ON CH-3
CLASS-XII
PHYSICS (042)

TIME PERIOD- 60 MINUTES MM-25
Q.NO. QUESTION MARK
1 State the Principle of Potentiometer. 1

OR
State the principle of Meter Bridge.
2 Define mobility of a charge carrier. What is its relation with relaxation time? | 1
3 Give reason why a potentiometer is preferred over a voltmeter for the 1
measurement of emf of a cell
4 A potential difference V is applied across a conductor of length L and 1

diameter D. How is the drift velocity, vd, of charge carriers in the conductor




affected when V is halved? Justify your answer in each case.

Question No. 5 and 6 (Assertion—Reason type) are given below. Each
question contains STATEMENT — 1 (Assertion) and STATEMENT — 2 (Reason).
Each question has 4 choices (A), (B), (C) and (D) out of which ONLY ONE is
correct. So select the correct choice :
Choices are :
(A)Statement — 1 is True, Statement — 2 is True; Statement — 2 is a correct
explanation for Statement — 1.
(B)Statement — 1 is True, Statement — 2 is True; Statement — 2 is NOT a
correct
explanation for Statement — 1.
(C)Statement — 1 is True, Statement — 2 is False.
(D)Statement — 1 is False, Statement — 2 is True.

Statement -1: The e.m.f. of the driver cell in the potentiometer experiment
should be grater then the e.m.f. of the cell to be determined.

Statement-2: The fall of potential across the potentiometer wire should not
be less than the e.m.f. of the cell to be determined.

Statement -1: In a meter bridge experiment, a high resistance ia always
connect dib series with the galvanometer.
Statement-2: As resistance increases, current through the circuit increases.

Question 7 is Case Study based questions and is compulsory. Attempt any 4
sub parts from each question. Each question carries 1 mark.

A cylindrical copper conductor AB of length ‘I’ and area of cross section ‘A’
has a large number of free electrons which at room temperature move at
random within the body of the conductor, like the molecules of a gas.The
average thermal speed of the free electrons in random motion at room
temperature is of the order of 10 5 m/s-1. When a potential difference ‘V’ is
applied across the two ends of a given conductor, the free electrons in the
conductor experience a force and are accelerated towards the positive end
of the conductor. On their way they suffer frequent Collisions with the
ion/atoms of the conductor and lose their gained kinetic energy. After each
collision the free electrons are again accelerated due to electric field towards
the positive end of the conductor and lose their gained kinetic energy in the
next Collision with the lon/atom of the conductor. The average speed of free
electrons with which they drift towards the positive end of the conductor
under the effect of applied electric field is called Drift velocity of the
electron.




i) When the potential difference is applied across the two ends of the
conductor then electric field exists-

(a) outside the conductor (b) inside the conductor

(c) both outside and inside the conductor

(d) no where.

ii) The motion of electrons in between two successive collisions with the
atoms/ ion follows

a) straight path

b) circular path

c) elliptical path

d) curved path

iii) The drift speed of the electrons depend on -

a) dimension of conductor

b) number density of free electron in the conductor
c) both (a) and (b)

d) none of these above

iv) The current in the conductor is due to-

a) Thermal motion of free electrons

b) acceleration of the electrons towards the positive end of the conductor
c) Drifting of electrons towards positive end of the conductors

d) None of the above

v) Drift current is due to —

a) Applied electric field over a given distance
b) Random motion of electrons

¢) Random motion of holes

d) Recombination of holes and electrons

8 Describe briefly, with the help of a circuit diagram, the method of measuring
the internal resistance of a cell.

9 Establish the relation between drift velocity of an electron and current in the
conductor.

10 In the circuit shown in figure E1 =7V, E2=7VR1=R;=1Qand R3=3Q

respectively.find current through the resistance Rs .
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11 Answer the following:
(a) Why are the connections between the resistors in a meter bridge
made of thick copper strips?
(b) Why is it generally preferred to obtain the balance point in the
middle of the meter bridge wire?
(c) Which material is used for the meter bridge wire and why?
12 Show, on a plot, variation of resistivity of (i) a conductor and (ii) a typical
semiconductor as a function of temperature.
Using the expression for the resistivity in terms of numbers density and
relaxation time between the collisions, explain how resistivity in the case of a
conductor increases while it decreases in a semiconductor, with the rise of
temperature.
13 In the potentiometer circuit given below, calculate the balancing length I.

Give reason, whether the circuit will work , if the driver cell of emf5 V is
replaced with a cell of 2V, keeping all other factors constant.

= A5k 5k
L 1= o M5 5
|
— Ll — -
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UNITIII Magnetic Effects of Current and Magnetism

Chapter—4: Moving Charges and Magnetism
Chapter-5: Magnetism and Matter
1. Biot-Savart law:lt states that field strength dB produced due to the current element
dl at a point having position vector r relative to the current element is

dB = —z—“"i‘:fine e=10"7 Tm/A

*Direction of dB can be found by using Maxwell’s Right hand thumb rule.]
2. Applications:

(i) Magnetic field at a centre of a current carrying circular coil B=p,l/2a
(ii) Magznetic field at a point on the axis of current carrying coil.

Ni . .
B = ﬁ(ﬁsgiz N=no. of turns in the coil

2. Ampere’s circuital law : itis stated that the line integral of magnetic field B along a closed path is
equal to u0 time of the current | passing through the closed path
$B.dl = pol
4. Applications
i) Magnetic field due to straight infinitely long current carrying straight
conductor. B= p,l/2mr
ii) Magnetic field due to a straight solenoid carrying current B= pynl
n= no. of turns per unit length
iii) Magnetic field due to toroidal solenoid carrying current. B= poNI/2mr
N= Total no. of turns.
5. Force on a moving charge
(i) In magnetic field F=q(V x B)
(i) In magnetic and electric field(Lorentz force) F=gxE+(v x B)
(i)  Cyclotron frequency or magnetic resonance frequency v=qB/2rm, T=2nm/Bq
(iii)  Maximum velocity and maximum kinetic energy of charged particle. Vm=Bqgrm/m
6. Force on a current carrying conductor in uniform
F= (Il x B) I=length of conductor
Direction of force can be found out using Fleming’s left hand rule.
7. Force per unit length between parallel infinitely long current carrying straight conductors.

11
F/l:,u'OIZ
2rtd

(a) If currents are in same direction the wires will attract each other. (b) If currents are in
opposite directions they will repel each other.
8. Torque experienced by a current loop in a uniform B.
T = NIBASInB t=MXB Where M=NIA
9. Motion of a charge in
(a) Perpendicular magnetic field F=q(vxB),F=qvBSin90=qvB (circular path)
(b) Parallel or antiparallel field F=qvBSinO (or) qvBSin180=0(Straight-line path)
10. (a) Conversion of galvanometer into ammeter
A small resistance S is connected in parallel to the galvanometer coil
S=|gG/|-|g RA=GS/G+S
(b) Conversion of galvanometer into a voltmeter.
A high resistance R is connected in series with the galvanometer coil.
R=V/Ig-G Ry=G+R
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VERY SHORT QUESTION (one marks)

Q1.
Ans.
Q2.
Ans.
Q3

Ans.
Q4.

Ans.

Q5.

Ans.

Q6
Ans

Q7.

Ans:
Q8.

Ans:
Q9

Ans
Q2

Must every magnetic field configuration have a north pole and a

south pole? What about the field due to a toroid?

No, In toroid, there is no separate N&S pole(poles exists only when the source
has some net magnetic moment.)

What is the effect on the current measuring range of a galvanometer when it is
shunted?

Increased.

Suggest a methodto shield a certain region of space from magnetic fields.

By putting in a ferromagnetic hollow case

If the magnetic field is parallel to the positive y-axis and the charged particle is
moving along the positive x-axis, which way would the Lorentz force be for an
electron (negative charge), (b) a proton (positive charge)

From fleming’s left hand rule

(a) for electron Lorentz force will be along —z axis;

(b) for a positive charge (proton) the force is along +z axis.

A magnetic dipole of magnetic moment M is kept in a magneticfield B.

At what position the minimum and maximum potential energy can be acquired?
Minimum potential = — MB when 8 = 0 (most stable position)

Maximum potential = MB when 6= 180° (most unstable position).

Sketch the magnetic field lines for a currentcarrying circular loop.

Imagine that the room in which you are seated is filled with a uniform magnetic field
pointing in vertically downward. At the centre of the room, an electron is released with
a certain speed in the horizontal direction. Find the nature of the expected path
of the electron in the field?
The electron will keep on revolving clockwise in a circular path.

In a certain arrangement, a proton does not get deflected while passing

through a magnetic field region. State the condition under which it is possible.

v is parallel or antiparallel to B

An electron and proton, moving parallel to each other in the same direction with equal
momenta, enter into a uniform magnetic field which is at right angle to their velocities.
Trace the trajectories in the magnetic field.

x x x x >
proton

> > > > > .S

> x x x

s > P4 b4 >
Electron

> x > x

x x x x x x

A current loop is placed in a uniform magnetic field in the following
orientations (1) and (2). Calculate the magnetic moment in each case.

Ans:

< >

(;) (2)\1/ n

(1)-mB (2)Zero




Assertion (A) & Reason(R)

Two statements are given-one labelled Assertion (A) and the other labelled Reason (R). Select
the correct answer to these questions from the codes (a), (b), (c) and (d) as given below.

(a). Both A and R are true and R is the correct explanation of A
(b). Both A and R are true but R is not the correct explanation of A
c). Ais true but R is false

(d).A is false and R is also false

1.Assertion(A):

The centripetal force on the test charge qo is go vB, where v is the velocity of a particle and B is the
magnetic field.

Reason (R):

When a charged particle is fired at right angles to the magnetic field, the radius of its circular path
is directly proportional to the kinetic energy of the particle.

2.Assertion (A):

Magnetic field due to an infinite straight conductor varies inversely as the distance from it.
Reason (R):

The magnetic field due to a straight conductor is in the form of concentric circles.

3.Assertion (A):

A rectangular current loop is in an arbitrary orientation in an external uniform magnetic field. No
work is required to rotate the loop about an axis perpendicular to the plane of loop

Reason (R):

All positions represent the same level of energy.

4.Assertion (A):

The magnitude of magnetic field in a region is equal to the number of magnetic field lines per unit
area where area should be normal to the field.

Reason (R):

Magnetic field is tangential to a magnetic field line.

5.Assertion (A):

If a proton and an a-particle enter a uniform magnetic field perpendicularly with the same speed,
the time period of revolution of a-particle is double than that of proton.

Reason (R):

In a magnetic field, the period of revolution of a charged particle is directly proportional to the
mass of the particle and inversely proportional to the charge of the particle.



6.Assertion (A):

A charged particle is moving in a circular path under the action of a uniform magnetic field. During
the motion, kinetic energy of the charged particle is constant.

Reason (R):

During the motion, magnetic force acting on the particle is perpendicular to instantaneous velocity.

7.Assertion (A):

When radius of a circular loop carrying current is doubled, its magnetic moment becomes four
times.

Reason (R):

Magnetic moment depends on the area of the loop.

8.Assertion (A):

The magnetic field at the ends of a very long current carrying solenoid is half of that at the centre.
Reason (R):

If the solenoid is sufficiently long, the field within it is uniform.

9.Assertion (A):

If an electron and proton enter a magnetic field with equal momentum, then the paths of both of
them will be equally curved.

Reason (R):

The magnitude of charge on an electron is same as that on a proton.

10.Assertion (A):

The coils of a spring come close to each other, when current is passed through it.

Reason (R):

It is because, the coils of a spring carry current in the same direction and hence attract each other.

11.Assertion (A):

The range of a voltmeter can be both increased or decreased.

Reason (R):

The required resistance (to be connected in series) can be calculated by using the relation,

12.Assertion (A):

Both A m? and J T are the units of magnetic dipole moment.

Reason (R):

Both the units are equivalent to each other.

13.Assertion (A):

The true geographic north direction is found by using a compass needle.
Reason (R):

The magnetic meridian of the earth is along the axis of rotation of the earth.
14.Assertion (A):

If a compass needle is kept at magnetic north pole of the earth, the compass needle may stay in
any direction.

Reason (R):

Dip needle will stay vertical at the north pole of the earth.



15.Assertion (A):
The magnetic field at the centre of the current carrying circular coil shown in the fig. i zero.

|
A B

Reason (R):
The magnitudes of magnetic fields are equal and the directions of magnetic fields due to both the
semicircles are opposite.

16.Assertion (A):

The voltage sensitivity may not necessarily increase on increasing the current sensitivity.
Reason (R):

Current sensitivity increases on increasing the number of turns of the coil.

17.Assertion (A):

The angle of dip is maximum at the poles of the earth.

Reason (R):

The magnetic field lines are parallel to the surface of the earth at the poles.

18.Assertion (A):

An electron projected parallel to the direction of magnetic force will experience maximum force.
Reason (R):

Magnetic force on a charge particle is given by F = (IL x B).

19.Assertion (A):

The torque acting on square and circular current carrying coils having equal areas, placed in
uniform magnetic field, will be same.

Reason (R):

Torque acting on a current carrying coil placed in uniform magnetic field does not depend on the
shape of the coil, if the areas of the coils are same.

20.Assertion (A):

A phosphor bronze strip is used in a moving coil galvanometer.

Reason (A):

Phosphor bronze strip has the maximum value of torsional constant k.

ANSWER KEY:

l.c 11.a
2.b 12.a
3.a 13.d
4.b 14. b
5.a 15.a
6.a 16. b
7.a 17.c
8.b 18.d
9.a 19.a
10. a 20.c



CASE BASED QUESTIONS

Case 1. FORCE ON A CHARGE IN ELECTRIC AND MAGNETIC FIELD

No longer
parallel to B

A point charge q (moving with a velocity v and located at r at a given time t) in the presence of
both the electric field E and magnetic field B. The force on an electric charge g due to both of
them can be writtenas F=q [ E+ v x B ] =Fel + Fmag It is called the ‘Lorentz force’.If the charge
g is moving under a field, the force acting on the charge depends on the magnitude of field as
well as the velocity of the charge particle,

1.what kind of field is the charge moving in?

(a) Electric field

(b) Magnetic field

(c) Both electric and magnetic field perpendicular to each other
(d) None of these

2.The magnetic force acting on the charge ‘q’ placed in a magnetic field will vanish if
(a) if vis small

(b) If v is perpendicular to B

(c) If vis parallel to B

(d) None of these

3.If an electron of charge -e is moving along + X direction and magnetic field is along + Z direction,
then the magnetic force acting on the electron will be along
(a) + X axis
(b) - X axis
© - Y axis
(c) +Y axis
4.The vectors which are perpendicular to each other in the relation for magnetic force acting on a
charge particle are
(a) Fandv
(b) Fand B
(c)vand B
(d) All of these

5.A particle moves in a region having a uniform magnetic field and a parallel, uniform electric field.
At some instant, the velocity of the particle is perpendicular to the field direction. The path of the
particle will be

(a) A straight line



(b) A circle
(c) A helix with uniform pitch
(d) A helix with non-uniform pitch

CASE 2: HELICAL MOTION OF A CHARGED PARTICLE IN A MAGNETIC FIELD

Flcliacal
>=atia

If velocity has a component along B, this component remains unchanged as the motion
along the magnetic field will not be affected by the magnetic field. The motion in a
plane perpendicular to magnetic field is a circular one, thereby producing a helical
motion.

1.The radius of the charge particle, (when v is perpendicular to B) placed in a uniform magnetic
field is given by

(a) R=mv/gB

(b) R=qgB/mv

(c) R=Bgm/v

(d) R=vg/mB

2.An electron, proton, He* and Li** are projected with the same velocity perpendicular to a uniform
magnetic field. Which one will experience maximum magnetic force?

(a) Electron

(b) Proton

(c) He*

(d) Li**

3.The work done by the magnetic field on the charge particle moving perpendicular to a uniform
magnetic field is

(a) Zero

(b) g(vxB).S

(c) Maximum

(d) gBS/v

4.The distance moved by a charged particle along the magnetic field in one rotation, when v has a
component parallel to B is

(a) 2BV coslEEg Bm

(o) 2BmvcosERRIEqB

(c) gBm/2Rv coshl

(d) Bg/2Em



CASE 3: AURORA BOREALIS

During a solar flare, a large number of electrons and protons are ejected from the sun.
Some of them get trapped in the earth’s magnetic field and move in helical paths along the
field lines. The field lines come closer to each other near the magnetic poles, hence the
density of charges increases near the poles. The particles collide with atoms and molecules
of the atmosphere. Excited oxygen atoms emit green light and excited nitrogen atoms emit
pink light. This phenomenon is called ‘Aurora Borealis’.

1.When will the path of the particle be helix, when it is moving in external magnetic field?
(a) When v has a component parallel to B
(b) When v has a component perpendicular to B
(c) When v is parallel to B
(d) None of these
2.When the charged particle travelling in a helical path enters a region where the magnetic field is
non-uniform, the pitch of helix of the charge particle will be
(a) Same as in uniform magnetic field
(b) Increases as the charge moves inside the magnetic field
(c) Decreases as the charge moves inside the magnetic field
(d) First increases then decreases as the charge moves inside the magnetic field
3.The colour of Aurora Borealis is due to
(A) Excited ozone, chromium atoms
(B) Excited Oxygen and Nitrogen atoms
© Due to presence of water vapours in the atmosphere
(C) Excited electrons and protons in the atmosphere
4.The density of magnetic field lines is greater on the earth
(a) At the poles
(b) Near the equator
(c) Uniform everywhere on the surface
(d) None of these



CASE 4: VELOCITY SELECTOR

SOUrcE B 4 4 v . + + //;'I;

(a) (b)

A charge g moving with a velocity v in presence of both electric and magnetic fields experience a
force F=q [ E+vxB].If electric and magnetic fields are perpendicular to each other and also
perpendicular to the velocity of the particle, the electric and magnetic forces are in opposite
directions. If we adjust the value of electric and magnetic field such that magnitude of the two
forces are equal. The total force on the charge is zero and the charge will move in the fields

undeflected.

1.What will be the value of velocity of the charge particle, when it moves undeflected in a region
where the electric field is perpendicular to the magnetic field and the charge particle enters at
right angles to the fields.

v=E/B
v =B/E
v=EB

v = EB/q

2.Proton, neutron, alpha particle and electron enter a region of uniform magnetic field with same
velocities. The magnetic field is perpendicular to the velocity. Which particle will experience

maximum force?



(a) proton

(b) electron

(c) alpha particle
(d) neutron

3.A charge particle moving with a constant velocity passing through a space without any change in
the velocity. Which can be true about the region?

(a)E=0,B=0
(b)E#£0,B#0
(c)E=0,B20

(d) All of these
4.Proton, electron and deuteron enter a region of uniform magnetic field with same electric
potential-difference at right angles to the field. Which one has a more curved trajectory?
(a) electron
(b) proton
(c) deuteron
(d) all will have same radius of circular path

CASE 5: MOTION OF A CHARGED PARTICLE IN A UNIFORM MAGNETIC FIELD
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A charged particle of mass m and charge g moves with a constant velocity along the positive X
direction v = ai. It enters a region of magnetic field which is directed towards positive Z direction
from x = a which is given by B = bk
1.The initial acceleration of the particle is

(a) a=gab/mi

(b) a=-qam/bT]

(c) a=-ga/mbj

(d) none of these
2. The radius of the circular path which the particle moves is

(a) mb/ga

(b) ma/qgb

(c) mab/q

(d) None of these



3.Which of the following is true about the motion of the particle in uniform magnetic field, where
the charged particle enters at right angles to the field?

(a) Force will always be perpendicular to the velocity.

(b) Kinetic energy of the particle remains constant.

(c) Velocity vector and magnetic field vector remains perpendicular to each other during the
motion.

(d) All of these.

4.The frequency of the rotation
(a) depends on the value of a
(b) depends on the value of b
(c) depends on the value of a and b both
(D)does not depend on aand b

CASE 6: MOVING COIL GALVANOMETER
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The galvanometer is a device used to detect the current flowing in a circuit or a small potential
difference applied to it. It consists of a coil with many turns, free to rotate about a fixed axis, in a
uniform radial magnetic field formed by using concave pole pieces of a magnet. When a current
flows through the coil, a torque acts on it.
1.What is the principle of moving coil galvanometer?

(a) Torque acting on a current carrying coil placed in a uniform magnetic field.

(b) Torque acting on a current carrying coil placed in a non-uniform magnetic field.

(c) Potential difference developed in the current carrying coil.

(d) None of these.
2.If the field is radial, then the angle between magnetic moment of galvanometer coil and the
magnetic field will be

(a) 0°

(b) 30°
(c) 60°
(d)oo°



3.Why pole pieces are made concave in the moving coil galvanometer?

(a) to make the magnetic field radial.

(b) to make the magnetic field uniform.

(c) to make the magnetic field non-uniform.

(d) none of these.
4.What is the function of radial field in the moving coil galvanometer?
(a) to make the torque acting on the coil maximum.
(b) to make the magnetic field strong.
(c) to make the current scale linear.
(d) all the above.
5.1f the rectangular coil used in the moving coil galvanometer is made circular, then what will be
the effect on the maximum torque acting on the coil in magnetic field for the same area of the
coil?
(a) remains the same
(b) becomes less in circular coil
(c) becomes greater in circular coil
(d) depends on the orientation of the coil
6.What is the torque and force in the two cases as shown in the fig.?

4 Z

B < B

N Y

(@) ta<th,Faz0,Fbz0
(b) ta>tb, Fa=Fb=0
(c) ta=tb=0,Fa=Fb=0
(d)ta=th,Fa=Fb=0
CASE 7: CONVERSION OF MOVING COIL GALVANOMETER INTO AN AMMETER

AT ETRAETE R L e x



The galvanometer cannot be used as an ammeter to measure the value of the current directly as
it is a very sensitive device. It gives a full-scale deflection for current of the order of YA. For
measuring currents, the galvanometer has to be connected in series, and as it has a large
resistance, this will change the value of current in the circuit.

1.How is a moving coil galvanometer converted into an ammeter of desired range?
(a)Connecting a shunt resistance in series.

(b)Connecting a shunt resistance in parallel.

(c)Connecting a large resistance in series.

(d)Connecting a large resistance in parallel.

2.A moving coil galvanometer of resistance G gives a full-scale deflection for a current Ig. It is
converted into an ammeter of range 0- | ampere. What should be the value of shunt resistance to
convert it into an ammeter of desired range?

(@)s=1/1-1gG
(b)s=1-1g/1G
c)S=1/1gG
(d)s=1g/1G

3.Which one will have the greatest resistance —a micro-ammeter, a milli-ammeter,
an ammeter?

(a)Micro-ammeter

(b)Milli-ammeter

(c)Ammeter

(d)All will have the same resistance

4.The resistance of the ammeter will be
(a) 1_1 + 1 _ _
a)1/RA=1/G+1/S
(b)RA=G+S
(c)RA=G+S/ GS
(d)None of these
CASE 8. MAGNETIC MOMENT OF ELECTRON




In the Bohr model of the Hydrogen atom, the electron revolves around a positively charged
nucleus such as a planet revolves around the sun. The force which binds the electron-proton
system is the electrostatic force. There will be a magnetic moment associated with this circulating
current givenby M =1 A,
1.What will be the magnetic moment of the electron in the first orbit of H-atom?
(a) evr/2
(b) ev/2r
(c) ev/2rm
(d) evr/2m
2.The relation between magnetic moment and angular momentum for an electron revolving in the
first orbit of H-atom is
(a)M=e/2m L
(b) L=e/2m M
(c)M=eB/2m L
(d)L=eB/2m M
3.The angle between magnetic moment vector and angular momentum vector is
(a) 0° (b)45° (c)90° (d)180°
4.The value of gyroscopic ratio M/L
(b) depends on the value of charge
(c) is a constant quantity
(d) depends on mass of the particle
(e) depends on the axis of rotation.

CASE 9: EARTH’S MAGNETISM

=
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The magnetic field lines of the earth resemble that of a hypothetical magnetic dipole located at the
centre of the earth. The axis of the dipole does not coincide with the axis of rotation of the earth
but is presently tilted by approximately 11.3° with respect to the later. If the magnetic needle is
perfectly balanced about a horizontal axis so that it can swing in a plane of the magnetic meridian,



the needle would make an angle with the horizontal. This is known as the angle of dip (also known
as inclination).

1.What is the angle of dip at the equator?

0°

45°

60°

90°

2.At the poles, the dip needle will

(a) stay horizontal

(b) stay vertical

(c) stays at 45° angle with the horizontal

(d) does not remain steady in any fixed position

3.The angle of dip where the vertical component of the earth’s magnetic field is equal to the
horizontal component of the earth’s magnetic field will be
(a)o°

(b)45°

(c)60°

(d)9o°

Which of the following independent quantities is not used to specify the earth’s magnetic field?
(a) Magnetic declination (8)

(b) Angle of dip (6)

(c) Horizontal component of earth’s magnetic field (BH)
(d) Vertical component of earth’s magnetic field (B

ANSWER KEY OF CASE-BASED QUESTIONS

CASE 1 1(b) 2(c) 3(d) 4 (d) 5 (d)
CASE 2 1(a) 2(d) 3(a) 4 (b) 5

CASE 3 1(a) 2 3(b) 4 (a) 5

CASE 4 1(a) 2(c) 3(d) 4 (a) 5

CASE 5 1(a) 2(b) 3(d) 4 (b) 5

CASE 6 1(a) 2(d) 3(a) 4 (d) 5(a) 6(b)
CASE 7 1(b) 2(a) 3(a) 4 (a) 5

CASE 8 1(a) 2(a) 3(d) 4 (b) 5

CASE 9 1(a) 2(b) 3(b) 4 (d) 5




VERY SHORT QUESTION (two marks)

Q1 A proton and an alpha particle of the same enter, in turn, a region of uniform
magnetic field acting perpendicular to their direction of motion. Deduce the ratio of
the radii of the circular paths described by the proton and alpha particle.

Ans  r(n) = ’;—;’ and r(a) = ‘;’:;’ = 2’;#;’ Sr(a)=2r(n)

Q2 What will be (i) Pole strength (ii) Magnetic moment of each of new piece of
bar magnet if the magnet is cut into two equal pieces
(a) normal to its length?
(b)along its length?
Ans (a) Pole strength same; magnetic moment half.
(b) pole strength half; magnetic moment half.

Q3 How will the magnetic filed intensity at the centre of a circular coil carrying current change if the
current through the coil is doubled and the radius of the coil is halved.

. _ bon2l
Ans: B= 2 (R/2)

Q4 A charged particle of mass 5 mg and charge q = 2 puC has velocity v= 2i — 3j + 4k. Find out the
magnetic force on the charged particle and its acceleration at this instant due to the magnetic field
B =3j—2are in Wb/sg. m and m/s respectively.

% =10xB) ;g (-3i +2j +3k) m/s2 .

Q5 Out of Voltmeter and Milli voltmeter, which has the higher resistance?

Ans:  We know the resistance connected to galvanometer to convert it into voltmeter is
R=(V/Ig)-G
So if Ris higher, range of V will also be higher, so a Voltmeter has the higher resistance.

Qb6 Two long straight wires are set parallel to each other. Each carries a current | in the same
direction and the separation between them is 2r. What is the intensity of the magnetic field
midway between them?

Ans: The fields of the two wires will be in the opposite directions at the midway point.

B =Bl —Bz =|Jo|/2T[r -|Jo|/2 ntr=0

Q7 A solenoid of length 0.6m has a radius of 1cm and is made up of 600 turns.|t carries a
current of 5A.What is the magnetic field inside and at ends of solenoid.?

Ans-  (i)At the centre
n=1000,B=ponl=4mx 107 x1000x5=6.2x 103 T
(i) At the ends
B=.puOni=3.1x1073T

Ans. a=

Q8 What is the magnetic field produced at the centre of curvature of an arc of wire of radius r
carrying current | subtends an angle it /2radians at its centre.
Ans: Bi=Bx@0/2m=KL_"_
2r 2mXx2
Bl= Ho I/8r
Q9 Which of the following will experience maximum force, when projected with the same velocity v
perpendicular to the field(1)a- particle, and (2)B-particle.
Ans  F=qvb sin90°=qvb
a- particle=2e F «=2evB
B - particle=e Fpg=evB



SHORT QUESTION (three marks)

Qi1

Ans

Q2

Ans

Q3

Ans
Q4

Ans

Q5

At a place horizontal component of the earths magnetic field is B and angle of dip at
the place is 60°. What is the value of horizontal component of the earths magnetic field.
(i) at Equator (ii)lf horizontal and vertical component of earth’s magnetic field are equal at a
place, find the angle of dip.
(i)o
(ii)By=Bn
tan&=B./Bn
s0,6=45°
(a)state two properties of the material of the wire used for suspension of the coil in a moving coil
galvanometer.
(b)The coils, in certain galvanometer have fixed core made of a non-magnetic material. Why does
the oscillating coil come to rest so quickly in such core?
(a) i)small torsion constant K

ii)High tensile strength
(b) The eddy current set up in the metallic material oppose the motion
A galvanometer of resistance 120 gives full scale deflectionfor a current of 5mA. How can
it be converted into an ammeter of range 0 to 5A? Also determine the net resistance of
the ammeter

=19 ¢ =0.120
I-Ig

A current of 10A flows through a semicircular wire of radius 2cm as shown in figure (a).
What is direction and magnitude of the magnetic field at the centre of semicircle?
Would your answer change if the wire were bent as shown in figure (b)?

_—_

. ; . _"\ .':L., o f"
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fig a fig b

a) 5x107 outward

b) a) 5x107° inward.

draw field line produce by
(a) a bar magnet.

(b) A solenoid

(c) And a electric dipole

75 2 = di
(8} Bar magnet (&} Solenaiz (c) Elactric dipale



Q6. Amagneticneedlefreetorotateinavertical plane parallel to the magnetic meridian has its north tip
down at 60° with the horizontal. The horizontal component of the earth's magneticfield at the
placeis knownto be 0.4 G. Determine the magnitude of the earth's magneticfield at the place.

Ans  Bp=BcosO
B= By/cos60

=0.8G
Q7. In a chamber of a uniform magnetic field 6.5G is maintained. An electron
is shot into the field with a speed of 4.8 x 10® ms~' normal to the field.
Explain why the path of electron is a circle.

(a) Determine the radius of the circular orbit (e = 1.6 x 107'? C, mg =
9.1 x 1031 kg)

(b) Obtain the frequency of resolution of the electron in its circular
orbit.

: (a) r=MeV _ 9.1x10>"x 4.8 x10°
Ans : eB 1.6x10 '°x6.5x10*

=4.2cm

1 eB 1.6x107'9x6.510™¢
b) frequency v=-—= =1.8 MH
(b) frequency V== e 2x3.14x9 1105 2

Q8 A rectangular loop of sides 25 cm and 10 cm carrying current of 15A is
placed with its longer side parallel to a long straight conductor 2.0 cm
apart carrying a current of 25A. What is the new force on the loop?
Ans : 7.82 x 107* N towards the conductor

F. Mo 24, x(=10"7x2><25><15><0.25

. =1.56 x10"* Nrepalsive
Ans : 2" an > 0.12 %

NetF:F,—F2=7.82x1O’4N

15A

25AY A ¢v25cm

-3 I
CM 10 cm

Q9. A long wire is first bent into a circular coil of one turn and then into a
circular coil of smaller radius having n turns. If the same current passes
in both the cases, find the ratio of the magnetic fields produced at the
centres in the two cases.

Ans : When there is only one turn, the magnetic field at the centre,

g = Hol
2a
2ralxn = 2ra = a' = a/n

nl n°I
HoNl _HofM 2 _ op

- - - 8 -
The magnetic field at its centre, B, 2a/n oa

The ratio is, B,/B = n?



Q1o

Ans

Ans

Two moving coil galvanometers, M, and M, have the following
specifications.

R

1002, N,

30, A,

; 3.6 x 107°m?, B, = 0.25T

H_? = 140, N2 = 42, AQ = 1.8 x 1:‘]—3m2, BE = 0.50T

Given that the spring constants are the same for the two galvano meters,

determine the ratio of (a) current sensitivity (b) voltage sensitivity of M, &
M.

NBA
(a) Current sensitivity, T %
] A W A
Ratio of current Sensitivity = [ 1E|~; 1 )/( EEE = )
_ 30x0.25x3.6x107° e
42x0.50x1.8x10~%
. d NBA
(b) Voltage sensitivity, \ =— -~

(N, B, A NLB. A
Ratio of voltage sensitivity =| Ny By Ay ) /[ NaBaAg
L kR KR,
_30x0.25x3.6x10"x14
42%0.50x1.8x102 <10

In the given diagram, a small magnetised needle is placed at a point O.
The arrow shows the direction of its magnetic moment. The other arrows
shown different positions and orientations of the magnetic moment of
another identical magnetic needs B

B,

B,
{a) In which configuration is the systems not in equilibrium?
(b) In which configuration is the system.

(i) stable and (ii) unstable equilibrium?
(a) For equilibrium, the dipole moment should be parallel or auto parallel
to B. Hence, AB, and AB,, are not in equilibrium.

(b) (i) for stable equilibrium, the dipole moments should be parallel,
examples : AB, and AB; (ii) for unstable equilibrium, the dipole
moment should be anti parallel examples : AB; and AB,

(c) Potential energy is minimum when angle between M and B is 0°,

e, U =-MB Example : ABg



ail.

LONG QUESTION (FIVE marks)

(b)
(c)

With the help of a diagram, explain the principle and working of a moving coil
galvanometer.

What is the importance of a radial magnetic field and how is it produced ?

Why is it that while using a moving coil galvanometer as a voltmeter a high
resistance in series is required whereas in an ammeter a shunt is used ?

Uesorm saiial
INagractie fekd

Principle: Torque acts on the current carrying loop when placed in magnetic
field. (t=NIABsin8.) 1

Working: The magnetic torque tends to rotate the coil. Aspring provides a
counter torque that balances the magnetic torque; resulting in a steady angular
deflection. The deflection is indicated on the scale by a pointer attached to the

spring,. 1
Importance and production of radial magnetic field:

In a radial magnetic field magnetic torque remains maximum for all positions 1
of the coils.

It is produced due to cylindrical pole pieces and soft iron core.
Reason:

Voltmeter: This ensures that a very low current passes through the voltmeter
and hence does not change (much) the original potential difference to be
measured. Ve

Ammeter: This ensures that the total resistance of the circuit does not change

much and the current flowing remains (almost) at its original value. Ya



Q2.

(a)

(b)
(©

@)

Derive an expression for the force between two long parallel current carrying

conductors.
Use this expression to define S.I. unit of current.

Along straight wire AB carries a current 1. A proton P travels with a speed v,
parallel to the wire, at a distance d from it in a direction opposite to the
current as shown in the figure. What is the force experienced by the proton
and what is its direction? B

Id\

-

Yo
Two long parallel conductors "a’ and 'b’ are separated by a distance dand
carry (parallel) currents / and /, respectively. The conductor "a’ produces,
the same magnetic field B_at all points along the conductor “b’. 1
Hofa
B. =
¢ 2nd
F, .. is the force on asegment L of 'b’ due to "a’. The magnitude of this force
is given by Yo
F =1 LB, Yo
e U'olalo L
2nd
(b) The ampere is the value of that steady current which, when maintained
in each of the two very long, straight, parallel conductors of negligible
cross-section, and placed one metre apart in vacuum, would produce
on each of these conductors a force equal to 2 x 107 newton per
metre of length. 1
(¢) Magnetic field due to the straight wire AB at a perpendicular distance
dfromit. Va
_ Hof
2md
Thereftore, force on proton moving with velocity "+’ perpendicular to 3, is
1 qvB - I-’oz Iq!v 1

Direction : Towards right V2



Q3. State Biot-Savart law, giving the mathematical expression for it.
Use this law to derive the expression for the magnetic field due to a circular coil
carrying current at a point along its axis.
How does a circular loop carrying current behave as a magnet ?

—
Statement of Biot Savart Law : The magnitude of magnetic field d B due
to cuurent element is directly proportional to the cuurent 7, the element length

|d7 | and mversely proportional to the square of the distance r of the field

- —
point. Its direction 1s perpendicular to the plane contamning d ¢ and »- Ya
~ Il xF  n o M, Il xF
B < Or B = = —_—
s 3 4 »
l
i
‘ uv’"‘\‘m. aB
/ \ \...,4..1'\‘“ & PN 103
Aty T o dF Ve
5 R TR 14 .
13 iy LI RO s T
; !
/\ /dl
. "
.

The magnetic' field duetod/ is given by Biot Savart law as

dp = Mo I\dl x7|
47 s
zdl R
NowdB, =dB Coso= o __fal__ o _ Ko

47 (.\.'2+R2) 4_1; (xz +R2) (.\‘2+R2)”2

o IR
SoB = |dB, = dl
58y = = (x* + R?*)*™ ..,,,-,Lp 1
Mo IR 5 HoIR?
4n (x2 + R?)*" 2(x2+R2)312

(The y-components, of the field, add up to zero, due to synunetry)
. Magnetic field at P due to a circular loop

0= - o IR?
= B=B_ I = —5 !
* 2(x* + R*V"?
Explanation : A circular cuurent loop produces magnetic field and its 1

magnetic moment is the product of current and its area

M =14
Alternatively

Alternativcly : One side of the cuurent canying coil behaves like the
N-Pole and the other side as the S-Pole of a magnet. 1



Q5.a) Using Ampere's circuital law, obtain the expression for the magnetic field due

to a long solenoid at a point inside the solenoid on its axis.

(b) Inwhatrespectis atoroid different from a solenoid ? Draw and compare the

pattern of the magnetic field lines in the two cases.

(c) How is the magnetic field inside a given solenoid made strong ?

w‘;
J

~—

e

; |
h_._r_'”d__.a_'_ !
[Bdl + [Bdl + [B.dl + [Badl = po1(nk)
o H « g V4
Bh+0 +0+0= p I(nh)
B=p ni v

b) (Any one difference ~ In a toroid, magnetic lines do not exist outside
the body. 1
— Toroid is closed whereas the solenoid is open on both sides

— Magnetic field is uniform inside a toroid whereas for'solenoid, it is
different at the two ends and centre.

V2

V2

Strengthing of magnetic field: (Any one)
e By inserting a ferromagnetic substance inside the solenoid

° By increasing the amount of current through the solenoid 1



SELF-ASSESSMENT TEST

Max. marks: 30 Time allowed: 1 hour

1. Choose and write the correct option in the following questions. (3x1=3)

(i) A current loop in a magnetic field

(a) can be in equilibrium in two orientations, both the equilibrium states are unstable.
(b) can be in equilibrium in two orientations, one is stable while other is unstable

(c) experiences a torque whether the field is uniform or non uniform in all orientations.
(d) can be in equilibrium in one orientation.

(ii) two circular coils | and 2 are made of the same wire but the radius of the first coil is twice that
of the second coil. What ratio of' the potential deference (in volt) should be applied across then), so that the
magnetic field at their centre is the same?
(a) 2
(b) 3
(c) 4
(d) 6
(iii) Current sensitivity of a moving coil galvanometer is 5 div/mA and its voltage sensitivity
(angular deflection per unit voltage applied) is 2() div/ V. The resistance of the galvanometer is

(a) 40 Q
(b) 25 Q
(c) 250 Q
(d) 500 Q

In the following questions a statement of assertion followed by a statement of reason is given. Choose
the correct answer out of the following choices. (2x1=2)

(a) Assertion and reason both are correct statements and reason is correct explanation for assertion.

(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion.
(c) Assertion is correct statement but reason is wrong statement.

(d) Assertion is wrong statement but reason is correct statement.

Assertion :Magnetic moment of an atom is due to both the orbital motion and spin motion of every
electron.
Reason :A charged particle produces a magnetic field.

Assertion : When radius of circular loop carrying current is doubled, its magnetic moment becomes four
times
Reason: Magnetic moment depends on area of the loop.

3. Using the concept of force between two infinitely long parallel current carrying conductors, define one
ampere of current. 1
4.Define one tesla using the expression for the magnetic force acting on a particle of charge 'q' moving

with velocity v in a magnetic field B 1



5.A beam of electrons projected along +x-axis, experiences a force due to a magnetic field along the +y-axis.

Y

What is the direction of the magnetic field? /

1
6. A point charge is moving with a constant velocity perpendicular to a uniform magnetic field as shown in

the figure. What should be the magnitude and direction of the electric field so that the particle moves un
[\

Y

[t

t—;-'
+q
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X oX X X X X
X oX X X X X

X
X

deviated along the same path? *®

2
7, (a) Obtain the conditions under which an electron does not suffer any deflection while through a
magnetic field.

(b)Two proton P and Q moving with the same speed pass through the magnetic fieldsB1 and B2 at right
angles to the field directions. If IB21 > IBI |, which of the two the proton will describe circular path of smaller
radius? Explain.

8. Two identical coils P and Q each of' radius R are lying in perpendicular planes such that they have a
common centre. Find the magnitude and direction of the magnetic field at the common centre when they

e
I
p

<, l-] =

carry currents equal (1 and1.732 | respectively).

9.(a) Derive the expression the torque on a rectangular current carrying loop suspended in a uniform
magnetic field.

(b) A proton and a deuteron having equal momenta enter in a region of uniform magnetic field at right
angle to the direction of the field. Depict their trajectories in the field.

10.A rectangular loop of of size 2 cm x 5 cm carries a steady current of | A. A straight lon carrying 4 A current
is kept near the loop as shown in the figure. If the loop and the wire are coplanar, find (i) the torque acting
on the loop and (ii) the magnitude and direction of the force on the loop due to current carrying wire.

11.A proton, a deuteron and an alpha particle, are accelerated through the same potential difference and
then subjected to a uniform magnetic field B, perpendicular to the direction of their motions. Compare (i)
their kinetic energies, and (ii) if the radius of the circular path described by proton is 5 cm, determine the
radii of the paths described by deuteron and alpha particle. 3



12.State the principle of a moving coil galvanometer. Explain its working and obtain the expression the
deflection produced due to the current passed through the coil. Define current sensitivity.

13.The figure shows a rectangular conducting frame MNOP of resistance R placed partly in, perpendicular
magnetic field B and moved with velocity V as shown in the figure.

X X X X X X X
X X w i iy oy NTX X
X X X X X X X
X X X N X 1)( X
X X X X X J X X
X X P X X b X X X
P
X X X X X X X
Answers

1.(i)a (i) (c) (iii) (c)
2.(i) c (ii) (b)

10. Torque=0,FI=1.6x 10> N



UNIT-IV
6. ELECTROMAGNETIC INDUCTION

7. ALTERNATING CURRENT

Quick Revision Notes

1. Magnetic Flux The magnetic flux linked with any surface is equal to total number of
magnetic lines of force passing normally through it. It is a scalar quantity.
Suppose, we consider small area dA in field B, then ¢ = /B - dA

7\

[ .
\ | e [ 2
N/ N
A Na
Magnetic flux, ¢ = 84 =Maximum value Magnetic flux, ¢ = B4 86=B-A

SI unit of magnetic flux is Weber (Wh).
CGS unit of magnetic flux is Maxwell (Mx).
1 Wb =10 Mx=1Tm*
Magnetic flux is a scalar quantity and its dimensional formula is [ML*T?A™'].

2. The phenomenon of generation of current or emf by changing the magnetic flux is known as
Electromagnetic Induction EMI).

3. Faraday’s Law of Electromagnetic Induction
First Law Whenever magnetic flux linked with the closed loop or circuit changes, an emf
induces in the loop or circuit which lasts so long as change in flux continuous.
Second Law The induced emf in a closed loop or circuit is directly proportional to the rate of
change of magnetic flux linked with the closed loop or circuit

)80 _ ,__nh0

At At

ie. 2 oe

where, N = number of turns in loop.
Negative sign indicates the Lenz’s law.

4. Lenz’s Law The direction of induced emf or induced current is such that it always opposes
the cause that produce it.
NOTE: Lenz’s law is a consequence of the law of conservation of energy.

5. If Nis the number of turns and R is the resistance of a coil. The magnetic flux linked with its
each turn changes by d® in short time interval dt, then induced current flowing through the
coil is



el _E[NE]
R R\ At

6. Ifinduced current is produced in a coil rotated in a uniform magnetic field, then

I= ﬁ_ﬁm - I, sinwt
where, I, = NiA® = Peak value of induced current

R

7. Motional Emf The potential difference induced in a conductor of length | moving with
velocity v, in a direction perpendicular to magnetic field B is given by

£ =[(vxB).dl = vBl

8. Fleming’s Right Hand Rule If the thumb, forefinger and middle finger of right hand are
stretched mutually perpendicular to each other such that the forefinger points the direction
of magnetic field, thumb points towards the direction of magnetic force, then middle finger
points towards the direction of induced current in the conductor.

Motion
conductor

Forefinger

Magnetic
field

(§-'.r__-

Induced current

9. The induced emf developed between two ends of conductor of length | rotating about one
end with angular velocity w in a direction perpendicular to magnetic field is given by,

Bwl*
E=
2

10.The induced emf can be produced in a coil by
(i) putting the coil/loop/circuit in varying magnetic field.
(ii) changing the area A of the coil inside the magnetic field,
(iii) changing the angle 0 between B and A.



11. Rotation of rectangular coil in a uniform magnetic Field:

Magnetic flux linked with coil
¢ = BAN cos0

=BAN cosmt
a) Induced emf in the coil
E=(d@/dt)

= BANw sinwt
= Eg sinwt
b) Induced current in the coil.

E BANo .
== —g oin

| ot

E, .
= Ysin wt
R
c) Both Emf and current induced in the coil are alternating

12. Self Induction and Self inductance:

a)  The phenomenon in which an induced emf is produced by changing the
current in acoil is called self in induction.

docl or ¢ =LI

or L:Q
I
E-_L dl
dt
L E
—(d1 / dt)

where L is a constant, called self inductance or coefficient of self — induction.

b) Self inductance of a solenoid

NZA
I

|_=Ho




13.Mutual Induction and Mutual Inductance:
(a) On changing the current in one coil, if the magnetic flux linked with a second
coil changes and induced emf is produced in that coil, then this phenomenon
is called mutual induction.

¢, oc I, or ¢,= M,

—(dl,/ dt)
Therefore, M12 =M21 =M

(b) Mutual inductance two coaxial solenoids
M — HoN: N, A
I
(c) If two coils of self- inductance L1 and L2 are wound over each other,

the mutual inductance is,
M =K L,L,

Where K is called coupling constant.

(d) Mutual inductance for two coils wound in same direction and connected in
series

L=L,+L,+2M

(e) Mutual inductance for two coils wound in opposite direction and connected in
series
L=L,+L,—2M

() Mutual inductance for two coils in parallel
L=(L, L, — Mm2)/Li+L,x2M

e Eddy Current:
When a conductor is moved in a magnetic field, induced currents are generated in
the whole volume of the conductor. These currents are called eddy currents.



1. Alternating Current (AC) It is the current which varies in both magnitude as well as
direction alternatively and periodically.
| =losin wt or | =1, coswt where, |, = peak value or maximum value of AC.

2. Effective Value or rms Value of AC It is defined as the value of AC over a complete cycle
which would generate same amount of heat in a given resistors that is generated by
steady current in the same resistor and in the same time during a complete cycle.

I

Ios =—2=0.7071

™m 0
&5 ‘u@

The 70.7% of peak value of current gives effective or rms value of AC.

3. Average or Mean Value of AC It is defined as the value of AC which would send same
amount of charge through a circuit in half-cycle that is sent by steady current in the same
time.

I,, = ETI“ =0.6371,

The 63.7% of peak value of AC gives average or mean value of AC.
NOTE: In a complete cycle of AC, the mean value of AC will be zero

4. .Alternating emf or Voltage It is the emf which varies in both magnitude as well as
direction alternatively and periodically. The instantaneous alternating emf is given by
V=V, sinwt or V =V, coswt
Vo

Vems = —= =0.707 or V,,. =707% of V
NE P

v, =20 _0637 or V.. =637%of Vo
T

Both AC voltage and AC current are represented by diagrams as shown below:

= Vy sin.{.}t V = Vjcos wt
I = [ sin wt Vv Vo

ALF N A X/
118

12“'- / 4“&"-""—' © - ::]E \ij}' ?_“ N

- ~ - 5 2 2 2 [ = Icos ot




5. Inductive Reactance (X.) The opposing nature of inductor to the flow of current is called

Inductive reactance.

XL = L= ZEfL
Also for a given inductor,
X, =@2nL) f
XL oo f
2nL = constant

=

where, L = self-inductance.

|

XL
Inductive
reactance

§f—_—

Frequency of AC main

6. Capacitive Reactance (X.) The opposing nature of capacitor to the flow of alternating

current is called capacitive reactance.

1 1
Xo=—-=
€7 wC  2nfC
For a given capacitor X [i] 1
e P ' ¢ 2rnCJ) f
1
= XU oc ?
1
—— =constant
2n

where, C = capacitance.

a) For L -C-R series circuit:

Z cg= \/R2 + (){_Xaz

o)
Re+loL——
= oC

And

tang = (——Lwe _Rl/WC )

Series Resonant Circuit

Xc
Capacitive
reactance| *:

f—

Frequency of AC main

a) When the inductive reactance (XL) becomes equal to the capacitive reactance (XC)in

the circuit, the total impedance becomes purely resistive (Z=R).

b) In this state, the voltage and current are in same phase (¢ = 0), the current and
power are maximum and impedance is minimum. This state is called resonance.

c) Atresonance, Impedance of the circuit is maximum
+ 7




7. Conductance:

Reciprocal of resistance is called conductance.

G=1/R (mho)

8. Power In an AC circuit, both emf and current change continuously w.r.t. time, so in circuit,
we have to calculate average power in complete cycle (0 —>T).

Pav = VI.'IIIB In:na cos ¢
where, cos ¢ = power factor.

9. Average power consumption in pure inductive and pure capacitive circuit is equal to zero

because
Phase difference, ¢ = g
= Power factor = cos % =0
P, =0
10. Generator or Dynamo:

It is a device by which mechanical energy is converted into electrical energy. It is based on
the principle of electromagnetic induction.

e Different Types of Generator:
a) AC Generator

It consists of field magnet, armature, slip rings and brushes.
b) DC Generator

It consists of field magnet, armature, commutator and brushes.

11. Transformer:

a) Itisadevice which changes the magnitude of alternating voltage or current.

Works on principle of Mutual induction



Prim aty Secondaty

b) For ideal transformer:
Es/Ep=ns/np =Ip/I5=K

c) Inanideal transformer:
E,l,BE,I

d) In step —up transformer:
ng>n,or K>1

E.>E,and I, <1,

e) In step —down transformer:
ng<n,orK<1

E.<Ey,and I;> 1,

f) Efficiency
n= Esls x100%

=

pp






UNIT-IV
6. ELECTROMAGNETIC INDUCTION
7. AND ALTERNATING CURRENT

ASSERTION (A) & REASONING (R) QUESTIONS

Of the following statements, mark the correct Answers as-

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

D - if both Assertion and Reason -- are false.

E - if Assertion is false but Reason -- is true

1. Assertion-- The mutual induction of two coils is doubled, if the self-inductance of the primary
or secondary coil is doubled
Reason -- Mutual induction is proportional to self-inductance of primary and secondary coils.

2. Assertion- Making and breaking of current in a coil produce no momentary current in the
neighboring coil of another circuit
Reason -- Momentary current in the neighboring coil of another circuit is an eddy current.

3. Assertion- If primary coil is connected by voltmeter and secondary coil by ac source. If large
copper sheet is placed between two coils, induced emf in primary coil is reduced
Reason -- Copper sheet between coils has no effect on induced emf in primary coil

4. Assertion - An electric motor will have maximum efficiency when back emf becomes equal to
half of applied emf
Reason -- Efficiency of electric motor depends only on magnitude of back emf.

5. Assertion- Armature current in DC motor is maximum when the motor has just started
Reason -- Armature current is given by | = (E-e)/R where e is back emf, R is resistance of armature

6. Assertion- Eddy current is produced in any metallic conductor when magnetic flux is changed
around it
Reason -- Electric potential determine the flow of charge.

7. Assertion -- The quantity L/R possesses dimensions of time
Reason — To reduce the rate of increase of current through a solenoid should increase the
time constant L/R

8. Assertion- Faraday laws are consequence of conservation of energy
Reason -- In a purely resistive AC circuit, the current lags behind the emf in phase.

9. Assertion- Only a change in magnetic flux through a coil maintain a current in the coil if the
current is continues
Reason -- The presence of large magnetic flux through a coil maintain a current in the coil if
the current is continues



10. Assertion- magnetic flux can produce induced emf
Reason -- Faraday established induced emf experimentally

11. Assertion- Inductance coil are made of copper
Reason -- Induced current is more in wire having less resistance

12. Assertion- When two coils are wound on each other, the mutual induction between coil is
maximum
Reason -- Mutual induction doesn’t depends on the orientation of the coils

13. Assertion- an aircraft flies along the meridian, the potential at the ends of its wings will be
the same.
Reason -- Whenever there is change in magnetic flux emf induces

14. Assertion- A spark occur between the poles of a switch when the switch isopened
Reason -- Current flowing in the conductor produce magnetic field

15. Assertion - In the phenomenon of mutual induction self-induction of each of coils persists
Reason -- Self-induction arises when strength of current in same coil change in the mutual
induction, current is changing in both the individual

16. Assertion - An induced emf is generated when magnet is withdrawn from the solenoid
Reason -- The relative motion between the magnet and solenoid induced emf

17. Assertion - A transformer can’t work on DC supply
Reason -- DC changes neither in magnitude nor in direction

18. Assertion - Soft iron is used as a core of transformer
Reason -- Area of hysteresis is loop for soft iron is small

19. Assertion - An AC generator is based on the phenomenon of self-induction
Reason -- in single coil we consider, self-induction only

20. Assertion - An electric motor will maximum efficient, when back emf is equal to
appliedemf
Reason -- Efficiency of electric motor is depends only on magnitude of back emf

21. Assertion - An AC doesn’t show any magnetic effect
Reason -- AC doesn’t vary with time

22. Assertion - A variable capacitor is connected in series with a bulb through AC source if the
capacitance of variable capacitor is decrease the brightness of bulb is reduced
Reason -- The reactance of capacitor increase if capacitance is reduced

23. Assertion - A capacitor of suitable capacitance can be used in AC circuit in the place of choke coil
Reason -- A capacitor blocks DC and allow only AC



24. Assertion - An AC doesn’t show any magnetic effect
Reason -- AC varies with time

25. Assertion - The division are equally marked on the scale of ACammeter
Reason -- heat produced is directly proportion to current

26. Assertion - Average value of AC over a complete cycle is always zero
Reason -- Average value of AC is always defined over half cycle

27. Assertion - Eddy current is produced in any metallic conductor when magnetic flux is
changed around it
Reason -- electric potential determine the flow of charge

28. Assertion - In LCR circuit resonance can take place
Reason -- resonance can take place if inductance and capacitive reactance are equal and opposite

29. Assertion - When capacitive reactance is smaller than the inductive reactance in LCR circuit,
emf leads the current
Reason -- The phase angle is angle between alternating emf and alternating current of the circuit

30. Assertion - The DC and AC both can be measured by a hot wire instrument
Reason -- The hot wire instrument is based on the principle of magnetic effect of current

Answers:

1. € |2. D |3. A |4 C |5 B |6. B |7. B |8 C |9. C |10. E
11. A 12. C |13. E 14. B 15. B 16. A |[17. A 18. A |19. E 20. D
21. D |22. A |23. B 24. B 25. D |26. B |27. B 28. A |29. B 30. C

CASE STUDY QUESTIONS
Question 1:
An inductor is simply a coil or a solenoid that has a fixed inductance. It is referred to as a choke.
The usual circuit notation for an inductor is as shown.

>/ BBTOO0\—s

i L

Let a current i flows through the inductor from A to B. Whenever electric current changes through
it, a back emf is generated. If the resistance of inductor is assumed to be zero (ideal inductor) then
induced emf in it is given by

e=Vg-Va- —Ldi/dt
Thus, potential drops across an inductor as we move in the direction of current. But potential
also drops across a pure resistor when we move in the direction of the current.
The main difference between a resistor and an inductor is that while a resistor opposes the current
through it, an inductor opposes the change in current through it.
Now answer the following questions.
How does inductor behave when



(@) asteady current flow through it?

(b) asteadily increasing, current flows through it?

(c) asteadily decreasing current flows through it?

(d) Name the phenomenon in which change in current in a coil induces EMF in coil itself?

ANS: (i) (a) As electric current is steady therefore
di/dt=0;
::induced emf = e = 0 and the inductor behaves as short circuit.
(b) in the expression
e=-Ldi/dt
as di / dt is positive EMF is negative. that is VB < VA,
That is back EMF is genreted that opposses the increase in current.
(c) di/dtis negative, therefore EMF is positive. that is VB > VA, Forward EMF is generated
that opposses fall in current.
(d) Self induction.

Question 2:

(a) A closed loop is held stationary in the magnetic field between the north and south poles of
two permanent magnets held fixed. Can we hope to generate current in the loop by using
very strong magnets?

(b) A closed loop moves normal to the constant electric field between the plates of a large
capacitor. Is a current induced in the loop

(i) when it is wholly inside the region between the capacitor plates
(ii) when it is partially outside the plates of the capacitor? The electric field is normal to
the plane of the loop.

(c) A rectangular loop and a circular loop are moving out of a uniform magnetic field region
(Figure) to a field-free region with a constant velocity v. In which loop do you expect the
induced eml to be constant during the passage out of the field region? The field is normal to
the loops.

X X X X X X
X Ix x x| X X
e —

(d) Predict the polarity of the capacitor in the situation described by the figure

"“v d ‘.‘_ A,
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Solution:

(a) No. However strong the magnet may be current can be induced only by changing the
magnetic flux through the loop.

(b) No current is induced in either case. Current can not be induced by changing the
electric flux.

(c) The induced emf is expected to be constant only in the case of the rectangular loop. In the
case of circular loop, the rate of change of area of the loop during its passage out of the
field region is not constant, hence induced emf will vary accordingly,

(d) The polarity of plate 'A' will be positive with respect to plate 'B' in the capacitor.

Question 3:
Given figure shows a metal rod PQ resting on the smooth rails AB and positioned between the
poles of a permanent magnet. The rails, the rod, and the magnetic field are in three mutual
perpendicular directions. A galvanometer G connects the rails through a switch K. Length of the
rod =15 cm, B =0.50T, resistance of the closed loop containing the rod =
9.0 mQ. Assume the field to be uniform.

Lin the direction

(@) Suppose K is open and the rod is moved with a speed of 12 cm s~
shown. Give the polarity and magnitude of the induced emf.

(b)Is there an excess charge built up at the ends of the rods when K is open? What if K is
closed?

(c) With K open and the rod moving uniformly, there is no net force on the electrons in the rod
PQ even though they do experience magnetic force due to the motion of the rod. Explain.

(d) What is the retarding force on the rod when K is closed?

(e) How much power is required (by an external agent) to keep the rod moving at the same
speed (=12 cm/ sec) when K is closed? How much power is required when K is open?

(f) How much power is dissipated as heat in the closed circuit? What is the source of this power?

(9) What is the induced emf in the moving rod if the magnetic field is parallel to the rails
instead of being perpendicular?

Answers:
(a) EMF =vBL=0.120.50 x 0.15=9.0 mV;
P positive end and Q negative end.
(b) Yes. When K is closed, the excess charge is maintained by the continuous flow of current.
(c) Magnetic force is cancelled by the electric force set-up due to the excess charge of opposite
signs at the ends of the rod.
(d) Retarding force = IBL
=9mV/9mQ x0.5Tx0.15m
=75x103 N



(e) Power expended by an external agent against the above retarding
force to keep the rod moving uniformly at 12 cm /s
=75x103x12x102=9.0x 103 W
When K is open, no power is expended.

() 12R=1x1x9x103=9.0x103 W
The source of this power is the power provided by the external agent as calculated above.
g) Zero: motion of the rod does not cut across the field lines.
[Note: length of PG has been considered above to be equal to the spacing between the rails.]

Question 4:
A small town with a demand of 800 kW of electric power at 220 V is situated 15 km away from an
electric plant generating power at 440 V. The resistance of the two wire line carrying power is 0.5Q
per km. The town gets power from the line through a 4000-220 V step-down transformer at a sub-
station in the town.
(a) Estimate the line power loss in the form of heat.
(b) How much power must the plant supply, assuming there is negligible power loss due to

leakage?

(c) Characterise the step up transformer at the plant.

Answers:
Line resistance =30 X 0.5 =150
rms current in the line . 800 x 1000 W / 4000 V = 200 A

(a) Line power loss = (200 A)2 x 15 Q = 600kW.
(b) Power supply by the plant = 800 kW + 600 kW = 1400 kW.
(c) Voltage drop on the line = 200 A 15Q = 3000 V.

The step-up transformer at the plant is 440V - 7000 V.

Question 5.
Electromagnetic induction is defined as the production of an electromotive force across an electric
conductor in the changing magnetic field. The discovery of induction was done by Michael Faraday
in the year 1831. Electromagnetic induction finds many applications such as in electrical
components which includes transformers, inductors, and other devices such as electric motors and
generators.
Alternating current is defined as an electric current which reverses in direction periodically. In most
of the electric power circuits, the waveform of alternating current is the sine wave.
1. How to increase the energy stored in an inductor by four times?

(a) By doubling the current

(b) This is not possible

(c) By doubling the inductance

(d) By making current V2 times

Answer: (a) By doubling the current

2. Consider an inductor whose linear dimensions are tripled and the total number of turns
per unit length is kept constant, what happens to the self-inductance?
(@) 9 times
(b) 3 times
(c) 27 times



(d) 13 times
Answer: (b) 3 times

3. Lenzlaw is based on which of the following conservation>
(@) Charge
(b) Mass
(c) Momentum
(d) Energy
Answer: (d) Energy

4. What will be the acceleration of the falling bar magnet which passes through the ring such
that the ring is held horizontally and the bar magnet is dropped along the axis of the ring?
(@) 1t depends on the diameter of the ring and the length of the magnet
(b) It is equal due to gravity
(c) Itis less than due to gravity
(d) It is more than due to gravity
Answer: (c) It is less than due to gravity

McCQ
Choose the correct option from those given below each question:

1. Two coils are placed closed to each other. The mutual inductance of the pair of coils depends upon
(a) the rate at which currents are changing in the two coils.
(b) relative position and orientation of two coils.
(c) the material of the wires of the coils.
(d) the currents in the two coils.

2. When currentin a coil changes from 5 Ato 2 Ain 0.1 s, average voltage of 50 V is produced. The self-
inductance of the coil is
(@) 1.67 H
(b) 6 H
(c)3H
(d)0.67H

3. A coil having 500 sq. loops of side 10 cm is placed normal to magnetic flux which increases at a rate of
1T/s. The induced emf is
(@)0.1v
(b)0.5V
(c)1V
(d)5V

4. Lenz’s law of electromagnetic induction is as per law of conservation of
(a) energy.
(b) momentum angular.
(c) charge.
(d) electromotive force.



5. The current flows from A to B is as shown in the figure. The direction of the induced current in the loop

is

A : B
(a) clockwise.
(b) anticlockwise.

(c) straight line.
(d) no induced e.m.f. produced

6. The north pole of a long bar magnet was pushed slowly into a short solenoid connected to a short
galvanometer. The magnet was held stationary for a few seconds with the north pole in the middle of
the solenoid and then withdrawn rapidly. The maximum deflection of the galvanometer was observed
when the magnet was
(a) moving towards the solenoid
(b) moving into the solenoid
(c) at rest inside the solenoid
(d) moving out of the solenoid

7. Two identical coaxial coils P and Q carrying equal amount of current in the same direction are brought
nearer. The current in
(a) P increases while in Q decreases
(b) Qincreases while in P decreases
(c) both P and Q increases
(d) both P and Q decreases

8. A solenoid is connected to a battery so that a steady current flows through it. If an iron core is inserted
into the solenoid, the current will
(a) increase
(b) decrease
(c) remain same
(d) first increase then decrease

9. Which of the following statements is not correct?
(a) Whenever the amount of magnetic flux linked with a circuit changes, an emf is induced in circuit.
(b) The induced emf lasts so long as the change in magnetic flux continues.
(c) The direction of induced emf is given by Lenz’s law.
(d) Lenz’s law is a consequence of the law of conservation of momentum

10. There is a uniform magnetic field directed perpendicular and into the plane of the paper. An irregular
shaped conducting loop is slowly changing into a circular loop in the plane of the paper. Then
(a) current is induced in the loop in the anti-clockwise direction.
(b) current is induced in the loop in the clockwise direction.
(c) acis induced in the loop.
(d) no current is induced in the loop.

11. The north pole of a bar magnet is rapidly introduced into a solenoid at one end (say A). Which of the



12.

13.

14.

15.

16.

17.

following statements correctly depicts the phenomenon taking place?
(a) No induced emf is developed.

(b) The end A of the solenoid behaves like a south pole.

(c) The end A of the solenoid behaves like north pole.

(d) The end A of the solenoid acquires positive potential.

Identify the wrong statement.

(a) Eddy currents are produced in a steady magnetic field.

(b) Eddy currents can be minimized by using laminated core.

(c) Induction furnace uses eddy current to produce heat.

(d) Eddy current can be used to produce braking force in moving trains

Which of the following does not use the application of eddy current?
(a) Electric power meters

(b) Induction furnace

(c) LED lights

(d) Magnetic brakes in trains

If number of turns in primary and secondary coils is increased to two times each, the mutual
inductance

(a) becomes 4 times

(b) becomes 2 times

(c) becomes A times

(d) remains unchanged

Two inductors of inductance L each are connected in series with opposite? magnetic fluxes. The
resultant inductance is

(Ignore mutual inductance)

(a) zero

(b) L

(c) 2L

(d) 3L

A loop, made of straight edges has six comers at A(O, 0, 0), B(L, 0, 0) C(L, L, 0), D(0, L, 0), E(O, L, L) and
F(0,0, L). A magnetic field B = B, (i*+k”")T is present in the region. The flux passing through the loop
ABCDEFA (in that order) is

(a) BoL? Wh.

(b) 2BoL? Wh.

(c) V2BoL? Wh.

(d) 4BoL> Wh.

A cylindrical bar magnet is rotated about its axis (Figure). A wire is connected from the axis and is made
to touch the cylindrical surface through a contact. Then
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(a) a direct current flows in the ammeter A.

(b) no current flows through the ammeter A.

(c) an alternating sinusoidal current flows through the ammeter A with a time period
T=2n/w

(d) a time varying non-sinusoidal current flows through the ammeter.

18. There are two coils A and B as shown in Figure. A current start flowing in B as shown, when A is moved
towards B and stops when A stops moving. The current in A is counterclockwise. B is kept stationary

when A moves. We can infer that
A 2]

O~ O

(a) there is a constant current in the clockwise direction in A.

(b) there is a varying current in A.

(c) there is no current in A.

(d) there is a constant current in the counterclockwise direction in A.

19. An e.m.fis produced in a coil, which is not connected to an external voltage source. This is not due to
(a) the coil being in a time varying magnetic field.
(b) the coil moving in a time varying magnetic field.
(c) the coil moving in a constant magnetic field.
(d) the coil is stationary in external spatially varying magnetic field, which does not
change with time

20. When the rate of change of current is unity, the induced emf is equal to
(a) thickness of coil
(b) number of turns in coil
(c) coefficient of self-inductance
(d) total flux linked with coil

21. The phase difference between the alternating current and emf is TE/2. Which of the following cannot
be the constituent of the circuit?
(a) C alone
(b) L alone
(c)Land C
(d)Rand L

22. In an LCR-series ac circuit, the voltage across each of the component L, Cand Ris 50 V. The voltage
across the LC-combination will be
(a) 50V
(b) 50v2 Vv



23.

24,

25.

26.

27.

28.

29.

(c) 100V
(d) zero

In an LCR circuit, capacitance is charged from C to 2C. For resonant frequency to remain unchanged,
the inductance should be changed from L to

(a)4L

(b)2L

(c)L/2

(d)L/4

The core of any transformer is laminated so as to
(a) reduce the energy loss due to eddy currents.
(b) make it light weight.

(c) make it robust and strong.

(d) increase the secondary voltage.

In an a.c. generator, a coil with N turns, all of the same area A and total resistance R, rotates with
frequency w in a magnetic field B the maximum value of emf generated in the coil is

(a) NABR

(b) NABw

(c) NABRw

(d) NAB

If coil is open, then L and R becomes
(a) infinity, zero

(b) zero, infinity

(c) infinity, infinity.

(d) zero, zero

If an AC voltage is applied to an L-C-R circuit, which of the following is true?
(a) 'and V are out of phase with each other in R.

(b) 'and V are in phase in L while in C, they are out of phase.

(c) l'and V are out of phase in both Cand L.

(d) 'and V are out of phase in L and in phase in C.

A transformer is used to light a 100 W and 110 V lamp from a 220 V mains. If the main current is 0.5 A,
the efficiency of the transformer is approximately

(a) 30%

(b) 50%

(c) 90%

(d) 10%

Choose the correct statement.

(a) A capacitor can conduct a dc circuit but not an inductor.

(b) In a dc circuit the inductor can conduct but not a capacitor.
(c) In dc circuit both the inductor and capacitor cannot conduct.
(d) The inductor has infinite resistance in a dc circuit.



30.

31.

32.

33.

A coil of self-inductance L is connected in series with a bulb B and an ac source. Brightness of the bulb
decreases when

(a) frequency of the ac source is decreased.

(b) number of turns in the coil is reduced.

(c) a capacitance of reactance Xc = X_ in included.

(d) aniron rod is inserted in the coil.

In a series LCR circuit the voltage across an inductor, capacitor and resistor are 20V, 20V and 40 V
respectively. The phase difference between the applied voltage and the current in the circuit is

(a) 30°

(b) 45°

(c) 60°

(d)o°

Which of the following combinations should be selected for better tuning of an LCR circuit used for
communication?

(@) R=20, L= 1.5H, C = 35 pF.

(b)R=25,L=2.5H, C=45pF.

(c)R=15,L=3.5H, C=30 pF.

(d)R=25,L=1.5H, C=45pF.

The phase relationship between current and voltage in a pure resistive circuit is best represented by
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34. K Which of the following graphs represents the correct variation of inductive reactance X, with
frequency u?

(g] XL 4 [b] X
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(© *4 (d) T
v ' v

35. Which of the following graphs represents the correct variation of capacitive reactance Xc with
frequency v?

(a) *c (b) X
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Answer:
1. 2. a |3. d |4 a |5 a |6. d |7. d |8 b |9. d |10
11. c 12. a 13. c 14. b 15. c 16. b 17. a 18. d 19. d 20. c
21. c 22. d 23. c 24. a 25. b 26. b 27. ¢ 28. ¢ 29. b 30. d
31. d 32. ¢ 33. b 34. b 35. ¢




Complete the statements :

1. Average value of ac over a complete cycle .

2. Inductive reactance increases with in frequency of ac.

3. Inac generator is converted into electrical energy of alternating form.

4. Average or mean value of ac over a half cycle is .

5. Capacitive reactance Xc increases with in frequency of ac and current in
the capacitive ac circuit the ac voltage.

6. Total number of magnetic lines of force crossing a surface normally is called

7. Relation between S.1. unit and C.G.S. unit of magnetic flux is

8. Phenomenon of production of induced emf due to change of magnetic flux linked
with a closed circuit is known as

9. Direction of induced current is such that it the cause which produces it.

10. The electric current flowing in a wire in the direction from B to A is decreasing. The
direction of the induced current in the metallic loop kept above the wire

Q

I—— e e
A B

Answer:

Zero

Increase

Mechanical energy

0.637 Ip

Decrease, leading ahead
Magnetic flux

1 Weber = 108 Maxwell
Electromagnetic Induction
. Opposes

10. Clockwise

LNV EWNE

Very short answer Questions:

1. What is the direction of induced currents in metal rings 1 and 2 when current | in
the wire is increasing steadily?

@)
(e

2. Use Lenz’s law to determine the direction of the induced current when a
rectangular conducting loop abed is moved into a region of magnetic field which
is directed normal to the plane of the loop away from the reader.

>
i



10.
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Two bar magnets are quickly moved towards a metallic loop connected across a
capacitor C as shown in the figure. Predict the polarity of the capacitor.

C
|: IN @Sl : [
A closed loop is held stationary in the magnetic field between the north and
south poles of two permanent magnets held fixed. Can we hope to generate
current in the loop by using very strong magnets?
A closed loop moves normal to the constant electric field between the plates of a
large capacitor. Is a current induced in the loop
(i) when it is wholly inside the region between the capacitor plates, and
(ii) when it is partially outside the plates of the capacitor? The electric field is
normal to the plane of the loop.
A bar magnet is moved in the direction indicated by the arrow between two coils
PQ and CD. Predict the directions of induced current in each coil.
Q —» C
N S

A A
Two spherical bobs, one metallic and the other of glass, of the same size are
allowed to fall freely from the same height above the ground. Which of the two
would reach earlier and why?
A circular loop is moved through the region of uniform magnetic field. Find the
direction of induced current (clock wise or antic lock wise) when the loop moves
(i) into the e field, and (ii) out of the field. [Foreign 2010]

E I x x
x X x x
: x x ] x
x x x x
B

When a coil is rotated in a uniform magnetic field at constant angular velocity,
will the magnitude of induced emf set up in the coil be constant? Why?

How does the mutual inductance of a pair of coils change when

(i) distance between the coils is increased and

(ii) number of turns in the coils is increased?



11. A rod PQ of length 1 is moved in uniform magnetic field B~ as shown. What will

12.

13.

14.
15.

16.

17.

18.

be the emf induced in it?
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The closed loop (PQRS) of wire is moved into a uniform magnetic field at right
angles to the plane of the paper as shown in the figure. Predict the direction of

the induced current in the loop.

X X X
XXXXF Q

—
X X X X X| X X

oX X X X X X

Predict the direction of induced current in a metal ring when the ring is moved
towards a straight conductor with constant speed v. The conductor is carrying
current | in the direction shown in the figure.

v

!

-

Which is more dangerous 220 ac or 220 dc and why?

The peak value of emf in acis Eo. Write its

(i) rms, and (ii) average value over a complete cycle.

Calculate the rms value of the alternating current shown in the figure. [HOTS]

201l Iy
° t
-2al 1,—

When an alternating current is passed through a moving coil galvanometer, it
shows no deflection. Why?

Which of the following curves may represent the reactance of a series LC
combination?

N

frequency (f)—>»

(c)

¥ (b)



19. In a series LCR circuit, the voltages across an inductor, a capacitor and a resistor
are 30V, 30V and 60V respectively. What is the phase difference between the
applied voltage and the current in the circuit?

20. Can a capacitor of suitable capacitance replace a inductor coil in an AC circuit?

21. At an airport, a person is made to walk through the doorway of a metal detector,
for security reasons. Is she/he is carrying anything made of metal, the metal
detector emits a sound. On what principle does this detector work?

22. A capacitor blocks dc and allows ac. Why?

23. A bulb and a capacitor are connected in series to an ac source of variable
frequency. How will the brightness of the bulb change on increasing the
frequency of the ac source?

24. The instantaneous current and voltage of an ac circuit are given by | = 10 sin314t

AandV=50sin (314t + g) V. What is the power of dissipation m the circuit?

25. Why is the use of ac voltage preferred over dc voltage?

26. Does a step down transformer violate the principle of conservation of energy?

27. Can we measure 110V, 50 Hz a.c. using moving coil galvanometers? How can we
measure it?

28. Why do we prefer carbon brushes than copper in an ac generator?

29. In a series LCR circuit, X, Xc and R are the inductive reactance, capacitive
reactance and resistance respectively at a certain frequency f If the frequency of
ac is doubled, what will be the values of reactance and resistance of the circuit?

30. What is an acceptor circuit and where it is used?

Answer:

10.

The direction of induced current is clockwise in metal ring 1 and anticlockwise in
metal ring 2.

On moving a rectangular conducting loop into the field, the flux increases. According
to Lenz’s law, the induced current would be anticlockwise.

The upper plate is having +ve polarity and the lower plate is having -ve polarity.
However strong the magnet may be, current can be induced only by changing the
magnetic flux through the loop.

No current is induced in either case. Current cannot be induced by changing the
electric flux.

The direction of induced current clockwise in coil PQ as seen from magnet side.
The direction of induced current clockwise in coil CD as seen from magnet side.

A glass bob, as in the glass bob, there is no effect of electromagnetic induction due
to the presence of earth’s magnetic field, unlike in the case of a metallic bob.

(i) Anticlockwise, (ii) Clockwise

No, the induced emf will vary with time and will be sinusoidal due to the change in
orientation of the coil w.r.t. the magnetic field.

(i) When the distance between a pair of coils is increased, the magnetic flux linked
with the secondary coil decreases and hence, the mutual inductance between them
will decrease.

(ii) Since M o« N1 N2, so, when number of turns in the coil is increased, the mutual
inductance will also increase.



11.
12.

13

15.
16.

17.
18.
19.
20.

21.
22.

23.

24,

25.

26.

27.

28.

29.
30.

e=Blvsin©6
Anticlockwise

. Clockwise
14.

220V ac is more dangerous than 220 V dc because its peak value is very high and

also ac is in nature.

Vo= Yo v, = 2x220 = 311V

V2
> 220V de [ Vo = 200V (ac)]

(i) Erms = EO/ V2 (ii) Zero

L= Jf,hffuf =J21+232+22 —3A
The rms value of the alternating current shown in the figure is 2 A.
A moving coil galvanometer measures an average value of current, which is zero for
ac. Hence, no deflection is shown by galvanometer.

Curve (b) ASXc- X.=(1/2nvC)-2nvL

Zero. As V| =V, circuit is resistive in nature.

Yes, because average power consumed in both is least while controlling an AC.
The metal detector works on the principle of resonances in ac circuits.

The capacitive reactance is Xc = 1/2nvC.

Fordc,v=0= Xc=o°

i.e. a capacitor offers infinite resistance to dc and hence blocks it.

Forac,v#0, = Xc# oo, but has some finite value.

Therefore, an ac can pass through the capacitor.

The brightness will increase (+ Xc « 1/v), and heat produced H « |2, where

1

ms r—-—r---—XE‘ N Rz
Phase difference between the current and voltage is /2. So, the power dissipation
Pav = Prms cos @ is zero.
An ac voltage can be stepped up or down using a transformer, but not the dc
voltage.
No. In a transformer, if a voltage is increased, the current is decreased in the same
ratio and the product VI (power) remains the same.
No.
Reason: As average value of a.c. voltage over one complete cycle is zero.
We can measure the rms value of a.c. voltage using hot wire meters.
Corrosion free and small expansion on heating maintains proper contact.
Resistance R remains unchanged; X, will be doubled and Xc¢ will be halved.
Series LCR circuit is called acceptor circuit radio or TV sets.



Short Answer Questions: (2 and 3 Marks questions)

1. Abulbis connected in series with a variable capacitor and an a.c. source as shown.
How the brightness of bulb changes on reducing the (a) capacitance and (b)
frequency ? Justify your answer.

Ans: (a) Brightness will decreases

Reason : When capacitance is reduced, reactance (Xc =1/ wC ) increases
=  Z=VR?+ X2 also increases and current decreases
Hence brightness decreases.

(b) Brightness will decreases
Reason : When frequency is reduced, reactance ( Xc =1/ 2mfC) increase.
= Z=+vR? + X? also increases and current decreases
Hence brightness I°Z decreases
2. Define quality factor (Q-factor) and give its significance. What is its S.I. unit ?
Ans. Quality factor: It is defined as the ratio of resonant frequency to the frequency band
width of the resonant curve .
Significance : It gives the sharpness of resonance. For larger value of Q, resonance
will be sharper and consequently the circuit will be more selective.
Unit : It has no unit
3. Two identical loops, one of copper and the other of aluminium are rotated with the
same angular speed in the same magnetic field. Compare
i) the induced emf and
ii) the current produced in the two coils. Justify your answer.
Ans: i) The induced emf in both the loops will be same as areas of the loop and time
periods are same as they are identical and rotated with same angular speed.
ii) The current induces in Cu coil is more than Al coil as Cu coil has lesser
resistance and | &'/r(for the same voltage).
4. What are eddy currents? Write their two applications.
Ans: Eddy Current- Eddy currents are the currents induced in the bulk pieces of
conductors when the amount of magnetic flux linked with the conductor changes.
Eddy currents can be minimized by taking laminated core, consists of thin metallic
sheet insulated from each other by varnish instead of a single solid mass. The plane
of the sheets should be kept perpendicular to the direction of the currents. The
insulation provides high resistance hence, eddy current gets minimized.
Applications (i)Electromagnetic damping (ii) Induction furnace.

5. A wheel of 8 metallic spokes each 50cm long is rotated with a speed of 120 rev/min
in a plane normal to the horizontal component of the Earth’s magnetic field. The
Earth’s magnetic field at the plane is 0.4 G and the angle of dip is 60°. Calculate the
emf induced between the axle and the rim of the wheel. How will be the emf is
affected if the number of spokes were increased?

Ans: &€ = %Bwl2
By =B cosé
E= %B cos § wl? = 3.14 x 107° volt



6. The current flowing in the two coils of self inductance L; = 16mH and L, = 12mH
are increasing at the same rate. If the power supplied to the two coils are equal, find
the ratio of (i) induced voltage, (ii) the currents and (iii) the energies stored in the
two coils at a given instant.

ey e — g4
Ans: (i) € = Ldt

& L 4
& L, 3

(”) P= gI:>8111 = 82[2
&2 _Nh_3
R

(ii)y U = = LI?

Uy L I, L, 4

= X=X =
U, L L, L 3

7. Aninductor of reactance X is connected in series with a bulb B to an ac source.
Explain briefly how does the brightness of the bulb change when (i) number of turns
of the inductor is reduced and (ii) a capacitance of reactance X = X is included in
the circuit.

Ans: (i) When number of turns in the inductor is reduced

L decreases, z reduces and | increases so brightness increases.
(ii) Brightness decreases
(iii) Brightness increases
8. A capacitor of unknown capacitance, a resistor of 100Q and an inductor of self

inductance L = niz henery are connected in series to an ac source of 200 V and 50

Hz. Calculate the value of the capacitance and impedance of the circuit when the

current is in phase with the voltage. Calculate the power dissipated in the circuit.

Ans: C=-—=25x10"5F
Lw

Z =R=100 Q and power =400 watt

9. (i) An ac source is connected to an ideal capacitor show that the average power
supplied by the source over a complete cycle is zero.
(ii) A bulb is connected in series with a capacitor and an ac source. What happens to
the brightness of the bulb when the key is plugged in and capacitance of capacitor is
gradually reduced? Explain.

Ans: (i) For capacitive circuit average power is zero.

1

(i) Brightness decreases Xc = —

As C decreases, Z increases so brightness decreases

10. Using phasor diagram for a series LCR circuit connected to an AC source of voltage
v = v, sin wt, derive the relation for the current flowing in the circuit and the
phase angle between the voltage across the resistor and the net voltage in the
circuit.



Ans: The phasor diagram of the RLC Series Circuit when the circuit is acting as an
inductive circuit
that means (Vi>Vc) is shown below and if (Vi< Vc¢) the circuit will behave as a
capacitive circuit.

Long Answer Questions (5 marks questions)

1. (a) Draw a schematic sketch of an ac generator describing its basic elements. State
briefly its working principle. Show a plot of variation of (i) magnetic flux and (ii)
alternating emf versus time generated by a loop of wire rotating in a magnetic field
(b) Why is choke coil needed in the use of fluorescent tubes with ac mains?

Ans: (a) Brief explanation.
Principle of AC generator- It works on the principle of electromagnetic induc