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Summary of Electrostatics
QUANTIZATION OF CHARGE
q=  ne. where n = 1, 2 …
COULOMB’S LAW
Fk

q1q 2
r2

Where k = 1 in c.g.s. units.
k=

1
4 0

= 9 x 109 Nm2C-2

If the charges are placed in medium
Fm 

1 q1q 2
4 m r 2
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Dielectric Constant: K
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Dipole Moment

p  q  2a 
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 is maximum when sin  =+1 or  =90o.

BS

DIPOLE PLACED IN ELECTRIC FIELD
 =pE Sinϴ

IN
C

 is minimum when  =0o [dipole is placed in direction of field]
Unit of torque is Nm.

U= p E (cos  1 – cos  2)

OS
B

POTENTIAL ENERGY STORED IN ELECTRIC DIPOLE

Electric field intensity at a point due point charge E =
SI unit of Electric field intensity N/C
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Electric dipole moment p = q x 2 l C x m
Electric field intensity at a point on axial line due electric dipole E=

N/C

Electric field intensity at a point on equatorial line due electric dipole E=
Electric potential at a point due point charge V =

N/C

V

Electric potential at a point on axial line due electric dipole V =

V

Electric potential at a point on equatorial line due electric dipole V= 0
Electric flux φ= E A Cos θ Nm2/C
Gauss theorem Electric flux φ=
Electric flux φ=
where q is net charge enclosed by closed surface
OR
Electric potential energy due to two point charges U==

q1q2/r J

Potential gradient =V/m
Potential gradient at a point is known as electric field

E.
C

OM

CAPACITOR--It is a device to store charge and in turn store the electrical energy.
CAPACITANCE OF A CONDUCTOR-Term capacitance of a conductor is the ratio of charge given to it to the rise in its potential.
C=
Unit of capacitance : In SI , the unit of capacitance is farad, (symbol F ).
One farad is a very large unit. The practical smaller units are
i.
1 micro farad (1 μF ) = 10-6F
ii.
1nanofarad (1nF ) = 10 -9 F
iii.
1 picofarad (1 pF) = 10-12 F
Expression for capacitance of an isolated spherical conductor ---If charge q is given to a spherical conductor of radius r, its potential rise by V =

OS
B
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For a sphere C=
The capacitor depends only on the radius or size of the conductor.
Expression for parallel plate capacitor capacitance C =
( A-area of plate )
If a dielectric of dielectric constant K is inserted between the plates, then capacitance increase by
factor K and become
C =
Note: The capacitance depends only on its configuration i.e. plate area and distance, and on the
medium between them.
Capacitance in a series combination, where there is no division of charge
1/Cs = 1/C1 + 1/C2 + 1/C3
The equivalent capacitance in series decrease and become smaller then smallest member.
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Capacitance in parallel combination, Cp = C1+C2+C3
The equivalent capacitance in parallel increases, and it is more than largest in parallel.
Energy stored in a capacitor --Energy stored in the capacitor U =
=
= CV2
This energy is stored in the form of Electric field between the plates.
Energy per unit volume u =

=

Or, energy density u =
Common Potential: A capacitor of capacitance c1 and potential v1 is connected to another
capacitor of capacitance c2 and potential v2. The charge flow from higher potential to lower
potential and it reach an in between value V such that
V=
or V =
Loss in energy =

) (v₁ − v₂)²

(

Wheatstone bridge in combination of capacitors:
Five capacitors joined in following manner is called Wheatstone bridge connection.
c₁
P

c₃

S

C5

B

C2 R
Q

OM

A

C4

E.
C

Or, it is redrawn as under:
Q

c₁
C5

BS

P

C2

R
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B
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C4
C
3
In the above arrangement,
if ratio c1/c2 = c3/c4 then the bridge is said to be balanced. In such case
S
3
the potential at point
Q and S are equal.
Calculations are3done for c1 c2, c3 and c4 only.
3 conducting materials. They do not have free charged particles like
Dielectrics: are non
conductors have.3
The ratio
= 3K is called dielectric constant of the dielectric. Clearly electric field inside a
3
dielectric is E= .
₃

The capacitance of a parallel plate capacitor with a dielectric slab of thickness ‘t ‘ is given as
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C=

On introduction of a dielectric slab in between the plates of capacitor , its capacitances increases.
Capacitance of a parallel plate on introducing a conducting slab of thickness 't'
C=
or C =
Where d is the separation between the plates. When t = d, C0
Effect of dielectric on various Parameters-----

Battery kept connected across the capacitor

OS
B
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E.
C
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Battery disconnected from the capacitor

=
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1 Mark Questions
1. q1 +q2=0.What does it signifies?
2. Why does our hair stand when our body gets electric shock?
3. Quarks are the building blocks of nucleons and possess fractional electronics charge.
Does this discovery violate the principle of quantization of charge?
4. Calculate the number of electrons contained in 1 C of charge.
5. What is the amount of charge possessed by 1 Kg of electrons?
6. What is the charge of an object which has 1 million (1x106 ) fewer electrons than
protons?
7. Give a nuclear reaction which shows that charge is conserved.
8. A free proton and a free electron are placed in a uniform field. Which of the two
experience greater force and greater acceleration?
9. Is the force acting between two point charges q1& q2 at some distance in air, attractive or
repulsive when (i) q1q2 >0(ii) q1& q2 <0?
10. How many mega coulombs of positive or negative charge are in 1 mole of a neutral
molecular hydrogen gas?

E.
C

OM

11. Why can one ignore quantisation of electric charge when dealing with macroscopic i.e.,
large scale charges?
12. Can a body have a charge of 0.8 x 10-19 C .Justify your answer?
13. How the mass of body affected when it is charged?
14. How does the Coulomb force between two point charges depend upon the dielectric
constant of the intervening medium?
15. If the radius of the Gaussian surface enclosing a charge is halved, how does the electric
flux through the Gaussian surface change?

IN
C

BS

16. A charge Q micro coulomb is placed at the centre of a cube. What would be the flux
through one face?
17. An arbitrary surface encloses a dipole. What is the electric flux through the surface?

OS
B

18. Sketch a graph to show how charge given to a capacitor of capacity C varies with
potential difference.
19. When a capacitor is charged by a battery, is the energy stored in the capacitor is same as
energy supplied by the battery?
20. Can there be potential difference between two adjacent conductor carrying the same
charge?
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ANSWER/HINTS

1. It means that that two charges are equal and opposite
2. Due to charging.
3. No, only the value of minimum charge will be changed.
= 6.25 x 1018

4. From Q =ne , we have , n= =

5. n= M/me = 1 Kg /9.1 X 10-31 = 1.1 X 1030 .Hence Q =ne = 1.1 X 1030 (1.6 X 1019
) = 1.76 x 1011
6. 1.6 X 10 -13C
235
92U

7.

+ 0n'  56Ba + 36Kr + 0n1 + energy,

Proton no./Charge of L.H.S.=R.H.S.= 92, therefore, net charge is conserved.
8. Force will be equal .f= ma so acceleration =1/m so acceleration will be greater for
electron
9. (I).repulsive

( ii). Attractive

OM

10. No of hydrogen molecules in 1 mole= N (Avogadro no) Each molecule has two
electron/protons i.e. n=2 x N .

BS

charge on electron which is 1.6 X 1O-19 C.

E.
C

11. Since in a large scale charge like 1 Coulomb , there are about 6.25 x 1018
number of electrons ,so for such a charged body(macroscopic body) the concept
of quantization of charge is not valid.
12. No, because of quantization of charge a body cannot have a charge less than

15. No change
16. Electric flux =

17.

Zero

OS
B

14. F=FO/K

IN
C

13. The mass get increase if the body is negatively charged due to gain of
electrons and mass decreased if it is positively charged due to loss of
electrons.
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18.

Q
V
19 No, the energy stored in capacitor = 1/CV2, while energy supplied by the battery is QV.

OS
B
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E.
C

OM

20 If the sizes are different.
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TWO MARKS QUESTIONS
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E.
C

OM

Q 1. If force between two charges in water is F. What is the change in the force if the
temperature of water is increased or decreased?.
Q 2. Dielectric constant of a medium is unity .What will be its permittivity.?
Q 3. An attractive force of 5N is acting between two charges of 2µc and -2µc placed at some
distance. If the charges are mutually touched and placed again at the same distance, what
will be the new force between them.
Q 4. Similar charges repel each other .Can they attract each other also?
Q 5. Force of attraction between two charges at a distance d is F. What distance part should
they kept in the medium so that force between them is F/3.
Q 6. The force between two point charges kept at a distance d apart in air is F. If these charges
are kept at same distance in water, how does the force between them is affected?
Q 7. A metal sphere is held fixed on a smooth horizontal insulated plate and another metal
sphere is placed at some distance away. If the fixed sphere is given a charge, how will the
other sphere react?
Q 8. Two point charges q1 and q2 are 3 m apart and their combined charge is 20 µc. If one
repels the other with a force of 0.075 N, what are two charges?
Q 9. A charge P repels charge Q but it attracts charge R. If R repels positively charged Body
S, then find nature of charge on Q.
Q 10. Two similar conducting spheres of radii R carry charges + Q and –Q respectively .If the
distance between their centers is r, then why cannot the relation for Coulombs force give
exact value of the force?
Q 11. The force of attraction between two point charges placed at distance d apart in a medium
is F. What should be the distance apart in the same medium so that the force of attraction
between them becomes F/4?
Q 12. In a medium, the force of attraction between two point electric charges, distance d apart,
is F. What distance apart should these be kept in the same medium so that the force
between them becomes 3F?
Q 13. Two point charges, q =8×10-8 C and Q= -2×10-8 C are separated by a distance of 10 cm in
air. What is the net electric field at the mid- point between the charges.
Q 14. A polythene piece rubbed with wool is found to have a negative charge of 3.6 x 10-7C. (i)
Estimate the number of electrons transferred.(ii) Is there a transfer of mass from wool to
polythene?
Q 15. If 109electrons move out of a body to another body every second, how much time is
required to get a total charge of 1 C on the body?
Q 16. Calculate the force of attraction between a proton and a electron kept 8 x 10-14 m apart.
Q 17. Two identical positive charges of magnitude Q are separated by a distance d. Another
charge q is placed midway on the line joining the two. Identify the magnitude and nature
of the charge q so that the system is in equilibrium.
Q 18. A charge Q is split into two parts q and Q-q and placed at some distance apart. Find the
magnitude of q so that the force of interaction between the two parts is maximum.
Q 19. Two positive charges particles each of mass 1.7 x 10-27 Kg and carrying a charge equals
to charge on electron are placed at r distance apart. If each charge experiences a force
equal to its weight find the distance between charges.
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Q 20. Two point charges of 2 µC and 6 µC repel each other with a force of 12 N. If each is now
given additional charge of -4 µc, find new force?
Q 21. The force between two equal point charges kept at a distance d apart in air is F. If now
the distance between them is doubled and their charges are also doubled, what would
happen to force between them?
Q 22. A pith ball A of mass 9 X 10-5 Kg carries a charge of 5 µ C. What must be magnitude and
sign of charge on another pith ball B held 2 cm directly above the pith ball A so that pith
ball remains stationary.
Q 23. The electrostatic force of repulsion between two positive charge ions carrying equal
charge is 3.7 x 10-9 N when they are separated by a distance 5 angstrom. How many
electrons are missing from each ion?
Q 24. Two point charges placed at certain distance r apart in air a Force F on each other .Then
find the distance r’ at which theses charges will exert the same force in a medium of
dielectric constant K.
Q 25. Two point charges repel each other with a force of 100 N. One of these charges is
increased by 10% and other is reduced by 10%.Find the new force of repulsion between
them if distance is kept same.
POTENTIAL GRADIENT
26 A uniform electric field of 20N/C exists in the vertically downward direction. Determine
the increase in the electric potential as one goes up through the height of 50cm.
27 A uniform electric field of 30 N/C exists along the x axis. Calculate the potential
difference Vb-Va between the points A (4m,2m) and B(10m,5m)

OM

28 An electric field E= 20i+30j N/C exist in free space . If the potential at the origin is taken
0, determine the potential at (2m,2m)

E.
C

29 The electric field in given region is given by E = A/x3 i. Write the SI unit for A. Write an
expression for the potential in the region assuming the potential at infinity to be zero .

20 cm

IN
C

BS

30 Fig . Shows some experimental surfaces what can, you say about the magnitude and the
direction of the electric field.

30 cm

OS
B

10 cm

60 V
30 V
20 V

31 Find the electric field between 2 metal plates three mm apart, connected a 12 V battery.
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32 Calculate the voltage needed to balance an oil drop carrying 10 electrons when between
the plates of a capacitor which are 5mm apart (g=10 ms-2). The mass of oil drop is
3 x 10-16kg.
33 An infinite plane sheet of charge density 10-8 cm-2 is held in air. In this situation how far
apart are the 2 equipotential surfaces, whose P.D is 5V?
34 A spark passes in air when the potential gradient at the surface of a charged conductor is
3 x 106 Vm-1what must be the radius of an insulated metal sphere which can be charged to
a potential of 3 x 106 volt before sparking into air ?
35 A uniform E of 300 NC-1 is directed along negative x-axis. A, B and C are 3 points in the
field, having x, y coordinates (in meter), as shown in fig. find the potential differences ∆
VBA, ∆VCB and ∆VCA.
C(-3,4)

B(4,4)

A(4,1)

OM

O

B
3

5

OS
B
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C

C

BS

A

E.
C

36 3 points A, B and C lie in a uniform Electric field of 5 x 10 3 NC-1 find the potential
difference between A and C.

ELECTRIC FLUX
37 If the E=8i+4j+3k NC , Calculate the electric flux through a surface of area 100 m2 lying
in x-y plane
38 The electric field in a certain region of space is (5i+4j-4k) x 105 N/C. Calculate the
electric flux due to this field over an area of (2i-j) x 10-2 m2.
-1

OM
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39 Consider a uniform electric field E = 3 x 103i N/C. Calculate the flux of this field through
a square surface of area 10 cm2 when
i.
Its plane is parallel to y-z plane and
ii. The normal to its plane makes an angle of 600 with x axis.
40 The electric field in a region can be expressed as
x 2 x 103N/C . Determine the flux of this field through a rectangular
surface of area 0.2 m2situated parallel to y-z plane.
41 A sphere of radius 0.03m has a point charge of q = 7.6μC is located at its center. Find the
electric flux through it.
42 A point charge of 17.7μC is located at the centre of a cube of side 0.03m. Find the
electric flux through each face of the cube.
43 5,000 lines of force enter a certain volume of space and three thousands lines emerged
from it. What is the total charge in Coulomb within the volume?
44 A spherical Gaussian surface encloses a charge of 8.85 x 10-8 C
i.
Calculate the electric flux passing through the surface
ii. If the radius of the Gaussian surface is doubled, how would the flux change ?
45
A charge q is situated at the center of an imaginary hemispherical surface, as shown in
figure. Using gauss theorem and symmetry considerations, determine the electric flux
due to this charge through the hemispherical surface.
qq

E.
C

46 The electric field in a region is given by E=E0x/b i’ find the charge contained in the
cubical volume bounded by the surfaces x=0,x=a, y=0,z=0 and z=a. Take E0=5 x 103 Nc1,
a=1cm and b=2cm.
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Capacitance
47 A 2m insulating slab with a large aluminium sheet of area 1m2 on its top is fixed by a man
outside his house one evening. Will he get an electric shock, if he touches the metal sheet next
morning ?
48 Why the capacitance of a parallel plate capacitor increases, on introducing a dielectric
medium between the plates?
49 A parallel plate capacitor with air between the plates charged. A dielectric is inserted
between the plates. What will happen to its electrostatics potential? Give reasons.
50 The graph shoes the variation of voltage V across the plates of two capacitors A and B versus
increase of charge Q stored on them. Which of the capacitors has higher capacitance? Give
reason for your answer.
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V
B
A

5

C1

3

C1
4

E.
C

B

OM

Q
51 How does the energy stored in a capacitor change if after disconnecting the battery, the plates
of a charged capacitor are moved farther ?
52 How does the energy stored in a capacitor change If the plates of a charged capacitor are
moved farther, the battery remaining connected?
53 In a parallel plate capacitor with air between the plates, each plate has an area of 6 X 10-3 m2
and the distance between the plates is 3mm. calculate the capacitance of the capacitor. If the
capacitor is connected to a 100V supply, what is the charge on each plate of the capacitor?
54 A slab of material of dielectric constant K has the same area as that of the plates of a parallel
plate capacitor but has the thickness d/2, where d is the separation between the plates. Find
out the expression for its capacitance when the slab is inserted between the plates of the
capacitor.
55 A parallel plate capacitor with air between the plates has a capacitance of 8 PF. The
separation between the plates is now reduced by half and the space between them is filled with a
medium of dielectric constant 5 . Calculate the value of capacitance of the capacitor in the
second case.
56 A very thin plate of metal is placed exactly in the middle of the two plates of a parallel plate
capacitor .What will be the effect on the capacitance of the system?
57 If
=3 pF and
=2 pF calculate the equivalent capacitance of the given network between
points A and B.
C1
C1
A
1
2
C2
C2

BS

6

OS
B
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C

58 A parallel plate capacitor of capacitance C is charged to a potential V .It is then connected to
another capacitor having the same capacitance. Find out the ratio of the energy stored in the
combined system to that stored initially in the single capacitor?
59 A technician has only two capacitor. By using them in series or parallel, he is able to obtain
the capacitance of 4, 5, 20, 25 µF .What is the capacitance of both capacitor?
60 Net capacitance of three identical capacitors in series is 1 µF. What will be their net
capacitance, if connected in parallel? Find the ratio of energy stored in the two configurations, if
they are both connected to the same source ?
61 Three capacitor of capacitance 2 pF,3pF and 4pF and connected in parallel.
(i) What is the total capacitance of the combination?
(ii) Determine the charge on each capacitor, if the combination is connected to a 100V supply.
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62 A 4µF capacitor is charged by a 200V supply. Then, it is disconnected from the supply and is
connected to another uncharged 2µF capacitor. How much electrostatic energy of the first
capacitor is lost in the form of heat and electromagnetic radiation?

Answer –
Potential gradient
HINTS/ANSWER
1.
It will be increase when temp of water is increased because the value of dielectric constant
decreases with increase in temp.
2.
Permittivity of medium = K permittivity of free space= 1 x 8.8542 x 10-12= 8.8542 x 10-12
C2 N-1 m-2

ε
= εr=
ε0
====
K

On touching charge neutralize hence force is zero.

4.

Yes only when one charge is very large as compared to other charge because larger charge
will induce opposite charge such that net charge on the other becomes opposite. Hence
they may attract each other.
As F α 1/r2 From coulomb force So New distance = (3)1/2r
The force between charges reduces by a factor K it becomes F1=F/K
When fixed sphere is given a charge it induces opposite charges on the nearer end and
same kind of charges on the farther end of the other sphere. Now the net force between the
two spheres is attractive in nature because unlike charges on both spheres are closer than
the like charges on both spheres. So other sphere will be attracted towards the fixed sphere.
F

=

1
4πε0

Q 1 Q2

10.

setting F=0.075 N and r =3m we get Q 1 Q2 = 7.5 x 10 -11

Also Q 1 + Q2 = 20 µc Hence solving these two equations we get Q 1= 15 µc and Q2
= 5 µc.
As the given condition charge on R has to be positive .Since P attracts R so charge P is
negative.P repels Q so charge on Q is also negative.
The charges on the metallic sphere will not remain uniformly distributed on their surfaces
because of mutual attraction. The redistribution of charges will not permit the use of
distance of separation of charges as r now because of change in effective distance between
the charges.

OS
B

9.

r

IN
C

Q 1 Q2 = 4πε0 r2 F,

Or

2

E.
C

8.

BS

5.
6.
7.

OM

3.

11.
F

=

1
4πε0

Q 1 Q2
r2

New distance=2d
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12.
Using Coulomb’s Law New distance=
13.
Using the formulae=F/Q =3.6x 105
14.
n= = 2.25 x 1012.Hence mass of polythene now gained is
M=n .me=2.25 x 1012 (1.6 X 10-19)=2.05 x 10 -18 Kg.
15.
Time=6.25 x1018/109=6.25 x109
16.
Q 1= 1.6 X 10-19 C and Q2 = -1.6 X 10-19 C. Hence F= -3.6 N.
17.
Since the charge q is placed symmetrically between the two Q charges, therefore, it is in
equilibrium.
Q
kQ 2
kQq

0
q
2
2
d
d / 2
4 The charge q is a negative charge.
Thus,
Or
F

kqQ  q 
d2

If the two parts are separated by d then the force of interaction is giving by
For maximum value of F the product q(Q – q) should be maximum, which occurs, when q =
Q–q
Q
Or q  .
2
19.
……..(1)
q1 q
1
18.

F=

Also weight on charge =mg ……………….…(2)
Equating (1) and (2)
F= mg
Hence r2=1.383 x 10 -2
Or r = 0.117 m.
Before giving additional charge Q 1= 2 µC and Q2 = 6 µC the force is
……………… (1)
F

Q 1 Q2

1

=

OM

20.

r2

4πε0

r2

4πε0

F

Q 11 Q12

1

=

4πε0

r

……………..(2)

2

Solving 1 and 2 equations we get F1 = -4 N.
F

=

QQ

1

r2

4πε0

IN
C

21.

BS

1

E.
C

After giving additional charge Q 11= -2 µC and Q12 = 2 µC the new force is

If now the charges are doubled and distance is also doubled then new force is given by

4πε0

1

22.

2Q 2Q

OS
B

1

F1 =

(2r)2

F = F. Hence there is no change in the force.
A weight act downward. The pith ball remain stationary if it experiences an attractive
force upward due to pith ball B of charge q2.Since A is positive charge so B must be
negative charge.
To use result
=
mg ,
F

=

1

Q 1 Q2

4πε0

r2
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we get charge is -7.84 x 10-12 c.

From relations Q 1=Ne , Q2 =Ne ,where n is no of missing electrons.
1
Hence or
Q 1 Q2
1
F

=

4πε0

N2e2
r2

Since F =3.7 x 10-9 N . Given Therefore from above equation calculating N which comes
out to be 2.
Q 1 Q2
In air the force is
1
F

In medium the force is

=

r2

4πε0

F‘ =

Q 1 Q2

1

r’2

4πε0 K

Equating these two equation we get r’ = r/K1/2
Since force between two charges is proportional to Q 1 Q2. Hence
F’/F = Q’ 1 Q’2/ Q 1 Q2
=(1.1 Q 1)(0.9 Q2)/ Q 1 Q2
=0.99
F’=0.99X100=99N

E.
C

OM

26 ∆V= -E ∆r Ans=(10V)
27 ∆V=Ex∆x (Ans=180V)
28 ∆V=-Exx-Eyy (Ans= -100V)
29 SI unit of electric field=N/C.
SI unit of A= NC-1 x m3 =Nm3C-1
Potential, V = - ∫ Adx/x3 = A/2x2
30 E=kq/r2 . E decreases with r The direction of electric field will be radially outward
because V decreases with r.
31 E=V/d (Ans=4 x 103V/m)
32 Q=ne also E=v/d (ANs=9.47V)
33 E=σ/2ɛo (Ans= 8.85mm)
34 E=dV/dr (Ans r=1m)
35 ∆VBA=0 ∆VCB=-E∆x = 2100V VB=VA ,∆VCA=VC-VA=∆VCB =-2100V.
36 VC=VB V=-E∆x = -200V
37 300 Nm2C-1
38 ɸ=E.S = 6 x 103 Nm2C-1
39 ɸ= EScosθ =30 Nm2c-1 ii.15 Nm2C-1
40 240 Nm2C-1
41 Φ=q/ɛ0 = 8.6 x 105Nm2C-1
42 1/6φ=1/6q/ɛ0 = 3.3 x 105Nm2C-1
43 -1.77 x 10-8 C
44 104 Nm2C-1 ii) 104 Nm2C-1
45 For symmetry considerations flux through hemispherical surface is φ=1/2.q/ɛ0
46 φE=φL+φR

BS

25.

F

r2

4πε0

IN
C

24.

=

OS
B

23.

Page 16

osbincbse.com
2.2 x 10-12C.

Capacitance
47 Ans . Yes,because the steady discharging current in atmosphere charges up the aluminium
sheet. As a result the voltage rises gradually. The rise in the voltage depends on the capacitance
of the capacitor formed by the aluminium slab and ground.
48 Ans. The introduction of the dielectric between the plates of the capacitor reduces the electric
field between the plates. As C = Q/V, therefore a decrease in V means an increase in C.
49 Ans. When capacitor is charged, charge on it remains the same. On inserting dielectric
C= KC0 ,
C = Q/V or V = Q/C ( Q = constant ),C increases , V decrease.

50

V

B

V

VB

B

A

A
VA

Q

Ans. From fig

Q

and

but

, therefore

IN
C

vacuum

OS
B

Area =A
Separation ‘d’

BS

E.
C

53 Ans. Capacitance of capacitor with air between its plates is C =
= 1.8 X 10-11 F = 18pF
Charge
= 1.8 X 10-11 X 100 = 1.8 X 10-9 C
54 Ans.

OM

Thus capacitor A has a higher capacitance.
51 Ans. C 1/d ,when plates of capacitor are moved farther , C decreases. After disconnecting
the battery , the charge on capacitor remains constant,therefore U = q2/2C increases.
52 Ans. C 1/d ,when plates of capacitor are moved farther , C decreases.As the battery
remains connected, the potential difference remains constant. Hence
decreases.

Capacitance with dielectric of thickness ‘t’
put t = d/2

Dielectric

d/2
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55 Ans. C = 8 PF,
= 8 when the distance between the plates is reduced to half and a
dielectric is inserted,
=2 X 5X 8 =80 pF
56 Ans. For a metal K =

and so when t

the capacitance

As t
,
i.e. capacitance will remain unchanged.
57 Ans. Clearly, capacitors 2,3 and 4 form a series combination. Their total capacitance C’ is
given by

E.
C

OM

C’ =
The capacitance C’ forms a parallel combination with capacitor 5, so their equivalent
capacitance is C’’ = C’ + C2 = 6/7 +2 = 20/7 pF
The capacitance C’’ forms a series combination with capacitors 1 and 6. The equivalent
capacitance C of the entire network is given by
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58 Ans. Energy stored in charged capacitor is given as U =
( Q is charge on charged
capacitor)
When another uncharged similar capacitor is connected, then net capacitance of the system ,
C’ = 2C , charge on the system remains constant.
Energy is given as , U’ =
=
Thus the ratio is given by
U/U’ =1/2
59 Ans. Let two capacitors be C1 and C2 ,capacitance will be maximum when connected in
parallel. i.e. C1 + C2 =25
Capacitance will be minimum when connected in series.
i.e.
=4
Since we are left with only two values 5 µF and 20 µF .
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60 Ans. Hint . C S= C/n and Cp = n C ratio , US/Up = 1/9
61Ans. Given C1 = 2 pF, C2 = 3 pF and C3 = 4 pF
The total capacitance of the parallel combination is given by
Cp = C1 + C2 + C 3 = 2 + 3 + 4 = 9pF.
(ii ) Let the charges on the capacitors C1,C2 and C3 be q1 ,q2 and q3 respectively. The potential
difference across each of the capacitors is is same as 100V .
Charge q1 at C1 = C1V = 2 X 100 = 200 pC
Charge q2 at C2 = C2V = 3 X 100 = 300 pC
Charge q3 at C3 = C3V = 4 X 100 = 400 pC
62 Ans. C1 = 4µF ,C2 = 2µF ,V1= 200V ,V2 = 0
Using formula of loss in energy = (
) (v₁ − v₂)² we get 2.67 X 10 -2 J
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THREE MARKS QUESTIONS

Q 1. The sum of two point charges is 6c. They attract each other with a force of 0.9 N.
When kept 40 cm apart in vacuum. Find their charges.
Q 2. Two identical charges Q each, kept at a distance r from each other. A third charge q
is placed on the line joining the above two charges such that all the three charges are
in equilibrium. What is the magnitude, Sign and position of the charge q?
Q
q
Q
A
x
B
r
Q 3.

A Charge Q is divided into two parts such that they repel each other with a maximum
force when kept apart at a certain distance. Find the charges on them.
Q 4. Two point charges +qe and +e are kept at a distance of 16 cm from each other. At
what point between these charges should a third charge q be placed so that it remains
in equilibrium?
Q 5. Two similar balls each having mass m and charge q are hung from a fixed point by
silk thread of length l each. Prove that equilibrium separation (x) is given by
x=

Q 9.
Q 10.

OM

E.
C

Q 8.

BS

Q 7.

When each thread makes a small angle  with the vertical.
In which orientation a dipole placed in a uniform electric field is in a) Stable, b)
Unstable Equilibrium?
A dipole, of dipole movement p is present in a uniform electric field E. Write the
value of angle between p and E for which the torque experienced by the dipole is
minimum.
Calculate amount of work done in turning a dipole of dipole moment 3x10 -8 Cm
from position of unstable equilibrium to the position of stable equilibrium in a
uniform electric field of intensity 10 3 N/C.
Two point charges 4 Q, Q are separated by 1 m in air. At what point on the line
joining the charges is the electric field intensity zero?
A system ohas two charges qA = 2.5 x 10 -7 C and qB = -2.5 x 10 -7 C are located at
points A(0,0,-15 cm) and B(0,0,+15 cm) respectively. What are the charge and
electric dipole moment of the system?
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Q 6.
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Q 11. An electric dipole with dipole moment 4 x 10 -9 Cm is aligned at 30O with direction of
a uniform electric field of magnitude 5 x 10 4 N/C. calculate the magnitude of torque
acting on the dipole.
Q 12. In a certain region of space, electric field is along the z direction throughout. The
magnitude of electric field, however not constant but increases uniformly along the
positive z direction, at the rate of 10 5 N/C/m. What are the force and torque
experienced by a system having a total dipole moment equal to 10-7 Cm in the
negative z-direction?

Page 20
osbincbse.com
Q 13.
What orientation of an electric dipole in a uniform electric field corresponds to its
stable equilibrium?
Q 14.
A charged particle is free to move in an electric field .Will it always move along an
electric line of force?
Q 15.
What is the significance of negative sign in expression of potential energy
 

U = -pE cos  =  p E of a dipole?
Q 16.

Q 17.

Q 18.

Q 19.

Q 20.

An dipole of length 2 cm is placed 300 w.r.t a uniform electric field of 105 N/C
experiences a torque of magnitude 10√3 Nm. Calculate (i) magnitude of charge and
(ii) PE of electric dipole.
Four point charges qA = 2 μC, qB = -5 μC, qC = 2 μC, and qD = -5 μC are located at
the corners of a square ABCD of side 10 cm. What is the force on a charge of 1 μC
placed at the centre of the square?
Two point charges qA = 3 μC and qB = -3 μC are located 20 cm apart in vacuum. (a)
What is the electric field at the midpoint O of the line AB joining the two charges?
(b) If a negative test charge of magnitude 1.5 × 10-9 C is placed at this point, what is
the force experienced by the test charge?
Three point charges of + 2 μC, − 3 μC and − 3μC are kept at the vertices A, B and C
respectively of an equilateral triangle of side 20 cm. What should be the sign and
magnitude of the charge to be placed at the mid-point (M) of side BC so that the
charge at A remains in equilibrium?
An electric field (2i + 3j ) x 103 NC-1 exists in a region. Calculate the electric flux
linked with a square of side 0.5m held parallel to a) y-z plane b) x-y plane.
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ELECTRCI FIELD, ELECTRIC DIPOLE, TORQUE, POTENTIAL ENERGY AND
ELECTROSTATIC POTENTIAL
21 A small ball of paper has mass 9 x 10 -5 kg and carries a charge of 5µC. When it is held
over another charged ball of paper at a distance of 2cm above it, the two balls stay in
equilibrium what is the charge on second ball.
22 A water droplet of radius 1 micron in Millikan oil drop apparatus is first held stationary
under the influence of an electric field of intensity 5.1 x 10 4 N/C. how many excess
electrons does it carry?
23 Two point charges of 16µC and -9µC are placed 8cm apart in air. Determine the
position of the point at which resultant electric field is zero.
24 Eight identical point charges of q Coulomb each are placed at corners of a cube of each
side 0.1m .Calculate electric field at the center of the cube. Calculate the field at the
center when one of the corner charges is removed.
25 What are the magnitude and direction of electric field at the center of the square in fig if
q=1.0 x 10 -8C and a = 5cm?
+q
-2q
O

-q

+2q
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26 A charge of 4 x 10 -9 C is distributed uniformly over the circumference of a conducting
ring of radius 0.3m. Calculate the field intensity at a point on the axis of the ring at
0.4m from its centre, also at the center.
27 Calculate the magnitude of the force, due to an electric dipole of dipole moment
3.6 x 10-19Cm, on an electron 25 Nm from the center of the dipole, along the dipole axis.
Assume that the distance is large relative to dipole’s charge separation.
28 Charge q1=+6.0nC is on y axis at y=+3 cm and charge q2 = -6nCis on y axis at y=-3cm
.Calculate force on test charge q0= 2 nC placed on x axis at x=4cm.
29 ABC is an equilateral triangle of each side 5 cm. two charges of ±50/3 x 10-3 µC are
placed at A and B respectively. Calculate magnitude and direction of resultant intensity
at C.
30 Two charges +q and –q are located at points A (0,0,-2) and B(0,0,2) respectively How
much work will be done in moving a test charge form point P(4,0,0) to Q(-5,0,0)?
31 An electric dipole of length 10 cm having charges ±6 x 10 -3C , placed at 30O with
respect to a uniform electric field experiences a torque of magnitude 6(3)1/2 Nm.
Calculate
i)
Magnitude of electric field
ii)
Potential energy of dipole.
32 An electric dipole of length 4 cm, when placed with its axis making an angle of 60◦
with a uniform electric field experiences a torque of 4(3)1/2 Nm. Calculate the potential
energy of the dipole, if it has charge of ± 8 NC.
33 An electric dipole consist of two opposite charges of magnitude q=1 x 10 -6 C separated
by 2 cm. The dipole is placed in an external field of 1 x 10 5 N/C.What maximum
torque does the field exert on the dipole? How much work must an external agent do to
turn the dipole end for end, starting from position of alignment (θ=0O)?
34 An electric dipole consist of charges +2 e and -2 e separated by 0.78 nm. It is an
electric field of strength 3.4 x 10 6 N/C. Calculate the magnitude of the torque on the
dipole when the dipole moment is
i)
Parallel to
ii)
Perpendicular to
iii)
Antiparallel to electric field.
35 If 100J of work must be done to move electric charge =4C from a place where potential
is -10 V to a another place where potential is V volt, find the value of V.
36 If 10J of work is to be done in moving a charge of -200C from A to B., which of the 2
points is at higher potential? What is potential difference?
37 Two point charges of 4µC and -2µC are separated by a distance of 1m in air. Calculate
at what point on the line joining the 2 charges is the electric potential zero?
38 What is potential at the centre of a square of each side 1.0m when 4 charges +1 x 10 8
C, -2 x10 -8 ,+3 x10 -8 and +2 x 10-8 C are placed at 4 corners of the square.
39 A point charge of 10 -8 C is situated at the origin of coordinates. Find the potential
difference between the point A (4,4,2) and B(1,2,2).
40 27 charged water droplets each with diameter of 2mm and a charge of 10 -12 C
coalesce to form a single drop. Calculate the potential of bigger drop.
41 An electric field of 20 N/C exist along x-axis in space. Calculate the potential
differenceVb-Va. Where the coordinated A and B are given by
i)
A(0,0) B(4m,2m)
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ii)
A(4m,2m) B(6m,5m))
42 An electric field E = (20i+30j)N/C. exist in the space. If the potential at the origin is
taken to be 0 , find the potential at (2m,2m) .
43 Two point Charges of A and B of value +15µC and +9µC are kept 18cm apart in air.
Calculate the work done when charge B is moved by 3 cm toward A.
44 2 electrons each moving with a velocity of 10 6 m/s are released towards each other.
What will be the closest distance of approach between them?
45 Setup an arrangement of 3 point charges +q , +2q and xq are separated by equal finite
distances so that electric PE of the system is 0. What is x?
46 Three charges –q ,Q and –q are placed at equal distances on a straight line. If the
potential Energy of system of 3 charges is 0 then what is the ratio of Q: q?

OS
B

IN
C

BS

E.
C

OM

Capacitance
47 A Parallel plate capacitor each with plate area A and separation ‘d’ is charged to a potential
difference V. The battery used to charge it is then disconnected. A dielectric slab of thickness
d and dielectric constant K is now placed between the plates. What change if any, will take
place in
(i) Charge on the plates
(ii) Electric field intensity between the plates,
(iii) Capacitance of the capacitor
Justify your answer in each case.
48 A parallel plate capacitor is charged by a battery, which is then disconnected. A dielectric
slab is then inserted in the space between the plates. Explain what changes, if any, occur in the
values of:
(i) potential difference between the plates
(ii)Electric field between the plates, and
(iii)The energy stored in the capacitor.
49 A parallel plate is charged by a battery, When the battery remains connected. A dielectric slab
is inserted in the space between the plates. Explain what changes, if any, occur in the the
values of:
(i) Electric field strength between the plates
(ii) Electric field strength between the plates
(iii ) Capacitance
(iv ) Charge on the the plate
(v ) Energy stored in the capacitor? Justify your answer in each case.
50 A capacitor has some dielectric between its plates and the capacitor is connected to a DC
source. The battery is now disconnected and then the dielectric is removed. State whether the
capacitance, the energy stored in it, electric field, charge stored and the voltage will increase,
decrease or remains constant.
51 A capacitor is connected across a battery.
(i) Why does each plate receive a charge of exactly the same magnitude ?
(ii) Is this true even if the plates are of different sizes?
52. (i) How would you connect two capacitors across a battery, in series or parallel, so that they
store greater
(a) total charge and (b) total energy?
(ii) What is the dielectric constant of a metal & why?
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53 A parallel plate capacitor is to be designed with a voltage rating 1KV using a material of
dielectric constant 3 and dielectric strength 107 Vm-1 .For safety we would like the field
never to exceed, say 10% of the dielectric strength. What minimum area of the plates is
required to have a capacitance of 50pF?.
54 Two Identical parallel plates ( air) Capacitors C1 and C2 have capacitance C each. The space
between their plates is now filled with dielectrics as shown. If the two capacitors still
have equal capacitance, obtain the relation between dielectric constant K, K1, K2 .
C1
C2
K
l
K1
l/2
K2
d

C1
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55 The two plates of a parallel plate capacitor are 4mm apart. A slab of dielectric constant 3 and
thickness 3mm is introduced between the plates with its faces parallel to them. The distance
between the plates is so adjusted that the capacitance of the capacitor become
of its
original value . What is the new distance between the plates ?
56 A capacitor of unknown capacitance is connected across a battery of V volt. The charge
stored in it Is 360 µC. When potential across the is reduced by 120 V, The charge stored in it
becomes 120 µC. Calculate
(i) The potential V and the unknown capacitance C.
(ii) What will be the charge stored in capacitor, if the voltage applied had increased by 120 V.
57 The plates of a parallel plate capacitor have an area of 90 cm2 each and are separated by 2.5
mm. The capacitor is charged by connecting it to a 400 V supply.
(i) How much electrostatic energy is stored by the capacitor?
(ii) View this energy as stored in the electrostatic field between the plates and obtain the energy
per unit volume u. Hence, arrive at the relation between u and the magnitude of electric field E
between the plates.
58 Show that the force on each plate of a parallel plate capacitor has a magnitude equal to ½ QE,
where Q is the charge on the capacitor and E is the magnitude of electric field between the
plates. Explain the origin of factor 1/ 2 .
59 A network of four capacitors each of 12 µF capacitance, if connected to a 500 V supply as
shown in figure . Determine
(i) Equivalent capacitance of the network and
(ii) Charge on each capacitor.

C3

C4

500V
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60 Five capacitors of capacitance 10µF each are connected with each other, as shown in fig.
Calculate the total capacitance between the points A and C.
C4
A

C1

B

C3

D

C5

C

C2

61 Two metal plates form a parallel plate capacitor. The distance between the plates is d. A metal
sheet of thickness d/2 and of the same area is introduced between the plates. What is the
ratio of the capacitance in the two cases?
62 Obtain the equivalent capacitance of network in given figure. For a 300V supply, determine
the charge and voltage across each capacitor.
100pF
C1
200pF

C2

C3

+

- 300 V
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Answer/Hints for the Numerical
As the force is attractive, so one charge is -ve.
Let the two charges be q1 and q2
q1 + q2 = 6 X 10-6 c ----------------- (1)
From Coulomb’s law, the attractive force between the charge is
F=

OS
B

1.

Solving we get q1= 8 X 10 -6 C and q2 = -2 X 10 -6 C
2. Let the change q be kept at c at a distance from A. Since q will in equilibrium

osbincbse.com
 Force on 1 due to charge Q at A = Force on q due to charge Q at B
 1
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qQ =
1 qQ
4 0
x 2 4 0 (r-x)2
x2
= (r-x) 2
X = r-x,
x = r/2



Since Q is at A is repelled by Q at B. Thus charge Q at A to be in equilibrium the
charge q at c must attracts it. Therefore, q must be a - ve charge.


Q2
2
0 r

1
4

=

1 Qq
4 0 x2

 q =Q

( x = r /2 )
4
3. . Let the charge on one part be q
 Charge on the other part = Q - q
 From

F=

1
q( Q - q)
4 0
r2
Further force to be maximum when

dF = 0
dq

q=Q/2

4. . Let the third charge q be kept at a distance x from + qe

OM

 other charge = Q-Q/2 = Q / 2

qe x q
=
1 qxe
2
4 0 x
4 0 (r- x 2)
x = 48 / 4 = 12 cm
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5. . Let the tension in each string
 For each ball to be in equilibrium
F c = T Sin  -------- (1)
Where F c =

1
4

0
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Force on q due to + qe should be equal and opposite to the force on q due to +e.

q2
x2
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and mg = T Cos ----------- (2)
Diving Eq(1) by (2) we get

If

Tan  = F c =
1
mg
4
 is small then Tan = 

x=
q2
2

0

q2
x 2mg

1/3

0mg

6. (a) For stable equilibrium the angle between p and E must be 00 .
(b) For unstable equilibrium the angle between p and E must be 1800.
7.

Torque =pE Sin ; For τ to be minimum =0

8. For Unstable equilibrium =1800 & for stable equilibrium  =00
W=pE (cos 1- cos 2) =-6x10-5J
9. Electric field intensity is zero at P which is at a distance x from charge 4Q. Then by using
E=
1 q
4 0 x2
we get x=2/3 m
10. Total charge of the system is zero .

12. Force along the – ve Z axis 10-2 N
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Torque = pE sin 180O = 0
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11. Torque =pE Sin  =10-4 Nm
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Dipole moment of system is given by q x d =7.5x 10-8 Cm

13. When dipole aligns itself along the direction of electric field the torque on the dipole

becomes zero. It have then a stable equilibrium
14. Charge particle may or may not move along an electric line of force. If it was at rest

initially, it will move along line of force. If it has some initial velocity making some angle
with a line of force, then its path will not be along the line of force.
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15. While deriving the expression for PE, the PE of dipole is taken as 0,when it is oriented 900
to the direction of electric field. in any other orientation between 00 to 900 , the PE of the
dipole is less than zero and hence the negative energy sign.
16. (i) τ= p E sin
Or
from
p= τ /E sin = 2√3 x 10-4 Cm.
Now
q = p/2a = √3 x 10-2 C
(ii) U = -pE cos  =-2√3 x 10-4 x 105 x cos 300 = -30 J.
17.

Force on q at O due to qA at A and qC at
C is equal and opposite.

Force on q at O due to qB at B and qD at D is also equal and opposite.

So net force on q due to all charges A, B, C and D is zero

E.
C
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So net force on q due to all charges A, B, C and D is ,
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Electric Field at the mid-point O,due to charges at A and B is
E at midpoint = (E at O due to charge at A) + (E at O due to charge at B)

,along OB.
(b)
F = qE =(1.5 x10 -9)x(5.4×106) = 8.1×10=3N ,in the opposite direction along OA.
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19.

use principle of superposition) Force exerted on + 2μC charge by the charge at B,
along AB
Force exerted on + 2μC charge by charge at C,
along AC
The resultant force of F1 and F2 is:
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For the equilibrium of charge at A, the charge q placed at point M must be a positive
charge so that it exerts force along MA.
Force between charges at A and M
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Hence A = Ai
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20. Electric field, E = 2i + 3j
The electric field lies in x-y plane.
Magnitude of area, A = (0.5)2 m2 = 0.25 m2
y-z plane is vectorially represented along x-axis.





Hence ()yz = E . A = (2i + 3j).(Ai) = 2A (i.j) + 3A(j.j)=24
Hence ()yz = 2 x 0.25 = 0.5 Nm2 C-1
[ j.i = 0]
x-y plane is vectorially represented along z-axis
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21 F =
= mg
q2 = 7.84 x 10-12 C
22 qE = mg
(ne) E =
n=
n=5

23 Use

=

24 cm to the right of -9μC charge
24 r = a
= 5 x 10-2 m
When identical point charges +q are at the 8 corners of the cube, net field intensity at the
centre is zero due to cancelling out in four pairs.
When one of the corner charges is removed, three pairs of E values cancel. Due to charge
on 7th corners,
E=
E = (1.2 x 1012)q N/C
It is towards the corner without charge directed radially away from +qo
25 r = 5 x 10-2/
E1 = E2 =

32
33
34
35

BS
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Net electric field at O = E1
= 7.2 x 104 N/C at 45O to OA.
E = 115.2 N/C
At the center of ring, r = 0,
So E = 0
F = qE= 6.6 x 10-15 N
Answer -51.8 j μ
Answer 6 x 104 N/C parallel to AB from + charge to – charge.
Answer is ZERO
Answer:
τ
θ
E=2
And U = -18 J
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28
29
30
31

= 7.2 x 104 N/C
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m

Answer is -4 J
Answer 2 x 10-3 Nm is max torque and work done is 4 x 10 -3 J
(a) Zero
(b) 8.5 x 10-22 Nm
(c) Zero
VA – VB = WAB/q
The value of V is 15 V.
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36 A; -0.05V
37 2/3 m from 4 C
38 Answer: potential is 5.1 x 102 V
39 Answer: potential is -15 V
40 Potential of the bigger drop is 81 V
41 Answer: dV = -E dx

42
43
44
45
46

(i)
dx = 4, so V= -80 V
(ii)
dx = 2, so V = -40 V
potential at (2m, 2m) is -100 V
Work done is 1.35 J
Answer is 2.56 x 10-10 m
Answer: Charges +q, +2q and -2q/3 at vertices of an equilateral triangle; x = -2/3
Answer is 1:4

47 Ans. Initial capacitance
(i)

(ii)

Capacitance
, Potential difference = V

Initial charge
V
:. When battery is disconnected the the charge on the capacitor remains unchanged
and equal to
V
Initial electric field between the plates,
After introduction of dielectric; the permittivity of medium become
;
So final electric field between the plates ,
i.e electric field reduces to

(ii ) As E

E.
C

OM

1/K times .
(iii) After introduction of dielectric, the capacitance becomes
48 Ans (i) The potential difference between the plates become 1/K times
Reason : V
, Q same, C increases to K times;

and V is decreased; therefore electric field decrease to 1/K times

BS

(iii ) Energy stored will be decreased. The energy become.
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Thus , Energy is reduced to 1/K times the initial energy.
49 Ans : (i)When battery remains connected, the potential difference remain the same.
(ii) As electric field E
and V = constant, d = constant; therefore ,electric field
strength remains the same.
(iii ) The capacitance of capacitor increases as K
(iv ) The charge Q
, V = same , C = increases ; there , charge on plates increases.
(v ) Energy stored by capacitor
, also increases.
50 Ans. . The capacitance of the parallel plate capacitor, filled with dielectric medium of
dielectric constant K is given by, C =
The capacitance of the parallel plate capacitor decrease with the removal of dielectric medium
as for air or vacuum K =1.
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After disconnection from battery, charge stored will remain the same due to conservation of
charge.
The energy stored in an isolated charge capacitor =
As q is constant, energy stored

and C decreases with the removal of dielectric medium,

therefore energy stored increases. since q is constant and V =

,and C decreases which in

turn increases V and therefore E increases as E =
.
51 Ans. Hint (i) Due to conservation of charge
(ii)Yes
52Ans.(i) Total charge q = CV
U = CV2 , As V is constant and CP
, so the capacitors must be connected in parallel
for storing greater charge and greater energy.
(ii) The dielectric constant of a metal is infinity. The electric field inside a conductor is zero so
the dielectric constant, which is the ratio of applied electric field to the reduced electric field, will
be infinite for the metallic conductor.
53 Ans. The maximum electric field applied = 10% of dielectric strength
=
=106
Potential difference across capacitor =1kV=1000V
Capacitance C = 50pF = 50 X 10-12 F
The maximum charge on the plates
Q = CV = 50 X 10-12 X 1000 = 5 X 10-8C
If σ is the surface charge density of plates
Q=
=

=

OM

Required Area =

54

C1
K

C2
K1

l

BS

K2
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.
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d

Ans. Let A area of each plate
Let initially
After inserting respective dielectric slabs

l/2

d
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From (i) and (ii)

.
55 Ans: Initial capacitance
If d’ is new distance , final capacitance ,
Given C
=
Given d = 4mm, t= 3 nm, K = 3
d’ = 3/2 X (4mm) + 3mm ( 1 - 1/3) = 6mm+2mm = 8mm
The new distance between the plates is 8mm.
56 Sol. (i) We have , initial voltage, V1 = V
Stored
Q1 = 360 µC
So
Q1 = CV1
Charged potential V2 = V – 120
Q2 =
120 µC
Q2 =
CV2
Dividing Eq. (ii ) by Eq. (i) , we get
=
V

=
=

(ii)

180 V

C =

OM

Or
Or

(i)

=

BS
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= 2X 10 – 6 F = 2 µF
Hence potential V = 180 V and unknown capacitance is 2 µF .
(ii) If the voltage applied had increased by 120 V, then V3 = 120+ 180 = 300 V
Hence Charge stored in the capacitor,
Q3 = C V3
= 2X 10 – 6 X 300 = 600 µC
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57 Sol. Area of plates, A = 90 cm2 = 90 X 10 – 4 m2
Distance between plates, d = 2.5 mm = 2.5X 10 -3 m.
And potential difference across capacitor, V = 400 V

C =

=

OS
B

Capacitance of a parallel plate capacitor,

Electrostatic energy, U = =
Where, C is the capacitance of capacitor.
U
=
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=
= 2.55x 10

-6

J
Volume of the capacitor = A X d
= 90X10 – 4 X 2.5 X 10 – 3
= 2.25 X 10 - 5 m 3

(i)

Energy stored per unit volume

= 0. 113 J / m 3

=
u

u

=

=

= Energy / Volume

=

=

.

=

.A =
=

E.C.V

E.
C

=

OM

u
=
58 Sol. Let the distance between the plates be increased by a very small distance ∆x. The force
on each plate is F.
The amount of work done in increasing the separation by ∆x = Force X increased distance
= FX ∆x
Increase in volume of capacitor = Area of Plates X increased distance = A. ∆x
u = Energy density =
A
Increase in energy = u X volume = u. A . ∆x
As, Energy = Work done
F. ∆x = u. A . ∆x
F = u.A
=
xA

=

BS

59 Ans.
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Sol. (i) Here C1 , C2 and C3 are in series , therefore their equivalent capacitance
1/ C’ = 1/ C1 + 1 / C2 + 1 / C3
C’ = C/ 3 = 12 / 3 = 4 µF
Now C’ and C4 are in parallel combination.
C net = C’ + C4 = 4 µF + 12 µF = 16 µF
C net = 16 µF
(ii)
Being C’ and C4 are in parallel combination, 500 v potential difference is applied
across them.
Charge on C’ , q 1 = C’ V = 4 µF X 500 = 2000 µC.
C 1 , C 2 and C 3 capacitors each will have 2000 µC. charge
Charge on C 4 = C 4 X V = 12 X 500 = 6000 µC
60 Sol . The given circuit can be redrawn in the form of a wheatstone bridge as shown in fig.

Page 34

osbincbse.com
C1 = C2= C4=C5 therefore,

As C1 and C2 are in series also. C4 and C5 are in series and their equivalent capacitance from
parallel combination. The equivalent capacitance of network = 10µF.
61 Sol. Capacitance of the air-filled parallel plate capacitor is C =
.
When a metal plate of thickness t is introduced,
=
, as t = d/2 , then
=
, therefore ratio = 2:1.
62 Ans.
q1

C3

C4

C2
q2
-

C1

300V

OS
B
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C

BS

E.
C

OM

Total capacitance = 66.7 pF and
Potential difference on C 1 = 100 V
Potential difference on C 2 = 50 V
Potential difference on C 3 = 50 V
Potential difference on C 4 = 200 V
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Value Based Questions-

1. In Predeep’s classroom, the fan was running very slowly. Due to which, his teacher was
sweating and was restless and tired. All his classmates wanted to rectify this. They called
an electrician who came and changed the capacitor only, after which the fan started
running fast.
Answer the following questions based on the above information.
(i) What energy is stored in the capacitor and where?

(2)

(ii)What values did the classmates have?

(2)

Ans. (i) Electrical energy is stored in the capacitor. It is stored in the dielectric.
(ii)Team work, concern, respect to teacher and responsibility.
2. An old woman who had suffered from a heat stroke was taken to hospital by her grandson
who is in class XII. The grandson has studied in physics that, how to save person who is
suffering from a heat stroke, regular beating of the heat is to be restored by delivering a
jolt to the heart using a defibrillator, whose capacity is 70 µF and charged to a potential
of 5000 V and energy stored is 875 J , 200J of energy is passed through a person’s body
in a pulse lasting 2 ms.The old woman gets paniced and refuses to be treated by the
defibrillator. Her grandson then explains to her the process that would be adopted by the
medical staff and how the result of that would bring her back to normalcy. The old
woman was treated and was back to normal.

OM

Answer the following questions based on the above information.

E.
C

(i)What according to you are the values displayed by the grandson?
(ii)What will be the net charge of the capacitor in defibrillator?

BS

Ans. (i) Presence of mind, knowledge of subject, concern for his grandmother, empathy

OS
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C

helping and caring
(ii) The net charge of the capacitor in defibrillator ,

Q = CV
Q = 70x10-6

x 5000

= 35x10-2 C

3. Shivani was working on a project for science exhibition. She consider a capacitance of
2µF having a capacity of operating under 1 KV potential. When she reached to shop , she
found that the shopkeeper is having a capacitors of 1µF of 400 V rating. Shivani
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calculated minimum number of capacitance of 1µF each , so she could arrange to form a
capacitor of 2µF.
Answer the following questions based on the above information.
(i)What are the calculation done by Shivani ?
(ii)What do you think of Shivani ?

Ans. (i) Total potential difference across each row =1000V
Potential difference across each capacitor = 400V
No. of capacitor in series, n = 1000/400 =2.5
Capacitance of capacitor in series =

3

µF

Let m be rows of capacitors ,for an equivalent capacitance of 2 µF, we have
m X
m

=2
= 6

Hence , total number of capacitance required = m X n = 6 X 3 = 18
Total 6 rows of capacitor in parallel with three capacitors in each row .

An elderly woman went alone to the Registrar’s office to disburse her property.
When she enquired in the office she was asked to get a Xerox copy of the document
which works under electrostatic induction. The Xerox shop was far away and across
the road. She took the help of the passer-by and got her Xerox done.

IN
C

a) What values did the passer-by have?

BS

4

E.
C

OM

(ii) Presence of mind , ability to calculate scientifically in daily life .

Ans.

OS
B

b) How does a neutral body get charged by electrostatic induction?

a) Helping, sharing, respect for elderly people.
b) For a body to get positively charged, a negatively charged body has to brought close to the
neutral body which after earthing gets charged uniformly.
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5 Ram and Shyam went to the trade fair. They were busy in a crowded corner.
balloons were sold. A child was seen troubling his parent and crying for something.
On seeing this, Ram went to the child and said that he would perform a trick with
balloons. Ram took two balloons and Shyam helped him to inflate and tie. When the
balloons were rubbed with the sweater he was wearing, they were attracted. When
taken nearer to wall, the balloons got stuck. The child enjoyed and stopped crying.
a) Give two values of Ram and Shyam.
b) How did the balloons get attracted? Will they repel also?
Ans.
a) Presence of mind and knowledge of static electricity.
b) When balloons were rubbed with woollen sweater, it becomes negatively charged. When
taken nearer the wall, positive charges are induced by electrostatic induction on that part
of the wall, so gets attracted. Yes, when the bodies are similar charged they repel.
6

Arun had to repaint his car when he was reminded by the car company for his regular
car service. He told them to do spray painting of mountain dew colour. The company
also replied that they usually perform spray painting only as wastage is minimized and
even painting achieved.

a) What values did the car service company have?

Ans.

E.
C

a) Customer care, commitment, concern and truthfulness.

OM

b) If spray painting is done by electrostatic induction, how is even painting achieved?
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BS

b) Droplets of paint are charged particles which get attracted to any metallic objects by
electrostatic forces
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Summary of current electricity
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1 Electric Current

i=q/t

2 Drift velocity Vd with Electric
field
3 Current I with Drift velocity Vd
4 Mobility of charge “μ”
5 Mobility and drift velocity
6 Current and Mobility

Vd =eEτ/m
I =n e A Vd

Page 39

"q" is charge passing in normal direction
through a cross section of conductor in time
"t" e is charge and m is mass on electron, E
is electric field, τ is relaxation time.
n is number density with of free electrons,
A is area of cross section.

μ = Vd / E
Vd = μeE
I= Ane*μeE

7 Resistance, P.D., and Current

R=V/I

V Potential Difference, I Current .

8 Resistance R with specific Res.

R = ρl/A

9 Specific Resistance, ρ

l is length of conductor and A is area of
cross section

ρ = RA/l

10 Resistivity with electrons

ρ=m/ne2τ

11 Current density

J= I /A

12 Current density magnitude

J A cosθ = I
G = 1/R

13 Conductance G

ρ specific resistance

σ =1/ ρ

18 In a cell, emf and internal
resistance
19 In a circuit with a cell

J= σE
α =Rt – R0/ R0* t
R = R1+R2+R3
1/Re= 1/R1 +1/R2
+1/R3
I = E/R + r
V = E - Ir
Emf = nE

21 Resistance of n cells in
series

nr + R

22 Current in circuit with n
cells in series
23 n cells in parallel, then emf

I =nE/nr + R

25 Cells in mixed group,
condition
for
maximum current
26 Internal resistance of a cell
27 Power of a circuit

I is current, E is emf, R is external
resistance, r is internal resistance.
V is terminal potential difference

r is internal resistance of one cell, R
external Resistance
r is internal resistance of one cell, R
external Resistance

OS
B

24 n cells in parallel, resistance

emf = E

Same current through all resistances
(circuit Current
Same P.D. across each resistance (V of cell)

IN
CB

20 n Cells of emf E in series

Ro
is resistance at 0o C. Rt is resistance at
to and “t” is temperature difference.

M

Resistances in parallel

E is electric field

CO

15 Microscopic form of Ohms
Law
16 Temperature coefficient of
Resistance
17 Resistances in series

SE
.

14 Conductivity

I is current, J current density, A is area
of cross section
θ is angle between and

R + r/n

R external resistance, r internal resistance

R =nr/ m

n is number of cells in one row, m is
number of rows. r is internal resistance, R
external resistance

r = (E – V )/V * R

E is emf, V is terminal Potential difference,
R
is
external
resistance.

P 2= I.V = I2R =
V /R

E = I.V.∆T

osbincbse.com
28 Energy consumed
29 Kirchoff Law (junction rule)

∆T is time duration

∑ I =0
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Sum of currents at junction is zero.

30 Kirchoff Law (Loop rule) ∑ V =0

In a loop sum of all p.d.s is Zero

OS
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Gist of the chapter Current Electricity
1. It is the rate of flow of charge
2. It is the work done per unit charge
3. It is additional small velocity imparted to an electron in the presence of electricfield.
4. It is drift velocity per unit electric field
5. Ohm’s laws: The current flowing through a conductor is directly proportional to the potential
difference across its ends
5a. Materials which obey Ohm’s law ex., metals
5b. Materials which do not obey Ohm’s law ex., diodes, transistors
6. The opposition offered by a material to the flow of charge. It depends on dimensions and
nature of the material. It also depends on temperature
7. It is the resistance of a material of a cube of unit side. It depends on the nature of material and
temperature and does not depend on dimensions
8. It is the change in resistance per unit resistance per degree rise in temperature.
9. The equivalent resistance in series combination is equal to the sum of the individual
resistances.
10. The reciprocal of net resistance in parallel combination is sum of the reciprocals of the
individual resistances.
11. It is a device which maintains potential difference between two ends of a circuit.
12. EMF is the potential difference between its ends when the circuit is open. It is denoted by E.
Terminal potential difference is the potential difference between the terminals of a cell when the
circuit is closed. It is denoted by V.
13. Internal resistance is the opposition to the flow of charge by the ions of an electrolyte. It is
denoted by r. Relation between E, V and r is E- V = Ir
14. The net emf of two cells in series is Es = E1 + E2
15. The net emf of two cells in parallel is Ep = (E1 r1 + E2 r2 )/ r1 + r2
16. Kirchoff’s laws: These laws are used to solve problems in electrical network.
16a. Junction Rule: The algebraic sum of currents at a junction is zero
16b. Loop Rule: The algebraic sum of changes in potential in a closed loop is zero.
17. It is an arrangement four resistors in the form of a quadrilateral in which a galvanometer and
a cell are connected across the junctions. When the bridge is balanced, the ratio of reistances are
equal.
18. Meter bridge works on the balanced condition of whea tstone bridge. It is used to measure
the resistance and hence resistivity of a given material.
19. It is a device used to measure the internal resistance of a cell and to compare the emfs of two
primary cells. The principle on which potentiometer works is “ the potential drop across the ends
of a wire s proportional to the length of that portion when a constant current flows through a wire
of a given material of uniform area of cross-section”
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POWER WHEEL

Page 42

osbincbse.com

OS
B

IN
C

BS

E.
C

OM

CONCEPT MAP
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UNIT II (CURRENT ELECTRICITY)
(VSA)

ONE MARK QUESTIONS

1. How does the drift velocity of electrons in a metallic conductor vary with increase in
temperature?
2. A wire of resistively ρ is stretched to three its initial length, what will be its new
resistively.
3. Constantan is used for making the standard resistance. Why?
4. Kirchoff’s rules can be applied to both d.c. and a.c.
5. How drift velocity is related to current flowing through the conductor.
6. Why are the connecting resistors in a metre Bridge made of thick copper strips ?
7. How will you join three resistances, each of 2 ohm so that the effective resistance is 3
ohm?
8. How does the random motion of free electrons in a conductor get affected when a
potential difference is applied across its ends?
9. Why the terminal Potential is always less than EMF of a cell, while in use?
10. You are asked to measure e.m.f of a cell. Which instrument will you use? A high
resistance Voltmeter or Potentiometer and why?
11. State the Condition under which the terminal potential difference across a battery and its
emf are equal.

BS

E.
C

13. In the given graph of voltage vs current for a semiconductor,
Identify the negative resistance region.

OM

12. How does the relaxation time of electron in the conductor change when temperature of
the conductor decreases

OS
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14. Of which material normally the potentiometer & meter bridge wire made and why?

osbincbse.com
15. Can the terminal potential difference of a cell exceed its emf? Give reason for your
answer.
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16. Two wire of equal length one copper and manganin have same resistance , which wire is
thicker?
17. The emf of the driving cell used in the main circuit of the potentiometer should be more
than the P.D. to be measured. Why ?
18. Why a ten wire potentiometer more sensitive than a four wire one?

19. Figure shows the circuit diagram of a potentiometer for
determining the emf ε of a cell of negligible internal
resistance. What is the purpose of using high resistance R2
20. What happens if the galvanometer and cell are interchanged at the balance point of the
bridge? Would the galvanometer show any current?
21. In an experiment on metre bridge, if the balancing length is X, what would be its value
,when the radius of the meter bridge wire is doubled ? Justify your answer.
Hints/Answers
(Ans : drift velocity decrease)
(Ans : no change)
(Ans : because of high resistivity and low temp. coefficient)
(Ans : Yes )
( Ans I = neAvd )
( Ans : thick Cu Strips offers min. resistance)
(Ans : Two 2 Ω resistors in parallel and there net is connected in series to third 2 Ω
resistor)
8. (Ans: electric field is set up and free electrons moves in a specific direction towards
positive end of conductor)
9. ( Ans: V= 𝜀 – Ir, when the current is drawn from the cell, potential is dropped across the
‘r’ )
10. (Ans: potentiometer bcause it is based on null method)
11. (Ans: when I=0)
12. (ans : T α 1/𝜏 , 𝜏 increases )
13.
(ans : BC region)
14. ( Ans: mangnin and constantan because of high resistivity and low temperature
coefficient.)
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1.
2.
3.
4.
5.
6.
7.
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15. ( Ans: yes, during charging V= 𝜀 + Ir )
16. (ans: for same R and l , ρ α A => ρ menganin>ρCu => A menganin> A Cu =>menganin is
thicker
17. ( Ans : If it is not so then balance point will not be obtained on the potentiometer wire)
18. ( Ans : because k = V/l , more l means less k , hence potentiometer is more sensitive)
19. ( Ans : To protect the galvanometer from high current )
20. (Ans : no effect , At balance point galvanometer shows zero current )
21. ( Ans : Value remains equal to X )
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Numericals (2 Marks)
1.

2.

3.

4.

A cell in a deaf aid supplies a current of 25.0 mA through a resistance of 400 Ω. When
the wearer turns up the volume, the resistance is changed to 100 Ω and the current rises to
60 mA. What is the emf and internal resistance of the cell?
Electrics bulb have following specification (i) 100 W at 220 V (ii) 1000 W at
220 V which bulb will have higher resistance. What is the ratio of their
resistances.

When a cell is connected directly across a high resistance voltmeter the reading is
1.50 V. When the cell is shorted through a low resistance ammeter the current is 2.5 A.
What is the emf and internal resistance of the cell?
In the arrangement of resistors shown, what fraction of
current I will pass through 5Ω resistor?

5. The storage battery of a car has an emf of 12 V ,if the internal resistance of the battery is 0.4
ohm .What is the maximum current that can be drawn from the battery.
6. Resistance of an electric iron 50 Ω.4.2A Current flows through the resistance. Find the
voltage between two points.

OM

7. Given the resistance of 1ohm ,2 ohm , 3ohm , how will you combine them to get the
equivalent resistance ( i)11/3 ohm (ii) 11/5 ohm.

E.
C

8. Calculate the temperature at which the resistance of a conductor becomes 20 % more than its
resistance at 270C.

BS

9.A resistor is connected across a 50 V source. What is the current in the resistor if the color
code is red, orange, orange, silver?

IN
C

10. A potentiometer wire of length of 1 m has a resistance of 15 ohm. It is connected to 5V
battery in series with a resistance of 5 ohm . Determine the emf of primary cell which gives a
balance point at 60 cm.

(a)

What is the potential difference across its terminals when it is supplying a current of
50.0 mA?

(b)

OS
B

11. 9V battery has an internal resistance of 12.0 Ω.

What is the maximum current this battery could supply?
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12.

You are supplied with 6 identical dry cells, each of emf 1.5 V and internal resistance
0.3 Ω. What are the overall emf and internal resistance when:

(a)

the cells are connected in parallel?

(b)

the cells are connected in series?

(c)

they are connected in three groups, each of two cells in series, and these groups are
connected in parallel with one another?
13.A 3000-km long cable consists of seven copper wires, each of diameter 0.73 mm, bundled
together and surrounded by an insulating sheath. Calculate the resistance of the cable. Use 3x 106
Ω. cm for the resistivity of the copper.
14.The resistivity of seawater is about 25Ωcm . The charge carriers are chiefly Na+ and Cl- ions,
and of each there are about 3x1020 / cm3 . If we fill a plastic tube 2 meters long with seawater and
connect a 12-volt battery to the electrodes at each end, what is the resulting average drift velocity
of the ions, in cm/s?

OM

15. Identical resistors are arranged and form a cube shown below.

16. Find the value of the unknown resistance X and the

current flows through the galvanometer. Assume

BS

current drawn by the circuit from the battery if no

E.
C

Find the equivalent resistance between P and Q.

IN
C

the resistance per unit length of the wire is 0.01Ωcm-1.
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17.V – I graph for a metallic wire at two different temperatures T1
and T2 is as shown in the figure. Which of the two
temperatures is higher and why?
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18. Estimate the average drift speed of conduction electrons in a copper wire of cross section
area 2.5 X 10-7m2 carrying a current of 2.7A. Assume the density of conduction electrons to be
9 x 10 28 m3.
19. What will be the equivalent resistance between the two points A and D of figure?

20. Figure shows two circuits each having a galvanometer
and a battery of 3V. When the galvanometer in each
arrangement do not show any deflection ,obtain the
𝑅1
ratio 𝑅2.

OM

21. Two students X and Y perform an experiment on potentiometer
separately using the circuit diagram shown here. Keeping other
things unchanged (i) X increases the value of resistance R.
(ii) Y decreases the value of resistance S in the set up.
How would these changes affect the position of the
null point in each case and why?

E.
C

22. A 10V battery of negligible internal resistance is connected across
a 200 V battery and a resistance of 38 Ω as shown in fig. find the
value of current.
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23. Find the value of unknown resistance X in the given circuit,
if no current flows through the section AD. Also calculate
the current drawn by the circuit from the battery of emf
6.0 V and negligible internal resistance.
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B

24. The variation of potential difference V with length l
in case of two potentiometers A and B is as shown.
Which one of these will you prefer for comparing
emfs of two cells and why?

25. Figure shows a 2.0 V potentiometer used for the determination

osbincbse.com
of internal resistance of a 1.5 V cell. The balance point of the cell in
open circuit is 76.3 cm. When a resistor of 9.5 Ω is used in the
external circuit of the cell, the balance point shifts to 64.8 cm length
of the potentiometer wire. Determine the internal resistance of the cell.
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26. A cell of e.m.f. ‘E’ and internal resistance ‘r’ is connected across a variableresistor ‘R’. Plot a
graph showing the variation of terminal potential ‘V’ withresistance ‘R’. Predict from the graph
the condition under which ‘V’ becomes equal to ‘E’
27. An electron in a hydrogen atom is considered to be revolving around the proton with a velocity
𝑒2
𝑛

𝑛2

ℎ

in circular orbit of radius 𝑚𝑒 2 . If I is the equivalent current,express it in m,e,n (n= )
2𝜋
28. Why is a potentiometer preferred over a voltmeter for determining the emf of a cell? Two cells of
Emf E1 and E2 are connected together in two ways shown here.

E1 E2
E1 E2
The ‘balance points’ in a given potentiometer experiment for these two combinations of cells are
found to be at 351.0cm and 70.2cm respectively. Calculate the ratio of the Emfs of the two cells.
29 .What is the momentum acquired by free electron in a wire of length ‘l’ when current ’I’ flow
in the wire? Given m=mass of electron and e = charge on electron. stable the relation between
momentum and mobility.
.Determine the equivalent resistance b/w points A and B of uniform ring of resistance R.
Given C is centre of the ring and angle ACB= Ѳ.

1.

12 cells, each of emf 1.5V and internal resistance, are arranged in m rows each containing
n cells connected in series, as shown. Calculate the values of n and m for which this
combination would send maximum current through an external resistance of 1.5 ohm.

2.

How the resistivity and resistance changes when the wire is stretched slowly to increased
by 10%
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3.
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30

In the potentiometer circuit shown in fig. the balance (null) point is at X.
State with reason, where the balance point will be shifted when
(i) Resistance R is increased, keeping all parameters unchanged.
(ii) Resistance S is increased, keeping R constant.
(iii) Cell P is replaced by another cell whose e.m.f. is lower than that of cell Q.
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34. A potentiometer wire of length 100 cm having a resistance of 10 Ω is connected in series
with a resistance and cell of emf 2V of negligible internal resistance. A source emf of 10 mV is
balanced against a length of 40 cm of potentiometer wire. What is the value of the external
resistance?

E.
C

OM

35.In the potentiometer circuit shown, the balance point is at X. State with reason where the
balance point will be shifted when
(i)Resistance R is increased, keeping all parameters unchanged.
(ii)Resistance S is increased keeping R constant.
(iii)Cell P is replaced by another cell whose emf is lower than that of that cell Q.
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36. A potentiometer wire has a length L and resistance R0. It is connected to a battery of emf E
and a resistance combination as shown. Obtain an expression for the potential difference per
unit length of the potentiometer wire. What is the maximum emf of a ‘test cell’ for which
one can get a balance point on this potentiometer wire?

37. In the circuit
shown, AB is a resistance wire of
uniform cross – section in which a potential gradient of 0.01V cm-1 exists.
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(a)If the galvanometer G shows zero deflection, what is the emf Ɛ2 of the cell used?
(b)If the internal resistance of the driver cell increases on some account, how will it affect the
balance point in the experiment?
38. State Kirchhoff’s rules. Apply these rules to the loops PRSP and PRQP to write the
expressions for the currents I1,I2 and I3 in the circuit.

39. Use Kirchhoff’s rules to write the expressions for the currents I1,I2, and I3in the circuit

BS

E.
C

OM

diagram
40. In the circuit, assuming point A to be at zero potential, use Kirchhoff’s rules to determine
the potential at point B.
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41. Using Kirchhoff’s laws, calculate the value of the electric currents, I1, I2 and I3 in the
given figure.
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42. Two cells of e.m.f. 1.5 V and 2V and internal resistance 1 ohm and 2 ohm respectively are
connected in parallel to pass a current in the same direction of and external resistance of 5 ohm.
(a) Draw circuit diagram.
(b) Using Kirchhoff’s laws, calculate the current through each branch of current and potential
difference across 5 ohm resistor
43. For the circuits shown here, calculate the potential difference between points B and D.

. 44. In the given circuit, assuming point A to be at zero potential, use Kirchhoff’s rules to
determine the potential at point B.

OM

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

E.
C

46.A potential difference V is applied across the ends of copper wire of length l and
diameter D. What is the effect on drift velocity if
(i) V is doubled (ii) l is doubled (iii) D is doubled.
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47. Estimate the average drift velocity of conduction electron in copper wire of cross
sexctional area 1.0 X 10-7m2 carrying the current of 1.5 A. assume the density of
conduction of electron 9 X 10 28m-3.
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48. a silver wire has a resistance 2.1 ohm at 27.50C and a resistance of 2.7 ohm at
1000C. Determine the temperature coefficient of resistance of silver.
49. Six lead acid type of secondary cells each of emf 2.0 V and internal resistance 0.015
ohm are lying in series to provide a supply to a resistance 8.5 ohm. What are the current
drawn from the supply and its terminal voltage?
50. the following graph shows the variation of terminal potential difference V ,across
the combination of three cells in series to resistor vs current I :

osbincbse.com
Calculate (i) emf of each cell. (ii) for what current I ,will the power dissipation of the
circuit be maximum.

51. A cell of emf E and internal resistance is connected across a variable resistor R Plot
graphs to show variation of
( i) E with R
( ii) terminal potential difference V with R
52. A cylindrical metallic wire is stretched to increase its length by 10 % .Calculate %
increase in its resistance.
53.Two heating coils one of fine wire and other of thick wire, made of same material
and of same length are connected one by one to a source of electricity . Which coil will
produce Heat at greater rate.

E = I(R +r) ,E = 25 x 10-3 (400 + r) and

E = 60 x 10-3 (100 + r)

E.
C

1.

OM

Hints and Answers

So 25 x 10-3 (400 + r) = 60 x 10-3 (100 + r) so r = 114.3 Ω

IN
C

BS

E =12.86 V

2. Resistance of 100 W bulb is greater and ratio 10: 1.
3. E = 1.5 V

2𝐼

4 .Ans : 3

5. Amnswer : 30 A

OS
B

E = I r so 1.5 V = 2.5 A r and r = 0.6 Ω
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6. Here, Resistance, R = 50 Ω.
Current, I =4.2 A
Voltage, V =?
From Ohm’s law,
V = IR
= 4.2 × 50
= 210V
7. ans: (I ) 1ohm and 2 ohm are parallel with 3 ohm in series
(ii) 2 ohm and 3ohm are in parallel with 1 ohm in series.
8. answer:300 K.
9. Ans: 2.2 mA
10. answer; 2.25 V.
11. Ans:1. (a) pd = E – I r = 9 – (50 x 10-3 x 12) = 8.4 V
(b)
12.Ans: (a)

Max current = E/r = 9 / 12 = 0.75 A
1.5 V, 0.05 Ω

(b)

9 V, 1.8 Ω

(c)

3V, 0.2 Ω

OM

13. Ans: 3.1x104 Ω

E.
C

14.Ans: 2.5x10-5 cm/sec

BS

15. Ans: 15Ω
16. (Ans X = 3Ω)
17. Ans : Slope = V/I = R , Since (Slope) T1> (Slope) T2

19. (Ans 30 ohm)
𝑅1

20. (Ans𝑅2.=3/2)
21. Towards B, Towards A

OS
B

18. (Ans : 7.5 x10-4 m/s )

IN
C

 R(T1) > R(T2 )
 T1>T2 (because R α T for metals)
 T2 is higher )
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22.
23. ( Ans : X = 6 Ω , I = 1A )
24. : Slope = V/L = k , kA>kB
Low pot. gradient means more sensitivity. ∴ we use potentiometer B )
𝑙1

25 . ( Ans r = ( 𝑙2 -1) R , r = 1.7 Ω)
26 . From graph when R-infinity then V = ε

𝑛𝑒

𝑛𝑒𝑣

𝑒𝑣

27 .I= 𝑡 = 2𝜋𝑟 wherw n=1 ,Then, I= 2𝜋𝑟 ,Given, v =

𝑒2
𝑛

𝑛2

𝑚𝑒 5

and r = 𝑚𝑒 2 , Therefore I = 2𝜋𝑛3

28 . The Emf of a cell equals the p.d. between its terminals when it is in an open circuit i.e. not
supplying any current. A voltmeter measures p.d. (and not e. m. f.) as it draws a (small) current
for its working. The potentiometer draws no (net) current (form the cell) at the balance point. So
the cell can be treated as if it were in an open circuit

𝑚𝐼

OM

𝐼

30 .

A

Vd
𝐸

𝐼𝑙

𝑃

𝑚𝑉

=𝑛𝑒𝑎𝑉 here V=p. , µ =
B

(putting the values)

Resistance of minior arc =R1 ,l1= rθ
Resistance of major arc =R2, l2 =(2π –θ)
𝑅𝑟θ
𝑅𝑟(2π−θ)
1
1
1
We know that R α l, R1 =2πr and R2 = 2πr , 𝑅 =𝑅 +𝑅

IN
C

θ

𝑙

BS

Relation- µ =

E.
C

29 . P= m Vd , Vd = I= neAVd = mx𝑛𝑒𝐴,P=𝑛𝑒𝐴

OS
B

Putting the values

1

𝑅𝐴𝐵

4π2

= 𝑅θ(2π−θ)

31. Hint.
Net equivalent emf of the combination = n x E (E = emf of one cell)
Current drawn by R

𝐴𝐵

1

2
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Solving n = 6 and m= 2.

32. Resistivity will not change
Let original length is l1 ,area is A1 and Resistance is R1
When wire is increased in length 10% then length is l2 ,area is A2 and Resistance is R2
l
11𝑙
l2 = l1+101 = 101 after increased the length the volume will same of the wire
so, A1l1 = A2l2

10𝐴1

A2 =

11

𝜌𝑙

R1 = 𝐴 1 and R2 =
1

After putting the values of l2 and A2
121
R2 = 100 R1
So, resistance is increased by 21%

𝜌𝑙2
𝐴2

33.

34 .

Ans. Current through the potentiometer wireI = 2/ (R+10), 40 x (10/100) x I = 10/1000,

35 .

Ans. (i) balancing length increase

R = 790 Ω

(ii) no effect (iii) balance point can’t be obtained.

Ans. Total resistance = R0 + RS/ (R+S) ,Current I = E/ [R0 + RS/ (R+S)]
Resistance per unit length of potentiometer wire = R0/ L
Potential difference per unit length of the potentiometer wire = I x R0/ L
= E R0/ L [R0 + RS/ (R+S)]
Maximum emf of a ‘test cell’ for which one can get a balance point on this
potentiometer wire = I x R0 = E R0/ [R0 + RS/ (R+S)]
37. Ans. (a) Ɛ2 = 180 x 0.01 = 1.8 V
(b) current decreases, hence balancing length increases.

OS
B

38. Hint
By Kirchhoff’s junction rule, I3=I1+I2
From loop PRSP, 20I3+ 200I2= 5 ….(1)
From loop PRQP, 20I3+ 60I1=4…(2)
I1=39/860A, I2=4215A, I3=11/172A.

IN
C

BS

E.
C

OM

36 .

39.Hint By Kirchhoff’s junction rule I3=I1+I2………(1)
From upper Loop, 3I2-4I1=1……..(2) 2I2+2I3=3…..(3)
I1=2/13A, I2=7.13A I3=9/13A

osbincbse.com
40.Hint From the loop BDCR11B, we get 2x2+3R1=4
Vb=Vc=2-Va=2-0=2V

Page 57
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41.Hint: Applying Kirchhoff’s law I2=I1+I OR 6 = 5I1 + 2I3…(i) 12 = 7I3 + 2I1
Solving I3 = 48/31 A and I1 = 18/31 A ,I2 = 66/31 A.
42.Hint: (a)

(b) Loop 1 , -2 + 1.5 = I1 – 2I2 ,-0.5 = I1 – 2I2 ,In loop 2, 2= 5I1 + 7I2 Now, I1 = 1/34 A
25
I2 = 9/34 A I= I1 + I2 = 10/34 A Potential Difference across 5 ohm resistor
V.
17
43. Hint: Applying K.L. to loop 1, 1 = 5I1 – 2I2
5
6
Applying K.L. to loop 2, 2 = 6I2 – 2I1 ,I1 = A ,I2 = A
6
13

Potential Difference across BD = 2 (

−

13
5
)=
13

44.Hint: Potential along the path ACDB

13

0.154 V.

= 3 +[2 x (4-1)] - 6 = 3 V

45. Hint : ans ! : 2
46. (i) drift velocity doubled (ii) drift velocity halved

(iii ) unchanged.

OM

47. ans : 1 mm/sec.

E.
C

48. ans: 0.0039 /0C
49. ans: I = 1.4 A and V = 11.9 V

OS
B

51. (i)

IN
C

BS

50. ans: emf of each cell = 2V. (ii) for maximum power dissipation current in the circuit = 1.0 A.
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(ii )

OS
B

IN
C

BS

E.
C

OM

52. answer. 21 %
53. answer thick wire As Q α 1/R
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Numerical (3 Marks)
Using Kirchhoff’s laws find the current through each battery in the following network.

2

Determine current in each branch of the network given below.

3

The Wheatstone bridge circuit have the resistance in various arms as shown in the fig.
calculate the current through the galvanometer.

4

Find the equivalent resistance of the network shown below between the points A and B.

OS
B

IN
C

BS

E.
C

OM

1
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5

Using Kirchhoff’s rules find the values of currents I1, I2 and I3.

In the given circuit, E, F, G and H are cells of emf 2V, 1V, 3V and 1V and their internal
resistances are 2Ω, 1Ω, 3Ω and 1Ω respectively. Calculate the potential difference
between B and D.

OS
B

7

IN
C

BS

E.
C

OM

6
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8

E.
C

OM

In the given circuit, assuming point A to be at zero potential, use Kirchhoff’s rules to
determine the potential at point B.

IN
C

BS

10. Find the potential difference across R3 in the given circuit.

OS
B

9
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11

12

E.
C

OM

13

OS
B

IN
C

BS

14. In the circuit diagram, find the potential difference across the plates of capacitor C.

15. In the given circuit, if the potentials at points A, B and C are V1, V2 and V3
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respectively calculate the potential at point O.

E.
C

OM

16. A Wheatstone bridge is almost balanced with point C grounded. Calculate (a) the
potential of point B and D (b) For what value of the resistance BC, would the bridge be
in balanced state?

OS
B

IN
C

BS

17. Determine the current in each branch of the network shown in fig.

1. 18. ( a) In a metre bridge , the balance point is found to be at 39.5 cm from the end A,
2.
when the resistor Y is of 12.5 Ω. Determine the resistance of X. Why are the
3.
connections between resistors in a Wheatstone or meter bridge made of thick
4.
copper strips?

osbincbse.com
(b) Determine the balance point of the bridge above if X and Y are interchanged.
(c) What happens if the galvanometer and cell are interchanged at the balance point of
the bridge? Would the galvanometer show any current?
5. 19. In a meter bridge, the null point is found at a distance of 60 cm from A. If now a
resistance of 5 Ω is connected in series with S, the null point occurs at 50 cm. Determine
6. the values of R and S.
7.

8.

OM

9.
10. 20. In a meter bridge, the null point is found at a distance of 40 cm from A. If a
resistance of 12Ω is connected in parallel with S, the null point occurs at 50 cm from
A.Determine the values of R and S.

E.
C

11.

OS
B

IN
C

BS

21. A resistance of R=2Ω is connected to one of the gaps in a meter bridge, which uses
a wire of length 1m.An unknown resistance X>2Ω is connected in the other gap. The
balance point is noticed at ‘l’ from the positive end of the battery. On interchanging R
and X, it is found that the balance point further shifts by 20 cm. Neglecting the end
correction, calculate the value of unknown resistance X used.
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22. When the two unknown resistance X and Y are inserted, the null point D is
obtained at 40 cm from the end A. When a resistance of 10Ω is connected in
series with X, the null point shifts by 10cm.Find the values of resistance X and
Y.

23. Each of the resistance in the network shown in the figure equals R. Find the
resistance between two terminals A and C.

OS
B

IN
C

BS

E.
C

OM

24. i) Calculate the total resistance of the given electrical network between the
points A and B.
Ii) Also calculate the current through CD and ACB, if a 20V d.c. source is
connected between A and B, and the value of R is assumed as 2Ω

25. Six equal resistors, each of value are joined together as shown in the figure.
Calculate the total resistance across AB. If a supply of emf E is connected across
AB, compute the current through the arms DE and AB.
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26. In the following circuit, a metre bridge is shown in its balanced state. The metre
bridge has a resistance of 1Ω/cm. Calculate the value of the unknown resistance
X and the current drawn from the battery of negligible internal resistance.

E.
C

OM

27. In a metre bridge, the null point is found at a distance of 33.7 cm from A. If now
a resistance of 12 Ω is connected in parallel with S, the null point occurs at 51.9
cm. Determine the values of R and S.

OS
B

IN
C

BS

28. When two unknown resistances, R and S are connected in the left and right gaps
of a metre bridge, the balance point in found at a distance l1 from the ‘zero end’
of the metre bridge wire. An unknown resistance X is now connected in parallel
to the resistance S and the balance point is now found at a distance l2 from the
zero end of the metre bridge. Obtain a formula for X in terms of l1, l2 and S.

osbincbse.com
29. Find out the magnitude of resistance X in circuit, when no current flows through
the 5Ω resistor.

30. Calculate the current drawn from the battery by the network of resistors.

31. How will you use a metre bridge to measure an unknown resistance? Draw
necessary circuit diagram. Explain the principle of the experiment. Give the
formula used.

IN
C

BS

E.
C

OM

32. Find the value of resistor X and the current drawn by the circuit if no current
flows through the galvanometer.

OS
B

33. Explain the principle of Wheatstone bridge for determining an unknown
resistance. How is it realized in actual practice in the laboratory.
34. The given figure shows the experimental set up a meter bridge. The null point is
found to be 60 cm away from end A with X and Yin positions as shown. When a
resistance of 15 ohm is connected in series with “Y” the null point is found to
shift by 10 cm towards the end A of the wire. Find the position of null point if a
resistance of 30 ohm were connected in parallel with ‘Y’.
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35. A resistance R = 4 ohm is connected to one of the gaps in a meter bridge, which
uses a wire of length 1m. An unknown resistance X > 4 ohm is connected in other gap.
The balance point is noticed at ‘l’ from the positive end of the battery. On interchanging
R and X, it is found that the balance point further shifts by 20 cm.

E.
C

OM

36. Two parallel resistance 4 ohm and 8 ohm are connected with a known resistance
of 6 ohm as shown in figure. Where is the balance point on the wire of the meter
bridge?

BS

36 .What are the advantages of the null-point method in a Wheatstone bridge? What
additional measurements would be required to calculate Runknown by any other method?

OS
B

IN
C

37. Plot a graph showing the variation of resistance of a conducting wire as a
function of its radius,
keeping the length of the wire and its temperature as constant.
38. Two materials Si and Cu, are cooled from 300 K to 60 K. What will be the effect on
their resistivity?
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39. (a) State the Principle of working of a
potentiometer.
(b) Figure shows the circuit diagram of a
potentiometer
for determining the emf ‘e’ of a cell of
negligible
internal resistance.
(i) What is the purpose of using high
resistance R2 ?
(ii) How does the position of balance point
(J) change
when the resistance R1 is decreased?
(iii) Why cannot the balance point be
obtained (1)
when the emf e is greater than 2 V, and (2) when
the key (K)i s closed?

IN
C

BS

E.
C

OM

40. Figure shows a long potentiometer wire AB having a constant potential gradient.
The null
points for the two primary cells of emfs E1 and E2 connected in the manner shown are
obtained at a distance of l1 = 120 cm and l2 = 300 cm from the end A. Determine (i)
E1/E2
and (ii) position of null point for the cell E1 only

1

OS
B

Answers /hints
Applying Kirchhoff’s second law to the closed circuit ARBE1A
(I1 + I2) x 12+ I1 x 0.5 – 6 = 0 …………… (i)
Applying Kirchhoff’s second law to the closed circuit ARBE1A
(I1 + I2) x 12 + I2 x 1 – 10 = 0 …………… (ii)
On solving Eq. (i) and Eq.(ii) we get
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I1 = -2.27 A and I2 = 2.86 A
Negative sign shows that I1 actually flows in a direction opposite to what is shown in fig.
2

Applying Kirchhoff’s second law to the closed circuit ABCA
(I1 – I3) x 4+ (I1+ I2 – I3) x 2+ I1 x 1– 10 = 0 …………… (i)
Applying Kirchhoff’s second law to the closed circuit ADCA
I3 x 4+ (I3 – I2)x 2 + I1 x 1 – 10 = 0 …………… (ii)
In the closed circuit ABEDA
(I1 – I3) x 4+ 5 – I3x 4 = 0 …………… (iii)

3

Applying Kirchhoff’s second law to the closed circuit ABDA
100I1 + 15Ig-60I2 = 0 …………… (i)
Applying Kirchhoff’s second law to the closed circuit BCDB
10(I1 – Ig) - 5(I2+ Ig)- 15 Ig = 0 …………… (ii)
In the closed loop ADCEA
60I2 + 5(I2+ Ig) - 10 = 0 …………… (iii)
On solving (i) , (ii) and (iii), we get
Ig = 4.87 A

4

Applying Kirchhoff’s second law to the closed circuit BEADB
-E + 5I2 + 5I2 = 0 …………… (i)
E = (I1 + I2 + I3)R
Applying Kirchhoff’s second law to the closed circuit ACDA
10I1+ 2.5(I1– I3) - 5 I2 = 0 …………… (ii)
In the closed loop CBDC,
5I3- 5I2–2.5(I1 – I3) - 10 = 0 …………… (iii)

IN
C

BS

For loop ABCFAE1 + I1 r1 – I2 r2 – E2 = 0
For the loop FCDEF
E2 + I2 r2 – I3 r3 – E3 = 0
At C, I3 = I1 + I2
Solving these equations we have I1 = 2/13 A, I2 = 7/13 A I3 = 9/13 A

OS
B

5

E.
C

On solving (i) , (ii) and (iii), we get R = 4.1Ω

OM

On solving (i) , (ii) and (iii), we get
I1 = 2.5 A, I2 = 1.875 A = I3
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6

7

In the closed circuit DCBD,
2I + I1 = 1
In the closed circuit DBAD,
3I – 5I1 = 1
SO, I1 = 1/13 A

IN
C

BS

E.
C

Current in arm DC = 3-1 = 2A
Vc = 2 V
VD - Vc= 4V, VD= 6 V
VD - VB= 4 V
VB = 2V

OS
B

9

OM

8
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10

: I1 =E1 R2 +E1 R3 –E2 R3 / R1 R2 + R2 R3+ R1 R2
I2 =E2 R1 +E2 R3 –E1 R3 / R1 R2 + R2 R3+ R1 R2
Potential across R3= ( I1 + I2 ) R3
11 Hint:-

OS
B
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C

BS

E.
C

OM

12 R = 3 ohm , VAD = 3 V
13

14 When steady state reached, there is no current through arm AB.
p.d. across the plates of the capacitor = p.d. between B and D
-2.5 + 1.0 + 20 I + 10 I = 0

osbincbse.com
I = 1/20 A
VB – VA = 1.5 V
VD – VA = 1.5 V
VB – VD = 0
15 At point O,
I1 + I2 + I3 = 0
IF V0, V1, V2 and V3 be the potential at O,A, B and C respectively thenV0 – V1 = I1R1
V0 – V2 = I2R2
V0 – V3 = I3R3
On solving these equations, we have,
V0 = (V1/R1 + V2/R2 + V3/R3)(1/R1 + 1/R2 + 1/R3)-1

OM

16 (a) Current through arm ABCI = 48/(10+20) = 1.6A
VB – VC = 1.6 x 20 = 32V
As VC = 0, VB = 32V
Current through arm ADCI’= 48/(5+11) = 3A
VD – VC = 3 x 11= 33V
VD = 33V
(b) The bridge will be balanced when
10/R = 5/11
R = 22 Ω

In branch BD =

18. Ans: (a)

In branch CD =

OS
B

In branch BC =

IN
C

BS

E.
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17

Total current =

Condition for the balance is given as,

In branch AD=
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Therefore, the resistance of resistor X is 8.2 Ω.
If X and Y are interchanged, then l1 and 100−l1 get interchanged.
The balance point of the bridge will be 100−l1 from A.
100−l1 = 100 − 39.5 = 60.5 cm
Therefore, the balance point is 60.5 cm from A.
(c )
When the galvanometer and cell are interchanged at the balance point of the bridge, the
galvanometer will show no deflection. Hence, no current would flow through the galvanometer.
(b)

19. Hint In first case R/S=60/40
In second case, R/S+5=50/50

Ans: S = 10 ohm and R = 15 ohm

20. Hint In first case, R/S=40/60
In second cas R/12S/S+12=50/50, Ans : S = 6 ohm and R = 4 ohm
21. Hint Use R/X=l/100-l and in second case X/R = (l + 20)/ (80- l)
l = 40cm and X = 3 ohm.
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BS

E.
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23. Given circuit represent balanced Wheatstone bridge.
When bridge is balanced R/R=R/R
Resistance in ADC=R+R=2RΩ
Resistance in ABC=R+R=2RΩ
Total resistance= (2Rx2R)/ (2Rx2R) =RΩ]
24. Hint: i) It is a balanced Wheatstone bridge.
Resistance in ACB=4Ω
Resistance in ADB=4 Ω
Total resistance=2 Ω
ii) Total current=5A
Current through ACB=2.5A
25. [Hint:1/R’=2/R
R’=R/2
Current in AB=2E/r
Current in DE=0]

OM

22. X =20 ohm and Y = 30 ohm

27. [Hint: : =
S=13.1 Ω

,

OS
B

26. [Hint: P=40 Ω ,Q=60 Ω, R=X,S=6 Ω
X=4 Resistance in AB=100 Ω, Total R=100/11 Ω, E=6V , I=0.66]
=

,R=6.64 Ω]

,

=

Page 75

osbincbse.com
28. [Hint:

=

1+ =

,

=
,

,

=

)

X=

29.Hint
As no current flows through the middle 5Ω resistor, the circuit represents a balanced Wheatstone
bridge.
X/18=2/6
and X = 6 ohm.
30. Hint
The given circuit is Wheatstone bridge. The resistance of 5Ω in arm BD is ineffective
P/Q = R/S As ½=2/4
and R = 2 ohm and I = V/R = 2 A.

31 Hint: It is a practical and refined form of Wheatstone bridge.
Let X be the unknown resistance to be measured. In the balanced condition from the principle of
Wheatstone bridge, we get
X=
R.

BS

=

Hint
or X = 6.

IN
C

32.

E.
C

OM

Diagram-

OS
B

Total resistance =
=
;
33
hint
Circuit current = I A. Applying K.L. to loop ADBA,
I1R - IgG – I2P = 0
Applying K.L. to closed loop BDCB,
IgG + (I1 + Ig)S – (I2 – Ig)Q = 0
For balanced condition, Ig = 0
=
Meter Bridge is a popular version of Wheatstone Bridge.
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34 . Hint:

Page 76
=

i.e., = ,

X = x 30 = 45 ohm. ,

Y – Y = 15 i.e., Y = 30 ohm
=

i.e. the null point will be distant 75 cm from A.
35 . Hint: Case 1. =
,i.e. -2l – lx + 200 = 0
Case 2. =
X=
=

+

,

= 3 ohm.
=

=

,Here

i.e. -2l-lx+80X-40 = 0
R = 6 ohm

, 1800 – 18l = 8l ,

26l = 1800 , l = 69.2 cm

36 . Hint: Resistance of galvanometer does not affect the balance point there is no need to
find current in resistances and galvanometer. Runknown can be calculated using Kirchhoff’s
laws. This requires additional measurement of currents in all resistances and internal
resistance of the galvanometer.
37.
Resistance of a conductor of length l, and radius r is given by

OM

38.In silicon, the resistivity increases
In copper, the resistivity decreases.
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39. (a) Principle of Potentiometer:
Potentiometer works on the fact that the fall of potential across any portion of the wire is
directly proportional to the length of that portion provided the wire is of uniform area of
cross-section and a constant current is flowing through it.

Suppose A and r are resepectively the area of cross-section and specific resistance of the
material of the wire. Let V be the potential difference across the portion of the wire of
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length l whose resistance is R. If I is the current flowing through the wire, then from Ohm’s
law;

or V µI (if I and A are consnt)
i.e., potential difference across any portion of potentiometer wire is directly proportional to
length of the wire of that portion.

i.e., the fall of potential per unit length of wire.
(b) (i) The purpose of high resistance R2 is to reduce the current through the
galvanometer. When jockey is far from balance point, this saves the galvanometer and
the cell (of emf e) from being damaged.
(ii) When resistance R1 is decreased, the potential gradient of potentiometer wire
increases, so balance point (J) shifts to longer length of wire.
(iii) (1) The balance point is not obtained because maximum emf across potentiometer
wire is 2 V.
(2) When key (K) is closed, the terminal potential difference of cell is zero; so
balance point cannot be between Aand B. (Since V = kl Þl = 0 for V = 0)
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VALUE BASED QUESTIONS (4marks questions)

.
1. While performing an experiment on determination of unknown resistance using a metre
bridge, Rahul obtained deflection in the galvanometer in the same direction even after
repeated adjustments in the circuit and thus could not get any results. In order to avoid
getting noticed and scoldedby the teacher, he pretended having performed the experiment
and copied the readings by another student.
Answer the following questions based on the above information :
(a) Write the possible reasons for getting the deflection in the galvanometer in the same
direction.
(Ans : Connections may be wrong or loose)
(b) Which two values is Rahul violating in copying the readings from another student ?
(Ans : honesty , loyalty etc)
(c) What is your opinion should have Rahul done in the given circumstances
(Ans : Rahul must consult his teacher about the problem he faced )
2. Prof Kumar conducts an interview to select a physics teacher and asks the following two
questions from every candidate :
(a) Why should a potentiometer be preferred over a voltmeter for measurement of emf of
a cell?
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(b) Why should a ten wire potentiometer be preferred over a four wire potentiometer?
There was a strong recommendation for candidate X who could not answer many
questions including the above two. However, another candidate Y did not have any
recommendations but replied most of the questions correctly. Prof Kumar recommended
the selection of candidate Y ignoring completely the recommendation for the other
candidate. Answer the following questions on the basis of given information:
(i)
Write in your own words , the answer to the above two questions asked by Prof
Kumar.
(a) Ans : because potentiometer is based on null point method)
(b) Ans : because ten wire potentiometer is more sensitive)
(ii) Which values are displayed by Prof Kumar in the selection of teacher?
(Ans : Loyal to his profession, honesty )
(ii)
Suggest one activity to promote any one of the values displayed by Prof Kumar.
(Ans Role play, Poster making, Painting competition)
3. During an experiment on determination of internal resistance of a primary cell using a
potentiometer, Sohan obtained null point beyond the length of potentiometer wire, even
after repeated adjustments in the circuit and thus could not get any results. He then went
to his teacher and carefully understood the reason and then completed the experiment.
Answer the following questions based on the above information :
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(a) Write the possible reasons for getting balance point beyond the length of
potentiometer wire
(Ans : The emf of driving cell may be less than emfs to be measured )
(b) Write two values displayed by Sohan
(Ans :Sincerety, scientific attitude etc.)
(c) What may be the possible corrections by the teacher.
(Ans : The teacher may advice him to use a driving cell whose emf is more than
experimental emfs)
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4. Two Brothers Schin and Arjun , purchased an electric iron. Sachininsisted on using the
new iron with a two pin plug which was available in the house. Arjun advised him to use
it with a 3-pin plug only. Sachin got angry. But Arjun calmed down Sachin and patiently
explained him the importance of using 3-pin plug.
Answer the following questions on the basis of given information :
(a) Write one values each , being displayed by the Arjun and Sachin .
(Ans :Arjun–Knowledge of electrical appliances use while Sachin is enthusiastic
and flexible
(b) Why we should use 3-pin plug instead of 2-pin plug ?
(Ans : For safety purpose)
(c) Why a high tension source (HT) supply of 6kV must have a very large resistance.
(Ans : A high tension supply has large r ,otherwise circuit get shorted and
exceeds the safety limit)
5. Mrs. Sharma parked her car and forgot to switch off the car headlights. When she
returned, she could not start the car Rohit a passerby, came to her for help. After knowing
about the problem, he went to nearby garage and call mechanic Ramu. Ramu noticed that
the car battery has been dis charged as headlight were left on for a long time. He brought
another battery from his garage and connected its terminals to the terminals of the car
battery. He succeeded in starting the engine and then disconnected his battery. This is
called ‘jump starting’, Mrs. Sharma felt happy and thanked both rohit and ramu. answer
the following questions based on the above information:
(a) What values were displayed by rohit?
(Ans : Helpful, aware of his limits, Ability to take quick decision)
(b) A storage battery of emf 12V and internal resistance 0.5ohm Is to be charged by a
battery charger which supplies 110V dc. How much resistance must be connected in
series with the battery to limit the charging current to 5A.what will be the p.d. across
the terminals of the battery during charging? What is the purpose of having a series
resistor in the charging circuit?
( Ans : R = 19.1 ohm , V= 14.5 V, to protect from high charging current)
6. Naveen had to take his ailing friend to hospital for treatment .he started his bike but it did
not start . he checked the battery ,replaced it with another battery of dyr cells giving
output 6 volt but could not start his bike . Naveen’s friend,Anoop suggested him to take
his bike’s storage battery to Naveen so that he is able to reach the hospital in time .
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a. what is your opinion are the human values displayed by Anoop?
b. if each dry cell is of 1.5v and internal resistance 0.3ῼ, find the current delivered by the
pack of dry cell to 200ῼ spark plug.
c. why did Anoop suggest Naveen to replace the dry cell pack with storage battery?
d. find the terminal potential difference of the dry cell. How is it different from emf of the
cell?
Answer: (a) Anoop is very helpful and courteous
(b) I = E/R+r = 6/0.200+1.2 =6/1.400
(c) Anoop knew that the dry cell cannot deliver large starting current required by the bike
=6-4.2x1.2

=6-5.4=0.6v
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V=E- Ir

OS
B

(d) E = V+Ir

Page 82

osbincbse.com
UNIT III
MAGNETIC EFFECTS OF CURRENT & MAGNETISM
(KEY POINTS)

Concept of Magnetic Field:
Magnetic field is the space around a magnet (or a current carrying conductor i.e. flow of electric
charge) where its effect can be observed or is felt by a magnetic substance.
BIOT SAVART LAW
dB  K

I d l sin 
r2

In S.I.

K=

0
4

o I dl sin 

4
r2
where

dB 

o  4  107 Wb A 1 m1 is absolute permeability of free space.
or

T A 1 m

Magnetic field due to current flowing in a straight conductor

B

o I
 sin 1  sin  2 
4 a


2
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Special Case. If the conductor is infinitely long, then 1   2 
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It gives the magnetic field due to a current carrying straight conductor of finite length.

B

o 2 I

4 a

o 2  I a 2 n
B

4 a 2  x 2 3 / 2
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Field at an Axial Point of a Solenoid:
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MAGNETIC FIELD DUE TO CURRENT FLOWING THROUGH A CIRCULAR COIL
for a coil of n turns

B   0 nI

Current loop and magnetic dipole

M=n I A
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Force on a Moving Charge in a Magnetic-Field (Magnetic Lorentz Force)

F  k B q  sin 
The value of the constant k is found to be in SI unit
Therefore,

F  B q  sin 

Force on a current carrying conductor placed in a magnetic field (Force on a current)
 
F  I   B





Magnitude of Force, F = B I  sin 
Where  is the angle between the direction of magnetic field and the direction of flow of current
(i) If  = 0o or 180o i.e. Sin  = 0, then
F= B I l (0) = 0
Thus, if the current carrying conductor is placed parallel to the direction of magnetic field, it
does not experience any force.
(ii) if  = 90o, then ,F=B I l sin 90o = B I l (maximum
In other words a current carrying conductor experiences maximum force in a magnetic field,
when placed perpendicular to the direction of magnetic field.
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Lorentz Force :It a charge q moves with velocity  inside magnetic field of strength B , the
charge experience force given by F  q  B 
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It is called magnetic Lorentz force on the charge moving inside the magnetic field .If the charge
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F  q E  q   B 



  


F  q E    B 
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q moves the velocity  inside electric field of strength E and B then total force on the charge q is
given

The force F given by (2) is called the Total Lorentz Force on the charge q.
Force between two infinitely long straight parallel current carrying conductors

Page 84

osbincbse.com
Force per unit length is

F12 o 2I1 I 2


4 r

the two conductors exert equal and opposite force on each other and therefore they attract one
another.
if the conductors carry currents in opposite directions the conductors repel each other.
Special Case: - If I1 = I2 = 1

r= 1 meter

F
 2 107 N


and

F  0 2I1I 2

 4 r

Definition of Ampere
One ampere is that current when flowing through each of the two parallel conductors of infinite
length and placed in free space at a distance of one metre each other, produces between them a
force of 2 x 10-7 Newton per metre of their lengths.
AMPERE’S CIRCUIT LAW :

 

 B.dl  o I

Torque on a current carrying coil placed in a magnetic field

 =n B I A cos 
Special Case: - The torque is maximum if cos = +1 i.e. when the loop is placed along the


OM

direction of magnetic field.   0 if   90o i.e. loop is  to B
Galvanometer: - It is instrument which is used to detect current inn circuit.
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Principle: - When current carrying coil is in magnetic field it experiences torque.

  n BA


V IR
kR
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Voltage Sensitivity,

 n BA

I
k

IN
C

Current Sensitivity =
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Sensitivity of Galvanometer. A galvanometer is said to be sensitive, if it gives a large deflection,
even when a small current is passed through it or a small voltage is applied across its coil.

Conversion of galvanometer to ammeter :
By connecting low resistance in parallel

S = Ig G/ (I-Ig)
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Conversion of galvanometer to voltmeter:
By connecting a high resistance in series

R =

V
-----Ig

- G

CYCLOTRON

Principle: - It is based on the principle that a positive ion can acquire sufficiently large energy
with a comparatively smaller alternating potential difference by making them to cross the same
electric field time and again by making use of a strong magnetic field.
Cyclotron Frequency
v
r

Cyclotron angular frequency,   
The cyclotron frequency,  

2 B q
qB

, therefore,  
m
T
m

1
Bq

T 2 m

.

Frequency of applied voltage is adjusted to be equal to cyclotron frequency.
i.e.

fa = fc

This condition is called Resonance Condition.

1
m v2
2
2

2

2

2
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As

1  q Br  1 q B r
qBr
Therefore, K  m

 
m
2  m 
2 m
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The energy gained by +ve ions, E 
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Maximum energy of the positive ions
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If V is potential difference applied between the dees and N is the number of times the positive
ion crosses gap between the dees, then Emax = N (V q)
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Magnetic dipole moment of a circular current loop
Magnetic dipole moment M with the circular current loop carrying a current I and of area
A. The magnitude of m is
|M| = I A
or
M= IA .
In case the current carrying circular coil has ‘n’ turns , then,.M= n I A

SI unit – (i) N-m/T (ii) A-m2 (iii) J/T

Dimension – [M0L2T0A-1]
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Magnetic dipole moment of Bar Magnet –
The magnitude of dipole moment is the product of the pole strength m and the separation 2l
between the poles.
Magnetic Dipole Moment is

M = m.2l

Key concept in solving questions on declination, dip and earth’s Magnetic field elements
The angle between the magnetic meridian and the geographic meridian is called the magnetic
declination of the place

(i) Magnetic Declination (θ) The smaller angle subtended between the magnetic meridian and
geographic meridian is called magnetic declination.
(ii) Magnetic Inclination or Magnetic Dip (δ): The smaller angle sub tended between the magnetic
axis and horizontal is called magnetic inclination on magnetic dip.
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(iii) Horizontal Component of Earth’s Magnetic Field (H):If B is the intensity of earth’s magnetic
field then horizontal component of earth’s magnetic field H = B cos δ
It acts from south to north direction.

BS

Vertical component of earth’s magnetic field

and tan δ = V / H
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∴ B = √H2+ V2
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V = B sin δ

Angle of dip is zero at magnetic equator and 90° at poles.
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MAGNETIC EFFECTS OF CURRENTS AND MAGNETISM
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V S A (1 Mark Questions)
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1. An electric current of 0.25 A flows in a loop of radius 0.2 cm. Calculate the magnitude of
the magnetic dipole moment of the dipole formed.
2. An electron which is a charged particle in motion has a magnetic moment. Why then does a
neutron which has no charge, have a magnetic moment ?
3. A given galvanometer is to be converted into (i) an ammeter (ii)a milliammeter (iii)a
voltmeter. In which case will the required resistance be (i)least (ii)highest
4. Why phosphor bronze alloy is is preferred for the suspension wire of moving coil
galvanometer?
5. A circular coil of ‘N’ turns and diameter ‘d’ carries a current ‘I’. It is unwound and rewound
to make another coil of diameter ‘2d’, current ‘I’ remaining the same. Calculate the ratio of
the magnetic moments of the new coil and the original coil.
6. Where on the surface of Earth is the angle of dip zero?
7. The vertical component of Earth's magnetic field at a place is 3 times the horizontal
component. What is the value of angle of dip at this place?
8. Where on the earth’s surface is the value of angle of dip maximum?
9. If the ratio of the horizontal component of earth’s magnetic field to the resultant magnetic
field at a place is 1/√2. What is the angle of dip at that palce?
10. If the horizontal and vertical components of earth ‘s magnetic field are equal at a place ,
find the angle of dip?
11. What will be the path of a charged particle moving in a uniform magnetic field at any
arbitrary acute angle?
12. An electron and a proton, moving parallel to each other in the same direction with equal
momenta, enter into a uniform magnetic field which is at right angles to their velocities.
Trace their trajectories in the magnetic field.
13. A charged particle moving in a uniform magnetic field penetrates a layer of lead and thereby
loses one half of its kinetic energy. How does the radius of curvature of its path change?
14. What should be the orientation of a magnetic dipole in a uniform magnetic field so that its
potential energy is maximum?
15. What will be the angle of dip at a place on the equator?
16. What types of force is acting between two parallel wires carrying current in the same
direction?
17. What is the function of the radial magnetic field in the moving coil galvanometer?
18. Two parallel wires carrying currents in the same direction attract each other, while the two
beams of electrons travelling in the same direction repel each other. Give reason.
19.Why does a solenoid contract when a current is passed through it?
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20. An electron moving with a velocity of 107 ms-1 enters a uniform magnetic field in the same
direction. What would be its trajectory in this field?

.

MAGNETIC EFFECTS OF CURRENTS AND MAGNETISM
ANSWERS TO V S A (1 Mark Questions)
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Ans 1. 3.14 X10-6 Am2
Ans 2.
We may consider neutron as particle containing equal amount of positive and
negative charges spinning in opposite directions.
Ans3. The required resistance has least value in case of an ammeter and maximum value in
case of voltmeter.
 n BA
Ans 4. Current sensitivity is more as it is given by 
I
k
Because k is small for phosphor
bronze.
Ans 5. Magnetic moment (m) = NIA , mB/mA= 2/1
Ans 6. Angle of dip is zero at equator of earth’s surface.
B
3BH
Ans 7. tan   V 
 3
BH
BH

  600
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Ans 8. At poles
Ans 9. 450
Ans 10. 450
Ans 11.
Helical
Ans 12.
Hint Use Fleming’s left hand Rule
Ans. 13.
r = mv/qB
and momentum p = ( 2mE)1/2
Ans 14. The potential energy of a magnetic dipole will be maximum when its dipole m is anti
parallel to the magnetic field B.
Umax= -mBcos180’=mB
Ans 15.angle of dip at the equator, =0.
Ans 16. Force of attraction.
Ans 17. It helps the arm of the couple and hence the torque on coil always the same in all
positions. The arrangement provides linear scale to the galvanometer
Ans 18. In case of parallel wires, only attractive magnetic interaction acts. In case of electron
beams, the electrostatic repulsion is stronger than the attractive magnetic interaction.
Ans19. The current in adjacent turns of the solenoid flows in the same direction. So different
turns attract one another and the solenoid contracts.
Ans20. The electron will continue to follow its straight line path because a parallel magnetic
field does not exert any force on the electron.

MAGNETIC EFFECT OF ELECTRIC CURRENT & MAGNETISM
NUMERICALS (2 MARKS)
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1. Two long and parallel straight wires A and B carrying currents of 8.0 A and 5.0 A in the same direction are
separated by a distance of 4.0 cm. Estimate the force on a 10 cm section of wire A.
2. A solenoid of length 50 cm having 100 turns carrying a current of 4.5 A find the magnetic field (i) in the
Interior of solenoid (ii) in the exterior of solenoid
3. Current carrying rod of length l is suspended perpendicular in magnetic field B with the help of two
conductors at its ends . find the mass of rod if current I is flowing in it & tension on conductor is zero
4. How will the magnetic field intensity at the centre of a circular coil carrying current change if the current
through the coil is doubled and the radius of the coil is halved.
5. What is the magnitude of magnetic force per unit length on a wire carrying a current of 8 A and making an
angle of 30º with the direction of a uniform magnetic field of 0.15 T?
6. A current of 5.0 A flows through each of two parallel long wires. The wires are 2.5 cm apart. Calculate the
force acting per unit length of each wire. What will be the nature of the force, if both currents flow in the
same direction?
7. An electron is moving at 106 m/s in a direction parallel to a current of 5 A , flowing through an infinitely long
straight wire , separated by perpendicular distance of 10 cm in air . Calculate the magnitude of the force
experienced by electron.
8. A square coil of side 10 cm consists of 20 turns and carries a current of 12 A. The coil is suspended vertically
and the normal to the plane of the coil makes an angle of 30º with the direction of a uniform horizontal
magnetic field of magnitude 0.80 T. What is the magnitude of torque experienced by the coil?
9. A long straight wire carries a current of 4 A .A proton P travels at 4 x 106 m/s, parallel to the wire, 0.2 from it
and in direction opposite to the current flowing through the wire. Calculate the force which the magnetic field
of current exerts on the proton.
10. A long straight wire carrying current of 25A rests on a table . Another wire PQ of length 1 m ,mass 2.5g
carries the same current but in the opposite direction . the wire PQ is free to slide up and down . To hat height
will PQ rise ?
11. Two identical magnetic dipoles of magnetic moment 1Am2 each are placed at a separation of 2 m with their
axes perpendicular to each other. What is the resultant magnetic field at a point mid-way between the dipoles?
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12. Magnets of magnetic moments M and M 3 are joined to form a cross. The combination is suspended in a
uniform magnetic field B. The magnetic moment M now makes an angle θ with the field direction. Find the
value of θ.
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13 .Calculate the torque acting on a magnet of length 20 cm and pole strength 2 x 10 -5Am, placed in the
Earth’s magnetic field of flux density 2 x 10 -5T, when (a) magnet is parallel to the field (b) magnet
is perpendicular to the field.
14. The horizontal component of earth’s magnetic field is 0.2 G and total magnetic field is 0.4 G.
Find the angle of Dip.
15. The vertical component of earth’s magnetic field at a place is √3 times the horizontal component.
What is the value of angle of dip at this place?
16. A magnetising field of 1600 A/m produces a magnetic flux of 2.4 x 10 -5Wb in a bar of iron of cross section
0.2 cm2. Calculate permeability and susceptibility of the bar.
17. The maximum value of permeability of a metal is 0.126 Tm/A. Find the maximum relative
permeability and susceptibility.

18. A compass needle of magnetic moment 60 Am2pointing geographical north at a place where the
horizontal component of earth’s magnetic field is 40 Wb/m2, experiences a torque of 1.2x10-3 Nm.
What is the declination of the place?
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19 . A magnet was found to vibrate at a place with a time period of T.A piece of brass of same length
,breadth and mass was placed over the magnet.What will be the new time period?
20. A straight wire of mass 200 g and length 1.5 m carries a current of 2 A. It is suspended in mid air by a uniform
horizontal magnetic field. What is the magnitude of the field?
21. Two identical charge particle moving with the same speed enter a region of uniform magnetic field. If one of
these enters normal to the field direction and the other enters along a direction at 300 with the field, what would be the
ratio of their angular frequencies.
22. A milliammeter whose resistance is 120  has full scale deflection with a current of 5mA. How will you use it to
measure maximum current of 100 A.
23. In the Bohr model of hydrogen atom, an electron revolves around the nucleus in a circular orbit of
radius 5.11 x 10-11 m at a frequency of 6.8 x 1015 Hz. What is the magnetic field at the centre of the
orbit?
24. A hollow cylindrical conductor of radii a and b carries a current I uniformly spread over its cross
section. Find the magnetic field B for points inside the body of the conductor at a distance r from the
axis.
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25. A straight horizontal conducting rod of length 0.6 m and mass 60 g is suspended by two vertical wires
at its ends. A current of 5 A is set up in the rod through its wires. What magnetic field should be set
up normal to the conductor in order that the tension in the wires is zero? What will be total tension in
the wires if the direction of current is reversed?
26 .The following figure shows the variation of intensity of magnetization versus the applied magnetic
field intensity for two magnetic materials A and B.
(i) Identify the materials.
(ii) For the material B, plot the variation of intensity of magnetization versus temperature.
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27. A magnetic dipole is under the influence of two magnetic fields. The angle between the field direction
is 60o and one of the field has a magnitude of 1.2 x 10-2 T. If the dipole comes to stable equilibrium
at an angle of 15o with this field, what is the magnitude of the other field?
28. A long straight solid metal wire of radius ‘R’ carries a current ‘I’, uniformly distributed over its
circular cross section. Find the magnetic field at a distance ‘r’ from the axis of the wire (a) inside and
(b) outside the wire
.
29 A solenoid is 1m long and 3 cm in mean diameter. It has 5 layers of windings of 800 turns each and
carries a current of 5 A. Find Magnetic Field Induction at the center of the solenoid.
30. Find the value of magnetic field inside a hollow straight current carrying conductor at a distance r
from axis of the loop.
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31. A rectangular loop of size 25 cm x 10 cm carrying a current of 15A is placed 2 cm away from a long,
straight conductor carrying a current of 25 A. What is the direction and magnitude of the net Force
acting on the loop?
32. A long straight conductor PQ , carrying a current of 60 A, is fixed horizontally. Another long
conductor XY is kept parallel to PQ at a distance of 4 mm, in air. Conductor XY is free to move and
carries a current ‘I’ .Calculate the magnitude and direction of current ‘I’ for which the magnetic
repulsion just balances the weight of the conductor XY.
33. A circular coil of 200 turns, radius 5 cm carries a current of 2.5 A. It is suspended vertically in a
uniform horizontal magnetic field of 0.25 T, with the plane of the coil making an angle of 600 with
the field lines. Calculate the magnitude of the torque that must be applied on it to prevent it from
turning.
34. A current is flowing in a circular coil of radius ‘r’ and magnetic field at its center is B0. At what
distance from the center on the axis of the coil, the magnetic field will be B0/8 ?
35. The strength of magnetic induction at the center of a current carrying circular coil is B1 and at a point
on its axis at a distance equal to its radius from the center is B2. Find B1/B2.
36. A proton, alpha particle and deuteron are moving in circular paths with same kinetic energies in the
same magnetic fields. Find the ratio of their radii and time periods.
37. An electron moving with Kinetic Energy 25 keV moves perpendicular to a uniform magnetic field of
0.2 mT. Calculate the time period of rotation of electron in the magnetic field.
38. A galvanometer coil has a resistance of 12  and the meter shows full scale deflection for a current of
3 mA.How will you convert the meter into a voltmeter of range 0 to 18 V
39. A straight wire carries a current of 3 A. Calculate the magnitude of the magnetic field at a point 10 cm
away from the wire.
40. At what distance from a long straight wire carrying a current of 12 A will the magnetic field be equal
to 3 x 10-5 Wb m-2.
41. What current must flow in an infinitely long straight wire to give a flux density of 3 x 10-5 T at 6 cm
form the wire?
42. What is the value of shunt resistance in order to pass 10% of the main current in the galvanometer of
resistance 99 .
43. A solenoid of length 0.5 m has a radius of 1 cm and is made up of 500 turns. It carries a current of 5
A. What is the magnitude of the magnetic field inside the solenoid?
44. A 0.5 m long solenoid has 500 turns and has a flux density of 2.52 x 10-3 T at its centre. Find the
current in the solenoid. Given µ0 = 4π x 10-7 Hm-1
45. The magnetic field at the centre of a 50 cm long solenoid is 4.0 x 10-2 T when a current of 8.0 A flows
through it. What is the number of turns in the solenoid? Take π= 3.14
46. Two circular coils having identical turns and radii in the ratio 1: 3 are joined in series. Find the ratio of the
magnetic fields at the center of the coils.
47. An electron is moving at 106 ms-1 in a direction parallel to a current of 5 A, flowing through an infinitely long
straight wire, separated by a perpendicular distance of 10 cm in air. Calculate the magnitude of force
experienced by the electron ?

48. A beam of ions with velocity 2 x 105 m s-1 enters normally into a uniform magnetic field of 0.04 T. If specific
charge on the ion is 5 x 107 C kg-1, find the radius of circular orbit.
49. A circular coil of wire consisting of 80 turns, each of radius 8.0 x 10-2 m, carries a current of 0.5 A.
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50. Electron and proton having equal momentum enter a uniform magnetic field normal to the lines of force. Find the
ratio of the radii of curvature of their circular paths.

MAGNETIC EFFECT OF ELECTRIC CURRENT &MAGNETISM
ANSWER KEY NUMERICALS(2 MARKS)
Sol 1: F= µ0I1I2l /2 π R=2 x 10 -5T
Sol 2 (i) B= µ0ni =6.28x10-4 T
(ii) B= (µ0ni)/2=3.14x10-4 T
Sol 3 IlB=Mg
Sol 4: B = μ0n x 2I / 2 x (R/2) = 4B
Sol 5 := F/l = I B sinθ = 0.6Nm-1
Sol 6 :- F = µ0i1i2 /2 π R= 2x10-4Nm-1. Force is attractive.
Sol 7 :- B= µ0I /2 π R= 10-5 T . F= qvB sinθ=1.6 x 10-18 N
Sol 8 :- τ=NBAISin0o=0.96Nm
Sol 9 : - B= µ0I /2 π R= 4x10-6T . F= qvB sinθ=2.56 x 10-18 N
Sol 10:- BIL = µ0 I2l/2πh=mg
Sol 11.: The magnetic fields of the two magnets at the midpoint P are
 2m 107  2 1
B1  0 3 
 2 107 T (in horizontal direction )
3
4 r
1
0 m 107 1
B2 

 107 T (in vertical direction )
3
3
4 r
1
BR  B1  B2  5 10 7 T
2

B2
10 7

 0.5
B1 2  10 7
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tan  

2
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  26.570
Sol. 12 The torque on a magnetic dipole
  M B sin 
In the equilibrium of the system, torques on both the magnets balance each other. Thus
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M B sin   3 M B sin (90 o   )

sin  



OS
B

IN
C

tan   3

  60 o
Sol 13: (a) Zero (b) 0.8 x 10 -10 Nm
Sol 14: 60. 250
Sol. 15 : 600
Sol 16: Permeability = 7.5 x 10-4T A -1m, Susceptibility =596.1
Sol 17 : 105 each.
Sol 18. For a declination , torque is
  mB sin 


1.2 10 3
1

60  40 10 6
2

mB
Therefore,
0
Or   30
Sol 19. T= 2Π √(I/M)
Sol 20. For mid-air suspension, weight of the wire must be balanced by the magnetic force. Hence B= 0.65 T
Sol 21. angular frequency is independent of angle of entrance with magnetic field

Ratio 1:1.

Sol.22. S =0.006  in parallel
Sol. 23
B

0 I



0 f e



4  10 7  6.8  1015  1.6  10 19
 13.4 T
2  5.11 10 11

2r
2r
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Sol 24 . Let us consider a cylindrical shell of radius r. Current enclosed by this shell
I'
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I (r 2  a 2 )
I
  (r 2  a 2 ) 
2
 (b  a )
(b 2  a 2 )
2

Using Ampere’s circuital law
B L  0 I '

B  2 r  0
B

I (r 2  a 2 )
(b 2  a 2 )

 0 I (r 2  a 2 )
2  r (b 2  a 2 )

Sol 25 For tension to be zero,
60  10 3  10
 0.2 T
5  0.6
When the direction of the current is reversed, total tension is
T  B I L  M g  0.4T
Sol 26. (i)
The slope of I-H curve give susceptibility of the magnetic material. As the slope of A is positive and
larger, it is ferromagnetic. The slope of B is positive and smaller, it is paramagnetic.
(ii) The I-T graph for paramagnetic material is shown below:


B

E.
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BI L  M g

BS

2
0
0
0
0
Sol 27. Here, B1  1.2 10 T , 1  15 ,  2  60  15  45
In equilibriu m
1   2
mB1 Sin1  mB2 Sin 2

B2 

1.2 10 2  0.2588
 4.4 10 3 T
0.7071
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B1 Sin1 1.2  10 2 sin 150

Sin 2
sin 450

OS
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Or,

B2 

Sol 28 ; (a) μ0μrIr/2πR2 (b) μ02I/ 4πr2
Sol 29: 2.5 x 10 -2 T, parallel to the axis of the solenoid.
Sol.30 B=0
Sol 31 : F =7.8175 x 10-4 N
Sol 32 : I = 32. 67 A, The current in XY must flow opposite to that in PQ, because only then the force will be
repulsive

Sol 34 : 0.49Nm2
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Sol
34 : x = √3r
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Sol 35 : 2 √2
Sol 36 : Rp: Rα : Rd =1:1:√2 2
Tp: Tα : Td =1:2:2
Sol 37: T = 1.79 x 10-7 S
Sol 38. R=5988 
Sol 39.
Sol. 40

Sol. 41

Sol. 42 S = Ig G/ (I-Ig) = 10× 99/ (100-10) =11 

OM

Sol. 43 Number of turns per unit length,
n= N/l = 500/0.5 m = 1000 turns/m
B= µ0nl

BS
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Sol 44.

Sol 46
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Sol 45:

Since the coils are connected in series,therefore, I is constant. N is also given to be constant.
B ∞ 1/r
B1/B2 = 3/1.
Sol 47 : Magnetic field due to long straight wire.
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Sol 48: 0.01 m
Sol. 49
= 3.14 x 10-4 T
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Sol 50 1:1

UNIT III
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MAGNETIC EFFECTS OF CURRENTS AND MAGNETISM
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NUMERICALS (3 MARKS)
1

A straight wire of mass 200 g and length 1.5 m carries a current of 2 A. It is suspended in midair by a uniform horizontal magnetic field B .What is the magnitude of the magnetic field ?

2
An element ∆ = ∆ l x ˆi is placed at the origin and carries a large current I = 10 A What is the
magnetic field on the y-axis at a distance of 0.5 m. ∆x = 1 cm?
3.
Consider a tightly wound 100 turns coil of radius 10 cm, carrying a current of 1 A. What is the
magnitude of the magnetic field at the centre of the coil?
4
A solenoid of length 0.5 m has a radius of 1 cm and is made up of 500 turns. It carries a current
of 5 A. What is the magnitude of the magnetic field inside the solenoid?
5
A circular coil of wire consisting of 100 turns, each of radius 8.0 cm carries a current of 0.40 A.
What is the magnitude of the magnetic field B at the centre of the coil?
6
A long straight wire carries a current of 35 A. What is the magnitude of the field B at a point 20
cm from the wire?
7
Electron and proton having equal momentum enter a uniform magnetic field normal to the lines
of force. Find the ratio of the radii of curvature of their circular paths.
8
A horizontal overhead power line carries a current of 90 A in east to west direction. What is the
magnitude and direction of the magnetic field due to the current 1.5 m below the line?
9
A 3.0 cm wire carrying a current of 10 A is placed inside a solenoid perpendicular to its axis.
The magnetic field inside the solenoid is given to be 0.27 T. What is the magnetic force on the wire?
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10
Two identical circular loops, P and Q , each of radius r and carrying currents I respectively are
lying in parallel planes such that they have a common axis. The direction of current in both the loops is
anticlockwise. Find the magnitude of the net magnetic field at point O?

OS
B

11
A circular coil of 200 turns and radius 10cm placed in a uniform magnetic field of 0.5 T , normal
to the plane of the coil. If the current in the coil is 3.0 A. Calculate the (a total torque on the
coil.(b)total force on the coil (c) average force on each electron of the coil , due to the magnetic field
.Assume the area of cross-section of the wire to be 10-5m2 and the free electron density is 1029/m3.
12
A galvanometer coil has a resistance of 15  and the meter shows full scale deflection for a
current of 4 mA .How will you convert the meter into an ammeter of range 0 to 6 A?
13
A square coil of side 10 cm consists of 20 turns and carries a current of 12 A. The coil is
suspended vertically and the normal to the plane of the coil makes an angle of 30º with the direction of a
uniform horizontal magnetic field of magnitude 0.80 T. What is the magnitude of torque experienced by
the coil?

A closely wound solenoid of 2000 turns and area of cross-section 1.6 × 10−4 m2, carrying a
current of 4.0 A, is suspended through its centre allowing it to turn in a horizontal plane.
(a) What is the magnetic moment associated with the solenoid?
Page 98
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(b) What is the force and torque on the solenoid if a uniform horizontal magnetic field of 7.5 × 10−2 T
is set up at an angle of 30º with the axis of the solenoid?
Number of turns on the solenoid, n = 2000
Area of cross-section of the solenoid, A = 1.6 × 10−4 m2
Current in the solenoid, I = 4 A
14

15
(a) A circular coil of 30 turns and radius 8.0 cm carrying a current of 6.0 A is suspended
vertically in a uniform horizontal magnetic field of magnitude 1.0 T. The field lines make an angle of
60º with the normal of the coil. Calculate the magnitude of the counter torque that must be applied to
prevent the coil from turning. (b) Would your answer change, if the circular coil in (a) were replaced by
a planar coil of some irregular shape that encloses the same area? (All other particulars are also
unaltered.)

16
A toroid has a core (non-ferromagnetic) of inner radius 25 cm and outer radius 26 cm, around
which 3500 turns of a wire are wound. If the current in the wire is 11 A, what is the magnetic field (a)
outside the toroid, (b) inside the core of the toroid, and (c) in the empty space surrounded by the toroid

IN
C

BS

E.
C

OM

17 Two small identical circular loops, marked (1) and (2), carrying equal currents, are placed with the
geometrical axes perpendicular to each other as shown in figure. Find the magnitude and direction of the
net magnetic field produced at the point O.

OS
B

18
A square coil of side 10 cm consists of 20 turns and carries a current of 12 A. The coil is
suspended vertically and the normal to the plane of the coil makes an angle of 30º with the direction of a
uniform horizontal magnetic field of magnitude 0.80 T. What is the magnitude of torque experienced by
the coil?
19
The horizontal component of the earth’s magnetic field at a certain place is 3.0 ×10–5 T
and the direction of the field is from the geographic south to the geographic north. A very long straight
conductor is carrying a steady current of 1A. What is the force per unit length on it when it is placed on
a horizontal table and the direction of the current is (a) east to west; (b) south to north?
20
A rectangular loop of size 4cm x 10 cm carries steady current of 2A. A straight long
wire carrying 5 A current is kept near the loop. Loop and the wire are coplanar, find
(i) The torque acting on the loop
(ii) The magnitude and direction of force on the loop due to the current carrying wire.

21 A solenoid is 0.8 m long and 5.0 cm in diameter. It has three layers of windings of 900 turns
each and carries a current of l amp. A wire 4 cm long in the middle of the solenoid and perpendicular to
Page 99
its axis experiences a force of 5.4 x 10-4 N when the wire is in series with the solenoid. Calculate
the
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current.
22
Four infinitely long parallel wires carrying equal current I are arranged in such a way that when
looking at the cross section, they are at the corners of a square, as shown in the figure below. Currents in
A and D point out of the page, and into the page at B and C. What is the magnetic field at the center of

the square?
23
A wire placed along the north-south direction carries a current of 8A from south to north. Find
the magnetic field due to a 1 cm piece of wire at a point 200 cm north-east from the piece.
24
A galvanometer coil has a resistance of 15  and the meter shows full scale deflection for a
current of 4 mA .How will you convert the meter into an ammeter of range 0 to 6 A?
25
An ammeter gives full scale deflection with a current of 1A.It is converted into an ammeter of
range 10 A. Find the ratio of the resistance of ammeter to the shunt resistance used.
26
A galvanometer of resistance 3663  shows full scale deflection for a certain current
ig..Calculate the value of shunt which when joined to the galvanometer coil result in 1/34 of the total
current passing through the galvanometer. Also find the total resistance of galvanometer and shunt.
27
A charge ‘q’ moving in a straight line is accelerated by a potential difference ’V’.It enters a
uniform magnetic field ‘B’ perpendicular to its path. Deduce in terms of V an expression for the radius
of the circular path in which it travels.
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28
A cyclotron is operating with a flux density of 3 Wb/m2. The ion which enters the field is a
proton having mass 1.67 x 10-27 kg. If the maximum radius of the orbit of the particle is 0.5 m, find (a)
the maximum velocity of the proton, (b) the kinetic energy of the particle, and (c) the period or a half
cycle.
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29
The following figure shows the variation of intensity of magnetization I versus the Applied
magnetic field intensity H for two magnetic materials A and B.
(1) Identify the materials A and B
(2) Draw the variation of susceptibility with temperature for B.

30
A ball of superconducting material is dipped in liquid nitrogen and placed near a bar magnet.
In which direction will it move?
What will be the direction of its magnetic moment?

31
A beam of protons enters a uniform magnetic field of 0.3 T with a velocity of 4 x 105 ms-1 at an
angle of 60° to the field. Find the radius of the helical path taken by the beam. Also find the pitch of the
helix (distance travelled by a proton parallel to the magnetic field during one period of rotation).
Mass
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of proton is 1.67 x 10 kg.
32
Alpha particles of mass 6.68 x 10-27 kg and charge 3.2 x 10-19 C are accelerated in a cyclotron in
which a magnetic field of 1.25 T is applied perpendicular to the dees. How rapidly should the electric
field between the dees be reversed? What are the velocity and kinetic energy of an alpha particle when it
moves in a circular orbit of radius 25 cm?
33
34

Show that the work done by a magnetic field on a moving charged particle is always zero.
Show that cyclotron frequency does not depend on speed of particles. What is resonance
condition in cyclotron?

35
A circular coil of 25 turns and radius 6.0 cm, carrying a current of 10 A, is suspended vertically
in a uniform magnetic field of magnitude 1.2 T. The field lines run horizontally in the plane of the coil.
Calculate the force and the torque on the coil due to the magnetic field. In which direction should a
balancing torque be applied to prevent the coil form turning?
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36 A 100-turns coil kept in a magnetic filed B = 0.05 Wb m-2, carries a current of 1 A, find the torque
acting on the coil
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37
Increasing the current sensitivity may not necessarily increase the voltage sensitivity of a
galvanometer.Justify .
38
A coil wrapped around a toroid has inner radius of 20.0 cm and an outer radius of 25.0 cm. If the
wire wrapping makes 800 turns and carries a current of 12.0 A. What are the maximum and minimum
values of the magnitude field within the toroid?

39
A long straight solid conductor of radius 4 cm carries over its circular cross-section. Find the
magnetic field at a distance of 3 cm from the axis of the conductor.
40
A charge ‘q’ moving in a straight line is accelerated by a potential difference ’V’.It enters a
uniform magnetic field ‘B’ perpendicular to its path. Deduce in terms of V an expression for the radius
of the circular path in which it travels.
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MAGNETIC EFFECTS OF CURRENTS AND MAGNETISM
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ANSWER KEY (3 MARKS QUESTIONS)

Sol:-8

B= µ0I /2 π R= 1.2x10-5T , Direction vertical upward

Sol:9

F=IlB=8.1x10-2 N

Sol:10

HINT: magnetic field due to coil at distance from centre is
B= µoNIR2/2(R2+ x2)3/2
Total magnetic field at the centre O due to both coils B =B1+ B2.
B=µoN I/2(2)1/2R.

Sol:- 11

(a) τ=BMSin0o=0 (B is parallel to M)
(b) Net force on coil is zero F=0
(c ) F= BI/nA=1.5x10-24 N

Sol:-12

By connecting low resistance in parallel
S = Ig G/ (I-Ig)
S=10 m
Length of a side of the square coil, l = 10 cm = 0.1 m
urrent flowing in the coil, I = 12 A
Number of turns on the coil, n = 20
Angle made by the plane of the coil with magnetic field, θ = 30°
Strength of magnetic field, B = 0.80 T
Magnitude of the magnetic torque experienced by the coil in the magnetic field is given by the
relation, Ʈ = nBIA sinθWhere, A = Area of the square coil
l × l = 0.1 × 0.1 = 0.01 m2
(a)The magnetic moment along the axis of the solenoid is calculated as:
M = nAI = 2000 × 1.6 × 10−4 × 4
= 1.28 Am2

Sol: - 2
Sol:- 3
Sol:- 4
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Sol:-14
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Sol:-5
Sol: -6
Sol:-7

m g = IlB
B= 0.65 T
I = 10 A, r = 0.5 m
|d B|= µ0 /4π Idl sin θ/r2= 4x10-8 T
B= µ0NI /2R= 6.28 10 -4T .
n=500/0.5= 1000 turns/m
B = µ0 n I = 4 × 10–7 × 103 × 5 = 6.28 × 10–3 T
B= µ0NI /2R=3.1x 10 -4T
B= µ0I /2 π R= 3.5x10 -5T.
1:1

E.
C

Sol:-1

Sol:-15

Sol:16

(b)Magnetic field, B = 7.5 × 10−2 T
Angle between the magnetic field and the axis of the solenoid, θ = 30°
Torque,
=4.8 x 10 -2 N
( a)
=3.13Nm
(b)
No. area is same
a=(25+26)/2=25.5cm n=3500/2x3.14x0.255
(a) B=0

(b) B=3.0x10-2 T
(c) B=0
Ans -17,
B1 = B2, Use B = (B21 + B22)1/2
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Sol:-18
τ=NBAISin0o=0.96Nm
Sol:-19
F = I l × B = IlB sinθ
The force per unit length is f = F/l = I B sinθ
When the current is flowing from east to west, θ = 90°
Hence, f = I B = 1 × 3 × 10–5 = 3 × 10–5 N m–1
When the current is flowing from south to north, θ = 0o f = 0 Hence there is no force on the
conductor.
Sol:-20

(i) τ=m BSin 0o=0
(0o=0)
Force closer longer side F1 = 20x 10-6 N (attractive)
Force cfarther longer side F2 = 4x 10-6 N (repulsive )
Net force F=F1-F2 =1.6 x 10-5 N

Sol:- 21

I=1.78 A

Sol:-22

By using biot Savart law B=1.4x 10-9T
By connecting low resistance in parallel
S = Ig G/ (I-Ig)
S=10 m

Sol:-25
Sol:-26

Ratio of the resistance of ammeter to the shunt resistace used is 9:10
Shunt=111 
Total resistance=107.7 

Sol:- 27

. HINT : kinetic energy gained by charged particle E= qV

E.
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Sol:- 29

BS

Sol:-28

R = mv/qB = 1/B
1/2
(a) Vmax = 1.43 x 10-8 m/s
(b) 108 MeV
(c) 1.09 x 10-8 sec
1) A is paramagnetic material.
B is diamagnetic material.
2)

OM

Sol:-23
Sol:- 24

Sol:- 30 As the ball is dipped in liquid nitrogen, its temperature becomes less than the critical
temperature and it becomes superconductor. In superconductor state, the ball becomes diamagnetic.
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The ball moves away from the bar magnet.
The magnetic movement developed in the ball is in the direction opposite to the bar magnet.
Sol:-31 Radius, r = mv/qB =1.2 cm, Time period of revolution T =21.75 ×10-8s,
Pitch=v×T = 4.35cm
Sol:32- . False. Radius,

Sol:-34
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Electrons, being lighter, will describe circular path of smaller radius.
Sol 33:-

The cyclotron frequency,  

1
Bq

T 2 m

.

Resonance condition,Cylotron frequency= Frequency of Oscillator

Sol:- 35 Net Force =0,Torque=NBIASinɵ =3.4 Nm in vertically upward direction.
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Sol:-36
. Given the angle between the axis of rotation of the coil and the magnetic field B is 90°.
As the force on the arm PQ acts upwards and that on SR downwards, so the torque acts anticlockwise.

nBA
where n is the no. turns in a coil,
k
A is the area of cross-section of the coil, and B is the magnetic field and k is the restoring torque per unit twist
of suspension fiber in galvanometer.

Sol:37

Current sensitivity of the galvanometer is given by I s 

Voltage stability Vs 

I s nBA

R k 'R

I s can be increased by increasing n and A. but increase in n increases the resistance of a galvanometer. Due to

Let a and b denote the inner and outer radii of the toroid. Then

E.
C

Sol: -38
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it Vs will decrease.
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= 9.6 x 10-3 T = 9.6 mT
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= 7.68 x 10-3 T = 7.68m T

= 7.68 x 10-3 T = 7.68m T
Sol:-39

Current enclosed by the loop of radius r,
I’ = I/πR2 x πr2
= I r2/ R2
Using Ampere’s circuital law, BL = µ0I’
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kinetic energy gained by charged particle E= qV

1/2
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= 1/B
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R = mv/qB
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Sol:-40

1. Mr Narasimhan a 65 year old person often complained of neck pain. One day his grandson
Page 106Avinash,
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suggested that magnetic therapy is very effective in reducing such pains. He said that the permanent
magnet/electromagnet , used in the device will help to produce Joule’s heating effects in the blood
stream, which helps the blood flow better.He immediately contacted his friend in Chennai, who was running
Magnetic Therapy Clinic. Mr Narasimhan who felt better.
(i)What two values did Avinash exhibit towards his grandfather? Mention any two
(ii) What is the SI unit of magnetic induction and define it?
2. Ms Udaya joined a PG course in Nanotechnology lab in IIT Chennai. The first day, when she went to the lab, she
met Mr. Antonio, the lab assistant.He greeted her and advised her not to touch the wires which were suspended from
the roof at every part of the lab as they were from high voltage lines. He also told her not to bring any of the two
wires closer to each other during any experimental applications. He helped her in understanding about the
precautions that has to be taken in the lab.
1. What value did Mr. Antonio exhibit towards Ms. Udaya? Mention any two
2.Why two high voltage power transmission lines should not be close to each other?
3.Give an expression for the magnetic force that acts between the wires?
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3. In the birthday party of Bharat, a class 7student, his parents gave big slinkys to all his friends as return gifts. The
next day, during the physics class Mr Mohan, the teacher explained them about the production of
magnetic fields using current carrying coil and also said that they can make permanent magnets, using such coils by
passing high currents through them. That night Sumanth, a friend of Bharat, asked his father about the coils, and
their shape. His father asked him to bring the slinky, that his friend gave and explained the uses of toroid and
solenoid.
(i) What value did Sumanth’s father exhibit towards his son?
(ii) What is the difference in the fields produced by the solenoid and Toroid ?
4. Ms Nita chander found that her son could not hear properly. The specialist prescribed hearing aid for her son.
Hearing aids consist of electromagnets in the loudspeakers used in the device.
(i)What two values does Ms Nita exhibit towards her son and students? Mention any two
(ii)What is an electromagnet? In what way its hysteresis curve is differen from that used for permanent magnets?
5 . Sartaj’s mother had put lot of clothes for washing in the washing machine, but the
machine did not start and an indicator was showing that the lid did not close. Sartaj
seeing his mother troubled tried closing the lid by force but realized that the mechanism
was different. It was a magnetic system. In his effort he damaged the lid of the machine.
(i) What was the value developed by Sartaj?
(ii) What values did his mother impart to Sartaj?
(iii) A magnetic needle in a uniform magnetic field experiences a torque but not a force,
why?
6 .Shubham once watching a TV channel saw that certain organisms have the ability to sense the field lines of
earth’s magnetic field. By following these lines, they can travel from one place to another. Shubham in his quest
to know more about earth’s magnetic field, brought a magnetic compass. By knowing the direction in which
the compass comes to rest, he found the magnetic meridian. Then he fixed the compass on a card board and
placed it vertically along the magnetic meridian. By measuring the inclination of the compass with the
horizontal, he found the angle of dip at the given place.
(i) What value did Shubham have?
(ii) In which direction would a compass free to move in the vertical plane point to, if located right on the
geomagnetic north or south pole?
(iii) Which device is used to find angle of dip?

7. From ancient times to present, human have sought healing power of magnetism (magneto therapy) claims that it
can heal bunions eliminate tennis elbow and cure cancer have been made but none have been substantiated.
(i) osbincbse.com
How can magnetism help increase in effectiveness and reduce the side effect of
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drus? (ii) What is hyperthermic technique?
(iii) How does magnetic field help to measure the speed of the blood?
(iii) Blood contains ions. Magnetic field can deflect positive and negative ions oppositely and the potential
difference so created can measure the speed of blood
8. Geeta’s uncle was advised by his doctor to undergo an MRI scan test of his chest and gave him an estimate of the cost.
Not knowing much about the significance of this test and finding it to be too expensive he first hesitated. When
Geeta learnt about this, she decided to take help of her family, friends and neighbours and arranged for the cost.
She convinced her uncle to undergo this test so as to enable the doctor to diagnose the disease. He got the test
done and the resulting information greatly helped the doctor to give him proper treatment.
(i) What according to you, are the values displayed by Geeta, her family, friends and neighbours?
(ii) Assuming that the MRI scan test involved a magnetic field of 0.1 T, find the
maximum and minimum values of
4
the force that this field could exert on a proton moving with a speed of 10 m/s. State the condition under which the force
can be minimum?

OM

9. Alka and her sister were watching a movie in which the phenomenon of aurora borealis was shown. Alka could not
believe her eyes that such a colorful display like the one during commonwealth games could be created by nature.
She went to the library, but could not find the right book. So she consulted her teacher who guided her. Hence,
Alka understood that during a solar flare, a large number of electrons and protons are ejected from the sun. Some
of these get trapped in the earth’s magnetic field and move in a helical path along the field lines. As the density of
the field lines increases near the poles ,these particles collide with atoms and molecules of the atmosphere
emitting green and pink light. Alka shared this knowledge with her class when they studied the chapter of moving
charges in magnetic field.
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i)What values did Alka have?

Anil was using a galvanometer in the practical class. Unfortunately it fell from his hand and broke. He was upset,
some of his friends advised him not to tell the teacher but Anil decided to tell his teacher. Teacher listened to him
patiently and on knowing that the act was not intentional, but just an accident, did not scold him and used the
opportunity to show the internal structure of galvanometer to the whole class.
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ii) What is the radius of the path of an electron moving at a speed of 3 x 107 m / sec in a magnetic field of 6 Gauss
perpendicular to it?

OS
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(i) What are the values displayed by Anil.?

(ii) Explain the principle of moving coil galvanometer.

Answer to Value Based Questions
Ans 1 (i) Ans. Responsible behaviour, concern and awareness

(ii) Tesla
Ans 2 Responsible behaviour, sensitivity, concern for others and alerting the people)
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Ans 3 (i) Responsibility, makes his child to understand the concepts and to generate interest in the subjects
(ii) The magnetic field lines in a toroid is concentric circles whereas in solenoid
it is straight within the turns
Ans 4 (i) caring attitude, sensitive towards society, concern for others (ii) Electromagnet- temporary
magnet.Hysteresis curve has small are,small coercivity, small retentivity.
Ans 5 (i) Sympathy, responsibility, helping nature, self reliance
(ii) Appreciation, thankfulness
(iii) The forces acting on both the poles are equal and opposite, so net force is zero but
their lines of action are different so torque is not zero.
Ans 6
(i) Nature of appreciation, Curiosity, Diligence, Self-reliance, Creative skill
(ii) At magnetic poles, earth’s magnetic field is vertical. So the compass points in any
direction. (iii) Dip circle
Ans 7 (i) Certain bacteria create nano permanent magnets. These magnets could be attached to drug
molecules.
(ii) It is magnetically induced heating therapy.
Ans 8 : (i) prompt decision making, empathy, helping attitude, caring nature
(ii) maximum force F= qvB sin 900
=1.6 ×10-16 N
minimum force F=0
Ans 9 : ( i) Nature of appreciation, diligence, curiosity, research mindedness, communicative skills,
(ii) Using the formula r = mv/qB we get r= 0.29 m
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Ans 10 (i) Courage to tell the truth, Gratitude to his teacher for her patience and tolerance
(ii) The current carrying coil kept in a magnetic field always experiences a torque.

KEY CONCEPT
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1
The phenomenon in which electric current is generated by varying magnetic fields is
called electromagnetic induction.
2

Magnetic flux through a surface of area A placed in a uniform magnetic field B is
defined as
ΦB = B.A = BACosθ where θ is the angle between B and A.

3

Magnetic flux is a scalar quantity and its SI unit is weber (Wb). Its dimensional
formula is [Φ] = ML2T-2A-1.
Faraday’s laws of induction states that the magnitude of the induced e.m.f in a circuit
is equal to the time rate of change of magnitude flux through the circuit.
ε
According to Lenz law, the direction of induced current or the polarity of the induced
e.m.f is such that it tends to oppose the change in magnetic flux that produces it. (The
negative sign in Faraday’s law indicates this fact.)

4

5

Lenz law obeys the principle of energy conservation.

7

The induced e.m.f can be produced by changing the (i) magnitude of B (ii) area A (iii)
angle θ between the direction of B and normal to the surface area A.

8

When a metal rod of length l is placed normal to a uniform magnetic field B and
moved with a velocity v perpendicular to the field, the induced e.m.f is called
motional e.m.f produced across the ends of the rod which is given by ε = Blv.

9

Changing magnetic fields can setup current loops in nearby metal bodies (any
conductor). Such currents are called eddy currents. They dissipate energy as heat
which can be minimized by laminating the conductor.
Inductance is the ratio of the flux linkage to current.
When a current in a coil changes it induces a back e.m.f in the same coil. The self
induced e.m.f is given by ε
where L is the self-inductance of the coil. It is a
measure of inertia of the coil against the change of current through it. Its S.I unit is
henry (H).
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6

A changing current in a coil can induce an e.m.f in a nearby coil. This relation,
ε
, shows that Mutual inductance of coil 1 with respect to coil 2 (M12) is
due to change of current in coil 2. (M12 = M21).
13 The self-inductance of a long solenoid is given by L = µ0n2Al where A is the area of
cross-section of the solenoid, l is its length and n is the number of turns per unit
length.
14 The mutual inductance of two co-axial coils is given by M12 = M21 = µ0 n1n2Al where
n1& n2 are the number of turns per unit length of coils 1 & 2. A is the area of crosssection and l is the length of the solenoids.
1
Energy stored in an inductor in the form of magnetic field is U B  Limax 2 and
15
2
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12

Magnetic energy density U B 

B2
2 0
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16 In an A.C. generator, mechanical energy is converted to electrical energy by virtue of
electromagnetic induction.
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* Rotation of rectangular coil in a magnetic field causes change in flux (Φ =
NBACosωt).
* Change in flux induces e.m.f in the coil which is given by
ε= -dΦ/dt = NBAωSinωt

ε = ε0Sinωt

* Current induced in the coil I = ε/R = ε0Sinωt/R = I0Sinωt
17 An alternating voltage ε=ε0Sinωt, applied to a resistor R drives a current I = I0Sinωt in
the resistor, I0

=

ε0 /R where ε0& I0 are the peak values of voltage and current. (also

represented by Vm & Im)
18 The root mean square value of a.c. may be defined as that value of steady current
which would generate the same amount of heat in a given resistance in a given time as
is done by the a.c. when passed through the same resistance during the same time.
Irms = I0/√2 = 0.707i0
Similarly, vrms = v0/√2 = 0.707v0.
For an a.c. ε = εm Sin ωt applied to a resistor, current and voltage are in phase.
19

In case of an a.c. circuit having pure inductance current lags behind e.m.f by a phase
angle 90°.

ε = εm Sin ωt and i = im Sin (ωt-Π/2)

OM

Im = εm/XL; XL = ωL is called inductive reactance.
20 In case of an a.c. circuit having pure capacitance, current leads e.m.f by a phase angle

E.
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of 90°.
ε = εmSinωt and I= ImSin(ωt+π/2) where

BS

Im = εm/XC and XC = 1/ωC is called capacitive reactance.

21 In case of an a.c. circuit having R, L and C, the total or effective

tanΦ =

R 2 + (XC - X L ) 2

Xc  X L
R
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Z = εm / Im =
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resistance of the circuit is called impedance (Z).

where φ is the phase difference

between current and voltage.

ε = εmSinωt, I= ImSin(ωt+Φ)
23

Average power loss over a complete cycle in an LCR circuit is
P = εrmsIrmsCosΦ
* In a purely resistive circuit Φ = 0; P = VRMSIRMS.
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* In a purely inductive circuit Φ = Π/2; P = 0.
* In a purely capacitive circuit Φ = Π/2; P = 0.
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24
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In an LCR circuit, the circuit admits maximum current if XC = XL, so that Z = R and
resonant frequency

25 Q factor of series resonant circuit is defined as the ratio of voltage developed across the
inductance or capacitance at resonance to the applied voltage across ‘R’,
Q=
also
where
is bandwidth.
26

for a transformer,

Es N s i p

 K
E p N p is

In an ideal transformer, εPIP = εSIS. i.e
If NS>NP; εS>εP& IS<IP – step up.

If NP>NS; εP>εS & IP<IS – step down.

27 A circuit containing an inductor L and a capacitor C (initially charged) with no a.c. source and no resistors
exhibits free oscillations of energy between the capacitor and inductor. The charge q satisfies the equation
d 2q 1

q0
dt 2 LC
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VSA TYPE QUESTIONS (ONE MARK)
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Q1. When are the voltage and current in LCR a.c circuit in same phase?
Q2. What is the power factor of an a.c LCR circuit at resonance?

Q.3 An electronic test circuit produced a resonant curve of half power frequency points at 414 Hz and 436
Hz. If Q factor be 10, then find the resonant frequency of the circuit.
Q4. In series resonant circuit, what is the affect of increase in resistance on bandwidth?
Q5. What is phase angle between voltage and current in a series LCR circuit at resonance?
Q6. Why series resonant circuit is also known as acceptor circuit?
Q7. When a LCR circuit is brought into resonance, the current in the circuit increases to a large value.Why?
Q8. Draw a graph to show the variation of current with applied frequency of a.c in LCR circuit. Also mark
the resonance frequency and current at resonance.
Q9. On what factor, for a given value of L and C ,the selectivity / sharpness/ q-factor of a series LCR depend
upon?
Q10 At any resonant frequency, what voltage is measured across the two series reactive components?
Q 11. What is main cause of noise of transformer?
Q12How humming sound in a transformer is reduced?
Q13 Can we use transformer to step up D.C. voltage? If not, why?
Q14. Why the core of Transformer is laminated?

OM

Q 15 What is the frequency of D-c?
Q. 16 Define RMS value of A.C. Write its expression.

E.
C

Q17. What is the reactance of an inductor in a d .c. circuit?

Q18. The instantaneous voltage from an a.c. source E= 300 Sin 314 t. What is the rms value of the voltage
?

BS

Q19. What are the dimensions of √(LC)?
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Q20. When does series LCR circuit have minimum impedance?
Q21. Capacitor blocks D.C. Why?

Q22 What is meant by admittance of an a.c. circuit?
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Q-23 – The instantaneous current from an a.c. source is I= 6sin 314t. What is the r.m.s. value of the current ?
O-24-Show that resistance offered by an ideal inductor to the flow of direct current is zero.
Q-25- What is the phase difference between the voltage and current in a LCR series circuit at resonance?
Q-26- A capacitor blocks d.c..Explain why.
Q-27- What do you mean by the admittance of LCR circuit?
Q-28- What is the dimensional formula of √LC ?
Q-29-In a series LCR circuit, what is the value of power factor at resonance?

Q-30-The effective value of current in a 50 cycles a.c. circuit is 5A. What is the value of
current 1/300 s after it is zero?
Page 114
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Q-31-A coil has an inductive reactance of 160 ohm at frequency of 50 Hz. Calculate the self inductance of
the coil.
Q-32- The frequency of a.c. source is doubled .How do XL and Xc get affected?
Q-33-Draw the graph showing the variation of reactance of a capacitor with frequency of an a.c. circuit.
Q-34-Draw the graph showing the variation of reactance of an inductor with frequency of an a.c. circuit.
Q-35-The electric mains in a house is marked as 220V, 50cps. Write down the equation for
the instantaneous voltage.
Q-36- The peak value of e.m.f. in an a.c. is Eo .Write its average value over a complete cycle .
Q-37- Which value of the current do you measure with an a.c. ammeter?
Q-38-The divisions marked on the scale of an a.c. ammeter are not equally spaced. Why?
Q-39-A reactive element in an a.c. circuit causes the current flowing to lead in phase by π/2 w.r.t. the applied
voltage. Identify the element.
Q-40-A reactive element in an a.c. circuit causes the current flowing to lack in phase by π/2 w.r.t. the
applied voltage. Identify the element.
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Q-41-Calculate the r.m.s. value of a.c. shown in the figure .

Q42 The electric current flowing in a wire in the direction from B to A is decreasing. Find out the direction of

BS

the induced current in the metallic loop kept above the wire as shown.
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Q43. A bar magnet is moved in the direction indicated by the arrow between two coils PQ and CD. Predict
the directions of induced current in the coils.

SOLUTIONS
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Answer1- When the frequency of a.c applied becomes equal to the natural frequency of the LCR circuit
(resonance occur when XL=XR) the voltage and current comes in same phase
Answer2- At resonance impedance Z=R
PoWer factor cosΦ = R/Z = R/R =1
Answer3- Resonant frequency = Q factor × Bandwidth.
= 10 x ( 436 – 414) = 10 x 22 = 220Hz
Answer4- Bandwidth is proportional to the value of resistance so bandwidth increases on increasing the
value of resistance.
Ans5- zero
Ans6- when a number of frequencies are fed in a resonant circuit, it accept only one frequency (equal to its
natural frequency) and rejects all other frequencies.
Ans7- In resonance condition , the impedance of the circuit becomes minimum equal to R and so the current
in the circuit rises to maximum value.
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Ans9 - For a given value of L and C the selectivity / sharpness/ q-factor of a series LCR depend upon the
RESISTANCE of the circuit.
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Ans10- At resonance XL = XC having phase difference of 180 degree, hence voltage across reactive
component is zero.
Answer11 Transformer noise is mainly produced due to magnetostriction in core which leads to periodical
change of dimension of laminated sheet. Noise also generated in transformer due to cooling fans and
vibration of core but magnetostriction is the main cause of transformer noise.
Answer 12-The transformer humming noise is coming by the mechanical vibration during the working time.
The mechanical vibrations are reduced by the proper casing and assembling the transformer.

ANS13: - Magnetic flux linked with Primarycoil does not vary with time so noInduced emf in secondary.
Ans14. To reduce eddy current loss. They are made up of thin laminated sheet & are insulated from each
Page 116
other. Finally the solid structure is pressed to remove presence of air gap.
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Ans15. Zero
Ans16- RMS value ofA.C. over one complete cycle : It is defined as that magnitude of direct current which
produces the same heating effect in a given resistance as the given alternating current.
i.e. IRMS = Io / (2) ½
= 0.707 Io
Ans 17 For d.c. f=0 , therefore XL =2 fL=0
Ans18.Erms = E0 /√2 = 300/ √2=300x0.707=212.10 volt.
Ans19 [M0 L0T1 ]
Ans20.At resonance when XL =XC impedance Z is minimum .
Ans21..For d.c. f=0, therefore XC =1/2 fC= ∞
Ans22. The reciprocal of the impedance of an a.c. circuit is called its admittance.
Ans23- I rms = Io /√2 = 6/√2 = 3√2 amp .
Ans24- For d.c.

f=0

XL= 2πfL=0.

OM

Ans25- Phase diff between voltage and current at resonance is zero.
Ans26- Xc = 1/2πfC , for d.c. f=0 ,therefore Xc =∞.
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Ans27- reciprocal of impedence.
Ans28- Time.

BS

Ans29-Unity .
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Ans30-I=Io Sinωt

=6.124 A
Ans31- XL =2πfL
L=160/2π × 50 = 0.51 H
Ans32- XL = double
Xc = half

OS
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=√2 × 5 sin2π × 50× (1/300)

XL=2πfL
Xc= 1/2πfC
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ANS 33

ANS 34
Ans35-E=EoSin(2πft)
E=(√2×220) sin 2π×50×t
E=311 sin 100πt is the required equation
Ans36- Zero
Ans37-Root mean square value of current.
Ans38-A.C. ammeter is constructed on the basis of heating effect of electric current.
Heat produced varies as square of the current.
Ans39- Capacitor.
Ans40- Inductor
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Ans41. Irms=2A.
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Ans 42 Anticlockwise
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Ans 43 Anticlockwise
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NUMERICALS (2 MARKS)
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Q1. A transformer has 20 primary windings and 100 secondary windings. If the secondary voltage is 25 V, find
the primary voltage?
Q2.The instantaneous current from an AC source is I=6 sin 314t. what is the rms value of the current?
Q3 .If the effective current in a 50 cycle per second AC circuit is 50A, What is the peak value of current?
Q4 .If the effective current in a 50 cycle per second AC circuit is 50A,
What is the value of the current 1/300s after it was zero?
Q5. A 100Ω iron is connected to 220 volts, 50 cycle wail plug. What is peak potential difference?
Q6. A 100Ω iron is connected to 220 volts, 50 cycle wail plug. What is Average potential difference?
Q7. A 100Ω iron is connected to 220 volts, 50 cycle mains. What is rms current?
Q8. An AC voltage E = 200 Sin 300 t is applied across a series combination of R=10 and L=800 mH.
Calculate the power factor of the circuit?
Q9.A capacitor of 100F and a coil of resistance 50 Ohms and inductance 0.5H are connected in series with a
110 V -50 Hz source. Calculate the reactance in the circuit.
Q10.How much inductance should be connected to 200V, 50C/S Supply so that a maximum current of 0.5A
flows through it?

OM

Q11. A capacitor of 10F is connected to an AC source of EMF E=220 Sin(100t). write the equation of
instantaneous current through the circuit. What will be the reading of AC ammeter connected in the circuit?
Q12. A )coil as an inductance of 1H. at what frequency will it have a reactance of 3142 ohms?
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B) What should be the capacity of a condenser which has the same reactance at that frequency as of that
of inductive reactance?

BS

Q13. A 3F capacitor is connected to a 220V , 50 Hz AC source. Calculate the rms value of current through the
circuit. Also find the peak value of voltage across the capacitor?
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Q14. Alternating EMF of E=220 Sin(100t) is applied to a circuit containing an inductance of 1/ H. write the
equation for instantaneous current through circuit. What will be the reading of A.C ammeter connected in the
circuit?
Q15. Find the maximum value of current when inductance of two henry is connected to 150 volts,50 cycle
supply?

Q16

Q17
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Q-18- Find the virtual value of current through a capacitor of capacitance 10µf,when connected to a source of
110 V at 50 cycles per sec supply . What is its reactance?
Q-19-An a.c. source of 200 V ,50 Hz is connected across a 400 Ω resistor and an inductor of 3/π H in series .
Calculate (i) reactance (ii) impedance .
Q-20- An a.c. source of 200 V , 50 Hz is connected across a 300 Ω resistor and a capacitor of 25/π µf in series .
Calculate the reactance and impedance of the circuit.
Q-21- A 100 Hz a.c. is flowing in a 14 mH coil. Find the reactance of the coil .
Q-22-At what frequency will a 0.5 H inductor have a reactance of 1000 Ω?
Q-23-Calculate the capacitive reactance of a capacitor of capacitance 1µf for a frequency of 106/2π Hz.
Q-24- A capacitor of 1µf is connected to a source of a.c. having emf given by equation E=200 cos 120πt . Find
the value of peak current through the capacitor .
Q25-Find the max value of current ,when inductance of 3.5 H is connected to 250 Volt, 50 cycles supply .
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Q-26-A series circuit with L=0.12 H, C=0.48 mF and R =25Ω is connected to a 220 V variable frequency power
supply.At what frequency is the circuit current maximum ?

BS

Q-27 A resistor, a capacitor of 100µF capacitance and an inductor are in series with an a.c. source of frequency
50 Hz. If the inductor are in series with an a.c. source of frequency 50 Hz. If the current in the circuit is in phase
with the voltage, calculate the inductance of the inductor .
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Q28. For the RLC parallel resonant circuit when R = 8K Ω L = 80 mH and C = 0.50 μ F; find the quality factor.
Q29. When a sinusoidal voltage is applied across R-L series circuit having R = XL, the phase angle will be

i)
ii)
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Q30. In the following circuit , calculate the

The capacitance ‘C’ of the capacitor , if the power factor of the circuit is unity,
Also calculate the Q – factor of the circuit.
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Q31.
An applied voltage signal consists of a superposition of a d.c. voltage and an a.c. voltage of high
frequency.
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The circuit consists of an inductor and a capacitor in series. Show that the d.c. signal will appear across C and
the a.c. signal across L.
Q32. What is the relation between the frequency, pole and speed of a Generator?
Solution
Q33. In a Generator with 2 pole, and speed 3000 rpm, what is the frequency of the induced emf ?
Q34 If this alternator is spun at 4500 RPM (revolutions per minute), what will be the frequency of its output
voltage?

Q35. An RLC circuit is used to tune a radio to an FM station broadcasting at 88.9 MHz.The resistance in the
circuit is 12.0 ohm and the capacitance is 1.40 pF. What inductance should be present in the circuit?
Q36. An a.c. generator consists of a coil of 10,000 turns and of area 100 cm2. The coil rotates at an angular speed
of 140 rpm in a uniform magnetic field of 3.6 × 10−2 T. Find the maximum value of the emf induced.
Q37. 11 Kilowatts of power can be transmitted in two ways:
i)
ii)

220 volts at 50 amperes and
22000 volts at 0.5 ampere.

Which is economical? Give reasons for your choice.
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Q38. A transformer has 500 turns in the primary and 1000 turns in its secondary winding. The primary voltage
is 200 V and the load is the secondary is 100Ω. Calculate the current in the primary, assuming it to be an ideal
transformer.
Q39. The output voltage of an ideal transformer, connected to a 240 V a.c. mains is 24V. When this transformer
is used to light a bulb with rating 24 V, 24 W, calculate the current in primary.
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Q40. Calculate the current drawn by the primary of a transformer, which steps down 200 V to 20 V to operate a
device of resistance 20 Ω. Assume the efficiency of the transformer to be 80%.
Q41 A circuit consists of a 2 F capacitor and a resistor of 1000 Ohm. An a.c source of 12V, 50Hz is connected
across the circuit. Calculate current flowing?
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Q42 A circuit consists of a 2 F capacitor and a resistor of 1000 Ohm. An a.c source of 12V, 50Hz is connected
across the circuit. Calculate Voltage across capacitor
Q43 A circuit consists of a 2 F capacitor and a resistor of 1000 Ohm. An a.c source of 12V, 50Hz is
connected across the circuit. Calculate Phase angle between Voltage and current

Q44. A circuit consists of a 2 F capacitor and a resistor of 1000 Ohm. An a.c source of 12V, 50Hz is connected
across the circuit. Calculate Average power supplied
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Q45. A plane em wave of frequency 25 MHz travels in free space along X– direction. At a particular point and
time, the electric field vector is

= 6.3V

. Calculate magnetic field vector at this point

Q46 suppose that amplitude of electric field vector of an em wave is 120 N/C and its frequency isis50 MHz
a). Determine B , and 
b).find expression for E and B.
Q47. Electric part of an em wave in vacuum is
E = [3.1 cos{1.8(rad/m)x+(5.4 X

rad/s)t}]j N/C.

a). What is the direction of the wave ?
c)What is the frequency 



b). what is wavelength of wave?




d). what is the amplitude of magnetic field vector?

e).Write an expression for magnetic field part of the wave?
Q48. A wheel fitted with spokes of radius ‘r’ is rotating at a frequency of n revolutions per second in a plane
perpendicular to magnetic field B Tesla. What is the e.m.f induced between the axle and rim of the wheel?
Q49.
A conducting circular loop is placed in a uniform magnetic field B = 0.020T with its plane
perpendicular to the field. Somehow, the radius of the loop starts shrinking at a constant rate of 1mm/s. Find the
induced current in the loop at an instant when the radius is 2cm.
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Q50 A 12V battery is connected to a 6Ω; 10 H coil through a switch drives a constant current in the circuit. The
switch is suddenly opened. Assuming that it took 1ms to open the switch calculate the average e.m.f induced
across the coil.
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Q51 A coil of mean area 500 cm2 having 1000 turns is held perpendicular to a uniform magnetic field of 0.4 G.
The coil is turned through 180 o in 1/10 seconds. Calculate the average induced e.m.f.
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Q52. A conducting rod of length L with one end pivoted is rotated with a uniform angular speed ω in a Vertical
plane normal to uniform magnetic field B. Deduce an expression for e.m.f induced in this rod.
Q53. A fan blade of length 0.5 m rotates perpendicular to a magnetic field of 5x10 -5 T. If the e.m.f induced
between the centre and the end of the blade is 10 -2 V . Find the rate of rotation

*
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Q54.
The figure shows a square loop having 100 turns an area of 2.5x10 -3 m2 and a resistance of 100Ώ .
The magnetic field has a magnitude of B= 0.4 T. Find the work done in pulling the loop out of the field slowly
and uniformly in 1 second.
P
Q
R
* * * * * *

* * *

*

*

* * *

* *

*
* *

v

SOLUTIONS
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Ans1.15-100X=500
X=500/100
X=5 VOLTS IN THE PRIMARY.
ANS2. I=I0 sin ωt
From eq. I=6 sin 314t
I0=6A, IV= I0/√2 =6/√2. √2/√2
=6/2 x 1.414 =4.242A.
Ans3. Iv=50A
Iv = I0/√2
Ans4.

I0=?
I0= √2Iv =1.414 x 50 =70.7A

I=I0 sin ωt

= I0 sin2πvt
=70.7sin (2π x 50 x1/300) A
=70.7sinπ/3A =70.7 x √3/2 A
=70.7 x 1.732/2

=61.23 A
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Ans5.Let E0 be the peak potential difference,

E0 =√2 Ev=√2 x 220

E.
C

asEv= E0 /√2
E0 =311.08volt

BS

Ans6.letEmbe the mean or average potential difference as

Em=2 x 311.08 / 22/7 =14 x 311.08/22
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Em=197.9volt.
Ans7.Let Iv be the virtual or rms current as
Iv= EV /R =220/100 =2.2A
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Em =2 x E0 / π

Ans.8.Here XL=L = 300X (800X10-3) = 240

Z=R2+XL2 = 100+2402=240.2
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Power factor Cosδ = R/Z = 10/240.2 = 0.416
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Ans9.Here C=100F = 100 x 10-6 F = 10-4F
R=50 Ohms
L= 0.5 H
Er= 110 V=
Frequency =  = 50Hz
XL =L = 2L
= 2 x 3.14 x 50 x 0.5 = 157 Ohms
Xc= 1/c= 1 / 2c= 1/ 2 x3.14 x 50 x 10-4 = 31.85 Ohms
Ans10. Here, L=?
EV =200V,
V=50c/s
I0=0.9A
L=1 henry
I0= E0/ XL=√2 EV/ωl
L=√2 EV/ωI0 = √2.Ev/wIo
L=√2 EV/2I0
L=1.414X200X7/2X22X50X0.5
=1.79H
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Ans.12. L=1H,XL=3142 ohms
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E=220 Sin(100t)=E0=Sint
E0=220 V,=2=100 , Frequency,=50 Hz
Xc=1/c=1/2c=1/2X3.14X50X10-5=318.5 ohms
I0=E0/xc=220/318.5=0.691 A
Reading of an AC ammeter Ir= I0/2=0.691/1.414=0.489 A
Instantaneous current in the circuit
I=I0Sin(t+/2)
=0.691Sin(100t+/2)
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Ans11. C=10F = 10X10-6F
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XL=-L = 2L
= XL/2L=3142/2X3.142=500 Hz
B) If =500 Hz ,Xc = XL=3142 ohms
So Xc=1/c=1/2c
Then C=1/2xc=1/2X3.142X500X3142=0.11F
Ans13. Then C =3X10-6F

Er=220 V
=50 Hz
osbincbse.com
Ir=?, E0=?
Ir= Er/Xc= ErXc=ErX2c=220X44X50X3X10-6/7=0.207 A
E0=2XEr=1.414X220=311.1 V
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Ans.14.E=220 Sin(100t)
E0=220 V,=100
XL=L=100X1/=100 ohms
I0=E0/ XL=220/100=2.2 A
AC current lags behind the EMF by face angle 900.
I=I0Sin(t-/2)
I=2.2Sin(100t-/2)
Reading of AC ammeter=I0/2=2.2/1.414
=1.55 A
Ans15 Here,inductance ,L= 2henry

OM

rms voltage Ev =150 volt
frequency of AC supply,V=50c/s
Inductive resistance,XL=ωl =2πvl
=2 x 22/7 x50 x 2=4400/7 ohms
If E0Is the peak value of the alternating voltage,then maximum value of current(I0)Is given by.
I0 = E0/ XL
OR
I0=√2 x Ev/ XL =√2 x 150 / 4400/7 =0.337 A

OS
B

IN
C

BS

E.
C

Ans16

Ans17
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Ans18- Xc =1/2πfC=318.3 Ω
I=E/Xc =110/318.3 = 0.35 A
Ans19-XL =2πfL=300 Ω
Z=√R2 +√ XL2 = 500 Ω
Ans20 - Xc=1/2πfC=400 Ω
Z=√R2 + √Xc2 =500 Ω
Ans21 – XL= 2πfL= 8.8 Ω
Ans22- XL=2πfL

OM

F=XL/2πL = 318.3 Hz
Ans23-Xc=1/2πfC=1 Ω .

E.
C

Ans24- Xc= 1/ωC= 2652.6Ω

Ans25- XL=2πfL

F=1/2π√L√C = 21 Hz
Ans27-XL= XC
L= 1/4π2f2c= 0.1 H .

OS
B

Ans26- XL= Xc

IN
C

Io= Eo/2πfL = 250 x1.41/ (2π×50×3.5) = 0.32 A

BS

Io=Eo/Xc = 200/2652.6= 0.075 A

Answer28- For parallel RLC resonant circuit,
osbincbse.com
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Answer29- For R-L series circuit the phase angle Φ = ∠ – tan – 1 (X L / R).
Ans.30 i) Power factor , Cosφ = = 1
Or,

Z=R

Therefore, Xc = XL
Or

or

=

C=

5*10-5 F = 50µF.
ii) Q – factor =

= 6.32.
Ans31. Inductive reactance, XL = 2πf L i.e., XL f
Capacitive reactance,

XC =

i.e., Xc =

E.
C

Where P is the No.of Poles
N is the Speed in RPM.
F = PN/120
= 2 x 3000/120
= 50 Hz.

IN
C

Ans33

F = PN/120 Hz

BS

Ans32

OM

For d.c., f = 0, reactance of L is zero and that of C is infinite, so the d.c. signal appears across C. For high
frequency a.c., reactance of L is high and that of C is low. So the a.c. signal appears across L.

Solution34 (hint- how many cycles of AC are produced for every revolution of the rotor?)
There is one cycle of AC voltage produced for every revolution of the rotor shaft. f = 75 Hz

OS
B

S o l u t i o n35 :
The resonance frequency of the circuit should match the broadcast frequency of the station.
f0
gives L = 1/4π2 f02C
L =1/4 π2 ( 88.9 X 106 x 1.40x 109 ) = 2.29H

Ans 36 Data : N = 10,000 A = 102 cm2 = 10–2 m2,
ν=
140 rpm =140/60 rps, B = 3.6 × 10−2T Eo = ?
osbincbse.com
Solution : Eo = NABω= NAB 2πν
= 104 × 10−2 × 3.6 × 10−2 × 2 π×7/3
Eo = 52.75 V
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Ans37. let R be the resistance of the transmission line
i)

When 11 kW power is transmitted at 220 volt at 5 A, the line loss is
I2R = (50)2 X R = 2500 R

ii)

When 11kW power is transmitted at 22000 V at 0.5A, the line loss is
I2R = (0.5)2 R = 0.25 R

Thus the line los in case (ii) is much less than that case (i). it is more economical to supply 11kW power at
22000 V at 0.5 A.
Ans38. Here
ɛ2 =

N1 = 500,
. ɛ1 =

N2 = 1000

ɛ1 = 200 V, R2 = 100Ω

X 200 = 400 V

Current in the secondary,
ɛ
ɛ

=

= 8 A.

Ans39. Here ɛ1 = 240,

ɛ2 = 24 V,

Current in secondary, L2 =

ɛ

=

P2 = 24 W
= 1 A.

OM

I2 =

For ideal transformer, ɛ1 I1 = ɛ2 I2

ɛ

=

ɛ1 = 24 V,

Ans40. Here

= 0.1 A.

BS

ɛ

ɛ2 = 200 V,

R2 = 20Ω, η = 80%

IN
C

I1 =

E.
C

 Current in the primary,

Current flowing through secondary,
ɛ

Efficiency, η=

Ans41. Here C=2F=2x10-6F

=

= 1 A.
ɛ

=ɛ

OS
B

I2 =

or

I1 = 0.125 A.

R=1000Ohm
Er=12V
osbincbse.com
Frequency =  = 50Hz
Xc=1/ c=1/ 2fC
= 1/ 2x3.14x100x10-6= 1592Ohm
Z=R2+X2c=(1000)2+(1592)2
= 1.88x103Ohm
Rms current Ir=Er / Z = 12/ 1.88 x 103 = 6.4 x 10-3 Amp
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Ans42. Xc=1/ c=1/ 2fC
= 1/ 2x3.14x100x10-6= 1592Ohm
Z=R2+X2c=(1000)2+(1592)2
= 1.88x103Ohm
Rms current Ir=Er / Z = 12/ 1.88 x 103 = 6.4 x 10-3 Amp
Voltage across the capacitor Vc=Ir x Xc
= 6.4 x 10-3 x 1592 = 10.2 V
Ans43. Xc=1/ c=1/ 2fC
= 1/ (2x3.14x100x10-6 )= 1592Ohm
Phase angle Tanδ= Xc / R = 1592 / 1000 = 1.592
Phase angle δ=560

OM

Ans44 Xc=1/ c=1/ 2fC

E.
C

= 1/ 2x3.14x100x10-6= 1592Ohm

= 1.88x103Ohm

IN
C

Rms current Ir=Er / Z = 12/ 1.88 x 103 = 6.4 x 10-3 Amp

BS

Z=R2+X2c=(1000)2+(1592)2

Ans45 : = /c, 2.1x
Ans46: (a) B0= Eo/c=4x

T

OS
B

R=1000 ohm
Power supplied = Ir2 x R = ( 6.4 x 10-3 ) 2 x 1000 = 0.041W

T,x

(B =120sin(1.05x-3.14x

t) N/C

rad./s,k=ω/c=1.05

,λ=c/ν=6.0m

=4x

sin(1.05x-3.14x

t) T

Ans47:
(a) –ve x direction (b)λ=2π/k=2.49m , (c) =ω/2π=8.6x
osbincbse.com
(e) =1.03x
cos(1.8x+5.4x
t)

Hz,(d) B=

E/c=1.03x

Ans.48 Φ = BA
e = d(BA)/dt= B dA/dt, dA/dt= Πr2x n
e = B. Πr2n
Ans 49 Ф= Πr2B d Ф/dt = 2ΠrB dr/dt
Ans 50 I initial=2A

I final= 0

e= 25μV

=-Ldi/dt = 20000V

OS
B

IN
C

BS

E.
C

OM

Ans 51e = dΦ/dt =0.04 V
Ans.52 e=1/2 B L2w.
Ans.53 e=B dA/dt ; dt= 1/n ; n=254.7 rev/s
Ans.54 P=e2/R= (dΦ/dt )2 /R
Φ = BA & P=dw/ dt=
dw=10-4 J
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NUMERICALS (3MARKS)
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Q1.A 80 V-800 watts heater is to be operated on a 100 V- 50 Hz AC Supply. Calculate the reactance of the
choke required?
Q2 A circuit consists of a resistance of 10 ohms and a capacitance of 0.1 F. An alternating EMF of 100 V , 50Hz
is applied . calculate the current in the circuit.
Q3 An alternating current of 1.5mA and angular frequency 300 rad/s flow through a 10 k-ohm resistor and a
0.5 F capacitor in series .find the rms voltage across the capacitor and impedance of the circuit?
Q4 When a series combination of inductance and resistance are connected with a 10V , 50Hz AC source. A
current of 1A flow in the circuit. The voltage lead the current by phase angle of /3 rad. Calculate the value of
resistance and reactance.
Q5 A capacitor of 100F and a coil of resistance 50 Ohms and inductance 0.5H are connected in series with a
110 V -50 Hz source. Calculate the rms value of current in the circuit.
Q6 A 100 mH inductor, a 25F capacitor and a 15 Ohm resistor are connected in series to a 120 V – 50Hz a.c
source. Calculate
i)

Impedence of the circuit at resonance

ii)

Current at resonance

iii)

The resonance frequency

OM

Q7. An inductance of 2H , a capacitor of 18 F and a resistance of 10 k.ohm are connected to an a.c source of
20v with adjustable frequency.

E.
C

a) what frequency should be chosen to maximize the current in the circuit
b) What is the value of this maximum current ?

BS

Q8 .A series L-C-R circuit is connected to an a.c. source of 220V – 50Hz. If the readings of volt meter across
resistor, capacitor, and inductor 65 V, 415 V, 204 V. calculate
current in the circuit

ii)

Value of L

iii)

Value of C and

iv)

capacitance required to produce resonance with the given inductor L.

OS
B

IN
C

i)

Q9 A resistor of 12 , a capacitor of reactance of 14 and an inductor of resistance 30 are joined in series
across 230 V and 50 Hz supply. Calculate i) current in the circuit ii) phase angle between voltage and current iii)
power factor.

Q10 A series L-C-R circuit with R=10 , L=2H and C = 25F is connected to a variable frequency 200 V AC
supply. When the frequency of the supply equal to the natural frequency of the circuit, what is the average
Page 132
power transferred to the circuit during the complete cycle?
osbincbse.com
Q11. An AC voltage E = 200 Sin 300 t is applied across a series combination of R=10 and L=800 mH.
Calculate the power factor of the circuit?
Q12. find the capacity of a capacitor , which when put in a series with a 10  resistor, make the power factor
equal to 0.5. assume an 80 V-100 Hz AC supply.
Q13

Q14

E.
C

OM

Q15

Q18

OS
B

Q17

IN
C

BS

Q16
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Q20

IN
C

(a) The bulb ‘B’ lights.
(b) Bulb gets dimmer if the coil Q is moved towards left

BS

E.
C

OM

Q21..A coil Q is connected to low voltage bulb B and placed near another coil P is shown in the figure.
Give reason to explain the following observations:.

OS
B

Q22 .A resister of 20 ohm is connected to a source of a.c rated 110v,50Hz . find
a) the max. . instantaneous current n the resister .?
b) the rms current

c) the time taken by the current to charge from its max.

value to the rms value .
Q23. A 100 mH inductor, a 20 µF capacitor and a 10 Ω resistor connected in series to a 100V, 50Hz
a.c. source.
Page
134
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Calculate :
i)
ii)
iii)

Impedance of the circuit at resonance
Current at resonance
Resonant freq.

Q24. A series LCR circuit consists of a resistance of 10 Ω, a capicitor of resistance 60 Ω and an inductor coil.
The Circuit is found to resonate when put across 300V, 100 Hz supply. Calculate

i)
ii)

The inductance of the coil
Current in the circuit at resosnce.

Q25. A resistance of 2 ohms, a coil of inductance 0.001 H are connected in series with a capacitor, and put across
a 200 volt , 50Hz supply. Calculate
i)
ii)

The capacitance of the capacitor so that the circuit resonates.
The circuit and volatage across the capicitor at resonance (take

)

Q26. A 200 V variable freq. a.c. source is connected to a series combination of L= 5 H, C = 80µF and R = 40 Ω .
Calculate
i)
ii)
iii)

Angular freq. of sources to get maximum current in the circuit
The current amplitude at resonance and
The power dissipated in the cirtcuit.

E.
C

OM

Q27 An LCR circuit has L = 10mH, R = 3Ω and C = 1µF connected in series to a source of 15 Cos ωt volts.
Calculate the current amplitude and the average power dissipated per cycle at a frequency 10% lower than the
resonant frequency?

OS
B

IN
C

BS

Q28. This given figure shows a series LCR – circuit connected to a variable frequency 230 V source.
L = 5.0 H, R = 40 Ω.
a) Determine the sources frequency which derives the circuit in resonance.
b) Obtain the impedance of the circuit and the amplitude of current at the resonating frequency.
c) Determine the rms potential drops across the three elements of the circuit. Show that the potential drop
across the LC – combination is zero at the resonating frequency.

Q29. A simple a.c. generator having a constant magnetic field is connected to a resistive load. Explain with
reasons what will be the effects of doubling its speed of rotation on the following:
Page 135
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a) The frequency of rotation, b) the generated emf, and c) the mechanical power required to rotate the
generator?
Q30. A circular coil having 20 turns, each of radius 8 cm, is rotating about its vertical diameter with an angular
a) speed of 50 radian s-1 in a uniform horizontal magnetic field of magnitude 30 mT. Obtain the maximum
b) average and r. m. s. values of the emf indued in the coil.
c) If the coil forms a closed loop of resistance 10Ω , how much power is dissipased as heat in it?
When the normal to the plane of the coil makes an angle with the direction of the magtnetic field, the flux
linked with it is
Q31. The primary coil of an ideal step – up transformer has 100 turns and the transformation ratio is also 100. The
input voltage and the power are 220 V and 1100 W respectively. Calculate:
i) Number of turns in the secondary
ii) The current in the primary
iii) Voltage across the secondary
iv) The current in secondary
v) Power in the secondary
Q32. In an ideal transformer, number of turns in the primary and secondary are 200 and 1000 receptively. If the
power input to the primary is 10 kW at 200 V, calculate
i) Output voltage and ii) current in primary.

E.
C

OM

Q33. A town situated 20 km away from a power plant generating power at 440 V, requires 6000 kW of electric
power at 240 V. The resistance of the two wire line carrying power of 0.4 Ω per km. The town gets power from
the line through a 3000 – 220 V step down transformer at a substation in the town.
i) Find the line power losses in the form of heat.

BS

ii) How much power must the plant supply, assuming there is negligible power loss due to leakage?

IN
C

Q34. A small town with a demand of 800 kW of electric power at 220 V is situated 15 km away from an electric
plant generating power at 440 V. The resistance of the two – wire line carrying power is 0.5 Ωper km. The town
gets power from the line through a 4000 – 200 V step – down transformer at a substation in the town.

OS
B

a) Estimate the line power loss in the form of heat.
b) How much power must the plant supply, assuming there is negligible power loss due to leakage?
c) Characterise the step – up transformer at the plant.
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Q35. A circular coil of radius 8.0 cm and 20 turns rotates about its vertical diameter with an angular speed of 50
rad s-1 in a uniform horizontal magnetic field of magnitude 3.0 x 10-2 T. Obtain the maximum and the average
emf induced in the coil. If the coil forms a closed loop of resistance 10Ω , calculate the maximum value of current
in the coil. Calculate the average power loss due to Joule heating. Where does this power comes from?
Q36. An a.c. generator consist of a coil of 50 turns and area 2.5 m2 rotating at an angular speed of 60 rad s-1 in a
uniform magnetic field B = 0.30 T between two fixed pole pieces. The resistance of the circuit inducing that of
coil is 500 Ω.

(i)
(ii)

OS
B

IN
C

BS

E.
C

OM

a) What is the maximum current drawn from the generator?
b) What is the flux through the coil when the current is zero? What is the flux when the current is
maximum?
c) Would the generator work if the coil were stationary and instead the pole pieces rotated together
with the same speed as above?
Q37. A bar magnet M is dropped so that is falls vertically through the coil C. The graph obtained for vol;tage
produced across the coil Vs time is shown in diagram

Explain the shape of the graph
Why is the negative peak longer than the positive peak?

Q38. The following figure shows a horizontal solenoid connected to a battery and a switch. A copper ring is
placed on a friction less track, the axis of the ring being along the axis of the solenoid. What happens to the ring
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switch is closed?

Q39.A rectangular loop and a circular loop are moving out of a uniform magnetic field region to a field free
region with a constant velocity. In which loop do you expect the induced emf to be constant during the passage
out of the field region? The field is the normal to the loops.

Q40. A bulb B and a capacitor C are connected in series to the a.c mains as shown in figure. The bulb glows with
some brightness. How will the glow of the bulb changes when a dielectric slab is introduced between the plates of
the capacitors? Give reasons in support of your answer.

BS

E.
C

OM

Q41. An inductor L of reactance XL is connected in series with a bulb B to an a.c. source
as shown in the figure.

OS
B

Q42

IN
C

Briefly explain how the brightness of the bulb changes when
(a) Number of turns of the inductor is reduced.
(b) A capacitor of reactance XC = XL is included in series in the same circuit.

SOLUTIONS
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Ans1
V=80 V, P=800 watts
Current required I=P/V=800/80 = 10A
R=V2/P=80X80/800=8 ohms
For AC supply Er=100 V,Ir=10 A
=50 Hz
Impedence of the circuit Z = Er/Ir=100/10=10 ohms
Z2=R2+XL2
Then XL=Z2-R2=100-64=6 ohms
Ans 2 Here R = 10 ohms,
C = 0.1F=10-7F
Er=100 V then
Frequency = 50Hz
Ir=?
Xc=1/c=1/2c=7/2X22X50X10-7=31.8X103 ohms
Ir=Er/Z=100/R2+X2C =100/100+(3.18X1000)2
Iv=3.14 mA

E.
C

=300 rad/s
R=10 K-oh= 10 4 ohms
C=0.50F=0.50X10-6 F
Xc=1/c=1/300X0.5X10-6=6.67X103 ohms
Z=R2+X2c=(104)2+(6.67X103)=1.2X104 ohms
Rms voltage across the capacitor = IrXc=1.5X10-3X6.67X103=10V

OM

Ans3 Ir=1.5mA=1.5X10-3 A

OS
B

IN
C

Z=R2+X2L=Er/Ir = 10 ohms………….(1)
Tanδ =Xl/R
Tan/3 = 3=Xl/R
XL=3 R…………………………………..(2)
From (1) and (2)
=R2+X2L=10
=R2+3R2=10
2R=10
R=5 ohms
XL=3R=3X5 ohms but

BS

Ans4 Er=10V ,=50 Hz,Ir=1A

XL=2L
L=Xl/2
osbincbse.com
=3X5/2X50
L=2.757 X10-2H
L=27.57 m
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Then XL=L=2L
L=XL/2=6/2X3.14X50=0.0191 H
Ans 5. Here C=100F = 100 x 10-6 F = 10-4F
R=50 Ohms
L= 0.5 H
Er= 110 V=
Frequency =  = 50Hz
XL =L = 2L
= 2 x 3.14 x 50 x 0.5 = 157 Ohms
Xc= 1/c= 1 / 2c= 1/ 2 x3.14 x 50 x 10-4 = 31.85 Ohms
Impedence of the circuit Z=R2 + (XL- Xc) 2
Z= 502 + ( 157 – 31.85)2
Z= 134.77 Ohms
Rms current Ir= Er / Z = 110 / 137. 77 = 0. 816 A
Ans 6. Here L= 100 mH = 0.1H

R=104 Ohm

E.
C
BS
IN
C

Inductance L= 2.0

OS
B

Ans 7.

OM

C= 25F = 25 x 10-6 F
R=15Ohms
Er=120 V
Frequency = =50Hz
At resonance, Z=R =15 ohm
Ir=Er/r =120/15=8Amp
Frequency == =1/2LC
= 1X7/2X2225X10-7
Frequency =7x1000/44x1.58= 100.7Hz

Er = 20V
C=18X10-6F
To maxmise current,
The frequency == 1/2LC= 1/2X22/7 2X18X10-6
 = 7X103/2X22X6= 26.5Hz

At this frequency , XL=XC; Z=R
I0 =E0/Z= Er2/R
= 20X1.414/104=2.828X103 Amp
osbincbse.com
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Ans 8. HereEr=200V
Frquency =  = 50Hz
R= 100 Ohms
VR=65 V, Vc=415V, Vl=204V
i)
If Ir is the current in the circuit then

II)

VR= Ir x R
Ir= 65/100 =0.65Amp
VL=Ir x Xl

Then XL= L=2=313.85 Ohms
Then L= XL /  = X L / 2
= 313.85 / 2x 3.14 x 50 = 1H
III)
Vc=Ir.Xc

IV)

Xc=Vc / Ir = 415 / 0.65 = 638.5 Ohms
Then Xc= 1/ c= 1/ 2C
C= 1/ 2Xc = 1/ 2 x 3.14 x 50 x 638.5 =4.99 x 10-6 F
Let C be the capacitance that would produce resonance with L= 1H then

r= 1 / 2L C’
C’= 1 / 4 22L= 1 / 4 x (3.14)2 x (50)2 x 1 = 10.1F

OM

Ans 9. R=12

E.
C

Xc=14
XL=300

BS

Er=230 V

Impedence of the circuit Z= R2+(XL-Xc)2

IN
C

Frequency ==50 Hz

OS
B

=122+(30-14)2 = 20
i)

Ir=Er/Z=230/20=11.5 A

ii)

Tan=XL-Xc/R =30-14/12 = 4/3=1.33
 = 53.10

iii)

Power factor Cosδ = R/Z = 12/20 = 0.6

Ans 10. R=10
L= 2H
osbincbse.com

C=25F

Er=200 V.
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When the frequency of the supply equal to the natural frequency of the circuit
Then XL = Xc and Z = R
Ir= Er/R = 200/10 =20 A
Average power transferred per cycle
P=ErIr= 200X20=4000 watts.
Q11. An AC voltage E = 200 Sin 300 t is applied across a series combination of R=10 and L=800 mH.
Calculate the power factor of the circuit?
Ans Here XL=L = 300X (800X10-3) = 240
Z=R2+XL2 = 100+2402=240.2
Power factor Cosδ = R/Z = 10/240.2 = 0.416
Ans 12. Here R =10
Cos δ = 0.5
Er= 80V
Frequency = 100 Hz

OM

Cos δ = R/Z

E.
C

Z=R/Cos δ = 10/0.5=20
Z2 = R2+Xc2

BS

Xc = Z2-R2= (20)2-102 = 103

C= 92F
Ans13

OS
B

C=1/X103=1/2X100X103

IN
C

1/c=103

Ans14
osbincbse.com
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Ans15

BS

E.
C

OM

Ans16

OS
B

IN
C

Ans17

Ans18

Ans19
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Ans20

ANS21 .(a) The bulb B lights due to induced current in coil Q because of change in magnetic flux linked
with it on a consequence of continuous variation of magnitude of alternating current flowing
inP.
(b) When coil Q moves towards left the rate of change of magnetic flux linked with Q decreases
and so lesser current is induced in Q.
V=110 V

Frequency=50Hz

OM

ANS22 R=20 ohm

E.
C

a) Io=√2 Irms=1.414x5.50=7.8A
b) Irms=Erms/ R=110/20=5.5A

Therefore i0= i0Sinωt1

OS
B

ωt1=π/2 and i0/√2= i0Sinωt2
ωt2= π/2+ π/4
t2 -t1= π/4 / ω= π/4/ 2 πѴ
= 1/8x50=2.5x10-3s

IN
C

At t=t1 and i= i0
And at t=t2, let i= i0/√2=r.m.s.current.

BS

c) Let the current be i=i0Sinωt

Ans23. Here L = 100 mH = 0.1 H,
f = 50Hz, C = 20 µF = 2X10-5F, R = 10 Ω, ɛrms = 100V
osbincbse.com
i)
Impedance at resonance, Z=R=10 Ω
ii)
Current at resonance ,
Irms = ɛrms/Z = 100/10 = 10A.
iii)
Resonant freq.
r=
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= 1/2X3.14

= 112.6 Hz.

Ans24. Hrer R = 10 Ω, Xc = 60 Ω,
Veff = 300V, f = 100Hz
(i)

At resonance , L=
=

(ii)

= 0.095 H

Current in the circuit at resonance is
Ieff = Veff / R =

= 30A.

Ans25. Here R = 2Ω , L = 0.01 H, ɛeff = 200 V , f = 50Hz
Resonance freq. , f =

=
ii)

Ieff =

=
=

= 0.011 F = 11X 10-4 F.

=

= 100A.

ɛ

OM

Therefore, C =

E.
C

i)

Ωr =

ii)

At resonance, Z = R = 40Ω
Io =

iii)

= 50 rad s-1

=

ɛ

=

ɛ

=

= 7.07A.

Power dicipatted in the circuit
=

ɛ

=

= 1000W.

IN
C

Resonance angular freq.,

OS
B

i)

BS

Ans26. Hereɛrms L = 5 H, c = 80µF , R = 40 Ω

Ans27
L = 10mH, R = 3Ω and C = 1µF
ω=
=
= 104 rad/s
osbincbse.com
ω1 = 90% of ω = 9x103 rad/s
XL = ω1L = 90 Ω
XC = ω
= 111.1 Ω

E = 15 Cos ωt
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Z =
=
= 21.3 Ω
I0 =
=
= 0.70 A
Average power dissipated per cycle
= EvIv Cos
=
X
X
= 0.74 W
Ans28. Here Vrms= 230 V, L = 5.0 H
C = 80 μ F = 80 x 10-6,
a) The resonant angular frequency is
ωr=
=
= 50 rad s-1.

R = 40Ω

b) At ω= ωr,ωL =ω , therefore,
Impedance,
ω

ω

= R = 40Ω

Current amplitude
=

(at resonance)

=
c)

Irms =
 P.D. across L,
VLrms = Irms x ωr L =

= 8.1 A.
A

OM

Z=

= 1.437.5 V

E.
C

VCrms = Irms x ω

BS

= x
= 1437.5 V
P.D. across the LC – combination at the resonant frequency,
IRrms ω
ω
P.D. across R,
VRrms = Irms x R =

OS
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= 230 V
= Applied rms voltage, as expected.
This is because the total potential drop across the LC – combination is zero.

Ans29. The maximum emf. Induced in a generator is given by
ɛ0 = NBAω

When speed of rotation (ω) is doubled,

a) Frequency of ac will be doubled
b) Emf gets doubled
c) Mechanical power required to rotate the generator also gets doubled.
osbincbse.com
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Ans 30

Average Emf = Average of Sinωt over a cycle = Zero
rms value of Emf =

ɛ1 = 220V,

Ans31. Here N1 = 100,

i) Transformation ratio, k =

P1 = 1100W

= 100

Therefore, N2 = 100, N1 = 100 X 100 = 10,000.
ii) I1 = ɛ

=

= 5A.

=

= 0.05 A.

E.
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iv) I2 =

OM

iii) ɛ2 = k ɛ1= 100 x 220 = 22,000V.

N1 = 200,
ɛ

i) As = ɛ
 output voltage,
ɛ2 = ɛ2 = . ɛ1=
ii) Input power, P1 = I1ɛ1
Current in primary,

N2 = 1000,

ɛ1 = 200 V , P1 = 10 kW= 10,000 W
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Ans32. Here
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Output power = input power = 1100 W.

BS

v) For an ideal transformer

.

I1 = ɛ =

= 50 A.
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Ans33.
Total length of wire
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20 x 2 = 40 km
Resistance of the wire, R = 40 x 0.4 = 16Ω
Irms= =

= 200A

i) Power loss in the form of heat = I2rmsx R
(200)2 x 16 = 640000 W = 640kW.
ii) Power supplied by the plant
Power on demand + Power loss
600 + 640 = 1240 kW.
Ans34. Line resistance = Length of two-wire line x Resistance per unit length
= 2 x 15 km x 0.5Ω.
Voltage at which power is sent through the line = 4000 V
Power supplied to town sub – station = 800 kW = 800 x 103 W
 rms value of current in the line

OM

A = 200 A
a) Line power loss

E.
C

I2 R = (200)2 x 15 W = 600kW.

BS

b) Power supplied by the plant

= 800 + 600 = 1400 kW.
c) Voltage drop on the line
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IR = 200 x 15 = 3000 V
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= Power received at sub–station +line power loss

Voltage output of the step – up transformer at the plant
4000 + 3000 = 7000 V

Hence the step – up transformer at the plant is

440-7000 V.
Ans35. Here r = 8 cm = 0.8 m,
N = 20,
ω=
osbincbse.com
At any instant, emf induced in the coil is given by

50 s-1,

B = 3.0 x 10-2 T
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ɛ = NBAω sin t= ɛ0 sin ωt
 Maximum induced emf in the coil is
ɛ0 = NBAω = NBπr2ω
= 20 x 3.0 x 10-2 x 3.14 x (0.08)2 x 50 V
= 0.603 V.
Since the average value of sin ωt over a cycle is zero, therefore, ɛav = 0
Maximum induced current, I0 =
 Power dissipated as heat
=
=

=

W

= 0.018 W.
Ans36 Here N = 50A,

A = 2.5m2,

ω= 60 rad s-1 B = 0.30 T

OM

R = 500Ω
a) Maximum current,

b) Current, I = I0sin ωt =

= 4.5 A.

E.
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=
sin ωt

BS

I0 =

Flux φB = NBA cos ωt
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Current is Zero if sin ωt = 0, or ωt = 00. The flux is maximum

and its value is

= 37.5 Wb
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φB = NBA cos 00 = NBA = 50 x 0.30 x 2.5 Wb

Current is maximum when sin ωt = 1 or ωt = 900. Then flux
φB = NBA cos 900 = 0

is zero because

ANS 37 The emf is proportional to dφ/dt , and this is proportional to the velocity but not to the acceleration. Since
the velocity increases, the flux increases, causing a a-symmetrical peak.
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When magnet falls through the coil as the rate of change of flux increases the emf in coil increases.As the magnet
come inside coil no flux change takes place across coil and emf falls to zero.
After magnet comes out of coil the emf developed in the coil is in opposite direction relative to when it falls
inside coil
(b) negative peak is greater than positive peak as rate of flux is more when magnet comes out of coil as compare
to when it fall inside the coil
Ans38- The ring moves away from the coil, because the current induces in the ring opposes the growth of
current in the solenoid.
Ans39In a rectangular loop, the induced emf will be constant. It is because rate of change of the area of
the rectangular loop is uniform, whereas that of a circular circular loop is not constant.
Ans40- When a dielectric slab is introduced in a capacitance C increases. The capacitive resistance (Xc=1/ѠC)
decreases. Consequently, the current (Irmsα1/Xc) decreases and hence the glow of the bulb decreases.
2

2 1/2

Ans 41: (a) Since Z = [ R  X L ]

When number of turns of the inductor gets reduced XL and Z decreases and in turn current increases
Hence the bulb will grow more brightly
(b) When capacitor is included in the circuit
2
2 1/2
Z  [R  (X L  X C ) ]
But XL = XC (given)
⇒ Z = R (minimum)
Hence brightness of the bulb will become maximum.
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Ans 42

REASONING TYPE QUESTIONS
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B

Q1. At the airport, a person is made to walk through the doorway of a metal detector, for security reasons. If
he/she is carrying anything made of metal, the metal detector emits a sound. On what principle does this detector
work?
Q2 If supply frequency of a transformer increases, what will the new value of the secondary output voltage of the
transformer?

Q3Why, Laminated insulations coated with varnish are normally used in the transformer?
Q4 If a load on secondary side of a transformer increases, what will be the change in the current onPage
the primary
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side?
Q5. An LCR circuit has f1 and f2 as the half power frequency and f0 as the resonant frequency. What is the Q
factor of the circuit?
Q6. Determine the separate effects on the induced emf of a generator if
(a) the flux per pole isdoubled, and (b) the speed of the armature is doubled.
Q7. Two identical loops, one of copper and another of aluminum are rotated with the same
speed in the same M.F.In which case, the induced (a) e.m.f (b) current will be more and why?
Q8 Can 60 Hz transformers be used at higher frequencies?
Q9 In order to make the most practical AC generator (or alternator, as it is also known), which design makes
more sense: a stationary permanent magnet with a rotating wire coil, or a rotating permanent magnet with a
stationary wire coil?
Q10. What are the advantages of stationary armature and rotating field in an AC Generator?
Q11. What will happen if the primary of a Transformer is connected to d.c. supply?
Q12. The core of transformer is made of a material having narrow hysteresis loop. Why?
Q13. Why is the core of the transformer is made of a magnetic material of high permeability?
Q14. Why can’t transformer be used to set up a d.c. voltage?
Q15. Why is the induced emf in a coil zero when its plane is normal to the magnetic field even through
maximum magnetic flux is linked with the coil in this position?
Q16. Why are resistance are coils double wound?
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Q17. Does a transformer change the freq. of a.c.?

E.
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Q18. Why is the core of a transformer is made of a magnetic material of high permeability?

BS

SOLUTIONS
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Ans1. Principle of metal detector:A metal detector works on the principle of resonance in a.c. circuits. When we
walk through a metal detector, we are, in fact, walking through a coil of many turns. The coil is connected to a
capacitor turned so that the circuit is in resonance. When we walk through some metal in our pocket, the
impedance of the circuit changes – resulting in significant change in current in the circuit.This change in current
is detected and the electronic circuit sounds as an alarm.
ANS2 The secondary voltage of a transformer depends upon the input or primary voltage and turns ratio. So if
primary voltage is fixed, then whatever may be the frequency of the primary input voltage, the output or
secondary voltage will also be fixed.

ANS3In the lamination sheets, the core is sliced and each piece is laminated with insulation material from the
next and hence it cuts the path of the eddy current with a lamination (insulation). Because of this eddy current still
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exists
but the effect is reduced
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ANS4 As soon as the secondary load current increases in a transformer, the secondary flux is increased. For
cancelling the secondary flux transformer has to produce more primary flux and hence it has to draw more
primary current from the supply.
Answer5 -Q factor of a resonating circuit is defined by the ratio of frequency of resonance to the bandwidth of the
circuit. Here bandwidth = f1 – f2.
So Q factor = f0 / (f1 – f2 ).
ANS6: - In both the cases the induced emf doubles
ANS7: - Induced emf will be same in the both but Induced Current will be more in Copper loop.
Ans8 - transformers can be used at frequencies above 60 Hz up through 400 Hz with no limitations provided
nameplate voltages are not exceeded. However, 60 Hz transformers will have less voltage regulation at 400 Hz
than 60 Hz.
Answer9 It is more practical by far to build an alternator with a stationary wire coil and a rotating magnet than to
build one with a stationary magnet and a rotating wire coil, because a machine with a rotating coil would require
some form of brushes and slip rings to conduct power from the rotating shaft to the load having mechanical
wearing aspects.
ANS10
1. It is easy to take output from the stationary armature.
2. It is easier to insulate stationary armature for higher voltage.
3. Low voltage excitation supply can be easily supplied to the rotor through slip rings.
ANS11 If the primary of a Transformer is connected to a d.c. supply, the primary will draw a steady current and

OM

hence produce constant flux. Consequently, no back e.m.f. will be produced. The primary winding will
draw excessive current due to low resistance of primary. The result is that the primary will overheat and burn out

E.
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or the fuses will blow. Care must be taken not to connect the primary of a Transformer across the d.c. supply.
Ans12 . The alternating current carries the iron core through the cycle of magnetisation and demagnetisation.
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using core material having narrow hysteresis loop.

BS

Work is done in each of these cycle and is lost as heat. This is called hysteresis loss which can be reduced by
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Ans13. Due to high permeability of core material, the magnetic lines of force will crowd the core. Most of the
flux linked with the primary will pass through the secondary. Flux leakage decreases and efficiency of
transformer increases.
Ans14. The d.c. supply does not produce a changing magnetic flux in the primary and hence no emf is set up in
the secondary of the transformer.
Ans15. The rate of change of magnetic flux linked with coil is zero for this position. Hence no emf is induced in
the coil.

Ans16. To make non-inductive coils, they are made of doubled up insulated wires. In such a coil, the currents in
the two wires flow in opposite directions and so create equal and opposite magnetic fields. The net magnetic field
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with the coil is always zero and hence inductive effects are eliminated.
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Ans17. No. The frequency of alternating voltage obtain across the secondary is same as voltage applied across the
primary.
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Ans18. Due to high permeability of core material, the magnetic lines of force crowd the core. Most of the flux
linked with the primary will pass through the secondary. Flux leakage decrease the efficiency of transformer
increases.

VALUE BASED QUESTIONS
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C
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Q1. Nita switched on the radio set to listen to her favorite music but found the reception was not clear. Also there
was overlapping of signals. So she adjusted the tuner in the set till she heard the music clear.
a) What are the components of tuning circuit in a radio?
b) Name the phenomenon involved here?
c) What value can be associated with this?
Q2. Monica had come from Singapore on a holiday to her grandmother’s place. She had heard a lot about Tirupathi
temple and so she went to Tirupathi with her grandmother. She walked through a metal detector and heard a beep
sound as she walked through it. When she went back to Singapore she asked her father about the metal detector and
its working. Her father explained the working in detail and also the need for installing metal detectors in places
where people visited in huge numbers.
a) Name the components present in the detector.
b) What is the phenomenon involved?
c) What value can be attached with this?
Q3. Subhash wanted to see the work of a transformer. He bought a transformer from a shop. He connected the
primary to an AC supply. At that time an aluminum ring in his hand falls into the coreof the transformer. Without
noticing that he switched on the power supply. The aluminum ring flew up into the air. He became panic. His
father, an electrical engineer in EB explained the reason.
i. What value does he exhibit?
ii. Bring out the reason for the above activity.
Q4. Raj Pal Yadav, a retired Physics Teacher was working in his field with his grandson. There was a big high
tension tower carrying thick wires in their field. Grandson wanted to know as to why can’t the tower be removed
from their field, so that they may get more space for crops. Raj Pal explained him the necessity of HT tower, and
said it is very high voltage AC transmission line and is a lifeline of their town.
(i) What values are displayed by Raj Pal Yadav?
(ii)Why Long distance AC transmission is done at very high voltage.
(iii) What is the principle of transformer?
(iv)What are the energy losses in transformer?
Q5. Mr. Sanjeev, a physics teacher, was doing an experiment in lab using dry cell battery. The dry cell was weak,
giving less voltage, which was not sufficient to give proper reading. One of the student asked, “Sir, can’t we stepup the voltage using a transformer?” Teacher replied, No, we cannot step up DC voltage using step-up transformer
and explained the reason and working of a transformer .the student then constructed a transformer for his Physics
project and studied the factors responsible for losses in a transformer.
(i) What values are displayed by the student
(ii) Why transformer cannot be used to step-up DC voltage
Q6. Rahul after having lived in US for 12years returned back to India. He had a discussion with his cousin Sumit on
domestic power supply in US and in India. In US domestic power supply is at 110v, 50Hz, whereas in India it is
220V, 50Hz. Rahul was stressing that US supply is better than Indian supply. Both went to Sumit’s father an
electrical Engineer and asked his opinion on the issue. He explained that both the supplies have advantages as well
as disadvantages.
(i) What values are used by Rahul and Sumit?
(ii) Write one advantage and one disadvantage of 220V supply over 110V supply
Q7. During the Physics period, the teacher had started with alternating current. She recalled the concepts of AC
and DC. She also asked the students to draw the graphs of AC/DC in their notebook. Ram did
the work. But Leena was not able to draw. She struggled but Ram helped her in the completion of the graph.
i. What values were displayed by Ram?
ii. Draw graphically AC & DC
iii. Why do we prefer AC to DC?
Q8. A visit to science exhibition was arranged for class XII. They saw the process of electroplating. The students
exhibited the electro plating with the help of DC source. Immediately students raised the doubt, “Why don’t we use
AC instead of DC?” The teacher in charge explained and cleared their doubts.
i) What value were displayed by these students?

ii) Why should we use dc instead of ac?
Page 154

osbincbse.com

SOLUTIONS

ANS1: (a) By adjusting the tuner, she would have changed the capacitance value and adjusted the frequency.
(b) Resonance.
(c) Harmony. By being in harmony with nature, life would be beautiful and easy for the future generation.
ANS2:(a) An inductor and a capacitor.
(b) Resonance.
(c) Concern for social security.
ANS3 (i) Curiosity,
(ii) Induced current in the aluminum ring acts in the opposite direction to those in Coil and so magnetic
field of the ring repels the magnetic field due to the coil. As a result of it the ring shoots in air.
Ans 4 (i) Social awareness
( ii) To minimize power loss due to generation of heat.
(iii) mutual inductance
Ans5 (i) Creativeness, curiosity.
(ii) DC supply does not produce changing magnetic flux in the primary hence no emf is set in the secondary
coil of transformer.
Ans 6 (i) Critical thinking, awareness.
(ii) Advantage the power loss at 220v supply is less than at 110v
Disadvantage 220v supply has peak value 311v which is much higher than peak value of 155.5V
for 110v supply
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Ans7 i. Sharing the knowledge, helping nature.
ii.
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iii. Less loss of power in AC.
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Ans8 i. Curiosity, critical thinking and understanding
ii. Because in AC, direction of current changes periodically whereas the electrodes are
with fixed polarities.

ElectroMagnetic Wave
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Unit - 5

Properties of EM Waves:
1. The waves associated with Electric field and magnetic field oscillating perpendicular to each other and also
perpendicular to the direction of propagation of waves.
A linearly polarized electromagnetic wave, propagating in the z-direction with the oscillating electric field E
along the x-direction and the oscillating magnetic field B along the y-direction.
2. The equation of electric field in a typical electromagnetic waves can be given by:
E = Eo cos {(kz+ωt+ ɸo}]ˆi.
and for the magnetic field, it is given by
B = Bo cos {(kz+ωt+ ɸo}]ˆj.
where: E = instantaneous value of electric field
Eo= peak value of electric field
k = angular wave number (= 2π/λ)
ω = angular frequency (= 2πν )
ɸo = initial phase
The EM wave so obtained due to superposition of Electric Field and Magnetic field travels in Z-direction.
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3. Electric field and magnetic field in E M Waves oscillate in same phase.
4. Energy carried by electric field and magnetic field in em waves is equal.
5. Velocity of EM waves in free space: 2=1/ 0 0 = Eo / Bo = 3 x 108 m/s.
6. The Scientists associated with the study of EM waves are Hertz, Jagdish Chandra Bose & Marconi.
7. EM waves are transverse in nature because of which it undergoes polarization effect.
8. Only electric field vectors of electromagnetic waves are responsible for optical effects i.e. to see the things
around us.
9. Only oscillating or accelerating charged particle can produces EM waves.
10. They do not need material medium to travel.
11. They are not deflected by electric field or magnetic field because they are neutral.
12. Frequency of electromagnetic waves is given by: ν = / √
13. Total momentum transferred by electromagnetic waves on a surface is given by
p = U/c.
Where U is energy transferred by electromagnetic waves on the surface in time‘t’.
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14. Average pressure exerted by visible electromagnetic waves is about 7 x 10-6 Pa.
15. The basic difference between all EM waves lies in their wavelength (λ) or frequencies(ν), otherwise, they all
travel with same speed.
Maxwell’s Displacement Current.
1. The current due to time varying electric field or electric flux is called displacement current.
2. Conduction current and displacement current together have the property of continuity.
3. Conduction current & displacement current are precisely the same.
4. Conduction current arises due to flow of electrons in the conductor. Displacement current arises due to
electric flux changing with time and given by: =
ɸ/
where ɸ is electric flux.

Electromagnetic Spectrum The orderly distribution of EM radiations according to the wavelength or
frequency is called EM spectrum
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Type
Frequency Range Production
Detection
Uses
(Hz)
Radio
105– 109
Rapid acceleration Receiver’s aerials Radio, TV Communication,
/ deceleration of
Radio Astronomy
electrons in aerials
Micro

109 – 1012

Klystron valve or Point
magnetron valve
diodes

IR

1012 - 1014

Vibration of atom
or molecules

Light

4x1014–8x1014

Electron in an
atom
during
transition

UV

1015 - 1017

Inner
Shell
electron in atom
moving from one
energy level to a
lower energy level

X-rays

1016 - 1021

X-ray tube or
inner
shell
Electrons

Gamma ray

1019 - 1023

Radioactive decay
of the nucleus
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A useful acronym for remembering the spectrum

contact Radar, TV communication,
Satellite
Communication,
Microwave Oven
Thermopiles,
Green House effect, looking
Bolometer
through haze, fog and mist,
Infrared
Ariel mapping, in reading
Photographic Film ancient
documents,
physiotherapy
Eye,
Photocell, Photography, Illuminations
Photographic Film Emit & reflect by the
objects, optical instruments,
photography
Photocell
& Preservation
of
food,
photographic film Detection
of
invisible
writing, finger print in
forensic lab. Determination
of Structure of molecules &
atoms. Sterilizing of surgical
instruments, water purifiers.
Photographic film, Study of crystal structure &
Geiger
tube, atom, fracture of bones, to
ionization
find cracks in bridges and
chamber.
buildings.
Photographic film, Nuclear reaction & structure
Geiger
tube, of atoms & Nuclei.
ionization
To destroy cancer cells.
chamber
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R M I L U X GAMMA

VERY SHORT ANSWER TYPE QUESTIONS
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1. Why only microwaves are used in microwave ovens?

Ans: The frequency of microwaves matches with the frequency of water molecules. So water can absorb energy
from microwaves by resonance.
2. Name the waves used in radar and give the order of their wavelengths.
Ans: Microwaves, order of wavelength (λ) = 10-2 m.
3. What is the ratio of velocities of light rays of wavelength 4000 Ao and 8000 Ao in vacuum?
Ans: 1:1
4. What is displacement current? Give its SI units.
Ans: Displacement current arises due to electric flux changing with time.
5. Name the electromagnetic radiations used for viewing the objects through haze and fog?
Ans: IR
6. What did Maxwell prove about magnetic field?
Ans. Magnetic field is produced not only by a current, but also by a time varying electric field.
7. What is the basic source of EM waves?

OM

Ans: An accelerating charge is a basic source of electromagnetic waves.
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8. How are electric and magnetic fields related to each other?
Ans: c = / , where c is speed of light.

BS

9. What is the basic difference between various types of EM waves?

Ans. The basic difference between various types of EM waves lies in their wavelengths and frequencies.
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Ans. (1.6 x 10-7T) (Hint: B = E/c)
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10. In a plane e. m. wave, the electric field oscillates sinusoidal at a frequency of 2 x 102 Hz and amplitude 48
V/m. What will be the amplitude of the magnetic field?

11.Why are microwaves used in RADAR?
Ans:As they have directional property

12. Radio waves and gamma rays both are transverse in nature and electromagnetic in character and have the
same speed in vacuum. In what respects are they different?

Ans. Radio waves have atomic origin, while the gamma rays are nuclear origin. Further owing to their very
small wavelength, the gamma rays are highly penetrating in comparison to radio waves.
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13. What is the main difference between characteristic X-ray and α-rays?
Ans. X- rays are emitted when orbital electron jumps from some outer shell to the inner shell in case of an atom
of a heavy element. While α are emitted by radio-active nuclei.
14. The wavelength of electromagnetic radiation is doubled? What will happen to the energy of the photon?
Ans. The frequency and hence energy will become half.
15. Write the frequency limit of visible range of electromagnetic spectrum in kHZ.
Ans. 4x1011kHz – 8x1011kHz.
16. Name the part of the electromagnetic spectrum that is used to keep plants warm in green houses.
(Ans: IR)
17. Optical and radio telescopes are built on the ground but X-ray astronomy is possible only from satellite of
the earth why?
Ans. X-rays are absorbed by the atmosphere also they are harmful for human beings, but visible and radio
waves can penetrate through it.
18. Out of microwaves, ultraviolet rays and infrared rays, which radiation will be most effective for emission of
electrons from a metallic surface?
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Ans. ultraviolet rays are most effective for photoelectric emission because they have highest frequency and
hence most energetic.
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19. Give difference between the displacement current and Conduction current?

BS

Ans: Conduction current arises due to flow of electrons in the conductor whereas displacement current arises
due to time varying electric field/flux.
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Ans: 0.25 A
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20. The charging current for a capacitor is 0.25 A. what is the displacement current across its plates?

TWO MARKS QUESTIONS
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1. What do electromagnetic waves consists of? Explain as what factors does its velocity in vacuum depend?
Suppose that the electric field part of an electromagnetic wave in vacuum is
E = [(3.1 x 104 N/C) cos {(1.8 rad /m) y + (5.4 × 106 rad /s) t}]ˆi.
(i) What is the frequency?
(ii) In which direction is the wave travelling?
2. Identify the part of the part of em spectrum:
(i) Used in air craft navigation, (ii) Adjacent to low frequency em spectrum,
3. Identify the part of the part of em spectrum:
(i) Produced by bombarding a metal target by high speed electrons.
(ii) For taking photograph of the sky during night and foggy days.
4. Give one use of each of the following:
(i) X-rays
(i) radio waves.
5. What is meant by the transverse nature of electromagnetic waves?
6. Give one use of each of the following--:
(i). Microwave
(ii). Infrared waves
7. Identify and name the part of electromagnetic spectrum to which these radiation belong.
(i), are used to treat muscular strain.
(ii), are used by a FM radio station for broadcasting.
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8. Which of the following, if any, can act as a source of electromagnetic waves:
(i) A charge moving with constant velocity.
(ii) A charge moving in circular orbit.
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9. Identify the part of electromagnetic spectrum to which the waves of frequency (i)10 20 Hz and (ii) 109 Hz
belong.
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10. Which electromagnetic radiations are used
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(ii) carry data in beamed signal
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(i) to identify the forged documents and counterfeited notes.

ANSWERS
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Ans.1 Comparing given equation with E = E0cos {(ky+ ωt}],
we get = (3.1 x 104) N −1
−1
=1.8 rad − and ω=5.4 × 106
(i) = 2 =8.6 × 105 Hz
(ii) Y-axis
Ans. 2 &3 (see the table)

Ans. 4 (see the table)
Ans 5. Transverse Nature of Electromagnetic Waves:
In an electromagnetic wave, the electric and magnetic field vectors oscillate perpendicular to the
direction of propagation of wave. This is called transverse nature of electromagnetic wave
Ans 6. (i) Long distance or Satellite communication.
(ii). to treat muscular strains.
(iii). Sterilizing surgical instruments.
(iv). Radio Therapy
Ans: 7.
i). Infrared radiation. ii).VHF/Radio waves.
Ans 8 (a) (i) Can’t produce em waves because no acceleration.
(ii) It is accelerated motion - can produce em waves.
Ans 9 (i) gamma rays (ii) Micro waves
Ans. 10 (i) UV
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(ii) Microwaves

Key Points
RAY OPTICS & OPTICAL INSTRUMENTS
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REFLECTION OF LIGHT
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 Reflection When light travelling in a medium strikes a reflecting surface, it goes back into the same
medium obeying certain laws. This phenomenon is known as reflection of light.
 Laws of reflection.
1. The incident ray, the normal to the reflecting surface at the point of incidence and the
reflected ray all lie in the same plane.
2. The angle of incidence (i) is always equal to the angle of reflection (r).
 Image formed by a plane mirror.
1. The image is as far as behind the mirror, as the object is in front of it.
2. The size of the image is same as that of the object.
3. The image formed is virtual in nature.
4. The image formed is erect in nature.
5. The image formed is laterally inverted.
 Spherical mirror. The portion of a reflecting surface, which forms part of a sphere is called a
spherical mirror.
 Concave Spherical mirror. A spherical mirror, whose reflecting surface is towards the centre of the
sphere, of which the mirror forms a part is called concave spherical mirror.
 Convex Spherical mirror. A spherical mirror, whose reflecting surface is away from the centre of
the sphere, of which the mirror forms a part is called convex spherical mirror.
 Centre of curvature. The centre of the sphere, of which the mirror forms a part is called the centre
of curvature of the mirror.
 Radius of curvature. The radius of the sphere, of which the mirror forms a part is called the radius
of curvature of the mirror.
 Pole. The centre of the spherical mirror is called its pole.
 Principal axis. The line joining the pole and the centre of curvature of the mirror is called the
principal axis of the mirror.
 Aperture. The diameter of the mirror is called the aperture of the mirror.
 Principal focus. The point at which a narrow beam of light which is incident on the mirror parallel
to its principal axis, after reflection from the mirror, meets or appears to come from, is called the
principal focus of the mirror.

 Focal length. The distance between the pole and the principal focus of the mirror is called the focal
length of the mirror.
 Relation between f and R. f=R/2
According to new cartesian sign conventions, both f and R are taken as negative for a concave
mirror and positive for a convex mirror.
1 1 1
 Mirror Formula.
 
f u v
where u and v denote the object and image distances from the pole of the mirror.
According to new cartesian sign conventions, the distances of the real objects and real images
(both lie in front of the mirror) are taken as negative, while those of virtual objects and virtual
images (both lie behind the mirror) are taken as positive.

 Linear magnification. The ratio of the size of the image (formed by the mirror) to size of the object
is called linear magnification produced by the mirror.
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I
v
f
f v
Mathematically,
m  

O
u u f
f
According to new cartesian sign conventions, when the image formed is real (inverted), the
magnification produced by the mirror is negative and when the image formed is virtual (erect), the
magnification produced by the mirror is positive.
 Spherical aberration. The inability of a spherical mirror of large aperture to bring all the rays in a
wide beam of light falling on it to focus it at a single point is called spherical aberration.
REFRACTION OF LIGHT
 Refraction. The phenomenon of change in the path of light as it goes from one medium to another
is called refraction.
 Laws of refraction.
1. The incident ray, the normal to the refracting surface at the point of incidence and the refracted ray
all lie in the same plane.
2. The ratio of the sine of the angle of incidence to the sine of the angle of refraction is constant for any
two given media. It is called Snell’s law.
sin i
Mathematically,
 n21
sin r
Here, n21 is called the relative refractive index of medium 2 (in which the refracted ray travels) w.r.t.
medium 1 (in which the incident ray travels).
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 Absolute refractive index. The absolute refractive index of a medium is defined as the ratio of the
velocity of light in the vacuum (c) to the velocity of light in that medium (v).
c
Mathematically: Absolute refractive index, n 
v
 Principle of reversibility of light. It states that if light after suffering any number of reflections and
refractions has its final path reversed, it travels back along the same path in the opposite direction.
It leads to result that the refractive index of the medium 2 w.r.t. medium 1 is equal to
the reciprocal of the refractive index of the medium 1 w. r. t. the medium 2.
1
Mathematically: n21 
n12
 Lateral shift. The perpendicular distance between the incident and the emergent rays, when the
light is incident obliquely on a parallel sided slab of a refracting material is called lateral shift.
t
Mathematically: d 
(sin i  r )
cos r

 Refraction from a compound plate. When a compound plate of two refracting media 2 and 3,
(each having parallel refracting surfaces) is placed in a medium 1, then the emergent ray is always
parallel to the incident ray and the refractive indices of the three media are related to each other as
below:
n21  n32  n31
 Real and apparent depth. When an object is placed in an optically denser medium, the apparent
depth of the object is always less than its real depth.
Re al depth
Mathematically: 1.
 n21
Apparent depth

Mathematically: 2.
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1 

Normal shift, d  t 1 
 n21 
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 Total internal reflection. The phenomenon of reflection of light that takes place when a ray of light
traveling in a denser medium gets
incident at the interface of the two media
at
an angle greater than the critical angle
for
that pair of media.
1
Mathematically:
n21 
sin C
Here, n21 is the refractive index of the
denser medium 2 w.r.t. the rarer medium
1
and C is the critical angle.

Total internal reflection
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 Spherical refracting surface. The portion of a refracting medium, whose curved surface forms the
part of a sphere, is called a spherical refracting surface.
When object is situated in the rarer medium, the relation between n1 (refractive index of the
rarer medium), n2 (refractive index of the spherical refracting surface) and R (the radius of curvature)
with the object and image distances ( u and v) is given by
n n
n  n1
 1 2  2
u
v
R
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When object is situated in the denser medium, the relation between n1 (refractive index of
the rarer medium), n2 (refractive index of the spherical refracting surface) and R (the radius of
curvature) with the object and image distances ( u and v) can be obtained by interchanging n1 and n2.
In that case, the relation becomes
n
n
n  n2
 2 1  1
u
v
R
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 Lens maker’s formula. The relation connecting the focal length of the lens with the radii of
curvature of its two surfaces and the refractive index of the material of the lens is called lens maker’s
formula.
 1
1
1 
 (n  1)  
Mathematically:
f
 R1 R2 
The focal length of a convex lens is taken as positive, while that of concave lens is taken as negative.
 Lens equation. The relation between the focal length, the object and image distances is called lens
equation.
1 1 1
Mathematically:
 
f v u
 Linear Magnification. The ratio of the size of the image (formed by the lens) to the size of the
object is called linear magnification produced by the lens.
I v
f
f v
Mathematically,
m  

O u f u
f

 Power of a lens. It is defined as the reciprocal of the focal length of the lens in metre. Page 164
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1
Mathematically, 1. P 
f

 1
1 

2. P  (n  1) 
 R1 R2 
In the above two formulae; f, R1 and R2 are measured in metre.
 Two thin lenses placed in contact. When two lenses of
focal lengths f1 and f2 are placed in contact, the focal
length of the combination is given by
1
1
1


f
f1 f 2

Power of equivalent lens:
Magnification produced by equivalent lens: m  m1  m2

P = P1 + P2

 Spherical aberration. The inability of a lens of large aperture to bring all the rays in a wide beam
of light falling on it to focus at a single point is called spherical aberration.

M

 Refraction through a prism. A prism is the portion of a transparent refracting medium bound by
two plane surfaces meeting each other along a straight edge.
A ray of light incident on one face of the prism suffers refraction successively at the two
surfaces and then emerges out of it.
Mathematically, 1. A = r1 + r2 2. A + D = i + e
3. When the prism is placed in the minimum deviation position,
4. When angle of prism is small, D = A (n – 1)
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 Dispersion. The phenomenon of splitting up of white light into its constituent colours is called
dispersion.
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 Spectrum. The band of seven colours obtained on the screen is called spectrum.
 Pure spectrum. A spectrum, in which the constituent colours have sharp boundaries and are
distinctly visible, is called the pure spectrum.
 Rayleigh’s law of scattering. It states that the intensity of the light of wavelength λ in the scattered
light varies inversely as the fourth power of its wavelength.
 Rainbow. The coloured arcs, seen immediately after the rain by an observer with his back towards
the sun, are called rainbows.
OPTICAL INSTRUMENTS
 Simple microscope. A convex lens of small focal
length is called a simple microscope or a
magnifying glass.

The magnifying power of a microscope is defined as the ratio of the angle subtended by the
image at the eye to the angle subtended by the object seen directly, when both lie at thePage
least distance
165
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of distinct vision.

D
M  1  
Mathematically:
f 

Here, D is the least distance of distinct vision.
 Compound microscope. A compound microscope is a two lens system (object lens and eye lens of
focal lengths fo and fe). Its magnifying power is very large, as compared to the simple microscope.
v 
D
L
D
Mathematically:
M  o 1     1  
uo 
fe 
fo 
fe 
Here, uo is distance of the object from the object lens and vo ( L, is the length of the tube of the
microscope) is the distance at which the object lens forms the image of the object.



Compound Microscope

Astronomical Telescope
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 Astronomical telescope. It is a two lens system and is used to observe distant heavenly objects. It is
called refracting type astronomical telescope.
 Normal adjustment. When the final image is formed at infinity, the telescope is said to be in normal
adjustment.
The magnifying power of a telescope in normal adjustment is defined as the ratio of the angle
subtended by the image at the eye as seen through the telescope to the angle subtended by the object
seen directly, when both the object and the image lie at infinity.
f
Magnifying power in normal adjustment, M   o
fe
When the final image is formed at the least distance of distinct vision,
f 
f 
Magnifying power of the telescope, M   o 1  e 
fe 
D
 Reflecting type telescope. In a reflecting type
telescope, the objective is a concave spherical
mirror of large aperture in place of a convex
lens.
The expression for
magnifying power of a reflecting type telescope
is same as that for refracting type astronomical
telescope.

Schematic diagram of a reflecting telescope

VERY SHORT ANSWER QUESTIONS (1 MARK)
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1. A ray of light falls on a mirror normally. What are the values of the angle of incidence and the angle
of reflection?
2. When does a convex mirror produce a magnified image?
3. How is the focal length of a spherical mirror affected, when the wavelength of the light used is
increased?
4. How is the focal length of a spherical mirror affected, when it is placed inside water?
5. Give the ratio of velocities of two light waves travelling in vacuum and having wavelengths 4000A0
and 8000A0.
6. Is the ratio of frequencies of ultraviolet rays in vacuum and in glass more than, less than or equal to
one?
7. For what angle of incidence, the lateral shift produced by parallel sided glass plate is zero?
8. For what angle of incidence, the lateral shift produced by a parallel sided glass plate is maximum?
9. Which of the two main parts of an optical fibre has a higher value of refractive index?
10. What happens to the focal length of convex lens, when it is immersed in water?
11. Out of red and blue lights, for which colour is the refractive index of glass greater?
12. Write the relation for the refractive index of the prism in terms of the angle of minimum deviation
and the angle of prism.
13. A glass prism is immersed in water. What happens to the value of angle of minimum deviation ?
14. What is the length of telescope in normal adjustment?
15. How does magnifying power of a telescope change on decreasing the aperture of its objective lens?
16. What should be the position of an object relative to a bi convex lens so that it behaves like a
magnifying lens?
17. Define Critical angle with reference to TIR.
18. What is the speed of light in a medium for which critical angle is 30 degree?
19. What is the focal length of plane glass plate?
20. What is the focal length of a convex lens having radii of curvatures 20cm?
21. What is the advantage of using a parabolic concave mirror compared to a convex lens as objective of
a telescope?
22. Two thin lenses of powers +2D and +5D are placed in contact. Will the focal length of the
combination increase or decrease?
23. What are the two possible values of the magnifying powers of a simple microscope made of convex
lens of focal length f= 5.0cm?
24. Why is the focal length of an objective in compound microscope little shorter than the focal length of
the eyepiece?
25. Why should the objective of a telescope have larger focal length?
26. Why is the aperture of objective lens or mirror of a telescope taken as larger as possible?
27. Two lenses of focal length 5cm and 50cm are to be used for making a telescope. Which lens will you
use for the objective?
28. Can a microscope function as a telescope by inverting it? Can a telescope function as a microscope?
29. Can a terrestrial telescope be used for observing astronomical objects?
30. Can we increase the range of a telescope by increasing the diameter of its objective?
31. How does the magnifying power of a telescope change on increasing the diameter of its objective?
32. Two telescopes have same magnifying power but the diameters of their aperture are different. What
will be the differences in the final image formed by them?
33. A fly is sitting on the objective of a telescope. What will be its effect on the final image of the
distance object?
34. What is the difference in the constitution of the objective of a telescope and that of a microscope?
35. How will you distinguish between a compound microscope and a telescope just by seeing them?
36. Why should the objective of a microscope be of small aperture?
37. A convex lens of focal length 15cm is placed in contact with a concave lens of same focal length.
How will the combination behave?
38. The wavelength of red light is almost twice that of violet light. Is the refractive index of a material
also greater for red colour than that for violet colour?

39. Does the angle of deviation of a small angled prism depend on angle of incidence?
40. Out of blue and red light which is deviated more by prism?
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Answes VSA ANSWER KEY (1 MARK)
1.
2.
3.
4.
5.

Both the angle of incidence and the angle of reflection are zero.
A convex mirror always produces a diminished image.
There is no effect of change in wavelength of light on the focal length of a spherical mirror.
The focal length of the spherical mirror will remain unchanged.
In vacuum, light of all the wavelengths travel with the same velocity i.e. 3 × 10 8 ms −1 . Therefore, the
ratio of the velocities of the two light waves is 1.
6. It is one.
7. For i =0
8. For i = 900, the lateral shift is maximum and is equal to thickness of the glass plate. For i = 900, we
have
9. The value of refractive index of the fibre material is higher than that of the coating material.
10. The focal length of convex lens increases, when it is immersed in water.
11. The refractive index of glass for blue light is greater than that for red light i.e. μb> μr
sin ( A + δ m )
µ=
12.
sin A 2
13. When a prism is immersed in water,
sin ( A + δ m )
w
µg =
sin A 2
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Since the value of w µ g is less than a µ g , the value of the angle of minimum deviation decreases
on immersing the prism in water.
14. The length of the telescope in normal adjustment = f0 + fe.
15. The magnifying power of a telescope is independent of the aperture of the objective lens.
16. The object should be placed between the optical centre and focus of the lens at such a point that its
image is formed at the least distance of distinct vision.
17. It is the angle of incidence in denser medium for which angle of refraction becomes 90 degree.
18. v=c/µ , here µ=1/sinc,
19. Infinite is
20. f=20cm
21. Parabolic concave mirror is free from spherical and chromatic aberrations.
22. Power of combination P=2D+5D=7D As power increases so focal length of the combination
decreases.
23. When the final image is formed at least distance of distinct vision
m = 1+ D/f= 1+25/5=6
when final image is formed at infinity
m= D/f= 25/5=5
24. This is done so that the objective lens forms image within the focal length of the eye piece.
25. This is done to obtain larger magnifying power and greater intensity of image.
26. This increases the light gathering capacity of the objective from the distance object . Consequently a
brighter image is formed.
27. In a telescope the objective should have larger focal length then the eyepiece. So, lens of 50cm focal
length should be used as the objective.
28. No because in microscope the two lenses have short focal length and so the differences fe – fo is
small on the other hand in a telescope the objective has much larger focal length than the eyepiece.
29. Yes the final image is erect with respect to the object but the intensity of the image formed by
terrestrial telescope is less than that formed by astronomical telescope.
30. Yes, because the light gathering power of objective will increase and even faint object will become
visible.
31. Magnifying power of a telescope m=f0/fe. It is independent of the aperture of the objective. So m
does not change on increasing the diameter of the objective.
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32. The telescope with larger aperture will form a brighter image also the fine details of the object will
be more clear due to greater resolving power.
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33. The fly will not be seen in the final image but the intensity of the final image gets reduced because
light will not enter the telescope from that part of the objective where the fly is sitting.
34. The objective of a telescope is a convex lens of larger focal length and larger aperture as compared to
its eyepiece. The objective of microscope is a convex lens of smaller focal length and smaller
aperture as compared to its eyepiece.
35. The aperture of the objective of a microscope is very small while that of a telescope is larger so the
front end of a microscope is narrow while that of telescope is much wider.
36. When the objective has a small aperture the light rays from the nearby tiny object spread over small
aperture and consequently the final image formed will be highly bright.
37. The power of combination will become zero. So the combination will behave like a plane glass slab.
38. The refractive index of a material is related to wavelength by Cauchy relation.
39. No, for a small angled prism, angle of deviation 𝛿 = (𝜇 − 1)𝐴 , which does not depend on i.
40.
The deviation produced by a small angled prism is given by 𝛿 = (𝜇 − 1)𝐴 , as refractive index of
blue light is greater than refractive index of red light. So, deviation of blue light is greater than
deviation of red light.

SHORT ANSWER TYPE QUESTIONS [2MARKS EACH]
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1. Why convex mirror is used as driver’s mirror ? Is it a perfect driver’s mirror?
2. Why are mirrors used in search lights parabolic and not concave spherical?
3. Briefly explain, how the focal length of a convex lens changes with increase in wavelength of
incident light.
4. A thin converging lens has a focal length ‘f’ in air. If it is completely immersed in a liquid, briefly
explain how the focal length of the lens will vary?
5. Draw a ray diagram showing the formation of image by a concave lens. Discuss the nature of the
image.
6. A glass prism has a minimum angle of deviation Dm in air. State with reason, how the angle of
minimum deviation will change, if the prism is immersed in a liquid of refractive index greater than
1.
7. Why does the sky appear blue?
8. State the conditions for total internal reflection to occur.
9. On what factors does (i) magnifying power and (ii) resolving power of a compound microscope
depend?
10. How will the magnifying power of a refracting type astronomical telescope be affected on increasing
for its eyepiece (i) the focal length and (ii) the aperture? Justify your answer.
11. One can see the sun for several minutes after it has actually set. Explain.
12. A double concave lens of glass of refractive index 1.6 has radii of curvature of 40cm and 60 cm.
Calculate its focal length in air.
13. Calculate the refractive index of the material of an equatorial prism for which the angle of minimum
deviation is 60°.
14. You are given 3 lenses having powers of P1 = 6D, P2 = 3D and P3 = 12D. Which of the two lenses
do you select as an eyepiece and which as an objective to construct a microscope? Why?
15. State four factors on which refractive index depends.
16. Draw a labelled diagram of image formation by a compound microscope.
17. Define resolving power of a telescope. On what factor does it depend? Explain.
18. Why should the focal lengths of both the eyepiece and objective be short in case of a compound
microscope.
19. Microwaves are used in RADAR. Explain why.
20. How does the frequency and wavelength of light change when a ray of light is reflected from plane
mirror?
SHORT ANSWER TYPE ANSWER KEY [2MARKS EACH]
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1. The convex mirror is used as a driver’s mirror as it gives a wide field of view of the traffic. Because
it always forms an erect and diminished image.
However, it does not give the correct idea of the speed of the vehicles coming behind. As the
convex mirror gives an erroneous idea of the traffic, it is not a perfect driver’s mirror.
2. A search light is used to provide an intense beam of light. If a concave mirror of large aperture is
used to for this purpose by placing a light source at its focus, then it does not reflect all the rays
falling on it in the form of a parallel beam due to spherical aberration. A concave mirror can reflect
only those rays in the form of a parallel beam, which travel near its principal axis. However a
parabolic mirror is free from spherical aberration and it is made use of in search lights.
3. The refractive index of the material of a lens decreases with increase in wavelength of incident light.
Since focal length of a lens is given by
 1
1
1 

= (n − 1) −
f
 R1 R2 
It follows that focal length of the lens will increase with increase in wavelength of incident light.
4. The focal length of the lens in air is given by

 1
1
1 
 __________________(i)
= (n − 1) −
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 R1 R2 
If n ′ is refractive index of the material of the lens w.r.t. liquid, then focal length of the lens, when
placed in liquid is given by
 1
1
1 
 _________________(ii)
= (n′ − 1) −
f′
R
R
2 
 1
From the equations (i) and (ii), we have
f ′ (n − 1)
=
f
(n ′ − 1)
Since n ′ < n, f ′ >f i.e. focal length of the lens will increase on immersing it in liquid.
5.

The image is always virtual, erect and diminished.
6. For a glass prism placed in air,
sin ( A + Dm ) 2
n=
sin A 2
When prism is immersed in a liquid of refractive index greater than 1, its refractive index w.r.t.
liquid will become less than n. From the above relation, it follows that the angle of minimum
deviation will decrease.
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7. According to Rayleigh’s scattering law, when the light traverses the atmosphere, the intensity of
light scattered is inversely proportional to the fourth power of the wavelength of light. Therefore, the
scattering is prominent due to its small wavelength. Due to this, sky looks blue.
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8. Refer to NCERT Textbook Page 433

L
D
1 + 
fo 
fe 
Therefore, magnifying power of a compound microscope depends upon the focal lengths
of the objective and the eyepiece of the microscope.
2 n sin θ
(ii) Resolving power =
λ
Therefore, resolving power of a compound microscope depends upon the wavelength of light used
to illuminate the object, refractive index of the glass forming the objective and the semi vertical
angle of the cone, in which the rays from the object enter the objective.
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9. (i) Magnifying power, M= −

10. (i) Magnifying power of a telescope is given by M = −

fo
fe

1
, therefore, magnifying power of the telescope will decrease on increasing the focal
fe
length of the eye-piece.

Since Mα

(ii) The resolving power of the telescope depends upon the aperture of its objective. It does not depend
upon the aperture of the eyepiece.
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11. Sun is visible to an observer after the actual sunset (i.e actual passing of the horizon by the sun)
because of refraction of light due to denser atmosphere near the earth. Due to refraction, apparent
shift in the direction of sun is about 1/2° leading to delay of about 2 minutes in actual and apparent
sunsets.

12.

 1
1
1 

= (n − 1) −
f
 R1 R2 

f=-40cm
13. µ = Sin(A+Dm/2)
Sin(A/2)
µ = sin60
sin30
µ =

3
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14. Magnifying Power of microscope
Mα
1
fo fe
M α Po Pe
(ie) For a microscope, PePo should be as large as possible.
Also, power of objective should be higher than the eyepiece. Hence choice is
P3 is selected as objective and P1 as eyepiece.
15. (i) Nature of the material medium
(ii) nature of the surrounding medium
(iii) wavelength of the light and
(iv) Temperature.
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16. NCERT Textbook Page no 274.

RP = 1/dα = D/1.22λ
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17. Resolving Power of a telescope is the reciprocal of the least angular spectrum between two far off
objects whose images are just separately seen through the telescope.
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Where dα is the angular separation. Hence the diameter
D of the objective lens should be very large and the object should be illuminated by a light of small
wavelength λ.
18. Because angular magnification of objective is approximately v/fo
And angular magnification of eyepiece = (1+D/fe)
19. Microwaves have small wavelength and large frequency so that they can easily be transmitted as
beam signals in a particular direction. They can (capable of) bend around the small particles in their
path.
20. Both remain same
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SHORT ANSWER QUESTIONS (THREE MARKS)
Q 1. Explain with ray diagrams the formation of (i) a real enlarged image and (ii) a virtual image
in the case of a concave mirror.
Q 2. The sun is seen a little before it rises and for a short while after it sets. Explain, why.
Q 3. Explain mirage effect produced in very hot deserts with the help of diagram.
Q 4. With the help of a ray diagram, show the formation of image of a point object by refraction
of light at a spherical surface separating two media of refractive indices n1 and n2 (n2 >n1)
n
n
n  n1
respectively. Using this diagram, derive the relation 2  1  2
.
v u
R
Q 5. What is dispersion of light? Explain why white light is dispersed when passing through a
prism.
Q6. Draw the ray diagram of an compound microscope, when the final image is formed at the
least distance of distinct vision. Write the formula for magnifying power in the above noted case.
Q7. A needle placed 45 cm from a lens forms an image on a screen placed 90 cm on the other
side of the lens. What is the type of the lens? Find its focal length. If the length of the needle is
5cm, what is the length of image formed?
Q8. A double convex lens made of glass of refractive index 1.5 has both radii of curvature of
magnitude 20cm. An object 2cm high is placed at 10cm from the lens.
Find the position, nature and size of the image.

i)
Draw a neat labelled ray diagram of a compound microscope.
Explain briefly its working.

E.
C

Q.10

OM

Q9. Write any three differences between reflecting type and refracting type telescope.

BS

(ii) Why must both the objective and the eye-piece of a compound microscope have short
focal lengths ?
Q.11

Draw a neat labelled ray diagram of an astronomical telescope in normal
adjustment. Explain briefly its working.

(ii)

An astronomical telescope uses two lenses of powers 10 D and 1 D. What
is its magnifying power in normal adjustment?
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(i)
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Q.12 The radii of curvature of the faces of a double convex lens are 10 cm and 15 cm. If the
focal length if the lens is 12 cm find the refractive index of the material of lens.

Q.13

A giant refracting telescope at an observatory has an objective lens of focal length 15 m.
If an eye piece lens of focal length 1.0 cm is used. Find the angular magnification of the
telescope. If this telescope is used to view the moon what is the diameter of the image of
the moon formed by the objective lens? The diameter of the moon is 3.42x106 m and the
radius of the lunar orbit is 3.8x106m.

Q.14 A compound microscope uses an objective lens of focal length 4 cm and eye piece lens
of focal length 10 cm. An object is placed at 6 cm from the objective lens. Calculate the
magnifying power of the compound microscope. Also calculate the length of microscope.
Q.15 Use the mirror equation to show that
a) an object placed between f and 2f of a concave mirror produces a real image beyond the 2f.
b) a convex mirror always produces a virtual image independent of the location of the object.
c) an object placed between the pole and the focus of a concave mirror produces a virtual and
enlarged image.
Q.16 A convex lens made up of glass of refractive index 1.5 is dipped in turn in (1) a medium
of refractive index 1.65 (ii) a medium of refractive index 1.33.
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E.
C

OM

a) Will it behave as a converging lens or a diverging lens in two cases?
b) How will its focal length change in two media?
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Q.20 A Double convex lens made of glass of refractive index 1.5 has both radii of curvature of
magnitude 20 cm. an object 2 cm high is placed at 10 cm from the lens. Find the position, nature
and size of the image.
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SECTION C : SHORT ANSWER TYPE
[3 MARKS EACH]
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Ans1.
Formation of (i) a real enlarged image and
(ii) a virtual image in the case of a concave
mirror

Refer to article 9.2.3 at page no. 314 of NCERT text book.
Ans.2 Refer to article 9.3 at page no. 318 of NCERT text book.

E.
C

OM

Ans.3
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BS

Refer to article 9.4.1 at page no. 321 of NCERT text book.
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Ans.4 Refer to article 9.5.1 at page no. 323 of NCERT
text book.
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Ans.5 Refer to article 9.7 at page no. 332 of NCERT text book.
Ans6. Magnifying power, M= 

L
fo


D
1  
fe 


Ans.7

=1/30

OM

f = 30cm

E.
C

Hence it is a convex lens (since the f is positive)
Also we know magnification m = v/u
I/O = -2,

I = -2xO,

I=-2x5 =-10cm

BS

M=90/-45 = -2 ,
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Hence the size of image is 10cmm and it is inverted.
Ans.8 Using 1/f = 1/v – 1/u = (-1)(1/R1 – 1/R2)
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We get 1/10 + 1/v = (1.5-1) ( 1/20 +1/20)

V = -20cmHence the image is virtual in the left hand side of the lens.
Ans.9
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Reflecting Type

Refracting Type

The objective is a parabolic mirrored

The objective is achromatic converging lens.

It is free from chromatic and spherical
aberrations

It suffers from chromatic and spherical
aberrations.

The light gathering power is very large and
hence a bright image of a distant star is easily
observed.

The light gathering power is small, so a faint
image of the distant star is observed.

ANS.10

(Deduct ½ mark if labelling is not done or arrows are not shown.)

E.
C

OM

The objective forms a real, inverted, magnified image of the object. This
serves as the object for the second lens, the eyepiece, which functions
essentially like a simple microscope or magnifier, produces the final image,
which is enlarged and virtual.

To achieve larger magnification object both the objective and eyepiece should have small focal
length.
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Light from a distant object enters the objective and a real image is
formed in the tube at its second focal point. The eyepiece magnifies
this image producing
a final inverted image at infinity.
Calculation of magnifying power:
Given: Power of eyepiece = 10 D
Power of objective = 1 D
Magnifying power in normal adjustment : m = fo/fe =Pe/Po =10/1 = 10
Ans.12 By lens maker’s formula

After simplification

n = 1.5
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Ans.13
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Value Based Questions –RAY OPTICS
1. Rahul was driving a car and suddenly became aware of a loud sound coming from behind.
He184
looked
Page
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through his rear-view mirror and saw an ambulance. He recalled reading that such emergency
vehicles often have their name written in the mirror writing. He quickly made way for the
ambulance, murmuring a quick prayer for the speedy recovery of the patient inside the ambulance.
i) What type of mirroris as a rear view mirror and why?
ii) what values did Rahul exhibit ?
2. Rekha and Preethi were classmates. Preethi was a bright girl and had a quick grasping power.
However Rekha noticed that Preethi was not her usual self for the past few days. Rekha found out
that Preethi was not able to see the letters on the board properly and also complained of frequent
headaches. Rekha suggested to Preethi to get her eye checked .Preethi followed Rekha’s suggestion
and thanked her saying she felt very comfortable after wearing the spectacles.
i)What was the eye defect that Preethi had?
ii)How can it be corrected?
iii)Rekha was a true friend. Justify.
3. Nitin wanted to buy a gift for his sister and so entered a gift shop. The gift shop had many glass
items. On looking closely, he found many of the beverage glasses used for cool drinks had big thick
glass walls. He decided not to buy these glasses because he knew that this gives a false impression
that there is more amount of liquid inside the glass.
i) Which physical quantity remains constant when light travels from one medium to another?
ii) What values can you associate with Nitin decision?
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Answers
1. i) Convex mirror ,to get a wide view of traffic behind
ii) Compassion, courtesy, concern for others, knowledgeable
2. (i) Myopia
(ii) wearing spectacles made of concave lens
(iii) sympathy ,kind, helpful and caring nature, concern
3. i) Light rays from inside the glass bend away from the normal and appear to diverge
ii) affection, patience, knowledge about refraction

Wave Optics – Key Points
1. Wave front: It is defined locus of all the points which are vibrating in the same phase.Page 185
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Types of the wave front
(i) Spherical wave front – produced due to point source of light.
(ii) Cylindrical wave front – produced due to line source of light.
(iii) Plane wave front – Produced due to a source of light at very large distance.
Huygens’s Principle –
Assumptions (i) Each point on a wave front act as a fresh source of wave
(ii) Secondary wavelets spread in all direction with the speed of wave.
(iii) A tangential surface drawn to the secondary wavelets gives the idea of secondary wave front.
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Coherent Sources - The sources of light which continuously emit light waves of same frequency
(wavelength) with constant or zero phase difference.
Interference: The phenomenon of (non - uniform) redistribution of light energy on account of superposition
of two light waves coming from two coherent sources.
Condition of constructive interference:
Path difference = nλ
Phase difference, Φ = 2nπ here n = 0, 1, 2, 3………..
Condition of destructive interference
Path difference = (2n+1) λ/2
Phase difference, Φ = (2n+1) π
here n = 0, 1, 2, 3………..
For constructive interference x = n λD/d
For destructive interference –
S2A = (2n-1) λ/2
x = (2n-1)λD/2d
Fringe width β = Xn+1 - xn = Dλ/d
Angular Fringe Width- Angular fringe width =β /D=λ/d
Angular fringe width only depends upon λ and d. it is independent of D.
Graphical representation of intensity pattern for interference –

Factors Affecting Fringe Width –
(a) Fringe width is directly proportional to the wavelength of the light used (λ).
(b) Fringe width is directly proportional to the distance between screen and the slits (D).
(c) Fringe width is inversely proportional to the distance between the slits.

(d) If the whole set up is immersed in any transparent medium of refractive index µ the fringe width
Page 186
decreased by β/µ.
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(e) If monochromatic light is replaced by white light then interference pattern obtained is coloured with
a white central bright fringe.
Conditions for sustained interference
(i) Sources of light should be coherent
(ii) Amplitude of light waves should be equal to get a contrast interference pattern.
(iii) Sources of light should be point source
(iv) Light source should be monochromatic
(v) Distance between the coherent sources should be small.
Diffraction: - The phenomenon of bending of light around the corners of an obstacles or aperture and
entering into the region of geometrical shadow of the obstacle.
Condition for Diffraction – The size of obstacle or aperture should be of the order of the wavelength of the
light.
Condition for secondary Minima –
asinθn = nλ
a -Size of aperture, n –order of minima, λ –wavelength of light used.
Condition for secondary Maxima –
asinθn = (2n +1)λ/2
a -Size of aperture, n –order of minima, λ –wavelength of light used.
Width of fringes = β = Dλ/a,Width of central Bright = 2β =2Dλ/a
Comparison of double slit interference pattern and Single slit Diffraction pattern –
Sr.
Interference
No.
1
The fringes are of equal width

Diffraction

3

For slit separation a we get maximum at
the angle λ/a

M

All maxima are of same intensity

CO

2

The central maximum is twice as wide as other
maxima.
The intensity of central maximum is maximum
and falls rapidly for first, second order secondary
maxima on either side of it.
For slit of width a, the first minima occurs at the
angle λ/a
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Resolving power of microscope: Resolving power = 2µ sinθ /λ
Here µ is refractive index of the medium between the eye piece of microscope and object, θ is semi vertex
angle is the wave length of light falling on the object.
Resolving power of telescope:
Resolving power = D /1.22λ
Here D is diameter of objective lens,λ is the wave length of light falling on the object.
Polarization of light
Unpolarized light: The ordinary light in which light vectors are vibrating in all direction perpendicular to
the direction of propagation of light.
Plane polarized light(linearly polarized light): Light in which vibration of light vectors is restricted to one
plane only perpendicular to the direction of propagation of light.
Brewster’s law: - Tangent of angle of polarization of a transparent medium is equal to the refractive index
of the medium.
µ = tan ip
Law of Malus: - I= Io cos2θ
Here I is intensity of transmitted light, Io is the maximum intensity of transmitted light, θ is the angle
between plane of polarizer and plane of analyzer.
Polaroid – Polaroid is a device to produce and detect plane polarized light.
Uses of Polaroid –
1. Sun glasses are fitted with Polaroid sheets to protect our eyes from the glare of the sunlight.
2. Polaroids are used in head light glass in vehicles to reduce the dazzling effect of light.
3. Polaroids are used in three dimensional pictures i.e. in holography.
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VSA (01 Mark) 20 Questions
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1. What type of wavefront will emerge from a distant sources and a point source?
2. What is the shape of wavefront on earth for sunlight?
3. What are coherent sources of light?
4. In what way the diffraction from each single slit related to interference pattern in double slit
experiment?
5. How does the angular separation between fringes in single slit diffraction experiment change when
the distance of separation between the slit and screen is doubled?
6. State essential condition for diffraction of light to take place.
7. The angle between the pass axes of a polarizer and analyser is 450. Write the ratio of the intensities
of original light and the transmitted light after passing through the analyser.
8. The polarizing angle of medium is 600. What is the refractive index of the medium?
9. At what angle of incidence should a light beam strike a glass slab of refractive index √3, such that
the reflected and refracted rays are perpendicular to each other?
10. The refractive index of a material is 1/ √3. What is the angle of refraction if the unpolarised light is
incident on it at the polarizing angle of the medium?
11. Does the poplarising angle for any transparent medium depend on the wavelength of light?
12. State two conditions for sustained interference.
13. Write two differences between diffraction and interference of light.
14. Plot intensity pattern of interfered of light with position of fringe
15. Plot intensity pattern of diffracted light with position of fringe.
16. Draw the diagrams to show behavior of plane wavefronts as they pass through a prism and thin
convex lens.
17. Write expression for fringe width. What happens to angular fringe width if whole set up is immersed
in liquid of refractive index μ?
18. A parallel beam of monochromatic light falls normally on a single narrow slit. How does the angular
width of the principal maximum in the resulting diffraction pattern depend on the width of slit?
19. Among the following waves which can be ploarised? Sound waves, radiowaves, and X –rays.
20. State the importance of coherent sources in the phenomena of interference.
Answers –
1. Plane wavefront and spherical wavefront
2. Plane wavefront
3. Two sources having constant phase difference.
4. In diffraction we have varying fringe intensity while in interference we have constant intensity.
5. As 𝜃 = 𝜆⁄𝑎, No change in angular separation.
6. Size of slit is comparable to the size of wavelength.
7. 1⁄4
8. µ = tanip = tan 60o = √3 = 1.732
9. ip = tan-1 µ = tan-1(√3) = 600
10. ip = tan-1 µ = tan-1(1/√3) = 300, ip + r = 900 therefore r = 600
11. Yes, 𝑠𝑖𝑛𝑐𝑒 𝑖𝑝 = 𝑡𝑎𝑛−1 𝜇 = 𝑡𝑎𝑛−1 (𝜆𝑎 ⁄𝜆𝑚 ) 𝑠𝑖𝑛𝑐𝑒 𝜇 = 𝜆𝑎 ⁄𝜆𝑚 as refractive index depends upon
wavelength.
12. (i) light sources should be coherent.
(ii) Intensities of two sources should be same
13. Write the differences
14. Refer NCERT

15. Refer NCERT
16. Refer NCERT
osbincbse.com
17. Write expression. Fringe width becomes 1/µ times of original width.
18. Inversely proportional to the size of slit.
19. Radio waves and X – rays as both are transverse in nature.
20. To obtain the sustained interference pattern they are required.
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VSA 02 marks Questions on Scattering
1. Why does the bluish colour predominate in a clear sky?
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2. Explain the reddish appearance of the sun at sunrise and sunset.
3. Why red light is used in traffic signals?
4. How scattering of light depends upon its wavelength?
5. Explain the role of scattering in polarization of sunlight?
6. Why clouds are white?
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Answers –
1. The violet colure of light scattered most, as our eyes are more sensitive to blue colour therefore
bluish colour dominate in clear sky.
2. Sun is farthest at sunrise and sunset. The red colure scattered least and there is reddish appearance.
3. As red colour scattered least.
1
4. Amount of Scattering α 𝜆4
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5. Through the process of scattering light is plane polarized.
6. Ans. The clouds are at much lower heights. They are seen due to scattering of light fromlower parts
of the atmosphere, which contains large dust particles, water droplets, ice particles etc. all colours
scattered equally merge to give us the sensation of white. Hence, clouds appear white.
VSA 02 MARKS NUMERICAL PROBLEMS
1. In Young’s double slit experiment, how is the fringe width altered if the separation between the
slits is doubled and the distance between the slits and the screen is halved?
2. A narrow monochromatic beam of light of intensity I is incident a glass plate. Another identical glass
plate is kept close to the first one and parallel to it. Each plate reflects 25% of the incident light and
transmits the reaming. Calculate the ratio of minimum and maximum intensity in the interference
pattern formed by the two beams obtained after reflection from each plate.
3. In a two slit experiment with monochromatic light, fringes are obtained on a screen placed at some
distance D from the slits. If the screen is moved 5 x 10-2 m towards the slits, the charge in fringe
width is 3 x 10 -5 m. If the distance between the slit is 10-3 m. Calculate the wavelength of the light
used.
4. A screen is placed 50m from a single slit, which is illuminated with 6000Å light. If the distance
between the first and third minima in the diffraction pattern is 3.00mm, what is the width of the slit?
5. In a single slit diffraction experiment, first minimum for red light (660 nm) coincides with first
maximum of some other wavelength λ’. Calculate λ’.
6. What should be the width of each slit to obtain 10 maxima of the double slit interference pattern
within the central maximum of single slit diffraction pattern?
7. A beam of polarised light makes an angle of 60 degree with the axis of Polaroid sheet .how much is
the intensity of light transmitted through the sheet?
8. The intensity of the polarized light becomes (1/20)th of its initial intensity after passing through the
analyzer. What is the angle between the axis of the analyzer and the initial amplitude of the light
beam?
9. Two Polaroid’s are set in crossed positions. The third Polaroid is placed between the two making an
angle Ө with the pass- axis of the first Polaroid. Write the expression for the intensity of light
transmitted from the second Polaroid. In what orientation the transmitted intensity be (i) minimum
and (ii) maximum?
10. The reflected light is found to be completely plane polarized when sunlight is incident on water
surface at glancing angle 37o. Determine angle of refraction and refractive index of water.

ANSWERS –
1. The fringe width is given by the relation β = λD/d,
Where λ, D and d are the wavelength of light, distance of the screen from the slits and the separation
between the slits respectively.
Now, according to the question, d1 =2d and D1 =D/2
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Therefore B1 =λD1/d1 = (λ/2 × 2d) × (β/4) = ( 1/ 4)
Hence, the fringe width decreases to of its value.
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2. Let I be the intensity of beam I incident on first glass plate.
Each plate reflects 25% of light incident on it and transmits 75%.
Therefore, I1 =I; and I2 = 25/100I = I/4; I3 =75/100 I = 3/4I; I4 = 25/100 I3 = 1⁄4 x 3⁄4 I = 3/16 I
I5= 7/100 I4= 3⁄4 x 3/16 I = 9/64 I
Amplitude ratio of beams 2 and 5 is R = √ I2/I5 = √I/4 x 64/91 = 4/3 Imin/ Imax = [r-1/r+1]2 = [4/3-1 /
4/3+1]2 = 1/49 = 1:49
3. The fringe width in the two cases will be β = Dλ/d;
β ‘= D’λ/d
β - β’ = (D-D’)λ/d;
λ = (β - β’ )d / (D-D’)
But D-D’ = 5 x 10-2 m
β - β’ = 3 x 10-5 m ,
d= 10-3m;
-5
-3
-2
-7
λ = 3 x 10 x 10 / 5 x 10 = 6 x 10 m= 6000A
4. Here,
D=50 cm = ½ m, λ =6000Å=6×10-7 m
X=3.00 mm = 3×10-3 m, a=?
For the diffraction minima , a sinθ =nλ, when θ is small
Or
ax/D=n λ
. . . x=n λ D/a
Now x= x3 -x1 =3 λ D/a-1λD/a=2λD/a . . . a=2 λ D/x=2×6×10-7 ×1/2/3×10-3 =2×10-4 m
5. Here ,
λ r =660 nm; λ’=?
For diffraction minima, a sinθ=nλ, sinθ=n λ /a, For first inima of red light, sinθ=1 λ r /a
For diffraction maxima, asinθ=(2n+1) λ /2
. . . for first maxima of λ’, asinθ’ =3 λ’/2; sinθ’ = 3 λ’/2a;
As the two coincide, therefore, sinθ’ =sinθ
3 λ’/2a=λr/a
or
λ’=2/3λr or
λ’=2/3(660) = 440nm
6. If a is width of single slit, then for central maximum if single slit, then for central maximum of single
diffraction pattern,
Total angular width,
2θ=2λ/a
(i)
For 10 maxima of double slit interference pattern, total angular width , 2θ=10λ/d
(ii)
From (i) and (ii), 2λ/a =10λ/d
A=d/5=1/5=0.2mm
7. Using
I = I0cos2Ө, we get
I = I0(cos 600)2 = ¼ I0
(cos 600= ½)
Intensity of transmitted light = (1/4)×100= 25%
Thus the intensity of the transmitted light is 25% of the intensity of incident light.
Here I=(1/20)I0 = 0.05I0
8.
Using
I = I0cos2Ө, we get 0.05 I0= I0cos2Ө
Cos2 Ө= 0.05 Or Cos Ө= (0.05)1/2= 0.2236 hence,
Ө= cos-1(0.2236)= 7705’
9. Let P1 and P2 be the two Polaroids set in crossed positions i.e. angle between their pass axis is 900.
Now, let P3 be the third Polaroid which makes an angle Ө with the pass- axis of P1. If I0 be the
intensity of light after passing through P1, then the intensity of light transmitted through P3 is given
by
I = I0cos2Ө
The angle between the pass axis of P2 and P3 = (π/2 – Ө)
Therefore, intensity of light transmitted through P2 is given by
I’= I cos2 (π /2 – Ө) = I0 cos2Ө cos2 (π /2 – Ө) =I0 cos2 Ө sin2 Ө = (I0/4) sin22Ө
i.e.
I’= (I0/4) sin22Ө
(i) I’ will be minimum, if Ө= 00 and
I’min= 0
(ii) I’ will be maximum if Ө= (π /4) and I’max= (I0/4).
10. STEP 1:- Polarising angle of Brewster angle, Ib=900 -370 =570
STEP 2 Again as per Brewster’s law,
n = tan ib
= tan530 =1.327

Reasoning type questions – 3 marks on Interference
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1. Draw the type of wave front that corresponds to a beam of monochromatic light
(i)
Coming from a very far off source and
(ii)
Diverging radially from a point source
2. Sketch the wave fronts corresponding to
(a) Converging rays
(b) Diverging rays
3. Draw the diagrams to show the behaviours of plane wave fronts as they pass through
(i)
A thin prism
(ii)
A thin convex lens and
(iii) Concave mirror.
4. In young’s double slit experiment, explain with reason in each case, how the interference pattern
changes, when
(i)
Separation between the slits is increased and
(ii)
Screen is moved away from the plane of the slits.
5. How will the angular separation and visibility of fringes in Young’s double slit experiment change
when
(i)
Screen is moved away from the plane of the slits?
(ii)
Wavelength of light is increased?
6. What are coherent sources of light? Why are coherent sources required to produce interference of
light? Give an example of interference in everyday life.
7. (i) Two independent monochromatic sources of light cannot produce a sustained interference pattern.
Give reason.
(ii) Light waves of amplitude ‘a’ and frequency ω, emanating from two coherent light sources
superpose at a point. If the displacement due to these waves is given by Y1 = a cos ωt and Y2 = a cos
(ωt + φ) where φ is phase difference between the two, obtain the expression for the resultant intensity
at the point.
8. Using Huygens principle, draw a diagram to show propagation of a wavefront originating form a
monochromatic point source. Explain briefly.
9. Write answers with justification –
(i)
Can two identical and independent sodium lamps act as coherent sources?
(ii)
In Young’s double slit experiment, if the distance between the slits is less than wavelength,
what will be the effect on interference fringes?
(iii) What will be effect on interference fringes if red light is replaced by blue light?
10. Explain with reason the conditions required for sustained interference of light.
11. What is interference of light? Write two essential conditions for sustained interference pattern to be
produced on the screen. What happens when one of the slit in double slit experiment is covered with
opaque material?
12. What is the effect on the interference pattern in Young’s double slit experiment when: (i) Screen is
moved away from the plane of slits? (ii)Separation between two slits is increased. Explain your
answer in each case.
13. Can two independent sources of light produce interference? Explain.
14. Why have the two sources of light to be close to each other for the production of good
interference pattern?
15. If the path difference produced due to interference of light coming out of two slits for yellow colour
of light at a point on the screen be 3λ/2, what will be the colour of the fringe at that point? Give
reasons.
16. No interference pattern is detected when two coherent sources are infinitely close to each other?

17. What is the effect on the interference fringes in a Young’s double slit experiment when the width of
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18. In young’s double slit experiment, what is the effect of the following operation on interference
fringes?
(i) The screen is moved away from the plane of the slits.
(ii) The mono chromatic source is replaced by another monochromatic source of shorter wavelength.
(iii) The monochromatic source is replaced by a source of white light.
(iv) The width of source slit is made wider.
(v) The separation between the slits is increased.
(vi) The distance between the source slit and plane slit is increased.
(vii) The width of each of the two slits is of the order of wavelength of light source.
19. Derive an expression for fringe width using young’s double slit experiment for interference of light.
What will happen if distance between two slits becomes nearly zero?
20. Explain the statement, ‘ light added to light can produce darkness .’
Answers –
1. (i) Plane wave front
(ii) Spherical wavefront
2. (i) wavefront is convex (ii) wavefront is concave

3.
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4. 𝛽 = 𝐷𝜆⁄𝑑(i) Fringe width decreases as it is inversely proportional to the distance between the slits.
(ii) Fringe width is increased as it is directly proportional to the distance between slits and screen.
5. 𝜃 = 𝜆⁄𝑑 (i) there will be no effect on angular fringe width.
(ii) Angular separation increases as it is directly proportional to the wavelength.
6. Coherent Sources – The sources of light which have constant phase difference are called coherent
sources of light. They are required for sustained interference of light. Colours observed in thin oil films.
7. (i) Because they don’t have constant phase difference.
(ii) I = 4a2cos2ωt (Derivation)
8. With explanation

9. (i) No, they are not coherent.
(ii) No fringe pattern will be observed
(iii) 𝛽 = 𝐷𝜆⁄𝑑; Fringe width will be reduced
10.
(i) Sources should be coherent
(ii) Intensities of two coherent sources should be almost equal.

(iii) Size of the slits should be comparable to the wavelength of light used.
193 We
11.
Definition of interference of light. Sources should be coherent and their intensities shouldPage
be equal.
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will observe diffraction pattern.
12. (i) Fringe width increases (ii) fringe width decreases
13. No. write detail Explanation.
14. To get the appropriate and sustained interference pattern.
15. There will be a dark fringe. (Give detail mathematical explanation for destructive interference)
16. Interference pattern will not be observed. (Give detail explanation)
17. Fringe width will be increased. Use formula to show mathematically.
18. (I) Angular separation (θ=λ/d) of the fringes remains constant. The fringe width increases in proportion
to the distance of the screen from the plane of the two slits.
(II) Fringe width decreases. The angular separation also decreases.
(III) Colored fringes will be obtained. But the Centre of the pattern will be white
(IV) Overlapping of fringes will occur. The interference pattern will not be distinct.
(V) Fringe width will decrease. The angular separation will also decrease.
(VI) Overlapping of fringes will occur. The interference pattern will not be distinct.
(vii) Diffraction effect will superimpose on the interference pattern.
19. Definition and derivation.
20. When light waves from two coherent sources superimpose such that at any particular point, crest of one
wave false on trough of the other and trough falls on crest, the amplitude of the resultant wave is zero.
Hence resultant intensity is zero. This is the phenomenon of destructive interference thus light added to
light produces darkness.
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Reasoning type questions of 3 marks on Diffraction
1. In what way is diffraction from each slit is related to the interference pattern in a double slit
experiment?
2. Define resolving power of a compound microscope. How does the resolving power of a compound
microscope changes when –
(i)
Refractive index of medium between the object and the objective lens increases.
(ii)
Wavelength of radiation used is increased.
(iii) Decreasing the diameter of its objective.
3. How would the diffraction pattern of a single slit be affected when:
(i)
The width of the slit is decreased
(ii)
The monochromatic light is replaced with a light of higher frequency
(iii) The separation between the slit and screen is increased.
4. Describe diffraction of light due to a single slit. Explain formation of pattern of fringes obtained on
the screen and plot showing variation of intensity with angle in single slit diffraction.
5. Write answer of followings
(i)
How does the angular separation between fringes in single slit diffraction experiment change
when the distance of separation between the slit and screen is doubled?
(ii)
In a single slit diffraction experiment, the width of the slit is made double the original width.
How does this affect the size and intensity of the central diffraction band?
6. How does the resolving power of telescope changes when
(i)
Wavelength of radiation used is increased.
(ii)
Aperture of telescope is increased.
(iii) Focal length of eyepiece is increased.
7. Write three points of difference between interference and diffraction of light.

8. A parallel beam of monochromatic light falls normally on a narrow slit of width ‘a’ to produce a
Page
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diffraction pattern on the screen placed parallel to the plane of the slit. Use Huygens
principle
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explain that
(i)
The central bright maximum is twice as wide as the other maxima.
(ii)
The intensity falls as we move to successive maxima away from the centre on either side.
9. Derive the conditions for the formation of secondary maxima and minima in single slit diffraction
pattern.
10. Derive an expression for the width of the central maximum due to diffraction of light at a single slit.
11. Two students are separated by a 7m high partition wall in a room 10m high. Through, both light and
sound waves can bend around obstavcles, how is that the student are unable to see each other even
though they can converse easily.
12. What towo main changes in diffraction pattern of a single slit will you observe when the
monochromatic source of light is replaced by a source of white light?
13. What do you understand by the Fresnel distance ? Light of wavelength 5000Å is diffracted by an
aperture of width 2mm. For what distance travelled by the diffracted beam does the spreading due to
diffraction become greater than the width of the aperture?
14. Derive an expression for the width of the cetral maxima for diffraction of light at a single slit . How
does this width change with increasing width of slit.
15. State the condition for diffraction of light to occur. In the diffraction at a single slit experiment, how
would the width and intensity of central maxima change if
(i)
Slit width is halved
(ii)
Visible light of longer wavelength is used?
16. In a single slit diffraction pattern, how does the width of the central maximum changes when
(i) Slit width is decreased.
(ii) Distance between the sit and screen is increased and
(iii) Light of smaller visible wavelength is used? Justify your answer in each case.
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17. In a single slit diffraction pattern, how is the width of central bright maximum changed when (i) the
slit width is decreased (ii) the distance between slit and the screen is increased (iii) light of smaller
wavelength is used. Justify.
Answers 1. In Young’s double slit experiment there will be two diffraction pattern from two slits after superpose
it results into interference pattern.
2. Definition of resolving power. (i) R P increases (ii) RP decreases (iii) RP decreases
3. (i) Area of illumination increases
(ii) Fringe width is decreases
(iii) Fringe width increases
4. Definition of diffraction. Derivation of maxima and minima. Graph intensity verses position of
fringe.
5. (i) No change in angular separation. (ii) The central bright will reduce to half of its original value and
intensity increases.
6. (i) R P of telescope decreases
(ii) R P of telescope is increased
(iii) No effect of RP
7. Only three differences
8. (a) Interference

(b)diffraction
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9.

i) Condition for minima
θn=nθ/a ---(2)
ii) Positions of maxima
BN=(2n+1)θ/2 =asinθn ---(3) where n=1,2,3,4..
Intensity of these secondary maxima is much less then central maxima and falls off rapidly as move
outwards

M

Figure below shows the variation of the intensity distribution with their distance from the center of the

OS
B

IN
CB

SE
.

CO

central maxima

10. Verify from NCERT book.
11. Diffraction is observed when the wave length of the wave is of the order of size of the obstacle. The
wavelength of sound wave is larger than the light wave and is also comparable to wall, so diffraction
of sound waves takes place and hence the students can converse easily. On the other hand, the
wavelength of light is very small as compared to the obstacle that is 7m high wall so the diffraction
of light wave does not takes place.
12. When the monochromatic source of light is replaced by the source white light, the following changes
in the diffraction pattern of single slit occur.
(i) The diffraction bands are coloured, all through the central maxima or band is white
(ii) Since band with is directly proportional to the wave length, so the width of red band is wider
than the width of blue band.
13. Ans. Fresnel distance is the minimum distance a beam of light can travel before its deviation from
straight line path due to diffraction becomes significant.

From the theory of diffraction of light at a single slit, the angle of diffraction (bending) for central
maximum is Ө=sinӨ=λ/a
Page 196
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In travelling a distance Z , the half angular width of beam would become (Zλ /a ) due to diffraction
of light .
This beam width will become more than width of slit . We call a2 /λ =Zf , Fresnel distance
λ = 5000Å=5×10-7 m , a=2mm =2×10-3 m
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Zf = a2 /λ = (2×10-3 )2 /5×10-7=40/5=8m
14.
Refer NCERT book
15.
Condition for diffraction: the size of the obstacle (or slit) should be the order of the
wavelength of light is used.
Effect on width and intensity: since, the width maxima,
β0 = 2λD/a
and the intensity of central maxima
I ∝ (amplitude)2∝ (slit width)2
Therefore,
(i) When the slit width a is halved, the width of the central maxima is doubled, because (β0∝ 1/a) and
the intensity of central maxima is (1/4) as per the above relation.
(ii) When the visible light of longer wavelength is used the width of central maxima is increased,
because (β0∝ λ) and the intensity of central maxima is decreased.
16. Since, the width of central maxima
β0 = 2λD/a
therefore,
(i)
When the slit width is decreased, the width of central maxima is increased because.
β0∝ 1/a
(ii)
When the distance between the slit and screen, D is increased then the width of central
maxima is also increased because.
β0∝ D
(iii) When the light of smaller wavelength is used then the width of central maxima is
decreased because
β0∝ λ
17. Width of central maximum = 2Dλ/a.
(i) When a is decreased, the width of the central maximum is increased.
(ii) The width increases with increase in D.
(iii)The width decreases when light of smaller wavelength is used
Reasoning type questions 3 marks on Polarization
1. (a) Using the phenomena of polarization, show how transverse nature of light can be demonstrated.
(b) Two polaroids P1 and P2 are placed with their axes perpendicular to each other. Unpolarised light
of intensity I0 is incident on P1. A third Polaroid P3 is kept between P1 and P2 such that its axis makes
an angle of 300 with that of P`1. Determine the intensity of light transmitted through P1 , P2 and P3.
2. (a) What is linearly polarized light? Describe briefly using a diagram how sunlight is polarized?
(b) Unpolarized light is incident on a Polaroid. How would the intensity of transmitted light change
when the Polaroid is rotated?
3. Two polaroids are placed at 900 to each other and transmitted intensity is zero. What happens when
one more polaroiid is placed between these two bisecting the angle between them. Take intensity of
unpolarised light is I0.
4. (a) Distinguish between unpolarised and linearly polarized light.
(b) Explain briefly how sunlight is polarized by scattering through atmospheric particles.
5. How does an unpolarized light incident on a Polaroid get polarized? Describe briefly, with the help
of necessary diagram, the polarization of light by reflection from a transparent medium.

Numerical –
1.
2.

3.
4.
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6. What does a Polaroid consist of? Show, using a single Polaroid, that sunlight is transverse in nature.
Page
Intensity of light coming out of a Polaroid does not change irrespective of the orientation
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axis of the Polaroid. Explain why?
7. Find an expression for intensity of transmitted light when a Polaroid sheet is rotated between two
crossed plaroids. In which position of the Polaroid sheet will the transmitted intensity is maximum?
8. (i) Which of the following waves can be polarized (i) Heat waves (ii) sound waves? Give reason to
support your answer.
(ii) if a light shows no intensity variation when transmitted through a Polaroid which is being rotated:
does it mean that the light is unpolarised? Explain briefly.
9. What do you understand by polarization? How polarization help us to decide whether a given wave
is transverse or longitudinal in nature?
10. Name three phenomena in which polarization of light take place. Explain.
Answers –
1. When light is passed through a polarizer followed by an analyser, the intensity variation on the
screen shows that light is transverse in nature.
Using the formula I = I0cos2ϴ: ϴ1 = 300 angle between P1 and P3 and ϴ2 = 600 angle between P3 and
P2. The final intensity is 3I0/32
2. (a) Definition of linearly polarized. Sunlight is polarized by scattering of light.
(b) there is no change in intensity of light.
3. Using the formula I = I0cos2ϴ: ϴ1 = 450 angle between P1 and P3 and ϴ2 = 450 angle between P3 and
P2. The final intensity is I0/4
4. (a) Write two differences.
(b) Explanation of polarization of sunlight by scattering.
5. By the process of reflection (Brewster’s law).
6. A polaroid consist of long chain molecule aligned in a particular direction. Sunlight after scattering is
already plane polarized, when light is passed through a Polaroid there is intensity variation. As
unploarised light have electric vectors in all directions therefore no variation in intensity of
transmitted ray is observed.
7. I = (I0cos2ϴ1) (I0cos2ϴ2); if ϴ1= ϴ, then ϴ2 = 90 - ϴ1
I = (I0cos2ϴ) (I0cos2 (90 -ϴ)) = I = (𝐼02 cos2ϴ) (sin2ϴ)
8. (i) Heat waves are thermal radiations and can be polarized.
(ii) Yes light is unpolarised.
9. Definition of polarization. Due to variation of intensity when light is passed through an analyser.
10. (i) Reflection of light (ii) Scattering of light (ii) Multiple refraction.

Numerical on Interference of light 03 Marks
Two Sources of Intensity I and 4I are used in an interference experiment. Find the intensity at points
where the waves from two sources superimpose with a phase difference (i) zero (ii) π/2 (iii) π.
In Young's double slit experiment the light emitted from source has l = 6.5 × 10-7 m and the distance
between the two slits is 1 mm. Distance between the screen and slit is 1 metre. What will be distance
between third dark and fifth bright fringe?
In Young's double slit experiment, if the widths of the slit are in the ratio 4:9, what will be ratio of
intensity of maxima to intensity of minima?
In a double slit experiment, the separation between the slits is 1 mm and the distance between the
double slit and the screen is 1m. If the slits are illuminated by monochromatic light of wave length
6000 Ǻ, what is the separation between the 2nd dark bands on either side of the central band?

5.

Two laser beams of the same wave length and intensities 9I and I are superposed. What will be the
minimum and maximum intensities of the resultant beam?
Page 198
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6. Two beams of light having intensities I and 4I interfere to produce a fringe pattern on a screen. The
phase difference between the beams is π/2 at point A and π at point B. What is the difference
between the resultant intensities at A and B?
7. A student prepared a Young’s double slit by drawing two parallel lines (with a separation less than a
millimeter) on a smoked glass plate. [For smoking, the plate was held above the flame of a kerosene
lamp]. Accidentally he used two different pins to draw the lines so that the widths of the slits
(regions from where smoke was removed by the pin) were in the ratio 4:1. What will be the ratio of
the intensity at the interference maximum to that at the interference minimum?
Answers 1. The resultant intensity at a point where phase difference is Φ is I R = I1 +I2+2√I1I2 Cos Φ
As I1 =I and I2 = 4I
therefore I R = I +4I+2√1.4I Cos Φ = 5I +4I cos Φ
(i) when Φ =0 , I R = 5I +4I cos 0 = 9 I;
(ii) when Φ =π/2 , I R = 5I +4I cos π/2 = 5 I
(iii) when Φ =π , I R = 5I +4I cos π = I
2.

3.
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As ratio of slit widths = Ratio of intensities
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4. As you know, the central band in Young’s double slit experiment is bright. The distance from the
centre of this bright band to the centre of the first dark band (on one side) is half a band (fringe) width.
The distance from the centre of the first dark band to the centre of the second dark band is one band
width. So, the distance between the centre of the central band and the second dark band on one side is
one and a half times the band width. The distance between the second dark bands on either side is
therefore three times the band width.
Now, band width, β = λD/d where λ is the wave length of light used, D is the distance of the screen
from the double slit and ‘d’ is the separation between the two slits. The answer to the question is 3β =
3 λD/d =3×6000×10–10×1/(1×10–3) = 1.8×10–3 m = 1.8 mm.
5. Since the intensity is directly proportional to the square of the amplitude, the minimum and maximum
intensities are[√(9I) – √I]2 and [√(9I) + √I]2 respectively, which are [2√I]2 and [4√I]2. So, the correct ANSWER is 4I
and 16I.

6. Since the wave amplitudes are added vectorially to produce the resultant intensity at any point,
the resultant intensity at A = I + 4I + 2√I × √ (4I)cos(π/2) = 5I.

[Note that the amplitude is directly proportional to the square root of intensity].
Similarly, resultant intensity at B = I + 4I + 2√I × √ (4I)cosπ = I.
Page 199
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The difference between the resultant intensities is 5I–I = 4I.
7. The ratio of intensities of light proceeding from the slits, I1: I2 = 4 : 1
Therefore, the ratio of amplitudes of light proceeding from the slits,
a1:a2 = √I1: √I2 = 2:1
The amplitudes at the maximum and minimum of the interference pattern are therefore in the ratio (a1+a2)
: (a1–a2) = 3:1
The intensities at the maximum and the minimum are in the ratio32:12 = 9:1
[The intensity is proportional to the square of the amplitude].
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Numerical on Diffraction of light -03 Marks
1. A telescope has an objective of diameter 60 cm. The focal lengths of the objective and eye piece are
2.0m and 1.0 cm respectively. The telescope is directed to view two distant almost point sources of
light (e.g. two stars of a binary). The sources are roughly at the same distance (104 light years) along
the line of a sight, but separated transverse to the line of sight by a distance of 1010 m. Will the
telescope resolve the two objects?
2. Calculate the resolving power of a microscope with cone angle of light falling on the objective equal
to 600 . Take λ=600nm and μ for air =1
3. Assume that light of wavelength 6000Å is coming from a star. What is the limit of resolution of a
telescope whose objective has a diameter of 100 inch?
4. The diameter of the pupil of human eye is about 2 mm . Human eye is most sensitive to the
wavelength 555nm. Find the limit of resolution of human eye.
5. Red light of wavelength 6500Å from a distant source falls on a slit 0.5 mm wide. Calculate distance
between the first dark band on either side of central bright band of the diffraction pattern observed on
a screen placed 1.8 m from the slit.
6. Determine the angular separation between the central maximum and first order maximum of the
diffraction pattern due to a single slit of width 0.25 mm, when light of wavelength 5890Å is incident
on it normally.
7. Two wavelengths of sodium light 590 nm and 596 nm are used, turn, to study the diffraction taking
place at a single slit of aperture 2×10-4 m. Calculate3 the separation between the position of first
maxima of diffraction pattern obtained in the two cases.
Answers –
1. Ans. Here, D=60 cm = 0.6 m,f0 =2.0m, fe =1.0cm,
Distance between stars = 104 light years = 104 ×(9.46×1015 m) = 9.46×1019 m
Transverse separation of stars =1010 m.
Angle subtended by transverse separation of starts =1010 /9.46×1019 ≈10-10 radian
Smallest angular separation between two objects that can be resolved by the telescope = limit of
resolution of telescope, dθ=1.22λ/D=1.22×(6×10-7 )/0.6 = 1.22 ×10-6 rad.
(Here, λ= 6×10-7 m for mean yellow color)
As the angle subtended by transverce separation of stars is much too small compared to limit of
resolution of telescope, therefore, the two stars of the binary cannot be resolved by the telescope.
2. Ans. Here, 2θ=600 , θ=300 ,λ=600nm=6×10-7 m; μ=1
R.P=1/d=2μ sinθ/λ
R.P. 2×1×sin300 /600×10-9
10/6×106 = 1.67×106
3. Ans. Diameter of objective of telescope, D= 100 inch = 100×2.54 cm =254 cm
λ =6000Å=6000×10-8 cm =6×10-5 /254=2.9×10-7
=2.9×10-7 radian
4. Ans. Here,
D=2mm=2×10-3

λ =555nm=555×10-9 m
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-4
0
dθ = 3.39×10 ×(180 /Π)=0.0194×60 min =1.2 min
5. Ans. Distance between the first dark band or either side of central bright band = width of central
maximum = 2 λ D/a
6. Ans. Here, a=0.25mm = 0.25×10-3 m
λ=5890Å = 5890×10-10 m
Angular separation between central maximum and first order maximum
Θ1 = 3 λ /2a=3×5890×10-10 /2×0.25×10-3
3.53×10-3 radian
7. Ans.
Here,
λ =590 nm and λ =596nm
-4
a=2×10 m and D=1.5m
For secondary maxima , the condition is
asin θn =(2n+1) λ /2
First maxima of diffraction pattern corresponds to n=1.
Therefore Separation of first maxima of diffraction pattern of two wavelengths=(2×1+1)λ’/2-3λ/2
3/2×( λ’- λ) = 3/2(596-590)=9nm)

Numerical on Polarization of light -03 Marks
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1. Two Polaroid are placed at 900 to each other and the intensity of transmitted light is zero. What will
be the intensity of transmitted light when one more polaroid is placed between the two bisecting the
angle between them? Take intensity of unpolarised light as I0.
2. Two polaroids ‘A’ and ‘B’ are kept in crossed position. How should a third polaroid C be palced
between so that the intensity of poalrisd light transmitted by polaroid B reduces to (1/8)th of the
intensity of unpolarised light incident on A.
3. Two polaroids are placed at 900 to each other and the transmitted intensity is zero. What happens when one
more polaroid is placed between these two, bisecting the angle between them? How will the intensity of
transmitted light vary on further rotating the third polaroid?
(b) if a light beam shows no intensity variation when transmitted through a polaroid which is rotated,
does it mean that the light is unpolarised? Explain briefly.
4. Discuss the intensity of transmitted light when a polaroid sheet is rotated between two crossed
polaroids
5. For a given medium, the polarising angle is 600 , C=?
6. The critical angle between a given transparent medium and air is denoted by C. A ray of light in air
enters this transparent medium at an angle of incidence = polarising angle p. Deduce a relation for
the angle of refraction in terms of C.
Answers –
1. Ans. When third polaroid P3 is palced between the the two crossed polaroids P1 and P2 bisecting the
angle between P1 and P3 is 450 and angle between P3 and P2 is also 450.
(i)
When unpolarised light of intensity I0 passes through P1 the intensity of transmitted light = (I0/2).
(ii)
This light falls on P3 so the intensities of light transmitted through P3 is given by
I= (I0/2) cos2450 =(I0/4)
(iii) The light of this intensity falls on P2, so the intensity of light finally transmitted through the
system is given by
I’ = I cos2450 = (I0/4)×(1/4)= I0/16
2. Ans. Let angle between the pass axis of polaroid A and C is Ө and the angle between the pass axis
of polaroid C and B is (90- Ө)

When unpolarised light of intensity I0 falls on first polaroid A , the intensity of transmitted
through it is given by I1= (I0/2).
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(ii)
This light falls on polaroid C so the light transmitted through c HAS INTENSITY
I2 =I1cos2 Ө
(iii) Now this light falls on polaroid B, sop the intensity of transmitted light of I3=I2 cos2(90- Ө)
= (I0/2)cos2 Ө sin2 Ө
But I3= (I0/8)
(I0/8)= (I0/2)(cosӨ sinӨ)2
(I0/8)(sin2 Ө)2
Sin2Ө = I
or 2Ө = 900 or Ө= 45o
3. A- (a) if the electric field vector of a light wave vibrates just in one direction perpendicular tothe
direction of wave propagation, then the light wave is said to be plane polarised .
obviously, the axis of P3 is inclined at 450 to the axis of P1 and P2.
let the maximum intensity transmitted by polariser P1= I0
the intensity transmitted by P3 = I0 Cos2 450 = I0 (1/√2)2 = I0 /2
the intensity transmitted by P2 = I0/2 Cos2 450 = I0/2 (1/√2)2 =1/4
thus the final intensity becomes one- fourth of the maximum intensity transmitted by the first
polaroid.
on further rotating the third polaroid , the intensity of transmitted light decreases till it become zero.
(b) yes, the light beam is unpolarised. the polaroid cuts down the intensity to half due to polarisation
of light. when polaroid is rotated, only the plane of polarisation rotates but the intensity of light does
not show any change .
4. A- let I0 be the intensity of polarised light transmitted by first polaliser P1.then the intensity of light
transmitted by second polariser P2 will be
I = I0 Cos20
where0 is the angle between the pass axes of P1 and P2. As P and Pare crossed, the angle between P2
and P3 will be (π/2 – 0 ). The intensity of light transmitted by P3 will be
I = I0 cos 20 Cos2 (π/2 – o) =
= I0 Cos2 0 Sin20 = I0 /4 Sin2 20.
The transmitted intensity will be maximum when 20= π/2 or 0 = π/4
5. µ=tan ip=tan60=(3)1/2 = Sin c = 1/μ= 1/(3)1/2 =0.5773 hence, c =sin -1 0.5773 or 35016’
6. Ans. μ = tan p=1/sin c hence,
p=90-r ; tan(90-r)=cot r =1/tanr=1/sinc, therefore, tan r = sin c or r=tan-1 (sinc)

OS
B

IN
CB

SE
.

CO

M

(i)

M

Value based Questions – ON WAVE OPTICS
1. Two boys, on their way from school were discussing seriously about something. They both
Pagewere
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blowing soap bubbles and were thrilled to watch the expanding bubble with spectacular colour rings.
Shwetha, a class XII student, was watching them for a long time, walking behind them. Suddenly she
realised that the kids did not look at the traffic in that junction area. She rushed to them and
instructed them to be cautious while on the road. She also explained the importance of traffic rules
and told them that obeying traffic rules not only makes us safe but also others safe.
a. What are the values highlighted by Shwetha?
b. Why are colours formed on bubbles?
2. Ram and Suresh were going to their friend’s house by walk. It was a sunny day in the afternoon. It
was very hot. Ram was finding it very difficult to see around him. He had to strain his eyes to see.
Suddenly,Suresh took his cooling glasses from his pocket and asked him to wear them and later,
Ram slowly managed to see. Suresh advised Ram on the necessity of wearing sun glasses during
summer season.
a. What are the values shown by Suresh?
b. Name the phenomenon based on which cooling glasses reduce the glare.
c. What is the resultant intensity of light if both polariser and analyser are rotated through same
angle?
3. Jimmy and Johnny were both creating a series of circular waves by jiggling their legs in water. The
waves form a pattern. Their friend, Anitha , advised Jimmy and Johnny not to play with water for a
long time. She then observed beautiful patterns of ripples which became very colourful. When her
friend Latha poured an oil drop on it. Latha, a 12th standard girl, had explained the cause for
colourful ripple patterns to Anitha earlier.
a. Identify any 2 values that could be related with Anitha and Latha?
b. Name the phenomenon involved in the above activity?
c. define wavefront
Somya was watching her mother who was washing clothes. Coloured soap bubbles exciting Somya.
She asked her mother as to why the soap bubbles appear coloured. Her mother did not know anything
about this. In the evening, she talked with Somya’s father. He also did not know anything. Both
father and mother went to a science teacher who lived nearby. The teacher explained everything to
Somya’s parents. They were satisfied. They came home and explain everything to Somya. Somya
was very happy and she expressed her gratitude to her parents.
(a) What according to you are the values displayed by Somya’s parents?
(b)Which concept of physics is involved in the formation of colures in soap bubbles?
5. Rupesh often thought as to how the glare is redused in headlights of automobiles he once talked to
his meternal uncle Rajesh about this. Rajesh himself did not know anything about this. Rajesh went
to a library and consulted many books. He could finally understand things. When he explained to
Rupesh the details, Rupesh was very happy. Rupesh thanked his uncle Rajesh.
(a) What according to you, are the values displayed by Rajesh?
(b)How glare is reduced in headlights of automobiles?
6. Kavita accompanied her mother an optician to buy sunglasses. The shopkeeper showed them a vast
variety of sunglasses. The price varied from a few hundred to few thousands. The shopkeeper could
not satisfactorily explain the vast difference in the prices of various sunglasses. Kavita’s mother
postponed the dicision to buy sunglasses. Before buying sunglasses, Kavita’s mother wanted to be
sure that she gets the best for Kavita. She went to different shops talked to many peoples and finally
bought Polaroid sunglasses for Kavita. Kavita was very happy and she thanked her mother for the
best buy.
(a)What according to you are the values displayed by Kavita’s mother?
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(b) What is the best about Polaroid sunglasses?
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1. Ans. a. obeying road rules, alertness,concern in others’slife,clarity of knowledge.
b. due to superposition of incident and reflected waves of white light by thin film(interference)
2. Ans. a. caring ,sharing,concern
b. polarisation
c. no change in intensity of light
3.

Caring and affectionate
Latha is creative and knowledgble
Definition of wavefront.
4. (a) Somya’s parents showed responsibility towards their daughter. They showed initiative in
solving the problem.
(b) Interference.
5. (a)Rajesh loves his nephew and is ready to “run the extra mile” for his nephew. Rajesh also showed
strong will to find out the details.
(b)Polaroids are used in headlights of automobiles to reduced glare.
6. (a)Kavita’s mother showed investigative skills. She also showed “perfectionist” attitude. She is a
hardworking woman. She is very careful in taking decision.
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(b)Polaroid sunglasses drastically red

Dual Nature of Radiation and Matter
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Key Points

Work Function-Minimum amount of energy required by an electron to escape from the metal surface.
Work function is measured in electron volt. 1ev =1.6×10−19J

Where 𝜈0 = threshold frequency for a metal and h= Planck constant (6.67 × 10−34Js)

Photon

The electrons emitted are called photoelectrons

M

The current constituted by photoelectrons is called photocurrent

Effect of intensity on photocurrent

IN
CB

Photocurrent is proportional to intensity of incident radiation.
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Energy of light/radiation depends on frequency. Intensity of light indicates the number of photons striking
per unit area of given surface per second

The number of photoelectrons ejected per second is directly proportional to the intensity of radiation.

Effect of potential on current
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The graph plotted between the intensity of light and photoelectric current is a straight line inclined on
intensity axis. (NCERT fig NO,11.2)

At certain negative potential the photocurrent becomes zero. This negative potential is called stopping
potential. The stopping potential is measure of maximum kinetic energy of photoelectron.( NCERT Fig
No.11.3)
eVo = Max. KE
Effect of intensity of incident radiation on stopping potential
Stopping potential does not change on changing the intensity of incident radiation.
The maximum kinetic energy of photoelectron thus does not depend on intensity of incident radiation

Effect of frequency on photocurrent
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Photocurrent does not change on changing frequency of incident radiation.
The rate of emission of photoelectron does not depend on frequency of incident radiation.
Effect of frequency on stopping potential

Stopping potential increases on increasing frequency of incident radiation (NCERT Fig11.4) maximum
kinetic energy of photoelectron thus depends on frequency of incident radiation
Graph between stopping potential and frequency of incident radiation (NCERT Fig11.5) Slop of this graph
is

ℎ
𝑒

.

Graph between maximum kinetic energy of photoelectron and frequency of incident radiation
Threshold frequency
The minimum frequency for a metal surface below which no photoelectric emission is possible even if
intensity of light is very large. It is different for different materials.
Threshold wavelength
The maximum wavelength for a metal surface above which no photoelectric emission is possible.
Einstein’s Photoelectric Equation
Photo electric emission is not due to continues absorption of energy of radiation. An electron absorbs a
quantum of energy {Photon} hν . The electron is emitted with maximum kinetic energy given as
𝑬𝒌 = hν - ∅𝟎 = h(ν- 𝝂𝟎 )

M

Conclusion
photoelectric effect gives particle nature of radiation.
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Wavelength associated with an accelerated electron
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de Broglie hypothesis of matter wave
A moving particle of matter should display wave like property under certain condition. The wavelength of
wave associated with a particle of momentum p is given as
ƛ
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Davisson and Germer Experiment
This experiment establishes wave nature of electron. The intensity of scattered electron beam is maximum at
accelerating potential 54V and scattering angle500 The intensity is maximum due to constructive
interference of electrons scattered from different layers of regularly spaced atoms of crystal. From electron
diffraction measurement the wavelength was found to be 0.165nm. From de Broglie hypothesis it was found
as 0.167nm. Thus, Davission Germer experiment confirm de Broglie hypothesis and establishes wave nature
of matter particle.
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VSA (1 MARK)

10. λ' = λ/2; because λ =
11. λ =

ℎ

√2𝑚𝑒𝑉

ℎ
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1. What is the rest mass of a photon?
2. If h is Planck’s constant, find the momentum of a photon of wavelength 0.01A°?
3. How will the photoelectric current change on decreasing the wavelength of incident radiation for a
given photo-sensitive material?
4. The work function of cesium is 2 eV. Explain this statement.
5. What is the value of stopping potential between the cathode and the anode of a photo cell, if the
maximum kinetic energy of the electrons emittedis5 eV?
6. Two metals A and B have work functions 2 eV and 5 eV respectively. Which metal has lower
threshold wavelength?
7. If the intensity of radiation in a photocell is doubled how does the stopping potential vary?
8. Which of the following radiations will be more effective for electron emission from the surface of
zinc?Microwaves, infrared,ultraviolet?
9. With what purpose Davisson Germer experiment performed?
10.
De Broglie wavelength associated with an electron accelerated through a potential difference V
is λ. What will be the wave length when potential is increased to 4V?
11.
Express de Broglie wavelength associated with electron in terms of accelerated voltage.
12. Show graphically the variation of the de Broglie wavelength with the potential difference the
electron is accelerated?
13. An electron and a proton have the same kinetic energy. Which one of the two has the larger
wavelength?
14. What is threshold frequency? Does it depend on the nature of emitter?
15. Calculate the frequency associated with photon of energy 3.3×10−10 J.
16. If the intensity of the incident radiation in a photo cell is increased how does the the stopping
potential varies ?
17. What determine the velocity of the photoelectrons.
18. An electron and a proton have the same kinetic energy. Which one of the two has the shorter
wavelength?
19. A proton and an electron have got same de Broglie wavelength. Which has greater total energy?
20. Is photon a wave or a particle?
Answers 1. Zero.
2. Momentum of a photon = h / λ = h / 0.01 ×10-10 =1012 h.=6.64x10−22kg-m/s
3. Photoelectric current is not affected on decreasing the wavelength of incident radiation.
4. For the emission of photoelectrons from the cesium metal, the minimum energy of the incident light
on the metal surface should have the photons of energy 2 eV.
5. If Vo is the stopping potential, then e Vo = Max. KE = 5 eV or Vo = 5 V.
6. As work function, W = hc / λo or λo = hc/ W i.e. λo is proportional to 1 / W, so metal B of greater
work function has lower threshold wavelength.
7. Unchanged
8. zinc has high value of work function. UV has max freq so these radiations will be more effective for
electron emission
9. To verify wave nature of electron.
√2𝑚𝑒𝑉

12. : As de Broglie wavelength λ α 1/ V

13. According to de Broglie equation in terms of kinetic energy as electron has smaler mass than a
ℎ
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λ=
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√2𝑚𝑒𝑉
14. The minimum value of the frequency of incident radiation below which the photoelectric emission is
not possible. Yes threshold frequency depends on nature of emitter.
15. E= hν so, ν = E/h = 5×1023 Hz
16. Stopping potential remains unchanged.
17. Frequency of incident radiation and work function of metal surface.
18. Acording to de Broglie equation in terms of kinetic energy as proton has larger mass than an electron

hence a proton has the shorter wavelength because

1

so, electron has greater

M

For same wavelength mE = constant or E ∝ 𝑚

CO

total energy.
20. Photon is a particle.
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√2𝑚𝑒𝑉

SE
.

ℎ

√2𝑚𝐸

IN
CB

λ=

OS
B

19. Wavelength,

λ=

Short answer questions (two marks)
1. In photoelectric effect, why should the photoelectric current increase as
the intensityPage
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monochromatic radiation incident on a photosensitive surface is increased? Explain.
2. What is the effect on the velocity of the photoelectrons if the wavelength of incident light is
decreased?
3. The plot between the maximum kinetic energy of photoelectrons versus frequency of incident
radiations is shown below for two surfaces A and B.
Answerthefollowings:-

a. Which of the two metals has greater work function?

M

b. For which of the metals will stopping potential be more for the same frequency of incident
radiations?
4. A proton and a deuteron are accelerated through the same accelerating potential. Which one of the
two has
(i) greaterc value of de-Broglie wavelength associated with it, and
(ii) less momentum?
Give reasons to justify your answer.
5. For a photosensitive surface threshold wavelength is λ 0. Does photoemission occur if the
wavelength of radiation is (a) more than λ 0 (b) less than λ 0. Justify.
6. The given graph shows the variation of photoelectric current with applied voltage for two different
materials and for two different intensities of the incident radiation. Identify the pair of curves
corresponding to different materials but same intensity of incident radiation.
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7. In the nth orbit of hydrogen atom find the ratio of radius of electron orbit and de Broglie wavelength
associated with it.
8. An electron and a proton have the same kinetic energy . Which one of the two has the larger
wavelength and why?
9. Two lines A and B shown in the graph represent the de Broglie wavelength (λ ) as a function of 1/√
V (V is the accelerating potential) for two particles having the same charge. Which of the two
represents the particle of smaller mass?
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10. Find the
1)maximum frequency, and
2)minimum wavelength of X-rays produced by 30 kV electrons.
11. The photoelectric cut-off voltage in a certain experiment is 1.5 V. What is the maximum kinetic
energy of photoelectrons emitted?
12. Every metal has a fixed work function. So why didn’t all photoelectrons come out with the same
energy if incident radiation is monochromatic? Why is there an energy distribution of hotoelectrons?
13. The threshold frequency for a certain metal is 3.3 × 1014 Hz is incident on the metal, predict the
cutoff voltage for the photoelectric emission.
14. The work function for a certain metal is 4.2 eV. Will this metal give photoelectric emission for
incident radiation of wavelength 330 nm?
15. Monochromatic light of frequency 6.0 × 1014 Hz is produced by a laser. The power emitted is 2.0 ×
10−3 W. Estimate the number of photons emitted per second on an average by the source.
16. The work function of lithium is 2.3eV. What does it mean? What is the relation between the work
function and threshold wavelength of a metal?
17. Name the experiment for which the following graph, showing the variation of intensity of scattered
electron with the angle of scattering, was obtained. Also name the important hypothesis that was
confirmed by this experiment.

1

2

3 4

5

6

7

frequency in x104Hz
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18. How can you determine the value of planck’s constant using the graph between potential and
frequency of incident radiation?
19. The figure shows a graph between stopping potential and frequency of incident radiation on a metal
surface. Find (i) the threshold frequency (ii) the work function for the metal

20. Green light ejects photoelectrons from a given metal surface whereas yellow light does not. What
will happen in case of violet and red light?
21. Why alkali metals are most suitable for photoelectric emission? Which radiations, MW, UV, and IR
will be most effective for emission of electrons from metal surface?
22. Plot a graph showing the variation of stopping potential and frequency of incident radiation. What
would be the effect on stopping potential when
i) Frequency is increased
ii) Intensity is increased?

1

23. Show graphically the variation of the de- Broglie’s wave length (λ) with potential ( ) through
√𝑣
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which an electron is accelerated from rest. Write the corresponding equation.
24. Show graphically the variation of the de- Broglie’s wave length (λ) with potential 𝑉 through which
an electron is accelerated from rest. Write the corresponding equation.
25. Calculate
i) Wavelength associated with an electron accelerated at 100volt potential and
ii) Its momentum.
Answers
1. The photoelectric current increases proportionally with the increase in intensity of incident radiation.
Larger the intensity of incident radiation, larger is the number of incident photons and hence larger is the
number of electrons ejected from the photosensitive surface.
2.
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3. a. Metal B has greater work function.
b. Metal A has more stopping potential.
4.

5. For emission E≥W0 photoemission occur if the wavelength of radiation is less than λ 0.
6. 1,3 and 2,4 because different materials have different stopping potential but same intensity of
incident radiation gives same maximum current.
rn
𝑛
7. mvrn = nh/2π
λ = h/mvn
Hence
=
λ
2𝜋

8. . According to de Broglie equation in terms of kinetic energy as electron has smaller mass than a
proton hence an electron has the larger wavelength because

9. Slope of graph = λ /

1

√𝑉

= λ√𝑉 = h/√2mq ∝1/√m
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10. Potential of the electrons, V = 30 kV = 3 × 104 V
Hence, energy of the electrons, E = eV = 3 × 104 eV
Where,
e = Charge on an electron = 1.6 × 10−19 C
(a)Maximum frequency produced by the X-rays = ν
The energy of the electrons is given by the relation:
E = hν
Where,
h = Planck’s constant = 6.626 × 10−34 Js
Hence, the maximum frequency of X-rays produced is 7.24 X1018Hz.
(b)The minimum wavelength produced by the X-rays is given as:
Hence, the minimum wavelength of X, ƛ = c / ν = 0.041nm.
11. Photoelectric cut-off voltage, V = 1.5 V
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Where,
e = Charge on an electron = 1.6 × 10−19 C. Therefore, the maximum kinetic energy of the
photoelectrons emitted in the given experiment is 2.4 × 10−19 J.
12. In fact, work function is the minimum energy required for the electron in the top most level of the
conduction band to get out of the metal. But all electrons do not belong to this topmost level.
An electron on absorbing a photon uses a part of its energy to overcome the surface barrier and
remaining becomes KE.
13. The kinetic energy of photoelectron is zero hence stopping is also zero.
14. Work function of the metal, ∅0 = 4.2 𝑒𝑉
Charge on an electron, e = 1.6 × 10-19 C
Planck’s constant, h = 6.626 ×10-34 Js
Wavelength of the incident radiation, λ = 330 nm = 330 × 10−9 m
Speed of light, c = 3 × 108 m/s
The energy of the incident photon is given as:

OS
B

It can be observed that the energy of the incident radiation is less than the work function of the metal.
Hence, no photoelectric emission takes place
15.

16. Work function of liyhium is 2.3 eV. It means that atleast 2.3 ev or more energy is required to eject
electron from the lithium surface. The relation between work function and threshold wavelength is
ℎ𝑐
W0 = 𝜆
0

17. Davisson Germer Experiment. De Broglie hypothesis of matter wave was confirmed.
18. As eV0 = hν - φ Or V0 = (h/e)ν - (φ/e) Where h/e is the slope of the line
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∴h = e × slope
19. Threshold frequency = 3.0 x 1014Hz

Work function hν0 = φ = 6.6x10-34 x 3.0 x 1014 = 1.98 x 10-19J
20. If the green light is able to emit photoelectrons from the surface, so for all frequencies greater than
that of Green photo emission will take place.
Since νviolet > νgreen but νred < νgreen

∴ violet will emit photoelectrons while red will not.

21. Due to their low work functions even visible light can emit photoelectrons from them.
Ultra violet (UV)[being most energetic because of high frequency].
22.

V0

i)
ii)

ν
Stopping potential increases as the frequency of incident radiation increases
Stopping potential remains constant as it does not depend on intensity of incident radiation.
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23.

24.
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λ
v

λ = 12.27/(√v )Å

25.

i) wave length, λ = 12.27/(√v )Å = 12.27/(√100 ) Å =1.227 Å
ii) Momentum, 𝑝 =

ℎ
λ

=

6.67×10−34
1.227

= 5.43× 10−34 kg m sec-1

Questions 03 Marks
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1. An electron and a proton are accelerated through the same potential. Which one of these two has (i)
greater value of de Broglie wavelength associated with it and (ii) less momentum justify your
answer.
2. An electron and a proton have the same de Brolie wavelenght associated with them. How is their
kinetic energy related with each other?
3. Write three basic features of photon picture of electromagnetic radiation on which Einstein’s
photoelectric equation is based.
4. A proton and an alpha particle are accelerated through the same potential. Which one of the two has
(i) greater value of de-Broglie wavelength associated with it and (ii) less kinetic energy? Give
reasons to justify your answer.
5. The graph show the variatin of stopping potential V0 verses frequency of incident radiation for two
photosensitive metals A and B which of the two metals has higher threshold frequency and why?
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6. Monochromatic light of frequency 6.0 × 1014 Hz is produced by a laser. The power emitted is 2.0 ×
10−3 W. Estimate the number of photons emitted per second on an average by the source.
7. The frequency of incident light on a metal surface is doubled. How will this affect the value of
kinetic energy emitted photoelectrons?
8. A particle of mass M at rest decays into two particles of masses m1 and m2 having non zero
velocities. What is the ratio of the de Broglie wavelength of the two particles?
9. An electromagnetic wave of wavelength λ is incident on a photosensitive surface of negligible work
function. The photoelectrons emitted from this surface have de Broglie wavelength as λ1, prove that:
10. Write the expression for the de Broglie wavelength associated with a charged particle having charge
‘q’ and mass ‘m’, when it is accelerated by a potential V.
11. The work function of lithium is 2.3eV. What does it mean? What is the relation between the work
function and threshold wavelength of a metal?
12. State the dependence of work function on the K.E. of electron emitted from a photocell. If the
intensity of incident radiation is doubled what changes occur in the stopping potential and
photoelectric current?
13. The work function of cesium metal is 2.14 eV. When light of frequency 6 ×1014 Hz incident on the
metal surface, photoemission of electrons occurs. What is the maximum kinetic energy of the emitted
electrons, Stopping potential, and maximum speed of the emitted photoelectrons?
14. Monochromatic light of wavelength 632.8 nm is produced by a helium power emitted is 9.42 mW.
Find the energy and momentum of each photon in the light beam, How many photons per second, on
the average , arrive at the target irradiated by the beam (Assume the beam to have uniform cross
section ) How fast does a hydrogen atom have to travel in order to have the same momentum as that
of the photon?
15. The energy flux of sunlight reaching the surface of the earth is 1.333×103 Wm-2 How many photons
(nearly) per square metre are incident on the Earth per second? Assume that the photons in the
sunlight have an average wavelength of 550 nm.
16. In an experiment on photoelectric effect , the slop ofcut off voltage versus frequency of incident
light is found to be 4.12 ×10-15 VS Calculate the value of Planck’s constant

17. A 100 W sodium lamp radiates energy uniformly in all directions. The lamp is located at the centre
of a large sphere that absorbs all the sodium light which is incident on it. The wavelength
of the
Page
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sodium light is 589 nm. (a) What is the energy per photon associated with the sodium light? (b) At
what rate are the photons delivered to the sphere? photons are incident per square metre on earth.
18. A 100 W sodium lamp radiates energy uniformly in all directions. The lamp is located at the centre
of a large sphere that absorbs all the sodium light which is incident on it. The wavelength of the
sodium light is 589 nm.
(a) What is the energy per photon associated with the sodium light? (b) At what rate are the photons
delivered to the sphere?
19. Light of intensity and frequency is incident on a photosensitive surface and causes photoelectric
emission. What will be the effect on anode current when (i) the intensity of light is gradually
increased, (ii) the frequency of incident radiation is increased, and (iii) the anode potential is
increased? In each case, all other factors remain the same. Explain, giving justification in each case.
20. State de Broglie’s hypothesis. Write the expression for the de Broglie wave. State Bohr’s postulate
on angular momentum of a revolving electron and use the same to show that the nth Bohr orbit has
an integral number of de Broglie waves.
Answers - Short answer questions (3 marks)

𝑝

3.

4.

√2𝑚𝐸

𝑚𝑝
𝑚𝑒

]e = [

≈ 1840

ℎ

√2𝑚𝐸

]p

Hence K.E. of electron = 1840 × (K.E. of proton)
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2. de Broglie wavelength,
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5.

6.

=5X1015 PHOTONS PER SECOND

Kinetic energy will become slightly more than double.

9.
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8. By conservation of linear momentum,
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7.
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Work function of lithium is 2.3 eV. It means that at least 2.3 eV or more energy is required to eject
electron from the lithium surface. The relation between work function and threshold wavelength is
W0 = hc/ λ 0
11. According to Einstein’s photoelectric equation we have
hν – φ = 𝐸𝑚𝑎𝑥
10.

Thus ,if the work function is more for a give photosensitive material the the kinetic energy of
photoelectron will be less and vice versa. If the intensity of incident radiation is doubled the number
of photon is doubled. As a result the number of ejected photoelectron is doubled and consequently
the photocurrent is doubled. However no change occurs in stopping potential.

12.
Work function of cesium metal,
Frequency of light,
(a)The maximum kinetic energy is given by the photoelectric effect as:
Js
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Where, h = Planck’s constant = 6.626 × 10-34
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Hence, the maximum kinetic energy of the emitted electrons is 0.345 eV.
(b)For stopping potential , we can write the equation for kinetic energy

IN
CB

Hence, the stopping potential of the material is 0.345 V.
(c)Maximum speed of the emitted photoelectrons = v
Hence, the relation for kinetic energy can be written as:
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Where,
m = Mass of an electron = 9.1 × 10-31 kg
Hence, the maximum speed of the emitted photoelectrons is 332.3 km/s
13. Wavelength of the monochromatic light, λ = 632.8 nm = 632.8 × 10−9 m
Power emitted by the laser, P = 9.42 mW = 9.42 × 10−3 W
Planck’s constant, h = 6.626 × 10−34 Js
Speed of light, c = 3 × 108 m/s
Mass of a hydrogen atom, m = 1.66 × 10−27 kg
(a)The energy of each photon is given as:
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The momentum of each photon is given as:

(b)Number of photons arriving per second, at a target irradiated by the beam = n
Assume that the beam has a uniform cross-section that is less than the target area.

Hence, the equation for power can be written as:
c)Momentum of the hydrogen atom is the same as the momentum of the photon,
The momentum of each photon is given as:,
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14. Energy flux of sunlight reaching the surface of earth, Φ = 1.388 × 103 W/m2
Hence, power of sunlight per square metre P = 1.388 × 103 W
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Speed of light, c = 3 × 108 m/s
Planck’s constant, h = 6.626 × 10-34 Js
Average wavelength of photons present in sunlight,
Number of photons per square metre incident on earth per second = n
Hence, the equation for power can be written as:

15. The slope of the cut-off voltage (v) versus frequency (ν) of an incident light is

e = Charge on an electron = 1.6 × 10-19 C
h = Planck’s constant

Therefore, the value of Planck’s constant is h =
osbincbse.com

𝑒𝑉
𝜈
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16. Power of the sodium lamp, P =100W
Wavelength of the emitted sodium light, =589nm
Planck’s constant, h = 6.626 × 10-34Js
Speed of light, c = 3 × 108 m/s
(a)The energy per photon associated with the sodium light is given as:
ℎ𝑐
𝐸= λ

(b )
Number of photons delivered to the sphere = n
The equation for power can be written as:
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The equation for power can be written as:
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17. Power of the sodium lamp, P=100w Wavelength of the emitted sodium light, ƛ = 589nm
Planck’s constant, h = 6.626 × 10-34 Js Speed of light, c = 3 × 108 m/s
(a)The energy per photon associated with the sodium light is given as

19.
(i) Anode current increases linearly with increase in intensity of light as the number of photoelectron
increases on increasing the intensity of light.

(ii) Anode current remains unaffected as the frequency of incident radiation is increased because it does
not depend on frequency.
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(iii) The anode current increases firstly and becomes saturated on increasing anode potential because
more and more electrons are attracted by the anode when its positive potential is increased. The current
become saturated when all the electrons emitted per second from the metal reached on the anode.
20. De Broglie hypothesis of matter wave
A moving particle of matter should display wave like property under certain condition. The
wavelength of wave associated with a particle of momentum p is given as
ℎ
ℎ
ƛ = 𝑝 =𝑚𝑣
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Bohr’s postulate
ℎ
An electron revolves about the nucleus in which its angular momentum is integral multiple of 2𝜋.
Now according to this postulate
ℎ
ℎ
mvrn = 𝑛 2𝜋
or 2 𝜋 rn = 𝑛 𝑚𝑣

Value based Questions
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1. In a multi-storeyed building, once a fire broke out at midnight due to Electrical short circuit. Ravi along
with others rushed to the spot, informed the fire service and put off the fire. But by that time a huge
amount of damage had already been done. Ravi being Secretary of the building decided to fix fire alarms
(using photo cell) in all the floors.
(i) What values were shown by Ravi in this situation?
(ii) A human eye can perceive a minimum light intensity is about 10-10 Wm-2 Calculate the number of
photons of wavelength 5.6 x 10-7 m/s that must enter the pupil of area 10-4 m2 for vision?
2. Davisson and Germer's actual objective was to study the surface of a piece of nickel by directing a beam
of electrons at the surface and observing how many electrons bounced off at various angles. Though the
experiment was conducted in a vacuum chamber. Air entered the chamber, producing an oxide film on
the nickel surface. When they started the experiment again and the electrons hit the surface, they were
scattered by atoms which originated from crystal planes inside the nickel crystal. Davisson and Germer's
accidental discovery of the diffraction of electrons was the first direct evidence confirming de Broglie's
hypothesis that particles can have wave properties as well.
(i)What can we infer about the values shown by Davisson and Germer?
(ii) Write the expression to find the wavelength of an electron when accelerated through a potential
difference of V volts.
3. Ravi, while returning home from office late night, saw a person jumping into a house .Suspecting him to
be a thief, he slowly followed him. He saw an alarm fixed at the entry of the house. Immediately to alarm
the people at the house, he used his laser torch to activate the alarm, as it works with the visible light. The
circuit became complete and siren started working and people at the house got up and caught the thief.
They thanked Ravi for his action.
a) What moral value can you see in Ravi?
b) The photoelectric cut off voltage in a certain experiment is 1.5V. What is the maximum kinetic
energy of the photoelectrons emitted?
4. A seminar was conducted in an auditorium in Chennai. It was a big auditorium and some seats at the back
were vacant. The coordinator had a problem in making the order for lunch, as he was unable to estimate
the number of people present in the auditorium. Vikram, associate of the coordinator, saw a digital
counter working on the principle of photo electric effect, at every entry and exit gate of the auditorium.
The people were allowed to enter through the entry gate and leave the hall by the exit gate. He also
noticed that all the counters were in good condition. He immediately noted the display of every counter
and gave the coordinator the exact number of people in the auditorium.
a) What moral values can you see in Vikram?
b) What is photo electric effect?
Answers –
1. (i) Concern for society, social responsibility, application of knowledge.
(ii) Energy falling on area per sec =10-10 x 10-4 = Js-1
Therefore n = N10-10 x 10-4 / hc = 3 x 104.photons/sec
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2. (i) Perseverance, not giving up and patience.
ℎ
(ii) 𝜆 =
√2𝑚𝑒𝑉
3. (a) Presence of mind/ Social responsibility/ attitude to help others.
(b) 𝐾𝑚𝑎𝑥 = 𝑒𝑉0 ; = 1.6 × 10−19 × 1.5 𝐽 = 2.4 × 10−19 𝐽
4. a) Proper application of knowledge/ concern for his boss/ presence of mind.
b) The phenomena of emission of electron when light of certain frequency falls on any
photosensitive material.

Gist of Atomic Structure
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Thomson’s model of atom- Every atom consists of uniformly
Its drawbacks: couldn’t explain large angle
charged sphere in which electrons are embedded like seeds in
scattering of alpha particles & the origin of
water melon.
spectral series.
Rutherford’s model of atom- i) Every atom consists of a tiny
central core, called the atomic nucleus, in which the entire Limitations: couldn’t explain the stability of
positive charge and almost entire mass of the atom are the nucleus & the emission of line spectra of
concentrated.
fixed frequencies.
ii) The size of nucleus is of the order of 10-15m , which is very
small as compared to the size of the atom which is of the order of
10-10m.
iii)The atomic nucleus is surrounded by certain number of
electrons. As atom on the whole is electrically neutral, the total
negative charge of electrons surrounding the nucleus is equal to
total positive charge on the nucleus.
iv)These electrons revolve around the nucleus in various circular
orbits as do the planets around the aun. The centripetal force
required by electron for revolution is provided by the electrostatic
force of attraction between the electrons and the nucleus.
r0 = 2kZe2
1/2mv2
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Distance of closest approach of the alpha particle in the α particle
scattering experiment

b = kZe2cotθ/2
1/2mv2
Limitations-applicable only for hydrogen like
atoms & couldn’t explain the splitting of
spectral lines. (not consider electro static
force among the electrons), didn’t consider
the wave nature of electron.
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Impact parameter of the alpha particle
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Bohr’s model of atom

Orbit radius of the electron around the nucleus

En= -me4/8Є02n2h2 = -13.6/n2 eV
E=-2.18*10-18 J / n2
Angular momentum of electron in any orbit is integral L = mvr = nh/2π, n=1,2,3,…
multiple of h/2π

Energy of the electron in the nth orbit of hydrogen atom
•

•

Wave number ν

1/λ = R(1/n12 – 1/n22)

osbincbse.com

R=1.097 * 10+7m-1
𝑛1 inner orbit
𝑛2 outer orbit

Page 223

Gist of Nuclei and Radioactivity:
No of protons in a nucleus

Atomic Number (Z)
Mass Number (A)
Number of neutrons

No. of nucleons(protons + neutrons) in a nucleus
A-Z
R=R0 A1/3

OM

Nuclear radius

Ρ= 3m/4πR03 , constant for all nuclei

E.
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Nuclear density

Same Z & different A
Ex, 1H2,1H3,1h1, & C12,C14,C16
Same A & different Z
[ 18Ar40,20Co40] & (1H3, 2H3)
Same no. of neutrons

Isotopes

BS

Isobars
Isotones
M

[ Mass of protons + mass of neutrons] – mass of nuclues
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Mass defect

Radioactive decay law

Eb = Mc2
dN/dt= -λN
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Binding energy Eb

No: of nuclei remaining un-decayed
at any instant of time

-dN/dt= R= Activity, SI unit Bq. = 1 disintegration per second
N =N0e-λt
OR
N=N0( ½)n , n = t/t1/2
n : no. of half life
𝑡1 : half life
2

1) Shows localised peaks for more stable nuclei
2) Have a broad maxima for average mass numbers showing
binding energy per nuclei is almost constant
3) Binding energy for very light and very heavy nucleus is
smaller.

OM

Binding energy curve

E.
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Nuclear fusion

BS

Nuclear fission
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3 types of radiations

t1/2=0.693
λ
Page 224
τ= 1/λ
Alpha particles (Helium nucleus) - Highest ionisation because of
large mass and charge, Least penetration
Beta particles ( electron emitted from nucleus ) – Lesser
ionisation as compared to alpha particles, more penetration as
compared to alpha particles.
Gamma rays(photons) – least ionisation and maximum
penetration.
Splitting of a heavy nucleus into lighter elements.This process is
made use of in Nuclear reactor & Atom bomb
Nuclear Reactor is based upon controlled nuclear chain reaction
and has
1) Nuclear fuel like uranium
2) Modulator like heavy water
3) control rods like cadmium rods
4) coolant like liquid sodium
5) shielding like concrete walls
Fusing of lighter nuclei to form a heavy nucleus.This process
takes place in Stars & Hydrogen bomb.
Controlled Thermonuclear Fusion
In a fusion reactora) high particle density is required
b) high plasma temperature of 109K
c) a long confinement time is required

OS
B

Half life
osbincbse.com
Mean life

VSA type Questions (1 Mark each):

10.
11.
12.
13.
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6.
7.
8.
9.

Angular momentum
r α n2
L=2(h/2∏) =h/∏ (moment of linear momentum is angular momentum)
E=0
The entire positive charge and the mass were concentrated at one place inside the atom,
called the nucleus.
A larger number of alpha particles went through un-deflected.
It shows attraction between electron and nucleus and shows that electron is in bound state.
Neglects wave nature of electron, can’t explain spectra of multi electron atoms.
Gold is more malleable as compared to any other material. Thus gold foil was most suitable
for the experiment. However, if some other material was used the observations would not
have shown the clear picture because larger number of nuclei coming in the way of alpha
particles.
Lyman series.
N0/4
because of their large mass & large nuclear cross section
Let 100 N Nuclei were present in original sample.
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1.
2.
3.
4.
5.
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Solutions:
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1.
In Bohr’s theory of model of a Hydrogen atom, name the physical quantity which equals
to an integral multiple of h/2∏?
2.
What is the relation between ‘n’ & radius ‘r’ of the orbit of electron in a Hydrogen atom
according to Bohr’s theory?
3.
For an electron in the second orbit of hydrogen, what is the moment of linear momentum
as per the Bohr’s model?
4.
What is the energy possessed by an ē for n= ?
5.
What conclusions were drawn from the observation in which few alpha-particle were seen
rebounding from gold foil?
6.
Which observation led to the conclusion in the α-particle scattering exp. That atom has
vast empty space?
7.
What is the significance of –ve enegy of the electron in the atom?
8.
What are the limitations of Bohr’s atomic model?
9.
Would the observations of alpha particle scattering experiment change if any other
material was used instead of gold foil.
10. Which part of H-atom spectrum has maximum energy?
11. Tritium has a half life of 12.5 years against beta decay. What fraction of a sample of pure
tritium will remain un-decayed after 25 years?
12. Why does α particle have high ionizing power?
13. If 70% of a given radioactive sample is left un-decayed after 20 days, what is the % of
original sample will get decayed in 60 days?
14. Why is neutron very effective as a bombarding particle in a nuclear reaction?
15. Name the phenomenon by which the energy is produced in stars.
16. Name the physical quantities that remain conserved in a nuclear reaction?
17. Two nuclei have mass numbers in the ratio 1:8.What is the ratio of their nuclear radii?
18. Which have greater ionizing power ;α-particles or β-particles?
19. Does the ratio of neutrons and protons in the nucleus increase, decreases or remain the
same after the emission of ά – particles?
20. Two nuclei have mass no. in the ratio 1:2. What is the ratio their nuclear densities?
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Number of nuclei decayed in 20 days = 30%
Number of nuclei decayed in next 20 days = 70 N x 30% = 21N
osbincbse.com
Undecayed nuclei after 40 days = 70N-21N = 49N
Number of nuclei decayed in next 20 days = 49N x 30% = 14.7N
Number of nuclei undecayed after 60 days = 49 N – 14.7 N = 34.3 N
Thus 34.3 % sample will be left undecayed.
14. Being neutral it won’t experience any electrostatic force of attraction or repulsion.
15. Uncontrolled Nuclear fusion
16. Charge and momentum.
17. Since R= R0A1/3 ,therefore R1/R2=A11/3 /A21/3=(1/8)1/3 =1/2
R1: R2=1:2
18. α-particles have more ionizing power than β-particles.
19. The ratio of neutrons to proton ratio increases, after the emission of a ά – particle.
20. 1:1(independent of A).
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Short Answer Type questions ( 2 Mark each):
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1. By what factor must the mass number change for the nuclear radius to become twice?
2. How does the neutron to proton ratio affected during (i)β decay ii) α decay
3. A radioactive sample having N nuclei has activity R. Write an expression for its half life in
terms of R & N.
4. A radioactive nucleus ‘A’ decays as given below:
β
γ
A
A1
A2
If the mass number & atomic number of A1 are 180 & 73 respectively, find the mass number
& atomic number of A & A2
5. What percentage of a given mass of a radioactive substance will be left un-decayed after 5
half-life periods?
6. Draw a graph showing the variation of potential energy of a pair of nucleons as a function of
their separation. Indicate the regions in which nuclear force is (i) attractive, and (ii)
repulsive.(b) Write two characteristic features of nuclear force which distinguish it from the
Coulomb force.
7. Draw a graph to show the energy spectrum of beta particles. What is cause of energy
variations?
8. Which is easier to remove; orbital electron from an atom or a nucleon from
a nucleus?
9. Show that nuclear density in a given nucleus is independent of mass number A.
10. In a typical nuclear reaction, e.g.

,
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although number of nucleons is conserved, yet energy is released. How? Explain.
11. Prove that the instantaneous rate of change of the activity of a radioactive substance is
inversely proportional to the square of its half life.
12. A nucleus ZXA splits into two protons Z1YA1 and Z2YA2.What will be the separation between
them at the instant of split ?
13. A certain radioactive element disintegrate for an interval of time equal to its mean life . What
fraction of element remains ? What fraction has disintegrated ?
14. The half life period of radioactive element A is the same as the mean half time of another
radioactive element B. Initially both of them have the same number of atoms. The radioactive
element B decays faster than A. Explain why?
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15. Which of the following radiations: 𝛂- rays, β-rays, &γ-rays
1) are similar to x-rays
2) are easily absorbed by matter
3) travel with greatest speed
4) are similar in nature to cathode rays?
16. The value of ground state energy of hydrogen atom is -13.6 eV :
(a) What does the –ive sign signify?
How much energy is required to take an electron in this atom from the ground state to the
first excited state ?
17. Calculate the ratio of energies of photons produced due to transition of electron of hydrogen
atoms from 2nd level to 1st and highest level to second level.
18. The energy levels of an atom are as shown below. a) Which of them will result in the
transition of a photon of wavelength 275 nm? b) Which transition corresponds to the
emission of radiation maximum wavelength?
0eV

A

-2eV
osbincbse.com

B

C

-4.5eV
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D

-10eV

19. Calculate angular speed of the electron in the ground state of H-atom.
The radius of inner most electron orbit of H2 atom is 5.3 x 10-11m. What are radii for n=2, 3, 4?
20. The ground state energy of hydrogen atom is -13.6eV.What is the K.E & P.E of the electron in this state?
Solutions:

The potential energy is minimum at a distance of r0 = 0.8 fm. At this distance, force
between nucleons is zero. For distances larger than 0.8 fm, negative P.E. goes on
decreasing. The nuclear forces are attractive.

E.
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(i)
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1. 8 times
2. During β decay n/p ratio decreases whereas for α decay it increases.
3. R=Nλ, t1/2=0.693/λ =0.693N/R
4. A—180 & 72, A2—176 & 71
5. N/N0 =1/2n =1/32 = 3.125%
6. a)
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(ii) For distances less than 0.8 fm, negative P.E. decreases to zero and then becomes positive.
The nuclear forces are repulsive.
(b) Properties of nuclear forces:
7. Suitable graph
Beta decay is a three particle decay. As a result energy emitted is distributed between beta
particle and anti-neutrino.
8. It is easier to remove an orbital electron from an atom. The reason is the
binding energy of orbital electron is a few electron-volts while that of
nucleon in a nucleus is quite large (nearly 8 MeV). This means that the
removal of an orbital electron requires few electron volt energy while the
removal of a nucleon from a nucleus requires nearly 8 MeV energy
9. Density of the nucleus =
Mass of the nucleus = A amu = A ×1.66 × 10-27 kg
Volume of the nucleus =
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Thus, density =
which shows that the density is independent of mass number A.
Using R0 = 1.1 × 10-15 m and density =
10. In a nuclear reaction, the sum of the masses of the target nucleus (
particle (

) and the bombarding

) may be greater or less than the sum of the masses of the product nucleus (

)

and the outgoing particle ( ). So from the law of conservation of mass-energy some energy
(3.27 MeV) is evolved or involved in a nuclear reaction. This energy is called Q-value of the
nuclear reaction.
11. Activity of a radioactive substance
R (= - dN/dt) =λ N
Rate of change of activity
dR/dt=λ (dN/dt) = λ . (-λ N) = λ2 N
As
λ = loge 2 / T1/2
dR / dt = - (loge 2 / T1/2) 2 N
Instantaneous activity, dR / dt ἁ 1/T21/2
12. Separation at the time of split = Sum of their nuclear radii
i.e. r = r1 + r2
= r0A11/3 + r0A21/3
= r0 [A11/3 + A21/3 ].

OM

13. Using N = N0e-λtv and t = 1/λ we get
N = e-λx1/λ = e-1 = 1/e
Thus fraction of element that remains =1/e
Disintegrated fraction = 1-1/e = e-1/e.
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14. Let λ and λ’ be the decay constant of element A and B respectively. Given is
T1/2(A)=T(B)
0.693/λ=1/λ’
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Or λ/λ’=0.693
Let N be the number of atoms of each of the two samples and R and R’ their disintegration
rate, then
R/R’= λN/ λ’N= λ/ λ’=0.693
Therefore R’ > R
15. 1) γ-rays are similar to x-rays.
2) α-rays are easily absorbed by matter.
3) γ-rays are travel with greatest speed .
4) β-rays are similar in nature to cathode rays.
16. (i) The negative sigh shows that the electron is bound to nucleus by means of electrostatic
attraction.
(ii) E1=-13.6eV
−13.6

E2=-

22

=-3.4 eV

Required enegy= E2- E1 = -3.4-(-13.6)=10.2 eV

17. E2-1 = Rhc[ 1/n12 – 1/n2] = ¾ Rhc
E∞ - E1 = Rhc(1/22 – 1/∞) = Rhc / 4
osbincbse.com
Ratio 3:1
18. E=hc/λ=4.5eV, transition B
Eα1/λ, transition A
19. rn = n2 r1
20. K.E=-E=13.6 eV, P.E=-2K.E=-27.2 eV
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Short answer type questions ( 3 Mark each)
Page 231

osbincbse.com
1.

2.

Obtain the binding energy of the nuclei 56Fe26 &209Bi83 in MeV from the following
data: mH=1.007825amu,mn=1.008665amu, m(56Fe26)=55.934939amu, m(209 Bi 83) =
208.980388 amu, 1amu=931.5MeV
Which nucleus has the highest binding energy per nucleon?
From the given data, write the nuclear reaction for α decay of 238
92U and hence calculate
the energy released. 238
U = 238.050794u 24 He = 4.00260u 234
.92
90Th = 234.04363u

8.

9.
10.
11.

12.

13.

14.

15.

16.
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Binding Energy of 8O16 &17C35 one 127.35 Mev and 289.3 Mev respectively. Which of
the two nuclei is more stable & find their BE/N.
One gram of radium is reduced by 2.1mg in 5 years by decay. Calculate the half-life of
Uranium.
Two radioactive materials X1& X2 have decay constants 10λ & λ respectively. If
initially they have the same no: of nuclei, find the time after which the ratio of the
nuclei of X1 to that of X2 will be 1/e?
At a given instant there are 25% un-decayed radioactive nuclei in a sample. After 10
seconds the number of un-decayed nuclei reduces to 12.5 %.calculate the i) mean life of
the nuclei ii) the time in which the number of the un-decayed nuclei will further reduce
to 6.25 % of the reduced number.
Half lives of two substances A and B are 20 min and 40 min respectively. Initially the
sample had equal no of nuclei. Find the ratio of the remaining no: of nuclei of A and B
after 80 min.
A nucleus 10Ne23, β-decays to give the nucleus of 11Na23. Write down the -decay
equation. Calculate the kinetic energy of electron emitted. (Rest mass of electron may
be ignored.)
Given, m(10Ne23) = 22.994466 u ,m(11Na23) = 22.9897704 u
If 200MeV energy is released in the fission of single nucleus of 235
92𝑈, how much fission
per second must occur to produce a power of 1 kW.
A nucleus at rest splits up into two parts with velocity ratio 2:1.Calculate the ratio of
their radii of the two nuclear fragments.
The disintegration rate of a certain radioactive sample at any instant is 4750
disintegrations per minute. Five minutes later the rate becomes 2700 per minute.
Calculate a) Decay constant b) Half-life of the sample.
The decay constant, for a given radioactive nuclei, has a value of 1.386 day -1. After
how much time. Will a given sample of this radio nuclide get reduced to only 6.25% of
its present number ?
A neutron is absorbed by a Li-6 nucleus with subsequent emission of alpha particle.
Write the corresponding nuclear reaction. Calculate the energy released in this
reaction.Given mass of nucleus Li = 6.015126 a.m.u.
Mass of 4 2He = 4.000 26044 a.m.u.
Mass of neutron = 1.0086654 a.m.u.
Mass of tritium= 3.016049 a.m.u.
How many fissions are needed per day to produce 3x 108 W power using U-235
producing 2 x 108 eV per fission and 25% energy produced being used up for electricity
generation. How much mass of fuel is needed per day?
A radioactive sample having half life 12.3 yr has 4 x 1023 nuclei in its fresh sample.
Calculate (a) its activity in the beginning (b) number of decays in 10 hours from that
time.
The trajectories, traced by different α-particle , n Geiger-Marsden experiment were

OS
B

3.

observed as shown in figure.
a) What names are given to symbols ‘b’ and ’θ’ shown here.
osbincbse.com
0
b) What can we say about the value of b for (1)θ=0 ,(2)θ=π radians

θ
r0
Nucleus

α-particle

17.
18.
19.
20.

(energy E )

Use Bohr’s theory to prove that ratio of magnetic dipole moment and angular
momentum of electron in an atom is a universal constant. Find it’s value.
What can be maximum work function of a metal for which photoelectric emission is
possible by wavelength range lying in Balmer series?
Using the Bohr’s model calculate the speed of the electron in a hydrogen atom in the
n=1,2 and 3 levels. Calculate the orbital period in each of these levels.
Calculate the longest and shortest wavelength in the Blamer series of hydrogen
spectrum. Given R= 1.0987 x 107/m.
Solutions :
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1. Fe →492.26MeV,8.79MeV/A Bi →1640.3MeV,7.85 MeV
Hence56Fe26
234
4
2. 238U
92
90Th + 2 He
Mass difference = 238.050794- (4.00260 + 234.04363 ) u = 0.00456 u
Thus energy released = 0.00456 x 931 MeV = 4.24 MeV
3. Binding Energy of 8O16 = 127.35/16 = 7.959 MeV / A , For 17Cl 35 = 289.3 / 35 = 8.26 Mev
4. 1672 years
5. N=N0e-λt, t=1/9λ
6. t1/2=10s, λ=.0693/s, τ=1/λ=14.43s, N=1/16(N0/8) →t=4x10=40s
7. 1:4
8. 4.37 MeV
9. 3.12 x 1013 disintegrations per sec
10. We have initial momentum of the nucleus = 0
Final momentum =0
[ v1 /v2 = 2:1]
M1v1 + m2v2 =0
Numerically m1/m2 =v2/v1 =1/2
M2 =2m
Also nuclear radius R=R0A1/3
R1/R2 = A11/3/A21/3 = m11/3/m21/3= (1/2)1/3 = 1:21/3.
11. . a) Using R=R0e-λt
2700=4750 e- 5λ
λ=0.113min-1

b) Using T1/2=0.693/λ =0.693/0.113 =6.132min
12. T1/2 =0.693/λ = 0.693/1.386 = 0.5 day
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N/ N0 = (1/2)t/T
6.25/100 =(1/2)t/T
osbincbse.com 4
(1/2) = (1/2)t/T
t/T=4 => t= 4T=4x 0.5=2 days
13. Nuclear reaction is given by
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Mass of reactants =1.0086654 + 6.015126 =7.0237914a.m.u
Mass Defect, ∆m = mass of reactant – mass of product.
∆m = 7.0237194 – 7.0186534
∆m = 0.005138 a.m.u.
Since1. a.m.u. = 931MeV
Energy released = ∆m x 931MeV
E = 0.005138 x931 = 4.783 MeV
14.
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16. a) The symbol ’b’ represents impact parameter & ‘θ’ represents the scattering.
0
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b)(1) when θ=0 , the impact parameter will be maximum & represent the atomic size.
(2)When θ=π radians, the impact parameter ‘b’ will be minimum & represent the nuclear
size.

18.
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19. (a) v1 = 2.186 X 106 m/s , v2 = 1.093 X 106 m/s, v3 = 0.729 X 106 m/s
(b) T1 = 1.52 X 10-16 s, As Tn = n3 T ⇨ T2 = 1.22 X 10-15 s, T3 = 4.10 X 10-15 s]
20. 1/λ=R[ 1/n12 – 1/n22], n1 = 2 and for max wavelength n2 = 3 and for min wavelength n2 = ∞

Value Based Questions:
Page 235
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1. Ruchi’s uncle who was a kabadiwalah was getting weak day by day. His nails were getting blue, he
stated losing his hair. This happened immediately after he purchased a big container of heavy
mass from Delhi University Chemistry Department. Doctors advised him hospitalization and
suspected he has been exposed to radiation. His uncle didn’t know much about radiations but
Ruchi immediately convinced her uncle to get admitted and start treatment.
(i) What according to you are the values utilized by Rama to convince her uncle to get admitted in
hospital
(ii)Name the radioactive radiations emitted from a radioactive element
Ans 1. (i) Value displayed - awareness, critical thinking, decision making
(i)
X ray and Gamma rays.
2. Medha’s grandfather was reading article is newspaper. He read that after so many years of atomic
bombing is Hiroshima or Nagasaki, Japan National census indicated that children born even now are
genetically deformed. His grandfather was not able to understand the reason behind it. He asked his
Granddaughter Medha who is studying in class XII science. Medha sat with her grandfather and showed
him pictures from some books and explained the harmful effects of radiations.
(i) What are the values/ skills utilized by kajal to make her grandfather understand the reason of
genetically deformity?
(ii) Name the nuclear reactions that occurred is atom bomb.
Ans 2. (i) Sympathy, compassion
(ii)
Nuclear- fission reactions
Muthuswami a resident of Kundakulam was all set to leave everything and shift to another place in view
of the decision of Govt. to start nuclear thermal power plant at Kundakulam. His granddaughter Prachi,
a science student, was really upset on the ignorant decision of her
grandfather. She could finally convince him not to shift, since adequate safety measures to avoid any
nuclear mishap have already been taken by the Govt. before starting nuclear thermal plants.
• What is the value displayed by Prachi in convincing her grandfather
• What is the principle behind working of nuclear reactor
• What are the main components of nuclear reactor
• Why is heavy water used as moderator?
Ans 3: (i) Awareness, social responsibility
(ii) Controlled chain reaction
(iii)Nuclear Fuel, Moderator, Control rods, Coolant, Shielding
(iv) Neutrons produced during fission get slowed if they collide with a nucleus of same mass. As
ordinary water contains hydrogen atoms so it can be used as a moderator. But it absorb neutron at a fast
rate. To overcome this difficulty, Heavy waters is used as a moderator which has negligible cross
sections for neutron absorption
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Semiconductor
Gist
Electronic Devices

Gist:
•

Energy Band Diagram
In the crystal , the interatomic interaction between N-atoms splits each single discrete
energy level of individual atom into N-sublevels ; these energy N-sublevels are very
close and appear to be almost continuous giving appearance of energy band. (NCERT fig
on page no. 470)
*In metals, the conduction band and valence band partly overlap or conduction band is
partially filled.
In insulator, the conduction band is empty and valence band is completely filled and the
forbidden gap is quite large Eg = 6 eV. No electron from valence band can cross over to
conduction band at room temperature or even if electric field is applied.

•

In semiconductor, the conduction band is empty and valence band is completely filled
and the forbidden gap is quite small Eg = 1 eV. At room temperature, some electron in
valence band acquire thermal energy, greater than Eg = 1 eV and jump over to
conduction band enhancing conductivity. (NCERT fig 14.2 pg no. 471)
Semiconductors are the basic materials used in the present solid state electronic devices
like diode, transistor, ICs, etc.
Metals have low resistivity (10-2 to 10-8 Ωm), insulators have very high resistivity ( 108
Ωm), while semiconductors have intermediate values of resistivity.
Semiconductors are elemental (Si, Ge) as well as compound (GaAs, CdS, etc.)
Types of Semiconductors:
(a) Intrinsic semiconductor (Si, Ge)
(b) Extrinsic semiconductor (p-type or n-type)
Intrinsic semiconductors are pure semiconductors and they are basically group 14
elements e.g. Si and Ge.
The charge carriers present in semiconductors are free electrons and holes which are
obtained as a result of thermal excitation.
The number of electrons (ne) and the number of holes (nh) in an intrinsic semiconductor
are equal.
The no. of charge carriers can be changed by ‘doping’ of a suitable impurity in pure
semiconductors. Such semiconductors are known as extrinsic semiconductors.
p-type extrinsic semiconductor is obtained by the doping of trivalent impurity atom (In,
Ga) whereas n- type extrinsic semiconductor is obtained by the doping of pentavalent
impurity atom (As, Sb).
In n-type semiconductors, ne h while in p-type semiconductors, nh ne.
In all semiconductors, nenh =ni 2 where ni is the intrinsic charge carrier density.
There are two distinct band of energies (called valence band and conduction band) in
which the electrons of the material lie. Valence band energies are low as compared to
conduction band energies. All energy levels in the valence band are filled while energy
levels in the conduction band are either empty of partially filled.

•
•
•
•
•
•
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*

•

Electrons in the conduction band are free to move and responsible for the conductivity.
The extent of conductivity depends upon the energy gap (Eg) between the top of valence
Page 237
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band and the bottom of the conduction band, called forbidden energy.
• For insulators Eg , for semiconductors Eg is 0.2 to 3 eV and for metals Eg.

Depletion layer : A thin layer on both the sides of p-n junction , which is devoid of free charge
carries but has immobile ions is called depletion layer.
The thickness of depletion layer at p-n junction is about 10-6m.



Forward bias: In forward bias, the p-type is connected with the positive terminal and the n-type
is connected with the negative terminal.
.


Width of depletion layer becomes thin, when p-n junction is forward bias.

Reverse bias : In reverse bias , the p-type is connected with the negative terminal and the ntype is connected with the positive terminal



Width of depletion becomes thick, when it is reverse bias.



Characteristics of p-n junction diode:
A graph showing the variation of current flowing through a p-n junction with the voltage applied
across it, is called V-I characteristics of a p-n junction.



Forward bias characteristics:

OM

The V-I graph is not a straight line i.e. a junction diode does not obey ohm’s law.
Knee voltage of p-n junction for Ge is 0.3 V and for Si it is .6 to .7 V.
Reverse bias characteristics:
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Reverse bias voltage produces a very small current (µA). It is due to drift of minority charge
carriers.
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Graph for forward and reverse bias
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Rectifier

The p-n junction is a one way device i.e. it offer low resistance when forward biased and high
resistance when reverse biased.


So it can be used as a rectifier



Half wave rectifier



Full wave rectifier
Transistor: A junction transistor is a three terminal solid state device obtained by growing a thin
layer of one type semiconductor in between two thick layers of other similar type semiconductor.
Transistor are of two types-

1. n-p-n transistors- it consist of a thin section p-type semiconductor sandwiched between two
thicker section of n-type semiconductors.
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2. p-n-p transistor-it consist of a thin section of n-type semiconductor sandwiched between two
thicker section of p-type semiconductors.
Constructions- each type of transistor has three main parts:
1. Emitter (E)- it is section on one side of the transistor. it is of moderate science and heavily
doped semiconductor. It is normally forward biased w.r.t. any other part of transistor. It
supplies a large number of majority charge carries for the flow of current through the
transistor.
2. Base (B)- it is the middle section. It is very thin and lightly doped. It controls the flow of
majority charge carries from emitter to collector.
3. Collector (C) -it is section on the other side of the transistor. It is moderately doped and
larger in size as compared to emitter. It is normally reverse biased w.r.t any other part of the
transistor. It collects the majority charge carries for the circuit operation.
Working of Transistor: Emitter base junction is forward biased and collector base junction is
reverse biased.
Circuit Diagram of n-p-n and p-n-p transistor
Uses of transistor



Transistor as an amplifier
Block diagram of an amplifier: To amplify means to increase the size or to magnify an input
signal.

OM
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Common emitter transistor amplifier:
IE = IB + IC





Input and output signal are out of phase by 180

Common emitter amplifier is preferred over common base transistor amplifier due to large
current gain and power gain.
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In common emitter transistor amplifier:

BS

VO = VCC – IC RL

Various gain of common emitter amplifier
1) Current gain
a) d.c. current gain: It is the ratio of output current to input current.
β=Ic/Ib

b) a.c. current gain: It is the ratio of change in output current to change in input current.
osbincbse.com
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β=ΔIc/ΔIb

2) a.c. voltage gain: It is the ratio of change in output voltage to change in input voltage.
Av =ΔVc/ΔVb
3) a.c. power gain: It is ratio of change in output power to change in input power.
Power gain =ΔPo/ΔPi
Zener diode :It was invented by C. Zener.
It is designed to operate in the reverse breakdown voltage region continuously without being
damaged.
A zener diode has unique feature that voltage drop across it , is independent of current through it.
For a proper working of a zener diode in any circuit ,it is essential that
The zener diode must be reverse biased
The zener diode must have voltage greater than zener break down voltage.
Zener diode as voltage regulator

OM

When the input d.c.voltage aross zener diode increase beyond a certain limit i.e. zener voltage ,
the current through the ciruit rises sharply , causing a sufficient increase in voltage drop across
the dropping resistor R. As a result of it the voltage across zener diode remain constant and
hence the output voltage lower back to normal value.

E.
C

Photodiode: A photodiode is a p-n junction made from a photosensitive semiconductor material
in such a way that light can fall on its junction

BS

A resistance R is connected in series with a reverse biased photodiode.
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When hѵ >Eg

Current is directly proportional to the intensity of light
Photodiode can turn its current ON or OFF in nanosecond.
USES :
•
•
•
•
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In detection of optical signals
In demodulation of optical signals
In light operated switches
In electronic counter.

Light emitting diode (LED) :It is a forward biased p-n junction which spontaneously converts the
biasing electrical energy into optical energy , like IR and visible light.

Solar cell:
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It is a junction diode when converts solar energy into electricity and is based on same principle
as the photodiode, except that external bias is applied and junction area is kept much large for
solar radiation to be incident.
The generation of emf by a solar cell , when light falls on , it is due to the following three
processes:
1) Generation of electrons – holes pairs due to light (hѵ >Eg)
2) Separation of electrons –holes due to electric field of the depletion layer.
3) Collection of electrons –holes
V – I characteristics of solar cell is shown in the fourth quadrant of the coordinate axes.
This is because a solar cell does not draw current but supply the same to load.
LOGIC GATE
Analogue signal: A continuous time varying current or voltage signal is called analogue signal.
Digital signal: A signal which has two levels of voltage (represented by 0 and 1) is called digital
signal.
Logic gate: A digital circuit which either allow a signal to pass through or stop it, is called a gate.
Such gate allows the signal to pass through only when some logical condition are satisfied.
Hence they are called logic gates
Truth table : It is a table that show all possible input combination and the corresponding output
combinations for a logic gate
Basic logic gates are of three types
1) OR
2) AND gate:
3) NOT gate:
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BS

E.
C

OM

*******
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V S A (1 MARK QUESTIONS)

1. What is the ratio of electrons and holes in intrinsic semiconductor at room temperature?
2. Which type of semiconductor is obtained by mixing arsenic with silicon?
3. What type of charge carriers are there in n-type semiconductor?
4. What are majority carriers in an n-type semiconductor?
5. What is doping?
6. How does the width of the depletion region of a p-n junction vary, if the reverse bias applied
to its decrease?
7. What is the charge on a hole?
8. How does the forbidden energy gap of an intrinsic semiconductor vary with the increase in
temperature?
9. Which semiconductor has more mobility?
10. What do you meant by depletion layer in a p-n junction diode?
Q.11 A transistor is a current operated device. Comment.
Q.12 A transistor is being used as a common emitter amplifier. What is the value of phase
difference, if any between the collector-emitter voltage and input signal?
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Q.13 How does the collector current changes in a junction transistor, if the base region has larger
width?
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Q.14Why is the common emitter amplifier preferred over a common base amplifier?
Q.15 When is a common base amplifier preferred over a common emitter amplifier?
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Q.16 Why a transistor cannot be used as an rectifier?
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Q.17 How would you test in a simplify way that a transistor is spoiled or in working condition?
Q.18 Which one of the transistors n-p-n and p-n-p is more useful ?
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Q.19 Why is the area of base –collector is made larger than the area of the emitter –base junction
in a transistor?
Q.20 In a transistor the forward bias is always smaller than the reverse bias. Why?
Q 21.Give the logical symbol of an OR gate. Mark the inputs and outputs.
Q 22.Draw truth table for an AND gate.
Q23. Give the logical symbol of an NOR gate. Mark the inputs and outputs.

Q24. Draw truth table for NOR gate.
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Q 25. Draw the logic symbol for a NAND gate.
Q 26. Why are NAND (or NOR) gates called as digital building block?
Q 27. How a NOT gate is realised using NAND gate.
Q 28. How the AND gate is realised from NAND gate.
Q 29. How the OR gate is realised from NAND gate.
Q 30. How the AND gate is realised from NOR gate.
Q 31. How the OR gate is realised from NOR gate.

Q 32. The output of two NAND gates is fed as input to an OR gate. Name this new logic gate.
Q 33. The output of an OR gate is connected to both the inputs of a NAND gate. Draw the logic
circuit of this combination of gates.
Q 34. State the rule used in operation of OR gate.
Q 35. State the rule used in operation of AND gate.
Q 36. State the rule used in operation of NOT gate.
Q 37. What do you understand by logic gates?
Q 38. What do you understand by truth table?
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Q 39. How two input NAND gate can be converted into a NOT gate?
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BS

E.
C

Q 40. Name the three types of basic logic gates.
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V S A (1 MARK-ANSWER)

Ans 1. Equal
Ans 2. n-type
Ans 3. The charge carriers in n-type semiconductor are both electrons (majority carriers) and
holes (minority carriers)
Ans 4. electrons
Ans 5. Doping is a process of deliberate addition of a desirable impurity in a pure semiconductor
to increase its conductivity.
Ans 6. Width decreases
Ans 7. 1.6 X 10-19 C
Ans 8. Does not change
Ans 9. n-type
Ans 10. Space-charge on both the side of p-n junction which has immobile ions and is devoid of
any charge carrier.
Ans.11 In a transistor , the collector current is controlled by the base current which is a part of
emitter current.The changes in the emitter current are proportional to the changes in the base
current and not on input voltage.

OM

Ans.12 1800

E.
C

Ans.13 The collector current becomes smaller because of the increase in the rate of
recombination of electrons and holes as they move across the emitter base junction.

BS

Ans.14 Because the current gain of common emitter amplifier is more than that of a common
base amplifier.
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Ans.1 5 When voltage amplification of the given signal is required without any phase change of
signal voltage, common base transistor is preferred over common emitter amplifier.
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Ans16 To use a transistor as a rectifier, either its emitter base portion or collector base portion
has to be used. As base is thin and lightly doped, either of the two portions will not work as a p-n
junction.
Ans 17 For a transistor in working condition the forward biased emitter base junction has a low
resistance while the reverse biased base collector junction has a high resistance. In a spoiled
transistor, the resistance is low in both situations.
Ans.18 n-p-n transistor is more useful than p-n-p transistor.
Ans 19 When a transistor works, most of the heat is produced at the base collector junction. The
area of this junction is made large so as to dissipate this heat.

Ans 20 If we apply a large forward biasing across the emitter, the majority charge carriers would
move from emitter to collector through the base with a high velocity. This would produce Page 244
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excessive heating which would damage the transistor.
ANS 21.

ANS 22.

A
0
1
0
1

B
0
0
1
1

OUTPUT
0
0
0
1

ANS 23.

A , B are inputs and Y output.
ANS 24.
OUTPUT
1
0
0
0
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B
0
0
1
1

E.
C

A
0
1
0
1
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ANS 25.
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ANS 26. The repeated use of NAND gates can produce all the three basic gates i.e. OR, NOT,
AND gates. Hence NAND (or NOR) gates are called as digital building block
ANS 27.

ANS 28.
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ANS 29.

ANS 30.

ANS 31.

ANS 32.
ANS 33.

NAND gate
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ANS 34. The output of an OR gate assumes 1 (in level) if one or more inputs assume 1 (in level).
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ANS 35. The output of an AND gate assumes 1 (in level) if all the inputs assume 1 (in level).
ANS 36. The output of an NOT gate assumes 1 (in level) if input is 0 (in level).
ANS 37. It is an electronic circuit which either allows a signal to pass through it or stops it when
some logical conditions are satisfied.
ANS 38. It is a table that show all possible input combinations and the corresponding output
combinations for a given logic gate.
ANS 39. When two inputs of NAND gate are joined, so that it has one input, it works as a NOT
gate.
ANS 40. (i)AND gate, (ii) OR gate, (iii) NOT gate.

V S A (2 MARK-ANSWER)
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Ans 1. (a) Overlapping of conduction band and valency band
(b) A large energy gap (above 6eV) between conduction band and valence band
Ans 2. (a) Reverse biasing
(b)Forward biasing

Ans 3. In n-type semi conductor charge carriers are electrons and mobility of electrons is more
than that of holes
Ans 4. Germanium,The Forbidden gap of Germanium (0.72eV) is less than Silicon (1.1eV)
Ans 5. (a)The depletion width decreases
(b) The depletion width increases
E = 1.14 x 1.6 x10-19 J

Ans 6. E = 1.14eV

λ = hc/E

λ = 10.888Ao
Ans 7. ne =7.5 x 1013 cm-3

nh = 4.5 x 1012 cm-3

µe = 23 x1023 cm2 /V-S

µh = 102 cm2 / V-S

As

ne > nh So the extrinsic Semiconductor is of type n-type
Resistivity

Ans 8 .

OM

=

1 / e(neµe + nhµh)
3.62 Ω-cm

E.
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Ρ=

1ppm= 1/106

ne = 5 x 1028/106

= 5 x 1022 m-3

Ans10:
Ans.11

ne=ni2/nh

=8.89x109 m-3

A is an intrinsic semiconductor as ne = nh.
B is a p-type semiconductor as ne nh.
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Ans 9.
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nh = ni2 / ne {ni2 =1.5x1016}= 4.5x109 m-3

BS

No of pentavalent ‘As’ atom doped in a given Si crystal

125
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Ans12: Refer NCERT Textbook Page No. 471 Fig. 14.2 (a),(b),(c)
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nenh = ni2 ⇒ ne = ni2 / nh = (1.5x1016)2/4.5x1022 = 5x109 m-3

Ans13:

Ans14. A strong current heat up the semiconductor due to which the large no. of covalent bonds
get broken and it behave as a conductor.
Ans15. The process of adding a suitable impurity to a pure semiconductor to improve its
conductivity.
Methods: i) By bombarding the semiconductor by ions of impurity
ii) By adding the impurity atom to semiconductors in molten state.
Ans16. Resistivity of semiconductors decreases with increase in temperature as energy of
electrons increases and they become free to conduct.
Ans17. It is the vacancy of electron in the bond of a covalent bonded crystal.
Characteristics:
It is associated with a positive charge.
It has the same mass as that of electron.
Energy of hole is higher even it form the top of the valance band.
Ans18. Due to temperature increases the mobilities of electrons and holes decreases due to
increase in their collision frequency.
Ans19. When a solid is to be formed from its atoms then energy levels of atoms get modified due
to attractive and repulsive forces between electrons and protons etc.
hc

Ans20. E= λ

=

6.6x10−34 x3x108

2.06eV < 2.8eV

600x10−9x1.6x10−19

Ans21. V= Ed 0.25 V

Max Kinetic energy of an electron to cross the potential barrier
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V= eV = 1.6x10-19 x 0.25 = 4.0 x10-19
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Ans22. dV = 0.70-0.65 = 0.05V and dI= 5 mA
Then dR = dV/dI = 10 ohm

I = 2/10 =0.2A
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i) When the positive of battery is connected to A then diode D1 will be forward
biased and second will be reverse biased so current through the circuit

IN
C

Ans23.
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ii) When positive of battery is connected to the point B the diode D2 will be
forward biased and diode D1 will become reverse biased.
So current drawn I = 2/20 = 0.1A

Ans24. Emf of battery= E= 3.0 V
knee voltage = 0.7V
Voltage drop across R = 3.0-0.7 = 2.3 V
Current in the circuit I = 20 mA
Wattage of R = Voltage drop across R x current in the circuit = 0.046 W
Wattage of diode =0.014W
Ans25.

Here load resistance RL =2000 ohm
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Voltage across Load VL = 15V
So current through RL = 15/2000 = 7.5 mA
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Zener current = 10 mA
Current through series resistance 10+7.5= 17.5 mA
Voltage drop across load resistance 17.5x200 = 3.5 V
So zener diode required is of rating 17.5 mA and breakdown voltage as 15V.
i) E = V/d 0.50/5.0x10-7 = 106 V/m

Ans26.

ii) Suppose an electron enters the depletion layer with speed v1 and in p region
with a speed of v2 . Its potential energy is increased by eV joule so
mv2
2

+ eV =

mv2
2

After simplification; 2.7x105 m/s
Ans27. The peak value of primary voltage is 220x√2 = 311 V The peak value of secondary coil:
n 2 x V = 25.9V
n1

The DC voltage across the load resistance is Vo /π = 8.24V
Ans28. In fig. 1 both the diodes are forward biased and offer zero resistance. So I = 2/20 = 0.1A
In fig 2 both the diodes are reverse biased and offer infinite resistance so current will be
zero.
In fig 3 both the diodes are forward biased so I = 2/20 = 0.1 A
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In fig 4 one diode is forward biased and another one is reverse biased and as both are in
parallel so offer zero resistance so I 0.1A.
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Ans29. The value of series resistance should be such that the current through the zener diode is
much larger than the load current. This is to have good load regulation. We can choose
Zener current as atleast five times the load current so
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Iz =20mA
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Total current through Rs = 20+4.0 = 24mA
Voltage drop across Rs = 10.0-6.0= 4.0V
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Hence Rs = 4/24mA =167 ohm
Ans 30:- i)AND gate.
ii)

A
0
1
0
1

B
0
0
1
1

OUTPUT
0
0
0
1

S A (3 MARK QUESTIONS)
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Q.1 What is junction transistor. Write its types with symbol. Giving circuit diagram of p-n-p
transistor in CE draw input & output characteristic curve.
Q.2 What is amplifier. Discuss use of n-p-n transistor as an amplifier with circuit diagram. What
is phase relation between input & output waveform.
Q.3 In a transistor base is made very thin and doped with little impurity atoms. Why?
Q.4 Output characteristics of an n-p-n transistor in CE configuration is shown in the figure.
Determine:
(i) dynamic output resistance (ii) dc current gain and (iii) ac current gain at an operating point
VCE = 10 V, when IB = 30 µA.

E.
C
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Q.5 Draw the circuit for studying the input and output characteristics of and transistor in CE
configuration. Show, how, from the output characteristics, the information about the current
amplification factor can be obtained.
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Q6.What are the limitations of intrinsic semiconductors when we use them for developing
semiconductor devices?
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Q7.Explain how the p-type and n- type semiconductors are produced
Q8.Name the type of diode whose characteristics are shown here.
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What does the point P represent in fig. A and point P and Q in fig B

Q9.Zener diode has higher dopant density as compared to ordinary diode then how it affects the
Page 250
i) width of depletion layer and junction field?
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Q10.Why Si and GaAs are preferred materials for solar cell?
Q11.Find the current through the resistance R as shown in the given fig.
when R = 10 ohm and when R = 20 ohm.

Q12.The electrical conductivity of a semiconductor increases when the
electromagnetic radiation of wavelength shorter than 2480 nm. Determine the band gap
of the semiconductor.
Q13. Calculate the no. of states per cubic metre of sodium in 3S band. The density of sodium is
1013 kg/m3. How many of them are empty?
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Q15.

Find the current produced at room temperature in a pure germanium plate of area 2x10-4
m2 and of thickness 1.2x10-3 m when a potential of 5V is applied across the faces. Also
calculate the heat generated in 100 seconds. Mobility of holes= 0.2m2 V-1s-1 and of
electron= 0.4m2 V-1s-1
Concentration of carrier is 1.6x106 in germanium.
V-I characteristics of a Si diode is shown in the fig. Calculate
the resistance of the diode at
I =15mA and V = -10V.
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Q14.

S A (3 MARK QUESTIONS-ANSWER)
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Ans.1 A junction transistor is a three terminal solid state device obtained by growing a thin layer
of one type semiconductor in between two thick layers of other similar type semiconductor
Transistor are of two types1. n-p-n transistors- it consist of a thin section p-type semiconductor sandwiched between two
thicker section of n-type semiconductors.
n-p-n p-n-p

OM

2. p-n-p transistor it consist of a thin section of n-type semiconductor sandwiched between two
thicker sections of p-type semiconductors.
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Ans.2 A device which increases the amplitude of the input signal is called amplifier.
In common emitter amplifier, input signal to be amplified is applied between base-emitter circuit
and the output amplified signal is taken across the load resistance in emitter- collector circuit.

There is a phase difference of π between input and output signal

Ans.3 This is done so that only a small fraction of
(i)The holes (in p-n-p transistor) combined with the electrons in the base to get neutralized.Page 252
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(ii)The electrons (in n-p-n transistor) combined with the holes in the base to get neutralized.
iii. Thus, infact base is made thin and dopped with little impurity only to allow a small base
current.
Ans.4 (i) Dynamic output resistance is given as:

(ii)

(iii)
Ans.5

E.
C
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Current amplification factor (βac) is the ratio of change in collector current (∆IC) to the change is
base current (∆ IB) at constant collector voltage. i.e.
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Output characteristics represent the variation of IC with VC, keeping IB constant.

From above graph at VC = V, the value of collector current increase with the increase the base
current IB.
Thus,
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Ans6. i) These are having low concentrations of intrinsic charge carriers. Hence low
conductivity.
ii) As intrinsic charges are developed by thermal agitation, so flexibility is not available
to control their number.
iii) ne =nh so no predominant current will be there.
Ans7. P-type semiconductor can be obtained by doping the tetravalent impurity atoms on
intrinsic semiconductor. In p type semiconductor holes are in majority due to one
deficiency of electron in the covalent bond.
For n- type semiconductor the intrinsic semiconductor is doped with pentavalent
impurity. In n-type semiconductor electrons are majority carriers as one electron is in
excess after completing covalent bond.
Ans8. Fig A is Zener diode and fig B is of solar cell.
In fig a P represent break down voltage
In fig. B P represent some positive voltage applied on solar cell It means light of energy
more than threshold energy is incident on cell and producing current equal and opposite
to battery.
Point Q represent short circuit point in which voltage goes to zero and current as max.
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Ans9. Due to high dopant density in zener diode the width of depletion layer decreases as width
is determined by the concentration of density of dopant.
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Due to higher dopant density the width of depletion layer decreases so junction field
increases as E = V/d
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Ans10. The energy for the maximum intensity of the solar radiation is nearly 1.5eV. In order to
have the photo excitation of the energy of radiation hv must be greater than energy band
gap. Therefore the semiconductors with energy band gap less than 1.5eV and having the
high absorption coefficient is likely to prefer.

4+6 = I (R+10)
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Ans11. Due to 6V battery the pn junction becomes reverse biased (Its potential is higher than 4V
battery). From the remaining circuit as per kirchoff’s law

When R=10 then I = 0.5A and when R=20 then I = 0.33A
Ans12. By using the formula
E= hc/λ
Band gap can be calculated as 0.5eV
Ans13. Mass of one cubic metre sodium 1013 kg

No. of atoms in given sample = (6.023x1023 x1013)/23 =2.65x1028
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Total no of states in 3S band = 2N
Occupied states = N
Empty States = 2N-N = N = 2.65x1028
Ans14.

σ = ni e (µe +µh )
1.6x106 x1.6x10-19 ( 0.2+0.4)
= 1.53 x 10-13
Current produced in germanium = I=JA = σ EA = σ (V/d)A 1.28 x10-13A
Heat produced = Vit = 6.4x10-11J

Ans15. In forward biasing of the diode given comes out to be a straight line in between I=10mA
to
I=20 mA so from the graph
I=10mA and V= 0.7V and at I=20mA and V=0.8V
So R = dV/dI
(0.8-0.7)/(20-10) =10ohm
From the reverse biased characteristic curve
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V= -10V I = -1µA so reverse biased resistance
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R= V/I
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-10/(-1µ) = 107 ohm

VALUE BASED QUESTIONS (4 MARKS)
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Q1. A pure semiconductor germanium or silicon, free of every impurity is called intrinsic
semiconductor. At room temperature, a pure semiconductor has a very small number of current
carries (electrons and holes). Hence its conductivity is low.
When the impurity atoms of valence five or three are doped in a pure semiconductor, we get
respectively n-type or p-type extrinsic semiconductor. In case of a doped semiconductor. ne nh =
ni2; where ne and nh are the number density of electrons and holes respectively and ni is the
number density of intrinsic charge carriers in a pure semiconductor. The conductivity of extrinsic
semiconductor is much higher than that of intrinsic semiconductor.
Read the above passage and answer the following questions:
(i) Name two materials to be doped in pure semiconductor of silicon to get (a) p-type
semiconductor (b) n-type semiconductor
(ii) What do you learn from the above study?
Q2. Rohan was studying in a science college and was staying with his grandfather. One day, the
old torch which was being used by Rohan’s grandfather stopped working. He asked Rohan to
purchase a new torch for him. Rohan himself made a torch using LED with a small recharge
battery and give it to his grandfather as a gift. Rohan explained the advantages of LED over a
bulb. Rohan’s grandfather was very happy.
Read the above passage and answer the following questions:
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(i) What is LED? Name the two materials used in making LED, whose light falls in the visible
region.
(ii) Why LED is a better choice than a bulb in torch?

E.
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(iii) What do you think about the attitude of Rohan towards his grandfather?
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Q3. Manoj wanted to do social work during his vacations. He visited a remote village where
there was no electricity. He made up his mind to help the villagers for getting solar panels. For
this he educated the villagers about the technology and uses of solar panels. He requested the
villagers to apply for the same to the government as the same was given to the villagers on
subsidised rates. Villagers agreed and apply for the solar panels. They got the same from the
government at reduced price. When the solar panels started working, the villagers were very
happy.
Read the above passage and answer the following questions:
(i) What is a solar panel?

(ii) What is the basic principle of working of a solar panel?
(iii) What are the basic values you assess in Manoj?

VALUE BASED QUESTIONS - ANSWERS
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Ans1. (i) (a) The doping of pure silicon with boron or aluminium will give us p-type
semiconductor
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(b) The doping of pure silicon with arsenic or phosphorous will give us n-type semiconductor.
(ii) From the above study, we find that to get better output current, pure semiconductor has to be
doped with suitable impurity atoms. Similarly, in day to day life, the appearance of right kind of
persons (leaders) in society can improve their lot.
Ans2. LED stands for light emitting diode. The following materials are used in making LEDs
whose light falls in the visible region;
(a) Gallium-phosphide (GaP) – giving red or green light
(b) Gallium-arsenide phosphide (GaAsP) – giving red or yellow light.
(iii) LED is better than conventional bulbs the torch with LED is handy and light. It gives the
intense light and consumes less power.
(iii) Rohan had a great love and respect for his grandfather. He proved it by making a torch for
him using new technology. By this act, Rohan earned more love and affectionate from his
grandfather.
Ans3. (i) Solar panel is a panel having large number of solar cells fitted by side on it.
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(ii) Solar cell is basically a solar energy converter. It is a p-n junction device which converts
solar energy into electrical energy. If this energy is stored in a capacitor, it can be used for
glowing bulbs.
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(iii) Manoj displayed his will to do something for society. Through his shear efforts, he got
electricity within the reach of villagers, who were suffering otherwise. The work of Manoj was
highly appreciated by the villagers.

10. COMMUNICATION SYSTEMS
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1. COMMUNICATION
The sending and receiving of message from one place to another is called communication. Two important forms of
communication systems are (i) Analog and (ii) digital.
In analog communication the signal is continuous while in digital communication the signal is discrete.
2. THREE BASIC ELEMENTS OF COMMUNICATION
(i) Transmitter (ii) Communication channel (iii) Receiver
3. MODULATION
The superposition of (audio frequency) message signal (20 Hz-20 kHz) over (high frequency) carrier wave (≈
1MHz) is called modulation.
4. NEED FOR MODULATION:
* Size of antenna h= λ/4 so, for high frequency. Height will be large which is impossible.
* Effective power radiated by an antenna P α

1

λ2

* Mixing up of signals from different transmitters.
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5. TYPES OF MODULATION
There are two broad types of modulation: (i) Continuous wave modulation
(ii) Pulse modulation.
1. Continuous wave modulation is of three types:
(i) Amplitude modulation (AM): In amplitude modulation, the amplitude of carrier wave varies in accordance
with instantaneous voltage of information (or message) signal.
(ii) Frequency modulation (FM): In frequency modulation the frequency of carrier wave is varied in accordance
with instantaneous voltage of information signal.
Phase modulation (PM): In phase modulation
6. Amplitude modulation

8. SPACE COMMUNICATION
Space communication uses free space between transmitter and receiver.
Space communication is via:
(i)
ground waves (ii) space waves (iii) sky waves
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9. GROUND OR SURFACE WAVE PROPAGATION is a mode of wave propagation in which the ground has a strong
influence on the propagation of signal wave from the transmitting antenna to receiving antenna .In this propagation
,the signal waves glides over the surface of earth, Ground waves are heavily absorbed by earth and not suitable for long
range communication. Ground wave propagation can be sustained only at low frequencies (500 kHz-1500 kHz).
10. SKY WAVE PROPAGATION is a mode of wave propagation in which the radiowave emitted from the transmitter
antenna reach the receiving antenna after reflection by ionosphere. Sky wave propagation is possible because of
reflection of carrier signals from ionosphere or satellite.

OM

11. SPACE WAVE PROPAGATION higher than 30MHz is that mode of wave propagation in which the radiowaves emitted
from the transmitter antenna reach the receiving antenna through space. These radiowaves are called space waves. It is
also called line of sight communication. Space wave is suitable for UHF/VHF regions.
Band width of the signal
Type of signal
Band width
Speech
2800 Hz
Music
20 KHz
Video
42 MHz
Video & Audio (T.V)
6.0 MHz
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12. COVERING RANGE OF T.V. TRANSMITTING TOWER is d=√2Reh, where h is height of tower and Re radius of earth. T.V.
waves are frequency modulated waves. VHF T.V. waves range from 47 to 230 MHz and UHF T.V. waves have range from
470 to 960 MHz.
Maximum line of sight distance dm =√2RhT + √2RhR.
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14. MAXIMUM USABLE FREQUENCY
It is that highest frequency of radio waves which when sent at some angle towards the ionosphere, gets reflected from
that and returns to the earth.
16. SATELLITE COMMUNICATION
The communication satellite is used for reflecting sky waves without any disturbance. Its height is 35800 km above
earth’s surface. To cover entire globe of earth simultaneously 3-satellites are employed.
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II. IMPORTANT FORMULAE
1. Marconi antenna is grounded, and its length = λ/4, where λ is wavelength of the waves transmitted. It is called
quarter wave antenna.
2. Hertz antenna is not grounded, and its length = λ/2. It is called half wave antenna.
3. Side band frequencies in AM wave are υSB= υc ±υmwhereυmis frequency of modulating (audio) signal.
4.
Modulation index,
ma = Em / Ec
Modulation index,
ma= Emax – Emin / Emax + Emin
6. Coverage range (d) for a given height (h) of antenna

d = √2hR where R = radius of earth.
d = √2Rhr + √2RhR,wherehT, hR are the heights of transmitter and receiver antennas.
osbincbse.com
7. Population covered = population density x area covered.
8. Number of channels,
N = Total band width of channels / Band width per channel
III. Communication System – Block Diagrams
1)

4)

5)
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2)
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CONCEPT MAP
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EM Waves and Communication

VERY SHORTQUESTIONS(1MARK EACH)
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1. Mention the functions of the transponder?
2. What should be the length of dipole antenna for a carrier wave of 5 x 108 Hz?
3. A device X can convert one form of energy into another. Another device Y can be regarded as a combination
of a transmitter and a receiver. Name the devices X and Y.
4. Write the expression for band width in FM.
5. What is attenuation?
6. What is the role of band pass filter in modulation circuit?
7. State the facts by which the range of transmission of signals by a TV tower can be increased?
8. Why moon cannot be used as a communication satellite?
.
9. Why sky waves are not used for the transmission of TV signals?

11. Why ground wave propagation is not suitable for high frequency?
(OR)
Why is ground wave propagation restricted to frequency up to 1500 kHz?
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12. Why is the orbit of a remote sensing satellite called sun synchronous?
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10. How many geostationary satellites are required to provide communication link over the entire globe and
how should they be parked?

13. Why are signals not significantly absorbed by ionosphere in satellite communication?
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14. Over modulation result in distortion of the signal in amplitude modulation. Why?
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15. An AM wave contains more power than the carrier wave. Why?
16. What type of modulation is required by radiobroadcast?

18. What is G.P.S.?
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17. Which device is used for transmitting T.V. signals over long distances?

19. How many satellites are used to locate the position of an object?
20. What is internet?

ANSWERS
Ans1: A device fitted on the satellite which receives the signal and retransmits it after amplification.
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Ans2: L = λ\2 = c\v x 2 = 3 x 108 / 5 x 108 x 2 = 0.3m.
Ans3 (a) Transducer
(b) Repeater
Ans. 4 width = 2 times frequency of modulating signal
Ans 5 Gradual decrease in the energy of the signal.
Ans 6. It filters out low and high frequencies and only allow band of frequencies (wc– wm) to (wc+wm)
Ans 7. By increasing height of transmitting antenna and increasing height of receiving antenna
Ans 8. Because moon is not a geostationary satellite and it is a passive satellite.
Ans 9. These are not reflected by ionosphere.
Ans10. Three satellite at 1200 each.
Ans11. It is because radio waves having frequency greater than 1500MHz are strongly absorbed by the ground.
Ans 12. it is because when ever such a satellites passes over a particular area of the Earth, the position of the
sun with respect to that area remains the same.
Ans13. It is because satellite communication employs HF carrier i.e. microwaves
Ans 14. When carrier wave is over modulated (i.e. ma>1), the modulated wave will be absent at negative peak of
modulating signal. This results in distortion of the signal.
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Ans 15. : An AM wave contains three components, the carrier components and the two side band components
(LSB and USB). It therefore contains more power than the carrier wave.
Ans16. A.M.
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Ans17.Geostationary satellite.

.
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Ans 20. Global networking of computers.
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Ans 18.Global positioning system.
Ans 19.Four.

SHORTQUESTIONS (2 MARKS EACH)
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1.Name the two basic modes of communication. Which of these modes is used for telephonic communication?
2.

3.

Complete
following

the
block

diagram depicting the essential elements of a basic communication system.

4. Calculate the length of a half wave dipole antenna at
(a) 1 MHz
(b) 100 MHz
(c) 1000MHz
What conclusion you draw from the results?
5. What does the term LOS communication mean? Name the type of waves that are used for this
communication. Which of the two –height of transmitting antenna and height of receiving antenna- can affect
the range over which this mode of communication remains effective?
6. What is the population covered by the transmission, if the average Population density around the tower is
1200km-2?

OM

7. A transmitting antenna at the top of tower has a height of 36m and the height of the receiving antenna is 49m.
What is the maximum distance between them, for the satisfactory communication in the LOS mode? (Radius of
the earth =6400km).
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8. A message signal of frequency 10 kHz and peak value of 8 volts is used to modulate a carrier of frequency
1MHz and peak voltage of 20 volts. Calculate: (i) Modulation index (ii) The side bands produced.
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9. What would be the modulation index for amplitude modulated wave for which the maximum amplitude is ‘a’
while the minimum amplitude is ‘b’?
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10. A carrier wave of peak voltage 20 V is used to transmit a message signal. What should be the peak voltage
of the modulating signal, in order to have a modulation index of 80%?
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11. For an amplitude modulated wave the maximum amplitude is to be found as 10V while minimum as 2 V.
Calculate the modulation index.
12. Which of the following would produce analog signals and which produce digital signals?
(a) Vibrating tuning fork
(b) Musical sound due to vibrating sitar
(c) Light pulse
(d) Output of NAND gate

13. Two waves A and B of frequencies 2 MHz and 3 MHz respectively are beamed in the same direction for
communication by sky wave. Which one travel longer distance in ionosphere before sufferingPage
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reflection?
14. Which mode of propagation is used by short wave broadcast services having frequencies range froma few
MHz to 30 MHz? Why is there an upper limit to frequency of waves used in this mode?
15. On what factors do the maximum range of propagation in ground wave communication depends?
Ans 1: Two basic modes of transmission are (i) Point-to-point and (ii) broad cast mode.
Point-to-point mode is used for Telephonic communication.
Ans2: X= IF STAGE, Y = Amplifier
Ans3. TRANSMITTER, CHANNEL AND RECIEVER
Ans.4 Length of dipole antenna, L = λ/ 2
(a) 150m (b) 1.5m (c) 15 cm
Ans5.Line of sight communication
Microwave and Very high frequency wave. Both will affect the range of
transmission.
Ans6. d = √2Rh=√2×6.4×103 ×160×10-3 =45km
Range 2d=2×45=90km
Population covered=area × population density=1200×6359= 763020
Ans 7. Using d= √2Rht + √2Rhr we get =46.5km
Ans 8. (i) Modulation index, ma = Em / Ec = 8/20 = 0.4
(ii) Side bands frequencies = fc ± fm
Thus the side bands are at 1010KHz and 990 kHz.
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Ans 10. :

Modulation index,
am = Em/Ec
… (1)
Maximum amplitude of modulated wave a=Ec + Em.....(2)
Minimum amplitude of modulated wave b = Ec - Em …(3)
From (2) and (3), Ec = a+b/2,
Em = a-b/2
From (1), modulation index, am = Em/Ec = (a-b)/2 / (a+b)/2 = a-b/ a+b
Modulation index,
ma = Em / Ec
Em=ma x Ec= 0.80 x 20 V = 16 V
M = (Emax – Emin)/ (Emax + Emin)
M = 0.8

Ans 12

(a) and (b) : Analog
(c ) and (d) : Digital
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Ans 11.
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Ans 9.
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Ans 13. 3 MHz. As frequency increases the refractive index also increases.
Ans 14. Sky wave propagation. Upper limit is fixed in terms of critical frequency as higher frequency penetrates
ionosphere.
Ans 15.Transmitted power ,frequency.

SHORTQUESTIONS (3 MARKS EACH)
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Q1. What is space wave propagation? Which two communication methods make use of this mode of
propagation? If the sum of the heights of transmitting and receiving antennae in line of sight of communication
is fixed at h, show that the range is maximum when the two antennae have a height h/2 each.
Q2. A ground receiver station is receiving signals at (i) 5 MHz and (ii) 100 MHz, transmitted from a ground
transmitter at a height of 300 m located at a distance of 100km. Identify whether the signals are coming via
space wave or sky wave propagation or satellite transponder. Radius of earth = 6400 km; Maximum electron
density in ionosphere, Nmax = 1012m-3
Q3. By what percentage will the transmission range of a TV tower be affected when the height of the tower is
increased by 21%. ?
Q4. An amplitude modulation diode detector, the output circuit consists of resistance R = 1kΩ and capacitance
C = 10pf. It is desired to detect a carrier signal of 100 kHz by it. Explain whether it is a good detector or not? If
not what value of capacitance would you suggest?
Q5. Due to economic reason only the upper side band of an E. M. wave is transmitted but At the receiving
station there is a facility for generating the carrier wave. Show that if a device is available which can multiply
two signals then it is possible to recover the signal
ANSWERS
Ans1. Satellite communication and line of sight (LOS) communication make use of space waves.
Here d1=√2Rh2 and d2= √2Rh2
For maximum range,
Dm=√2Rh1 + √2Rh2
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where dm =d1 + d2= d
Given h1 + h2 = h
Let
h1 = x then h2 = h-x
Then dm = √2Rx + √2R(h-x) ,
ddm /dx = √R/2x - √R/2(h-x) = 0
i.e., 1/2x = 1/2(h-x) i.e., x = h/2
=>
h1 = h2 = h/2.
Ans 2. Maximum coverage range of transmitting antenna, d = √2Reh
Therefore d = √2 x 6400 x 103 x 300 = 6.2 x 104
The receiving station (situated at 100 km) is out of coverage range of transmitting antenna, so space wave
communication is not possible, in both cases (i) and (ii) The critical frequency (or maximum frequency) of
ionospheric propagation is fc = 9(Nmax)1/2 = 9 x √1012= 9 x 106 Hz = 9 MHz Signal (i) of 5MHz (< 9 MHz) is
coming via ionosphere mode or sky wave propagation, while signal (ii) of 100MHz is coming via satellite
mode.
Ans3. Transmission range of TV tower = d = √2hR If the height is increased by 21%, new height
h’ = h + 21\100h = 1.21h
If d’ is the new average range, then d’/d =√h’ / √h = 1.1%
increase in range Δd\ d x 100%
= (d’ – d \ d) x 100%
= (d’/ d -1) x100%
= (1.1 – 1) x 100%
= 10%

Ans4. The satisfactory condition for demodulation is that reactance at carrier frequency must be Page 266
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much less than R.
Reactance = 1 / ώC = 1 / 2πfCC = 1/ 2 x 3.14 x 100 x 103 x 10 x 10-12
= 1.59 x 105 Ω = 159 kΩ
This is much greater than the given resistance, so it is not a good detector. For detection, the condition is
1 / 2πfCC<< R = C >> 1 / 1.59 x 10-9 fared or C >> 1.59 nF.
Thus for proper detection the capacitance of output circuit must be much greater than 1.59 nF. The suitable
capacitance is 1µF.
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Ans 5. Refer Ans Q 15.8 NCERT

VALUE BASED QUESTIONS ( 4 MARKS EACH)
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Q1.
Raj was cycling from his village to a neighboring village. On the way ,he met an old man who was walking
in the direction of the same neighboring village. Raj invited the old man to sit on his cycle and took him to the
neighboring village. The old man got down from the cycle, thanked Raj and gave his blessings.
(a) What according to you, are the values displayed by Raj?
(b) Can you relate the given paragraph with the process of modulation?
Q2.Saurabh’sgrandfather was talking to him about the quality of music from transistorized radio set. He was
complaining that in the earlier times, there was noise in the music which acted as an irritant. However now – a –
days , the noise is almost missing from the music. Saurabh explained to him that the absence of noise is not due
to the quality
Q3. Though Parminder , a 12 years old boy, was playing with a ball yet the boredom was reflected on his face.
He was unhappy as nobody was there to play with him. His elder brother Manjinder was observing Parminder.
Manjinder invited Parminder to throw the ball towards him. Manjinder asked Parminder to roll the ball on the
ground towards him in the air or to hit the ball towards the ceiling of the room and direct it towards him. Now,
Parminder was thoroughly enjoying the game.
(a) What according to you are the values displayed by Manjinder?
(b) Can you relate the paragraph with some concept of communication system?

ANSWERS
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Ans 1. (a) Raj showed concern for the stranger and respect for the old age of the person.
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(b) Just as the old man sat on the cycle the message signal is superposed on the carrier wave. The modulated
carrier wave travels some distance and recovered at the receiver.
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Ans 2. Saurabh has patience to listen to his grandfather. He tried to update his grandfather with modern day
knowledge. In early times A.M. technology was used giving distortion. Now –a – days we use F.M. technology.
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Ans 3. (a) Manjinder shows concern for the state of mind of his younger brother. Manjinder aroused the interest
of his younger brother by participating in the game.
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(b) The given paragraph can be related with three modes of wave propagation – ground wave propagation,
space wave propagation and sky wave propagation.
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क�द्र�य �वद्यालय संगठन
KENDRIYA VIDYALAYA SANGATHAN
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Tell me and I forget.
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Teach me and I remember.
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Involve me and I learn.
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- Benjamin Franklin

