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3P
p

— 3P
or 1/ 2 =¢c = ,/—
C ms p

That is, the root mean square velocities of the molecules of two gases of densitiels
p, respectively at a pressure P are given by

\/ﬁ \/@
C =ua and =
( rm)l pl crm)Z pz
Thus,

Rate of diffusion of onegas (C,); [
Rate of diffusion of other gas: (Cins)2 - p;

EZ =

(10.14)

Thus, rate of diffusion of gases is inversely proportional to the square root of their densities
at the same pressure, which is Graham'’s law of diffusion.

E(ample 10.2 :Calculate is the root mean square speed of hydrogen molecules at
300 k. Take m(H) as 3.34% 10?°"kg and k = 1.3& 10%J mof* K™

Solution : We know that

_[3kT [37(1.38 107 JK* ) (300K)
ms "\ 3.347 107 kg

=1927m¢g J

P | i
@ Intext Questions 10.2

1. Five gas molecules chosen at random are found to have speeds%600nss!,
700 mst, 800 ms!, and 900 m3. Calculate their RMS speed.

2. If equal volumes of two non-reactive gases are mixed, what would be the resultant
pressure of the mixture?

3. When we blow air in a balloon, its volume increases and the pressure inside is also
more than when air was not blown in. Does this situation contradict Boyle's law?

’E@mple 10.3 :At what temperature will the root mean square velocity of hydrogen be
double of its value at S.T.P., pressure being constant (STP = Standard temperature and
pressure).
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Solution : From Eqn. (10.8), we recall that
Crms a \/f
Let the rms velocity at S.T.P. .

If T K is the required temperature, the velodity 2 ¢, as given in the problem

c 2 T
0 — == =, =
&6 \T
Squaring both sides, we get
T
4 = T,
or T =47,
Since T = 273K, we get
T =4x273K = 1092K = 81€C _‘

E(ample 10.4 :Calculate the average kinetic energy of a gas at 300 K. Given k =
x 102K,

Solution : We know that

Mc2 =<kT

N |-
N w

Since k = 1.3& 102 J Kt and T= 300 K, we get

0 E = = (1.38x 10%J K7) (300 K)

N w

=6.21x 102 ] B
10.4.1 The Law of Equipartition of Energy

1 . 3
We now know that kinetic energy of a molecule of a gas is giverzlf)‘y\t2 =§kT .

Since the motion of a molecule can be algng andz directions equally probably, th
average value of the components of velocifie.,u, v andw) along the three direction
should be equal. That is to say, for a molecule all the three directions are equival

Uuag=7=w
S
and u2 :»02: 2 = — 2
3
Since 2=+ 2 +wW
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C =T W

1
Multiplying throughout byE m, wheremis the mass of a molecule, we have

m w?

m52:

N~
N |~

l _2 —_
oMUt =

1
But Em u? = E = total mean kinetic energy of a molecule al@agxis. Therefore,

3
E = E, = E, But the total mean kinetic energy of a moleculeéisk T. Hence, we get an

important result :

1
E,=E=E = okT

Since three velocity componentsy andw correspond to the three degree of freedom of
the molecule, we can conclude that total kinetic energy of a dynamical system is equally

1
divided among all its degrees of freedom and it is equ% tk T for each degree of

freedom This is the law of equipartition of energy and was deduced by Ludwing Boltzmann.
Let us apply this law for different types of gases.

So far we have been considering only translational motion. Fan@atomic moleculg

we have only translational motion because they are not capable of rotation (although they
can spin about any one of the three mutually perpendicular axes if it is like a finite sphere).
Hence, for one molecule ofraonoatomic gastotal energy

3
E = kT (10.15)

A diatomic moleculecan be visualised as if two spheres are joined by a rigid rod. Such a
molecule can rotate about any one of the three mutually perpendicular axes. However, the
rotational inertia about an axis along the rigid rod is negligible compared to that about an
axis perpendicular to the rod. It means that rotational energy consists of two terms such as

1 1
—1 ) and =1 .
20 T %
Now the special description of the centre of mass of a diatomic gas molecules will require
three coordinates. Thus, for a diatomic gas molecule, both rotational and translational

motion are present but it has 5 degrees of freedom. Hence

1 1
3| ZKT| 4o ZkT
E 3(2 j+2(2 j

kT (10.16)

1"
N | o
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Ludwing Boltzmann
(1844 — 1906)

Born and brought up in Vienna (Austria), Boltzmann completed
doctorate under the supervision of Josef Stefan in 1866. He |
worked with Bunsen, Kirchhoff and Helmholtz. A very emotiona
person, he tried to commit suicide twice in his life and succeeded in his sg
attempt. The cause behind these attempts, people say, were his difference
Mach and Ostwald.

He is famous for his contributions to kinetic theory of gases, statistical mech
and thermodynamics. Crater Bolzmann on moon is named in his memory and h

10.5 Heat Capacities of Gase

We know that the temperature of a gas can be raised under different conditions of
and pressure. For example, the volume or the pressure may be kept constant or b
be allowed to vary in some arbitrary manner. In each of these cases, the al
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olume
pth may

mount of
thermal energy required to increase unit rise of temperature in unit mass is difLrent.

Hence, we say that a gas has two different heat capacities.

If we supply an amount of heAQ to a gas to raise its temperature throAghthe heat
capacity is defined as

AT

The heat capacity of a body per unit mass of the body is ternspeteific heat capacity!
of the substance and is usually denoted by c. Thus

Heat capacity

- ] heat capacity
Specific heat capacity, ¢ T (10.17)
Egns. (10.16) and (10.17) may be combined to get
8Q
C = mAT (10.18)
Thus, specific heat capacity of a material is the heat required to raise the temperature
of its unit mass byl °C (or 1 K).
The Sl unit of specific heat capacity is kilo calories per kilogram per kelvin (kd&lKg
It may also the expressed in joules per kg per K. For example the specific heat capacity of
water is
1 kilo cal kg* K = 4.2x 10 J kgtK2
The above definition of specific heat capacity holds good for solids and liquids but not for
gases, because it can vary with external conditions. In order to study the heat capacity of

a gas, we keep the pressure or the volume of a gas constant. Consequently, we défine two

specific heat capacities :
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()  Specific heat at constant volume, denoted as ¢
(i Specific heat at constant pressure, denoted.as ¢

(@) The specific heat capacity of a gas at constant volufog is defined as the
amount of heat required to raise the temperature of unit mass of a gas through 1K,
when its volume is kept constant :

=)
o, =\a1), (10.19)

(b) The specific heat capacity of a gas at constant presdg is defined as the
amount of heat required to raise the temperature of unit mass of a gas through 1K
when its pressure is kept constant.

A
c, = (A—(T?jp (10.20)

When 1 mole of a gas is considered, we defiéar heat capacity.

We know that when pressure is kept constant, the volume of the gas increases. Hence in
the second case note that the heat required to raise the temperature of unit mass through
1 degree at constant pressure is used up in two parts :

(i) heat required to do external work to produce a change in volume of the gas, and
(if) heat required to raise the temperature of the gas through one deyree (c

This means the specific heat capacity of a gas at constant pressure is greater than its
specific heat capacity at constant volume by an amount which is thermal equivalent of the
work done in expending the gas against external pressure. That is

c, = W+c¢ (10.21)

10.6 Relation between pcand G,

Let us consider one mole of an ideal gas enclosed in a cylinder fitted with a frictionless
movable piston (Fig. 10.2). Since the gas has been assumed to be ideal (perfect), there is
no intermolecular force between its molecules. When such a gas expands, some work is
done in overcoming internal pressure.

A

<—P

Fig.10.2 : Gas heated at constant pressure

Let P be the external pressure @nlde the cross sectional area of the piston. The force
acting on the piston = RA. Now suppose that the gas is heated at constant pressure by
1K and as a result, the piston moves outward through a distaaeshown in Fig. 10.2.
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Let V, be the initial volume of the gas anghe the volume after heating. Therefore,
work Wdone by the gas in pushing the piston through a diskaagainst external pressu
P is given by

W =PxAxX
= Px (Increase in volume)
=P (\,-V)

We know from Eqn. (10.22) tha&e ¢, = Work done V) against the external pressure
raising the temperature of 1 mol of a gas through 1 K, i.e.

-G =P(\,-V) (10.22)
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Now applying perfect gas equation to these two stages of the gas i.e. before and after

heating, we have

PV, =RT (10.23)
PV, =R (T +1) (10.24)
Substracting Eqn. (10.23) from Eqn.(10.24), we get
P(,-V) =R (10.25)
Hence from Eqns. (10.19) and (10.22) we get
c,—¢g =R (10.26)

where R is in J mol K

Converting joules into calories, we can write

_R
c,—G = 3] (10.27)

where J = 4.18 cal is the mechanical equivalent of heat.

’E@mple 10.5 Calculate the value of and ¢ for a monoatomic, diatomic and triatom
gas molecules.

Solution : We know that the average KE for 1 mol of a gas is given as

3 RT

"2
Now ¢ is defined as the heat required to raise the temperature of 1 mole of a
constant volume by one degree i.e. jfdenotes total energy of gas at T K and

E,, signifies total energy of gas at (T + 1) K, ther &, - E, .

3
() We know that for monoatomic gas, total energ‘E:R T

gas at
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3 3 3
O monoatomic gasc= R (T+1)-Z-RT=7R.
2 2 2
R .
Hence g—cv+R—2R+R—2R.
) S 5
(i) For diatomic gases, total energyé=R T
5 5 5
== —-R— ==R
0 Cy 2R(T+1) RZRT >
R > R+R ! R
= + = — + =
c, =G > >R
(iii) You should now find out cand ¢ for triatomic gas. ‘

Fa
Lf. Intext Questions 10.3

1. Whatis the total energy of a nitrogen molecule?

2. Calculate the value of end ¢ for nitrogen (given, R = 8.3] mbK™).

Brownian Motion and Mean Free Path

Scottish botanist Robert Brown, while observing the pollen grains of a floyer
suspended in water, under his microscope, found that the pollen grains were tumbling
and tossing and moving about in a zigzag random fashion. The random motipn of
pollen grains, was initially attributed to live objects. But when motion of polleng of
dead plants and particles of mica and stone were seen to exhibit the same behaviour,
it became clear that the motion of the particles, now c8ltednian motion, was
caused by unbalanced forces due to impacts of water molecules. Brownian miotion
provided a direct evidence in favour of kinetic theory of matter. The Brownjan
displacement was found to depend on.

() Size of the particles of the suspension — smaller the particles, more the chances
of inbalanced impacts and more pronounced the Brownian motion.

(i) The Brownian motion also increases with the increase in the temperaturg and
decreases with the viscosity of the medium.

Due to mutual collisions, the molecules of a fluid also move on zig-zag paths.|The
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average distance between two successive collisions of the molecules is called/mean
free path. The mean free path of a molecule is given by

1
sz/znndz

wheren is the number density anithe diameter of the molecules. Notes

7

{!\‘ﬁé}JWhat You Have Learnt

e Kinetic theory assumes the existence of atoms and molecules of a gas and japplies
the law of mechanics to large number of them using averaging technique.

e Kinetic theory relates macroscopic properties to microscopic properties of individual
molecules.

e The pressure of a gas is the average impact of its molecules on the unit area of the
walls of the container.

e Kinetic energy of a molecule depends on the absolute temperature T and is independent
of its mass.

e At absolute zero of temperature, the kinetic energy of a gas is zero and molecular
motion ceases to exist.

e Gaslaw can be derived on the basis of kinetic theory. This provided an early evidence
in favour of kinetic theory.

e Depending on whether the volume or the pressure is kept constant, the amfl:nt of
heat required to raise the temperature of unit mass of a gas by 1°C is different.
Hence there are two specific heats of gas :

i) Specific heat capacity at constant volumg (c

ii) Specific heat capacity at constant pressupa (c

These are related as ) cW+g,
_ R
c,—C, = ]

e Thelaw of equipartition of the energy states that the total kinetic energy of a dynamical
system is distributed equally among all its degrees of freedom and it is e(lal to

1
5 k T per degree of freedom.

3
e Total energy for a molecule of (i) a monatomic gaEitk T, (i) a diatomic gas i

5
5 and (iii) a triatomic gas is 3k T.
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m B Terminal Exercise

1.
2.

10.
11.
12.
13.
14.
15.

16.

Can we use Boyle’s law to compare two different ideal gases?

What will be the velocity and kinetic energy of the molecules of a substance at
absolute zero temperature?

If the absolute temperature of a gas is raised four times, what will happen to its
kinetic energy, root-mean square velocity and pressure?

What should be the ratio of the average velocities of hydrogen molecules (molecular
mass = 2) and that of oxygen molecules (molecular mass = 32) in a mixture of two
gases to have the same kinetic energy per molecule?

If three molecules have velocities 0.5, 1 and 2 Kmespectively, calculate the ratio
between their root mean square and average speeds.

Explain what is meant by the root-mean square velocity of the molecules of a gas.
Use the concepts of kinetic theory of gases to derives an expression for the root-
mean square velocity of the molecules in term of pressure and density of the gas.

i) Calculate the average translational kinetic energy of a neon atorfiGat 25
i) At what temperature does the average energy have half this value?

A container of volume of 50 crmontains hydrogen at a pressure of 1.0 Pa and at a
temperature of 29C. Calculate (a)the number of molecules of the gas in the con-
tainer, and (b)their root-mean square speed.

(R=8.3Jmof K1, N =6x 107 mol. Mass of 1 mole of hydrogen molecule =
20 x 10° kg mot?).

A closed container contains hydrogen which exerts pressure of 20.0 mm Hg at a
temperature of 50 K.

(a)At what temperature will it exert pressure of 180 mm Hg?

b) If the root-mean square velocity of the hydrogen molecules at 10.0 K is
800 m s, what will be their root-mean square velocity at this new temperature?

State the assumptions of kinetic theory of gases.

Find an expression for the pressure of a gas.

Deduce Boyle’s law and Charle’s law from kinetic the theory of gases.

What is the interpretation of temperature on the basis of kinetic theory of gases?.
What is Avagardo’s law? How can it be deduced from kinetic theory of gases
Calculate the root-mean square of the molecules of hydrogé a&ndl at 100C

( Density of hydrogen at’G and 760 mm of mercury pressure = 0.09 k§.m

Calculate the pressure in mm of mercury exerted by hydrogen gas if the number of
molecules per fis 6.8x 1(?* and the root-mean square speed of the molecules is
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17. Define specific heat of a gas at constant pressure. Derive the relationship b
18. Define specific heat of gases at constant volume. Prove that for a triatom

19. Calculate gand ¢, for argon. Given R = 8.3 J méK™.

:'w-: Answers to Intext Questions

10.1
L.

1.90x 10 m s*. Avogadro’s number 6.02 1(% and molecular weight of hydrogen
2.02).

c, and (o

cV:3R
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tween

Notes

() Because in a gas the cohesive force between the molecules are extremely small

as compared to the molecules in a liquid.

(i) Because the molecules in a solid are closely packed. The bonds betwe
molecules are stronger giving a ordered structure.

2. The gas which follows the kinetic theory of molecules is called as an ideal gas.
3. P= L c?
. P=3pcC
10.2
1. Average spee@
_ 500+ 600+ 700+ 806- 900
- 5
=700 m &
Average value ofc?
500" + 606 + 706+ 800+ 900
- 5
=510,000 h s?
G = /o2 = 4/510,000= 714 m &
. andg are not same
2. The resultant pressure of the mixture will be the sum of the pressure of gase
2 respectively i.e. P = R P,
3. Boyle'slaw is not applicable.

en the

1 and
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1. For each degree of freedom, energ% kT

. 5
Notes O for 5 degrees of freedom for a molecule of nitrogen, total energy E3

. . 5
2. ¢, for a diatomic molecule > R

N o

G, =5 x83Jmof K*=20.75 J mot K™,

c,=¢ +R=29.05JmolC™
Answers to Terminal Problem
zero
becomes 4 times, doubles, becomes 4 time.
4:1
2
6.18 x 16* ms?, — 124 °C
12x 1@, 79 x 10 m s?
2634°C, 2560 ms
15. 1800 ms, 2088 ms!
16. 3.97 x 1ONnt2
17. 12.45 J mot K7, 20.75 J mot K2,

© ° N 0 Bk~ 0N
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%u are familiar with the sensation of hotness and coldness. When you rub you
together, you get the feeling of warmth. You will agree that the cause of heating
case is mechanical work.This suggests that there is a relationship between me
work and thermal effect. A study of phenomena involving thermal energy transfer b
bodies at different temperatures forms the subject matter of thermodynamics, which is a
phenomenological science based on experience. A quantitative description of thermal
phenomena requires a definition of temperature, thermal energy and internal energy. And
the laws of thermodynamics provide relationship between the direction of flow oftheat,

work done on/by a system and the internal energy of a system.

In this lesson you will learn three laws of thermodynamics : the zeroth law, the first law
and the second law of thermodynamics. These laws are based on experience and need no
proof. As such, the zeroth, first and second law introduce the concept of temperature,

of heat into work and vice versa.You will also learn that Carnot’s engine has ma
efficiency for conversion of heat into work.

:)) Objectives

After studying this lesson, you should be able to :

e draw indicator diagrams for different thermodynamic processes and show/that
the area under the indicator diagram represents the work done in the progess;

e explain thermodynamic equilibrium and state the Zeroth law of thermodynamics;

e explain the concept of internal energy of a system and state first law of
thermodynamics;

e apply first law of thermodynamics to simple systems and state its limitation

)

e define triple point;

e state the second law of thermodynamics in different forms; and

e describe Carnot cycle and calculate its efficiency.
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11.1 Concept of Heat and Temperaturg

11.1.1 Heat

Energy has pervaded all facets of human activity ever since man lived in caves. In its
manifestation as heat, energy is intimate to our existence. The energy that cooks our food,
lights our houses, runs trains and aeroplanes originates in heat released in burning of wood,
coal, gas or oil. You may like to ask : What is heat? To discover answer to this question, let
us consider as to what happens when we inflate the tyre of a bicycle using a pump. If you
touch the nozzle, you will observe that pump gets hot. Similarly, when you rub you hands
together, you get the feeling of warmth. You will agree that in these processes heating is
not caused by putting a flame or something hot underneath the pump or the hand. Instead,
heat is arising as a result of mechanical work that is done in compressing the gas in the
pump and forcing the hand to move against friction. These examples, in fact, indicate a
relation between mechanical work and thermal effect.

We know from experience that a glass of ice cold water left to itself on a hot summer day
eventually warms up. But a cup of hot coffee placed on the table cools down. It means
that energy has been exchanged between the sysem — water or coffee — and its surrounding
medium. This energy transfer continues till thermal equilibrium is reached. That is until
both — the system and the suroundings — are as the same temperature. It also shows that
the direction of energy transfer is always from the body at high temprature to a body at
lower temperature. You may now ask : In what form is energy being transferred? In the
above examples, energy is said to be transfered in the form of heat. So we can say that
heat is thdorm of energy transferred between two (or more) systems or a system and
its surroundings because of temperature difference.

You may now ask. What is the nature of this form of energy? The answer to this question
was provided by Joule through his work on the equivalence of heat and mechanical work :
Mechanical motion of molecules making up the system is associated with heat.

The unit of heat is calorie. One calorie is defined as the quantity of heat energy required
to raise the temperature of 1 gram of water from°C4t6 15.5C. It is denoted as cal.

Kilocalorie (k cal) is the larger unit of heat energy :
1 kcal = 10 cal.
Also 1cal =4.18J

11.1.2 Concept of Temperature

While studying the nature of heat, you learnt that energy exchange between a glass of
cold water and its surroundings continues until thermal equilibrium was reached. All bodies
in thermal equilibrium have a common property, called temperature, whose value is same
for all of them. Thus, we can say that temperature of a body is the property which determines
whether or not it is in thermal equilibrium with other bodies.
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11.1.3. Thermodynamic Terms
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(i) Thermodynamic system :Athermodynamic system refers to a definite quantityjof
matter which is considered unique and separated from everything else, whi
influence it. Every system is enclosed by an arbitrary surface, which is called its
boundary. The boundary may enclose a solid, a liquid or a gas. It may be real or
imaginary, either at rest or in motion and may change its size and shape. The regi
of space outside the boundary of a system constitutes its surroundings.

(a) Open System it is a system which can exchange mass and energy with the
surroundings. A water heater is an open system.

(b) Closed system it is a system which can exchange energy but not mass with
the surroundings. A gas enclosed in a cylinder fitted with a piston is a closed
system.

(c) Isolated system it is a system which can exchange neither mass nor e
with the surrounding. A filled thermos flank is an ideal example of an isolated
system.

(i) Thermodynamic Variables or Coordinates :In module-1, we have studied the
motion of a body (or a system) in terms of its mass, position and velocity. To describe
a thermodynamic system, we use its physical properties such on temperature (T),
pressure (P), and volume (V). These are called thermodynamic variables.

(i) Indicator diagram : You have learnt about displacement-time and velocity—time
graphs in lesson 2. To study a thermodynamic system, we use a pressure-yolume
graph. This graph indicates how pressure (P) of a system varies with its volume (V)
during a thermodynamic process and is known as an indicator diagram.

The indicator diagram can be used to obtain an expression for the work done. 1t i§ equal
to the area under the P-V diagram (Fig. 11.1). Suppose that pressure is P at the start of a
very small expansioAV. Then, work done by the system.

AW = PAV (11.1)
= Area of a shaded strip ABCD

Now total work done by the system when it
expands from Yto V, = Area of PP,V,V P,
Note that the area depends upon the shape g

the indicator diagram.

The indicator diagram is widely used in

calculating the work done in the process of
expansion or compression. It is found more
useful in processes where relationship between
P and V is not known. The work done on the

system increases its energy and work done by
the system reduces it. For this reason, work done
on the system is taken as negative. You must note that the area enclosed by an i'otherm

Fig. 11.1: Indicater Diagram
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(plot of p versus V at constant temperature) depends on its shape. We may conclude that
work done by or on a system depends on the path. That is, work does not depend on the
initial and final states.

11.2 Thermodynamic Equilibrium

Imagine that a container is filled with a liquid (water, tea, milk, coffee) at 60° C. Ifitis left
to itself, it is common experience that after some time, the liquid attains the room
temperature. We then say that water in the container has attained thermal equilibrium with
the surroundings.

If within the system, there are variations in pressure or elastic stress, then parts of the
system may undergo some changes. However, these changes cease ultimately, and no
unbalanced force will act on the system. Then we say that it is in mechanical equilibrium.
Do you know that our earth bulged out at the equator in the process of attaining mechanical
equilibrium in its formation from a molten state?

If a system has components which react chemically, after some time, all possible chemical
reactions will cease to occur. Then the system is said to be in chemical equilibrium.

A system which exhibits thermal, mechanical and chemical equilibria is said to be in
thermodynamic equilibrium. The macroscopic properties of a system in this state do not
change with time.

11.2.1 Thermodynamic Process

If any of the thermodynamic variables of a system change while going from one equilibrium
state to another, the system is said to execute a thermodynamic process. For example, the
expansion of a gas in a cylinder at constant pressure due to heating is a thermodynamic
process. A graphical representation of a thermodynamic process is called a path.

Now we will consider different types of thermodynamic processes.

(i) Reversible process If a process is executed so that all intermediate stages
between the inital and final states are equilibrium states and the process can be
executed back along the same equilibrium states from its final state to its initial state,
it is called reversible process. A reversible process is executed very slowly and in a
controlled manner. Consider the following examples :

» Take a piece of ice in a beaker and heat it. You will see that it changes to water.
If you remove the same quantity of heat of water by keeping it inside a
refrigerator, it again changes to ice (initial state).

»  Consider a spring supported at one end. Put some masses at its free end one by
one. You will note that the spring elongates (increases in length). Now remove
the masses one by one. You will see that spring retraces its initial positions.
Hence it is a reversible process.

As such, areversible process can only be idealised and never achieved in practice.

(i) Irr eversible process ‘A process which cannot be retraced along the same
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equilibrium state from final to the initial state is called irreversible process.
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All natural process are irrerersible. For example, heat poduced during friction, sugar
dissolved in water, or rusting of iron in the air. It means that for irrerersible pr
the intermediate states are not equilibrium states and hence such process ¢
represented by a path. Does this mean that we can not analyse an irre

surroundings and the temperature of the system remains constant. The thermal
equilibrium is always maintained. In such a procA§s,AU andAW are finite.

(iv) Adiabatic process :A thermodynamic process in which no exchange of thermal
energy occurs is an adiabatic process. For example, the expansion and compression
of a perfect gas in a cylinder made of perfect insulating walls. The system is isplated
from the surroundings. Neither any amount of heat leaves the system nor enters it
from the surroundings. In this process, therefi@e= 0 andAU = -AW.

The change in the internal energy of the system is equal to the work done on the
system. When the gas is compressed, work is done on the systéyu. ISmomes
positive and the internal energy of the system increases. When the gas expands,
work is done by the system. It is taken as positivefdhtbecomes negative. Th
internal energy of the system decreases.

(v) Isobaric process :A thermodynamic process that occurs at constant pressurelis an
isobaric process. Heating of water under atmospheric pressure is an isobaric process.

(vi) Isochoric process A thermodynamic process that occurs at constant volume

isochoric process. In this process, volume of the gas remains constant so
work is done, i.eAW = 0. We therefore g&Q =AU.

In aCyclic Processthe system returns back to its initial state. It means that there lis no
change in the internal energy of the systai.= 0.

A Q =AW.
11.2.2 Zeroth Law of Thermodynamics

Let us consider three metal blocks A, B and C. Suppose block Ais in thermal equilibrium
with block B. Further suppose that block Ais also in thermal equilibrium with block [C. It
means the temperature of the block A is equal to the temperature of block B as well as of
block C. It follows that the temperatures of blocks B and C are equal. We summarize this
result in the statement known as Zeroth Law of Thermodynamics :

If two bodies or systems A and B are separately in thermal equilibrium with a third
body C, then A and B are in thermal equilibrium with each other.
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Phase Change and Phase Diagram

You have learnt that at STP, matter exists in three states : solid, liquid afitigas.

different states of matter are called its phas&ar example, ice (solid), wate

(liquid) and steam (gas) are three phases of water. We can discuss thesg three
phases using a three dimensional diagram drawn in pressure (P), temperatyre (T)

and volume (V). It is difficult to draw three dimensional diagram. Thus, we dis
the three phases of matter by drawing a pressure-temperature diagram. This ig
phase diagram.

\ 4

—>
Fig. 11.3: Phase diagram of water

Refer to Fig. 11.3, which shows phase diagram of water. You can see three (
CD; AB and EF. Curve CD shows the variation of melting point of ice with presg
It is known as dusion curve Curve AB shows variation of boiling point of watg
with pressure. It is known agporization curve Curve EF shows change of ic
directly to steam. It is known assablimation curve.This curve is also known as
Hoarfrost Line.
If you extend the curve AB, CD and EF (as shown in the figure with dotted lir]
they meet at point P. This point is caltegle point. At triple point, all three phases
co-exist.

When we heat a solid, its temperature increases till it reaches a temperat
which it starts melting. This temperature is cafteglting point of the solid. During
this change of state, we supply heat continuously but the temperature does n
The heat required to completely change unit mass of a solid into its correspo
liquid state at its melting point is calléatent heat of fusion of the solid.

On heating a liquid, its temperature also rises tih@iing point is reached. At the
boiling point, the heat we supply is used up in converting the liquid into its gas|
state. The amount of heat required to convert unit mass of liquid in its gaseou

uss
called

urves
ure.
r

a)

es),

ure at

Dt rise.
nding

eous
5 State

at constant temperature is callatent heatof vaporization of the liquid.

11.2.3 Triple Point of Water

Triple point of a pure substance is a very stable state signified by precisely constant
temperature and pressure values. For this reason, in kelvin’s scale of thermometry, triple
point of water is taken as the upper fixed point.

On increasing pressure, the melting point of a solid decreases and boiling point of the liquid
increases. It is possible that by adjusting temperature and pressure, we can obtain all the
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1. Fill in the blanks
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three states of matter to co-exist simultaneously. These values of temperature and
signify thetriple point.

| .
L(‘_, Intext Questions 11.1 ol a

(i) Zeroth law of thermodynamics provides e
basis for the concept of .............

(i) If a systemAis in thermal equilibrium with
a system B and B is in thermal equilibrium
with another system C, then system A will
also be in thermal equilibrium with ' Fig. 11.2

P

Fig. 11.2 is an indicator diagram of a thermodynamic process. Calculate the
done by the system in the process :

(a) along the path ABC fromAto C
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(b) If the system is returned from C to A along the same path, how much werk is

done by the system.

Fill in the blanks.

(i) Areversible processisthatwhichcanbe ...................... in the opposite direction

from its final state to its initial state.

@) AN e, process is that which cannot be retraced along the
equilibrium states from final state to the initial state.

State the basic difference between isothermal and adiabatic processes.

11.3 Internal Energy of a System

same

Have you ever thought about the energy which is released when water freezes i
Don't you think that there is some kind of energy stored in water. This energy is released
when water changes into ice. This stored energy is calletér@al energy. On the
basis of kinetic theory of matter, we can discuss the concept of internal energy assum of

oice ?
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the energies of individual components/constituents. This includes kinetic energy due to
their random motion and their potential energy due to interactions amongst them. Let us
now discuss these.

(@) Internal kinetic energy : As you now know, according to kinetic theory, matter is
made up of a large number of molecules. These molecules are in a state of constant
rapid motion and hence possess kinetic energy.tdtaé kinetic energy of the
molecules constitutes the internal kinetic energy of the body.

(b) Internal potential energy : The energy arising due to the inter-molecular forces is
called the internal potential energy.

The internal energy of a metallic rod is made up of the kinetic energies of conduction
electrons, potential energies of atoms of the metal and the vibrational energies about their
equilibrium positions. The energy of the system may be increased by causing its molecules
to move faster (gain in kinetic energy by adding thermal energy). It can also be increased
by causing the molecules to move against inter-molecular forces, i.e., by doing work on it.
Internal energy is denoted by the letter U.

Internal energy of a system = Kinetic energy of molecules + Potential energy of
molecules

Let us consider an isolated thermodynamic system subjected to an external force. Suppose
W amount of work is done on the system in going from initial statefinal statef
adiabatically. Let Uand U be internal energies of the system in its initial and final states
respectively. Since work is done on the system, internal energy of final state will be higher
than that of the initial state.

According to the law of conservation of energy, we can write
Uu-u=-w
Negative sign signifies that work is done on the system.

We may point out here that unlike work, internal energy depends on the initial and final
states, irrespective of the path followed. We express this fact by saying that U is a function
of state and depends only on state variables P, V, and T. Note that if some work is done by
the system, its internal energy will decrease.

11.4 First Law of Thermodynamics

You now know that the zeroth law of thermodynamics tells us about thermal equilibrium
among different systems characterised by same temperature. However, this law does not
tell us anything about the non-equilibrium state. Let us consider two examples : (i) Two
systems at different temperatures are put in thermal contact and (ii) Mechanical rubbing
between two systems. In both cases, change in their temperatures occurs but it cannot be
explained by the Zeroth law. To explain such processes, the first law of thermodynamics
was postulated.

The first law of thermodynamics is, in fact, the law of conservation of energy for a
thermodynamic system. It states that change in internal energy of a system during a
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thermodynamic process is equal to the sum of the heat given to it and the wo crone y

on it.

Suppose thadQ amount of heat is given to the system anb\W work is done on the
system. Then increase in internal energy of the sygteimaccording to the first law of
thermodynamics is given by

AU = AQ —AW (11.3a)]| Notes

This is the mathematical form of the first law of thermodynamics. B@é&U andAW
all are in Sl units.

The first law of thermodynamics can also be written as
AQ =AU + AW (11.3b)

The signs oAQ, AU andAW are known from the following sign conventions :

1. Work doneAW) by a system is taken as positive whereas the work done on a system
is taken as negative. The work is positive when a system expands. When a system is
compressed, the volume decreases, the work done is negative. The work dope does
not depend on the initial and final thermodynamic states; it depends on the path followed
to bring a change.

2. Heat gained by (added to) a system is taken as positive, whereas heat lost by @ system
is taken as negative.

3. Theincrease in internal energy is taken as positive and a decrease in internallenergy
is taken as negative.

If a system is taken from state 1 to state 2, it is found that¥@@ndAW depend on the
path of transformation. However, the differenf®(AW) which represeni8U, remains
the same for all paths of transformations.

We therefore say that the change in internal en&lgpf a system does not depend on
the path of the thermodynamic transformations.

11.4.1 Limitations of the First Law of Thermodynamics

The first law of thermodynamics asserts the equivalence of heat and other forms of gnergy.
This equivalence makes the world around us work. The electrical energy that lights our
houses, operates machines and runs trains originates in heat released in burning offossil or
nuclear fuel. In a sense, it is universal. It explains the fall in temperature with height; the
adiabatic lapse rate in upper atmosphere. Its applications to flow process and chemical
reations are also very interesting. However, consider the following processes :

*  You know that heat always flows from a hot body to a cold body. But first law of
thermodynamics does not prohibit flow of heat from a cold body to a hot bodly. It
means that this law fails to indicate the direction of heat flow.

*  You know that when a bullet strikes a target, the kinetic energy of the bullet is
converted into heat. This law does not indicate as to why heat developed/in the
target cannot be changed into the kinetic energy of bullet to make it fly. It means that
this law fails to provide the conditions under which heat can be changed intolwork.
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Moreover, it has obvious limitations in indicating the extent to which heat can be
converted into work.

Now take a pause and answer the following questions :

Fa
€ Intext Questions 11.2

A .

1. Fillinthe blanks

() The total of kinetic energy and potential energy of molecules of a system is called
IES. i

(i) Work done = — W indicates that work is done.............c.cccceueuae the system.

2. The first law of thermodynamics states that ..........cccccvevvierieiiiiienienieee e

11.5 Second Law of Thermodynamics

You now know that the first law of thermodynamics has inherent limitations in respect of
the direction of flow of heat and the extent of convertibility of heat into work. So a question
may arise in your mind : Can heat be wholly converted into work? Under what conditions
this conversion occurs? The answers of such questions are contained in the postulate of
Second law of thermodynamid$ie second law of thermodynamics is stated in several
ways. However, here you will study Kelvin-Planck and Clausius statements of second
law of thermodynamics.

The Kelvin-Planck’s statemenis based on the experience about the performance of
heat engines. (Heat engine is discussed in next section.) In a heat engine, the working
substance extracts heat from the source (hot body), converts a part of it into work and
rejects the rest of heat to the sink (environment). There is no engine which converts the
whole heat into work, without rejecting some heat to the sink. These observations led
Kelvin and Planck to state the second law of thermodynamics as

It is impossible for any system to absorb heat from a reservoir at a fixed
temperature and convert whole of it into work.

Clausius statement of second law of thermodynanigcased on the performance of
arefrigerator. Arefrigerator is a heat engine working in the opposite direction. It transfers
heat from a colder body to a hotter body when external work is done on it. Here concept
of external work done on the system is important. To do this external work, supply of
energy from some external source is a must. These observations led Clausius to state the
second law of thermodynamics in the following form.

It is impossible for any process to have as its sole result to transfer heat from a
colder body to a hotter body without any external work.

Thus, the second law of thermodynamics plays a unique role for practical devices like heat
engine and refrigerator.
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11.5.1 Carnot Cycle

You must have noticed that when water is boiled in a vessel having a lid, the steam
generated inside throws off the lid. This shows that high pressure steam can be made to
do useful work A device which can convert heat into work is called a heat engine.
Modern engines which we use in our daily life are based on the principle of heat engi
These may be categorised in three types : steam engine, internal combustion eng
gas turbine. However, their working can be understood in terms of Carnot's reversible
engine. Let us learn about it now.

A(P,V)
Tl
B (P, V,)
P ! T
, 4)5 1
]
EHZ, T, :C(P3' vy
| T,
i i
E F G H
(VR

Fig. 11.4 : Indicator diagram of Carnot cycle

In Carnot cycle, the working substance is subjected to four operations : (a) isothermal
expansion, (b) adiabatic expansion, (c) isothermal compression and (d) adiabatic
compression. Such a cycle is represented on the P-V diagram in Fig. 11.4. To describe
four operations of Carnot's cycle, let us fill one gram. mol. of the working substance in the
cylinder (Fig. 11.5). Original condition of the substance is represented by point A an the
indicator diagram. At this point, the substance is at temperatunerdssure Pand
volume V.

7 ]

Fig. 11.5 : The cylinder with working substance

(a) Isothermal expansion :The cylinder is put in thermal contact with the source and
allowed to expand. The volume of the working substance increases T
working substance does work in raising the piston. In this way, the temperature of
the working substance would tend to fall. But it is in thermal contact with the source.
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(b)

(c)

(d)

So it will absorb a quantity of heat, ftom the source at temperaturg This is
represented by the point B. At B, the values of pressure and volumgae ¥,
respectively. On the indicator diagram (Fig. 11.4), you see that in going from Ato B,
temperature of the system remains constant and working substance expands. We
call it isothermal expansion proces#i, is the amount of heat absorbed in the
isothermal expansion process. Then, in accordance with the first law of
thermodynamics, Hwill be equal to the external work done by the gas during
isothermal expansion from A to B at temperatujeSuppose Wis the external

work done by the gas during isothermal expansion AB. Then it will be equal to the
area ABGEA. Hence

W, = Area ABGEA

Adiabatic expansion :Next the cylinder is removed from the source and placed

on a perfectly non-conducting stand. It further decreases the load on the piston to
P,. The expansion is completely adiabatic because no heat can enter or leave the
working substance. Therefore, the working substance performs external work in
raising the piston at the expense of its internal energy. Hence its temperature falls.
The gas is thus allowed to expand adiabatically until its temperature fallsthe T
temperature of the sink. It has been represented by the adiabatic curve BC on the
indicator diagram. We call @diabatic expansionlf the pressure and volume of

the substance are, Bnd \, respectively at C, and Ws the work done by the
substance from B to C, then

W2 = Area BCHGB.

Isothermal compression :Remove the cylinder from the non-conducting stand
and place it on the sink at temperatute I order to compress the gas slowly,
increase the load (pressure) on the piston until its pressure and volume bgcome P
and V,, respectively. It is represented by the point D on the indicator diagram (Fig.
11.4). The heat developed,jiiue to compression will pass to the sink. Thus, there

is no change in the temperature of the system. Therefore, it is called an isothermal
compression process. It is shown by the curve CD (Fig. 11.4). The quantity of heat
rejected (H) to the sink during this process is equal to the work done (SppiwW

the working substance. Hence

W3 = Area CHFDC

Adiabatic compression :Once again place the system on the non-conducting stand.
Increase the load on the piston slowly. The substance will under go an adiabatic
compression. This compression continues until the temperature risgartd the
substance comes back to its original pressuaadvolume V. This is an adiabatic
compression process and represented by the curve DA on the indicator diagram
(Fig. 11.4). Suppose Y¥ the work done during this adiabatic compression from D

to A. Then

W, = Area DFEAD

During the above cycle of operations, the working substance takasiélint of heat
from the source and rejects &imount of heat to the sink. Hence the net amount of heat
absorbed by the working substance is
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Also the net work done (say W) by the engine in one complete cycle
W = Area ABCHEA — Area CHEADC
= Area ABCD

Thus, the work done in one cycle is represented on a P-V diagram by the area of thotes
cycle.

You have studied that the initial and final states of the substance are the same. It means
that its internal energy remains unchanged. Hence according to the first law of
thermodynamics

W= H, - H,

Therefore, heat has been converted into work by the system, and any amount of work can
be obtained by merely repeating the cycle.

11.7.2Efficiency of Carnot Engine

Efficiency is defined as the ratio of heat converted into work in a cycle to heat taken from
the source by the working substance. It is denoted as

_ Heat converted into work
Heat taken from source

or n= Hl =1-—=

It can be shown that for Carnot’s engine,

H,
Hl

Y
Hence, n=1- T,

Note that efficiency of carnot engine does not depend on the nature of the working
substance. Further, if no heat is rejected to the gimkll be equal to one. But for Ho

be zero, Tmust be zero. It means that efficienpygan be100% only when, ¥ 0. The

entire heat taken from the hot source is converted into work. This violates the secand law
of thermodynamics. Therefore, a steam engine can operate only between finite temperature
limits and its efficiency will be less than one.

It can also be argued that the Carnot cycle, being a reversible cycle, is most efficient; no
engine can be more efficient than a Carnot engine operating between the same two
temperatures.

11.7.3 Limitation of Carnot's Engine

You have studied about Carnot's cycle in terms of isothermal and adiabatic progesses.
Here it is important to note that the isothermal process will take place only when piston
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moves very slowly. It means that there should be sufficient time for the heat to transfer
from the working substance to the source. On the other hand, during the adiabatic process,
the piston moves extremely fast to avoid heat transfer. In practice, it is not possible to fulfill
these vital conditions. Due to these very reasons, all practical engines have an efficiency
less than that of Carnot’s engine.

=

_
@ Intext Questions 11.3

1. State whether the following statements are true or false.

() Ina Carnot engine, when heat is taken by a perfect gas from a hot source, the
temperature of the source decreases.

(i) In Carnotengine, if temperature of the sink is decreased the efficiency of engine
also decreases.

2. (i) ACarnotengine has the same efficiency between 1000K and 500K and between
TK and 1000K. Calculate T.

(i) A Carnot engine working between an unknown temperature T and ice point
gives an efficiency of 0.68. Deduce the value of T.

-

%
"s%%) What You Have Leamnt

3
LS

e Heatis a form of energy which produces in us the sensation of warmth.

e The energy which flows from a body at higher temperature to a body at lower
temperature because of temperature difference is called heat energy.

e The most commonly known unit of heat energy is calorie. 1 cal = 4.18 J and
1k cal = 10 cal.

e A graph which indicates how the pressure (P) of a system varies with its volume
during a thermodynamic process is known as indicator diagram.

e Work done during expansion or compression of a gaAVs+P(V, — V).

e Zeroth law of thermodynamics states that if two systems are separately in thermal
equilibrium with a third system, then they must also be in thermal equilibrium with each
other.

e The sum of kinetic energy and potential energy of the molecules of a body gives the
internal energy. The relation between internal energy and work-idJ# —-W.
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The first law of thermodynamics states that the amount of heat given to a sys
equal to the sum of change in internal energy of the system and the externa
done.

First law of thermodynamics tells nothing about the direction of the process.

The process which can be retraced in the opposite direction from its final s
initial state is called a reversible process.

The process which can not be retraced along the same equilibrium state from
the initial state is called an irreversible process. A process that occurs at ¢
temperature is an isothermal process.

Any thermodynamic process that occurs at constant heat is an adiabatic pro

The different states of matter are called its phase and the pressure and tem
diagram showing three phases of matter is called a phase diagram.

Triple point is a point (on the phase diagram) at which solid, liquid and vapour st
matter can co-exist. It is characterised by a particular temperature and pres

According to Kelvin-Planck’s statement of second law, it is not possible to obtai

continuous supply of work from a single source of heat.

According to Clausius statement of second law, heat can not flow from a colde
to a hotter body without doing external work on the working substance.

The three essential requirements of any heat engine are :
(i)source from which heat can be drawn

(iha sink into which heat can be rejected.
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(iii) working substance which performs mechanical work after being supplied with

heat.

Carnot's engine is an ideal engine in which the working substance is subjected
operations (i) Isothermal expansion (i) adiabatic expansion (jii) isothermal compr
and (iv) adiabatic compression. Such a cycle is called a Carnot cycle.

Efficiency of a Carnot engine is given only

H
=1- % , H. = Amount of heat absorbed and #HAmount of heat rejected.
r] H 1 J
1

T
=1 —?2, T, = Temperature of the source, and=TTemperature of the sink.
1

Efficiency does not depend upon the nature of the working substance.

Distinguish between the terms internal energy and heat energy.

o four
sion
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10.

What do you mean by an indicator diagram. Derive an expression for the work done
during expansion of an ideal gas.

Define temperature using the Zeroth law of thermodynamics.
State the first law of thermodynamics and its limitations.

What is the difference between isothermal, adiabetic, isobaric and isochoric
processes?

State the Second law of thermodynamics.
Discuss reversible and irreversible processes with examples.
Explain Carnot’s cycle. Use the indicator diagram to calculate its efficiency.

Calculate the change in the internal energy of a system when (a) the system absorbs
2000J of heat and produces 500 J of work (b) the system absorbs 1100J of heat and
400J of work is done on it.

A Carnot’s engine whose temperature of the source is 400K takes 200 calories of
heat at this temperature and rejects 150 calories of heat to the sink. (i) What is the
temperature of the sink. (ii) Calculate the efficiency of the engine.

i Answers to Intext Questions

11.1

1.

2
3.
4

(i) Temperature (i) C (iii) Joule or Calorie
(a) Pz (Vz - Vl) (b) _Pz (Vz - V]_)

(i) retrace (ii)irreversible

. Anisothermal process occurs at a constant temperature whereas an adiabatic process

occurs at constant heat.

5. Attriple point all three states of matter i.e. solid, liquid and vapour can co-exist.

11.2

1. (i) Internal energy (i) on

2. It states that the amount of heat given to a system is equal to the sum of the change
in internal energy of the system and the external energy.

11.3

1. (i) False (i) True

2. (i) 2000 K (i) 8583.1K

Answers to Terminal Problems
9. (a) 1500 J (b) 1500 J.

10.

300K, 25%
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HEAT TRANSFER AND
SOLAR ENERGY

I n the previous lesson you have studied the laws of thermodynamics, which gov
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flow and direction of thermal energy in a thermodynamic system. In this lesson yo
learn about the processes of heat transfer. The energy from the sun is responsibl

U will
for life

on our beautiful planet. Before reaching the earth, it passes through vacuum as well as
material medium between the earth and the sun. Do you know that each one of lus also

radiates energy at the rate of nearly 70 watt? Here we will stuagdragion in detail.

This study enables us to determine the temperatures of stars even though they are very

far away from us.

Another process of heat transfec@duction, which requires the presence of a matefial

medium. When one end of a metal rod is heated, its other end also becomes hot a
time. That is why we use handles of wood or similar other bad conductor of heat in

rsome
rious

appliances. Heat energy falling on the walls of our homes also enters inside through
conduction. But when you heat water in a pot, water molecules near the bottom get the
heat first. They move from the bottom of the pot to the water surface and carry heat
energy. This mode of heat transfer is cattedvection These processes are responsible

for various natural phenomena, like monsoon which are crucial for existence of life
globe.You will learn more about these processes of heat transfer in this unit.

::)) Objectives

After studying this lesson, you should be able to :

e distinguish between conduction convection and radiation;
e define the coefficient of thermal conductivity;

e describe green house effect and its consequenies for life on earth; and

nthe

e apply laws governing black body radiation.
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You have learnt the laws of thermodynamics in the previous lesson. The second law

postulates that the natural tendency of heat is to flow spontaneously from a body at higher
temperature to a body at lower temperature. The transfer of heat continues until the

temperatures of the two bodies become equal. From kinetic theory, you may recall that

temperature of a gas is related to its average kinetic energy. It means that molecules of a
Notes gas at different temperatures have different average kinetic energies.

There are three processes by which transfer of heat takes place. Thesmduetion
convectiorandradiation.In conduction and convection, heat transfer takes place through
molecular motion. Let us understand how this happens.

A B Heat transfer througbonductionis more common
| | in solids. We know that atoms in solids are tightly
bound. When heated, they can not leave their sites;
they are constrained to vibrate about their respective
equilibrium positions. Let us understand as to what
happens to their motion when we heat a metal rod at
Fig. 12.1: Heatconductionina one end (Fig.12.1). The atoms near the end Abecome
metal rod hot and their kinetic energy increases. They vibrate
about their mean positions with increased kinetic
energy and being in contaeith their nearest neighbouring atoms, pass on some of
their kinetic energy (K.E.) to them. These atoms further transfer some K.E to their
neighboures and so on. This process continues and kinetic energy is transferred to
atoms at the other end B of the rod. As average kinetic energy is proportional to
temperature, the end B gets hot. Thoeatis transferred from atonto atom by
conduction. In this process, the atoms not bodily movebut simply vibrate
about their mean equilbrium positions and pass energy from one to another.

In convectionmolecules of fluids receive thermal energy
and move up bodily. To see this, take some water in a
flask and put some grains of potassium permanganate
(KMnQ,) at its bottom. Put a bunsen flame under the
flask. As the fluid near the bottom gets heated, it expands.
The density of water decreases and the buoyant force
causes it to move upward (Fig.12.2). The space occupied
by hot water is taken by the cooler and denser water,
) _ which moves downwards. Thus, a convection current of
Fig. 12.2: Convection . . .
currents are hotter water going up and cooler water coming down is
formedinwater  Set up. The water gradually heats up. These convection
whenheated  currents can be seen as KMnp@olours them red.

In radiation, heat energy moves in the form of waves. You will learn about the
characteristics of these waves in a later section. These waves can pass through vacuum
and do not require the presence of any material medium for their propagation. Heat from
the sun comes to us mostly by radiation.

We now study these processes in detail.
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Consider a rectangular slab of area of cross-seétion l
and thicknesd. Its two faces are maintained at
temperatures Bnd T (< T, ), as showninFig. 12.3. Let
us consider all the factors on which the quantity of heat
Q transferred from one face to another depends. Wg_,
can intuitively feel that larger the area A, the greater will

be the heat transfer@@ A). Also, greater the thicknes1qzig 12 3 - Heat conduction

Ie_sser will be. the heat transf@ o .1/d). Heat transfer through a slab of
will be more if the temperature difference between the thicknessd and
faces, (T-T. ), is large. Finally longer the tintallowed surface areaA, when
for heat transfer, greater will be the value @f the faces are kept at
Mathematically, we can write tTemperaturesThand

AT, -T,).t ¢

d
KA(T,— T.)t
KA Tt J 2 (12.1)

Notes

whereK is a constant which depends on the nature of the material of the slab. It iscalled
Table 12.1: Thermal

the coefficient of thermal conductivity,or simptiiermal conductivity of the material.

Thermal conductivity of a material is defined as the amount of heat transferred in one Conductitvity <|)fsome
second across a piece of the material having area of cross-sectamdladge 1m whe matena’s
its opposite faces are maintained at a temperature difference of 1 K. The S fiMeferial Thermal
thermal conductivity is W mk. The value of K for some materials is given in Table 12{1 C(‘\’/\’;du‘ftlz"g’
MK~
Example 12.1 : A cubical thermocole box, full of ice. has side 30 cm and thicknes efopper 400
5.0 cm. If outside temperature is 45°C, estimate the amount of ice melted K ®h. —
thermacole is 0.01 J'sw* °C* and latent heat of fusion of ice is 3351 g Aluminium 240
Solution : The quantity of heat transferred into the box through its one face car|_gencrete 12
obtained using Eq. (12.1) : Glass 08
_ KA, - Tt Water 0.60
d Body talc 0.20
=(0.01Jsm? °CY x (900 x 16 m?) x (45 °C) | [
x (6 x 60 x 60 )/ (5 x 1) Al 0025
Thermocole 0.01

=10496J

Since the box has six faces, total heat passing into the box

Q =10496x6J
The mass of ice melted, can be obtained by dividin@byL :
m =QI/L
10496J
~ 335J¢"
=313x69g=1878¢g J
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We can see from Table 12.1 that metals such as copper and aluminium have high thermal
conductivity. This implies that heat flows with more ease through copper.This is the reason
why cooking vessels and heating pots are made of copper. On the other hand, air and
thermocole have very low thermal conductivities. Substances having low védueref
sometimes called thermal insulators. We wear woollen clothes during winter because air
trapped in wool fibres prevents heat loss from our body. Wool is a good thermal insulator
because air is trapped between its fibres. The trapped heat gives us a feeling of warmth.
Even if a few cotton clothes are put on one above another, the air trapped in-between
layers stops cold. In the summer days, to protect a slab of ice from melting, we putitin a
ice box made of thermocole. Sometimes we wrap the ice slab in jute bag, which also has
low thermal conductivity.

12.1.2 Convection

It is common experience that while walking by the side of a lake or a sea shore on a hot
day, we feel a cool breeze. Do you know the
reason? Let us discover it.

Dueto continuous evaporation of water from
the surface of lake or sea, the temperature
/\ of water falls. Warm air from the shore rises

and moves upwards (Fig.12.4). This creates
low pressure area on the shore and causes
cooler air from water surface to move to the
Fig. 12.4 : Convection currents. Hot air from shore. The net effect of these convection
the shore rises and moves towardsCUrrents is the transfer of heat from the
coolerwater. The convection current Shore,which is hotter, to water, which is
from water to the shores is cooler. The rate of heat transfer depends on
experienced as cool breeze. many factors.There is no simple equation
for convection as for conduction. However, tia¢e of heat transfer by convection
depends on the temperature difference between the surfaces and also on their areas.

Now let us check how much you have learnt about the methods of heat transfer.

=

—
Le. Intext Questions 12.1

1. Distinguish between conduction and convection.

4. Acubical slab of surface area 1, thickness 1 m, and made of a material of thermal
conductivityK. The opposite faces of the slab are maintained at 1°C temperature
difference. Compute the energy transferred across the surface in one second. and
hence give a numerical definition f
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5. During the summer, the land mass gets very hot. But the air over the ocean do&beisoal Physics
get as hot. This results in the onset of sea breezes. Explain.

12.1.3 Radiation

Radiation refers to continuous emission of energy from the surface of a body. This otes
is called radiant energy and is in the form of electromagnetic waves. These wave travel
with the velocity of light (3« 10 ms?) and can travel through vacuum as well as through

air. They can easily be reflected from polished surfaces and focussed using a le

All bodies emit radiation with wavelengths that are chracteristic of their temperature. The
sun, at 6000 K emits energy mainly in the visible spectrum. The earth at an ideal radiation
temperature of 295 K radiates energy mainly in the far infra-red (thermal) region of
electromagnetic spectrum. The human body also radiates energy in the infra-red fegion.

Let us now perform a simple experiment. Take a piece of blackened platinum wire in a
dark room. Pass an electrical current through it. You will note that the wire has become
hot. Gradually increase the magnitude of the current. After sometime, the wire will begin
to radiate. When you pass a slightly stronger current, the wire will begin to glow with dull
red light. This shows that the wire is just emitting red radiation of sufficient intensity to
affect the human eye. This takes place at nearly 525°C. With further increase in tempgrature,
the colour of the emitted rediation will change from dull red to cherry red (at nearly
900°C) to orange (at nearly 1100°C), to yellow (at nearly 1250°C) until at about 1600°C,
it becomes white. What do you infer from this? It shows thaetheerature of a luminou

body can be estimated from its coloBecondlywith increase in temperature, wav

of shorter wavelengthsince red light is of longer wavelength than orange. yellow étc.)
are also emitted with sufficient intensitgonsidering in reverse order, you may argue
that when the temperature of the wire is below 525°C, it emits waves longer than red but
these waves can be detected only by their heating effect.

12.2 Radiation Laws

At any temperature, the radiant energy emitted by a body is a mixture of waves of different
wavelengths.The most intense of these
waves will have a particular wavelength
(say\,).At400°C, the\ will be about 5
x10*cm or 5um (1 micron(y) =10%m)

for a copper block.The intensity '
decreases for wavelengths either greater
or less than this value (Fig. 12.5). 3

Evidently area between eachreeiand

the horizontial axis represents the total
rate of radiation at that temperature. You
may study the curves shown in Fig. 12.5

. . A m
and verify the following two facts. ()
Fig. 12.5: Variation in intensity with
1) The rate of radiation at a particular wavelength for a black body at
temperature (represented by the different temperatures
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area between each curve and the holizontal axis) increases rapidly with temperature.

2) Each curve has a definite energy maximum and a corresponding wavale(igth
wavelength of the most intense wave). Meshifts towards shorter wavelengths
with increasing temperature.

This second fact is expressed quantitatively by what is known as Wien'’s displacement
law. It states thatA  shifts towards shorter wavelengths as the temperature of a
body is increasedrhis law is., strictly valid only for black bodies. Mathematicaliy

say that the producA T is constant for a body emitting radiation at temperattife

A, T = constant (12.2)

The constant in Eqgn. (12.2) has a value 2.88403mK. This law furnishes us with a
simple method of determining the temperature of all radiating bodies including those in
space. The radiation spectrum of the moon has a peak=at4 micron. Using Egn.
(12.2), we get

2884 micron K

T= 714 micron

= 206K

That is, the temperature of the lunar surface is 206K

Wilhelm Wien
(1864 — 1928)

The 1911 Nobel Leureate in physics, Wilhelm Wien, was son qf a
land owner in East Prussia. After schooling at Prussia, he went to
Germany for his college. At the University of Berlin, he studied ungler

great physicist Helmholtz and got his doctorate on diffraction of light from meétal
surfaces in 1886.

He had a very brilliant professional carrer. In 1896, he succeeded Philip Lendrd as
Professor of Physics at Aix-la-chappelle. In 1899, he become Professor of Physics
at University of Giessen and in 1900, he succeeded W.C. Roentgen at Wurzbgrg. In
1902, he was invited to succeed Ludwig Boltzmann at University of Leipzig and in
1906 to succeed Drude at University of Berlin. But he refused these invitations. In
1920, he was appointed Professor of Physics at munich and he remained thergtill his
last.

12.2.1 Kirchhoff’'s Law

As pointed out earlier, when radiation falls on matter, it may be partly reflected, partly
absorbed and partly transmitted. If for a particular wavelehgihd a given surface,
r.,a, andt, respectively denote the fraction of total incident energy reflected, absorbed
and transmitted, we can write

l=r, +a +t (12.3)
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A body is said to be perfectly black,rif =t, = 0 anda, = 1. It means that radiationsThermal Physics
incident on black bodies will be completely absorbed. As such, perfectly black body does
not exist in nature. Lamp black is the nearest approximation to a black body. It a@sorbs
about 96% of visible light and platinum black absorbs about 98%. It is found to tr i
light of long wavelength.

Heat Transfer and Solar Energy MODULE - 3

A perfectly white bodyin contrast, defined as a body wétf+ 0,t, =0 and, = 1. A piece
of white chalk approximates to a perfectly white body.

or reflect the radiant energy reaching it. So we can say that a good absorber m
poor reflector (or good emitter).

Designing a Black Body

Kirchoff’s law also enables us to design a perfectly black body for experimg
purposes. We go back to an enclosure at constant temperature containing rag
between wavelength rangeandA + dA. Now let us make a small hole in th
enclosure and examine the radiation escaping out of it. This radiation undergoes nf
reflections from the walls. Thus, if the reflecting power of the surface of the wa

ental
iations

1

-

[

all

r, and emissive power &, the total radiation escaping out is given by

E =e+erteriter’t.

=g (L+r, +r2+r2+.)

e/]
=1, (12.4)
. g,
But from Kirchoffs Law— = E
a'/]
§=Ea (12.5)

where E is the emission from a black body. If now walls are assumed to be opaque

(i.e.t =0), from Egn. (12.3), we can write

a=1-r, (12.6)
Substituting this result in Eqgn. (12.5), we get

&= EA 1- rx)

e/]

or = 12.7

B (12.7)
On comparing Eqgns. (12.4) and (12.7), we note that the radiation emerging out pfithe
hole will be identical to the radiation from a perfectly black emissive surface. Smaller
the hole, the more completely black the emitted radiation is. So we see that/the
uniformly heated enclosure with a small cavity behaves as a black body fof
emission.
Such an enclosure behaves as a perfectly black body towards incident radiation also.

Any radiation passing into the hole will undergo multiple reflections internally withi
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the enclosure and will be unable to escape
outside. This may be further improved by
blackening the inside.Hence the enclosure i$ a
perfect absorber and behaves as a perfectly black
P O body.

Fig. 12.6 shows a black body due to Fery. There
is a cavity in the form of a hollow sphere and ifs
inside is coated with black material. It has a small
conical opening O. Note the conical projection|P
Fig. 12.6 : Fery's black body opposite the hole O. This is to avoid dire¢t
radiation from the surface opposite the hole whith
would otherwise render the body not perfectly black.

Al Aoy 121

You have studied that black surface absorbs heat radiations more quickly than a shiny
white surface. You can perform the following simple experiment to observe this effect.

Take two metal plates A and B. Coat one surface of A as black and polish one surface of
B. Take an electric heater. Support these on vertical stands such that the coated black
surface and coated white surface face the heater. Ensure that coated plates are equidstant
from the heater. Fix one cork each with wax on the uncoated sides of the plates.

A
¢
&\"‘é\ e
Polished or white NS y @\Q\’&\,&o
9
coated metal surface  ¢¥ S \ed\o
%

]

Fig. 12.7 : Showing the difference in heat absorption of a black and a shining surface

Switch on the electric heater. Since both metal plates are identical and placed at the same
distance from the heater, they receive the same amount of radiation from it. You will
observe that the cork on the blackened plate falls first. This is becasuse the black surface
absorbs more heat than the white surface. This proves that black surfaces are good
aborbers of heat radiations.
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12.2.2 Stefan-Boltzmann Law

On the basis of experimental measurements, Stefan and Boltzmann concluded that the
radiant energy emitted per second from a surface ofasgaroportional to fourth powe
of temperature :

E=Aeg T* (12.8)

Notes
whereo is Stefan-Boltzmann constardnd has the value 5.6%108) nr?s* K= The

temperature is expressed is kehéiis emissivity or relative emittance. It depends on
nature of the surface and temperature. The valedie$ between 0 and 1; being sm
for polished metals and 1 for perfectly black materials.

From Eqgn. (12.8) you may think that if the surfaces of all bodies are continually ra
energy, why don't they eventually radiate away all their internal energy and cool d
absolute zero. They would have done so if energy were not supplied to them in so
In fact, all objects radiate and absorb energy simultaneously. If a body is at th
temperaturture as its surroundings, the rate of emission is same as the rate of ab
there is no net gain or loss of energy and no change in temperature. However, if a
at a lower temperture than its surroundings, the rate of absorption will be greater t
rate of emission. Its temperature will rise till it is equal to the room temperature. Sim
if a body is at higher temperature, the rate of emission will be greater than the
absorption. There will be a net energy loss. Hence, when a body at a temperétu
placed in surroundings at temperatutgtfie amount of net energy loss per secon
given by

E,.=Aec (T/-T/) forT,>T, (12.5)

E(ample 12.2 :Determine the surface area of the filament of a 100 W incandescent
lamp at 3000 K. Given = 5.7 x 1¢ W nr2 K, and emissivitye of the filament = 0.3.

Solution: According to Stefan-Boltzmann law
E=zeAo T*

whereE is rate at which energy is emittefljs surface area, and T is tempeature of the
surface. Hence we can rewrite it as

Az E
" eoT*

On substituting the given data, we get

100W
0.3 (5.7x 10° Wi K*x (3000K)

A=

=7.25 x 10°n?

Now it is time for you to check your understanding. A‘
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Fa
Le_ . Intext Questions 12.2
1. Atwhat wavelength does a cavity radiator at 300K emit most radiation?

3. State the important fact which we can obtain from the experimental study of the
spectrum of black body radiation.

4. A person with skin temperature ®8is present in a room at temperature
22°C.Assuming the emissivity of skin to be unity and surface area of the person as
1.9n%, compute the radiant power of this person.

12.3 Solar Energy

You have learnt in your previous classes that sun is the ultimate source of all energy
available on the earth. The sun is radiating tremendous amount of energy in the form of
light and heat and even the small fraction of that radiation received by earth is more than
enough to meet the needs of living beings on its surface. The effective use of solar energy,
therefore, may some day provide solution to our energy needs.

Some basic issues related with solar radiations are discussed below.
1. Solar Constant

To calculate the total solar energy reaching the earth, we first determine the amount of
energy received per unit area in one second. The energy is sabedonstant Solar
constant for earth is found to be 1.36 #W0nT2 Solar constant multiplied by the surface
area of earth gives us the total energy received by earth per second. Mathematically,

Q=2m RBZC
whereR is radius of earth and is solar constant

Note that Only half of the earth’s surface has been taken into account as only this much of
the surface is illuminated at one time. Therefore,

Q=2x3.14 x (6.4 x FOny x (1.36 x 16W m?
~35x16'W
~3.5x 16t MW

To determine solar constant for other planets of the solar system, we may make use of
Stefan-Boltzman law, which gives the total energy emitted by the sun in one second :
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O=@4nr)oT
wherer is radius of sun and T is its temperature.

If Ris radius of the orbit of the planet, then

2
E= l:(L] oT* (12.6)

And the solar constant (Eat any other planet orbiting at distancd®m the sun would'
be

2
E = (L) oT? (12.7)
R
H E. ( Rjz 12.8
ence =l (12.8)
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The distance of mars is 1.52 times the distance of earth from the sun. Therefore, the solar

constant at mars

e oex(L)
- 1.52

=6 x 16 W nr?
2. Greenhouse Effect

The solar radiations in appropriate amount are necessary for €O, blanket
life to flourish on earth. The atmosphere of earth plays
important role to provide a comfortable temperature for the
living organisms. One of the processes by which this is done
is greenhouse effect.

In a greenhouse, plants, flowers, grass etc. are enclosed in a
glass structure. The glass allows short wavelength radiation
of light to enter. This radiation is absorbed by plants. It is
subsequently re-radiated in the form of longer wavelength
heat radiations — the infrared. The longer wavelengttFig. 12.8: Greenhouse
radiations are not allowed to escape from the greenhouse as effect

glass is effectively opaque to heat. These heat radiations are

thus trapped in the greenhouse keeping it warm.

An analogous effect takes place in our atmosphere. The atmosphere, which contains a
trace of carbon dioxide, is transparent to visible light. Thus, the sun’s light passes through
the atmosphere and reaches the earth’s surface. The earth absorbs this light and
subsequently emits it as infrared radiation. But carbon dioxide in air is opaque to infra-red
radiations.COreflects these radiations back rather than allowing them to escape into the
atmosphere. As a result, the temperature of earth increases. This effect is referrgd to as

the greenhouse effect.
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Due to emission of huge quantities of dour atmosphere by the developed as well as
developing countries, the greenhouse effect is adding to global warming and likely to pose
serious problems to the existence of life on the earth. A recent report by the UN has urged
all countries to cut down on their emissions of (f@cause glaciers have begun to shrink

at a rapid rate. In the foreseable future, these can cause disasters beyond imagination
beginning with flooding of major rivers and rise in the sea level. Once the glaciers melt,
there will be scarcity of water and erosion in the quality of soil. There is a lurking fear that
these together will create problems of food security. Moreover, changing weather patterns
can cause droughts & famines in some regions and floods in others.

In Indian context, it has been estimated that lack of positive action can lead to serious
problems in Gangetic plains by 2030. Also the sea will reclaim vast areas along our coast
lie, inundating millions of people and bring unimaginable misery and devastation. How can
you contribute in this historical event?

12.4 Newton’s Law of Cooling

Newton’s law of cooling states thhe rate of cooling of a hot body is directly proportional

to the mean excess temperature of the hot body over that of its surroundings provided
the difference of temperature is small. The law can be deduced from stefan-
Boltzmann law.

Let a body at temperatufiebe surrounded by another bodyfatThe rate at which heat
is lost per unit area per second by the hot body is

E=eo(T-THA (12.9)
AsT =T} =(T? -T2 (T?+ ) =(T-T)(T-) (TP + . Hence (12.10)

E=ed(T-T)(TP+TT,+TTy + Tp)A
If (T-T,) is very small, each of the tery T2T, TTZ and T, may be approximated .
Hence
0 E=e0 (T-T)4T A
=k(T-T)

wherek = 4e0T>A. Hence,

Ea (T-T) (12.11)
This isNewton’s law of cooling.

Fa
LQ. Intext Questions 12.3

1. Calculate the power received from sun by a region 40m wide and 50m long located
on the surface of the earth?

2. What threats are being posed for life on the earth due to rapid consumption of fossil
fuels by human beings?
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3. What will be shape of cooling curve of a liquid? Thermal Physics

What You Have Learnt

Notes
e Heat flows from a body at higher temperature to a body at lower temperaturef There

are three processes by which heat is transferred : conduction, convection and radiation.

e Inconduction, heat is transferred from one atom/ molecule to another atom/malecule
which vibrate about their fixed positions.

e Inconvection, heat is transferred by bodily motion of molecules. In radiation, heat is
transferred through electromagnetic waves.

e The quantity of heat transferred by conduction is given by

_K(T,-T) At
Q= d

e Wien'sLaw. The spectrum of energy radiated by a body at temperature T(K)|has a
maxima at wavelength ' such thaf T = constant ( = 2880K)

e Stefan-Boltzmann Law. The rate of energy radiated by a source at T(K) is given by
E =ecAT*

The absorptive power a is defined as

_ Total amount of energy absorbed betweerand A + dA
Total amount of incident energy betweénandi + dA

e The emissive power of a surfaeg is the amount of radiant energy emitted per
square metre area per second per unit wavelongth range at a given temperature.

e The solar constant for the earth is 1:36C° Jm? s?

e Newton’s Law of cooling states that the rate of cooling of a body is linearly proportional
to the excess of temperature of the body above its surroundings.

m B Terminal Exercise Cork Stopper

CuP ‘ .
1. Athermosflask (Fig.12.9) is made of a fnner glass container
double walled glass bottle enclosed in
metal container. The bottle contains
some liquid whose temperature we
want to maintain, Look at the diagram
carefully and explain how the
construction of the flask helps in
minimizing heat transfer due to,ging
conduction convection and radiation. material

(silvered surface)

acuum
outer metal
container

(brightly
polished)

2. The wavelength corresponding, to Fig. 12.9
emission of energy maxima of a star is
4000 A°. Compute the temperature of the star.(1A°£chf).

3. Ablackened solid copper sphere of radius 2cm is placed in an evacuated erjclosure
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10.

11.

12.
13.
14.

15.
16.

17.

18.

whose walls are kept at 1000° C. At what rate must energy be supplied to the sphere
to keep its temperature constant at 127° C.

Comment on the statement “A good absorber must be a good emitter”

A copper pot whose bottm surface is 0.5cm thick and 50 cm in diameter rests on a
burner which maintains the bottom surface of the pot at 110°C. A steady heat flows
through the bottom into the pot where water boils at atmospheric pressure. The actual
temperature of the inside surface of the bottom of the pot is 105°C. How many
kilograms of water boils off in one hour?

Define the coefficient of thermal conductivity. List the factors on which it depends.
Distinguish between conduction and convection methods of heat (transfer).

If two or more rods of equal area of cross-section are connected in series, show that
their equivalent thermal resistance is equal to the sum of thermal resistance of each
rod. [Note : Thermal resistance is reciprocal of thermal conductivity]

Ratio of coefficient of thermal conductivities of the different materials is 4:3. To have
the same thermal resistance of the two rods of these materials of equal thickness.
what should be the ratio of their lengths?

Why do we feel warmer on a winter night when clouds cover the sky than when the
sky is clear?

Why does a peice of copper or iron appear hotter to touch than a smilar piece of wood
even when both are at the same temperature?

Why is it more difficult to sip hot tea from a metal cup than from a china-clay cup?
Why are the woollen clothes warmer than cotton clothes?

Why do two layers of cloth of equal thickness provide warmer covering than a single
layer of cloth of double the thickness?

Can the water be boiled by convection inside an earth satellite?

A.500 W bulb is glowing. We keep our one hand 5 cm above it and other 5 cm below
it. Why more heat is experienced at the upper hand?

Two vessels of different materials are identical in size and in dimensions. They are
filled with equal quantity of ice at O°C. If ice in both vessles metls completely in 25
minutes and in 20 minutes respectively compare the (thermal conductivities) of metals
of both vessels.

Calculate the thermal resistivity of a copper rod 20.0 cm. length and 4.0 cm. in diamter.

Thermal conductivity of copper = 9.2 x#&mperature different acrosss the ends of
the rod be 50°C. Calculate the rate of heat flow.
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:u' Answers to Intext Questions

12.1

1. Conduction is the principal mode of transfer of heat in solids in which the par
transfer energy to the adjoining molecules.

In convection the particles of the fluid bodily move from high temperature regi
low temperature region and vice-versa.

o Qd
K21AQ-Q)

g m
~sm?eC

r

=Jstmtoct
The trapped air in wool fibres prevents body heat from escaping out and thus
the wearer warm.

energy transferred in one second across the faces of a cubical slab of surfa
1n? and thickness 1m, when they are kept at a temperature difference of 1°
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The coefficient of thermal conductivity is numerically equal to the amount of heat

area

During the day, land becomes hotter than water and air over the ocean is coolér than

the air near the land. The hot dry air over the land rises up and creates a low pressure
region. This causes see breeze because the moist air from the ocean moves to the

land. Since specific thermal capacity of water is higher than that of sand, the
gets cooled faster and is responsible for the reverse process during the night
land breezes.

12.2

_ Wien's constant

L Temperature

m

_ 288QuK
T 30K

= 9&1
Hint: Because light colours absorb less heat.
Hint: @A T=S (b)t=0T*
66.4 W.
12.3
1. Solar constant x .area

=2.7%x16W

due to which glaciers are likely to melt and flood the land mass of the earth.

tter
using

Constant addition of C@n air will increase greenhouse effect causing global warmrg
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Thermal Physics || 3. Exponential decay
Answers to Terminal Problem
2. 7210K
3. 71.6 x 564 W

Notes 5. 4.7 x10kg

9. 3:4
17. 4:5
18. 10.9 m °€ W-, 0.298 W
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SENIOR SEcoNDARY COURSE
PHysics
STUDENT’S ASSIGNMENT — 3

Maximum Marks: 50 Time : 1% Hours

I NSTRUCTIONS
® Answer All the questions on a seperate sheet of paper
® Give the following information on your answer sheet:

® Name

® Enrolment Number

® Subject

® Assignment Number

® Address

® Getyour assignment checked by the subject teacher at your study centre so that you get positive feedback
about your performance.

Do not send your assignment to NIOS

1. Atwhat temperature molecular motion ceases. 1)
2. Whatis the type (kinetic/or potential) of internal energy of an ideal gas? (1)
3. Why change in temperature of water from 14.5° C to 15.5° C is specified in defining one calorie? (1)
4. At what temperature do the Celsius and Fahrenheit scales coincide? 1)
5. What s indicated by the statement. “Internal energy is positive™? (1)
6. State two reasons due to which all practical engines have an efficiency less than the carnot’s engine.
@
7. Which diagram plays important role to explain the theory of heat engine? (1)
8. Write the dimension of coefficient of thermal conductivity. (1)
9. State two limitations of carnot’s engine. (2)
10. Every gas has two specific heats where as each liquid and solid has only one specific value of specific
heat, why? 2
11. A refrigerator transfers heat from the cooling coil at low temperature to the warm surroundings. Is it
against the second law of thermodynamics? Justify your answer. (2
12. Two rods X and Y are of equal lengths. Each rod has its ends at tempeyanck Trespectively
(T,>T,). What is the condition that will ensure equal rates of flow of heat through the rods X and Y?
@)
;99290 KT KMT A K o
X AX A K
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13

14

15
16

17
18

19
20

. State first law of thermodynamics. Figure shows three paths through which a gas can be taken from the
state 1 to state 2. Calculate the work done by the gas in each of the three paths. 4)

[Hint: Path 1- 3 - 2w, +w,, =0+ piv = 0.455
Pathl- 2 w, :%(10 +3)x10° x15 x10™° =0.3¢  30cet 4 2
GE) 25CC+
Path 1. 40 2w, +w,=pAv + 0= 0.15t] § 20l
10cct 1 3
10kPa 20kPa 30kPa
Pressure-
. The P -V diagram of a certain process (carnot cycle) is reflected in figure a.Represent it on T-V and T-
S diagrams. (4)
£
el °
©
g
IS
@
D C
0 - Volume (V)
(@)
Hint:
£
o A B @ A B
2 o
1
£ o
. D c B b c
0 - Entropy (s) ° - Volume (V)
. Differentiate between isothermal, adiabatic, isobaric and isochoric processes. 4)
. State Zeroth and first law of thermodynamics. Discuss the limitations of first law of thermodynamics.
(4)
. State and explain second law of thermodynamics. 4)
. What do you mean by the following terms :
(i) thermal conductivity of a solidi ] variable state of a metallic roid } steady state of a matallic rdd)(
coefficient of thermal conductivity. 4)
. Briefly describe a carnot cycle and derive an expression for efficiency of this cycle. (5)

. What s a heat engine? Obtain an expression for its efficiency. Explain the workig principle of a referigerator.
Obtain an expression for its coefficient of performance. Also obtain a relation between coefficient of
performance of a refrigerator and efficiency of a heat engine. 2+2+1=(5)
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MODULE - 4

Oscillations and Waves

13
SIMPLE HARMONIC MOTION

Notes

%u are now familiar with motion in a straight line, projectile motion and circular motion.
These are defined by the path followed by the moving object. But some objects execute
motion which are repeated after a certain interval of time. For example, beating oftheart,
the motion of the hands of a clock, to and fro motion of the swing and that of the pendulum
of a bob are localised in space and repetitive in nature. Such a motion is called periodic
motion. It is universal phenomenon.

In this lesson, you will study about the periodic motion, particularly the oscillatory mgtion
which we come across in dalily life. You will also learn about simple harmonic mation.
Wave phenomena — types of waves and their characteristics—form the subject matter of
the next lesson.

Objectives
After studying this lesson, you should be able to :

e show that an oscillatory motion is periodic but a periodic motion may not be
necessarily oscillatory;

e define simple harmonic motion and represent it as projection of uniform cirgular
motion on the diameter of a circle;

e derive expressions of time period of a given harmonic oscillator;

e derive expressions for the potential and kinetic energies of a simple harmoic
oscillator; and

e distinguish between free, damped and forced oscillations.

13.1 Periodic Motion

You may have observed a clock and noticed that the pointed end of its seconds h£d and

that of its minutes hand move around in a circle, each with a fixed period. The seconds
hand completes its journey around the dial in one minute but the minutes hand takes one
hour to complete one round trip. However, a pendulum bob moves to and fro about a mean
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in a fixed time. A motion which repeats itself after a fixed interval of time is qadigddic
motion. There are two types of periodic motion :r@n—oscillatory,and (ii)oscillatory.

The motion of the hands of the clock is non-oscillatory but the to and fro motion of the
pendulum bob is oscillatory. However, both the motions are periodic. Itis important to note
that an oscillatory motion is normally periodic but a periodic motion is not necessarily
Notes oscillatory. Remember that a motion which repeats itself in equal intervals of time is periodic
and if it is about a mean position, itiscillatory.

We know that earth completes its rotation about its own axis in 24 hours and days and
nights are formed. It also revolves around the sun and completes its revolution in 365 days.
This motion produces a sequence of seasons. Similarly all the planets move around the
Sun in elliptical orbits and each completes its revolution in a fixed interval of time. These
are examples of periodic non-oscillatory motion.

Jean Baptiste Joseph Fourier
(1768 — 1830)

French Mathematician, best known for his Fourier series to analyjse a
complex oscillation in the form of series of sine and consine functions.

Fourier studied the mathematical theory of heat conduction.|He
established the partial differential equation governing heat diffugion
and solved it by using infinite series of trigonometric functions.

Born as the ninth child from the second wife of a taylor, he was orphened at the age
of 10. From the training as a priest, to a teacher, a revolutionary, a mathematician
and an advisor to Nepolean Bonapart, his life had many shades.

He was a contemporary of Laplace, Lagrange, Biot, Poission, Malus, Delambre,
Arago and Carnot. Lunar crator Fourier and his name on Eiffel tower are tributes to
his contributions.

El iy 131

Suppose that the displacemgnof a particle, executing simple harmonic motion, is
represented by the equation :

y =asin@ (13.1)
or y =acosf (13.2)

From your book of mathematics, obtain the values ofsind co$ for 6 = 0, 30, 6C,

9(F, 120, 150, 180, 240, 300, 33 and 360. Then assuming that= 2.5cm, determine

the values ofy corresponding to each angle using the relagiena sin 6. Choose a
suitable scale and plot a graph betwgand6. Similarly, using the relatiop=a co$,

plot another graph betwegmandd. You will note that both graphs represents an oscillation
between & and —a. It shows that a certain type of oscillatory motion can be represented
by an expression containing sine or cosine of an angle or by a combination of such
expressions.
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Now check your progress by answering the following questions.

1. Whatis the difference between a periodic motion and an oscillatory motion?

2. Which of the following examples represent a periodic motion?

(i) A bullet fired from a gun, (ii) An electron revolving round the nucleus in an atom,
(i) A vehicle moving with a uniform speed on a road, (iv) Acomet moving around the
Sun, and (v) Motion of an oscillating mercury column in a U-tube.

3. Give an example of (i) an oscillatory periodic motion and (ii)Non-oscillatory periodic
motion.

13.2 Simple Harmonic Motion : Circle of Referencs

The oscillations of a harmonic oscillator can be represented by terms containing sine and
cosine of an angle. If the displacement of an oscillatory particle from its mean positign can
be represented by an equatigrF a sinb ory =a cod ory = A sinb + B cod, wherea,

A andB are constants, the particle executes simple harmonic motion. We define Simple
harmonic motion as under :

A particle is said to execute simple harmonic motion if it moves to and fro about a
fixed point periodically, under the action of a forde which is directly proportional

to its displacement from the fixed point and the direction of the force is opposite to

that of the displacement.We shall restrict our discussion to linear oscillations.

Mathematically, we express it as
F =-kx
wherek is constant of proportionality.
Y(m
y (m)
M
L2
oX
X a O a X 1o TI4 TI2 3T/4T ts)
Y —a
Fig. 13.1: Simple harmonic motion of P is along YOY
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To derive the equation of simple harmonic motion, let us consider a point M moving with a
constant speed in a circle of radiua (Fig. 13.1) with centre O. At= 0, let the point be

at X. The position vector OM specifies the position of the moving point atttirids
obvious that the position vector OM, also calledthaserrotates with a constant angular
velocity w = v /a. The acceleration of the point Mi¥a = a «? towards the centre O. At
timet, the component of this acceleration along O¥¢# sin wt. Let us draw MP
perpendicular to YOY Then P can be regarded as a particle of mas®ving with an
acceleratioraw? sinwt. The force on the particle P towards O is therefore given by

F =man’ sinwt

But sinwt = y/a. Therefore
F =mwy (13.3)

The displacement is measured from O towards P and force is directed towards O. Therefore,
F =—my

Since this force is directed towards O, and is proportional to displaceynefr® from O.
we can say that the particle P is executing simple harmonic motion.

Let us putmw? =k, a constant. Then Egn. (13.3) takes the form
=-ky (13.4)

The constarit, which is force per unit displacement, is cafiecte constantThe angular
frequency of oscillations is given by

W =k/m (13.5)

In one complete rotation, OM describes an anglard it takes tim@ to complete one
rotation. Hence
W = 21T (13.6)

On combining Egns. (13.5) and (13.6), we get an expression for time period :

T =2nJk/m (13.7)

This is the time taken by P to move from O to Y, then through O amd back to O.
During this time, the particle moves once on the circle and the foot of perpendicular from
its position is said to make an oscillation about O as shown in Fig.13.1.

Let us now define the basic terms used to describe simple harmonic motion.

13.2.1 Basic Terms Associated with SHM

Displacements the distance of the harmonic oscillator from its mean (or equilibrium)
position at a given instant.

Amplitudeis the maximum displacement of the oscillator on either side of its mean position.

Time periodis the time taken by the oscillator to complete one oscillation. In Fig. 13.1,
OP, and OY respectively denote displacement and amplitude.

Frequencyis the number of oscillations completed by an oscillator in one second. It is
denoted by. The SI unit of frequency is hertz (symbol Hz). Sirds the number of
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oscillations per secondthe time taken to complete one oscillation s Bencer =1, or

v = (1/T) s. As harmonic oscillations can be represented by expressions contaifing sin
and or co8, we introduce two more important terms.

Phase @is the angle whose sine or cosine at a given instant indicates the position and
direction of motion of the oscillator. It is expressed in radians.

Angular Frequencyw describes the rate of change of phase angle. It is expressed ifNotes
radian per second. Since phase aggthanges from 0 torRradians in one complet
oscillation, the rate of change of phase angle #&2r/T = 2rtv or w = 2nv.

’E@mple 13.1 :Atray of mass 9 kg is supported by a spring of force conktast

shown in Fig. 13.2. The tray is pressed slightly downward and then released. It begins to
execute SHM of period 1.0s. When a block of mdss placed on the tray, the perig
increases to 2.0s. Calculate the mass of the block.

=N

Solution: The angular frequency of the system is giverny /k / m, wheremis the
mass of the oscillatory system. Sinee 2rvT, from Eqgn. (13.7) we get

k
418IT? = m M
7
or m=-—
41t
When the tray is emptyn = 9kg andT = 1s.Therefore "
k(1)®
-
Fig. 13.2
On placing the blockn= 9 +M andT = 2s. Therefore, 9 M =k x (2/41¢
From the above two equations we get
9+M) _
Y -
Therefore M = 27kg. J

’E@mple 13.2 :A spring of force constant 1600 N'iis mounted on a horizontal table
as shown in Fig. 13.3. Amass= 4.0 kg attached to the free end of the spring is pulled

horizontally towards the right through a distance of 4.0 cm and then set free. Calculate (i)
the frequency (i) maximum acceleration and (iii) maximum speed of the mass.

Solution : o= kim=1600/4 3

Fig. 13.3

= 20rad s.

Thereforev = 20/2t= 3.18 Hz. Maximum accelerationss = 0.04x 400 = 16 m s",“
andv_ =aw=0.04x20=0.8 ms.
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13.3 Examples of SHM

In order to clarify the concept of SHM, some very common examples are given below.
13.3.1 Horizontal Oscillations of a Spring-Mass System

Consider a elastic spring of force constaptaced on a smooth horizontal surface and
attached to a block P of massThe other end of the spring is attached to a rigid wall (Fig.
13.4)). Suppose that the mass of the spring is negligible in comparison to the mass of the

block. m
o [ ITTvTEE P

(i) < 5

okx
i)

(IV) llulwlulﬂ %:
) I:EI

X 7

Fig.13.4 : Oscillations of a spring-mass system

Let us suppose that there is no loss of energy due to air resistance and friction. We
choosex-axisalong the horizontal direction. Initially, that is,tat 0, the block is at

rest and the spring is in relaxed condition [Fig.13.4(i)]. It is then pulled horizontally
through a small distance [Fig. 13.4 (ii)]. As the spring undergoes an exteqston
exerts a forcéx on the block. The force is directed against the extension and tends
to restore the block to its equilibrium position. As the block returns to its initial position
[Fig. 13.4 (iii)], it acquires a velocity and hence a kinetic enertfy= (1/2)m v2.

Owing to inertia of motion, the block overshoots the mean position and continues
moving towards the left till it arrives at the position shown in Fig. 13.4 (iv). In this
position, the block again experiences a fokgavhich tries to bring it back to the
initial position [Fig. 13.4v]. In this way, the block continues oscillating about the
mean position. The time period of oscillation is$m/ k , wherek is the force per

unit extension of the spring.

13.3.2 Vertical Oscillations of a Spring—
Mass System

Let us suspend a spring of force constafrom a rigid
support [Fig.13.5(a)]. Then let us attach a block of mass
m to the free end of the spring. As a result of this, the

spring undergoes an extension, dajFig.13.5(b)]. @ ® ©
Obviously, the force constant of the springsmg/l. Let _. - o

. Fig.13.5: Vertical oscillations
us now pull down the block through a small distaryce, of aa spring-mass

(Fig.13.5 (c)]. A forceky acts on the block vertically system
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upwards. Therefore, on releasing the block, the fkygeulls it upwards. As the bloc
returns to its initial position, it continues moving upwards on account of the velocity it has
gained. It overshoots the equilibrium position by a distgnthe compressed spring no
applies on it a restoring force downwards. The block moves downwards and again
overshoots the equilibrium position by almost the same vertical distaFiwes, the syste
continues to execute vertical oscillations. The angular frequency of vertical oscillat

W= m

m
Hence T=2n \/% (13.8)
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This result shows that acceleration due to gravity does not influence vertical oscillations
of a spring—mass system.

Galileo Galilei
(1564-1642)

Son of Vincenzio Galilei, a wool merchant in Pisa, Italy, Galileo
credited for initiating the age of reason and experimentation in mod
science. As a child, he was interested in music, art and toy mak
As a young man, he wanted to become a doctor. To pursue the s
of medicine, he entered the University of Pisa. It was here tha
made his first discovery - the isochronosity of a pendulum, which led Christian Huy
to construct first pendulum clock.

For lack of money, Galileo could not complete his studies, but through his effort
learnt and developed the subject of mechanics to a level that the Grand Du
Tuscany appointed him professor of mathematics at the University of Pisa.

Galileo constructed and used telescope to study celestial objects. Throug
observations, he became convinced that Copernican theory of heliocentric uni
was correct. He published his convincing arguments in the form of a book, “A Dialq
On The Two Principal Systems of The World”, in the year 1632. The proposifi
being at variance with the Aristotelian theory of geocentric universe, supportel
the Church, Galileo was prosecuted and had to apologize. Butin 1636, he publi
another book “Dialogue On Two New Sciences” in which he again showed
fallacy in Aristotle’s laws of motion.

Because sophisticated measuring devices were not available in Galileo’s tim
had to apply his ingenuity to perform his experiments. He introduced the idg
thought-experiments, which is being used even by modern scientists, in spite
their sophisticated devices.
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_ 13.3.3 Simple Pendulum

[=H] q ﬁ A simple pendulum is a small spherical bob

4 suspended by a long cotton thread held
between the two halves of a clamped split

\ cork in a stand,as shown in Fig. 13.6. The

! \ bob is considered a point mass and the string

\ is taken to benextensibleThe Pendulum

; \ can oscillate freely about the point of

y T suspension.

(- small distancdrom its equilibrium position

myes  and then let free, it executes angular
oscillations in a vertical plane about its
equilibrium position. The distance between the
point of suspension and the centre of gravity

of the bob defines the length of the pendulum. The forces acting on the bob of the pendulum

in the displaced position shown in Fig. 13.6 aii¢ the weight of the bolng vertically

downwards, andi( tension in the string acting upwards along the string.

) When the pendulum is displaced through a
G-

Fig.13.6 : Simple Pendulum

The weighimgis resolved in two components : (ayjcod along the string but opposite
to T and (b)mg sind perpendicular to the string. The compon@gicod balances the
tensionT and the componentgsind produces acceleration in the bob in the direction of
the mean position. The restoring force, therefomagsing. For small displacemenrtof

the bob, the restoring force 5= mgd = mg x/l The force per unit displacement

k = mg/land hence
\/? Img/ | \/6
w = - = —_— = -
m m I
I
Hence, T=2n \/g (13.9)

Measuring Weight using a Spring

We use a spring balance to measure weight of a body. It is based on the assumption
that within a certain limit of load, there is equal extension for equal load, i.e., Ipad/
extension remains constant (force constant). Therefore, extension varies linearly
with load. Thus you can attach a linear scale alongside the spring and calibrat¢ it for
known load values. The balance so prepared can be used to measure unknown
weights.

Will such a balance work in a gravity free space, as in a space-rocket or in a satellite?
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Obviously not becuase in the absence of gravity, o Q
extension occurs in the spring. Then how do th
measure mass of astronauts during regular health
check up? It is again a spring balance based on a ,
. - . ":5?' 13.7 : Spring balance for
different principle. The astronaut sits on a speci measuring the mass
chair with a spring attached to each side (Fig.13.7). of an astronaut Notes
The time period of oscillations of the chair with and

without the astronaut is determined with the help of an electronic clock :

\§7i

_ 41’m
k
wheremis mass of the astronaut.nf is mass of the chair, we can write

41m,
k

T, is time period of ocillation of the chair with the astronaut &pdithout the
astronaut.

T

T =

On subtracting one from another, we get

2 2 4
T -T, = T(m—mo)
_L 2 2
0 m—42('l'l -Ty)+m,

Because the values @f andk are fixed and known, a measureTofitself shows
the variation in mass.

E(ample 13.3 Fig. 13.8 shows an oscillatory system comprising two blocks of masses

m, andm, joined by a massless spring of spring condtafibe blocks are pulled apart,
each with a force of magnitudeand then released. Calculate the angular frequengy of
each mass. Assume that the blocks move on a smooth horizontal plane.

Solution : Letx, andx, be the displacements m, m,

of the blocks when pulled apart. The extensiork_|—I’ZS'ijij'zj‘g?ﬂ_l_>
produced in the spring i§ + X,. Thus the
acceleration ofm, is k (x, + x,)/m, and Fig. 13.8 : Oscillatory system of masses
acceleration ofn, is k(x, + x,)/m,. Since the attached to aspring

same spring provides the restoring force to each mass, hence the net acceleration of the
system comprising of the two masses and the massless spring equals the su:rof the
acceleration produced in the two masses. Thus the acceleration of the system is

k(x+%) _ kX
[1 1] H
i
m m

wherex = x_ + X, is the extension of the spring apds the reduced mass of the system.
The angular frequency of each mass of the system is therefore,
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o =.k/p (13.10)

Such as analysis helps us to understand the vibrations of diatomic moleculeﬁke H
Cl,, HCI, etc.

B

-
LQ, Intext Questions 13.2

1. A small spherical ball of massis placed in contact with the sunface on a smooth
spherical bowl of radius a little away from the bottom point. Calculate the time
period of oscillations of the ball (Fig. 13.9).

/7774
=~
=~

N

N

I~

RN
ANN\NN\\N

Fig. 13.9 Fig.13.10 Fig. 13.11

2. A cylinder of massn floats vertically in a liquid of densitp. The length of the
cylinder inside the liquid s Obtain an expression for the time period of its oscillations
(Fig. 13.10).

3. Calculate the frequency of oscillation of the masnnected to two rubber bands
as shown in Fig. 13.11. The force constant of each bdadRreg. 13.11)

13.4 Energy of Simple Harmonic Oscillato

As you have seen, simple harmonic motion can be represented by the equation
y=asinwt (13.11)
Whent changes td + A t, y changes tg + Ay. Therefore, we can write
y+Ay=asinw (t +At) =asin @t + W)
= a[sinwt coswAt + cogut sin WAL
AsAt - 0, coswt - 1 and sim A - w Al Then
y + Ay =asinwt + a WAt coswt. (13.12)
Subtracting Egn. (13.11) from Eqn. (13.12), we get

Ay = At wa coswt
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so that Ay/At = wa coswt
or v =wacog wt (13.13)

wherev = Ay/At is the velocity of the oscillator at tinbeHence, théinetic energyof the
oscillator at that instant of time k= (1/2)mv? = (1/2) w¥’a? co$ wt (13.14)

Let us now calculate the potential energy of the
oscillator at that time. When the displacement is
y, the restoring force isy, wherek is the force
constant. For this purpose we shall plot a graph
of restoring forcey versus the displacement - T
We get a straight line graph as shown in Fig. PQ

13.12. Let us take two points P and Q and drop
perpendiculars PM and QN anraxis. As points

P and Q are close to each other, trapeziu
PQNM can be regarded as a rectangle. The area Vs

of this rectangular strip isky Ay). This area Fig.13.12: Graph between the
equals the work done against the restoring force displacement y and the
ky when the displacement changes by a small restoring force ky
amountAy. The area of the triangle OBC is,

therefore, equal to the work done in the time displacement changes from O ty)GB

MN B y

1
5 ky2. This work done against the conservative force isptitential energyU of the
oscillator. Thus, the potential energy of the oscillator when the displaceryésit is
U= L k
=5 Va

But ¥ = k/Im. Therefore, substituting= mw? in above expression we get

U-lmu)22
_2 y

Further ay = a sinwt, we can write

1
U = 5 mayasinfoot (13.15)
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On combining this result with Eqgn. (13.14), we find that total energy of the oscillator at any

instant is given by
E=U+K

1
=5 mw’a? (Sirfwt + coswt)

1
= 5 mee (13.16)
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energyU and the total energy E versus
R displacemenyis shown in Fig.13.13. From
the graph itis evident that fpe= 0,K = E
andU = 0. As the displacementfrom
the mean position increases, the kinetic
\ energy decreases but potential energy
a <5— © ___sa increases. At the mean position, the
Fig.13.13: \ariation of potential energy U, potential energy is zero but kinetic energy
kinetic energy K, and total energy E IS maximum. At the extreme positions, the
with displacement from equilibrium  energy is wholly potential. However, the
position sumK + U = E is constant.

Notes

e——————
-’

Fa

@ Intext Questions 13.3

1. Isthe kinetic energy of a harmonic oscillator maximum at its equilibrium position or at
the maximum displacement position? Where is its acceleration maximum?

2. Why does the amplitude of a simple pendulum decrease with time? What happens to
the energy of the pendulum when its amplitude decreases?

13.5 Damped Harmonic Oscillations

Every oscillating system normally has a viscous medium surrounding it. As a result in each
oscillation some of its energy is dissipated as heat. As the energy of oscillation decreases
the amplitude of oscillation also decreases. The amplitude of oscillations of a pendulum in
air decreases continuously. Such oscillations are called damped oscillations. To understand
damped oscillationsperform activity 13.2.

y ()

t(s)

(b)

@)

Fig. 13.14 : Damped vibrations : (a) experimental setup; (b) graphical representation
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Take a simple harmonic oscillator comprising a metal block B suspended from a fixed
support S by a spring G. (Fig. 13.14(a). Place a tall glass cylinder filled two thirds with
water, so that the block is about 6 cm below the surface of water and about the same
distance above the bottom of the beaker. Paste a millimetre scale (vertically) on thesi
of the cylinder just opposite the pointer attached to the block. Push the block ja few
centimetres downwards and then release it. After each oscillation, note down the uppermost
position of the pointer on the millimetre scale and the time. Then plot a graph betwegn time
and the amplitude of oscillations. Does the graph [Fig. 13.14 (b)] show that the amplitude
decreases with time. Such oscillations are said wabgped oscillations

13.6 Free and Forced Vibrations : Resonanc

To understand the difference between these phenomena, let us perform the following
activity :

Al Aoty 133 | |

Take a rigid horizontal rod fixed at both ends.

Tie a loose but strong thread and hang the four

pendulums A,B,C,D, as shown in Fig. 13.15.

The pendulums A and B are of equal lengths,

whereas C has a shorter and D has a longer c

length than A and B. The pendulum B has a A B D

heavy bob. Set pendulum B into oscillations. Fig. 13.15: Vibrations and resonance.
You will observe that after a few minutes, the

other three pendulums also begin to oscillate. (It means that if a no. of oscillat
coupled, they transfer their energy. This has an extremely important implication fo
propagation.) You will note that the amplitude of A is larger. Why? Each pendulu
oscillatory system with natural frequency of its own. The pendulum B, which has a heavy
bob, transmits its vibrations to each of the pendulums A, C and D. As a consequence, the
pendulums C and D are forced to oscillats with their respective naturélequency
but with the frequency of the pendulunTBe phenomenon is calléorced oscillation.
By holding the bob of any one of these pendulums, you can force it to oscillate with the
frequency of C or of D. Both C and D are forced to oscillate with the frequency of B.
However, pendulum A on which too the oscillations of the pendulums B are impressed,
oscillates with a relatively large amplitude withnatural frequency.This phenomeno
is known agresonance.

tes

When the moving part of an oscillatory system is displaced from its equilibrium position
and then set free, it oscillates to and fro about its equilibrium position with a frequengy that
depends on certain parameters of the system only. Such oscillations are kriteen as
vibrations.The frequency with which the system oscillates is knowraagal frequency.
When a body oscillates under the influence of an external periodic force, the oscillations
are calledforced oscillations.In forced oscillations, the body ultimately oscillates
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with the frequency of the external force. The oscillatory system on which the oscillations
are impressed is called driven and the system which applies the oscillating force is known
as the driver. The particular case of forced oscillations in which natural frequencies of the
driver and the driven are equal is knowmesonanceln resonant oscillations, the driver

and the driven reinforce each other’s oscillations and hence their amplitudes are maximum.

Fa
& intext Questions 13.4

When the stem of a vibrating tuning fork is pressed against the top of a table, a loud
sound is heard. Does this observation demonstrate the phenomenon of resonance or
forced vibrations? Give reasons for your answer. What is the cause of the loud sound
produced?

2. Why are certain musical instruments provided with hollow sound boards or sound
boxes?

Mysterious happenings and resonance

1.Tacoma Narrows Suspension Bridge, Washington, USA collapsed during a $torm
within six months of its opening in 1940. The wind blowing in gusts had frequgncy
equal to the natural frequency of the bridge. So it swayed the bridge with increpsing
amplitude. Ultimately a stage was reached where the structure was over stfessed
and it collapsed.

The events of suspension bridge collapse also happened when groups of mgrching
soldiers crossed them. That is why, now, the soldiers are ordered to break| steps
while crossing a bridge.

The factory chimneys and cooling towers set into oscillations by the wind [and
sometimes get collapsed.

2.You might have heard about some singers with mysterious powers. Actually, no

such power exists. When they sing, the glasses of the window panes in the audiforium
are broken. They just sing the note which matches the natural frequency ¢f the
window panes.

3.You might have wondered how you catch a particular station you are interested in
by operating the tuner of your radio or TV? The tuner in fact, is an electronic oscillator
with a provision of changing its frequency. When the frequency of the tuner majches
the frequency transmitted by the specific station, resonance occurs and the aptenna
catches the programme broadcasted by that station.
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%7 What You Have Learnt

e Periodic motion is a motion which repeats itself after equal intervals of time.

e  Oscillatory motion is to and fro motion about a mean position. An oscillatory motion is

normally periodic but a periodic motion may metcessarily be oscillatory Notes

e Simple harmonic motion is to and fro motion under the action of a restoring force,
which is proportional to the displacement of the particle from its equilibrium position
and is always directed towards the mean position.

e Time period is the time taken by a particle to complete one oscillation.
e Frequency is the number of vibrations completed by the oscillator in one seco

e Phase angle is the angle whose sine or cosine at the given instant indicates the position
and direction of motion of the particle.

e Angular frequency is the rate of change of phase angle. Noteyth&r'T = 2nv
wherew is the angular frequency in rafly is the frequency in hertz (symbol : Hz)
andT is the time period in seconds.

e Equation of simple harmonic motion is
y =asin (t + @)

or y =acos (t+q)
wherey is the displacement from the mean position at a tignis, the initial phase
angle (at = 0).

however, an oscillatory system is driven by an external system, its vibrations afe said
to be forced vibrations. And if the frequency of the driver equals to the natural frequency
of the driven, the phenomenon of resonance is said to occur.

1. Distinguish between a periodic and an oscillatory motion.

e When an oscillatroy system vibrates on its own, its vibrations are said to be frF. If,

2. What s simple harmonic motion?

3. Which of the following functions represent (i) a simple harmonic motion (i) a periodic
but not simple harmonic (iii) a non periodic motion? Give the period of each pefiodic
motion.

(1) sinwt + coswt  (2) 1 +o? + wt

I
(3) 3cos(ot—z)

4. The time period of oscillations of mass 0.1 kg suspended from a Hooke's spring is 1.
Calculate the time period of oscillation of mass 0.9 kg when suspended from the same

spring.
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10.

11.

12.

13.

14.

What is phase angle? How is it related to angular frequency?

Why is the time period of a simple pendulum independent of the mass of the bob,
when the period of a simple harmonic oscillatof s 2rm\/m/ k ?

When is the magnitude of acceleration of a particle executing simple harmonic motion
maximum? When is the restoring force maximum?

Show that simple harmonic motion is the projection of a uniform circular motion on a
diameter of the circle. Obtain an expression for the time period of a simple harmonic
oscillator in terms of mass and force constant.

Obtain expressions for the instantaneous kinetic energy potential energy and the total
energy of a simple harmonic oscillator.

Show graphically how the potential enetyyhe kinetic energlt and the total energy
E of a simple harmonic oscillator vary with the displacement from equilibrium position.

The displacement of a moving particle from a fixed point at any instant is given by
x=acoswt + b sinwt. Is the motion of the particle simple harmonic? If your answer

is no, explain why? If your answer is yes, calculate the amplitude of vibration and the
phase angle.

A simple pendulum oscillates with amplitude 0.04m. If its time period is 10s, calculate
the maximum velocity.

Imagine a ball dropped in a frictionless tunnel cut across the earth through its centre.
Obtain an expression for its time period in terms of radius of the earth and the
acceleration due to gravity.

Fig. 13.16 shows a block of mass 2kg connected ‘
to two springs, each of force constert400Nm:. [0 0 | | [0 0 1§ )

The block is displaced by 0.05m from equilibrium J,

position and then released. Calculate (a) The angular Fig.13.16

frequencyw of the block, (b) its maximum speed;

(c) its maximum acceleration; and total energy dissipated against damping when it
comes to rest.

@ Answers to Intext Questions

13.1

1.

A motion which repeats itself after some fixed interval of time is a periodic motion. A
to and fro motion on the same path is an oscillatory motion. A periodic motion may or
may not be oscillatory but oscillation motion is perodic.

(i), (iv), (v);
(i) To and fro motion of a pendulum.

(i) Motion of a planet in its orbit.
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13.2

1.

Return force on the ball when displaced a distarficam the equilibrium position i

mgsin@=mgb=mgx/r. n =.,/g/r.

2
—+

On being pushed down through a distayicthe cylinder experiences an upthrd

a
yopg. Thereforew’ :% andm = app. From the law of flotatioom = mass of

black. Henceg? =gllorT=2m |/l /g .

«? =k/mand hence = 1/2rt,/k / m. Note that when the mass is displaced, only @ne
of the bands exerts the restoring force.

13.3

1

K.E is maximum at mean position or equilibrium position; acceleration is maximum
when displacement is maximum.

As the pendulum oscillates it does work against the viscous resistance of air and
friction at the support from which it is suspended. This work done is dissipatéd as
heat. As a consequence the amplitude decreases.

13.4

1.

Answers to Terminal Problems
4, 3s

11. A=Va’+b*,0= tan‘l(%j

12_g x10°ms*
m

14. (@) 14.14 s*(b) 0.6 ms* (c) 0.3 ms?2(d) 0.5J

When an oscillatory system called the driver applies is periodic of force on another
oscillatory system called the driven and the second system is forced to oscillate with
the frequency of the first, the phenomenon is known as forced vibrations. In the
particular case of forced vibrations in which the frequency of the driver equals the
frequency of the driven system, the phenomenon is known as resonance.

The table top is forced to vibrate not with its natural frequency but with the frequency
of the tuning fork. Therefore, this observation demonstrates forced vibrations. Since a
large area is set into vibrations, the intensity of the sound increases.

The sound board or box is forced to vibrate with the frequency of the note produced
by the instrument. Since a large area is set into vibrations, the intensity of the note
produced increases and its duration decreases.

Notes
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14
WAVE PHENOMENA

%u would have noticed that when a stone is dropped into still water in a pond, concentric
rings of alternate elevations and depressions emerge out from the point of impact and
spread out on the surface of water. If you put a straw piece on the surface of water, you
will observe that it moves up and down at its place. Here the particles of water are
moving up and down at their places. But still there is something which moves
outwards. We call it svave.Waves are of different types : Progressive and stationary,
mechanical and electro-magnetic. These can also be classified as longitudinal and trnsverse
depending on the direction of motion of the material particles with respect to the direction
of propagation of wave in case of mechnical waves and electric and magnetic vectors in
case of e.m. waves. Waves are so intimate to our existance.

Sound waves travelling through air make it possible for us to listen. Light waves, which
can travel even through vacuum make us see things and radio waves carrying different
signals at the speed of light connect us to our dear ones through differents forms of
communication. In fact, wave phenomena is universal.

The working of our musical instruments, radio, T.V require us to understand wave
phenomena. Can you imagine the quality of life without waves? In this lesson you will
study the basics of waves and wave phenomena.

::)) Objectives

After studying this lesson, you should be able to :

e explain propagation of transverse and longitudinal waves and establish the
relation v = vA;

e write Newton's formula for velocity of longitudinal waves in a gas and explain
Laplace’s correction;

e discuss the factors on which velocity of longitudional waves in a gas depends;
e explain formation of transverse waves on stretched strings;

e (derive the equation of a simple harmonic wave;
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e explain the phenomena of beats, interference and phase change of wa
the basis of principle of superposition

MODULE - 4
Qé%“ations and Waves

e  explain formation of stationary waves and discuss harmonics of organ pipes

and stretched strings;
e discuss Doppler effect and apply it to mechanical and optical systems;

e explain the properties of em waves, and

Notes

e state wavelength range of different parts of em spectrum and their applications.

14.1 Wave Propagation

From the motion of a piece of straw, you may think that waves carry energy; these
transport mass. A vivid demonstration of this aspect is seen in tidel waves. Do you
the devastation caused by Tsunami, waves which hit Indonesia, Thailand, Sri lan
India caused by a deep sea quake waves of, 20m height were generated a
responsible for huge loss of life.

To understand how waves travel in a medium let us perform an activity.

El Aciviy 141

do not
recall
a and
d were

Take a long coil spring, called slinky, and stretc
éﬂwmm along a smooth floor or bench, keeping one end fi
(@ and the other end free to be given movements .

the free end in your hand and give it a jerk si
m M ways.[Fig 14.1(a)]. You will observe that a kink
7 W produced which travels towards the fixed end
(b) definite speed . This kink is a wave of short durati

2 Keep moving the free end continuously left and ri
© You will observe atrain of pulses ravelling towar
the fixed end. This is &ansverse wavenoving

Fig. 14.1: Wave motiononaslinky - through the spring [Fig. 14.1 (b)].
(a) pulse on a slinky,
(b) transverse wave, and There is another type of wave that you can gen

(c) longitudinal Wave in the slinky . For this keep the slinky straight

give it a push along its length . A pulse of compres

thus moves on the spring. By moving the hand backwards and forwards at a cons

you can see ulternate compressions and rarefactions travelling along its length
are calledongitudinal wavedFig. 14.1(c)].

14.1.1 Propagation of Transverse Waves

it
ed

n.

S

ate

on
nt rate
These

Refer to Fig 14.2. It shows a mechanical model for wave propapation. It comprises

arow

of spherical balls of equal masses, evenly spaced and connected together by identical
springs. Let us imagine that by means of suitable device, ball-1, from left, is made to
execute S.H.M. in a direction perpendicular to the row of balls with a period T. All the
balls, owing to inertia of rest will not begin to oscillate at the same time. The motion'is
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Fig. 14.2 : Instantaneous profiles at intervals of T/8 when a transverse wave is generated on a string.

- |

passed on from one ball to the next one by one. Let us suppose that the time taken by the
disturbance to travel from one ball to the neXt/&s. This means that in the interiés,

the disturbance propagates from the particle at mark 1 to the particale at mark 2. Similarly,
in the nexfl/8 interval, the disturbance travels from the particle at mark 2 to the particle at
mark 3 and so on. In parts (a)—(i) in Fig. 14.2 we have shown the instantaneous positions
of particles at all nine marked positions at interval8®f(The arrows indicate the directions

of motion along which particles at various marks are about to move.) You will observe that

(i) At t = 0, all the particles are at their respective mean positions.

(i) At t =T, the first, fifth and ninth particles are at their respective mean positions. The
first and ninth particles are about to move upward whereas the fifth particle is about to
move downward. The third and seventh particles are at position of maximum displacement
but on opposite sides of the horizontal axis. The envelop joining the instantaneous positions
of all the particles at marked positions in Fig. 14.2(a) are similar to those in Fig. 14.2(i) and

310



R Wave Phenomena | \iODULE - 4

represents iansverse waveé.he positions of third and seventh particles dentizugh Oscillations and Waves

and a crestrespectively.

The important point to note here is thehile the wave moves along the string, all
particles of the string are oscillating up and down about their respective equilibfium
positions with the same peridd@) and amplitudg/A). This wave remainprogressive

till it reaches the fixed end. Notes

In a wave motion, the distance between the two nearest particles vibrating in the
same phase is called a wavelengthis denoted by.

It is evident that time taken by the wave to travel a distaneT. (See Fig. 14.2)

Therefore, the velocity of the wave is
Distance A
" Time - T (14.2)
But, 1/T=v, the frequency of the wave. Therefore,
v =VA (14.2)

Further, if two consecutive particles in same state of motion are separated by a djstance
the phase difference between themris herefore, the phase change per unit distance
21

=3 (14.3)

We callk the propagation constant. You may recall thaenotes phase change per unit
time. But the phase change in time T 1st&nce

21
W= T (14.4)
Dividing Eqgn. (14.3) by Eqgn. (14.4), we get an expression for the wave velocity :
W 21
"7k T 2m
or v =VA (14.5)

Let us now explain how the logitudinal waves propagate.

14.1.2 Propagation of a Longitudinal Wave

Fig. 14.3 : Graphical representation of a longtudinal wave.
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In longitudinal waves, - — —_—
the displacement of~=AAdAAAAAAIAAAARANIIAAASAIB AN,
particles is along the ®)

direction of wave — —r
propagation In Fig. 14.3, [ =ims o % :

the hollow circles |~
represent the mean
positions of equidistant
particles in a medium.
The arrows show their
(rather magnified) longitudinal displacements at a given time. You will observe that the
arrows are neither equal in length nor in the same direction. This is clear from the position
of solid circles, which describe instantaneous positions of the particles corresponding to
the heads of the arrows. The displacements to the right are shown in the graph towards +
y-axis and displacements to the left towards thexis.

Fig. 14.4 : Longitudinal waves on a spring are analogous
to sound waves.

For every arrow directed to the right, we draw a proportionate line upward. Similarly, for
every arrow directed to the left, a proportionate line is drawn downward. On drawing a
smooth curve through the heads of these lines, we find that the graph resembles the
displacement-time curve for a transverse wave. If we look at the solid circles, we note
that around the positions A and B, the particles have crowded together while around the
position C, they have separated farther. These represent regionmpfession and
rarefaction. That is, there are alternate regions where density (pressure) are higher and
lower than average.A sound wave propagating in air is very similar to the longitudinal
waves that you can generate on your spring (Fig. 14.4).

Let us now derive equation of a simple harmonic wave.

14.1.3 Equation of a Simple Harmonic Wave in One Dimension
Y

1

!

|

|
AF = =D o S
YIQ S

Fig. 14.5 : Simple harmonic wave travelling along-direction

Let us consider a simple harmonic wave propagating along OX (Fig. 14.5). We assume
that the wave is transverse and the vibrations of the particle are along Y&\us
represent the displacement at 0 by the equation

y =asinwt (14.6)
Then the phase of vibrations at that time at the point P lags behind by a phaséhsay

y =asin (t—q@) (14.7)
Let us put OP =. Since phase change per unit distanée\ge can writep=kx Hence,
Eqgn. (14.7) take the form y(x, ) =asin @t —kx) (14.8)
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Further aso = 21t andk = 217\, we can rewrite Eqn (14.8) as

) t X
y (x, t) =asin 2t (?_Xj (14.9)

In terms of wave velocityy(= A/T), this equation can be expressed as

_2m
y =asin N (vt=x (14.10)

MODULE - 4
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In deriving Eqn. (14.8) we have taken initial phase of the wave at O as zero. However, if

the initial phase angle at Ogs the equation of the wave would be
y (x,t) =asin [(wt -kx) + @] (14.12)

Phase difference between two points on a wave

Let us consider two simple harmonic waves travelling along OX and represented
equations

y =asin @t —kx) (14.8)
and y =asin [wt —k (X + Ax)] (14.12)
The phase difference between them is

21 2n
AQ = kAx = T.Ax = - (x,—-x) (14.13)

0y the

whereAx is called the path difference between these two points. Here the negative sign

indicates that a point positioned later will acquire the same phase at a later time.
Phase difference at the same position over a time intervat :

We consider two waves at the same position at a time intatv&lor the first wave,
phaseo, is given by

2n 2t
=Ty
and for the another wave phase
2m, 21
(pz = ?tZ —?X

The phase difference between them

2n
NF%—q=;-@—Q

2 (t, - t,) [14.13(a)]

2nv (At)
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E(ample 14.1 :A progressive harmonic wave is givenyy 10* sin (100t — 0.11x).
Calculate its (i) frequency, (i) wavelength and (iii) velogitgndx are in metre.

Solution: comparing with the standard equation of progressive wave
_ A 1 [Z_T[t —2_]-5()
y=Asin| — "~
we get (i) 2v = 100t O v=50Hz
. 2T
(i) N =0.1m Or =20m
(iii) v=VvA =1000 ms J

14.1.4 Transverse and Longitudinal Waves

We now consider transverse and longitudinal waves and summerise the difference between
them.

Transverse waves Longitudinal waves
() Displacements of the particles () Displacements of the particles are glong
are perpendicular to the direction the direction of propagation
of propagation of the wave. of the wave.
(i)  Transverse waves look as crests (i)  Longitudinal waves give the
and troughs propagating in the appearance of alternate compress|ons
medium. and rarefaction moving forward.
(i)  Transverse waves can only be (i)  Longitudinal waves can travel in
transmitted in solids or on the solids, liquids and gases.
surface of the liquids.
(iv) In case of a transverse wave, (iv) In case of longitudinal waves, the
the displacement - distance graph graph only represents the
gives the actual picture of the wave displacement of the particles at
itself. different points at a given time.

Essential properties of the mediumfor propagation of longitudinal and transverse
mechanical waves are: (i) the particles of the medium must possess mass, (ii) the medium
must possess elasticity. Longitudinal waves for propagation in a medium require volume
elasticity but transverse waves need modulus of rigidity. However, light waves and other
electromagnetic waves, which are transverse, do not need any material medium for their
propagation.

Fa
© . Intext Questions 14.1

A .
1. State the differences between longitudinal and transverse waves?

3. Two simple harmonic waves are represented by equatiena sin (wt —kx) and
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y, =asin [(wt —kxX) +¢. What is the phase difference between these two wal

14.2 Velocity of Longitudinal and Transverse Waves

in an Elastic Medium

14.2.1 Newton’s Formula for Velocity of Sound in a Gas

MODULE - 4

Oscillations and Waves
es?

compression and rarefaction caused by the sound waves during their passage thrgugh the

Newton to derive a relation for the velocity of sound in a gaseous medium, assum[d that

gas take place under isothermal condition. This means that the changes in volu
pressure take place at constant temperature. Under such conditions, Newton agr
the velocity of sound wave in a gas is given by

° 14.15
v=4f5 (14.15)

For air, at standard temperature and pressure P =10ANm2 andp = 1.29 kg m.
On substituting these values in Eqn.(14.15) we get

U =4/1.01x 16 /1.29- 280 ms'

e and
2ed that

Clouds collide producing thunder and lightening, we hear sound of thunder after the lig

ning.

This is because the velocity of light is very much greater than the velocity of soundiin air.
By measuring the time interval between observing the lightening and hearing the Sound,
the velocity of sound in air can be determined. Using an improved technique, the velocity

of sound in air has been determined as 333 ai€¥C. The percent error in the val

3 0
predicted by Newton’s formula and that determined experimentW x 100%

= 16%. This error is too high to be regarded as an experimental error. Obviously there is

something wrong with Newton’s assumption that during the passage of soun
compression and the rarefaction of air take place isothermally.

14.2.2 Laplace’s Correction

Laplace pointed out that the changes in pressure of air layers caused by passage
take place under adiabatic condition owing to the following reasons.

() Airis bad conductor of heat and

(i) Compression and rarefactions caused by the sound are too rapid to permit
flow out during compression and flow in during rarefaction.

Under adiabatic conditions

E =VyP,
CD
Where y=7¢

v

, the

of sound

eat to
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Hence, V=, (14.16)

For air,y = 1.4. Therefore, at STP, speed of sound is given by

v =\1.4x1.0% 16 /1.29
= 333ms!
This value is very close to the experimentally observed value.

14.2.3 Factors affecting velocity of sound in a gas

(i) Effect of Temperature

Notes

From Laplace’s formula

e
p
Since density is ratio of mass perumit volume, this expression takes the form
_ PV
M
Using the equation of state PVhRT, wheren is number of moles in massof the gas
YRT
M

n

D=

= % (14.17 a)

Wherem denotes the gram molecular mass. This result shows that

Vo JT

O V=10 (1+

333 +3—33 t
- 546

~333+0.61 (14.17b)

Note that for small temperature variations, velocity of sound in air increases by
0.61 ms* with every degree celsius rise in temperature.

(it) Effect of pressure

When we increase pressure on a gas, it gets compressed but its density increases in the
same proportion as the pressure i.p.remains constant. It means that, pressure has no
effect on the velocity of sound in a gas.
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(i) Effect of density

If we consider two gases under identical conditions of temperature and pressure,

1
vaﬁ

If we, compare the velocities of sound in oxygen and hydrogen, we get

voxygen phydrogen M hydrogen 2 1
vhydrogen - poxygen N u Moxygen N u32 N 4

MODULE - 4
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hen

Notes

This shows that velocity of sound in hydrogen is 4 times the velocity of sound in oxygen

under identical conditions of temperature and pressure. Is this result valid for liquic
solids as well. You will discover answer to this question in the next sub—section.

(iv) Effect of humidity on velocity of sound in air

s and

As humidity in air increases (keeping conditions of temperature and pressure const
density decreases and hence velocity of sound in air increases.

’E@mple 14.2 ‘At what temperature is the speed of sound in air double of its val
S.T.P.

| : . k h U:\/?:Z: l
Solution : We know t atvo m 1/273

On squaring both sides and rearranging terms, we get J
0 T =273x4 =1092k

14.2.4 Velocity of Waves in Stretched Strings

The velocity of a transverse wave in a stretched string is given by

=\ = 14.18
vz (14.182)

Where F is tension in the string amds mass per unit length of the wire. The velocity
longtudinal waves in an elastic medium is given by

v=JElp (14.18D)

where E is elasticity. It may be pointed out here that since the value of elasticity is
solids, the velocity of longitudinal waves in solids is greater than that in gases and |
In fact, v, <V, <V,

Fa.
& Intext Questions 14.2

1. What was the assumption made by Newton in deriving his formula?

2. What was wrong with Newton’s formula?

nt), its

e at

re in
uids.
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3. Show that for every’C rise in temperature, the velocity of sound in air increases by
0.61 mst.

4.  Calculate the temperature at which the velocity in air is (3/2) times the velocity of
sound at TT?

6. LetA be the wavelength of a wave on a stretched string of mass per unitriiength
andn be its frequency. Write the relation between, F andm? Further ifA = 2/,
what would be the relation betweesl, F andm?

14.3 Superposition of Waves

Suppose two wave pulses travel in opposite directions on a slinky. What happens when
they meet? Do they knock each other out? To answer these questions, let us perform an
activity.

Pl Aoy 142

Produce two wavecrests of different amptitudes on a stretched slinky, as shown in Fig.
14.6 and watch carefully. The crests are moving in the opposite directions. They meet and
overlap at the point midway between them [Fig. 14.6(b)] and then separate out. Thereafter,
they continue to move in the same direction in which they were moving before crossing

each other. Moreover, their shape also does not change _ <«

[Fig. 14.6(c)]. @ S "4
a—

Now produce one crest and one trough on the slinky as

shown in Fig. 14.6(d). The two are moving in the opposite f """"" \ §

direction. They meet [Fig. 14.6(e)], overlap and th —
separate out. Each one moves in the same direction in /7~ _>
which it was moving before crossing and each one has T
the same shape as it was having before crossing. Repeat s

the experiment again and observe carefully what happ(-é S ( \
at the spot of overlapping of the two pulses [(Fig. 14.6( T

S /
...... -

and (e)]. You will note that when crests overlap, the <
resultant is more and when crest overlaps the throu I“A ﬁ
the resultant is on the side of crest but smaller size.\% N
may summarize this result ag\t the points where the
two pulses overlap, the resultant displacement is t ‘ \
vector sum of the displacements due to each of the ./ =
two wave pulsesThis is called the principle of —
superposition. Fig. 14.6 : lllustrating principle

. . o of superpositionof
This activity demonstrates not only the principle of Waves

superposition but also shows that two or more waves
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can traverse the same space independent of each other. Each one travels as if 5%58%@}0”3 and Waves

were not present. This important property of the waves enable us to tune to a p

radio station even though the waves broadcast by a number of radio stations exist
at the saméme. We make use of this principle to explain the phenomengedkrence of
waves, formation of beats and stationary or standing waves.

14.3.1 Reflection and Transmission of Waves

We shall confine our discussion in respect of mechanical waves produced on stri
springs. What happens and why does it happen when a transverse wave crest pr
towards the fixed end of a string? Let us perform the following activity to understa

Bl civiy 143

Fasten one end of a slinky to a fixed support as shown in (Fig. 14.7 (a). Keeping the
horizontal, give a jerk to its free end so as to produce a transverse wave pulse
travells towards the fixed end of the slinky (Fig. 14.7(a)). You will observe that the
bounces back from the fixed end. As it bounces back, the crest becomes a trough
back in the opposite direction. Do you know the reason? As the pulse meets the fix

ticular
N space

Notes

s and
pagates
nd it.

slinky
which
oulse
travels
2d end,

it exerts a force on the support. The equal and opposite reaction not only reverses the

direction of propagation of the wave pulse but also reverses the direction of the displ

ement

of the wave pulse (Fig. 14.7(b)). The support being much heavier than the slinky, itcan be
regarded as a denser medium. The wave pulse moving in the opposite direction is called

the reflected wave pulse. So, we can say wian reflection takes place from
denser medium, the wave undergoes a phase changg tfat is, it suffers a phase
reversal. :

(8

——— e

- by
;n_f,

—— A
-+ |J |
Fig.14.8(a) : A pulse travelling down towards
the free end, (b) on reflection from the
free end direction of its displacement
remains unchanged

Reflection from a denser
medium : a phase reversal.

Fig. 14.7

Let us now see what happens on reflection from a rarer medium. For this we perform

another activity.

E.i Activity 14.4

Fig. 14.9: Longitudinal waves are
reflected from a denser
medium without change of
type but with change of sign

without any change in the direction of i
displacements i.e. crest returns as crest.

B B B, D Suspend a fixed rubber tube from a rigid support
1 2 .

I - (Fig. 14.8 a). Then generate a wave pulse
Wr.-y.ﬂ.!.ﬂ.-'. travelling down the tube. On reflection from the

free end, the wave pulse travels upward but

y?

As the wave pulse reaches the free end ofithe

tube, it gets reflected from a rarer boundary.
(Note that air is rarer than the rubber tube.) Hence there is no change in the diregtion of
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displacement of the wave pulseaus on reflection from a rarer medium, no phase
change takes place.

You may now raise the question : Do longitudinal waves also behave similarly? Refer to
Fig. 14.9, which shows a row of bogies. Now suppose that the engine E moves a bit
towards the right. The buffer spring between the engine E and the first bogie gets
compressed and pushes bogjddvards the right. It then tries to go back to its original
shape. As this compressed spring expands, the spring between the 1st and the 2nd bogie
gets compressed. As the second compressed spring expands, it moves a bit towards the
3rd bogie. In this manner the compression arrives at the last buffer spring in contact with
the fixed stand D. As the spring between the fixed stand and the last bogie expands, only
the last bogie moves towards the left. As a result of this, the buffer spring between the
next two bogies on left is compressed. This process continues, till the compression reaches
between the engine and the first bogie on its right. Thus, a compression returns as a
compression. But the bogies then move towards the left. In this mechanical model, the
buffer spring and the bogies form a medium. The bogies are the patrticles of the medium
and the spring between them shows the forces of elasticity.

Thus, when reflection takes place from a denser medium, the longitudinal waves
are reflected without change of type but with change in sign. And on reflection from
a rare medium, a longitudinal wave is reflected back without change of sign but
with change of typeBy ‘change of type’ we mean that rarefaction is reflected back as
compression and a compression is reflected back as rarefaction.

Fa

©  Intext Questions 14.3

A .
1. What happens when two waves travelling in the opposite directions meet?

2. What happens when two marbles each of the same mass travelling with the same
velocity along the same line meet?

3. Two similar wave pulses travelling in the opposite directions on a string meet. What
happens (i) when the waves are in the same phase? (i) the waves are in the opposite
phases?

4.  What happens when a transverse wave pulse travelling along a string meets the
fixed end of the string?

5. What happens when a wave pulse travelling along a string meets the free end of the
string?

6. What happens when a wave of compression is reflected from (i) a rarer medium (ii)
a denser medium?
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14.4 Superposition of Waves Travelling in the Same Directio

Superposition of waves travelling in the same direction gives rise to two different phengmena
(i) interference and (ii) beats depending on their phases and frequencies. Let us @iscuss
these phenomena now.

14.4.1 Interference of waves
Notes

Let us compute the ratio of maximum and minimum intensities in an interference pattern

obtained due to superposition of waves. Consider two simple harmonic waves of amplitudes
a, anda, each of angular frequenaey, both propagating along— axis with the same
velocity v = w/k but differing in phase by a constant phase apglEhese waves ar
represented by the equations

y, =a sin @t -kx)

and y, = a, sin [(wt —kx) + ]
. 2m
wherew= 21T is angular frequency ard= N is wave number.

Since, the two waves are travelling in the same direction with the same velocity along the
same line, they overlap. According to the principle of superposition, the respltant
displacement at the given location at the given time is

y =y, +Y,=a sin @t -kX +a, sin [t —kX) + ¢
If we put @t —kx) =6, then
y =a sif+a,sin @ +¢)

=a, simd + a, sind cosp + a, sing cod
Let us put a, sinp = A sina [
and 8+, cosp =Acosa asngs | N
Then Asina | L
y =Acoxx sinf + A sinacod il o=
:ASIn(9+G) Byt BpC0E @ = ACOsA
_ Fig. 14.10 : Calculating
Substituting foi® we get resultant
y =Asin [t —kx) +a] amplitude A

Thus, the resultant wave is of angular frequen@nd has an amplitude A given by
A? = (a, +a, cosp) + (a, sing)*
=a’ +a codp+ 2aa, cosp+ a’ sirf
A% = a2 + a2 +2aacoy (14.18)
In Egn. (14.18)g is the phase difference between the two superposed waves. If| path
difference, between the two waves corresponds to phase diffegerticen

21p 2m. o
0= T WhereT is the phase change per unit distance.
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A A
When the path difference is an even multipleéqfi.e., p= sz, then phase difference

is given byg = (2rA) x (2mA/2) = 2mrt Since cosi = +1, from Eqgn. (14.18) we get

A?= &l +a; + 28, = (8 tay
Thatis, when the collinear waves travelling in the same directions are in phase, the amplitude
of the resultant wave on superposition is equal to sum of individual amplitudes.

As intensity of wave at a given position is directly proportional to the square of its amplitude,
we have

e O (8, + &)
Whenp = (2m + 1)A/2, theng = (2m + 1)tand cog = —1. Then from Eqn. (14.18),

we get R=a+a -22a=(a-a)

This shows that when phases of two collinear waves travelling in the same direction differ
by an odd integral multiple ofr, the amplitude of resultant wave generated by their
superposition is equal to the difference of their individual amplituds.

Then| o (a —a)

o (B1+2)°
Thus T = 14.19

|in (&~ a2)2 ( )
If a, =a, the intensity of resultant wave is zero. These results show that interference is
essentially redistribution of energy in space due to superposition of waves.

14.4.2 Beats

We have seen that superposition of waves of same frequency propagating in the same
direction produces interference. Let us now investigate what would be the outcome of
superposition of waves of nearly the same frequency. First let us perform an activity.

E Aciviy 145

Take two tuning forks of same frequency 512 Hz. Let us name them as A and B. Load the
prong of the tuning fork B with a little wax. Now sound them together by a rubber hammer.
Press their stems against a table top and note what you observe. You will observe that the
intensity of sound alternately becomes maximum and minimum. These alternations of
maxima and minima of intensity are called beats. One alternation of a maximum and a
minimum is one beat. On loading the prong of B with a little more wax, you will find that

no. of beats increase. On further loading the prongs of B, no beats may be heard. The
reason is that our ear is unable to hear two sounds as separate produced in an interval less
than one tenths of a second. Let us now explain how beats are produced.

(a) Production of beats :Suppose we have two tuning forks A and B of frequencies N
and N +n respectivelyn is smaller than 10. In one second, A completes N vibrations but
B completes N + vibrations. That is, B completesmore vibrations in one second than
the tuning fork A. In other words, B gaingibrations over Ain 1s and hence it gains 1 vib.
in (1/n) s. and half vibration over Ain (1/2n) s. Suppose& i.e. initially, both the tuning
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forks were vibrating in the same phase. Then after (1/2n)s, B will gain half vibratio

1
A. Thus after%S it will vibrate in oposite phase. If A sends a wave of compressionithen

B sends a wave of rarefaction to the observer. And, the resultant intensity received by the
ear would be zero. After (1/n)s, B would gain one complete vibration. If now A sends a
wave of compression, B too would send a wave of compression to the observet:
intensity observed would become maximum. After (3/2n)s, the two forks again vibrate in
the opposite phase and hence the intensity would again become minimum. This process
would continue. The observer would hear 1 beat in)§¢l/and hence beats in on
second. Thus, theumber of beats heard in one second equals the difference
frequencies of the two tuning forkEmore than 10 beats are produced in one sec
the beats are not heard as separate. The beat frequenaydseat period is i/

AN PN N NANNN DD
VvV V VV V V I\J\/\/\/\J\Jl

N ANAY AW WA W WA N
VY VY UV TYT

Fig.14.11: (a) Displacement time graph of frequency 12 Hz. (b) displacement time graph of
frequency 10 Hz. Superposition of the two waves produces 2 beats per second.

(b) Graphic method : Draw a 12 cm long line. Divide it into 12 equal parts of 1 cm.{On

this line draw 12 wavelengths each 1 cm long and height 0.5 cm. This representsja wave
of frequency 12 Hz. On the line (b) draw 10 wavelengths each of length 1.2 cm and height

0.5 cm. This represents a wave of frequency 10Hz. (c) represents the resultant wave.
Fig, 14.11 is not actual waves but the displacement time graphs. Thus, the resultant intensity
alternately becomes maximum and minimum. The number of beats produced in one second
is Av. Hence, the beat frequency equals the difference between the frequencies of the
waves superposed.

’B@mple 14.3 :A tuning fork of unknown frequency gives 5 beats per second with
another tuning of 500 Hz. Determine frequency of the unknown fork.

Solution : v =v+n=500+ 5
00 The frequency of unknown tuning fork is either 495 Hz or 505 Hz. 4‘

Example 14.4 In an interference pattern, the ratio of maximum and minimum intensities
is 9. What is the amplitude ratio of the superposing waves?

2 2

Imax [31‘*32] (1"' rj a2

Solution : =|l——=| = 9=\ —|  wherer="7".
Imin = TCY) 1-r cl

Hence, are can write
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1
You can easily solve it to get > i.e., amplitude of one wave is twice that of the other.

F.N
L" Intext Questions 14.4

1. If the intensity ratio of two waves is 1:16, and they produce interference, calculate
the ratio | /I .2

2. Waves of frequencieg andv + 4 emanating from two sources of sound are
superposed. What will you observe?

3. Two waves of frequenciesandv + Av are supperposed, what would be the
frequency of beats?

4. Two tuning forks A and B produce 5 beats per second. On loading one prong of A
with a small ring, again 5 beats per second are produced. What was the frequency of
A before loading if that of B is 512 Hz. Give reason for your answer.

14.5 Superposition of Waves of Same Frequency Travelling

in the Opposite Directions

So far we have discussed superposition of collinear waves travelling in the same direction.
In such waves, crests, and troughs or rarefactions and compressions in a medium travel
forward with a velocity depending upon the properties of the medium. Superposition of
progressive waves of same wavelength and same amplitude travelling with the same
speed along the same line in a medium in opposite direction gives rise to stationary or
standing waves. In these waves crests and troughs or compressions and rarefactions
remain stationary relative to the observer.

14.5.1 Formation of Stationary (Standing) Waves

To understand the formation of stationary waves, refer to Fig. 14.12 where we have
shown the positions of the incident, reflected and resultant waves, each after T/4s, that is,
after quarter of a period of vibration.

(i) Initially, att =0, [Fig. 14.12(i)], the incident wave, shown by dotted curve, and the
reflected wave, shown by dashed curve, are in the opposite phases. Hence the
resultant displacement at each point is zero. All the particles are in their respective
mean positions.

(i) At t=T/4s [Fig. 14.12(ii)], the incident wave has advanced to the rightdas
shown by the shift of the point P and the reflected wave has advanced to the left by
M4 as shown by the shift of the poirit Phe resultant wave form has been shown
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(i) Att= T/2s [Fig. 14.12(iii)], the

by the thick continuous curve. It moA N A N A N Oscillations and Waves
can be seen that the resultant P

displacement at each point is . LT TS L.-1 .

maximum. Hence the particle: ___,;’\.__.__ _______ A~ L] x (i)

velocity at each point is zero an(i P AR p

the strain is maximum - — i B X (ii)

= Notes

=T/2P

incident wave advances é_ P A |P
distance\/2 to the right as shown [~~~ v 3L x (i
by the shift of the point P and the |- - \——P” ------- 5 sl IR

reflected wave advances &
distance\/2 to the left as shownT

by the shift of the point 'PAt i i TN W)
each point, the displacements e
being in the opposite d|rect|ons PP
have a zero resultant shown by@‘ DR P N P N
hif oS ; > X (v)
thick line. ) I N Sy e S
(iv) Att=3T/4s [Fig. 14.12(iv)],the | a4 | a4 P V4 M P M4| N4
two waves are again in the samey; =~ 7% =T R T T TR TR
g?zsa%hTh(;iﬁsgt?;)?ilﬁ]ﬂzze?r?;t Fig. 14.12 :Showing formation of stationary
. P o ' waves due to superposition of two
part_lcl_e velo_CIty IS Zer‘? but the waves of same wave length, same
strain is maximum possible. amplitude travelling in opposite
(v) Att=4T/4s [Fig. 14.12(v)], the direction along the same line.
incident and reflected waves at
each point are in the opposite phases. The resultant is a straight line (shown by an
unbroken thick line). The strafly/Ax at each point is zero.
Note that
e atpoints N, N,, N, and N, the amplitude is zero but the strain is maximum. Sich
points are calleciodes;
e atpoints A A, and A, the amplitude is maximum but the strain is minimum. Thése
points are calle@dntinodes;
e the distance between two successive nodes or between two, successive antinode is
A2,
e the distance between a node and next antinokidis
e the time period of oscillation of a stationary wave equals the time period of the two
travelling waves whose superposition has resulted in the formation of the stationary
wave; and
e the energy alternately surges back and forth about a point but on an average, the

Superposition of two identical collinear waves travelling with the same spee

energy flow past a point is zero.

n

opposite directions leads to formation of stationary waves. They are called stationary
waves, because the wave form does not move forward, but alternately shrinks'and
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dilates. The energy merely surges back and forth and on an average, there is no net
flow of energy past a point.

14.5.2 Equation of Stationary Wave
The equation of a simple harmonic wave travelling with velacitywk in @ medium is
y, =—asin (@t —kx

On reflection from a denser medium, suppose the wave travels along the same line along
X—axis in the opposite direction with phase changa. dthe equation of the reflected
wave is therefore,

y, =asin @t —kx)

Thus, owing to the superposition of the two waves, the resultant displacement at a given
point and time is

Y=Y, *Y,
=asin (@t —kx) —asin @t —kx)

Using the trigonometric identity. sin A — sin B = 2 Sin (A — B)/2, cos (A + B)/2, above
expression simplifies to

y = —2a sinkx coswt (14.20)
Let us put —a sinkx = A. Then we can write

y =Acoswt

Eqgn. (14.20) represents a resultant wave of angular frequeany amplitude & sinkx

This is the equation of stationary wave. The amplitude of the resultant wave, oscillates in
space with an angular frequenoywhich is the phase change per metre. At such points
wherekx = m1t=mA/2, sinkx= sinmm= 0. Hence A= 0,

The points where the amplitude is zero are referred no@ess.At these pointdy/Ax =
maximum, that is strain is maximum. Obviously the spacing between two nearest points is
A2

At those points wherkex = (2m + 1) 102 orx = (2m+ 1)A/2 x N2m= (2m+ 1)A/4
Sinkx=sin (2n+ 1) W2 = £1.

Hence A is maximum. At these points the stl@aAx is zero. Obviously the spacing
between two such neighbouring points/&. These points where the amplitude is maximum
but strain is zero are referred toaginodes.

It may be pointed out here that at nodes, the particle velocity is zero and at antinodes,
particle velocityAy/At is maximum. Therefore, it follows that the average flow of energy
across any point is zero. The energy merely surges back and forth. That is why, these
waves have been named stationary or standing waves.
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14.5.3 Distinction between Travelling and Standing Waves

Let us summarise the main differences between travelling and standing waves.

Wave Phenomena

Travelling Waves

Standing Waves

Particular conditions of the medium
namely crests and troughs or
compressions and rarefactions appear

to travel with a definite spped depending

on density and elasticity (or tension) of
the medium.

The amplitude of vibration of all the
particles is the same.

All the particles pass through their
mean positions with maximum velocity
one after the other.

Energy is transferred from particle to
particle with a definite speed.

In a travelling wave the particles attain
their maximum velocity one after the
other.

In a travelling wave each region is
subjected to equal strains one after
the other.

There is no point where there is no
change of density.

Segments of the medium between twq
points called nodes appear to contra

and dialate. Each particule or elemer
of the medium vibrates to and fro like
apendulum.

At nodes the amplitude is zero but at
antinodes the amplitude is maximum.

At nodes the particle velocity is zero
and at antinodes it is maximum.

The energy surges back and forth in

segment but does not move past a pqi

In a stationary wave the maximum

velocity is different at different points.
Itis zero at nodes but maximum at
antinodes. But all the particles attain
their respective maximum velocity
simultaneously.

In case of standing waves strain is

maximum at nodes and zero at anting

Antinodes are points of no change o
density but at nodes there is maximum

—

change of density.

=

1.

-
@ intext Questions 14.5

b
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Does energy flow across a point in case of stationary waves? Justify your answer.

What is the distance between two successive nodes, and between a node 3

antinode?

Pressure nodes are displacement antinodes and pressure antinodes are disp

nodes. Explain.

Stationary waves of frequency 170Hz are formed in air. If the velocity of the
is 340 ms!, what is the shortest distance between (i) two nearest nodes (i) two
nearest antinode (i) nearest node and antinode?

Ves
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14.6 Characteristics of Musical Sound

The characteristics of musical sounds help us to distinguish one musical sound from another.
These are pitch, londness and quality. We will now discuss these briefly.

14.6.1 Pitch

The term pitch is the characteristic of musical notes that enables us to classify a note
as ‘high’ or ‘low’. It is a subjective quantity which cannot be measured by an instrument.

It depends on frequency. However, there does not exist any one-to-one correspondence
between the two. A shrill, sharp or acute sound is said to be of high pitch. But a dull, grave
and flat note is said to be of low pitch. Roaring of lion, though of high intensity, is of low
pitch. On the other hand, the buzzing of mosquito, though of low intensity, is of high pitch.

14.6.2 Loudness

The loudness of sound is a subjective effect of intensity of sound received by listeners ear.
Theintensity of waves is the average amount of energy transported by the wave per
unit area per second normally across a surface at a given poirgre is a large

range of intensities over which the ear is sensitive. As such, logarithmic scale rather than
arithmetic intensity scale is more convenient.

Notes

Threshold of hearing and Intensity of Sound

The intensity leve of a sound wave is defined by the equation.
B =101log I} (14.21)

where | is arbitrarily chosen reference intensity, taken a¥ Yonr?. This value
corresponds to the faintest sound that can be heard. Intensity level is expregsed in
decibels, abbreviatetb. If the intensity of a sound wave equaler 102 Wn?, its
intensity level is then  Odb. Within the range of audibility, sensitivity of human eqr
varies with frequencyThe threshold audibility at any frequency is the minimun
intensity of sound at that frequency, which can be detected.

The standard of perceived loudness issitree.A sone is the loudness experienced
by a listener with normal hearing when 1kilo hertz
tone of intensity 40db is presented to both eal - .

The range of frequencies and intensities to whi 12'-1'{ Threshold of fealing
ear is sensitive have been represented ir 100L

diagram in Fig. 14.13, which is in fact a grap © &0

between frequency in hertz versus intensity lev g g0l

1in decibels. This is a graph of auditory area £ !
) . . £ 4 \ |
good hearing. The following points may be note: I .
20 } rashuld\\‘ ! |
«  Thelower part of the curve shows thatth ~ g|ofheanng . .~
ear is most sensitive for frequencie ‘20 j0& 1n000.20.000
between 2000 Hz to 3000 Hz, where th Freguency in heriz
threshold of hearing is about 5db. Threshaigy. 14.13 . Auditory area between
of hearing in general, is zero decibel. threshold of hearing

and threshold of feeling

»  Atintensities above those corresponding to
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the upper part of the curve, the sensation changes from one of hearirL to
discomfort and even pain. This curve represents the threshold of feeling|

*  Loudness increases with intensity, but there is no definite relation betwee
two.

»  Pure tones of same intensity but different frequencies do not necessarily prg
equal loudness.

»  The height of the upper curve is constant at a level of 120 db for all frequen
The intensity of sound waves depends on the following factors :
¢ Amplitude of vibration :I a a& where ais amplitude of the wave.

+ Distance between the observer and the Sourdea: 1/r? wherer is the
distance of the observer from the source (provided it is a point source).

3. Intensity is directly proportional to the square of frequency of the wélve
a V.

4. Intensity is directly proportional to the density of the mediuima p).

14.6.3 Quality

It is the characteristic of sound waves which enables us to distinguish betweeh two
notes of the same pitch and intensity but sounded by two different instrunents.
instrument, except a tuning fork, can emit a pure note; a note of one particular frequency.
In general, when a note of frequentys sounded, in addition to it, notes of higher
frequencies & 3n, 4n ... may also be produced. These notes, have different amplitudes
and phase relations. The resultant wave form of the emitted waves determines the quality
of the note emitted. Quality, like loudness and pitch is a subjective quantity. It depend on
the resultant wave form.

14.6.4 Organ Pipes

fundamental note But, when we blow hard, we also hear notes of frequencies

are integral multiple of the frequency of the fundamental note. You can differentiate between
the sounds produced by water from a tap into a bucket. These frequencies are called
overtones.

Note that

»  Atthe closed end of a pipe, there can be no motion of the air particles and the closed

end must be node.

*  Atthe open end of the pipe, the change in density must be zero since this end is in
communication with atmosphere. Further, since the strain is zero, hence this end
must be an antinode.

(a) Open pipe :The simplest mode of vibrations of the air column called fundamental
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mode is shown in Fig.14.14 (a). At each end, there is | A 5 Ap g A
an antinode and between two antinodes, there is? | N4 }
node. Since the distance between a node and next )\:/4 * A
antinode is\/4, the length of the pipe is |'_ I )\,/ ) &’
I
| =(MN4)+(Nd)=N2ork = 2. I T J
| N4 FON
Notes The frequency of the note produced is : I N4 7
elal g Al ¥ A

n=v/A=v/2
' - _ | (@) (b) ©

The _next mode of vibration of the air column is shovxfg]g_ 14.14: Harmoniscs of an open
in Fig.14.14 (b). One more node and one more Organ pipe. The curves

antinode has been produced. In this case represent the wave of the
A = (M4) +(M4) + (M4) + (V) = ongitudinal standing
The frequency of the note is
n=vA=v/l=2v/2
n,=2v /2l
That isn, = 2n,

The note produced is called second harmonic astone To get the second harmonic
you have to blow harder. But if you blow still harder one more node and one more antinode
is produced [Fig.14.14{c)]. Thus, in this case

AN A A
|l=z=—+—+— +—
2 4 2 4
.2
~ 3
RTEE UTRE B
! | s } X
:L “INTT i )i/Z
| |
| | )\IZ } o
1V \/ ( Afz
1 | | |
L 21 1'% A T VA S Y ..X
T ﬁ

(@) (b) ()
Fig. 14.15: Harmonics of a closed organ pipe. The curves represented wave form of the
longitudinal standing waves.

Therefore, the frequency of the note emitted is
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(b) Closed pipe :The simplest manner in which the air column can vibrate in a ¢losed
pipe is shown in Fig. 14.15(a). There is an antinode at the open end and a node at the
closed end. The wave length of the wave produced is given by

[ =MdorA=4
Therefore, the frequency of the note emitted is Notes
n =v/A=v/4l

The note produced is callddndamentahote. On blowing harder one more node jand
antinode will be produced (Fig. 14.15(b)). The wavelength of the note produced is given by

AA S A
27474 73

The note produced is called the first overtone or the 3rd harmonic of the fundz]nental,
blowing still harder one more node and one more antinode will be produced Fig. 14.
The wavelength of the note produced is then given by

A A A A
T2ttty T

The frequency of the note emitted then will be

v

|"|3 = ; = E = Eﬂl
The note produced is called the second overtone or the 5th harmonic of the fundLmentaI.
On comparison with the notes emitted by the open and closed pipe, you will find that the

open pipe is richer in overtones. In closed pipe, the even order harmonics are missing.
E(ample 14.5 :Two organ pipes — one open and the other closed — are of the same
length. Calculate the ratio of their fundamental frequencies.

Frequency of open pipe v /2 5
Frequency of closed pipev 44

Solution :

O Frequency of note produced by open pipe<#fr2quency of fundamental note proﬂud
by closed pipe.

r_" .
@ Intext Questions 14.6
1. How pitch is related to frequency?
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What is that characteristic of musical sounds which enables you distinguis between
two notes of the same frequency, and same intensity but sounded by two different

instruments?

by a closed pipe of the same length.

What is the ratio of the frequencies of the notes emitted (1) by an open pipe and (ii)

note of an open pipe?

What will be the effect of temperature, if any, on the frequency of the fundamental

When the sensation of sound changes from one of hearing to discomfort, it g
noise pollution and if it persits for a long time, it has harmful effects on certain o
of human beings. Noise is also one of the by-products of industrialisation and n
of modern amentities provided by science to human beings. We summarisq

Noise Pollution

auses

rgan

isuse

» here

under the sources or description of noises and their effects as perceived py the
human beings.
Table 14.1: Sources of Noise and their Effects
Source Intensity Level Perceived Effe¢t

in decibels by human being
Threshold of hearing @102Wnr?) Just audible
Rustle of leaves 10 Quiet
Average whisper 20 Quiet
Radio at low volume 40 Quiet
Quiet automobile 50 moderately lougl
Ordinary conversation 65 do
Busy street traffic 70t0 80 loud
Motor bike and heavy vehicles ) very loud
Jet engine 105 Uncomfortable
about 35m away
Lightening 120 (=1 Wm) do
Jet plane at take off 150 Painful soung
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(a) Effect of Noise Pollution

1.

(b)

o > L D oE

o

Shock Waves

When a source of waves is travelling faster than the sound waves, shock waye
produced. The familiar example is the explosive sound heared by an observenwhen
a supersonic plane flies past over the head of the observer. It may be pointed cﬁ]:hat
the object which moves with a speed greater than the speed of sound is ifsel

source of sound.

It causes impairment of hearing. Prolonged exposure of noise at 85 or mgr
85db causes severe damage to the inner part of the ear.

It increases the rate of heart beat and causes dilation of the pupil of eye.
It causes emotional disturbance, anxiety and nervousness.

It causes severe headache leading to vomiting.

Methods of Reducing Noise Pollution

Shifting of old industries and setting new ones away from the dwellings.

Better maintenance of machinery, regular oiling and lubrication of moving pa
Better design of engines and machines.
Restriction on use of loudspeakers and amplifiers.

Restricting the use of fire crackers, bands and loud speakers during religious, jp
and marriage processions.

Planting trees on roads for intercepting the path of sound.
Intercepting the path of sound by sound absorbing materials.

Using muffs and cotton plugs.
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14.7 Electromagnetic Waves

fa

You know that light is an e.m. wave. It has wavelength in the range 4000°Ato 750Q0°A. A

brief description of em waves is given below.
14.7.1 Properties of e.m. waves

The following properties of e.m. waves may be carefully noted.

()

(it) They consist of electrid) and magnetic field€) oscillating at right angles to eac
other and perpendicular to the direction of propagatipnAlso E = cB. [see figures
14.16]

e.m. waves are transverse in nature

=
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Fig. 14.16 : Electrical and Magnetic fields in em waves

1
(i) They propagate through free space (in vacuum) with a uniform velocuﬁ?
0~0

=3x 10 ms* =c (velocity of light). For a medium of permeability(= p,.1.,) and
permittivity € (=€, . €) the velocity becomes

1

1 c
v:\/ﬁ:\/lloeo \/ursr :\/ursr =¢

(iv) The nature and action of these waves depends on their frequency (or wavelength).
Maxwell’'s theory placed no restriction on possible wavelengths for e.m. waves and
hence e.m. waves of wavelengths ranging fronil6* m have been successfully
produced. There is no limit to very long wavelengths which correspond to radio

broadcast waves. The whole range of e.m. waves from very long to very short
James Clark Maxwell

wavelengths constitutes tkectromagnetic spectrum.
(1831 - 1879) ﬁ

Scottish Mathematician and physicist Maxwell is famous for
theories of electromagnetic fields. Through his equations *
electromagnetic principles he showed that they implicitly indica
the existence of em waves which travelled with the speed
light, thus relating light and electromagnetism.

o

With clausius he developed the kinetic theory of gases. He developed a statistical
theory of heat. Aman of varied interests, he derived the theorem of equipartitipn of
energy, showed that viscosity varies directly with temperature and tried to explain
the rings of saturn.

14.7.2 Electromagnetic Spectrum

Maxwell gave the idea of e.m. waves while Hertz, J.C. Bose, Marconi and others
successfully produced such waves of different wavelengths experimentally. However, in
all the methodsthe source of e.m. waves is the accelerated charge.
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Electromagnetic waves are classified according to the method of their generation 9&%[!’8‘“0”3 and Waves

named accordingly. Overlapping in certain parts of the spectrum by different classes of
e.mwaves is also observed. This tells that the e.m. waves of wavelenths in the oveflapping
region can be produced by two different methods. ithfgortant to remember that th
physical properties of e.m. waves are determined by the frequencies or wavel

called the electromagnetic spectrum.

There is no sharp dividing point between one class of e.m. waves and the n
different parts are as follows :

v=60Hz to 50Hz

A=5x10mto 6x 16

circuits are classified as power frequencies or power waves or electric power utility
e.m. waves. Thesaeaves have the lowefsequency.

() The low frequency radiations{ m} : generated from a.

A=0.3mtol16 m
v=10 Hzto 300H

are accelerated through conducting wires. They are generated in such el
devices as LC oscillators and amsed extensively in radio and televisi
communications.

(i) Radio Waves{ } : Radio waves are generated when cha

A=10°mt00.3m
v=10"Hzto 10 H

in special vacuum tubes. Because of their short wavelengths, they are well s
the radar system used in aircraft navigation, T.V. communication and for study
atomic and molecular properties of matter. Microwave ovens use these radia
heat waves. It is suggested that solar energy could be harnessed by
microwaves to Earth from a solar collector in space.

(i) Microwaves { z} : These are generated by oscillating curr

A=7x10"mt010° m

v=4.3x10" Hzto X 16 H
waves, are produced by hot bodies and molecules. These are readily absarbed by
most materials. The temperature of the body, which absorbs these radiations, rises.

Infrared radiations have many practical and scientific applications including physical
therapy infrared photography etc. These are detected by a thermopile.

(iv) Infra-red waves { E - Infra-red waves, also called heat

A=4x10"mto 7 10’ m
v=75x10" Hz to4.% 18 HE ° These are the e.m. waves that

human eye can detect or to which the human retina is sensitive. It forms a very small
portion of the whole electromagnetic spectrum. These waves are produced by the
rearrangement of electrons in atoms and molecules. When an electron-jumps from
outer orbit to inner orbit of lower energy, the balance of energy is radiated in the form
of visible radiation. The various wavelengths of visible lights are classified with colours,
ranging from violetX = 4x 10’'m) to red § = 7x 107"). Human eye is most sensiti

(v) Visible light {
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(vi)

(vi)

(vii)

to yellow-green lightX = 5% 10"m). Light is the basis of our communitation with the
world around us.

A=3x10°mto 4x 10" m

Ultraviolet {v= 10 Hz to 7.5 16 H} : Sun is the important source of ultraviolet

radiations, which is the main cause of suntans. Most of the ultraviolet light from Sun

is absorbed by atoms in the upper atmosphere i.e. stratosphere, which contains ozone
gas. This ozone layer then radiates out the absorbed energy as heat radiations. Thus,
the lethal (harmful to living beings) radiations get converted into useful heat radiations
by the ozone gas, which warms the stratosphere. These ultraviolet rays are used in
killing the bacteria in drinking water, in sterilisation of operation theatres and also in
checking the forgery of documents.

A=4x10"mto 4 10° m _
X-rays v=75x16° Hz to 7.5 18 Hb - These are produced when high energy

electrons hombard a metal target (with high melting point) such as tungsten. X-rays
find their important applications in medical diagnostics and as a treatment for certain

forms of cancer. Because, they destroy living tissues, care must be taken to avoid
over-exposure of body parts. X-rays are also used in study of crystal-structure.

They are detected by photographic plates.

A=6x10" mto10® m
v=5x10*Hzto3x 1% H

nuclei such as cobalt (60) and ceasium (137) and also during certain nuclear reactions
in nuclear reactors. These are highly penetrating and cause serious damage when
absorbed by living tissues. Thick sheets of lead are used to shield the objects from

the lethal effects of gamma rays.

Gamma rays{ } : These are emitted by radioactive

The energy (E) of e.m. waves is directly proportional to their frequency

hc
[E: hv:7j and inversely proportional to their wave-lengi). (Thus gamma

rays are the most energetic and penetrating e.m. waves, while the power frequencies,
and the A.M. radio waves are the weakest radiations. Gamma rays are used to
detect metal flaws in metal castings. They are detected by Geiger tube or scintillation
counter.

Depending on the medium, various types of radiations in the spectrum will show different
characteristic behaviours. For example, while whole of the human body is opaque to visible
light, human tissues are transparent to X-rays but the bones are relatively opaque. Similarly
Earth’s atmosphere behaves differently for different types of radiations.
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Fig. 14.17 : Electromagnetic spectrum
F°1
%", Intext Questions 14.7
1. Fillinthe blanks:
() are generated by oscillating currents in special vacuum
(i) Human eye is most SENSItVE t0........ccevvreereerniiine color light.
(1) I is the important source of ultraviolet radiation.
(1Y) are used as the diagnostic tool in medical,
(v) Infrared radiations can be detected by @.........cccoeieiiiiiiiinnn
2. Which of the e.m. waves are more energetic?
(i) Ultraviolet or infrared.
(i) x-rays ory-rays
3. Which of the e.m. waves are used in aircraft navigation by radar?
4. Which gas in the atmosphere absorbs ultraviolet radiations from the Sun
reaching the earth’s surface?
5. How are the electric field and magnetic field oriented with respect to each other in an

e.m. wave?

14.8 Doppler Effect

While waiting on a railway platform for the arrival of a train, you might have observe
the pitch of the whistle when the engine approaches you and when the engine mo
from you are different. You will note that the pitch is higher when the engine appr
but is lower when the engine moves away from you. Similarly, the pitch of the horn of a bus
going up a hill changes constantly.

that
s away
ches
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Apparent change of frequency observed due to the relative motion of the observer
and the source is known as Doppler effect.

Let v be velocity of the sound waves relative to the medium, @iNelocity of the
source; andy, velocity of the observer.

Christian Doppler
(1803 — 1853)

C.J. Doppler, an Austrian physicist and mathematician,
born on Nov., 29, 1803 in a family of stone mesons. A pale gn
frail person, he was not considered good enough for his faril
business. So on recommendation of the professor]c
mathematics at Salzburg Lycousin, he was sent to Vier
Polytechnic from where he graduated in 1825.

A struggler through out his life, Doppler had to work for 18 months as a book-kgeper

at a cotton spinning factory. He could think of marrying in 1836 only when he got a
permanent post at the technical secondary school at prague. He was once reprifnanded
for setting too harsh papers in maths for polytechnique students. But he pushed his
way through all odds and finally got succes in getting the position of the first dirgctor

of the new Institute of Physics at Vienna University.

The Doppler effect discovered by him made him famous overnight, because the
effect had far reaching impact on acoustics and optics. The RADAR, the SONAR,
the idea oéxpanding universe there are so many developments in science and technology
which owe a lot to Doppler effect. He died on March 17, 1853 in Venice, Italy.

It is important to note that the wave originated at a moving source does not affect the
speed of the sound. The spaeis the property of the medium. The wave forgets the
source as it leaves the source. Let us suppose that the source, the observer and the sound
waves travel from left to right. Let us first consider éfffect of motion of the sourced

particular note which leaves the sources at a given time after one second arrives at the
point A such that SA =. In this time, the source moves a distancéHence all then

waves that the source had emitted in one second are contained in the spaca),.

Thus length of each wave decreased to

..(14.22)

Fig. 14.18 : Crowding of waves when source is moving
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Now let us consider theffect of motion of the observeh particular wave which arrive
at O at a particular time after one second will be at B such that@Bugt in the mean
time, the observer moves from O ta Bence only the waves contained in the spde

have passed across the observer in one second. The humber of the waves passing across

the observer in one second is therefore,
n' = @-uv)N (14.23)

0 (_r"\ a)
v—{—\: F—h——< B
o vy Ly
- _(U_UO)- —_——

Fig. 14.19 : Waves received by a moving listner
Substituting fol' from Eqn. (14.22) we get

U -V,
r= —2 (14.24)
L=V,
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wheren' is the observed frequency when both observer and source are movingin the

direction from the source to the observer.

In using Eqn.(14.24)he velocity of sound is taken positive in the direction from the
source to the observer. Similarly, andu, are taken positive if these are in the direction

of v and vice versa.

The utility of Doppler’s effect arises from the fact that it is applicable to light waves as
much as to sound waves. In particular, it led us to the concept of expansion of the universe.

The following examples will help you to understand this application of Doppler’s effect.

Example 14.6 :The light from a star, on spectroscopic analysis, shows a shift towards
the red end of the spectrum of a spectral line. If this shift, called the red shift, is 0.032%,

calculate the velocity of recession of the star.

Solution : In this case, the source of waves is the star. The observer is at rest
Earth. We have shown that in such a case

\ - V-V,
n
V-V,
But n=v/\ ThereforeN' =
v/A
V-V
_, (0-v)
v

on the

On rearranging terms, we can write
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AN-A b
N
AN v
or .

AN
we are told thatT = 0.032/100. And since = ¢ = 3x 1 ms?, we get

A
v, = UT =—(3x 1¢®ms?t x 0.032/100) = — 9.& 10* ms™

The negative sign shows that the star is receding away. This made the astrophysists to
conclude that the world is in a state of expansion

ra

Le, . Intext Questions 14.8

1. A SONAR system fixed in a submarine operates at frequency 40.0kHz. An enemy
submarine moves towards it with a speed of 100r@slculate the
frequency of the sound reflected by the sonar. Take the speed of sound in water to
be 1450 ms.

2. An engine, blowing a whistle of frequency 200Hz moves with a velocity 16ms
towards a hill from which a well defined echo is heard. Calculate the frequency of
the echo as heard by the driver. Velocity of sound in air is 320ms

Constancy of Speed of Light

Aristotle, believed that light travels with infinite velocity. It was for the first timelin
September, 1876 that the Danish astronomer, Roemer, indicated in a meeting gf Paris
Academy of Sciences that the anomalous behaviour of the eclipse, times of Jupiter’s
inner satellite, lo, may be due to the finite speed of light. Feazeu, Focult, Michg¢lson
and many other scientists carried out experiments to determine the speed of ljght in
air with more and more precision.

Albert Einstein, in his 1905 paper, on special theory of relativity, based his arguments
on two postulates. One of the postulates was the constancy of speed of light in
vacuum, irrespective of the wavelength of light, the velocity of the source of the

observer. In 1983, the velocity of light in vacuum, was declared a universal constant
with a value 299792458 nis

However, the Autralian researcher Barry Setterfield and Trevn Norwah have studied,
the data of 16 different experiments on the speed of light in vacuum, carried ouf over
the last 300 years, by different scientists at different places. According to them, the
speed of light in vacuum is decreasing with time. If this hypothesis is sustainefl and
coroborated by experiements, it will bring in thorough change in our world vjew.

Major areas in which this change will be enormous are : Maxwell’s laws, atomic

structure, radioactive decay, gravitation, concepts of space, time and mass efc.
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The distance between two nearest points in a wave motion which are in the same
phase is called wavelength.

The equation of a simple harmonic wave propagating ateagis isy = a sin
(vt —kX). Notes

The energy transmitted per second across a unit area normal to it is called intensity..

If the vibrations of medium particle are perpendicular to the direction of propagation,
the wave is said to be transverse but when the vibrations are along the direction of
propagation the wave is said to be longitudinal. Velocities of transverse wave and

longitudinal waves is given by = \/T/m andv =,/E/p respectively.

On reflection from a denser medium, phase is reversed Byt there is no phas
reversal on reflection from a rarer medium.

same frequency but differing phases, when moving in the same direction re
redistribution of energy giving rise to interference pattern.

Superposition of two collinear waves of the same frequency and same amplitude
travelling in the opposite directions with the same speed results in the formation of
stationary waves. In such waves, waveform does not move.

In a stationary wave, the distance between two successive nodes or sucgessive
antinodes i3/2. Itis, therefore, obvious that between two nodes, there is an antinode
and between two antinodes there is a node.

The displacement is maximum at antinodes and minimum at nodes.

Intensity level is defined by the equatipr= 10log (I/), where | is an arbitrarily
chosen reference intensity of 30N nr2 Intensity level is expressed in decibels
(Symbol. db)

Quality of a note is the characteristic of musical sounds which enable us to distinguish
two notes of the same pitch and same loudness but sounded by two different
instruments.

Electromagnetic waves are transverse in nature, and do not require any medium for
their propagation.

Light is an e.m. wave with wavelength in the range 4000 A — 7500 A.
The frequency of e.m. waves does not change with the change in the medium.

e.m. waves are used for wireless radio communication, TV transmission, satellite
communication etc.

E Terminal Exercises

How will you define a wave in the most general form?

Explain using a suitable mechanical model, the propagation of (i) transverse Wwaves
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10.
11.

12.
13.

14.
15.

16.
17.
18.

19.

20.
21.

22.

(i) longitudinal wave. Define the term wavelength and frequency.

Define angular frequenay and propagation constant k and hence show that the
velocity of the wave propagationys= w/k = nA.

Derive the equation of a simple harmonic wave of angular frequency of (i) transverse
(ii) longitudinal waves.

What are the essential properties of the medium for propagation of (i) transverse
waves (ii) longitudinal waves.

Derive an expression for the intensity of the wave in terms of density of the medium,
velocity of the wave, the amplitude of the wave and the frequency of the wave.

Write Newton’s formula for the velocity of sound in a gas and explain Laplace’s
correction.

When do two waves interfere (i) constructively (ii) destructively?

Show using trigonometry that when two simple harmonic waves of the same angular
frequencyw and same wavelenghtout of amplitudes, anda, are superposed, the

resultant amplitude is A ;/ & +a’ +2a,a,cos8 , whereB is the phase difference
between them. What would be the value of Affer0, (ii) for6 = 2rt,and (iii) for
8= (2m+ )?

What are beats? How are they formed? Explain graphically.

Discuss graphically the formation of stationary waves. Why are these wave called
stationary waves? Define nodes and antinodes.

State three differences between stationary and travelling waves.

Derive the equation of a stationary wave and show that displacement nodes are
pressure antinodes and displacement antinodes are pressure nodes?

What are the characteristics of musical sounds. Explain.

What is a decibel (symbol) db)? What is meant by ‘threshold of hearing’ and ‘threshold
of feeling'?

What is meant by quality of sound? Explain with examples?

Discuss the harmonics of organ pipes. Show that an open pipe is richer in harmonics.

Show that (i) the frequency of open organ pipes. is two times the frequency of the
fundamental note of a closed pipe of same length (ii) to produce a fundamental note
of same frequency, the length of the open pipe must be two times the length of the
closed pipe.

Describe an experiment to demonstrate existence of nodes and antinodes in an organ
pipes?

State the causes of noise pollution, its harmful effects and methods of minimising it.
Explain Doppler’s effect and derive an expression for apparant frequency. How
does this equation get modified if the medium in which the sound travels is also
moving.

Discuss the applications of Doppler’s effect in (i) measuring the velocity of recession
of stars, (i) velocity of enemy plane by RADAR and (iii) velocity of enemy boat by
SONAR?
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23.
24,

25.

26.
217.

28.
29.

30.
3L

@ Answers to Intext Questions

14.1
1. See section 14.1.4.

] ) am
2. If p be the path difference, then the phase dlﬁeren&ec|7 p.
3. ¢

Calculate the velocity of sound in a gas in which two waves of wavelengths Q&;HHGIIOHS and Waves

and 1.01m produce 10 beats in 3 seconds.

What will be the length of a closed pipe if the lowest note has a frequency 256Hz at
20C. Velocity of sound at 0C = 332 ths

The frequency of the sound waves emitted by a source is 1 kHz. Calculate the
frequency of the waves as perceived by the observer when (a) the source
observer are stationary, (b) the source is moving with a velocity of 5@msrds

the observer, and (c) the source is moving with a velocity of B@mway from the
observer. Velocity of sound in air is 350ts

tes

Write the characteristic properties of e.m. waves which make them differentifrom
sound waves.

How does the velocity of e.m. waves depend upon the permeahititypermittivity
¢ of the medium through which they pass?

Give the range of wavelengths of the following e.m. waves:

(i) Radio Waves (ii) Microwaves : (iii) Ultraviolet; (iv) x-rays.

How are x-rays produced?

Can e.m. waves of all frequencies propagate through vacuum?
Fillin the blanks.

() A changing electric field produces a in the adjacent region.
(i) are more harmful to our eyes than x-rays.
(iii) are emitted from radio active nuclei of cobalt.

(iv) Infra red rays are less energies than

(v) Inane.m.wave propagating along z-direction, if the E field oscillates in the X,Z
plane then the B field will oscillate in the plane.

E
(vi) The ratioH in free space of e.m. wave is called

(vii) The frequency range of F.M. band is

(viii) signal is frequency modulated in T.V. broadcasting.
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14.2

1. Newton assumed that compression and rarefaction caused by sound waves takes
place under isothermal condition.

3. Newton assumed that isothermal conditions instead of adiabatic conditions for sound

propagation.
4. 357C.
T
5. V=4
m
6. Theref Nyl
: ereforen = 7 \m

Further, for the simplest mode of vibration, at the two ends of the string, there are nodes
and in between the two nodes is an antinode. Theréfelé? orA = 2, hencen = \/2|

T T
\/%. If the string vibrates ip segments, the =p /2 orA = 2/p. Thenn = (p/2l) \/%

14.3

For answers to all questions see text.

14.4

1. 2509

2. Beats with frequency 4Hz are produced.

3. Frequency of beat Bsv.

4. 517, on loading the frequency of A decreases from 517 to 507.
14.5

1. No energy swings back and forth in a segment.

2. Distance between two successive noda#isand between a node and antinode is
M4,

4. (i) Im, (i) Im, (i) 1/4m.

14.6

1. Pitch increases with increase in frequency.
Timbre

Timbre

Open pipe

a > wpn

For a closed pipe in case of fundamental het&/4 orA = 4, thereforen = v/\ =
v/l
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For an open pipg =A/2. Thereforen' = v /2I.

Comparing (i) and (i) we find that = 2n

Wave Phenomena

v . o . .
6. n= g As v increases with increase in temperaﬂmnzdso Increases.

14.7

(i) microwaves.
(ii) yellow—greenX = 5 x 16" m)
(i) Sun.
(iv) X - rays.
(v) thermopile.
2. (i) ultravoilet
(i) r — rays.
3. Microwaves
4. Ozone.
5. Perpendicular to each other.

14.8

1450 -100

=40x16x =05

= 40 x =25 10 = 37.2 KH
=AU X s U= ole Kz,

340+16
340-16

2. n'=200x

356
=200 Xﬁ =220 Hz.

Answer to Terminal Problems
23. 337 ms
24, 30 cm.
25. () 1 kHz
(b) 857 Hz
(c) 1143 Hz.
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SENIOR SEconDARY COURSE
PHysics
STUDENT’S ASSIGNMENT — 4

Maximum Marks: 50 Time : 1% Hours

INSTRUCTIONS
® Answer All the questions on a seperate sheet of paper
® Give the following information on your answer sheet:

® Name

Enrolment Number
® Subject
® Assignment Number
® Address

® Getyour assignment checked by the subject teacher at your study centre so that you get positive feedback
about your performance.

Do not send your assignment to NIOS

1. Which of the following represent simple harmonic motion (1)
@y=1+ant.

(b) y = sinwt + coswt.

(€) y = sinwt + coswt.

2. Foursimple pendulumA, B, C and D are suspended from the same suppott.
If any out of the pendulums is set into vibration all the four start oscillating. B
Which two of these pendulums will oscillate with the same frequengy C
Why? 1)

3. Amassnwhen made to oscillate on a spring of force congtastillates
with a frequency. The spring is then cut into two identical parts and the same mass is made to oscillate

D

on half of the spring. What is the new frequency of oscillation of mass 1)
4. Give an example of a motion which is periodic but not oscillatory. 1)
Draw a graph showing the variation of velocity of sound in air with pressure. (1)

6. Is there a deviation in the direction of propagation of a sound wave in passing from air to water?
Explain. (1)

What happens when a transverse wave pulse travelling on a string meets the fixed end of the string?(1)
What happens to the speeceafwaves as they enter from vacuum to a material medium. 1)
Draw reference circle for the SHM represented by —

I
=3sin| 2 +—
x=3 sm( 4j
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Indicate the initial position of the particle, the radius of the circle and the angular speed of the rotating
particle. For simplicity, the sense of rotation may be taken to be anticlockwise. In the given exgression

is incmandt is in seconds. (2
Two waves having intensities in the ratio 1 : 9, superpose to produce interference pattern on a screen. Find
the ratio of maximum and minimum intensities in the interference pattern. 2

Two tuning forks A and B are marked 4&0each. When they are sounded together they give 5 beats
st What can you say about the frequency marked on the tuning forks. How can you find the ratio

V, [ Vy? )
(a) Name themwaves used in aircraft navigation by radar?
(b) Which gas in atmosphere absoubs radiation? (2)

Write Laplace’s formula for the speed of sound in air. Using the formula explain why the speed of sound
in air @) increases with temperatuig) {ncreases with humidity. 4)

A transverse harmonic wave on a string is described by
y(x,t) = 3.0 sin(36+ 0.01&)
find (i) amplitude of particle velocityiij wave velocity. (4)

A bat emits urasonic waves of frequency KBiz in air. If the waves strike a water surface, find the
difference in the wave lengths of transmilted sound and reflected sound. (speed of sound in air is
350mst and is water 150Ms?). 4)

A wire stretched between two rigid supports vibrates in its fundamental mode with a frequency of 50 Hz.
The mass of the wire is 3.5 x4Rg and its linear density is 4.0 x“1Rg m. What is (a) the speed of

a transverse wave on the string and (b) the tension in the string? 4)

A pipe 2cmlong is closed at one end. Which harmonic mode of the pipe is resonantly excited by a 430
Hz source? Will the same source be in resonance with the pipe if both ends are open. 4)
Explain why :

(i) solids can support both transverse as well as longitudinal waves, however, only lougitudinal can propagate
in gases.

(i) the shape of a pulse get distorted during propagation in a dispersive medium.
(iii) in a sound wave displacement node is pressure antinode and vice-versa.

(iv) a note played on voilin and sitar has the same frequency but the two may still be distinguished from
each other. (4)

Discuss the applications of doppler effect in measuring
(i) the velocity of recession of staig) (elocity of enemy boat by SONAR. (5)

The transverse displacement of a string of lengtm&iad mass .03 kg which is clamped at both ends, is
given by (5)

y= O.O68m(27mjcos(12()m)

whenx andy are inmandt in s.

(i) Does it represent travelling wave or stationary wave?

(i) Interpret the wave as a result of superposition of two waves.

(ii) Determine the frequency, wavelength and speed of each super posing wave.
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Curriculum
Rationle

Physics is a fundamental science because it deals with the basic features of the world, such as, time, space,
motion, charge, matter and radiation. Every event that occurs in the natural world has some features that can
be viewed in these terms. Study of physics need not necessarily be taken as a means of becoming a physicist;
it is a means of rationally understanding nature. Physics lies behind all technological advancements, such as,
computer, internet, launching of rockets and satellites, radio and T.V communications, lasers, etc. It also finds
applications in such simple activities of men as lifting a heavy weight or making a long jump. Physics is thus an
all pervading science and its study helps us in finding answers to whys and hows of our day to day happenings.

Keeping in view the issues highlighted in the National Curriculum Framework (NCF) for School Education,
present Physics curriculum has been so designed that it not only focusses on the basic concepts of Physics but
relates them to the daily life activities. The application of the laws of Physics and their effects on daily life have
been reflected in the curriculum. The basic themes of Physics which would be of interest to all, particularly to
those who are interested in pursuing Physics as a career in life have been selected to form core content of the
curriculum. Besides, the curriculum also includes such emerging areas as electronics, communication, nuclear
physics, photography and Audio - videography, which find immense applications in daily life.

Though mathematics is basic to the understanding of most of the problems of physics, in the present course,
stress has been given to avoid rigour of mathematics like intergration and differentiation. The focus has been
to teach concepts of physics rather than mathematical calculations.

Course Objectives
The basic objectives of the sr. secondary level Physics course are to enable the learner to :

e acquire knowledge and develop understanding of concepts, fundamental laws, principles and processes
in the area of physics so that relationship between causes and effects of physical phenomnon can be
understood;

*  appreaciate the contributions of physics towards improving quality of life;
e promote interest in physics and foster a spirit of enquiry; and
e improve competencies of individuals in work skills required in their profession.
As a part of this process, the course also aims at developing the following abilities in the learner:

»  experimental skills like taking observations, manipulation of equipment, and communicative skills such as
reporting of observations and experimental results;

»  problem solving ability e.g analyzing a situation or data, establishing relationship between cause and
effect;

«  scientific temper of mind by making judgment on verified facts and not opinions, by showing willingness
to accept new ideas and discoveries; and

* awareness of the dangers inherent in the possible misuse of scientific knowledge.

Course Structure

The physics curriculum at sr. secondary level consists of both theory and practical components.

(i) The theoretical part of the Physics curriculum includes two parts — core modules and optional modules.
1. Core modules :The core modules comprise of the essential concepts and phenomena of physics which
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a student at this level should know. There are eight core modules which contain predominantly the subject
matter of mechanics, electricity, light and other areas of physics representing the minimum knowledge
required to progress into the more advanced areas and to develop appreciation for the fact that physics

plays a significant role in most situations.

Core Modules Marks Minimum Study
Time (hours).
1. Motion, Force and Energy 14 45
2. Mechanics of Solids and Fluids 06 20
3. Thermal Physics 08 25
4. Oscillations and Waves 05 20
5. Electricity and Magnetism 14 45
6. Optics and Optical Inctruments 07 25
7. Atoms and Nuclei 07 25
8. Semiconductors and their Applications 07 205
Total 68 230 hours

2. Optional Modules : The optional modules are in the application oriented specific fields like Electronics
and Communication and Photography and Audi- Videography. In the optional modules there is a choice
to opt any one of the given modules. Each modules carries a weightage of 12 makrs which makes 15%
of total theory marks.

Modules Marks Minimum Study
Time (in hours)

1. Electronics and Communication 12 30

2. Photography and Audio — Videography 12 30

(i) Paractical in physics

There is a compulsory component of practicals in Physics. It carries a weightage of 20% marks in the
term end examination. A list of experiments and suggested activities to be performed by the students is
given at the end of theory syllabus.

Module 1 : Motion, Force and Energy

Approach : Besides highlighting the importance of universal standard units of measurement, applications of
dimensions and vectors in the study of physics to be described in this module. The concept of motion and rest,
cause of motion and different types of motion have been described with the help of daily life examples.
Significance of gravitation, concept of work and energy are to be highlighted. The basics of the motion of a
rigid body and the significance of rotational motion in day to day life has been explained.

Unit 1.1.: Units, Dimensions and Vectors

*  Units of measurement — fundamental and derived units Supprotive Video programme

»  Dimensions of physical quantities 1. Application of Vector in
*  Applications of dimensions our daily life

*  \ectors and scalars
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Vectors and their graphical representation
Addition and subtraction of vectors

Resolution of vectors into rectangular components
(two dimensions)

Unit vector

Scalar and Vector products

2. Unit 1.2 motion in a Straight line
» Distance and displacement Supportive Video Programme
*  Speed, velocity and acceleration 1. Motion and Rest
*  Average & instantaneous velocities.
*  Uniformly accelerated motion
*  Position — time and velocity — time graphs
»  Equations of motion with constant acceleration including
motion under gravity
*  Relative motion
3. Unit 1.3: Newton’s laws of motion Supprotive Video Programme
e Concept of force and inertia 1. Laws of Motion
e Firstlaw of motion 2. Frictional force
+  Concepts of momentum
*  Second law of motion
e Third law of motion
o Impulse
*  Conservation of linear momentum
»  Friction — static and kinetc, factors affecting friction
* Importance of friction and methods of reducing fiction
*  Free body diagram technique
*  Elementary idea of inertial and non — inertial frames of references.
Unit 1.4: Motion in a Plane Supportive Video Programme

Projectile motion (time of fligtht, range and

maximum height) 1Planetary Motion
Trajectory of a projectile 2. Circular Motion
Uniform circular motion

Centripetal acceleration

Circular motion in daily life
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Unit 1.5: Gravitation Supprotive Video Programme

* Universal law of gravitation 1. Planetary Motion

» Acceleration dute to gravity and its variation with 2. Satellites and Their Applications
height, depth and latitude (only formula), value of
g at moon

* Kepler's laws of planetary motion (no derivation)

* Motion of planets, orbital and escape velocity

» Satellites — geostationary and polar

» Achievements of India in the field of space exploration

* Applications of satellites1

6. Unit 1.6 : Work, Energy and Power Supportive Video Programme
»  Work done by a constant force 1. Work and Power
*  Work done by a varying force (graphical method) 2. Mechanical Energy

With example of spring

*  Work — energy theorem

»  Conservative and non — conservative forces

*  Mechanical Energy (kinetic and potential energies)
With examples.

»  Conservation of energy (spring pendulum, etc)

»  Elastic and inelastic collisions

*  Power and its units.

7. Unit 1.7 : Motion of a Rigid Body Supportive Video Programme

* Rigid body motion, center of mass, couple and torque 1. Rotational Motion

*  Moment of inertia, radius of gyration and its
significance

»  Theorems of parallel and perpendicular axes
concerning moment of inertia and their uses in simple
cases (no derivation)

»  Equations of motion for a uniformly rotating rigid
body (no derivation)

*  Angular momentum and law of conseration of angular
momentum with simple applications

* Rotational and transnational motions with examples
(motion of ball, cylinder, flywheel on an incline plane)

*  Rotational energy
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Module 2 : Mechanics of Solids and Fluids

Approach : The classification of the substances into solids, liquids and gases is done on the basis of intermolecular
forces. This module explains the elastic behaviour of the solids and highlights source of elastic behaviour of solids.
The mechanical properties of the fluids like buoyancy, surface tention, capillary action etc. have been explained
with the help of daily like examples and their applications have been highlighted.

8. Unit 2.1 : Elastic Properties of Solids Supportive Video Porgramme
* Elastic behaviour and Hooke's law, stress — strain curve 1. Elastic Behaviour of solids
* Inter —molecular forces
* Young's modulous, bulk modulous, modulous of rigidity
and compressibility

» Some applications of elastic behaviour of solids like

cantilever, girder etc.

9. Unit 2.2: Properties of Fluids Supportive Video Porgramme
»  Hydrostatic pressure and buoyancy 1. Hydrostatic Pressure

» Pascal’s law and its applications. 2. Surface Tension

»  Forces of cohesion and adhesion 3. Viscosity and Berinoulli's
»  Surface tension and surface energy Theorem

* Angle of contact and capillary action

»  Application of surface tension, drops, bubbles and
detergents

*  Types of liquid flow — laminar and turbulent,
Reynold’s number,

»  Viscosity and Stoke’s law

*  Terminal velocity

»  Bernoulli's theorem (no derivation) and its applications

Module 3 : Thermal Physics

Approach : Behaviour of gases and the gas laws have been described with the help of kinetic theory of gases.
The concept of temperature is to be explained by thermal equilibrium. Laws of thermodynamics and their applications
in our day to day life are to be explained in this module. Working of heat engines and refrigerators will be explained.
Different modes of transfer of heat and their applications in different situations are to be emphasized. The
concept of thermal pollution and the issue of green house effect will also be dealt with in this module.

10. Unit 1.1 kinetic Theory of Gases Supportive Video Programme
*  Kinetic Theory of gases

. . 1 =
e Deduction of the relatioffV = 3 mn 62

» ldeal gas equation of state
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12.

K.E. and temperature relationship
Degree of freedom and law of equipartition of energy
Specific heats of gases & ralationship betweg& C,

. Unit 3.2 Laws of Thermodynamics

Thermal equilibrium — Zeroth law of thermo dynamics
and concept of temperature

Thermodynamic variables and thermodynamic
equilibrium

Thermodynamic processes - isothermal, adiabatic,
reversible, irreversible and cyclic process.

First law of thermodynamics — internal energy

Phase change, Phase diagram, latent heat and triple
Point carnot’s cycle and its efficiency — second

law of thermodynamics, heat engine and refrigerator
Limitations of Carnot’s engine

Unit 3.3 : Heat Transfer and Solar Energy

Modes of transfer of heat — conduction, convection
and radiation

Newton’s law of cooling.

Green house effect

Solar energy

Module 4 : Oscilations and Waves

Approach : Besides explaining the terms associated with periodic motion, the harmonic motion will be described
with the help of common examples. A qualitative idea of forced oscillations,resonance and damped oscillations
will also be given in the module.

13.

14.

Unit 4.1: Simple Harmonic Motion

Periodic motion — amplitude, period, frequency and
phase

Reference circle and equation of simple harmonic
motion

Examples of spring mass system and simple pendulum
Forced oscillations and resonance (no derivation)
Damped oscillations (no derivation)

Unit 4.2: Wave Phenomena

» Formation and propagation of waves

Supportive Video Programme
1. Thermodynamic Processes

2.Heat Engine and Refrigerator

Supportive Video Programme
1. Transfer of Heat

Supportive Video Programme
1. Simple Harmonic Motion

Supportive Video Programme
1. Formation and Propagation of Waves
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» Wavelenth, frequency, speed and their relationship,
amplitude of wave and wave equation. 2. Sound Waves
* Longitudinal and transverse waves
» Wave motion in a medium and formula for its speed
* Reflection of waves from rigid boundary
* Superposition of waves — interference of waves
» Standing waves and beats (only qualitative treatment
with equations)
* Characteristics of musical sound (overtones and

harmonics)

* Threshold of hearing, intensity of sound and noise pollutiob

* Doppler effect and its application. (qualitative only)
* Electromagnetic waves and their properties
* Em — waves spectra

» Constancy of speed of light (non — evaluative in a box)
Module 5 Electricity and Magnetism

Approach : The basic concept of electrostatics and frictional electricity will be described in the module. The
electric field and electric potential due to a point charge will be explained. Different types of capacitors, their
compbinations and applications will be explained. The electric current and thermal and magnetic effects of current
are explained in the module. Significance of maganetic effedct of current and electromagnetic induction has been
emphasized. The generation and transmission of current power and the problems of low voltage and load shedding
have been explained.

15. Unit 5.1 : Electric Charge and Electric Field Supportive Video Programme
»  Frictional electricity — electric charges and their 1. Coublomb’s Law or Frictional
conservation Electricity

e Coulomb’s law

*  Superposition principle

*  Electric field and field intensity due to a point
charge (through diagram)

*  Force on a charged patrticle in an electric field

»  Electricfield of a dipole in uniform electric field

o Electric flux and Gauss theorem in electrostatics
(no derivation)

*  Uses of Gauss’s theorem to determine electric field
of a point charge, long wire, plane sheet.

16. Unit 5.2 : Electric Potential and Capacitors Supportive Video Programme
* Electric potential due to a point charge
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* Electric potential at a point due to a dipole
(axial and equatorial).

* Electric Potential energy of a system of point charges

« Relation between electric field and potential — equipotent
surface,

« Conductors and electric field inside a conductor

« Electrostatic shielding

» Capacitors and capacitance of a parallel plate capacitor.

« Different type of capacitors and their applications

« Capacitors in series and parallel combinations

* Energy stored in a capacitor

* Dielectrics and their polarization

« Effects of dialectics on capacitance

17. Unit 5.3 : Electric Current Supportive Video Programme
* Electric current in a conductor 1. Ohm’s Law
 Concept of drift velocity of electrons 2. Heating Effect of Electric Current

* Ohm'’s law, ohmic and non — ohmic resistances —
* Colour coding of resistors.

» Free and bound electroris

» Combination of resistances (series and parlalle)

« Kirchoff’s laws and their application to electrical
circuits

» Wheatstone bridge principle and its application

« Electromotive force and potential difference

* Potentiometer and its applications.

« Heating effect of electric current — Joule’s law of

heating
18. Unit 5.4 Magnectism and Magnetic Effect of Electric Current
» Bar Magnet and its magnetc field Supportive Video Programme
» Magnetic effect of electric current 1. Magnetism

* Bio — Savart’s law and its application to find magnetic
field at the center of a coil carrying current (qualitative
treatment)

* Ampere’s circuital law and its application in finding
magnetic field of a wire, circular loop (at the center), and
solenoid.
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* Force on a charged particle in a magnetic field;

Lorentz force

» Force on a current carrying wire in a uniform

magnetic fiedd

* Current loop as a Magnectic dipole and its magnetic

moments

* Torque on a current loop in magnetc field

» Moving coil galvanometer and its conversion into

ammeter and voltmeter

* Earth’s magnetic field

* Ferro magnetic materials — domain theory (qualitaltive)

19. Unit 5.5 : Electromagnetic Induction and Alternating Current

* Feraday’s law of electro — magnetic induction Supportive Audio/Video

* Lenz's law

« Self and mutual inducton — choke coil

Promgramme

1. Generation and Transmission of

* Alternating current and voltage illustrating with of Electric Current

Phase diagram — peak and rms values

» Circuits containing only R, L or C separately —

phase relationship between | & V

* LCR series combination (using phaser diagram only)

and resonance
» Generators — AC and DC
* Transformers and their applications

« Transmission of electric power

* Problem of low voltage and load sheddi

(concepts of stabilizer and inverters )

g

Module 6 : Optics and Optical Instruments

Approach : After giving a brief introduction of reflection of light, the basic concepts like refraction, total internal
reflection, dispersion, scattering, of light will be described in the module. The wave properties of light like interference,
diffraction and polarization are also to be described in a qualitative manner. Further applications of the properties

of light have been described to construct various types of optical instruments.
20. Unit 6.1 Reflection and Refraction of Light
* Reflection of light from spherical mirrors, sign Supportive Video Programme

convention and mirror formulae

1. Reflection of light

* Refraction of light, Snell’s law of refraction 2. Refraction of light

« Total Internal Reflection and its applications

in fibre optics
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* Refraction through single curved surface and
lenses

* Lens maker’s formula and magnification
* Power of a lens
» Combination of lenses

» Defects of vision and their correction
(myopia and hypermetropia)

21. Unit 6.2 : Dispersion and Seattering of light
« Dispersion of light, angle of deviation Supportive Video Programme

* Rainbow and its formation| 1. Rainbow

* Defects of image formation—spherical and chromatic
aberration (qualitative only)

« Scattering of light in atmosphere.
22. Unit 6.3 : Wave Phenomena and Light
* Huygen’s wave theory and wave propagation. Supportive Video Programme
* Interference—Young’s double slit experiment
« Diffraction of light at a single slit (qualitative)
* Polarization-Brewster’s law and its application in daily life
23. Unit 6.4 : Optical Instruments

 Simple and Compound microscopes and their Supportive Video Programme
magnifying power 1. Optical Instruments

* Telescopes—reflecting and refracting
* Resolving power and Rayleigh’s criterion

¢ Applications in astronomy|

Module 7 : Atoms and Nuclei

APPROACH : Different atomic models describing the structure of atom have been described and the limitations
of these and their modifications have been systematically presented in the module. Nuclei and radio activity
have been explained along with their applications. The peaceful uses of nuclear energy have been described
highlighting the latest trends.

24. Unit 7.1 : Structure of Atom
* Alpha-Particle scattering and Rutherford’s atomic modebupportive Video Programme

 Bohr’'s model of hydrogen atom and energy levels 1. Atomic Structure
* Hydrogen spectrum
» Emission and absorption spectra
25. Unit 7.2 : Dual nature of Radiation and Matter
 Work function and emission of electrons Supportive Video Programme
* Photoelectric effect and its explanation 1. Photo electric Effect and its Applications
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* Photo electric tube and its applications
» Matter waves-Davisson and Germer experiment
* Electron microscope (non evaluative box)
26. Unit 7.3 : Nuclei and Radioactivity
 Atomic mass unit, mass number, size of nucleus Supportive Video Programme
* Isotopes and isobars 1. Radioactivity and its Applications
* Nuclear forces, mass-energy equivalence
» Mass defect and binding-energy curve
* Radioactivity-alpha, beta decay and gamma emission
« Half life and decay constant of nuclei

+ Applications of radioactivity |

27. Unit 7.4 : Nuclear Fission and Fusion
* Nuclear reactions Supportive Video Programme
* Nuclear fission and chain reaction 1. Nuclear Energy
* Nuclear-fusion-energy in stars

 Misuses of nuclear energy-atom bomb ahd
hydrogen bomb (non-evaluative in a box

* Peaceful uses of Nuclear Energy (including latest trends)

« Hazards of nuclear radiation and safety measjures

Module 8 : Semiconductors and their Applications

APPROACH : Semiconductors find a very significant place in almost all the electronic devices. Besides highlighting
the basis of semiconductors, different types of semiconductor devices and their applications have been explained
in the module.

28. Unit 8.1 : Semiconductors and Semiconductor Devices
* Intrinsic and extrinsic semiconductors Supportive Video Programme
* Pn-junction-its formation and properties
* Biasing of pn-junction diode
* Characterstics of pn-junction diode
* Types of diodes-zanier diode, LED, Photo diode and
solar cell
* Transistors-pnp and npn
* Characteristic curves of a transistor
29. Unit 8.9 : Applications of Semiconductor Devices

* pn-junction diode as a rectifier Supportive Video Programme
« Zener diode as a voltage regulator Semiconductor Devices and their
* Transistor as an amplifier (common emitter) application
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* Transistor as an oscillator

* Transistor as a switching device

* Logic gates and their realization (OR, AND, NOT,
NAND, NOR)

OPTIONAL MODULES
Optional Module-1 : Electronics and Communication

APPROACH : In the present age of information and communication technology, it is essential for all to
know the basic of electronics and communication technology. Working principles of different electronic
devices used in daily life have been explained. Besides explaining communication systems, the communication
techniques and media have been explained in the module.

30. Unit 1 : Electronics in Daily Life
* Power supply — SMPS, inverters, UPS Supportive Video Programme
« Circuit Breaker — MCB 1. Electronics in Daily Life
« Timer — digital clock
* Processor — calculator
e transducers and control system — Burglar alarm/fire alarm
31. Unit 2 : Communication Systems
» Communication system model — Supportive Video Programme
» Components of communication systems like transmitter, 1. Communication systems
receiver media of communication and antenna
* Types of signals — analogue & digital
* Electromagnetic waves in communication
32. Unit 3 : Communication Techniques and Devices
» Sampling Supportive Video Programme
* Modulation — Analogue AM and FM, digital (p) 1. Modulation and Demodulation
» Demodulation
* Role of tuner
» Common communication devices—radio/TV/Fax/Modern etc.
33. Unit 4 : Communication Media
* Guided Media — transmission lines and optical fiore ~ Supportive Video Programme

¢ Unguided Media and antenae—ground wave Communication, Communication media
sky wave communication, space wave communication and
satellite communication.

» Communication application to modern day communication
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Optional Module — 2 : Photography and Audio—-Video—Graphy

APPROACH : The basic principles of physics used in the field of photography and audio—videography have
been described in different units of the module. Working principle of camera, types of camera, film exposing and
processing have been explained the basic principles of audio and video recording both on tape and on compact disc
have be described.

30. Unit 1 : Photography — Camera

« Camera — an introduction, parts of a camera, camera 8ygportive Video Programme
(lens), shutters, special lenses. 1. Camera & its Working

* Types of camera — their basic principle, constructions and
working

* Principle of video camera.
* Choosing a camera, picture size.

* Choice of lens — angle of view and resolving power,
aperture and focusing system.

31. Unit 2 : Film Exposing and Processing
« Constituents of photographic films and types of films.  Supportive Video Programme
* Characteristics of film 1. Film Exposing and Processing
* Film exposure, aperture and speed
* Processing the film — developing, fixing and washing
* Printing of the photo

32. Unit 3 : Audio—Video Recording
* Basic principle of recording Supportive Video Programme
» Conversion of audio signal into electrical signals, 1. Audio-Video Recording
» Conversion of video signal into electrical signals.
» Storage of audio—video signals on tapes.
* Quality of recording, sound recording on cine films.

* Tape characteristics, structure and composition, tape
format, tape speeds, important tape parameters,

* Presentation of tapes, storage techniques, precautions
during handling and transportation.

33. Unit 4 : Compact Disc for Audio-Video Recording
* Limitations of traditional audio—video recording systems Supportive Video Programme

» Compact Disc 1. Compact Disc for Audio-Video
* Need for compact disc, advantages of compact disc. Recording

* CD for audio recording,
* Basic principle of audio recordings,
* Methods of CD — audio-recording,
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* CD for video-recording,

* Basic principle for video recording

» Methods of CD - video recording

 General operating and installation precautions,
» CD - players, operating principle,

* Quality of reproduction.

List of Practicals
Section-A

1. Measurement of physical quantities using single scales like metre scale, graduated cylinder,
thermometer, spring balance, stopwatch, ammeter, voltmeter,

2. Measurement of physical quantities using about scales like vernier callipers, screw gauge, barometer,
travelling microscope etc.

3. Plotting and interpreting graphs of physical quantities like (i) L-T? iaifa simple pendulum, (ii)
load-extension for spring balance, (Bt for a cooling body, (iv) |-V Characteristics for a resistor,
(v) i-d relation for a glass prism.

Section-B

1.  Study the variation of time period (T) of a simple pendulum with lengths (L). Plot thgtafh and
use it to determine (a) the length of a second’s pendulum, (b) the value of acceleration due to gravity.

2. Determine the weight of a given body using parallelogram law of forces. Also, calculate, the mass of
the body.

3. Draw the cooling curve of a body and calculate the rate of cooling at three different points of the
curve.

Determine the specific heat capacity of a liquid using the method of mixtures.
Study the extension of a spring under different loads and calculate its spring constant (static method).

4
5

6. Determine the spring constant of a spring by dynamic method.

7 Study the rate of flow of a liquid as a function of pressure head using a burette.
8

Study the fall of a spherical body in various liquids of different viscosities. Determine the terminal
velocity of the body in a viscous liquid and determine the coefficient of viscosity of that liquid.

Section-C

1. Study the formation of stationary waves in (a) stretched strings and (b) air columns. Determine the
frequency of the tuning fork and comment on the result.

2. Investigate formation of images with mirrors and lenses. Determine the focal length of (a) convex
lens, and (b) concave mirror.

Determine the internal resistance of a cell using a potentiometer.

Determine the resistance of a moving coil galvanometer by half deflection method. Convert the
galvanometer into a voltmeter of suitable range and verify it.

5. Determine the resistivity of the material of a given wire using a metre bridge.
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6. Study the |-V characteristics of (a) a resistor, and @nguncton.

7. Study the characteristics of apntransistor in common emitter configuration. Determine current and
voltage gains.

Home Activities (Suggestive)
1. Determine the refractive index of a transparent liquid using cancave mirror and single pin.

2. Draw a graph between the angle of incidence and the angle of deviation for a glass prism. Determine the
refractive index of the glass using the graph.

Study the relationship between the angle of rotation of a plane mirror and the change in angle of reflection.

4, Draw magnetic filed line due to a bar magnet keeping (i) North pole pointing north, and (ii) North pole
pointing south. Locate the neutral points.
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