
MOTION IN A STRAIGHT LINE

 Velocity = Displacement   = x₂-x₁
                                   Time                    t₂-t₁

Acceleration= velocity   = v  ₂  -v  ₁  
                    Time          t₂-t₁

Slope of the position-time graph gives the velocity of the body.
Slope of the velocity-time graph gives the acceleration of the body.
Area under the velocity-time graph gives the displacement.

EQUATIONS OF MOTION
1.  Velocity-time relation:   V=U+at
2. Displacement-time relation:   S = Ut+½ at²
3. Velocity-displacement relation: v² =u² +2as

RELATIVE VELOCITY      VAB=VA−VB

MOTION IN A PLANE

PARALLELOGRAM LAW OF VECTOR ADDITION:  If two vectors starting from a point are 
represented in magnitude and direction by the two sides of a parallelogram, then the 
diagonal starting from the point of intersection of the vectors gives the resultant in 
magnitude and direction.

B

A

 
 Magnitude of  resultant vector    R =    A²+ B² +2AB 
Cos Ɵ

                 R



 Direction of resultant vector→α=tan¯¹   B SinƟ

                                                                A + B CosƟ

 SCALAR PRODUCT (DOT PRODUCT) 
A  .  B =AB cosθ
A   .  B =AXBX +AYBY +AZBZ

VECTOR PRODUCT (CROSS PRODUCT)

 A ×B =  AB Sinθ
PROJECTILE MOTION
The path of a projectile is a parabola
TIME OF FLIGHT: The time taken by the projectile to reach the same horizontal level as the point of 
projection is called time of flight.

T = 2U SinƟ
             g

MAXIMUM HEIGHT:      The maximum vertical displacement of the projectile is called the maximum 
height attained by the projectile. 

H = U2 Sin2Ɵ
                2 g

HORIZONTAL RANGE:    The maximum horizontal distance travelled by the projectile is called its 
horizontal range.

R = U2 Sin 2Ɵ
                g

UNIFORM CIRCULAR MOTION
The motion of a body along the circumference of a circle with constant speed is called uniform 

circular motion.
ANGULAR VELOCITY (ω) : It is the rate of angular displacement.
ω     = ΔƟ /Δt Δv v
FREQUENCY (υ): It is the no: of revolutions completed per second. vʹ
υ   = 1/T

ω = 2πυ
ω = 2π /T

Centripetal acceleration:  The acceleration of a body in uniform circular 
motion
directed towards the centre of the circular path.

a = v2 / r
a=ω2r
a=vω

Relation between linear velocity(v) and angular 
velocity (ω)
V=rω
Velocity is tangential to the circular path.

             r ʹ
                                       r



Chapter-7  Rotational Motion

Torque and Angular  Momentum

Torque (τ ) is the rotational analogue of force(F) in linear 
motion.It is the moment of force.

It is expressed as  τ = r × F

τ=rFsinθ,where θ is the angle between r and F.

It is a vector quantity and its unit is Nm.

Angular momentum (L) is the rotational analogue of linear 
momentum(P).

It is the moment of linear momentum.

It is expressed as  L= r × P

L=rPsinθ,where θ is the angle between r and P.

It is a vector quantity and its unit is kgm²/s.

Relation between torque and angular momentum

The time rate of change of angular momentum of a particle is 
equal to torque acting on it.

τ=dL /dt

Conservation of Angular Momentum

If total external torque acting on a system is zero, then the total 
angular momentum of the system is conserved,i.e. the angular 
momentum remains constant.
If τ=0 then,dL /dt=0 so L is constant. 

Moment of Inertia

It is the rotational analogue of mass in linear motion.It is the 
measure of rotational inertia of a rotating body.Moment of 



inertia(I) of a body is the product of mass of the body and square 
of the distance from the axis of rotation.

It is expressed as I=mr². Its unit is kgm².

The moment of inertia of a rigid body depends on 

1) mass of the particle

2) distribution of the particles about the axis of rotation

3) size and shape of the body

Radius of gyration

It is defined as the distance from the axis of mass point, whose 
mass is equal to mass of the whole body and whose moment of 
inertia is equal to the moment of inertia of the body about the 
axis.

I=MK² ,where K is the radius of gyration.

Theorems on moment of inertia

1) Parallel axes theorem

The moment of inertia of a body about any axis is equal to the 
sum of moment of inertia  about a parallel axis through centre of 
mass and product of mass of the body and the square of distance 
between them.

I= I cm + Ma²,where a is the distance between the axes.

   2)Perpendicular axes theorem  

Moment of inertia of a planar body about an axis perpendicular to 
its plane is equal to its moment of inertia about two perpendicular 
axes lying in the plane of the body which are concurrent with the 
perpendicular axis.

Iz= Ix + Iy

Applications

       MI of a disc about its diameter



MI of a disc about an axis perpendicular to its plane is Iz= MR²/2.

Consider two diameters which are perpendicular to each other,i.e. 

Ix = Iy= Id

By perpendicular axes theorem,

Id + Id= Iz , i.e. 2Id  = MR²/2  

Id =MR²/4  (refer fig. 7.30, page no. 166)

      MI of a ring about a tangent in the plane 

MI of a ring about any diameter is MR²/2.

By parallel axes theorem 

Itangent= Idia + MR²= MR²/2 + MR²= 3/2 MR² 

(refer to fig. 7.32, page no. 167)

Example for conservation of angular momentum

By the principle of conservation of angular momentum, if τ=0, L 
is constant

That is, L= I ω = constant

A girl sits on a swivel (rotating) chair and gets rotated. If she 
stretches her arm, angular speed of rotation reduces, since I 
increases. If she brings her arm closer to the body, angular speed 
ω increases, since moment of inertia I of her body reduces, 
keeping angular momentum Iω constant.

Kinetic energy of rolling motion

The total kinetic energy of a rolling body is the sum of kinetic 
energy of translation motion and kinetic energy of rotation 
motion.

KE= ½ Iω2 + ½ mv2 

I=mK2 and v=Rω, where K is radius of gyration and R is the radius 
of rotating body  



KE= ½ mK2 (v/R)2+ ½ mv2

KE= ½ mv2 (1+K2/R2) 

Questions

1)Moment of inertia can be regarded as a measure of rotational 
inertia. Why?

2)State any two factors on which the moment of inertia of a rigid 
body depends.

3)State parallel axes theorem.

4)State the theorem which hepls to find MI of a ring about its 
diameter.Using the theorem find MI of a ring about the diameter.

5)Find MI of a disc about a tangent, given that MI of a disc about 
an axis perpendicular to the plane is MR²/2.

6)Write the relation between MI and angular momentum.

7)Show that the total kinetic energy of a rolling body is ½ m v2 

(1+K2/R2), where K is radius of gyration and R is the radius of the 
body. Using the above relation find the total kinetic energy of a 
rolling circular disc.

     

     

 

 



GRAVITATION

1. Newtons law of gravitation F = Gm1m2/r2 

2. Acceleration due to gravity g = GM/R2 = 9.8 m/s2 is the uniform acceleration on a 
freely falling body due to the earth’s attraction  

3. ‘g’  decreases with height  h  from the earth’s surface.

g’= g(1 - 2h/R)

4. ‘g’  at depth ‘d’ below the earth’s surface is 

 g’= g(1 - d/R)

5. Kepler’s laws of planetary motion

1. All planets move around the sun in elliptical orbit

2. Areal velocity of a planet is a constant

3. T2 α a3

6. Gravitational Potential Energy=-GMm/r.

7. Escape velocity from earth=11.2 km/s

             1/2mv2=GMm/R

             Ve=2GM/R =2gR

8. Orbital velocity vo=GM/R = gR

9. Ve= 2  vo



10.Geostationary satellites move in the equatorial plane of the earth with period 
T=24 hours and appear stationary with respect to earth.

                                                 

----------------------------------------------



Mechanical Properties of Solids

Elasticity: It is the property of a body by virtue of which it regains its original 
condition on the withdrawal of the deforming forces.

Plasticity: It is the property of a body to retain its deformed form even after the 
removal of deforming forces.

Elastic limit: It is the maximum deforming force that can be applied to a body 
beyond which the body stops to be elastic.

Stress:  Within elastic limit the restoring force developed per unit area is called 
stress.

Stress=FA ,Unit N/m2 or Pa.

It is not a vector

Strain: Within elastic limit ratio between change in any dimension and original 
dimension is called strain. It has no unit.

Hooke’s law: Within elastic limit stress is directly proportional to strain.

Modulus of elasticity: Within elastic limit  stressstrain   = a constant. This 
constant is called modulus of elasticity. It has the same unit as of stress.

Young’s modulus of elasticity(Y):     

Y =linear stresslinear strain =F LA ΔL

Materials for which the ultimate strength and fracture points are close are called 
brittle and if they are far apart are called ductile .

In the case of identical steel and rubber wires, for producing same strain in steel 
as of rubber, larger stress is required. Hence steel is more elastic than rubber.

Substances like rubber, elastic tissue of aorta etc can be stretched to cause large 
values of strains and are called elastomers.

Modulus of elasticity of a rigid body is infinity.

Bulk modulus of elasticity: 

B = normal stressvolume strain =-P VΔV

The reciprocal of Bulk modulus is called compressibility (k).

Rigidity (shear) modulus of elasticity: 

G =shearing stressshearing strain =FA θ

Applications:

1.Knowledge of  elastic  limit  of  materials  helps to  find the thickness of  ropes 
required  in  cranes  .Such  wires  are  usually  made  of  a  number  of  thin  wires 
braided together to have flexibility and strength.



2.When a beam of length l,  breadth b and thickness d is loaded by W at the 
middle, it sags by an amount

δ = W l34 bd3Y

To prevent bending, bridges and girders are given                        section.

**********



Mechanical Properties of Fluids

Pascal’s law: The pressure exerted by a fluid at all points at the same horizontal 
level will be the same.

Pressure at a depth h below the surface of liquid open to atmosphere is

P= Pa+ρgh

Pa=atmospheric pressure, ρ=density of liquid.

This result can be demonstrated by hydrostatic paradox.

Atmospheric Pressure: The pressure exerted by the gaseous envelope around 
and  above  earth  is  called  atmospheric  pressure.  Torricelli  designed  the  first 
mercury barometer for measuring atmospheric pressure.

Atmospheric pressure is maximum at sea level, equal to pressure exerted by 76 
cm column of mercury .It is 1.013X105 Pa (1 atm pressure).

1 torr= pressure exerted by 1 mm column of Hg.

At high altitudes atmospheric pressure is lower. Hence mountaineers suffer from 
nose bleeding.

Pascal’s law of transmission of fluid pressure:The pressure applied to an 
enclosed fluid transmits undiminished to all parts of fluid and also to the walls of 
the container.

Hydaulic lift : One of the practical  applications of Pascal’s law is Hydraulic lift 
used to lift heavy objects. f

F

a A

             oil

Let a force f be applied on the smaller piston.

Pressure applied=f/a

Force on the larger piston F= fx Aa. Hence it is called a force multiplying device.

Fluid flow:

1. Streamline flow:   

a.It is that  steady flow in which each fluid particle follows exactly the same path 
and velocity as its preceding particle while passing through any point.

b.The path followed by fluid particle in streamline flow is called streamline.

c.Tangent to the streamline at any point gives the direction of fluid flow at that 
point.



d. No two streamlines intersect.

       2.   Turbulent flow: If the speed of flow exceeds critical speed vc , flow loses 
steadiness and  
              becomes turbulent.

Reynold’s Number(Re):It is dimensionless number whose value gives whether 
the flow of fluid of  density ρ and viscosity η through a tube of diameter d is 
streamline or turbulent.

Re=ρvcdη

If Re <1000, flow is streamline and if Re >2000, flow is turbulent.

Equation of continuity: 

      a1

                                                                                                                v 1

 
a2  
v2

Consider the streamline flow of a fluid of density ρ through a tube of non uniform 
cross-section as shown.

Mass of liquid entering the tube in one second = mass of liquid leaving the tube 
in one second

a1v1ρ =a2v2ρ

av= a constant.

This equation is called equation of continuity.

Shallow water runs fast.

Bernoulli’s theorem: The total energy of an incompressible non viscous liquid 
flowing in streamline remains the same throughout the flow provided there is no 
any sink or source of liquid throughout the flow.

a2,v2,P2

a1,v1,P1 h2

h1

Consider the streamline flow of a fluid of density ρ through a tube of non uniform 
cross-section as shown.



Mechanical Properties of Fluids

From equation of continuity, a1v1 =a2v2=mρ

Net work done on the liquid per second = P1a1v1-P2a2v2 = P1m ρ - P2mρ

Due to this work, K.E and P.E of the liquid increase.

Increase in K.E +Increase in P.E per second of the liquid = 12 mv22 - 12 mv12 
+mgh2 – mgh1

By law of conservation of energy, these must be same.

Hence,

Pρ +gh+12v2 = a constant.

If the tube is horizontal,

Pρ +12v2 = a constant.

Regions of larger speed corresponds to lower pressure.

Blood  flow  and heart  attack,  Dynamic  lift  of  a  spinning  ball  (Magnus  effect) 
,Dynamic lift of aerofoil, working of sprayer, carburettor etc can be explained on 
the basis of Bernoulli’s theorem.

The speed of efflux from an open tank , through a small hole at a depth h below 
the liquid surface is 2gh ,same as speed of a freely falling body from a height h. 
This equation is known as Torricelli’s law.

Viscosity: It is the property of a fluid by virtue of which it opposes the relative 
motion between its fluid layers.

Viscous force ,

F = η Advdx

Where η=coefficient of  viscosity,  A= common area of  contact between liquid 
layers and dvdx = velocity gradient.

SI unit of η is poiseiulle(Pl) and dimensional formula is ML -1T-1.Blood,glycerine etc 
are highly viscous liquids.

Viscosity of liquids decreases with increase of temperature ,while that of gases 
increases with increase of temperature.

Stoke’s law and terminal velocity: 

Consider a light solid sphere of radius a , density ρ descending through a liquid 
of density σ and viscosity η .

Viscous force as per Stoke’s law 6πηav and Buoyant force 43 πa3 σg act on the 
sphere upwards. Weight  43πa3ρg acts down wards. 



As the sphere descends, 6πηav increases and finally total upward force becomes 
equal to downward force. There after the body descends with a constant velocity 
called terminal velocity(vt).

6πηavt+43 πa3 σg =43πa3ρg

Trminal velocity

vt=2a2 9  (ρ-σ)g

Surface tension: It is the property of free surfaces liquids by virtue of which 
they behave as a stretched elastic membrane with a tendency to contract so as 
to have minimum surface area.

It is due to surface tension drops and bubbles assume spherical shape , as for a 
given volume sphere has minimum surface area.

Surface Tension

S=F/l, Unit N/m

Surface energy per unit area is surface tension.

Capillary rise:  The phenomenon of  rise of  liquid through tubes of  fine bore 
against gravity is called capillary rise .Capillary rise is due to surface tension.

Angle of contact:  Angle between tangent to the liquid surface at the point of 
contact and the solid surface inside the liquid is called angle of contact. In the 
case  of  liquids  which  wet  the  solid,  angle  of  contact  is  acute  and  for  them 
capillary rise is observed. For liquids which do not wet the solid, angle of contact 
is obtuse and for them capillary depression is observed.

Expression for capillary rise h for  a liquid of density ρ through a tube of radius r 
is

h=2S cosθrρg

Excess pressure:

The excess pressure inside

a. Liquid drop=2Sr

b. Liquid bubble=4Sr

c. Air bubble=2Sr

Detergent action:     The dirty clothes having greasy stains can  not be cleaned 
by washing them in water as water does not wet greasy dirt.

Detergent molecules are hair pin shaped. On adding detergent to water one end 
of the hair pin molecules get attracted to water. When dirt clothes are soaked in 
water, the other end of detergent molecules get attracted to molecules of 



Mechanical Properties of Fluids

grease. When rinsed the greasy dirt is washed away. Thus addition of detergent 
reduces the surface tension  between water and grease .

**********



Thermodynamics

The lid of  cooking utensils move up and down when steam comes 
out of it. this means the steam can do mechanical work ie heat 
energy can do mechanical work.  This chapter deals with the 
relation between thermal energy and mechanical work.

#First law of thermodynamics 

ΔQ=ΔU+ΔW

ΔQ→Quantity of heat energy supplied

ΔU→increase in internal energy

ΔW=external work done.

ie a part of the heat energy that we supplied is utilized for 
increasing the internal energy if the system and the remaining 
part is utilized for doing external work.

the first law of thermodynamics is a statement of law of 
conservation of energy.

#Specific Heat Capacity at Constant pressure Cp

It is the amount of heat energy required to raise the 
temperature of one mole of a gas through 1 c̊ kept at constant 
pressure

#Specific Heat capacity at Constant volume Cv

Amount of heat energy required o raise the 
temperature of one mole of gas through 1 c̊ at constant volume

#Mayer’s Relation   (Cp-Cv=R)



More amount of heat of required to raise the temperature of 
1mole of a gas to 1 ̊̊c for kept at constant pressure than constant 
volume.  Their difference is equal R, the gas constant 

Cp-Cv=R

Proof 

Heat energy needed to increase the temperature to ΔT K 

at constant volume=Cv ΔT

therefore internal energy Δ  u=CvΔT  

When the same system is heated at constant 
pressure the piston moves dx, so the work one dw=Pdv (force x 
distance =pressure  x area x dx= Pdv)

if ΔQ is the amount of heat = CpΔT

(Cp-Cv)Δt=PΔV

Cp-Cv=PΔV∆t=R∆T∆T

Cp-Cv=R

#Ratio of Specific heat of gases

By equipartition of energy internal energy of 1 mole of gas is ½ RT

• for monatomic gases each molecule has three degrees of 
freedom, then Cv=32R

then Cp-Cv=R,  Cp=(5/2)R

• For a diatomic gas degrees of freedom=5

Cv=52R

then Cp-Cv=R,  Cp=(7/2)R

A’ dx

one mole of 
gas

A

Smooth 
friction less 
piston



• For linear tri atomic molecule 

Cv=52R

Cp=(7/2)R

• Fort non linear tri atomic molecule 

Cv=(6/2)R and Cp=(8/2)R

• The ratio of Cp/Cv=γ called the ratio of specific heat of the 
gas.

# for a monoatomic gasCpCv= 52R32R= 53 =1.67

# for a diatomic gasCpCv= 72R5R= 75 =1.4

# for a linear triatomic gasCpCv= 72R5R= 75 =1.4

# for a non linear tri atomic gasCpCv= 82R62R= 86 =1.33

Thermodynamic Processes

• Iso thermal Process: an isothermal process is one in whih 
the variable  in th system undergoes changes at constant 
temperature. During the process there is a communication 
between the system and the surroundings.

• indicator Diagram: a graph between volume and pressure of 
a system.  the area under the graph gives work dine during 
the thermodynamic process.

• Work done during an isothermal process W=2.303Rtlogv2v1 
OR W=Rt[ln(v2)-ln(v1)}

• Adiabatic Process: During this process no heat energy 
entering the system and no heat is leaving from the 
system.It sis a fast process Here the system is isolated from 
the surroundings.



• equation of state of adiabatic process is PVγ = constant

γ=Cp/Cv

• condition for adiabatic process∆Q=0 then ∆u+p∆v=0

or ∆u=p.dv

• work done during an adiabatic process is W=R1-γ[t2-t1].

• cyclic Process:If a system undergoes a set of thermodynamic 
processes and reaches the initial state, then the system has 
undergoes cyclic process.

•  Heat Engines: A device which converts heat energies to 
mechanical energies or the work is known as a heat engine.

Essential parts of a heat engine are

1. a source ( a hot  body) of heat energy

2. a working substance in a cylinder

3. a sink at lower temperature (cold body)

Efficiency of a heat engine

ŋ=work doneenergy supplied

ŋ=wQ1=Q1-Q2Q1

when heat engine works working substance absorb Q1jules of 
energy from the source ,rejects Q2 joules to the sink then work 
done W=Q1-Q2

• carnote engine : It is an ideal heat engine 

• Carnote engine consists of 

1. a source of infinite thermal capacity at constant 
temperature T1 K.



2. a sink of infinite thermal capacity at constant lower 
temperature T2K

3. a cylinder containing an ideal gas.

4. a perfect non conducting stand

Carnot cycle”: the cycle of operation of the carnot’s engine is 
called the carnot cycle .it includes

1. isothermal expansion During this process pressure volume 
and temperature changes from P1,V1 and t1 to P2,V2 and t2.

2. Adiabatic expansion the pressure changes to p3 volume 
changes to v3 temperature remains came t2

3. Isothermal compression: pressure becomes P4 volume 
changes to v4and temperature reduces to t1

4. adiabatic compression : through adiabatic compression the 
system comes to its original states.

efficiemcy ŋ=Q1-Q2Q1=1-Q2Q1=1-t2t1

Second law of thermodynamics

i. Kelvin statement: No process is possible in which heat 
energy absorbed from the working substance is fully 
converted to mechanical work

ii. clausius statement: with out the help of an external source 
heat does not transfer from a body of low temperature to a 
body of higher temperature

Refrigerator : reverse heat engine 

in a refrigerator the working substance is freom or ammonia 
called the refrigerant 



sink is the cold body to be cooled .  Higher temperature source is 
the surroundings external work is done by the compressor 

with the help opf the compressor heat is taken from the cold body 
and is supplied to the surrounding atmosphere

coefficient of prformanced =Q2w=Q2Q1-Q2=t2t1-t2



Chapter:14          OSCILLATIONS

IMPORTANT TERMS :

 PERIODIC MOTION: A motion which repeats itself after equal intervals of 
time is called periodic motion.

 OSCILLATORY MOTION: A motion which executes to- and – fro motion 
about a mean position is called oscillatory motion.

                        B (Extreme Position)        O (Mean Position )             A (Extreme 
Position)

 Eg’s:   Periodic motion

          1)     Motion of planets around the sun.          

          2)    Heart beat of a person.  

       Oscillatory motion  

1. A swinging pendulum 

2. Vibration of mass attached to a spring

 DISPLACEMENT (S):  It is the distance of the particle from the mean 
position(i.e O). 

                                  S.I Unit metre ‘m’

 AMPLITUDE(a): The  Maximum  displacement  (OA  or  OB)  is  called 
amplitude of 

                             the motion. S I Unit metre ‘m’

 PERIOD(T): The  time  taken  for  one  complete  oscillation  is  called 
period of oscillation. 

                     S.I Unit Second ‘s’

 FREQUENCY(ν): The number of  oscillations in one second is called 
frequency. ν= 1/T  

                                            SI Unit  Hertz(Hz)



 Simple Harmonic motion (SHM)

 A SHM is a motion which can be represented by a sine or cosine function or 
combination of both. I SHM the restoring force is directly proportional to the 
displacement x

                                               F α x

                                               F= -kx,  where k is the force 

constant

The  differential  equation  for SHM  –  
-------------------(1)

The solution of above equation gives the displacement (x or y )of the 
particle.

OR 

Where ‘a’ is the amplitude of the particle 
and ‘ω’ the angular frequency 

Definition  of  force  constant  k  - It  is  the  restoring  force   per  unit 
displacement

 Equation for force constant :      k =   Fx  =  mgx

The equation for time period of SHM :           T = 2πm/k

 Velocity of particle  in SHM

The velocity of the particle executing SHM has the form v =ωa2-y2

At mean position, displacement y=0 ;  Then the velocity is maximum, vmax 

= ωa

At extreme position displacement y = a, then the velocity is minimum  vmin 

= 0

 Acceleration of particle  in SHM

d2x/dt2+ω2x

Displacement y = a 
sinωt Displacement x  = a 

cosωt



 Acceleration  a =  -ω2y

At extreme position y =a,  then the acceleration is maximum,   amax = 

-ω2a 

At mean position y=0, then the acceleration is minimum, amin =0

 The Energy  of particle  in SHM

a)Kinetic Energy (KE)

The Kinetic energy of the particle is given by  KE= 12 m ω2(a2-y2)

The Kinetic energy is maximum at mean position,

                                                                 When  displacement y =0 then 
KEmax =12 m ω2a2

The Kinetic energy is minimum at extreme  position, displacement y =a then 
KEmin =0

   

b)Potential Energy (PE)

The Potential  energy of the particle is given by  PE= 12 m ω2y2

The Potential energy is maximum at extreme position,

                                                                     when  displacement y =a then 
PEmax =12 m ω2a2

The Potential energy is minimum at mean  position, displacement y =0 then 
PEmin =0

c) Total Energy (TE)

The total energy is the sum of Kinetic Energy and Potential Energy

                                      TE= KE+PE

                           i.e       TE =   12 m ω2(a2-y2)+ 12 m ω2y2 

Simplifying the equation we get 

TE = 12 m 
ω2a2



                             B (Extreme Position)        O (Mean Position )             A 
(Extreme Position)

Graph showing the Total energy is always constant

Equation for time period (T) in a spring:    Time period T = 2πm/k

    Where ‘m’ is the mass attached to the spring and ‘k’ is the spring 
constant.

 SIMPLE PENDULUM   

A bob attached to an inextensible string suspended from a point, executing 
to and fro motion is called a simple pendulum  .  

                                                                  θ  

                                                        l     

                                                             mg

Expression for Time Period in a simple pendulum (T):

                                            Time period T= 2πl/g

Where ‘l’ is the length of the pendulum and ‘g’ is the acceleration due to 
gravity. The time period T is independent of mass ‘m’ in a simple pendulum.

 SECOND’S PENDULUM  :         It is a pendulum having period ‘2’ second. 

TE TEKE

PE



                                                  The length of a second’s pendulum is given 
by  l = g/π2

 DAMPED and UNDAMPED OSCILLATIONS:  

             If the amplitude of the oscillation remain constant it is called 
UNDAMPED oscillation.

            If the amplitude of the oscillation vary due to the presence of 
resistive forces it is called

            DAMPED oscillation. 

                                 

                          Undammed oscillation 
Damped oscillation



WAVES

Difference between transverse and longitudinal waves :

Transverse Longitudinal

1. Particles of the medium 
vibrate perpendicular to the 
direction of propagation.

2. The waves travel in the form of 
crest and trough

3. Can be polarized

4. Does not require a medium for 
propagation

Particles of the medium vibrate 
parallel to the direction of 
propagation.

The waves travel in the form of 
condensations and rarefactions

Cannot be polarised

Requires a medium for propagation.

Speed of wave motion :

1. Speed of  transverse wave along a stretched string

V=√T/m                      T – tension of  the string

     m – linear density

2. Speed of  longitudinal waves 

‘a’ in a solid 

V = √Y/ρ                         Y – young’s modulus

ρ- density of the medium

‘b’ in a liquid 



V = √B/ρB – Bulk modulus

ρ  - density of the medium

‘c’ in a gas

V = √γP/ργP – adiabaticmodulus of elasticity

(Newton Laplace formula)ρ  - density of the medium

Variation of speed of sound in gas :

• Speed of sound in gas is unaffected by the change of pressure provided 
temperature remains a constant.

• Speed of sound in gas varies directly as the square root of temperature 
in absolute state.

• Speed of sound increases with humidity

Principe of superposition of waves :

     This principle states that if two or more waves travel in a medium with 
their own displacements then the resultant displacements of  a particle at 
the point where these two waves meet together is the vectors sum of the 
displacements due to each wave.

Standing of stationary waves 

When two harmonic waves of  same amplitude and frequency traveling in 
opposite  directions  superpose  the  resulting  wave  obtained  is  called  a 
stationary waves.

Nodes and Anti Nodes

When stationary waves are set up in a string, the points on string which do 
not  vibrate  at  all  are  called  nodes  and  the  points  which  vibrate  with 
maximum amplitude are called anti nodes. (for figure ref.text-Page no.377)

Closed and open pipes :

Vibration of air column in a closed pipe produce only odd harmonics. 

ie. n1 :n2 : n3 =  1:3:5



Vibrations of air column in an open tube contain all the harmonics

 (even and odd)ie. n1 :n2 : n3 =  1:2:3

Hence in musical instruments open pipes are preferred to closed pipes.

(Figure Ref. Text.Page No.378,379)

Doppler Effect :

The phenomenon of apparent change in frequency of sound heard 
by a listener when there is a relative motion between the source, 
listener and the medium in between them

Expression for Apparent Frequency : 

n’ = n  [v-vl]

v- vs

n’ – apparent frequency of sound

n – frequency of sound

v – velocity of sound

vl – velocity of the listener in the direction of sound

vs- velocity of source in the direction of sound


