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PROPERTIES OF MATTER 

ELASTICITY: 

 
Elasticity is the property of materials to regain its original condition (of length, volume and 

shape) on the removal of deforming forces. 

On the removal of deforming forces, some materials completely recover their original 
condition called perfectly elastic materials and some materials do not show any tendency to 
recover their original condition called plastic materials. 

Deforming force (Load) is a combination of all external forces acting on the material 

changing the dimension. 

Stress (σ): 

It is the deforming force applied per unit area of the material or is the restoring force per unit 
area set up inside the deformed material. 

 

σ = (F/A) 

 

Unit is Nm
-2 

or Pascal. 

Strain (ε): 

It is the ratio of change in dimension to original dimension of a body when it is deformed. It is 

a dimensionless quantity and no unit. 

HOOKE’S LAW: 

Hooke's law gives a relationship between the stress and strain.  

According to Hooke's law, within the elastic limit, strain produced in a body is directly 

proportional to the stress produced.   

i.e. Stress α Strain 

(or) (Stress/Strain) = constant, known as Modulus of Elasticity. Its unit is Nm-2.  
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Types of modulus of elasticity: 

Depending upon the three types of strains (linear, volume and shear), modulus of elasticity is 

classified into 3 categories. They are as follows: 

1.  Young’s Modulus (E or y) 

2.  Bulk Modulus (k) and  

3.  Rigidity Modulus or Shear Modulus (n) 

ELASTIC CONSTANTS: 

Young’s modulus, Bulk modulus, and Rigidity modulus of an elastic material are together 

called as Elastic constants.  

Young’s Modulus (E or y): 

It is a measure of stiffness of an isotropic elastic material. Within the elastic limit, it is 

defined as the ratio of the longitudinal stress to longitudinal strain. 

E = y = (longitudinal stress/ longitudinal strain) = (F/A)/(dL/L ) = (FL)/(A dL) 

If A=1, L=1 and dL=1 then y=F. So Young’s Modulus of a material is equal to the force 

required to extend a material of unit length and unit area of cross section through unity. Unit 

is Pascal (Nm-2)  

 

Bulk Modulus (k):  

It is a measure of resistance of the substance to uniform compression. It is defined as the ratio 

of the normal stress to volumetric strain. 

k = (normal stress/ volumetric strain) = (F/A)/(dV/V ) = (FV)/(A dV) 

It is also referred to incompressibility and hence its reciprocal is compressibility (1/k).  
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Rigidity Modulus or Shear Modulus (n):  

It is concerned with the deformation of a solid when it experiences a force parallel to one of 

its surface while its opposite faces experience an opposing force (friction). Within the elastic 

limit, it is defined as the ratio of the tangential stress to shear strain. 

n = (tangential stress/ shear strain) = (F/A)/(θ) = (F)/(Aθ) 

When A=1 and θ=1 then n=F,  

Rigidity Modulus of a material is defined as the shearing stress per unit shear.  

 

Poisson’s ratio (γ):  

It is the ratio of the relative contractive strain or transverse strain (normal to applied load) to 

the relative extension strain or axial strain (in the direction of the applied load). When a 

material is stretched in one direction, it tends to contract in the other directions and vice 

versa. 

Consider a wire of length L and diameter D is stretched by a force, so that the length 

increased by dL while diameter decreased by dD.  

γ = (relative contractive strain / relative extension strain) 

 = (transverse strain / axial strain) 

 = (Lateral strain / Longitudinal strain) = (dD/D)/(dL/L) 
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BENDING OF BEAM:  

Beam is defined as a rod or bar made of homogeneous and isotropic elastic material with 

uniform cross section. 

The length of a beam is very large compared to its breath and thickness.  

Thus the shearing stress at any point of the beam is very small and negligible. 

Assumptions:  

1. The weight of the beam is negligible in comparison to the load.  

2. The beam should have small curvature.  

3. There are no shearing forces.  

4. The minimum deflection of the beam is small compared to its length  

5. The cross section of the beam remains unaltered during bending. So moment of inertia of 

the beam remains constant. 

Consider one end of the beam is fixed while a load is applied at the other end. So longitudinal 

filament is extended at the convex side while a contraction is obtained at the concave side. 

There is no change in the filament at the centre. The central filament is in the neutral stage 

called neutral filament and corresponding central axis is known as neutral axis. 

BENDING MOMENT OF A BEAM: 

The beam ABCD is fixed at one end AD, while a load W is applied at the other end BC. Let 

EF be the neutral axis of the beam. 
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Consider PBCQ is a small portion of the beam in the bending, RF is its neutral axis, Φ is the 

angle substantial by it at the centre of curvature O and R is the distance between neutral axis 

RF and centre of curvature O (radius of curvature of the beam). 

When the beam is at equilibrium,  

Bending moment = Restoring couple = Moment of couple 

Couple: Two equal and opposite forces will constitute a couple.  

Consider a thin filament XY in the upper half portion of the beam (above the neutral axis) 

situated at a distance r from the neutral axis RF.  

Length of filament (XY) without bending = length of neutral axis (RF)  

Original length of the filament = RΦ  

Length of filament (XY)with bending = (R+r)Φ  

Change in length of the filament = [(R+r)Φ] – [RΦ] = r 

Therefore, Strain produced at the filament (XY) = (Change in length/Original length) = (r/R)  

WKT, Young’s modulus = Y = (Stress/Strain) = (F/a)/(r/R) = (FR/ar)  

Where a is the area of cross section of the filament 

Force on the area (a) = F = (Yar / R) 

Therefore, 

Moment of this force about neutral axis RF = (Force) x (Distance) = (Yar / R) x (r) = 

(Yar2/R)  

WKT, the moment of inertia of the force acting on the upper and lower halves of the beam is 

same.  

Hence, the Total moment of inertia =  (Yar2/R) = (Y/R)   (ar2) = (Y/R) Ig  

Where, Ig is the geometrical moment of inertia of the beam (= AK2)  

A is the area of cross section of the beam  

K is the radius of gyration of the beam 

In equilibrium, bending moment of the beam is equal and opposite to the moment of bending 

couple. 

Therefore, Bending moment of the beam = (Y/R) Ig  

The quantity (YIg) is called flexural rigidity of the beam. 

Flexural rigidity is defined as the bending moment required to produced a unit radius of 

curvature. 
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CANTILEVER: 

A cantilever is a beam which is fixed horizontally at one end and a load is applied at other 

end.  

DEPRESSION AT THE LOADED END OF A CANTILEVER:  

Consider a cantilever of length L and PQ is the neutral axis of the cantilever.  

When a load W is applied at the free end Q of the cantilever. Then the end Q is deflected to 

Q’.  

Thus neutral axis takes a new position PQ’.  

Consider a point U in the cantilever which is at a distance x from the fixed end P.  

 

Moment of couple at U due to load W = Force x Distance= (W)(UQ) = W(L-x)  

WKT, under equilibrium condition,  

Moment of couple = Bending moment = Restoring couple 

W(L-x) = (Y/R) Ig ------------- (1)  

Y is the young’s modulus of the rod of the cantilever  

Ig is the geometric moment of inertia  

R is the radius of curvature of the neutral axis 

Consider a point V at a distance dx from U. the radius of curvature at V is same as that of at 

U, since the point V is very close to the point U. 

Hence, UV = dx = R dθ  
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(or) R= (dx/dθ) 

On substituting this in eqn (1) we get,  

 W(L-x) = (YIgdθ / dx) 

(or)  

 dθ =  W(L-x) dx / YIg  

Draw tangents at U and V, which meet the vertical line QQ’ at S and T respectively. So 

observed depression dy of V below U is  

 dy = (L-x) dθ = W(L-x)2 dx / YIg  

Total depression of the beam QQ’ is obtained by integrating the above equation with limit 0 

to L.  

Total depression =  dy = y = 0
L W(L-x)2 dx / YIg

  

Therefore, Total depression (y) = (W/YIg) 0
L (L2 -2Lx + x2) dx  

(or) y = (W/YIg) [L
2x – 2Lx2/2 + x3/3]0

L 

(or) y = (W/YIg) [L
3 – L3 + L3/3] 

(or) y = (W L3 / 3YIg)  

(or) y = (mg L3 / 3YIg) (W =mg) 

Where, m is the mass and g is the acceleration due to gravity 

For a circular cross section,   Ig = (r4/4)  

For a rectangular cross section,  Ig = (bd3/12) 

Where, r is the radius of circular cross section  

b and d are the breath and thickness of rectangular cross section  

The Young’s modulus of the cantilever with rectangular  

cross section is determined by 

Y = (mg L3) / 3y (bd3/12)  

The breath (b) and thickness (d) of the can be determined using Vernier caliper and Screw 

gauge respectively.  

Uniform bending: 

Consider a beam is placed above the two knife edges C and D. Consider that, an equal load 

W is applied at the two ends. The bending of the beam is uniform and forms an arc of a 

circle. This bending is known as uniform bending. 
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Non-uniform bending: 

Consider a beam AB is supported symmetrically on two knife edges C and D. The load W is 

applied at the centre of the beam. This bending is known as non-uniform bending since the 

bending of the beam does not describe an arc of a circle. A depression is produced at the 

centre depending on the applied load.  

 

DETERMINATION OF YOUNG’S MODULUS (Y): 

(a) By Non-uniform bending method: 

Due to the application of load at the centre, the beam appears as two separate inverted 

cantilevers. It appears that, the cantilevers are fixed at the centre E and loaded at the ends 

each with a load (W/2). The length of the cantilever is (L/2).  

Young’s modulus of the beam under non uniform bending by W = (W/2) and L = (L/2)  

WKT, the depression (y) = (W L3 / 3YIg) 

(or) Young’s modulus (Y) = (W L3 / 3yIg) 

In this case, W = (W/2) and L = (L/2) 

Hence, the above equation can be written as 
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  Y = (W/2) (L/2)3 / 3yIg 

(or)   Y = (W L3 / 48yIg) 

(or)   Y = (mg L3 / 48yIg) 

Where, m is the mass and g is the acceleration due to gravity 

For a circular cross section, Ig = (r4/4)  

For a rectangular cross section,  Ig = (bd3/12) 

Where, r is the radius of circular cross section  

b and d are the breath and thickness of rectangular cross section  

(b) By Uniform bending method: 

Young’s modulus (Y) = (W x L2 / 8yIg) 

(or)       Y = (mg x L2 / 8yIg) 

Where, m is the mass and g is the acceleration due to gravity 

For a circular cross section, Ig = (r4/4)  

For a rectangular cross section,  Ig = (bd3/12) 

Where, r is the radius of circular cross section  

b and d are the breath and thickness of rectangular cross section 

TORSION:  

It is the application of a twisting or turning force to an object. This twisting force most often 

involves movement in one direction at one end of an object and stability or movement in the 

opposite direction at the other end. 

TORSION COUPLE (OR) TWISITNG COUPLE PER UNIT TWIST (C) : 

Torsional rigidity is also known as the twisting couple per unit twist. It is the amount 

of twisting couple or torque required to twist the object by one unit angle, i.e., one radian. 
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Let us consider a cylindrical wire of length, L and radius, r. The wire is fixed at its upper end 

and twisted through an angle,  by applying a torque at the lower end. The wire can be 

assumed to be made up of hollow cylindrical tubes whose radii vary from 0 to r. 

The twisting couple on the wire, C = nθr4/2L 

If θ = 1 radian. Then 

The twisting couple per unit twist on the wire,  

   C = nr4/2L  

POTENTIAL ENERGY IN A TWISTED WIRE: 

The potential energy (restoring couple) in a twisted wire through an angle (θ) = 0
θ  Moment 

of couple x dθ  

    P.E = 0
θ  Cθ dθ  

    P.E = 1/2 Cθ2 

WKT, C = nr4/2L 

Therefore, P.E = 1/2 nr4/2L θ2 

(or) P.E = nr4 θ2/4L 

TORSIONAL PENDULUM:  

Consider a disc suspended from a torsion wire (thin rod) attached to its center. This setup is 

known as a torsion pendulum (or) torsional pendulum. A torsion wire is essentially 

inextensible, but is free to twist about its axis. As the wire twists it also causes the disc 

attached to it to rotate in the horizontal plane. Therefore, the disc is said to be executing 

simple harmonic motion (SHM). The rigidity modulus of the given wire can be determined 

using torsional pendulum.  
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Principle:  

When a disc (torsion pendulum) is rotated in a horizontal plane, the disc will execute a 

Simple Harmonic Oscillation (or) Motion due to the restoring couple produced in the wire. 

Determination of Time period of oscillation (T) and Rigidity modulus (n): 

From the Law of conservation of energy, 

Total energy (TE) = Kinetic energy (KE) + Potential energy (PE) 

WKT, KE (Deflecting couple) = 1/2 I2 

PE (Restoring couple) = 1/2 Cθ2  

Therefore, TE = KE + PE 

(or) TE = 1/2 I2 + 1/2 Cθ2 ________ (1) 

On Differentiating Eq. (1) w.r.t. ‘t’, we have 

[1/2 . 2 I d/dt ]  + [1/2 . 2Cθ dθ/dt ] = 0 

(or) Cθ dθ/dt   + I d/dt = 0 __________(2) 

WKT, angular velocity,  = dθ/dt  

And angular acceleration, d/dt = d2θ/dt2 

On substituting the value of  and d/dt in Eq. (2), we have 

Cθ dθ/dt   + I . dθ/dt . d2θ/dt2 = 0 

(or) dθ/dt [Cθ + I . d2θ/dt2] = 0 

Here, dθ/dt  0. Therefore, Cθ + I . d2θ/dt2 = 0 

  (or) d2θ/dt2 = - Cθ/I _____(3)  

WKT, the time period of oscillation (T) is given by  

 T = 2 (Displacement/Acceleration _____(4) 

On substituting Eq. (3) in Eq. (4), we have 

  T = 2 θ / Cθ/I  

(or)  T = 2 I /C _______(5) 

Hence, Frequency, f = 1/T = 1/2 C/I  

If ‘L’ be the length of the wire and ‘r’ be the radius of the wire. Then 

WKT, The twisting couple per unit twist on the wire,  

   C = nr4/2L______(6) 

On substituting Eq. (6) in Eq. (5), we have 
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   T = 2 2LI /nr4 

  (or) T2 = 42 .(2LI /nr4) 

  (or) n = (8I/r4) . (L/T2) N/m2 

VISCOUS FORCE AND VISCOSITY OF A LIQUID: 

The frictional force offered by the adjacent liquid layers during its flow is called as Viscous 

force and the phenomenon is known as Viscosity. 

Definition: The property of the fluid by virtue of which it opposes the relative motion 

between its different layers is called as Viscosity. 

Both liquids and gases exhibit viscosity, but liquids are much more viscous than gases. 

CO-EFFICIENT OF VISCOSITY OF A LIQUID ():  
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COMPARISON OF VISCOSITIES OF TWO LIQUIDS BY GRADUATED BURETTE 

METHOD: 
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SURFACE TENSION: 
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INTERFACIAL SURFACE TENSION: 

In general, surface tension is the property of the liquid in contact with gas phase (usually 

air). Interfacial surface tension, on the other hand, is the property between any two 

substances. It could be liquid-liquid, liquid-solid or solid-air. 

Surface tension can also be defined as the amount of energy required to increase the surface 

area between a liquid and a gas (e.g. air and water). 

 

Interfacial tension is defined as the amount of energy required to increase the interfacial area 

between two immiscible liquids (e.g. oil and water). 

 

DETERMINATION OF SURFACE TENSION AND INTERFACIAL SURFACE 

TENSION BY THE METHOD OF DROPS (OR) DROP WEIGHT METHOD:  

(I) DETERMINATION OF SURFACE TENSION:  
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(II) DETERMINATION OF INTERFACIAL SURFACE TENSION:  
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HEAT 

 

HEAT: 

 

It is the energy that is transferred from one body to another as the result of a difference 

in temperature. 

If two bodies at different temperatures are brought together, energy is transferred i.e., heat 

flows from the hotter body to the colder.  

The effect of this transfer of energy results in an increase in the temperature of the colder 

body and a decrease in the temperature of the hotter body.  

The important distinction between heat and temperature (heat being a form of energy and 

temperature a measure of the amount of that energy present in a body).  

 

SPECIFIC HEAT (c): 

The specific heat is the amount of heat per unit mass required to raise the temperature by one 

degree Celsius.  

The relationship between heat and temperature change is usually expressed as 

Q = cmT  

where Q is the heat added 

c is the specific heat 

m is the mass 

T is the change in temperature 

The SI unit for specific heat is joule per kelvin per kilogram (J/K/kg, J/(kg K), J K−1 kg−1). 

 

Specific heat capacity (Cp): 

The specific heat capacity of a substance is the heat capacity of a sample of the substance 

divided by the mass of the sample.  

Informally, it is the amount of energy that must be added in the form of heat to one unit of 

mass of the substance in order to cause an increase of one unit in its temperature.  

The SI unit of specific heat is joule per kelvin and kilogram, J/(K kg). 

 

CALLENDER’S BARNE’S METHOD (OR) CONTINUOUS FLOW METHOD TO 

DETERMINE THE SPECIFIC HEAT OF A LIQUID (C):  
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Note:  WKT, Energy = Power x Time and  

Power = Voltage x Current 

Therefore, Energy = Voltage x Current x Time 
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NEWTON’S LAW OF COOLING: 

 

 

In Other words,  

 

DETERMINATION OF SPECIFIC HEAT OF A LIQUID (S) USING NEWTON’S 

LAW OF COOLING:  
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       Note: Rate of cooling = dQ/dt = MSθ / t  
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Emissive power: 

Emissive power is the total amount of thermal energy (radiation) emitted per unit area per 

unit time for all possible wavelengths. It is also called as Emittance. 

Emissivity: 

Emissivity of a body at a given temperature is the ratio of the total emissive power of a body 

to the total emissive power of a perfectly black body at that temperature. Emissivity of 

surface will depend on the material of which it is composed. 

Note: A perfect blackbody is one that absorbs all incoming light radiation and does not 

reflect any. At room temperature, such an object would appear to be perfectly black (hence 

the term blackbody). However, if heated to a high temperature, a blackbody will begin to 

glow with thermal radiation.  

PRODUCTION OF LOW TEMPERATURE: JOULE – KELVIN (J-K)  EFFECT OR 

JOULE-THOMSON (J-T) EFFECT: 
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Conclusions: 

At ordinary temperatures, most of the gases will cool down in passing from higher pressure to 

lower pressure through porous barrier. This is called as Positive effect. But few gases like 

hydrogen and helium at room temperature become hot instead of cooling. This is called as 

Negative effect. 

The temperature at which J-T effect (or) J-K effect changes its sign is called as Inversion 

temperature (or) Temperature of inversion (Ti). It is represented as  

   Ti = 2a/Rb  

Where a and b are the van der Waal’s constants 

 R is the Gas constant  

LIQUEFACTION OF AIR - LINDE’S METHOD:  
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HELIUM I AND II:  

 

 



10 

 

 

PRODUCTION OF LOW TEMPERATURE- ADIABATIC DEMAGNETISATION : 

Isochoric Constant volume 

Isobaric Constant pressure 

Isothermal Constant temperature 

Adiabatic No heat transfer 

 

Adiabatic demagnetization is a process by which the removal of a magnetic field from 

certain materials serves to lower their temperature. This procedure, proposed by 

chemists Peter Debye (1926) and William Francis Giauque (independently, 1927), 

provides a means for cooling an already cold material (at about 1 K) to a small fraction of     

1 K. 
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ELECTRICITY AND MAGNETISM 

ELECTRICITY:  

POTENTIOMETER (POT):  

 

 

PRINCIPLE OF POTENTIOMETER:  
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CALIBRATION OF LOW RANGE VOLTMETER USING POTENTIOMETER:  

 

 

INTERNAL RESISTANCE: 
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RESISTANCE: 

 

MEASUREMENT OF INTERNAL RESISTANCE OF CELL USING POTENTIOMETER: 

 

 

 

Thus, the internal resistance (r)  of the cell can be measured using potentiometer. 
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MEASUREMENT OF AN UNKNOWN RESISTANCE USING POTENTIOMETER:  
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MAGNETISM: 

POLE STRENGTH (M):  

Pole strength of a magnet is defined as the strength with which the materials get attracted towards 

the magnet. It is the scalar quantity and is denoted by m. unit of pole strength will be Am. 

MAGNETIC MOMENT (M):  

The magnetic moment (M) is the product of the pole strength (m) and the length of the magnet (l). 

Therefore, the relation between the pole strength and the magnetic moment is 

    M = ml 

           Unit of magnetic dipole moment is Am2. 

DEFLECTION MAGNETOMETER: 

 

 

Deflection magnetometer can be arranged in three positions to determine the magnetic moment   

(M) and the horizontal component of earth's magnetic field (BH) 

   (i) Tan-A position 

   (ii) Tan-B position 

   (iii) Tan-C position  



8 

 

TAN-A POSITION: 

 

In Tan A position, prior to placement of the magnet, the compass box is rotated so that the (0-0) 

line is parallel to the arm of the magnetometer. Then the magnetometer as a whole is rotated till 

pointer reads (0-0). Finally, the bar magnet (the same one that was previously suspended in the 

Vibration Magnetometer) is placed horizontally, parallel to the arm of the deflection magnetometer, 

at a distance d chosen so that the deflection of the aluminium pointer is between 30° and 60°. 

 

where l = L/2 is the half-length of the magnet 

  m = magnetic moment of the magnet 

4π x 10 -7 H/m - the magnetic permeability of free space 

 θ = deflection of aluminium pointer. 

TAN-B POSITION: 

 

In this Tan B position, prior to placement of the magnet, the compass box alone is rotated so that 

the (90-90) line is parallel to the arm of the magnetometer. Then the magnetometer as a whole is 

rotated so that the pointer reads (0-0). Finally, the magnet is placed horizontally, perpendicular to 

the arm of the magnetometer, at distances d chosen so that the deflection of the aluminium pointer 

is between 30°and 60°. 
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TAN-C POSITION: 

 

In this Tan C position, the bar magnet is placed vertically, in contrast to the Tan A and Tan B 

positions, where it is placed horizontally. The bottom end of the bar magnet is placed a 

distance d from the center of the compass box, chosen so that the deflection of the aluminium 

pointer is between 30° and 60°. 

 

Where P is the pole strength in Amp-meters (A m) and 

 L is the length of the bar magnet in meters 

 

VIBRATION MAGNETOMETER-THEORY AND PERIOD OF OSCILLATION (T):  
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Thus its period of oscillation (T) for small θ, is approximately. 

                       

Where I = moment of inertia of the magnet about the axis of oscillation 

m = magnetic moment of the magnet 

BH = horizontal intensity of the earth's magnetic field. 

 

For a rectangular bar magnet, 

 

Where 

M = mass of the magnet 

L = length of the magnet (longest horizontal dimension) 

b = breadth of the magnet (shortest horizontal dimension) 

On squaring equation (1) 

 

 

 

Thus, by measuring vibration (oscillation) period T and calculating the moment of inertia I of the 

bar magnet, mBH is determined using the vibration magnetometer. 

DETERMINATION OF M AND BH USING THE DEFLECTION MAGNETOMETER IN 

TAN C POSITION AND THE VIBRATION MAGNET:  

To determine the magnetic dipole moment (M) of a bar magnet and horizontal intensity (BH) of 

earth’s magnetic field using a deflection magnetometer. 
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The deflection magnetometer consists of a large compass box with a small magnetic needle pivoted 

at the center of a circular scale so that the needle is free to rotate in a horizontal plane . 

A large aluminium pointer is rigidly fixed perpendicular to the magnetic needle. The circular scale 

is graduated in degrees. (0-0) and (90-90) readings are marked at the ends of two perpendicular 

diameters. The compass box is placed at the center of a wooden board one meter long. The wooden 

board has a millimeter scale along its axis. The zero of this scale is at the center of the compass 

box. 

TAN-C POSITION: 

 

In this Tan C position, the bar magnet is placed vertically, in contrast to the Tan A and Tan B 

positions, where it is placed horizontally. The bottom end of the bar magnet is placed a 

distance d from the center of the compass box, chosen so that the deflection of the aluminium 

pointer is between 30° and 60°. 

     

Where P is the pole strength in Amp-meters (A m) and 

 L is the length of the bar magnet in meters 

 

According to the tangent law,  

  
 

In Equation (2), the horizontal component of the field from the bar magnet BH bar corresponds to 

the external field B, so we have. On substituting this in Eq. (1) and solving for the pole 

strength P of the bar magnet, 

 
By knowing the pole strength (P) of the bar magnet, the magnetic moment (M) can be determined. 
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SOUND AND ACOUSTICS OF BUILDING 

SOUND:  

In physics, sound is a vibration that propagates as an acoustic wave through a transmission medium 

such as a gas, liquid or solid. In human physiology and psychology, sound is the reception of such 

waves and their perception by the brain. Only acoustic waves that have frequencies lying between 

about 20 Hz and 20 kHz, the audio frequency range elicit an auditory percept in humans (audible 

sound). Sound waves above 20 kHz are known as ultrasound and are not audible to humans. Sound 

waves below 20 Hz are known as infrasound. Sound can propagate through a medium as 

longitudinal waves and transverse waves. 

LONGITUDINAL WAVES: 

Longitudinal waves are waves in which the displacement of the medium is in the same direction as 

or the opposite direction (parallel) to the direction of propagation of the wave. Mechanical 

longitudinal waves are also called compressional or compression waves, because they produce 

compression and rarefaction when travelling through a medium. 

Examples: sound waves, ultrasound waves, seismic P-waves. 

TRANSVERSE WAVES: 

Transverse wave is a moving wave whose oscillations are perpendicular to the direction of the 

wave or path of propagation. Transverse wave is also called as shear wave. In seismology, shear 

waves are also called secondary waves or S-waves. 

Examples: Vibrations in a guitar string, Electromagnetic waves such as light waves, microwaves, 

radio waves, Seismic S-waves. 

TRANSVERSE VIBRATION OF A STRETCHED STRING: 

VELOCITY OF TRANSVERSE WAVES IN A STRETCHED STRING (v):  
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Centripetal Force: 

 

Centripetal force is the component of force acting on an object in curvilinear motion which is 

directed towards the axis of rotation or centre of curvature. 

The unit of centripetal force is Newton.  

 

Examples of Centripetal Force: 

 

 Spinning a ball on a string 

 Turning a car 

 Going through a loop on a roller 

 Planets orbiting around the Sun 

 

Centrifugal Force: 

 

Centrifugal force is a force that arises from the body’s inertia and appears to act on a body that is 

moving in a circular path which is directed away from the centre around which the body is moving. 

Centrifugal force unit is Newton. The centrifugal force drives the object away from the centre. It is 

a fictitious force. 

 

Examples of Centrifugal forces: 

 

 Weight of an object at the poles and on the equator 

 A bike making a turn. 

 Vehicle driving around a curve 

 Equatorial railway 
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FREQUENCY OF TRANSVERSE VIBRATION OF A STRETCHED STRING (n): 

 

LAWS OF TRANSVERSE VIBRATIONS ALONG A STRETCHED STRING:  

 

 

VERIFICATION OF LAWS OF TRANSVERSE VIBRATIONS ALONG A STRETCHED 

STRING: 
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MEASUREMENT OF A.C. FREQUENCY USING SONOMETER FOR STEEL WIRE:  
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FOR BRASS (OR) COPPER WIRE:  

 

 

ULTRASONICS: 
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PRODUCTION OF ULTRASONIC WAVES BY PIEZOELECTRIC METHOD - 

PIEZOELECTRIC OSCILLATOR: 
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PROPERTIES OF ULTRASONIC WAVES:  

 Ultrasonic waves vibrate at a frequency greater than the audible range for humans (20  hertz 

to 20 kilohertz). 

 They have smaller wavelengths. As a result, their penetrating power is high. 

 They cannot travel through vacuum. 

 Ultrasonic waves travel at the speed of sound (330 m/s) in the medium. They have 

maximum velocity in a denser medium. 

 In a homogeneous medium, they travel at a constant velocity. 

 In low viscosity liquids, ultrasonic waves produce vibrations 

 They undergo reflection, refraction and absorption. 

 They have high energy content. They can be transmitted over a large distance without much 

loss of energy. 

 They produce intense heat when they are passed through objects. 

 Like sound waves, ultrasonic waves are longitudinal waves that produce alternate 

compressions and rarefactions.  

 

USES (OR) APPLICATIONS OF ULTRASONIC WAVES:  
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ACOUSTICS OF BUILDINGS:  
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CONDITIONS FOR THE PERFECT ACOUSTICS: 
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GEOMETRICAL OPTICS AND PHYSICAL OPTICS 

INTRODUCTION: 

Optics is the branch of physics that studies the behaviour and properties of light, including its 

interactions with matter and the construction of instruments that use or detect it. In general, 

geometrical optics is based on the concept of rays. Whereas, physical optics deals with the 

explanation of physical phenomenon.  

LENS AND ITS TYPES:  
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DEFECTS OF IMAGES (LENS) OR ABERRATION:  

 

SPHERICAL ABERRATION: 
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METHODS OF MINIMIZING SPHERICAL ABERRATION:  
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CHROMATIC ABERRATION: 
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ACHROMATISM OF THIN LENSES: 

 

(1) Achromatism for two thin lenses in contact  

(2)  Achromatism for two thin lenses separated by a distance  

 

ACHROMATIC COMBINATION OF TWO THIN LENSES IN CONTACT: 
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ACHROMATISM FOR TWO THIN LENSES SEPARATED BY A DISTANCE:  
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PHYSICAL OPTICS: 

Physical optics deals with the explanation of physical phenomenon such as Interference, Diffraction 

and Polarisation.  

INTERFERENCE:  

 

AIR-WEDGE OR AIR-WEDGE SHEARING INTERFEROMETER: 

 The air-wedge shearing interferometer is probably the simplest type of interferometer 

designed to visualize the disturbance of the wave front after propagation through a test 

object.  

 This interferometer is based on utilizing a thin wedged air-gap between two optical glass 

surfaces. 

 This interferometer consists of two optical glass wedges pushed together and then slightly 

separated from one side to create a thin air-gap wedge. This air-gap wedge has a unique 

property like very thin (micrometer scale) and perfect flatness.  
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DETERMINATION OF DIAMETER (OR) THICKNESS OF A THIN WIRE BY AIR 

WEDGE DIFFRACTION: 
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THEORY OF TRANSMISSION GRATING – NORMAL INCIDENCE: 
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DETERMINATION OF WAVELENGTH OF MONOCHROMATIC SOURCE USING A 

GRATING BY NORMAL INCIDENCE: 
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DETERMINATION OF WAVELENGTH OF MERCURY LINES (OR) WHITE LIGHT 

USING A GRATING BY NORMAL INCIDENCE: 
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POLARISATION: 

A light wave that is vibrating in more than one plane is referred to as unpolarized light. Polarized 

light waves are light waves in which the vibrations occur in a single plane. The process of 

transforming unpolarized light into polarized light is known as polarisation.  

 

OPTICAL ACTIVITY: 
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SPECIFIC OPTICAL ROTATORY POWER (OR) SPECIFIC ROTATION:  

The capacity of a substance to cause rotation of the plane of polarization when plane-polarized light 

is passed through it. 
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POLARIMETER: 

 A polarimeter is a scientific instrument used to measure the angle of rotation caused by passing 

polarized light through an optically active substance. 

 Some chemical substances are optically active and polarized (uni-directional) light will rotate 

either to the left (counter-clockwise) or right (clockwise) when passed through these substances.  

 The amount by which the light is rotated is known as the angle of rotation. The angle of rotation 

is basically known as observed angle.  

DETERMINATION OF SPECIFIC ROTATORY POWER OF A SOLUTION USING THE 

POLARIMETER:  
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