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UNIT-1 ELECTROSTATICS

I.One marks ( Book inside )
1. The unit of electric flux is
a) Nm?C! b) Nm2 C* c) Nm?C d) Nm2C
2. An electric dipole is placed in a uniform electric field with its axis parallel to the field. It
experiences
a) only a net force b) neither a net force nor a torque
¢) both a net force and torque d) only a torque
3. The work done in moving 4uC charge from one point to another in an electric field is
0.012J. The potential difference between them is
a) 3000 V b)6000 V c)30V d) 48 x 10° V
4. The electric field outside the two oppositely charged place sheets each of charge density o
is

o o o
a) e b) o C) = d)zero
5. Which of the following quantities is a scalar?
a) Electric force b) Electric field c¢) Dipole moment  d) Electric potential
6. Torque on a dipole in a uniform electric field is maximum when angle between P and E is
a)0° b) 90° c) 45° d) 180°
7. Potential energy of two equal negative point charges of magnitude 2uC placed 1 m apart
in air is
a)2J b) 0.36 J c)4J d) 0.036J
8. A hollow metallic spherical shell carrying an electric charge produces no electric field at
points
a) on the surface of the sphere b) inside the sphere
¢) at infinite distance from the centre of the sphere d) outside the sphere
9. The unit of electric field intensity is
a) NC?2 b) NC c) Vm' d) Vm
10. Four charges +q, +q, -g and —q respectively are place at the corners A, B,C and D of a
square of side a. The electric potential at the centre O of the square is
a)l 4mey(gla) b)l /4w ey (29/a) c)1/4ney (4g/a) d) zero
11. The value of permittivity of free space is
a)8.854 x 10'?C?N!t m™? b) 9 x 10° C?Nt m™2
c) 1/9x10° C2Nt m d) 1/4 m x 9x 10° C2Nt m™?
12. The principle use in lightning conductors is
a) corona discharge b)mutual induction c)self-induction d) electromagnetic induction
13. The unit of electric dipole moment is
a) volt / metre (V/m) b) coulomb / metre (C/m)
c) volt. metre (Vm) d) Coulomb. metre (Cm)
14. Electric potential energy of an electric dipole in an electric field is given as
a) pEsin 0 b) —pEsin 0 ¢) —pEcos 6 d) pEcos 0

FOR FULL STUDY MATERIALS AND TEST QUESTION PAPERS
CONTACT : SAIVEERA ACADEMY - 8098850809




www.Padasalai.Net www.TrbTnpsc.com
+2 PHYSICS SAIVEERA ACADEMY STUDY MATERIAL

15. Electric field intensity is 400 VV/m at a distance of 2m from a point charge. It will be 100
V/m at a distance of

a) 50 cm b) 4 cm C) 4m d) 1.5m

16. Which of the following is not a dielectric?

a) Ebonite b) Mica c) Qil d) Gold

17. The work done in moving 500uC charge between two points on equipotential surface is
a) zero b) finite positive c) finite negative d) infinite

18. In the given circuit, the effective capacitance between A et —

and B will be @ e
a) 3 uF b)36/13 uF  c¢) 13 uF d) 7 uF iy

19. The direction of electric field at a point on the equatorial

line due to an electric dipole is

a) along the equatorial line towards the dipole

b) along the equatorial line away from the dipole

c) parallel to the axis of the dipole and opposite to the direction of dipole moment

d) parallel to the axis of the dipole and in the direction of dipole moment.

20. The number of electric lines of force originating from a charge of 1 micro coulomb is

a) 1.129 x 10° b) 1.6 x 10® ) 6.25 x 10*® d)8.85 x 1012
21. The equivalent capacitance of two capacitors in series is 1.5uF. The capacitance of one
of them is 4puF. The value of capacitance of the other is

a) 2.4 uF b)0.24 uF c) 0.417 uF d) 4.17 uF

22. The law that governs the force between electric charges is

a) Ampere’s law  b) Faraday;s law c¢) Coulomb’s law d) Ohm’s law
23. The unit of permittivity is

a) C2N1t m? b) Nm?2C-2 c) Hm d) NC2 m?
24. An electric dipole place at an angle 0 in a non- uniform electric field experiences

a) neither a force nor a torque b) torque only

¢) both force and torque d) force only

25. A capacitor of capacitance 6 uF is connected to a 100 V battery. The energy stored in the
capacitor is

a) 30J b) 3J c) 0.03J d) 0.06 J

26. When an electric dipole of dipole moment P is aligned parallel to the electric field E then
the potential energy of the dipole is given as

a) PE b) zero c) —PE d) PE/2

27. The capacitance of a paraller Plate capacitor increases from 5SuF to 60 uF when a
dielectric is filled

between the plates. The dielectric constant of dielectric is

a) 65 b) 55 c) 12 d) 10

28. Quantisation of electric charges is given by

a) g =ne b)q=cv c)g=e/n d)g=clv
29. An example of conductor is

a) glass b) human body ¢) dry wood d) ebonite
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43. The unit of the number of electric lines of force passing through a given area is

a) no unit b) NC c) Nm?C* d) Nm

44. If a point lies at a distance x from the mid — point of the dipole, the electric potential at
this point is proportional to

a)1/x? b) 1/x3 c)1/x* d) 1/x32
45. A dielectric medium is placed in an electric field Eo. The field induced inside the medium
a) act in the direction of the electric field Eo b) acts opposite to Eo
c)acts perpendicular to Eg d) is zero

46. A non- polar dielectric is place in an electric field (E), its induced dipole moment

a) Is zero b) acts in the direction of E

c)acts opposite to the direction of E d) acts perpendicular to E
47. n capacitors each of capacitance C are connected in series. The effective capacitance is
a) n/C b) C/n c)nC d) C

48. When the charge given to a capacitor is doubled, its capacitance

a) increases twice b) decreases twice

c)increases four times d) does not change

49. The value of relative permittivity of air is

a) 8.854 x 1012 C2N m™ b) 9 x 10°C2 N m™? c)1 d) 8.854 x 10*?
50. The work done in moving 50uC charge between two points on equipotential surface is
a) zero b) finite positive c¢) finite negative d) infinite
51. The unit of relative permittivity is

a) C2N m? b) Nm2C2 c) No unit d) NC2 m?
52. The electric field intensity at a short distance r from uniformly charged infinite plane
sheet of charge is

a) proportional to r b) proportional to 1/r

c) proportional to 1 /r? d) independent of r

53. Two point charges +qg and —q are placed at points A and B respectively separated by a
small distance.The electric field intensity at the midpoint O of AB

a) is zero b) acts along AB

c)acts along BA d) acts perpendicular to AB

54. An electric dipole of dipole moment ‘p’ is kept parallel to an electric field of intensity
‘E’. The work

done in rotating the dipole through an angle of 90° is :

a) zero b) — PE c) PE d) 2PE

55. The total flux over a closed surface enclosing a charge q (in Nm? C?)

a) 8nq b) 9 x 10% c)36mx 10°%q d)8.854x10%2q
56. The repulsive force between two like charges of 1 coulomb each separated by a distance
of 1 min vacuum is equal to :

a) 9x 10°N b) 10°N c) 9x 10° N d)9N
57. What must be the distance between two equal and opposite point charges (say +q and —q)
for the electrostatic force between them to have a magnitude of 16 N?

a) 4 Vkq metre b)q/4 Vk metre ¢) 4 kg metre d)4k / g metre
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58. Point charges +q, +q, -q and —q are placed at the corners A,B,C and D respectively of a
square is the point of intersection of the diagonals AC and BD. The resultant electric field
intensity at the point O

(a) acts in a direction parallel to AB (b) acts in a direction parallel to BC

(c) acts in a direction parallel to CD (d) is zero.

59. The unit of molecular polarisability is

(@) C2N1m (b) Nm? C1 (c) Nt m?2C? (d) Ctm?v

60. Two point charges +g; and +q; are placed in air at a distance of 2m apart, one of the
charges is moved towards the other through a distance of 1m. The work done is.

a) 0102/ 4w &, b) 0102/ 7 & C) 0102/ 87 & d) 0102/ 167 €

61. Two capacitances 0.5uF and 0.75 puF are connects in parallel, Calculate the effective
capacitance of the capacitor.

(a) 0.8uF (b) 0.7 uF (c) 0.25 uF (d) 1.25 uF
62. For which of the following medium, the value of relative permittivity is 1

(a) Mica (b) Air (c) Glass (d) Water
63. Van de Graff generator works on the principle of :

(a) electromagnetic induction and action of points

(b) electrostatic induction and action of points

(c) electrostatic induction only

(d) action of points only
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Expressions , Unit , Important points , Terms

1. The force between two point charges g; and g is given by the equation F = 4# 125 |f

ne, 12

2.. The force exerted by an electric field E on a charge q F=Eqg.
3 The unit of electric dipole moment is Cm

4. The electric field at any point on the axial line of an electric dipole is given by E = L 2

4me, 13
P

4me, 13

6. The torque experienced by an electric dipole in an electric field is given by T = pE sin 0

7. The direction of the electric dipole moment is from -q, to +q

8. The net force on an electric dipole in an electric field is zero

9. The relation between the electric field and the electric potential is given by E =-dV /dr

10.The total number of electric lines of forces passing through the given area is called

electric flux

11. The unit of electric potential difference is volt

12. The unit of electric field intensity is vV m*

13. The equation of electric potential at any point due to an electric dipole is V =

5. The electric field at any point on the equatorial line of an electric dipole is E =

1 pcosO
4me, 13
14. The work done in bringing each charge from infinite distance is called electric potential
energy
15. The unit of electric fluxis Nm 2 C!

16. The electric field due to an infinite long straight charged wire is E = A / 2meor
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17. The electric field due to an infinite long charged plane sheetisE=6/2 &
18. Electric field at any point in between two parallel sheets of equal and opposite charges is
E=0/¢0
19. The electric field at any point on the surface of a uniformly charged spherical shell is
1 q
4me, ﬁ
20. Electrostatic shielding is based on the fact that the electric field inside a conductor is
zZero
21. The phenomenon of obtaining charges without any contact with another charge is called
electrostatic induction
22.The unit of capacitance is farad
23 A capacitor is a device to store charges
24. The number of electric lines of force originating from 1 coulomb charge is 1.129 X 10!
25. Non polar molecule is  Oa. N2, H>
26. Polar moleculeis N2 O, H2 O, HCI, NH3
27. The magnitude of the induced dipole moment p is directly proportional to E
28.Greater the radius of a conductor, smaller is the charge density.
29.The permittivity of a medium is ogr
30.Direction of E — outward for +q and inward for -q
31.Gaussian Surface — Closed imaginary surface over an enclosed net charge
32.Capacitance of a capacitor C = Q/V
33.Electric dipole moment p = 2ga
34.Electric potential energy of dipole U =-pEcos©

35.Electric flux @ = 82
0

36.Electric field due to a uniformly charged sphere i)Outside the sphere - E =

.. _ 1 q .- .
i) On the sphere E = pr— i) Inside sphere — Zero

37.Work done by a charge W = qV
38.Charge density 6 = Q/A

39.Linear charge density A= %
40.Polarization p =xE
Q

41.Capacitance of a parallel plate capacitor C = v % =

€04

d
Agg

42.Capacitance in series Cs = 1/C; + 1/C, Inparallel Cp =C; +C,
43.1 micro (u) farad =10° 1 pico farad = 102
44.Unitof  Charge = Coulomb (C) .
Electric field (E) = NC?! or Vm? . Electric potential (V) = Volt or JC?.
Dipole moment (p) = Cm Torque (1) =Nm.
Charge density 6 = Cm™. Linear charge density A =Cm™.
molecular polarisability =C? N1 m. Dielectric strength = Vm™,
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Short answers guestions
1.What is Quantisation of charges?

¢ The charge g on any object is equal to an integral multiple of this fundamental

unit of charge e.
* q=ne

n is any integer (0, 1, £2,+3, +4........... ).

+ This is called quantisation of electric charge.

2. Write down coulomb’s law in vector form & mention what each term represents
According to Coulomb, the force on the point charge g, exerted by another point

charge g is Fio= kouQ2 721/ 1?2

721 is the unit vector directed from charge g, to charge g

k is the proportionality constant.

3. Difference between electrostatic force and gravitational force

Gravitational force

Electrosatic force

1. Force between two masses is always
attractive

2. The value of the gravitational constant
G =6.626x10" Nm2K g2

3. force between two masses is independent
of the medium.

4. force between two point masses is the
same whether two masses are at rest or in
motion.

Force between two charges can be attractive
or repulsive, depending on the nature of
charges

The value of the constant k in Coulomb law
is k=9%x10°Nm?2C2

force between the two charges depends on
nature of the medium in which the two
charges are kept at rest.

force between two point charges will change
with respect to motion

4. Define Superposition principle

The total force acting on a given charge is equal to the vector sum of forces exerted

on it by all the other charges.
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5. Define Electric Field
The electric field at the point P at a distance r from the point charge q is the force
experienced by a unit charge and is given by

= F 1 q A
E=—=—2

qo 4mey r?

Qunatity ; vector quantity Unit ; NC*

6.What is meant by Electric field lines

Electric field vector are visualized by the concept of electric field lines .
They form a set of continuous lines which represent the electric field in some region of space
visually

7. The electric field never intersect. Justify

If some charge placed in intersection point then it has to move in two different
direction at the same time , which is physically impossible .Hence Electric field lines do not
intersect

8. Define electric dipole.

Two equal and opposite charges separated by a small distance constitute an
electric dipole.

Ex : water , chloroform

9..Define dipole moment
It is product of any one of charges of dipole and distance(2d) between them
P=2qd Quantity ; vector quantity Unit; Cm

10. Define electrostatic potential

The electric potential at a point P is equal to the work done by an external force to
bring a unit positive charge with constant velocity from infinity to the point P in the region
of the external electric field

Unit ; V or JC*

11 Define equipotential surface
An equipotential surface is a surface on which all the points are at the same
potential

12. Write about Properties of equipotential surfaces
(i) The work done to move a charge g between any two points A and B is zero

(if) The electric field is normal to an equipotential surface.
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Short _answers guestions
1.What is capacitors
Capacitor is a device used to store electric charge and electrical energy. It consists of
two conducting objects (usually plates or sheets) separated by some distance

2. What is dielectric

A dielectric is a non-conducting material and has no free electrons. The electrons in a
dielectric are bound within the atoms.
Examples ; Ebonite, glass and mica

3.. What is Non-polar molecules

A non-polar molecule is one in which centers of positive and negative charges
coincide.lIt has no permanent dipole moment.
Examples ; hydrogen (H>), oxygen (O,), and carbon dioxide (COy)

4. What is Polar molecules

In polar molecules, the centers of the positive and negative charges are separated
even in the absence of an external electric field. They have a permanent dipole moment.
Examples ; H,0O, N,O, HCI, NHs.

5. Define electrostatic induction
Charging without actual contact is called electrostatic induction

6. Why it is always safer to sit inside a bus than in open ground or under a tree ?

The metal body of the bus provides electrostatic shielding, since the electric field
inside is zero. During lightning, the charges flow through the body of the conductor to the
ground with no effect on the person inside that bus.

7. Define Gauss’s law
Gauss’s law states that if a charge Q is enclosed by an arbitrary closed surface, then
the total electric flux ®E through the closed surface is

(I)E = Qenct

€0

8. What are two kind of electric field

Uniform electric field will have the same direction and constant magnitude at all
points in space. Non-uniform electric field will have different directions or different
magnitudes or both at different points in space
9. .Define one coulomb

One coulomb is a quantity of charge which when placed at a distance of one metre in
air from equal and opposite charge experiences a repulsive force of 9x10°
r=1m F=9x10°N gi=q.=1C
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Force between two point charges in a medium other than vacuum is always less than

that in vacuum £, _c:

T e

Gravitational force

Electrostatic force

1. Force between two masses is always
attractive

2. The value of the gravitational constant
G = 6.626x10"* Nm2K g

3. force between two masses is independent
of the medium.

4. force between two point masses is the
same whether two masses are at rest or in
motion.

Force between two charges can be attractive
or repulsive, depending on the nature of
charges

The value of the constant k in Coulomb law
is k = 9x10° Nm2C-

force between the two charges depends on
nature of the medium in which the two
charges are kept at rest.

force between two point charges will change
with respect to change in motion of charges

3.Define Electric field and its various aspect
a. According to Faraday, every charge in the universe creates an electric field in
the surrounding space, and if another charge is brought into its field, it will
interact with the electric field at that point and will experience a force.Consider
a source point charge q located at a point in space. Another point charge g, (test
charge) is placed at some point P which is at a distance r from the charge q.

b. Force experienced by the charge q, due to q is

_ kaqo
F=—"%

. The charge q creates an electric field in the surrounding space. The electric field
at the point P at a distance r from the point charge q is the force experienced by

a unit charge and is given by
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— _ ka
E=F/q = )
Unit ; NC*! Quantity : vector
Important aspects of Electric field
» charge q is positive -electric field points away from the source charge

» (is negative - electric field points towards the source charge g.

~ [Force experienced by test charge placed at point P is EQo
o From equation of electric field . it is depends only on the source charge q &
independent on charge Qo

o The electric field is a vector quantity, at every point in space, this field has
unique direction and magnitude
o Distance r decreases Electric field Increases
v" The test charge is made sufficiently small such that it will not modify the electric field
of the source charge
kq

o Theexpression E=F/qo=— isvalid only for point charges.
o Two kinds of the electric field: uniform (constant) electric field and non-
uniform electric field.
Uniform electric field - same direction and constant magnitude at all points in space. Non-
uniform electric field - different directions or different magnitudes or both at different
points in space.

The electric field created by a point charge is basically a non uniform electric field.

4.How do we determine the electric field due to continuous distribution

+» The electric field due to such continuous charge distributions is found by involving
the method of calculus.

++ Consider the following charged object of irregular
shape as shown in Figure . The entire charged object
is divided into a large number of charge elements
Aq, ,Aq, ,Aq; ....Ag,and each charge element Agq is
taken as a point charge.

¢ The electric field at a point P due to a charged object
Is approximately given by the sum of the fields at P
due to all such charge elements.

Aq; — i charge element
rip — distance of point P from i"" charge
element
7,p unit vector from the i charge element to the point P .
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To incorporate the continuous distribution of charge, we take the limit Aq - 0 (= dq)
— 1 dqrt
E = [—
4Te, T

r distance of point P from the infinitesimal charge dq
7 - unit vector from dq to point P .

a)lf the charge Q is uniformly distributed along the wire of length L, then linear charge
density x=% Unit : Cm'?

The charge present in the infinitesimal length dl is dg = Adl.
The electric field due to line of total charge Q is given by
Fo A dl _
 4me, ) r?
b) If the charge Q is uniformly distributed on a surface of area A, then surface charge density
(charge per unit area) is ¢ = Q/A Unit ; Cm™
The electric field due to total charge Q is given by
Fo o da _
 4me, f 2"
¢)If the charge Q is uniformly distributed in a volume V, then volume charge density is
given by p=Q/V Unit; Cm3
The electric field due to total charge Q is given by
E=—+t [Z¢
r2

4me,

5.Calculate the electric field due to a dipole on axial and equatorial plane
Electric field due to an electric dipole on the axial line
++ Consider an electric dipole placed on x axis.

s A point C is located at a distance of r from the midpoint O of the dipole along the axial
line.

Axial line
iz
a _’eq

=
o

<3
- -

The electric filed at a point C due to +q
—_— _ 1 q

E+_

along BC

4me, (r—a)?

p — Direction is -q to +q and along BC

1 q A
2P
4me, (r—a)

L=
The electric filed at a point C due to -q
1

_ a__ .
E_ = 4T, (r+a)2p
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Total electric field at C calculated using super position principle
Etot = E+ + E-

_ 1 a . 1 q

" ame, (r—a)? p— 4ame, (r+a)?

= 4-7380 ((r;ircft2 )2)23

r>>a
(rP—a??=r*
(ﬂ) p since 2aqp =p

r3

_ (25)
4me, \13

The direction of electric field is along the direction of the dipole moment
Electric field due to an electric dipole on the equatorial plane
+« Consider point C is located at a distance of r from the midpoint O of the dipole on
the equatorial plane.
+ Cis equidistant from +g & -q , the magnitude of electric field of +q & -q are the same
« Direction of E. along BC
« Direction of E. along CA

% E. &E.resolved into two components : One component parallel to dipole and
perpendicular to it

+¢+ Perpendicular components E.sinf & E.sin@ are oppositely directed so cancel each
other .

p

- _ - _ 1 q
|E+|_| _|_4nso(r+a)2
1 2qcos@p

ame, (r+a)?

-
Etot -
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8.Derive an expression for electrostatic potential due to an electric dipole

1. Consider an electric dipole AB. Let p be the point at a distance

r from the midpoint of the dipole and 6 be the angle between
PO and the axis of the dipole OB.
2. 1

q
Potential at P due to charge (+q) e

drme, iy

1 q |

Potential at P due to charge (—q) I
y/ 0 \ &

1
Total potential at P due to dipole is, V = Aic.

. g fd
Ve drs,\np 1) (1)

3. Applying cosine law, 1’12 =12 + d? - 2rd cos 6

Using the Binomial theorem and neglecting higher powers,

1
——’—(1+—C‘089} ass(2)

n

a.similarly, T,? =12 + d? - 2rd cos (180 - 8) =? + d? + 2rd cos 6.

1 1/, d
5. et B ll__ 8;
s BV moT ...(3)

6. Substituting equation (2) and (3) in equation (1) and simplifying

9 l' 1+icosf9—l+icost9\

V = : -
47, T I J

.qucasH 1 p.cosé
V = 5

4re

" 2
e T -L}o 1

7. Special cases:
@Ife=0; V
(i) If 6=180°; v/ =
(iii) If 8=90°; V=0

9.0Dbtain an expression for potential energy due to collection of three point charges
which are separated by finite distances

The electric potential at a point at a distance r from point charge q; is given by
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1 a1
4mte, T
This potential V is the work done to bring a unit positive charge from infinity to the point.
Now if the charge g is brought from infinity to that point at a distance r from g, the work
done is the product of g, and the electric potential at that point.
W=q.V
This work done is stored as the electrostatic potential energy U

U=qyV = _1 %92

4me, T

Three charges are arranged in the following configuration

1)Bringing a charge q; from infinity to the point A
requires no work, because there are no other
charges already present in the vicinity of charge
O[]

I1) To bring the second charge g, to the point B,
work must be done against the electric field
created by the charge g1 So the work done on the
charge g2 is W =, Vig. Here Vg Is the
electrostatic potential due to the charge q; at point
B.

Figure 1.30 Electrostatic potential U= L %192

energy for Collection of point charges 4me, T12

1ii) Similarly to bring the charge g3 to the point
C, work has to be done against the total electric field due to both charges q; and g,. So the
work done to bring the charge gz is = g3 (Vic + Vac). Here Vic is the electrostatic potential

due to charge q; at point C and V¢ is the electrostatic potential due to charge g, at point C.
_ 1 9193 , 9243
" 4me ( r * r )

o 13 23

iv) Total electrostatic potential energy for the system of charges g , 02 , Qs iS
— 1 q1q3 4 1243 + 41112)

\
4me, " 113 T23 12
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10.Derive an expression for electrostatic potential energy of the dipole in a uniform
electric field

» Consider a dipole placed in the uniform

electric field E .A dipole experiences a
torque when kept in an uniform electric

field E.

This torque rotates the dipole to align it
with the direction of the electric field.

To rotate the dipole (at constant >
angular velocity) from its initial angle
0’ to another angle 0 against the torque Figure 1.31 The dipole in a uniform
exerted by the electric field, an equal electric field
and opposite external torque must be
applied on the dipole .
The work done by the external torque to rotate the dipole from angle 0’ to 0 at
constant angular velocity
W = feel text de
7= pEsinO
substituting T in above equation
W = fee, pEsin 6 d6
W = pE (cos 6’ — cos 0)
If0°=90
The potential energy stored in the system of dipole kept in the uniform electric field is
given by
U=-pEcos® =-p.E
® = 180 dipole aligned antiparallel to field U is maximum
0= 0 dipole aligned parallel to field U is minimum

11.0btain Gauss law from Coulomb’s law

A positive point charge Q is surrounded by an imaginary sphere of radius r electric flux
through the closed surface of sphere
Op = $E.dA cos 0

The electric field of the point charge is directed radially outward at all points on the
surface of the sphere. Therefore, the direction of the area element dA is along the electric
field E and 6 = (°

O = $E.dA

E is uniform on the surface of the sphere
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A
2mggr

Direction of electric field is radially outward if line charge is positive and inward , if the line

charge is negative

In vector form E =

Y

2meggr

13. Obtain expression for electric filed due to an charged infinitely plane sheet

Consider an infinite plane sheet of charges with
uniform surface charge density . Let P be a
point at a distance of r from the sheet.

Gaussian

A

+ +
+

surface

/dTA ., Since the plane is infinitely large, the electric

Ef—% (w field should be same at all points equidistant

from the plane and radially directed at all

points. A cylindrical shaped Gaussian surface of
length 2r and area A of the flat surfaces is
chosen such that the infinite plane sheet passes
perpendicularly through the middle part of the

Figure 1.40 Electric field due to charged ~ Gaussian surface.
infinite planar sheet

)+ + + o+

+

B - L
)

\

+
+ + + [+

=§E.dA+ §E.dA+ $E.dA =2

€0
Curved P P’
The electric field is perpendicular to the area element at all points on the curved surface and

is parallel to the surface areas at P and P> .Then
QE = éﬁd—A)‘F ﬁﬁd—/{:M

€0
P P’
Since the magnitude of the electric field at these two equal surfaces is uniform, E is taken out

of the integrationand Q ena =0 A
2F [dA =22
€o
The total area of surface eitherat Por P’ [dA = A
JEA =24
€o
LY

2¢gp

=1 A ~ s .
In vector E = ;Tn 1 is outward unit vector normal to the plane.
0
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The electric field due to an infinite plane sheet of charge depends on the surface charge
density and is independent of the distance r.

14.0Obtain expression for electric field due to uniformly charged spherical shell

Case (i) At a point outside the shell.

Consider a charged shell of radius R . Let P be a point

outside the shell, at a distance r from the centre O.

Let us construct a Gaussian surface with r as radius.

The electric field E is normal to the surface.

The flux crossing the Gaussian sphere normally in an \ {_,Gaussian
outward direction is, Surface

¢ = If.d—s = jEds = E(-L‘n'z)

(Since angle between E and ds is zerB)

; q
By Gauss's law, E.(4m?) = =
0

1 ¢q
4re 2

ol

E =

The electric field at a point outside the shell will be the same as if the total charge on the
shell is concentrated at its centre.
Case (ii) At a point on the surface.

The electric field E for the ;l)oints on the surface of charged spherical shell is,

4
E = 47, R? v T= 5]

Case (iii) At a point inside the shell.

8. Consider a point P" inside the shell at a distance r' from the
centre of the shell. Let us construct a Gaussian surface
with radius r'.

9. The total flux crossing the Gaussian sphere normally in an
outward direction is:

§ = jE&Ts - jEds E x (4m7)

Gaussiar
Surface

10. According to"Gauss's law

q
Ex~lrrr'2=:=0 n B

The field due to a uniformly charged thin shell is zero at all points inside the shell.
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17.Explain dielectric in detail and how an electric field is induced inside a dielectric

1) In dielectric, which has no free electrons, when the external electric field is applied . the
field only realigns the charges so that an internal electric field is produced.

1) The magnitude of the internal electric field is smaller than that of external electric
field. Therefore the net electric field inside the dielectric is not zero but is parallel to an
external electric field with magnitude less than that of the external electric field.

let us consider a rectangular dielectric slab placed between two oppositely charged plates
(capacitor)

The uniform electric field between the plates acts as an external electric field which
polarizes the dielectric placed between plates. The positive charges are induced on one side
surface and negative charges are induced on the other side of surface.

But inside the dielectric, the net charge is zero even in a small volume. So the dielectric in
the external field is equivalent to two oppositely charged sheets with the surface charge
densities +op, and —op. These charges are called bound charges. They are not free to move
like free electrons in conductors.

Polar molecules are When an external
randomly oriented in electric field is applied,
the absence of an the molecules partially

external electric field. align with the field.

(-3

Qv
illllllllllllllm

@ A o
ﬁﬁﬁ%

B+ ++ + + +

(a)
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21. Derive the expression for resultant capacitance when capacitors are connected in

series and in parallel

Capacitors in series

1. C,, G;, G, capacitors are connected in
series. Cs is the effective capacitances.

Ca
Vv,

V

iy

Capacitors in parallel

5 Cl C,, C;, caTmc&o?s are connected in |
parallel. Cpis the effective capacitances.

3. Charge in each capacitor is same.

3. Potential in each capacitor is same.

V=V+V,+V;

4. q= Q1+ Q2+

q

-
\,:—‘.\Q:C
2

Va = 3-
Cl C3

a

q, =C,V.q, = C, V, q3 = C;V.

q= C,V+ CZV + C;V

q=0CV

CV=1YV (C1+ C+ C;)

Cs

Cp =C1+(‘,_,+C‘3

8. The reciprocal of the effective
capacitance is equal to the sum of
reciprocal of the capacitance of the

individual capacitors.

8. The effective capacitance of the
capacitors connected in parallel is the
sum of the capacitances of the individual
capacitors.
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19.0btain the expression for energy stored in parallel plate capacitor
Capacitor not only stores the charge but also it stores energy. When a battery is
connected to the capacitor, electrons of total charge -Q are transferred from one plate to the
other plate. To transfer the charge, work is done by the battery. This work done is stored as
electrostatic potential energy in the capacitor.
To transfer an infinitesimal charge dQ for a potential difference V, the work done is given by
dw =V dQ

v=2
C

The total work done to charge a capacitor is
=22 40= %
W= fO C dQ = 2C

This work done is stored as electrostatic potential energy (Ug) in the capacitor

Uea C Ue a V?
20.Explain in detail effect of a dielectric placed in parallel plate capacitor

The dielectric can be inserted into the plates in two different ways. (i) when the capacitor
Is disconnected from the battery. (ii) when the capacitor is connected to the battery.
1) when the capacitor is disconnected from the battery

Consider a capacitor with two parallel plates each of cross-sectional area A and are separated
by a distance d. The capacitor is charged by a battery of voltage V, and the charge stored is
Qo. The capacitance of the capacitor without the dielectric is

Co=Qo / Vo

The battery is then disconnected from the capacitor and the dielectric is inserted between the
plates

The introduction of dielectric between the plates will decrease the electric field.
Experimentally it is found that the modified

Eo - electric field inside the capacitors when there is no dielectric
&, — relative permeability of the dielectric

er > 1, the electric field E < E..

As a result, the electrostatic potential difference between the plates (V = Ed) is also reduced.
But at the same time, the charge Q, will remain constant once the battery is disconnected.
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Hence the new potential difference is

Eod
0 = Vo /&

Er

We know that capacitance is inversely
proportional to the potential difference.
Therefore as V decreases, C increases.
Thus new capacitance in the presence of a
(éle_le((stc:’lji‘l? 6O /V =8 Co | Figure 1.58 (a) Capacitor is charged with

a battery (b) Dielectric is inserted after
the battery is disconnected

& > 1, we have C > C,. Thus insertion of the

dielectric constant g increases the capacitance.

C=¢g A/ d=¢A/

The energy stored in the capacitor before the insertion of a dielectric is given by

2
U :QL
2Cy

After the dielectric is inserted, the charge remains constant but the capacitance is increased.
As a result, the stored energy is decreased.

~ @ _ U
2&,Cy 2g,

Since &> 1 we get U < U,. There is a decrease in energy because,when the dielectric is
inserted, the capacitor spends some energy in pulling the dielectric inside.

i) When the battery remains connected to the capacitor
refer text book

22.Explain in detail how charges are distributed in a conductor & the principle behind
lightning conductor

Consider two conducting spheres A and B of
radii r; and r, respectively connected to each
other by a thin conducting wire The distance
between the spheres is much greater than the
radii of either spheres.

Figure 1.62 Two conductors are Ifa Charge Q 1S mtroduged |nt'o any one
connected through conducting wire of the spheres, this charge Q is redistributed
into both the spheres such that the
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Working

Due to the high electric field near comb D, air between the belt and comb D gets ionized.
The positive charges are pushed towards the belt and negative charges are attracted towards
the comb D. The positive charges stick to the belt and move up. When the positive charges

reach the comb E, a large amount of negative and positive charges are induced on either side
of comb E due to electrostatic induction. As a result, the positive charges are pushed away
from the comb E and they reach the outer surface of the sphere. Since the sphere is a
conductor, the positive charges are distributed uniformly on the outer surface of the hollow
sphere. At the same time, the negative charges nullify the positive charges in the belt due to
corona discharge before it passes over the pulley.

When the belt descends, it has almost no net charge. At the bottom, it again gains a large
positive charge. The belt goes up and delivers the positive charges to the outer surface of the
sphere. This process continues until the outer surface produces the potential difference of the
order of 10 which is the limiting value. We cannot store charges beyond this limit since the
extra charge starts leaking to the surroundings due to ionization of air. The leakage of
charges can be reduced by enclosing the machine in a gas filled steel chamber at very high
pressure.

Insulating
Pillar
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UNIT -2 CURRENT ELECTRICITY

I.One marks

1. Resistance of a metal wire of length 10cm is 2 Q. If the wire is stretched uniformly to
50 cm ,resistance is

a) 25 Q b) 10 Q c)5Q d) 50 Q

2. The colour code on a carbon resistor is red — red — black. The resistance of the resistor is
a)2.2Q b)22 Q )220 Q d) 2.2 kQ

3. The brown ring at one end of a carbon resistor indicates a tolerance of

a) 1% b) 2% c) 5% d) 10%

4. The unit of conductivity is

a) mho b) ohm c) ohm—-m d)mho — m*

5. The material through which electric charge can flow easily is

a) quartz b) mica C) germanium d) copper

6. In the case of insulators, as the temperature decreases, the resistivity

a) decreases b) increases C) remains constant d) becomes zero

7. If the length of a copper wire has a certain resistance R, then on doubling the length its
specific resistance

a) will be doubled b) will be 1/4th

c¢) will become four times d) will remain the same

8. When two 2 Q resistances are in parallel their effective resistance is

a)2 Q b) 4 Q c)1Q d)0.5Q

9. The transition temperature of mercury is

a) 4.2°C b) 4.2 K c) 2.4°C d) 24 K

10. The toaster operating at 240 V has a resistance of 120 Q. The power is

a) 400 W b) 2 W c) 480 W d) 240 W

11. The relation between current and drift velocity is

a) | = Avy b) I =nevy o)l =nvy d) I = neAvy
12.When the diameter of a conductor is doubled, its resistance

a) decreases twice b) decreases four times

C) decreases sixteen times d) increases four times

13. A cell of emf 2.2V sends a current of 0.2 A through a resistance of 10 Q. The internal
resistance of the cell is

a) 0.1 Q b) 1 Q c)2Q d)1.33Q

14. When n resistors of equal resistance (R) are connected in series the effective resistance is
an/R b)R/n c) 1/nR d) nR

15. The electrical resistivity of a thin copper wire and a thick copper rod are respectively p;
Q m and p2 Q m. Then :

a) 1> P2 b) p2>p1 C) P1 = P2 d) pa/py = o0

16. The unit of electrochemical equivalent is

a) Kg. coulomb  b) kg/ ampere sec c) kg/ sec. d) C/kg

17. When ‘n’ resistors of equal resistance (R) are connected in series and in parallel
respectively, then the ratio of their effective resistance is :
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a)l:n? b)n?:1 c)n:1 d)l:n

18. A graph is drawn taking potential difference across the ends of a conductor along x - axis
and current through the conductor along the y-axis the slope of the straight line gives.

(a) resistance (b) conductance (c) resistivity (d) conductivity

)
OnyT
[,!Qé\j. o U . MV\I\/‘% 2
i \ R a 2 Lo
] 5 2 = j_\-)' K\ = e r2

~925%x2 = 50 V.,

;B 22 W
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Based on concepts

1. Nichrome is used as heating element because it has

a) very low resistance b) low melting point

¢) high specific resistance d) high conductivity

2. Peltier effect is the converse of

a) Joule effect b) Raman effect

¢) Thomson effect d) Seebeck effect

3. In which of the following pairs of metals of a thermocouple the e.m.f. is maximum?

a) Fe — Cu b) Cu—2Zn c) Pt- Ag d) Sb - Bi

4, Joule’s law of heating is

a)H = I?t/R b) H = V?Rt c) H = IR% d) H=VIt

5.. Fuse wire is an alloy of

a) Lead and Tin b) Tin and Copper

¢) Lead and Copper d) Lead and Iron

6. Fuse wire

a) is an alloy of lead and copper b) has low resistance

c) has high resistance d) has high melting point

7. In the case of insulators, as the temperature increases, the resistivity decreases

8. The drift velocity acquired per unit electric field is called mobility

9. Kirchoft’s first law is a consequence of conservation of charges

10. Kirchoff’s second law is a consequence of conservation of . energy

11. 1 kWh is equal to 36 X 10 ° J.

12. The quantity of charge passing per unit time through unit area is called as current

density

13. Germanium and silicon are called as semiconductors

14. The electric iron works on the principle of Joule’s heating effect of current.

15. The melting point of tungsten is 3380°C.

16. Fuse wire has high resistance and low melting point.

17. The alloy of nickel and chromium is called nichrome

18. Sn, Au, Ag, Zn, Cd, Sb show Positive Thomson effect.

19. Bi, Ni, Pt, Co, Fe, Hg show Negative Thomson effect.

20. Seebeck effect is a Reversible process.

21. Which of the following has negative temperature coefficient of resistance?

(a) copper (b) tungsten (c) carbon (d) silver

22. The temperature co-efficient of resistance for alloys is

(@) low (b) very low (c) high (d) very high

23. .Joule heating effect is desirable in

(a) AC dynamo (b) DC dynamo (c) water heater  (d) Transformer

24.The resistivity of a wire depends on

(a) Length (b) material (c) area of cross section (d) all the above

25. Ohm’s law is applicable for

(a) Complicated circuit  (b)simple circuit (c) Primary circuit (d) secondary circuit
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Notes

1.Instaneous Current | =dq/dt

2.Current1=Q/t Unit: A

3.Drift velocity vq =at Unit: m/s

4. Mobility p= ‘;—d Unit : m?/Vs

5. Current density J =§ Unit : A/m?>  Quantity : Vector

6. Ohm’s law V «a | V=IR
V-potential difference I - current
R - resistance

7. Resistance R = % Unit : ohm or Q

8. Electrical resistivity p = % Unit : Q m or ohm-meter
9.Resistors in series Rs =Ri1+ R2+ Rs

. . 1 1 1 1
10.Resistors in parallel —= —
P

Ry Ry ' R3
11. Temperature coefficient of resistance a = 22 Unit: per °C

AT po
12. Joule’s law of heating. H = I°Rt
13.Conductivity 6=1/p Unit : Q' m?

14.Internal resistance of the cell r = ('E%V) R

15.Condition for bridge balance g :%

16.1n metre bridge ; Unknown resistance
17.Electric power P = VI = I’R
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Two marks ( Book back & Book inside )
1.Define electric current
The electric current in a conductor is defined as the rate of flow of charges through a

given cross-sectional area A.

I=% Unit : Ampere Quantity : scalar

2.Define 1 ampere current
1A of current is equivalent to 1 Coulomb of charge passing through a perpendicular

cross section in 1second
1C

1s

3.Define Drift velocity

The drift velocity is the average velocity acquired by the electrons inside the conductor
when it is subjected to an electric field
Vi=anr Unit: m/s guantity : vector

4.Define mean free time
The average time between successive collisions is called the mean free time denoted by

5.Define mobility

It is defined as the magnitude of the drift velocity per unit electric field.
d

u= % Unit : m2/VVs Quantity : scalar

6.Define Current density (BB-10)
The current density (J ) is defined as the current per unit area of cross section of the
conductor.

Jzi Unit : A/m?>  Quantity : Vector

7.Write down microscopic model of ohm’s law (BB-3)
J=cE

J- Current density ¢ — conductivity
E — Electric field
8. Why current is a scalar? (BB-1)

Current | is defined as the scalar product of the current density and area vector in
which the charges cross.

It does not obey vector law of addition and multiplication .& it cannot be resolved into
components unlike other vector quantities
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17.Define temperature coefficient of resistance (BB-7)
It is defined as the ratio of increase in resistivity per degree rise in temperature to its
resistivity at To .
a= —2 Unit: per°C
AT po
18.Why temperature coefficient of resistance (o) is positive for conductor and negative
for semiconductor
o |f the temperature of a conductor increases, the average kinetic energy of electrons in
the conductor increases. This results in more frequent collisions and hence the
resistivity increases.
e As the temperature increases, more electrons will be liberated from their atoms .
Hence the current increases and therefore the resistivity decreases.

19.Define thermistor
A semiconductor with a negative temperature coefficient of resistance is called a
thermistor.
Ex: Germanium , silicon

20.Define transition or critical temperature
The resistance of certain materials become zero below certain temperature T_ This

temperature is known as critical temperature or transition temperature.

21.What are superconductor
The resistance of certain materials become zero below certain temperature. The
materials which exhibit this property are known as superconductors

22.When the car engine is started with headlights turned on, they sometimes become
dim.
This is due to the internal resistance of the car battery.

23.Define Kirchhoff’s first rule (Current rule or Junction rule) (BB-13)

It states that the algebraic sum of the currents at any junction of a circuit is zero. It is
a statement of conservation of electric charge. Current entering the junction is taken as
positive and current leaving the junction is taken as negative

24.Define Kirchhoff’s Second rule (Voltage rule or Loop rule) (BB-14)

It states that in a closed circuit the algebraic sum of the products of the current and
resistance of each part of the circuit is equal to the total emf included in the circuit. This rule
follows from the law of conservation of energy for an isolated system.
25.Define Joule’s heating effect.

When current flows through a resistor, some of the electrical energy delivered to the
resistor is converted into heat energy and it is dissipated.
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33. Define Thomson effect (BB-19)

Thomson showed that if two points in a conductor are at different temperatures, the
density of electrons at these points will differ and as a result the potential difference is
created between these points. Thomson effect is also reversible.

34.What is superconductivity (BB-8)

The ability of certain metals , their compounds and alloys to conduct electricity with
zero resistance at very low temperature is called Superconductivity
35.What is electric power and energy (BB-9)

The electric power is defined as rate at which electrical energy is delivered

Unit : watt

Electric energy is work done by moving streams of electrons or charges
Unit : joule

36.Write down various from of expression for power in electric circuit (BB-12)
P=VI=I’R=V?R

37.Derive expression for power P=VI in electric circuit (BB-11)
= 4(v.dQ) =V

d
P: _W
dt

dQ

Since |l = —
dt

P=VI

38.State principle of potentiometer (BB-15)
When a constant current flows through a wire of uniform area of cross section , The
emf of the cell is directly proportional to the balancing length of wire between two points
Eal

39.What do you meant by internal resistance of a cell (BB-16)
The resistance offered by electrolyte of a cell to the flow of current between its
electrodes is called internal resistance of a cell

It is defined as velocity with which It is defined as the magnitude of the
electrons get drifted towards positive drift velocity per unit electric field
terminal when electric field is applied
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Five marks (Book back)
1. Describe the microscopic model of current and obtain general form of Ohm’s law
Consider a conductor with area of cross section A and an electric field applied
from right to left. Suppose there are n electrons per unit volume in the conductor and assume
that all the electrons move with the same drift velocity vy

The electrons move through a distance dx within a small interval of dt
Vg = %

A — area of cross section of the conductor
The electrons available in the volume of length dx = volume x n/V

Sub (2) in (1)
=Avg dtxn
Total charge in volume element dQ = charge x number of electrons in the volume element
dQ =e Avydtxn
I —_ d_Q dx _—
T
Sub (2) in (3)
| = neAdtvg
dat
| = neAvy
Since current density J=1/A

Sub vq in (4)
Figure 2.5 Microscopic model of current

But conventionally, we take the direction of (conventional) current density as the direction of
electric field. So the above equation becomes
(microscopic form’s of ohm’s law)

2
6= % is called conductivity

2. Obtain the macroscopic form of Ohm’s law from its microscopic form and discuss its
limitation
J=oE........)
Consider a segment of wire of length | and cross sectional area A.

When a potential difference V is applied across the wire, a net electric field is created in the
wire which constitutes the current.
We assume that the electric field is uniform in the entire length of the wire, the potential
difference (voltage V) can be written as

V=EI E=V/
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Sub (2) in (1)
J=0o VI
J=1/A
I/A=c VII
By rearranging above equation
V=I(l/cA)
I /6 A - Resistance of a conductor (R)
Ral RaA

| Figure 2.7 Current through the conductor

Therefore, the macroscopic form of ohm’s law can be stated as

V=IR

From the above equation, the resistance is the
ratio of potential difference across the given
conductor to the current passing through the
conductor.

R=V/I
Unit ; Ohm or Q
Limitations
A plot of I against V for a non-ohmic
material is non-linear and they do not have a

constant resistance

It is obeyed by many substance under
certain conditions but it is not a fundamental law
of nature

It is applicable only for simple circuits

I

(b)

Figure 2.8 Current against voltage for
(a) a conductor which obey Ohm’s law
and (b) for a non-ohmic device (Diode
given in XII physics, unit 9 is an example
of a non-ohmic device)
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3.Explain the equivalent resistance of a series and parallel resistor network

Resisters in series

Resisters in parallel

1. Ry, Ry, R;, R4 Resisters are connected
in series. Rs is the effective resistance.

1. Ry, Ry, Rs, Ry are Resisters connected in
parallel. Rpis the effective resistance.

i R 5
€< 4

R, R R R
L MWW MW MWW MWW

‘—\'l—bﬂ—\,’:—) ¢_\'3_. ‘_Vz—’

3. Current flowing through each resistor is
the same.

3. Potential difference (V) across each
resistor is same.

V=V1+V2+V3+V4

[=1l1+ 1+ 15+ 4

i V1 - |R1, Vz - 'Rz, V3 - 'Rg, V4 = |R4
and V= IRs
IRs = IR, + |R2+ IR3 + IRy

(Or) Rs=R;+R;+R3+Ry

6. The equivalent resistance of a number
of resistors in series connection is equal
to the sum of the resistance of
individual resistors.
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6. Obtain the condition for bridge balance in Wheatstone’s bridge.
¢ An important application of Kirchhoff ’s rules is the Wheatstone’s bridge. It is used to
compare resistances and also helps in determining the unknown resistance in electrical
network.
¢+ The bridge consists of four resistances P, Q, R and S connected .
¢ A galvanometer G is connected between the points B and D.
¢+ The battery is connected between the points A and C. The current through the
galvanometer is I and its resistance is G.
Applying Kirchhoff ’s current rule to junction B B
li—lc-13=0 4 NG
Applying Kirchhoff ’s current rule to junction D, @2

P
I~ lo— 1 =0 S

Applying Kirchhoff ’s voltage rule to loop ABDA, A /

P +16G - I;R =0 & ©
Applying Kirchhoff ’s voltage rule to loop ABCDA,

IlP+1Q-12R-1.S =0
When the points B and D are at the same potential, the
bridge is said to be balanced , no current flows through
galvanometer (I = 0).
Substituting Ic=01in (1), (2), (3), (4)

Substituting  (5) & (6) in (4)
WP+ 11IQ-1R-1,S =0
I1(P +Q) =1x(R +S)
Dividing (8) by (7)
+S

7. Explain the determination of unknown resistance using meter bridge

e MR 1)  The meter bridge is another form of
c = E B D 5 .
’lﬂ - ﬁ( L’ Wheatstone’s bridge.
e i op 2) It consists of a uniform manganin wire
[x 1 1 | Ill 1 1 1 <|_|l2 i 1 ’ AB Of One meter Iength-
s T 3)  This wire is stretched along a meter scale

[

I .

= * on a wooden board between two copper strips
CandD.

Figure 2.26 Meter bridge
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4) Between these two copper strips another copper strip E is mounted to enclose two
gaps Giand Gz .

5) An unknown resistance P is connected in G; and a standard resistance Q is connected
in Goa.

6) A jockey (conducting wire) is connected to the terminal E on the central copper strip
through a galvanometer (G) and a high resistance (HR).

7) The exact position of jockey on the wire can be read on the scale. A Lechlanche cell
and a key (K) are connected across the ends of the bridge.

8) The position of the jockey on the wire is adjusted so that the galvanometer shows zero
deflection. Let the point be J. The lengths AJ and JB of the bridge wire now replace

the resistance R and S of the Wheatstone’s bridge. Then
P _R _ R4
e s ~ RB
P _4 _4h
e JB L
P:Q%
The bridge wire is soldered at the ends of the copper strips. Due to imperfect
contact, some resistance might be introduced at the contact. These are called end resistances.
This error can be eliminated, if another set of readings are taken with P and Q interchanged

and the average value of P is found.

8. How the emf of two cells are compared using potentiometer?

The end A of potentiometer is connected to the
terminal C of a DPDT switch.

Battery, key and rheostat are connected in series with

B. terminal D is connected to the jockey (J) through a

galvanometer and high resistance.

Let | be the current flowing through the primary circuit
and r be the resistance of the potentiometer wire per

metre length.

The jockey is moved on the wire and adjusted for zero deflection in galvanometer.

El_ll L

1
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The equivalent internal resistance of the battery is -
eq

Total resistance of the circuit=R + %

Current in the circuit is given by | = REL

n
| =2
nR+r

Case (a) Ifr>>R, I=I=% ~ nly

I1 - Current due to single cell
Case (b) If r<<R,
3
| =

R
The above equation implies that current due to the whole battery is the same as that due to a

single cell. Hence it is advantageous to connect cells in parallel when the external resistance
Is very small compared to the internal resistance of the cells.

2. What is potentiometer and write down its principle
+» Potentiometer is used for the accurate measurement of potential differences, current
and resistances.
+¢ It consists of ten meter long uniform wire of manganin or constantan stretched in
parallel rows each of 1 meter length, on a wooden board.
+» The two free ends A and B are brought to the same side and fixed to copper strips with
binding screws. A meter scale is fixed parallel to the wire. A jockey is provided for
making contact.
Principle

A steady current is maintained across the wire CD by a batteryBt.

The battery, key and the potentiometer wire
are connected in series forms the primary circuit. The
positive terminal of a primary cell of emf & is
connected to the point C and negative terminal is
connected to the jockey through a galvanometer G and
a high resistance HR. This forms the secondary
circuit.Let contact be made at any point J on the wire
by jockey. If the potential difference across CJ is equal
to the emf of the cell £ then no current will flow
through the galvanometer and it will show zero
deflection. CJ is the balancing length I. The potential
difference across CJ is equal to Irl where 1 is the | Figure 2.27 Potentiometer
current flowing through the wire and r is the resistance
per unit length of the wire. & = Irl
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Since | and r are constants
The emf of the cell is directly proportional to the balancing length.

3. Explain determination of internal resistance of a cell by potentiometer

To measure the internal resistance of a cell, the circuit connections are made

The end C of the potentiometer wire is connected to the positive terminal of the battery
Bt and the negative terminal of the battery is connected to the end D through a key Ki. This
forms the primary circuit.

The positive terminal of the cell §
whose internal resistance is to be o
determined is also connected to the end C ' |
of the wire. The negative terminal of the
cell € is connected to a jockey through a
galvanometer and a high resistance. A
resistance box R and key Kz are connected
across the cell & With K> open, the
balancing point J is obtained and the
balancing length CJ = I, is measured. T K
Since the cell is in open circuit, its emf is WA g [Ees

Eoly R

A suitable resistance (say, 10 Q) is
included in the resistance box and key K>
Is closed. Let r be the internal resistance
of the cell. The current passing through

the cell and the resistance R is given by
3
I —

Figure 2.29 measurement of internal
resistance

The potential difference across R is

ER
R+r

When this potential difference is balanced on the potentiometer wire, let 12 be the balancing
ER

length. — I2

From (1) & (2)

R+r _
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Unit — 3 MAGNETISM AND MAGNETIC EFFECTS OF ELECTRIC CURRENT
One marks
1. The unit of reduction factor of tangent galvanometer is
a) no unit b) tesla C) ampere d) ampere / degree
2. A galvanometer is converted into a voltmeter by connecting a
a) low resistance in series b) high resistance in parallel
¢) high resistance in series d) low resistance in parallel
3. Of the following devices which has small resistance?
a) Voltmeter b) Ammeter of range 0 — 10 A
¢) Moving coil Galvanometer d) Ammeter of range 0 -1 A
4. In a tangent galvanometer a current 1 A, produces a deflection of 30°. The current required
to produce a deflection of 60° is
a) 3A b) 2A c)V3 A d)1/V3 A
5. Peltier effect is the converse of
a) Joule effect b) Raman effect c¢) Thomson effect d) Seebeck effect
6. The torque experienced by a rectangular current loop placed perpendicular to a uniform
magnetic field is
a) maximum b) zero ¢) finite minimum d) infinity
7. In a tangent galvanometer, for a constant Current, the deflection is 30°. The place of the
coil is rotated through 90°. Now, for the same current, the deflection will be
a) 30° b) 60° c) 90° d) 0°
8. An ideal voltmeter has
a) zero resistance b) finite resistance between zero and G
C) resistance greater than G but less than infinity d) infinite resistance
9. Peltier coefficient at a junction of a thermocouple depends on
a) the current in the thermocouple b) the time for which current flows
¢) the temperature of the junction
d) the charge that passes through the thermocouple
10. The torque on a rectangular coil placed in a uniform magnetic field is large, when :
(a) the number of turns is large (b) the number of turns is less
(c) the plane of the coil is perpendicular to the field (d) the area of the coil is small
11. Phosphor — bronze wire is used for suspension in a moving coil galvanometer because it
has
a) high conductivity b) high resistivity
c) large couple per unit twist d) small couple per unit twist
12. When the number of turns (n) in a galvanometer is doubled, current sensitivity
a) remains constant b) decreases twice
C) increases twice d) increases four times
13. An electron is moving with a velocity of 3 x 10® ms  perpendicular to a uniform
magnetic field of induction 0.5 T. The force experienced by the electron is
a)2.4x108N b) 13.6 x 102' N c) 13.6 x 10" N d) zero
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14. The period of revolution of a charged particle inside a cyclotron does not depend on

a) the magnetic induction b) the charge of the particle

¢) the velocity of the particle d) the mass of the particle

15. The direction of force on a current carrying conductor placed in a magnetic field is given
by :

a) Fleming’s Left Hand Rule b) Fleming’s Right Hand Rule

¢) End Rule d) Right Hand Palm Rule

16. AB is arod of lead, The end A is heated. A current I is allowed to flow along AB. Now
due to Thomson effect in rod AB

a) heat is absorbed b) heat is liberated

¢) heat is neither absorbed nor liberated d) heat is first absorbed and then liberated
17. A proton and o — particle are projects with this same velocity normal to a uniform
magnetic field. The ratio of the magnetic Lorentz force experienced by the proton and the a
particle is

(@ 1.1 (b)1:2 (c) 2:1 (d) 1.0

Fill ups
1.Tangent galvanometer works on the principle of Tangent law

2.The torque on a current carrying coil is maximum when the coil is parallel to the
magnetic field.

3.The product of current and the loop area is called magnetic dipole moment
4.The value of gyro magnetic ratio is 8.8 x 10%

5.The magnetic field in a moving coil galvanometer is the radial magnetic field

6.The unit of magnetic induction is tesla

7.Bohr magneton value 9.27 x 102 Am?

8. A vertical plane passing through the geographic axis is called geographic meridian

9. A great circle perpendicular to Earth’s geographic axis is called geographic equator.

10. The straight line which connects magnetic poles of Earth is known as magnetic axis.
11.A vertical plane passing through magnetic axis is called magnetic meridian and a great
circle perpendicular to Earth’s magnetic axis is called magnetic equator

12.At At higher latitudes, the declination is greater whereas near the equator, the
declination is smaller.

13. For Chennai, magnetic declination angle is -1°8’ & inclination angle is 14°16°.

14. Horizontal component of magnetic field is maximum at equator and zero at poles.
15.Vertical component is zero at equator and maximum at equator.

16.A freely suspended magnet always point along north — south direction

17. Pole strength depends on the nature of materials of the magnet, area of cross- section
and the state of magnetization.

18. If a magnet is cut into two equal halves along the length then pole strength is reduced
to half.

19. If a magnet is cut into two equal halves perpendicular to the length, then pole
strength remains same.

20. Dimensional formula for magnetic flux is [MLT2A" ]
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Magnetic induction duc to a long solenoid carrying current B = pnl = pohyl = Po“r(f] L

\viaenctic Lovents foree,

Force on a moving charge in a magnetic field F = q[vx B]

In the presence of an electric field F = q[(: x B )+ E)

my

(10) Radius of the circular path r=—

Bg
. B . .
Angular velocity @ = = :  Period of rotation T = 2n _ 2rm
m o Bg

(11) Force on a current carrying conductor placed in a magnetic field F=UxB (or) F = Blisin6.

; : - I.1,dl ~ ; woliIs ~
(12) Force between two parallel long current carrying conductors F=£21—°1:—-—' j Jj (or) 7= ——-;;: J i

(13) Torque experienced by current loop in a uniform magnetic field To« =IBAsin® &

. . K
(14) Moving coil galvanometer, I = GO; G = NBA (Galvanometer constant)

(15) Current sensitivity of galvanometer %= % =1

3 - 8 _NBA
(16) Voltage sensitivity of galvanometer VoXe Vg

(17) Conversion of galvanometer into an ammeter.

LR, . ) RS
;  Effective resistance R, =
I'— IS a Rg +S

Value of shunt resistance S =

, v
(18) Conversion of galvanometer into a voltmeter R = 1 R,
B
Effective resistance R,, = R, +R,

p=toPm

(19) Current loop as a magnetic dipole B= o 3 k ; (Pm=1IA)
z

(20) Magnetic dipole moment of a revolving electron B = neh

4rm
eh

(21) Minimum value of magnetic moment (TH
dntm

—
mun

(22) Bohr magneton = h
4nm
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Book Back

Short Answers Questions

1.What is meant by magnetic induction or total magnetic filed

The magnetic induction (total magnetic field) inside the specimen B is equal to the
sum of the magnetic field B produced in vacuum due to the magnetising field and the

magnetic field En) due to the induced magnetisation of the substance.
B=B,, + B,

2.Define magnetic flux
The number of magnetic field lines crossing per unit area is called magnetic flux ®g
®:z = B.A=BA COSO
Unit : weber (Whb)
Quantity : Scalar

3.Define dipole moment
The magnetic dipole moment is defined as the product of its pole strength and
magnetic length.
Magnitude of dipole moment
m = 2 (ml
Unit : Am?
Quantity : Vector

4.State COULOMB’S INVERSE SQUARE LAW OF MAGNETISM

The force of attraction or repulsion between two magnetic poles is directly
proportional to the product of their pole strengths and inversely proportional to the square of
the distance between them.

5.What is magnetic susceptibility ?
o It is defined as the ratio of the intensity of magnetisation (ﬁ) induced in the material

due to the magnetising field (H )

® Um-—

e |[tisadimensionless quantity

6.State Biot — Savart’s law

Biot and Savart observed that the magnitude of magnetic field dB ata point P ata
distance r from the small elemental length taken on a conductor carrying current varies
(i) directly as the strength of the current |

(ii) directly as the magnitude of the length element dl

(ii1) directly as the sine of the angle (say,0) between diand #
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Book inside
Short answers
1. What is Geomagnetism
The branch of physics which deals with the Earth’s magnetic field is called
Geomagnetism or Terrestrial magnetism.

2. What are elements of the Earth’s magnetic field.

(a) magnetic declination (D)

(b) magnetic dip or inclination (1)

(¢) the horizontal component of the Earth’s magnetic field (By)

3. Define Magnetic declination

The angle between magnetic meridian at a point and geographical meridian is called
the declination or magnetic declination (D).

At higher latitudes, the declination is greater whereas near the equator, the
declination is smaller.

4. Define dip or magnetic inclination
The angle subtended by the Earth’s total magnetic field with the horizontal direction in
the magnetic meridian is called dip or magnetic inclination (1) at that point

5. Define horizontal component of Earth’s magnetic field

The component of Earth’s magnetic field along the horizontal direction in the
magnetic meridian is called horizontal
component of Earth’s magnetic field, denoted by B.

6.Define Magnetic field
The magnetic field at a point is defined as a force experienced by the bar magnet of

unit pole strength
— F
B=—
Am
Unit: NAltm?

7.What are Types of magnets and its difference
Types : Natural magnets and Artificial magnets.

Natural Magnet Artificial magnet

Strengths of natural magnets are very weak | It have
and the shapes of the magnet are irregular. | desired shape and strength

Ex: iron, cobalt, nickel Ex: Bar magnet
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15. Define Intensity of magnetisation for bar magnet

For a bar magnet the intensity of magnetisation can be defined as the pole strength
per unit area

Unit ; Am™

16.Define Meissner effect.

The expulsion of magnetic flux from a superconductor during its transition to the
superconducting state is known as Meissner
effect.

17.Define Curie’s law
Susceptibilty is inversely proportional to temperature

Ko O~
m=r

18.Why there is a strong net magnetisation of the Ferro magnetic material in the
direction of the applied field

1)The domains having magnetic moments parallel to the field grow in size

2) the other domains (not parallel to field) are rotated so that they are aligned with the field.

19.Define Curie-Weiss law.

At a particular temperature, ferromagnetic material becomes paramagnetic. This
temperature is known as Curie temperature T¢. The susceptibility of the material above the
Curie temperature is given by

c

K =
m T oroT,

20.Define coercivity.
The magnitude of the reverse magnetising field for which the residual magnetism of
the material vanishes is called its coercivity.

21.Define retentivity
It is defined as the ability of the materials to retain the magnetism in them even
magnetising field vanishes.

22.State Right hand thumb rule

If we hold the current carrying conductor in our right hand such that the thumb points in
the direction of current flow, then the fingers encircling the wire points in the direction of the
magnetic field lines produced.

FOR FULL STUDY MATERIALS AND TEST QUESTION PAPERS
CONTACT : SAIVEERA ACADEMY - 8098850809




www.Padasalai.Net www.TrbTnpsc.com

+2 PHYSICS SAIVEERA ACADEMY STUDY MATERIAL
23. State Maxwell’s right hand cork screw rule

If we rotate a right hand screw using a screw driver then the direction of current is same
as direction in which screw advances and the direction of rotation of screw gives direction of
magnetic field

24. Difference between Coulomb’s law and Biot — Savart law

Electric field Magnetic field

Produced by scalar source () Produced by vector source (I di)

It is directed along the position vector It is directed perpendicular to the position
joining the source & the point at which vector 7 and the current element
field is calculated I di

Does not depend on angle Depend an angle between position vector
and current element

25. Define the magnetic dipole moment of any current loop
The magnetic dipole moment of any current loop is equal to the product of the current and
area of the loop.
P, =14
Unit : A m?

26.State Right hand thumb rule (mnemonic)

It states that If we curl the fingers of right hand in the direction of current in the loop,
then the stretched thumb gives the direction of the magnetic moment associated with the
loop.

26.Define magnetic Lorentz force

If the charge moves in the magnetic field, it experiences a force.

This force is known as magnetic force If the charge is moving in both the electric and
magnetic fields, the total force experienced by the charge is given by

F =q (E +(¥xB ) )ltisknown as Lorentz force.

27.Define one tesla
The strength of the magnetic field is one tesla if unit charge moving in it with unit velocity
experiences unit force Fm =Bqvsind
m=1IN q=1C v=1m/s
1T=1NA'm?
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Book Back

Long Answer Question
1.Discuss Earth’s magnetic field in detail

Gover suggested that the Earth’s magnetic field is due to hot rays coming out from the
Sun. These rays will heat up the air near equatorial region. Once air becomes hotter, it rises
above and will move towards northern and southern hemispheres and get electrified. This
may be responsible to magnetize the e
ferromagnetic materials near the Earth’s b B‘ Nodh
surface 2

The north pole of magnetic compass : )
needle is attracted towards the magnetic B Horizontal _ _
south pole of the Earth which is near the : l’)
geographic north pole . Similarly, the south
pole of magnetic compass needle is attracted
towards the geographic north pole of the
Earth which is near magnetic north-pole. The branch of physics which deals with the
Earth’s magnetic field is called Geomagnetism or Terrestrial magnetism.
The three elements of of the Earth’s magnetic field are
(a) magnetic declination (D)
(b) magnetic dip or inclination (1)
(c) the horizontal component of the Earth’s magnetic field (Bn)

Declination Inclination

The angle between magnetic meridian at a point and geographical meridian is called the
declination or magnetic declination (D).

The angle subtended by the Earth’s total magnetic field with the horizontal direction in
the magnetic meridian is called dip or magnetic inclination (I) at that point

The component of Earth’s magnetic field along the horizontal direction in the magnetic
meridian is called horizontal component of Earth’s magnetic field, denoted by B,

2.Deduce the relation for the magnetic
induction at a point due to an infinitely long
straight conductor carrying current
Consider a long straight wire NM with
current | flowing from N to M.P be the point at
a distance a from point O.Consider an element
of length dl of the wire at a distance | from
point O
7 be the vector joining the element dl with the

pOInt P. Figure 3.39 Magnetic field due to a long
0 — angle between F & El) Then. the straight current carrying conductor

magnetic field at P due to the element is
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+»+ Consider a current carrying circular loop of radius R.
+¢ | be the current flowing through the wire in the direction as shown in Figure .
¢ The magnetic field at a point P on the axis of the circular coil at a distance z from its
center of the coil O.

¢ It is computed by taking two diametrically opposite line elements of the coil each of
length dl atC&D

According to Biot-Savart’s law, the magnetic field at P due to the current element I dl is

—_ Tdix#
dB = £

4 r?
++ The magnitude of magnetic field due to current element | dl at C and D are equal

because of equal distance from the coil.

¢ The magnetic field due to each current element | dl is resolved into two components;
dB sin 0 along y - direction and dB cos 6 along z - direction.

Horizontal components of each current element cancels out while the vertical components
(dB cos 0 ) alone contribute to total magnetic field at the point P.

PC=PD=r=vR2 + 72

Then the net magnetic field at point P is

B = [dB = [dBcos6k
= Lo fd—fcosﬁlz
i r

By triangle POD

cos @ = R
VR2+Z72

sub cos 6 value in (2) ,
integrating line element from 0 to 2R, we get

— 2 —
B=ty X %

I (R24z2)2
4.Compute the torgque experienced by a magnetic needle in a uniform magnetic field
¢+ Consider a magnet of length 21 of pole strength gm kept in a uniform magnetic field
+«+ Each pole experiences a force of magnitude qmB but acts in opposite direction.
¢ Therefore, the net force exerted on the magnet is zero, so that there is no translatory
motion. These two forces constitute a couple (about midpoint of bar magnet) which
will rotate and try to align in the direction of the magnetic field
The force experienced by north pole
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The force experienced by South pole
Fs=-gnB
Adding (1) & (2)
Net force on the dipole as
F=Fy+ F5 =0
The moment of force or torque experienced by
north and south pole about point O is
T=0Nx Fy+ OSxFyq

=ONx QuB+ OSx(-qmB )

By using right hand cork screw rule, we conclude
that the total torque is pointing into the paper.

Since the magnitudes
[ON] =[03] =1
IBCIm | = |_BCIm |

magnitude of total torque about point O
T=I|x gnBsin@+ Ix gnBsin@
=2l x gmBsin@
Since Pm =gm x 2l
=PmBsing
In vector notation
T=P,xB

Figure 3.19 Magnetic dipole kept in a
uniform magnetic field

5.Calculate the magnetic induction at a point on the axial line of bar magnet

Consider a bar magnet NS.

Let N be the North Pole and S be the south pole of the bar magnet, each of pole strength qn,

and separated by a distance of 2I.

(O is the geometrical center of bar magnet)

y axis

L
el I . 1
< > x axis

= ]
=~

I Figure 3.16 Magnetic field at a point along the axial line due to magnetic dipole
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The force of repulsion between North Pole of
the bar magnet and unit north pole at point C
(in free space) is
Fy=—Fncos 8i -Fn sing j
— B qm
am (rr)?

Fg= —Fscos i -Fs sin@ j
F - #0 dm
ST un (rr)2

F=Fy+ Fg
—(Fy+Fg)cosOi
N =Fs

B= 22 (q’;zcos 0 i
r2=r2+ I2
In right angle triangle

L

cos 0 = 7

(r2+12)z

Sub cos @ = ——— in above quation
(r2+12)2

Mo qm_ 1

4w r2+12

7
(r2+12)2
2lxXqm 7

3
(r2+12)z

=1 (since Pm =qm x2I )

r >> 1| |2 can neglected

(r + lz)z = (rz)z =r

SAIVEERA ACADEMY
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SI 0 | N
|

(O is the geometrical center of bar magnel)

Figure 3.17 Magnetic field at a point
along the equatorial line due to a
magnetic dipole

| —€ <

i
Fysinf(j)

Fy cost(-i)

Fy cost(i)
Y

Fgsinf(-j)
R
Fg ¥

-

Figure 3.18 Components of force
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¢ At this time, the polarities of the Dees are reversed so that the ion is now accelerated

towards Dee-2 with a greater velocity.

+» For this circular motion, the centripetal force of the charged particle q is provided by

Lorentz force.
Lorentz force = Bqv

2
Centripetal force = ~—

From the equation (1), the increase in velocity
increases the radius of circular path. This
process continues and hence the particle
undergoes spiral path of increasing radius.
Once it reaches near the edge, it is taken out
with the help of deflector plate and allowed to
hit the target T.

Very important condition in cyclotron
operation is the resonance condition. It
happens when the frequency f at which the
positive ion circulates in the magnetic field
must be equal to the constant frequency of the

. . B
electrical oscillator fosc = 24—
2mm

Time period of oscillation T =

osc
2mtm

=T
Kinetic energy of a particle K.E =% mv?
From (1) v —rqB

ZBZ 2

KE=1

2m

Electromagnet —»l I

High frequency —»@

oscillator \ +ve

lon source
D-shaped hollow 8~ D-shaped
metal chamber hollow metal
D, D,
_/- \ chamber

Deflector plate

Electromagnet

Constant-frequency
alternating
voltage

Source of protons High frequency

accelerating

\ﬁ%\/oltage
~

High-speed proton beam

Figure 3.55 construction and working of
cyclotron

-
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Working
+» Coil PQRS whose length be I and breadth b. PQ = RS =1and QR =SP =h.
+» Let | be the electric current flowing through the rectangular coil PQRS The horse-shoe
magnet has hemi - spherical magnetic poles which produces a radial magnetic field.
+» Due to this radial field, the sides QR and SP are always parallel to to the B-field
(magnetic field) and experience no force.
+ The sides PQ and RS are always parallel to the B-field and experience force and due
to this, torque is produced.
For single turn, the deflection couple as
t=DbF = bBIl=(Ib) Bl = ABI
A=1b
For coil with N turns, we get
7= NABI
¢ Due to this deflecting torque, the coil gets twisted and restoring torque (also known as
restoring couple) is developed. Hence the magnitude of restoring couple is
proportional to the amount of twist 0

+ K is the restoring couple per unit twist or torsional constant of the spring
+» At equilibrium, the deflection couple is equal to the restoring couple
NABI =K 0

0
|=K—
NAB

[=G6

K .
G= T galvanometer constant or current reduction factor of the galvanometer.

11.Discuss the conversion of galvanometer into an ammeter and also a voltmeter
Galvanometer to an Ammeter

+ A galvanometer is converted into an ammeter by connecting a low resistance in
parallel with the galvanometer. This low resistance is called shunt resistance S.

¢+ The scale is now calibrated in ampere and the range of ammeter depends on the
values of the shunt resistance.

¢ Let | be the current passing through the circuit .

¢+ When current | reaches the junction A, it divides into two components.

% Let Igbe the current passing through the galvanometer of resistance Ry through a path
AGE and the remaining current (I — lg) passes along the path ACDE through shunt
resistance S.

+ value of shunt resistance is so adjusted that current I produces full scale deflection in
the galvanometer. The potential difference across galvanometer is same as the
potential difference across shunt resistance.

\% galvanometer = V shunt

lg Rg = (I-1¢)S
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|
S=—2—R
(~Ig) ’
e =5 R, !
Ig al
Since, the deflection in the galvanometer is
proportional to the current passing through
it.
1
@=_-I, 6aly 6 al Ammeter
Figure 3.69 Shunt resistance connected
in parallel

So, the deflection in the galvanometer measures
the current | passing through the circuit
(ammeter).

Galvanometer to a voltmeter

+ Voltmeter must have high resistance and Rn
when it is connected in parallel, it will AI’—@_/\W
not draw appreciable current so that it :
will indicate the true potential difference Voltmeter
A galvanometer is converted into a
voltmeter by connecting high resistance .Figur'e 3.70 Shunt resistance connected
Ry, in series with galvanometer. e
The scale is now calibrated in volt and
the range of voltmeter depends on the values of the resistance connected in series i.e.
the value of resistance is so adjusted that only current Ig produces full scale deflection
in the galvanometer.

Let Ry be the resistance of galvanometer and |4 be the current with which the
galvanometer produces full scale deflection.

Since the galvanometer is connected in series with high resistance, the current in the
electrical circuit is same as the current passing through the galvanometer.

_ potential dif ference
g=

total resistance

Since the galvanometer and high resistance are connected in series, the total resistance or
effective resistance gives the resistance of voltmeter. The voltmeter resistance is
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Book inside
Long answers
1. Write about Properties of magnet
1.A freely suspended bar magnet will always point along the north-south direction.

2. A magnet attracts another magnet or magnetic substances towards itself. The attractive
force is maximum near the end of the bar magnet

3.When a magnet is broken into pieces, each piece behaves like a magnet with poles at its
ends.

4. Two poles of a magnet have pole strength equal to one another.

5. The length of the bar magnet is called geometrical length and the length between two
magnetic poles in a bar magnet is called magnetic length. Magnetic length is always slightly
smaller than geometrical length. The ratio of magnetic length and geometrical length is 5/6

2.Write about properties of Magnetic field lines

1. Magnetic field lines are continuous closed curves.

2.The direction of magnetic field lines is from North pole to South pole outside the
magnet and South pole to North pole inside the magnet.

3. The direction of magnetic field at any point on the curve is known by drawing tangent
to the magnetic line of force at that point.

4. Magnetic field lines never intersect each other.

5. The degree of closeness of the field lines determines the relative strength of the
magnetic field. The magnetic field is strong where magnetic field lines crowd and weak
where magnetic field lines thin out.
3.Derive Potential energy of a bar magnet in a uniform magnetic field

When a bar magnet (magnetic dipole) of dipole
moment ﬁm is held at an angle 0 with the direction of

a uniform magnetic field B, the magnitude of the
torque acting on the dipole is
~ 7| = |Pn||B|sin6
If the dipole is rotated through a very small angular displacement df against the torque at
constant angular velocity, then the work done by external torque for this small angular
displacement is given by
dW = [T,y |d 6
The bar magnet has to be moved at constant angular velocity, which implies that

|?ext| = |7|

dW =P, Bsin6 d 6
Total work done in rotating the dipole from 0 "to 0 is
w =f06,‘rd0 = -PmB (cos@ — cos8")
This work done is stored as potential energy in bar magnet at an angle 6 when it is rotated
from 0" to 6 and it can be written as
U= -PmB (cos@® —cos8)
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1=K©0
K = 2B Reduction factor
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BII

S

Figure 3.24 (a) circuit connection
(b) resultant position of pivoted needle
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The tangent Galvanometer is most sensitive at a deflection of 45°.
Generally the deflection is taken between 30°and 60°.

5.Difference between soft and hard ferro magnet

Soft ferro magnetic materials

Hard ferro magnetic materials

Area of loop is small

Area of loop is large

Retentivity is low

Retentivity is large

Coercivity is low

Coercivity is large

Hysteresis loss is less

Hysteresis loss is More

Uses ;
Solenoid core, transformer core and
electromagnets

Uses ;
Permanent magnets

Susceptibility and magnetic permeability
is high

Susceptibility and magnetic permeability
is low

When external field is removed
Magnetisation disappears

When external field is removed
Magnetisation persists

Examples ;
Soft iron, Mumetal, Stalloy

Example :
Steel,Alnico, Lodestone etc

STUDY MATERIAL
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6. .What are Applications of hysteresis loop

1) Permanent magnets:

The materials with high retentivity, high coercivity and high permeability are suitable for
making permanent magnets.

Examples: Steel and Alnico

1) Electromagnets:
The materials with high initial permeability, low retentivity, low coercivity and thin
hysteresis loop with smaller area are preferred to make electromagnets.

1ii.Core of the transformer:

The materials with high initial permeability, large magnetic induction and thin hysteresis
loop with smaller area are needed to design transformer cores.

Examples: Soft iron

7. State Biot — Savart’s law
Biot and Savart observed that the

magnitude of magnetic field dB ata point P at
a distance r from the small elemental length
taken on a conductor carrying current varies

(i) directly as the strength of the current |
(i1) directly as the magnitude of the length

element dli
(iii) directly as the sine of the angle (say,0)

between diand #

(iv) inversely as the square of the distance between the point P and length element di .

dB u’%’sine
r

dB = k’%’ sin©@
T
k=2 ins.1unit
%4 .
In vector notation

—_ Idix#
dB =2

4T 1

Figure 3.37 Magnetic field at a point P
due to current carrying conductor
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8.Derive Magnetic dipole moment of revolving electron

Suppose an electron undergoes circular

motion around the nucleus ,The circulating

electron in a loop is like current in a circular

loop (since flow of charge is current). The

magnetic dipole moment due to current

carrying circular loop is

Uy = 1A e (1)

In magnitude u; =1A

If T is the time period of an electron, the Figure 3.41 (a) Electron revolving in a

current due to circular motion of the electron circular orbit (b) Direction of magnetic
; dipole moment vector and orbital angular

momentum vector are opposite

distance 2R

Velocity of electron v = e — T 4)

Sub T value in (3)

ev

Sub (5) in (2) where A = R?

—-ev R2 — —evR

.. (6)

e
Multiplying and divide (6) by m

_ —emvR

== ()
Where Magnitude of angular moment pf electron about O is L = mvR
By (8) , eq (7) became

KL —e

= ©)
L
The negative sign indicates that the magnetic moment and angular momentum are in

opposite direction.
In magnitude - =0.0878 x 10*2

=8.78 x 10'° C Kg'*
= constant
According to Neil’s Bohr quantization rule, the angular momentum of an electron moving in
a stationary orbit is quantized, which means

m
Sub L value in (10)
h e

P =N om
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NI
Bs =po

2mry
N

2mr,

Bs =uo nl

10. Explain about Force on a moving charge in a magnetic field

When an electric charge q is moving with velocity v in the magnetic field B, it experiences a
force, called magnetic force .

After careful experiments, Lorentz deduced the force experienced by a moving charge in the
magnetic field

Fp = q(@ % B)

In magnitude Fm, = qvbsin @

Force is directly proportional to

(i)Magnetic field B

(ii)velocity v

(iii) directly proportional to sine of the angle between the velocity and magnetic field
(iv)charge g

Direction of force is always perpendicular to v & B

Direction of force on negative charge is opposite to direction of force on positive charge

If velocity of the charge is along magnetic field then force is zero

11.Explain about Motion of a charged particle in a uniform magnetic field

in a magnetic field

‘ Figure 3.56 Current carrying conductor

Figure 3.50 Circular motion of a charged
particle in a perpendicular uniform
magnetic field

Consider a charged particle of charge q having mass m enters into a region of uniform

magnetic field B with velocity# such that velocity is perpendicular to the magnetic field. As
soon as the particle enters into the field, Lorentz force acts on it in a direction perpendicular
to both magnetic field and velocity .
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The force in a straight current carrying conducting wire of length | placed in a uniform
magnetic field is

F=IIxB

In magnitude F = BIl sin©

(a) If the conductor is placed along the direction of the magnetic field, the angle between
them is 6 = 0°. Hence, the force experienced by the conductor is zero.

(b) If the conductor is placed perpendicular to the magnetic field, the angle between them is
0 =90° Hence, the force experienced by the conductor is maximum, which is F = BIl.

13.Derive Force between two long parallel current carrying conductors
Two long straight parallel current carrying conductors separated by a distance r are kept in
air
I, and I, be the electric currents passing through the conductors A and B in same
direction (i.e. along z - direction)
The net magnetic field at a distance r due to current I, in conductor A is

D tol1 , 4 mol1 &
B, = -1)= - -1
1 2nr ( ) 2nr

From thumb rule, the direction of magnetic
field is perpendicular to the plane of the
paper and inwards i.e along negative i
direction .

Lorentz force on the element dl of conductor

B at which the magnetic field §1 IS present
IS

dF = (I,di x By ) = —L,dI22! (k x 1)

nr

_  bkolil2dl .
2nr

The force per unit length of the conductor B | Figure 3.58 Two long straight parallel

due to the wire conductor A is wires

F — wol1l2 4
l

In the same manner, we compute the magnitude of net magnetic induction due to current I,
(in conductor A) at a distance r in the elemental length dl of conductor A is

From the thumb rule, direction of magnetic field is perpendicular to the plane of the paper
and outwards i.e., along positive £ direction

Lorentz force on the element dl of conductor A at which the magnetic field E’z Is present is
ﬁ = (I1EI)X§1 ) = Ildll;ol(ﬁ X i)

nr
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The force per unit length of the conductor B due to the wire conductor A is

F — wol1l2 .
l 2nr

Thus the force experienced by two parallel current carrying conductors is attractive if the
direction of electric current passing through them is same & force experienced by two
parallel current carrying conductors is repulsive if they carry current in the opposite

directions

13.Explain about Hysteresis loop

A ferromagnetic material (example, Iron) is magnetised slowly by a magnetising field .
The magnetic induction of the material increases from point A with the magnitude of the
magnetising field and then attains a saturated level. This response of the material is depicted
by the path AC.Saturation magnetization is defined as the maximum point up to which the
material can be magnetised by applying the magnetising field.

If the magnetising field is now reduced, the
magnetic induction also decreases but does not
retrace the original path CA. It takes different
path CD. When the magnetising field is zero,
the magnetic induction is not zero and it has
positive value. This implies that some
magnetism is left in the specimen even when H
= 0. The residual magnetism AD present in
the specimen is called remanence or
retentivity. It is defined as the ability of the
materials to retain the magnetism in them
even magnetising field vanishes.

In order to demagnetise the material, the
magnetising field is gradually increased in the
reverse direction. Now the magnetic induction
decreases along DE and becomes zero at E. The
magnetising field AE in the reverse direction is
required to bring residual magnetism to zero.
The magnitude the residual magnetism of
the material vanishes is called its coercivity.
Further increase of in the reverse direction, the
magnetic induction increases along EF until it
reaches saturation at F in the reverse direction.
If magnetising field is decreased and then

Hysteresis loop for

B

Retentivity

Coercivity
—H \ -

Magnetising
field

AD-AG: residual magnetism
AE-AK: coercivity

magnetic material

Flux density

Saturation

’
’
’

Magnetising field E
in opposits direction

Saturation

Magnetising field

g
%

in opposits direction

-B

Flux density
in opposits direction

l Figure 3.30 Hysteresis — plot for B vs H
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UNIT -4 ELCTROMAGNETIC INDUCTION AND ALTERNATING CURRENT

One marks

1. Electromagnetic induction is not used in

a) Transformer b) room heater ¢) A.C. generator d) choke coil
2.The angle between the area vector A and plane of the area A is

a)m b) 27 C)m/2 d) Zero

3. If the flux associated with a coil varies at the rate of 1 Wb/minute then the induced e.m.f.
IS

a)lVv b) 1/60 V c) 60V d) 0.60 V

4. The average power consumed over one cycle in an a.c. circuit is

a) Erms Irms b) Erms IrmsC05® C) Erms Irms Siﬂ@ d) E0 I0

5. In LCR series a.c. circuit, the phase difference between current and voltage is 30°. The
reactance of the circuit is 17.32 Q. The value of resistance is

a) 30 Q b) 10 Q c)17.32 Q d) 1.732 Q
6.An emf of 12 V is induced when the current in the coil changes from2 Ato 6 Ain0.5s.
The coefficient of self — induction of the coil is

a)1l5H b) 6 H c)0.3H d)30H

7. In an a.c. circuit with an inductor

a) Voltage lags current by m/2 b) voltage and current are in phase

c) voltage leads current by =© d) current lags voltage by n/2

8. The unit of henry can also be written as

a) V As? b) Wbt A c)Qs d) all of these
9. The generator rule is

a) Fleming’s left hand rule b) Fleming’s right hand rule

b) Maxwell’s right hand corkscrew rule d) Right hand palm rule

10. The power loss is less in transmission line when

a) voltage is less but current is more b) both voltage and current are more
c) voltage is more but current is less d) both voltage and current are less

11. In an a.c. circuit, the current | = Iy sin(ot - /2 ) lags behind the e.m.f.
e=Egsin(wt+m/2) by

a)0 b) n/4 c) m/2 d)=n

12. In a step — up transformer the input voltage is 220 V and the output voltage is 11 kV. The
ratio of number of turns of primary to secondary is

a)50:1 b) 1:50 c)25:1 d)1:25

13. In LCR circuit when X, = X the current

a) Is zero b) is in phase with the voltage

c) leads the voltage d) lags behind the voltage

14. Transformer works on

a) Both AC and DC b) AC more effectively than DC

c) AC only d) DC only
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31. Which of the following devices does not allow direct current (D.C.) to pass through?

a) Capacitor b) Inductor ¢) Resistor d) All of these

32. A coil of area of cross — section 0.5m? with 10 turns is in a plane which is perpendicular
to a uniform magnetic field of 0.2 Wb/m?2. The magnetic flux through the coil is

a) 100 Wb b) 10 Wb c) 1 Wb d) zero

33. An e.m.f of 12V is induced when the current in the coil changes at the rate of 40 As™.
The Coefficient of self — induction of the coil is

a) 0.3 H b) 0.003 H c)30H d)4.8H

34. That part of the A.C, generator that passes. The current from the coil to the external
circuit is

a) field magnet b) split rings c) slip —rings d) brushes

35. The r.m.s. value of the alternating current flowing through a resistor is 5A.its peak value
is

a) 3.536 A b) 70.7 A c) 7.07A d) 7A

36. In an A.c. circuit average power consumed is 200 W and the apparent power is 300 W.
the power factor is

a) 1.5 b) 0.66 c) 0.33 d)1

37. The effective value of alternating current is

a)-2 b) \’—% c) Io V2 d) 2 I

38. A rectangular coil is uniformly rotated in a uniform magnetic field such that the axis of
rotation is perpendicular to the direction of the magnetic field. When the plans of the coil is
perpendicular to the magnetic field

a) (1) Magnetic flux is zero. (ii) induced e.m.f is zero

b) (i) magnetic flux ix maximum (ii) induced e.m.f is maximum

c) (i) magnetic flux is maximum (ii) induced e.m.f is zero

d) (i) magnetic flux is zero, (ii) induced e.m.f is maximum

39. In an a.c. circuit, the voltage leads the current by a phase of g then the circuit has

a) Only an inductor (L) b) only a capacitor (C)

¢) only a resistor (R) d) L, C and R in series

40. The resonant frequency of RLC circuit is y, The inductance is doubled. The capacitance
is also doubled. Now the resonant frequency of the circuit is

a) 2y, b)>- c) & d) %

41. When the frequency of an a.c. circuit increases, the capacitive reactance offered by
capacitor connected in the circuit

a) increases b) decreases c) remains the same d) becomes zero
42. The coefficient of self — induction of a solenoid is independent of

a) the number of turns in coil b) the area of cross — section of the coil

c) the length of the coil d) the current passing through the coil.

a) The instantaneous emf and current equations of an a.c circuit are respectively
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43. e =200 sin (ot +w/3 ) and i = 10 sin ot The average power consumed over one complete
cycle is:

a) 2000 W b) 1000 W c) 500 W d) 707 W

44. 1f an emf of 25V is induced when the current in the coil changes at the rate of 100 As?,
then the coefficient of self induction of the coil is :

a) 0.3 H b) 0.25 H c)25H d) 0.25 mH

45. In an A.C Circuit, the instantaneous values of emf and current are respectively

e =200 sin (ot - /3 )i =10 sin (ot + /6 )

(a) voltage lags behind current by a phase angle of n/3

(b) current leads voltage by a phase angle of /6

(c) Current leads voltage by a phase angle of w/2

(d) voltage leads current by a phase angle of n/2

46. In a LCR series a.c circuit, the phase difference between current and voltage is 60°. if
the net reactance of the circuit 1s 17.32 Q, the value of the resistance is :

(a) 30 Q (b) 17.32 Q (c)10Q (d) 17.32 Q
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(1) Magnetic flux ¢, = EX =BA cos 0

(2) Rate of change of magnetic flux 9%n
dt

(3) Magnitude of induced emfe = e=—N9Pn _ _d
e o Z(N(DB) N®, — flux linkage

Cocfficient of self induction and law of electro magnetic induction are related as € = —i(L

Self inductance of a long solenoid : L = unlAl (on = N )
/

1oN2A
/

L= i L=p pn?Al

Quantity of energy stored in an inductor U,= lLi2
2

Coefhicient of mutual induction M_ = — &1 = -5
dt dt
Mutual induction of two long solenoids M = unn,Al=p unn Al

rl12
9) Induced emf, g = — %(NBA cosB) ; (0= wt)

-

(10) Induced emf, ¢ = -B/v (by changing the area enclosed by the coil) (¢ = motional emf)

(11) Induced emf, £ = —NA cose[-j—?) (by changing the magnetic induction)

(12) Induced emf, € = NBA o sin ®t = sin ®t, Also Induced current,i=1_sin wt
(13) Transformer, Ne _ L_V =k

N, I, v,
(14) Step up transformer:k>1 -

(15) Step down transformer: k < 1

output power %100%

(16) Efficiency of transformer 1= input power

(17) AC voltage
e=1_sinwt ; E_ = NBA @ (max emf) (Also AC Voltage v = V_sin o)

(18) AC current
i=E_sin ot

(19) Effective current oy = loms

(20) Effective voltage Een
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Short Answers

1.What is meant by electromagnetic induction?

» Whenever the magnetic flux linked with a closed coil changes, an emf is induced
and hence an electric current flows in the circuit.

» This current is called an induced current and the emf giving rise to such current is
called an induced emf.

» This phenomenon is known as electromagnetic induction.

2.State Faraday’s law of electro magnetic induction.

First law

Whenever magnetic flux linked with a closed circuit changes, an emf is induced in the
circuit.

Second law

The magnitude of induced emf in a closed circuit is equal to the rate of change of
magnetic flux linked with the circuit.

3.State Lenz’s law
It states that the direction of the induced current is such that it always opposes the
cause responsible for its production.

4.State Fleming’s right hand rule

If the index finger points the direction of the magnetic field and the thumb indicates
the direction of motion of the conductor, then the middle finger will indicate the
direction of the induced current.

5.How is Eddy current is produced ? How do they flow in a conductor
+» For a conductor in the form of a sheet or plate, an emf is induced when magnetic
flux linked with it changes.
¢ The induced currents flow in concentric circular paths
¢ As these electric currents resemble eddies of water, these are known as Eddy
currents Or Foucault current

6.Mention the ways of producing induced emf .

&€= %(BACOSB)

(i) By changing the magnetic field B

(if) By changing the area A of the coil and

(111) By changing the relative orientation 0 of the coil with magnetic field
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14.How will you define RMS value of alternating current
«» Itis defined as that value of the steady current which when flowing through a
given circuit for a given time produces the same amount of heat as produced by
the alternating current when flowing through the same circuit for the same time.

+ RMS value of alternating current is defined as square root of mean of squares of all
the current over one cycle

15.What are phasors ?

A sinusoidal alternating voltage (or current) can be represented by a vector which
rotates about the origin in anti-clockwise direction at a constant angular velocity . Such
a rotating vector is called a phasor.

16.Define electrical resonance
When the frequency of the applied alternating source is equal to the natural
frequency of the RLC circuit, the current in the circuit reaches its maximum value.
Then the circuit is said to be in electrical resonance. The frequency at which
resonance takes place is called resonant frequency.

17.What do you meant by resonant frequency ?
% When the frequency of the applied alternating source (®r) is equal to the natural

frequency of the RLC circuit (\/%) , the current in the circuit reaches its maximum

value.
+» Then the circuit is said to be in electrical resonance. The frequency at which
resonance takes place is called resonant frequency.

18.How will you define Q - factor

It is defined as the ratio of voltage across L or C to the applied voltage.
Q _ factor = Voltage across L or C

Applied voltage

19.What is meant by wattles current?

The current component (Irwvs Sin@) which has a phase angle of 7/2 with the voltage is
called reactive component.

Pav = VRwms Irms COSO ¢ =

Pa= 0

So that it is also known as ‘Wattless’ current.

20.Give any one definition of power factor
I)Power factor = cos ¢ = cosine of the angle of lead or lag

R RESIATANCE
I) Power factor == = ————
S IMPEDANCE
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6.Define Electromotive force
It is the work done in moving unit electric charge around the circuit.
Unit ; J C?or volt.

7.How will you induce emf by changing the magnetic field
The change in flux is brought about by

(i) relative motion between the circuit and the magnet

(ii) variation in current flowing through the nearby coil

8.What do you meant by A.C generator?
It is a device which converts mechanical energy into electrical energy.

9.How will you generate alternating emf
It is generated by rotating a coil in a magnetic field or by rotating a magnetic
field within a stationary coil.
First method is used for small AC generators
Second method is employed for large AC generators.

10. What is polyphase generator
It contains more than one coil in the armature core and each coil produces an
alternating emf. In these generators, more than one emf is produced.

Additional information ;

Two phase generator - If there are two alternating emfs produced in a generator, it is called
two- phase generator.

Three phase generator - In some AC generators, there are three separate coils, which would
give three separate emfs. Hence they are called three-phase AC generators.

11.What are advantages of three phase generator

1) For a given dimension of the generator, three-phase machine produces higher power
output than a single-phase machine.

2) For the same capacity, three-phase alternator is smaller in size when compared to single
phase alternator.

3) Three-phase transmission system is cheaper. A relatively thinner wire is sufficient for
transmission of three-phase power.

12.Give the principle of Transformer

The principle of transformer is the mutual induction between two coils. That is,
when an electric current passing through a coil changes with time, an emf is induced in the
neighbouring coil.
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13.What do you meant by efficiency of transformer
The efficiency n of a transformer is defined as the ratio of the useful output power to
the input power

output power
n = QLPUT POWET 100

input power

They are highly efficient devices having their efficiency in the range of 96 — 99%.

14.What is alternating voltage
An alternating voltage is the voltage which changes polarity at regular intervals of
time and the direction of the resulting alternating current also changes accordingly.

15.Define sinusoidal alternating voltage
If the wave form of alternating voltage is a sine wave , then it is called as sinusoidal
voltage V = Vn, sinot

16. What are Applications of series RLC resonant circuit
Filter circuits, oscillators, voltage multipliers , tuning circuits of radio and TV
systems.

17.Explain about how tuning is done
» The tuning is commonly achieved by varying capacitance of a parallel plate variable
capacitor, thereby changing the resonant frequency of the circuit.

» When resonant frequency is nearly equal to the frequency of the signal of the
particular station, the amplitude of the current in the circuit is maximum.
» Thus the signal of that station alone is received.

18.Why resonance not occur in a RL and RC circuits.
» The phenomenon of electrical resonance is possible when the circuit contains both L
and C.
> Only then the voltage across L and C cancel one another when V and V¢ are 180° out
of phase and the circuit becomes purely resistive.

19.What is meant by wattful current?

The component of current (Irms cos@ ) which is in phase with the voltage is called active
component.

Pav = VRrwms Irms COSQ ® =0 Pav= Vrwms Irms

The power consumed by this current. So that it is also known as ‘Wattful’ current.

20.How LC oscillations become damped oscillations
¢+ The Joule heating and radiation of electromagnetic waves from the circuit
decrease the energy of the system.
¢ Therefore, the oscillations become damped
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Long answers question

1.Establish the fact that the relative motion

between the coil and the magnet induces an g ictio e L

emf in the coil of closed circuit . S

» When a bar magnet is placed close to a
coil, some of the magnetic field lines of 7 -
the bar magnet pass through the coil i.e., %™ g s i
the magnetic flux is linked with the coil.
When the bar magnet and the coil
approach each other, the magnetic flux
linked with the coil increases. ‘
So this increase in magnetic flux induces
an emf and hence a transient electric . g dliion tekideodin
current flows in the circuit in one @ (© ®
direction | Figure 4.2 Faraday’ first experiment
At the same time, when they recede away from one another, the magnetic flux linked
with the coil decreases.
The decrease in magnetic flux again induces an emf in opposite direction and hence an
electric current flows in opposite direction.
So there is deflection in the galvanometer which indicates current is induced when
when there is a relative motion between the coil and the magnet.

Away from coil Higher speed S-pole towards left

Whenever the magnetic flux linked with a closed coil changes, an emf (electromotive
force) is induced and hence an electric current flows in the circuit. This current is
called an induced current and the emf giving rise to such current is called an induced
emf. This phenomenon is known as electromagnetic induction.

2.Give an illustration of determining direction of induced current by using Lenz’s law
» Consider a uniform magnetic field, with its field lines perpendicular to the plane of the

paper and pointing inwards.
These field lines are represented by crosses (X)
A rectangular metallic frame ABCD is placed in this magnetic field, with its plane
perpendicular to the field. The arm AB is movable so that it can slide towards right or
left.
If the arm AB slides to our right side, the number of field lines (magnetic flux) passing
through the frame ABCD increases and a current is induced.
By Lenz’s law, the induced current opposes this flux increase and it tries to reduce it
by producing another magnetic field pointing outwards i.e., opposite to the
existing magnetic field.

From the direction of the magnetic field thus produced, the direction of the induced
current is found to be anti-clockwise by using right-hand thumb rule.
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ﬁ
B (Lr, inwards)
x Bx x

> Lorentz force creates accumulation of
free electrons which produces a potential
difference across the rod which in turn

establishes an electric field E directed
along BA.
Due to the electric field the coulomb
force starts acting on the free electrons
along AB and is given by
FE - _eE
Fe increases as electric field increases as
long as accumulation of electron at the
end A continues
+ At equilibrium, the magnetic Lorentz Figure 4.9 Motional emf from Lorentz force
force and the coulomb force balance each
other and no further accumulation of free electrons at the end A takes place.
| Fg| = |Fg
|—e@ x B)| = |—€E|
vB = E
The potential difference between two ends of the rod is
V= El
V = vBl
Thus the Lorentz force on the free electrons is responsible to maintain this potential
difference and hence produces an emf.

A

€ = Blv
As this emf is produced due to the movement of the rod, it is often called as motional emf.

5.Using Faraday’s law of electromagnetic induction , derive an equation for motional
emf

% Let us consider a rectangular conducting loop of width | in a uniform magnetic field B
which is perpendicular to the plane of the loop and is directed inwards.

%+ A part of the loop is in the magnetic field while the remaining part is outside the field

% When the loop is pulled with a constant velocity v to the right, the area of the portion
of the loop within the magnetic field will decrease.

¢+ Thus, the flux linked with the loop will also decrease.

% According to Faraday’s law, an electric current is induced in the loop which flows in a
direction so as to oppose the pull of the loop.

X - length of the loop which is still within the magnetic field,
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A=Ix =
¢ = | B.dA =BAC0SO [0 =0° cos0=1] B tayrerds)
= Blx :
£= 405 .
B dt "
X X
= Blz "l
both B and | are constants. X
&€ = Blv N i
[v= % ] velocity of loop « X >
This emf is known as motional emf since it is lFigure 4.10 Motional emf from Faraday’s law

produced due to the movement of the loop in
the magnetic field.

=
F:

6.Give the uses of Foucault current or Eddy current

I. Induction stove

Ii. Eddy current brake

iii. Eddy current testing

iv. Electromagnetic damping

I._Induction stove
It is used to cook the food quickly and safely with less energy consumption.
Below the cooking zone, there is a tightly wound coil of insulated wire.
The cooking pan made of suitable material, is placed over the cooking zone.
When the stove is switched on, an alternating current flowing in the coil produces
high frequency alternating magnetic field which induces very strong eddy
currents in the cooking pan.
The eddy currents in the pan produce so much of heat due to Joule heating which is
used to cook the food.

li. Eddy current brake
This eddy current braking system is generally used in high speed trains and roller
coasters. Strong electromagnets are fixed just above the rails.
To stop the train, electromagnets are switched on.
The magnetic field of these magnets induces eddy currents in the rails which oppose
or resist the movement of the train.
This is Eddy current linear brake.

lii. Eddy current testing
» It is one of the simple non—destructive testing methods to find defects like surface
cracks, air bubbles present in a specimen.
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A coil of insulated wire is given an alternating electric current so that it produces an
alternating magnetic field.
When this coil is brought near the test surface, eddy current is induced in the test
surface.
The presence of defects causes the change in phase and amplitude of the eddy
current that can be detected by some other means.
In this way, the defects present in the specimen are identified

Iv. Electromagnetic damping or dead beat galvanometer
» The armature of the galvanometer coil is wound on a soft iron cylinder.
» Once the armature is deflected, the relative motion between the soft iron cylinder
and the radial

magnetic field induces eddy current in the cylinder .
» The damping force due to the flow of eddy current brings the armature to rest
immediately and then galvanometer shows a steady deflection.

7.Define self — inductance of a coil in terms of magnetic flux and induced emf
Self induction
The property of a coil which enables to produce an opposing induced emf in it when
the current in the coil changes is called self induction.
self — inductance of a coil in terms of magnetic flux
When current | flows through a coil of N turns , the magnetic flux ¢z linked with the coil is
proportional to current
N¢p ai
N¢p =Li
L — Coefficient of self induction
| = N¢p

i
i=1A
L=Nd¢p

Self-inductance or simply inductance of a coil is defined as the flux linkage of the coil when
1A current flows through it.

self — inductance of a coil in terms of induced emf
When the current i changes with time, an emf is induced in it.
From Faraday’s law of electromagnetic induction

N¢p =Li
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e= L L= dl‘/’; :

%= 1A/sthen L= —¢

Inductance of a coil is also defined as the opposing emf induced in the coil when the rate of

change of current through the coil is 1 A s?

8.How will you define the unit of inductance

Inductance is a scalar

L= #‘;t (Al/:’i)

Therefore unit of inductance is Wb Als
It is also measured in henry (H).

di _
a—lA/sthen L= —¢

It is also measured in henry (H).

1H=1WbAls or1VsAl

The inductance of the coil is one henry if a current changing at the rate of 1 A s induces an
opposing emf of 1 Vin it.

i A
Therefore unit of inductance is Wb A1

I=1A
L=Nd¢p

sy

The inductance of the coil is said to be one henry if a current of 1 A produces unit flux
linkage in the coil.

9.What do you understand by self — inductance of a coil ? .Give its physical
significance .
Self induction

The property of a coil which enables to produce an opposing induced emf in it when
the current in the coil changes is called self induction.

Physical significance
» The inductance plays the same role in a circuit as mass and moment of inertia play in
mechanical motion.
» When a circuit is switched on, the increasing current induces an emf which opposes the
growth of current in a circuit.
> Likewise, when circuit is broken, the decreasing current induces an emf in the reverse
direction. This emf now opposes the decay of current .

FOR FULL STUDY MATERIALS AND TEST QUESTION PAPERS
CONTACT : SAIVEERA ACADEMY - 8098850809




www.Padasalai.Net www.TrbTnpsc.com
+2 PHYSICS SAIVEERA ACADEMY STUDY MATERIAL

Let us assume that electrical resistance of the inductor is negligible and inductor effect alone
IS considered.

V=—g dqg=idt

Sub V & dqg values in (2) equation
dW == —gidt

Sub & = —L% in above equation

dw = Lidi
On integration
W =1 Lj?
This work done is stored as magnetic potential energy
Ug =% Li°
The energy density is the energy stored per unit volume of the space and is given by
U

12.Show that the mutual inductance between a pair of coil is same (M12 = M21)
Mutual induction
¢ When an electric current passing through a coil changes with time, an emf is induced

in the neighbouring coil. This phenomenon is known as mutual induction and the emf

is called mutually induced emf.
Consider two coils which are placed close to each other. If an electric current iy is sent
through coil 1, the magnetic field produced by it is also linked with coil 2.
¢4 - magnetic flux linked with each turn of the coil 2 of N turns due to coil 1.

N,y ai,
N¢z1 = M>qiy

M, — mutual inductance of the coil 2 with respect to coil 1. It is also called as coefficient of
mutual induction.
d (N3 ¢21)

27 T a4t

Sub N¢p,; = M,,i; in above equation
diy
2= ~Magy
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¢ When the coil is rotated through 90° from initial position, sin ot = 1.
¢ Then the maximum value of induced emf is
£ =No¢,,wsinwt
sinot=1 - g, =N¢,,w
sub g,, = N¢,,,w in above equation
Therefore, the value of induced emf at that instant is then given by
&£ =g, sinwt
¢ It is seen that the induced emf varies as sine function of the time angle w.
¢+ The graph between induced emf and time angle for one rotation of coil will be a sine
curve and the emf varying in this manner is called sinusoidal emf or alternating emf.
+¢ If this alternating voltage is given to a closed circuit, a sinusoidally varying current
flows in it.
This current is called alternating current & is given by i = i,,sinwt

15.Elaborate the standard construction details of AC generator
It consists of two major parts — stator and rotor
Stator — Stationary
Rotor — Rotates inside the stator
+ Armature winding is mounted on stator
+ Field magnet mounted on rotor
Construction details of
1)Stator
¢+ The stationary part which has armature windings mounted in it is called stator.
+¢ It has three components, namely stator frame, stator core and armature winding.

Stator frame

¢+ This is the outer frame used for holding stator core and armature windings in
proper position.

+» Stator frame provides best ventilation with the help of holes provided in the frame
itself

Stator core

++ Stator core or armature core is made up of iron or steel alloy.
¢ Itis a hollow cylinder and is laminated to minimize eddy current loss.
¢+ The slots are cut on inner surface of the core to accommodate armature windings.

Armature winding

 Armature winding is the coil, wound on slots provided in the armature core.
++ One or more than one coil may be employed, depending on the type of alternator.

Two types of windings
i) single-layer winding
1) double-layer winding.
¢ In single-layer winding, a slot is occupied by a coil as a single layer.
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Working

>

>
>
>
>
>
>
>
>

>

>

The loop PQRS is stationary and is
perpendicular to the plane of the paper.
When field windings are excited, magnetic
field is produced around it.

Let the field magnet be rotated in '"ggi'ion
clockwise direction by the prime mover. N 2

The axis of rotation is perpendicular to the

plane of the paper. [ J .
o AE R

Assume that initial position of the field
magnet is horizontal.

At that instant, the direction of magnetic
field is perpendicular to the plane of the
loop PQRS. Figure 4.33 The loop PQRS and field
The induced emf is zero magnet in its initial position

When field magnet rotates through 90’,
magnetic field becomes parallel to PQRS.
The induced emf’s across PQ and RS would become maximum.

Since they are connected in series, emfs are added up and the direction of total
induced emf is given by Fleming’s right hand rule.

The direction of the induced emf is at right angles to the plane of the paper.

For PQ, it is downwards and for RS upwards. Therefore, the current flows along
PQRS. The point A in the graph represents this maximum emf.

For the rotation of 180° from the initial position, the field is again perpendicular to
PQRS and the induced emf becomes zero. This is represented by point B.

The field magnet becomes again parallel to PQRS for 270 rotation of field magnet.
The induced emf is maximum but the direction is reversed. Thus the current flows
along SRQP. This is represented by point C.

On completion of 360", the induced emf becomes zero and is represented by the point
D. From the graph, it is clear that emf induced in PQRS is alternating in nature.
Therefore, when field magnet completes one rotation, induced emf in PQRS finishes
one cycle.

The frequency of the induced emf depends on the speed at which the field magnet
rotates.

(Draw the sine wave given in Q.no 14)
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18.Explain the construction and working of transformer

Principle ; Mutual induction between two coils.

Construction

.:‘ There are two CO”S Of hlgh mUtuaI Primary winding of Secondary winding of

inductance wound over the same N bicse TV
transformer core. " :
The core is generally laminated and is Privaary ey

current, | current, |
3 s

made up of a good magnetic material like e ' —=
Si|iC0n Ste6|. Primary Semﬁduy
The coil across which alternating T : o s
voltage is applied is called primary coil
P and the coil from which output power T
Is drawn out is called secondary coil S. '
The assembled core and coils are kept in
a container which is filled with suitable I Figure 4.37(a) Construction of transformer
medium for better insulation and cooling
purpose.

¢ Coils are electrically insulated but magnetically linked via transformer core

Working
¢ If the primary coil is connected to a source of alternating voltage, an alternating

magnetic flux is set up in the laminated core.

+ Rate at which magnetic flux changes through each turn is same for both primary and
secondary coils.

s As a result of flux change, emf is induced in both primary and secondary coils.

% The emf induced in the primary coil g, is almost equal and opposite to the applied
voltage v, and is given by

¢+ The frequency of alternating magnetic flux in the core is same as the frequency of the

applied voltage.
+ Therefore, induced emf in secondary will also have same frequency as that of applied
voltage. The emf induced in the secondary coil €S is given by

d
& =—Ng i (N¢p)
Np, Ns - number of turns in the primary and secondary coil

If the secondary circuit is open, then & = vswhere v is the voltage across secondary coil.
d

Vs = g5= —Ns= (Nbp)

Dividing (2) by (1)

Vo _Ns _

v, Np
K — voltage Transformer ratio
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21.Find out phase relationship between voltage and currentina pure inductor circuit

Consider a circuit containing a pure inductor of inductance L connected across an
alternating voltage source).
* The alternating voltage is given by the equation

s TR0 "V =V, sinot

The alternating current flowing through the
inductor induces a self-induced emf or back emf
in the circuit.

, Backemf & = —LE

! By applying Klrchoff’s loop rule to the purely
| IndUCtIVG circuit, we get

v =V, sin ot

Figure 4.47 AC circuit with
inductance

=

=

-
_E
<
L

E
=

E

| Figure 4.48 Phasor diagram and wave diagram for AC circuit with L

V+e=0
Vi sin ot ~L%=0
ac
Vi sinot = — L=
, dt
di = Tm sinot dt
Integrating both sides
|=lm [ sinwtdt
A
= —= (—cos wt) + constant
Lw

The integration constant in the above equation is independent of time so integration constant
IS zero

=Vm (g _
| = o (s_ln wt — 1/2)
| = Im (Sin wt — 1/2)
where :—Z = Imthe peak value of the alternating current in the circuit.
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From (1) and (3) it is evident that current lags behind the applied voltage by n/2 in an
inductive circuit.

Inductive reactance X, = wlL

22.Derive an expression for phase angle between the applied voltage and current in a
series RLC circuit

Consider a circuit containing a resistor of resistance R, a inductor of inductance L and a
capacitor of capacitance C connected across an alternating voltage source

The applied alternating voltage is

V = Vn sinot

Let i be the resulting circuit current in the

. . . R
circuit at that instant. VAWV
As a result, the voltage is developed across R, —Vp—
L and C.

Voltage across R (VR) is in pahse with i
Voltage across L (VL) Leads i by n/2
Voltage across C (Vc) Lagsi by n/2

V. & V¢ are 180° out of phase with each other
and the resultant of V_ and V¢ is

(VL —Vo)

Assuming circuit to be predominantly
inductive.

The applied voltage equals the vector sums of
Vi, Ve, Vr

Ol = In Figure 4.52 Phasor diagram for a series
VrR= OA=InR VL= OB =InXL RLC - circuit when V> V_

VR =0C =InXc
By parallelogram law, the diagonal OF gives the resultant voltage » of Vrand (V.- V¢) and
its length OE is equal to V. Therefore,

Vin? = VRr® + (VL—Vc)?

= VUmR)? + (ImXy, — InXc)?

= Imy/(R)? + (X — X¢)?
Im = Vm/Z

Z=\(R)?+ (X, — X¢)?
Z - impedance of the circuit which refers to the effective opposition to the circuit current by
the series RLC circuit
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From phasor diagram, the phase angle between » and i is found out from the following
relation

Vi-V¢ _ X1—Xc¢

tan® = - R

Figure 4.53 Voltage and impedance
triangle when X, > X _

Special cases

X, Xc ) circuit

X, > Xc @ = +ve Inductive
Vleads | by @
@ = —ve
Vlags | by @ Capacitive

p=0
V is in phase with | Resistive

23.Define inductive and capacitive reactance Give their units
Inductive reactance

Resistance offered by inductor is called inductive reactance
Unit : ohm

XL=oL =2V

Fordcvo=0XL=0

Thus pure inductor offers zero resistance to d.c

But in A.C circuit reactance o frequency

Capacitive reactance

Resistance offered by capacitor is called capacitive reactance
Unit : ohm

1

1
Xc=— o=2nv Xc=
€= we €~ moc
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Pav = Vgus Irms COSQ

(iv) For series RLC circuit at resonance,

@=0cos@=1 Pav =Vguys Irus

25.Show that the total energy is conserved during LC oscillations.

¢ During LC oscillations in LC circuits , the energy of the system oscillates between the
electric field of the capacitor and the magnetic field of the inductor .

¢ These two forms of energy varies with times , the total energy remains constant.

+» LC oscillations takes place in accordance with law of conservation of energy

Total energy U =Ue + Us
2

2

q Li
Ue= — U= —
E 2C B 2

2 2
L
2C 2

Considering 3 different stages of LC oscillations and calculating the total energy of the
system

Case (i) Charge in capacitor g = Qm
Current through inductori=0

Total ener U= %+O = On 1
ay = = veeenene(1)

2C 2C

Case (ii) Charge in capacitor =0
Current through inductor i = Im

2
Totalenergy U= 0+% “T"‘

_ LI,

2
1

I, = ® where @ =—
m Qm (—LC

Case (ili) Charge in capacitor g =¢
Current through inductor i =i
qZ le

= —_ 4+ —
Total energy U T
g=Qmcosot 1 = dz = Qm o sinmt

Negative sign in current indicates charge in capacitor decreases with time
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U= q_Z + E
2C 2
_ Q,Znsinzwt LQ,Znsinzwt
2 2LC
_ Q2,(COS? wt+sin’wt)

From (1) , (2), (3) itis clear that total energy of the system remains constant i.e conserved

Book inside Long answers
1. Calculate the Mutual inductance between two long co-axial solenoids

+» Consider two long co-axial solenoids of
same length I. o Solenoid 1 Solencids
The length of these solenoids is large of Nj turns of Ny turns
when compared to their radii so that the “
magnetic field produced inside the
solenoids is uniform and the fringing
effect at the ends may be ignored.
% Ar and A - Area of cross section of the
solenoids
Ai1> Az
N1 & n2 - The turn density of these
solenoids
11 - current flowing through solenoid 1
Then the magnetic field produced inside
itis
B = ﬂonlil
As the field lines of B; are passing through the area bounded by solenoid 2
the magnetic flux is linked with each turn of solenoid 2 due to solenoid 1

@21 = B14;

Common axis

Figure 4.23 Mutual inductance of two
long co-axial solenoids

Sub Bj in above equation

D21 = (HoN1i1)A;z
The flux linkage of solenoid 2 with total turns N is
N2®21 = (ﬂonlil)(nz l)AZ Whel’e NZ = nl

Comparing (1) and (2)
M3i; = (uonin,lA;)iy
M; = p,nin,lA,
mutual inductance of the solenoid 2 with respect to solenoid 1 is
M; = p,nin;lA;
similarly
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» As it is seen in single phase AC generator, when field magnet is rotated from that
position in clockwise direction, alternating emf &4 in coil 1 begins a cycle from origin

0.

The corresponding cycle for alternating emf &, in coil 2 starts at point A after field
magnet has rotated through 120"

Therefore, the phase difference between and is 120°. Similarly, emf &5 in coil 3 would
begin its cycle at point B after 240’ rotation of field magnet from initial position.

Thus these emf’s produced in the three phase AC generator have 120° phase difference
between one another.

For coail 1, field magnet
is in initial position at t=0

3.Find out the phase relationship between
voltage and current in pure resistive circuit

R

—— W —

For coil 2, field
magnet has to rotate
through 120°
+—t > ot

- g G0

L= Vm sin ot

>

St l Figure 4.45 AC circuit with resistance

. For coll 3, 240° rotation

of field magnet s required ~ %*  Consider a circuit containing a pure
resistor of resistance R connected across an
alternating voltage source
Figure 4.36 Variation of emfs < The instantaneous value of the alternating
€)¢&, and €; with time anglc. Vo|tage is given by

V = Vn sinot
+ An alternating current i flowing in the circuit due to this voltage, develops a potential
drop across R and is given by

The dotted lines represent emfs induced in previous cycle

Kirchoff ’s loop rule states that the algebraic sum of potential differences in a closed circuit
IS zero.
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Unit—5 ELECTROMAGNETIC WAVES

One marks
1. The existence of electromagnetic waves was confirmed experimentally by
a) Hertz b) Maxwell ¢) Huygens d) Planck
2. Which one of the following is not an electromagnetic wave
a) X —rays b) y— rays c) U-—Vrays d)p — rays
3. Atomic spectrum should be
a) Pure line spectrum b) emission band spectrum
c¢) Absorption line spectrum d) absorption band spectrum
4. Electric filament lamp gives rise to
a) Line spectrum b) continuous spectrum
c) band spectrum d) line absorption spectrum
5. Which of the following gives rise to continuous emission spectrum?
a) Electric filament lamp b) Sodium vapour lamp
c¢) Gases in the discharge tube d) Calcium salt in bunsen flame
6. In an electromagnetic wave
a) Power is equally transferred along the electric and magnetic fields
b) Power is transmitted in a direction perpendicular to both the fields
c) Power is transmitted along electric field
d) Power is transmitted along magnetic field
7. Electromagnetic waves are
a) Transverse b) longitudinal
¢) may be longitudinal or transverse d) neither longitudinal nor transverse
8. In an EM wave, the angle between the electric and the magnetic field vectors are at 90°
9. The example of line absorption spectrum is solar spectrum
10. The line spectrum is used to identify the gas.
11. Incandescent solids, carbon arc lamp etc. give continuous spectrum.
12 Electromagnetic waves are discovered by J.C.Maxwelll
13.. An accelerated charge is a source of electromagnetic radiation
14. spectra of atomic hydrogen, helium is line emission spectrum
Rays Wavelength Frequency Uses
Radio waves 1x100mtolx10:m 3 x 10°Hz to 3 x 10:Hz. radio and television
Microwaves 1x10:mto 3 x 10:m 3x10=Hzto 1 x 10:Hz. | Aircraft, microwave
oven
Infrared 8x10'mto5 x 10=m 4 x 10#Hz to 6 x 10=Hz. Infrared photo , tv
radiation remote , night vision
Visible light 4x 10°mto 7 x 10°m 7 x10«Hz to 4 x 10«Hz. | Study structure
Ultraviolet 6x10*mto4 x10'm |5x10vHzto7 x 10«Hz. | Sterilizing agent
radiation
X-rays 10=mto 10=m 3x102Hzto1 x 10sHz. | detecting fractures

Gamma rays 1x10“mtolx10em |3%x102Hzto3 x 10w atomic nuclei
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1.

1
VMoo
H - permeability of free space ; €, - permittivity of free space
1

2nJLC

Velocity of EM wave in Vacuum C=

Frequency of oscillation of charges between plates v =
C = capacitance, L - inductance (small wire)

. E
The speed of electromagnetic wave v= —%

0
E, = Amplitude of oscillating electric filed ; B, = Amplitude of oscillating magnetic field.
Power (P) _ Total electromagnetic energy

Surface Area (A)  Surface Area (A) x time (t)

Intensity (I) =

1
The average energy density of electromagnetic wave is u = g E? = —u— x B?
' 0

E,= Permittivity of free space ; 1, = Permeability of free space
_l{ Energy

¢ Velocity of light

Momentum Imparted by electromagnetic wave on the surface is p =

Ampere's Maxwell Law : § B-dl =gl ciosed +Ho €0 = f E-dA

d

Faraday's Law : j; E-dl =§;<I>B ; @, - Magnetic flus.

—_— e

Gauss's Law : f;; E-dA = Qer:losed
0

Ampere's circuital Law : ff B-dl=p,ly ;I conduction current

ilefractive Index of the medium u=,/£,u,
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Book back
Short answers
1.What is displacement current?
It can be defined as the current which comes into play in the region in which the electric
field and the electric flux are changing with time

2.What are electromagnetic waves?
Electromagnetic waves are non-mechanical waves which move with speed equals to
the speed of light (in vacuum).

3.Write down the integral form of modified Ampere’s circuital law

Ic - Conduction current
I; — Displacement current

4.Explain the concept of intensity of electromagnetic waves
The energy crossing per unit area per unit time and perpendicular to the direction of

propagation of electromagnetic wave is called the intensity.
| ntensity _ Total electro magnetic energy (U)

Surface area (A) xtime (t)

Power (P)
Surface area (A)

Intensity =

5.What is Fraunhofer lines?

When the spectrum obtained from the Sun is examined, it consists of large number of
dark lines (line absorption spectrum). These dark lines in the solar spectrum are known as
Fraunhofer lines.

The absorption spectra for various materials are compared with the

Book inside short answers
1.What is electromagnetic spectrum?

Electromagnetic spectrum is an orderly distribution of electromagnetic waves in
terms of wavelength or frequency

2.What is dispersion of light
+« A beam of white light made to pass through the prism , it is split into its seven
constituent colours which can be viewed on the screen as continuous spectrum.
¢+ This phenomenon is known as dispersion of light
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3.What do you meant by spectrum
+» A beam of white light made to pass through the prism , it is split into its seven
constituent colours which can be viewed on the screen as continuous spectrum.
¢+ This phenomenon is known as dispersion of light.
+¢ Pattern of colours obtained on the screen after dispersion is called as spectrum

4. What is radiation pressure?

The force exerted by an electromagnetic wave on unit area of a surface is called
radiation pressure.

5.What are the application of electromagnetic waves
Medical - LASER surgery,
Defence - RADAR signals and also in fundamental scientific research.

6.Derive the energy density of the electromagnetic wave
The energy density (energy per
unit volume) associated with an
electromagnetic wave propagating in
vacuum or free space is

TR lt—:,E2 - =
2 21,

Bz
where, %e‘,E2 = u, is the energy density

in an electric field and 2#32 = u, is
M,
the energy density in a magnetic field.

Since, E = Bc = u, = u,..

The energy density of the
electromagnetic wave is

w— g, E" — 1 B

Mo

7.What is pointing vector?

The rate of flow of energy crossing a unit area is known as pointing vector for
electromagnetic waves
Unit : W m=2,

— 1 —> —_ — e
S= —(EXB)= c*¢,(ExB)
Ko

8.What are uses of Fraunhofer lines?
Fraunhofer lines in the solar spectrum, which helps in identifying elements present in

the Sun’s atmosphere
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Long answers

1.Write down Maxwell equation in integral form.

1. First equation - Gauss’s law.

It relates the net electric flux to net electric charge enclosed in a surface

FE. dA = Qe%:"”" (Gauss law )

Qenclosea - Charge enclosed

E — Electric field

It means that isolated positive charge or negative charge can exist

2. Second equation has no name. But this law is similar to Gauss’s law in electrostatics. So
this law can also be called as Gauss’s law in magnetism.

$B.dA=0

B- Magnetic field

It means that no isolated magnetic monopole exists

3. Third equation is Faraday’s law of electromagnetic induction

gﬁfﬁ = % QB

E — Electric field

This equation implies that the line integral of the electric field around any closed path is
equal to the rate of change of magnetic flux through the closed path bounded by the surface.

4. Fourth equation is modified Ampere’s circuital law. This is also known as Ampere —
Maxwell’s law. This law relates the magnetic field around any closed path to the

conduction current and displacement current through that path.
—_— d _—
¢B- dl = p,lenciosea + Ho€o Ef E.dA
S

These four equations are known as Maxwell’s equations in electrodynamics.
This equation ensures the existence of electromagnetic waves.

2.Write short notes in @) microwave b) X-ray c)radio waves d)Visible light
spectrum
a) Microwaves
¢ It is produced by electromagnetic oscillators in electric circuits.
< Wavelength range is 1 x 10°m to
3x10tm
% Frequency range is 3 x 10 Hz to
1 x 10°Hz.
¢ It obeys reflection and polarization.
Uses
Radar system for aircraft navigation, speed of the vehicle, microwave oven for cooking and
very long distance wireless communication through satellites.
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b)X — rays
It is produced when there is a sudden deceleration of high speed electrons at high-
atomic number target, and also by electronic transitions among the innermost orbits of
atoms.
The wavelength range 103 m to
108 m
Frequency range are 3 x 102 Hz to 1 x 10® Hz.
X-rays have more penetrating power than ultraviolet radiation.

X-rays are used extensively in studying structures of inner atomic electron shells and
crystal structures.

It is used in detecting fractures, diseased organs, formation of bones and stones,
observing the progress of healing bones.

Further, in a finished metal product, it is used to detect faults, cracks, flaws and holes.

c)Radio waves
¢ Itis produced by oscillators in electric circuits.
% Wavelength range is 1 x 10 m to
1 x 10*m Frequency range is 3 x 10° Hz to 3 x 10* Hz.
¢ It obeys reflection and diffraction.

Uses
+ Radio and television communication systems In cellular phones to transmit voice

communication in the ultra high frequency band.

d) Visible light
+» It is produced by incandescent bodies and also it is radiated by excited atoms in
gases.
< Wavelength range is 4 x 10" m to
7x10"m
% Frequency range are 7 x 104 Hz to 4 x 10 Hz.
¢ It obeys the laws of reflection, refraction, interference, diffraction, polarization, photo-
electric effect and photographic action.
Uses
It can be used to study the structure of molecules, arrangement of electrons in external shells
of atoms and sensation of our eyes.

3.Discuss briefly the experiment conducted by Hertz to produce and detect
electromagnetic waves
Construction
+¢ It consists of two metal electrodes which are made of small spherical metals .
¢+ These are connected to larger spheres and the ends of them are connected to induction
coil with very large number of turns.
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Between the plates, the conduction current
Ic=0and hence lqg = 1.

5.Write down properties of electromagnetic waves

1) They are produced by any s
accelerated charge. Propagation ofan Electromagnetic Wave LI LA nany

PCYVBK

2) They do not require any medium
for propagation. So it is a non-
mechanical wave.

They are transverse in nature.

Oscillating electric field vector,

oscillating magnetic field vector Figure 5.9 Oscillating charges - sources
and propagation vector (gives of electromagnetic waves

direction of propagation) are
mutually perpendicular to each other.

Electromagnetic waves travel with speed which is equal to the speed of light in

vacuum or free space,

1
c= =3x10 mst
Hoo

5) They are not deflected by electric field or magnetic field.

6) They can show interference, diffraction and can also be polarized.

7) They also carry energy and momentum.The force exerted by an electromagnetic
wave on unit area of a surface is called radiation pressure.

8) Electromagnetic waves carries not only energy and momentum but also angular
momentum.

6.Discuss the source of electromagnetic waves

When the charge moves with uniform velocity, it produces steady current which gives
rise to magnetic field (not time dependent, only space dependent) around the
conductor in which charge flows.

If the charged particle accelerates, in addition to electric field it also produces
magnetic field.

Both electric and magnetic fields are time varying fields.
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+2 PHYSICS SAIVEERA ACADEMY STUDY MATERIAL
¢ Since the electromagnetic waves are transverse waves, the direction of propagation of

electromagnetic waves is perpendicular to the plane containing electric and magnetic
field vectors.
Any oscillatory motion is also an accelerating motion, so, when the charge oscillates
(oscillating molecular dipole) about their mean position it produces electromagnetic
waves.
Suppose the electromagnetic field in
free space propagates along z
direction, and if the electric field
vector points along y axis then the
magnetic field vector will be mutually
perpendicular to both electric field and ' ; o
the propagation vector direction, ‘ Figure 5,13 continuous emission spectra
which means

Ey = Eo sin (kz — wy)

By = Bo sin (kz — wy)

Eo. Bo- Amplitude of oscillating electric and magnetic field,

k - wave number

o - angular frequency of the wave

—

k - propagation vector ( denotes the direction of propagation of electromagnetic wave)

Continuous spectrum

In free space or in vacuum,
speed of light c = Eo / Bo
Energy of electromagnetic waves comes from the energy of the oscillating charge.

7.What is emission spectra? Give their types

Emission spectra
+» When the spectrum of self luminous source is taken, we get emission spectrum.
+¢+ Each source has its own characteristic emission spectrum.
¢ It has three types

(i) Continuous emission spectra (or continuous spectra)
+¢ If the light from incandescent lamp (filament bulb) is allowed to pass through prism
(simplest spectroscope), it splits into seven colours.
% Thus, it consists of wavelengths containing all the visible colours ranging from violet
to red.

Examples:
%+ Spectrum obtained from carbon arc, incandescent solids

+ liquids gives continuous spectra.
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«» For diagram refer book

Example

+«» Similarly, if the light from the carbon arc is made to pass through sodium vapour, a

continuous spectrum of carbon arc with two dark lines in the yellow region of sodium
vapour is obtained.

(iii) Band absorption spectrum
“ When the white light is passed through the iodine vapour, dark bands on
continuous bright background is obtained.
¢+ This type of band is also obtained when white light is passed through diluted solution

of blood or chlorophyll or through certain solutions of organic and inorganic
compounds.

Book inside long answers
1.What are the properties and uses of

Infrared radiation and Ultraviolet radiation
Infrared radiation
Properties
¢ Itis produced from hot bodies (also known as heat waves) and also when the
molecules undergo rotational and vibrational transitions.
Wavelength range is 8 x 10" mto 5 x 102 m
Frequency range are 4 x 10 Hz to 6 x 10° Hz.

It provides electrical energy to satellites by means of solar cells.

It is used to produce dehydrated fruits, in green houses to keep the plants warm, heat
therapy for muscular pain or sprain, TV remote as a signal carrier

+» To look through haze fog or mist and used in night vision or infrared photography.

Ultraviolet radiation
Properties
% Itis produced by Sun, arc and ionized gases. Wavelength range is 6 x 10"° m to 4 x
107" m
% Frequency range are 5 x 101" Hz to 7 x 10% Hz. It has less penetrating power.
++ It can be absorbed by atmospheric ozone and harmful to human body.
Uses
+¢ It is used to destroy bacteria, sterilizing the surgical instruments, burglar alarm, detect
the invisible writing, finger prints and also in the study of molecular structure.
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