
Elasticity 

Elasticity 

It is a branch of Physics which deals with the elastic property of materials. When an 

It is defined as the restoring force per unit area which brings back the body to its original 

state from the deformed state. Unit of Stress is N/m
2
. 

Types of stress 

a. Normal Stress  
When the force is applied perpendicular to the surface of the body, then the stress applied 

is normal Stress.  

b. Tangential Stress 
When the force is applied along the surface of the body, then the stress applied is called 

as tangential stress. The tangential stress is also called as Shearing Stress.  

 

Strain 

Strain is defined as the change in dimension (fractional deformation) produced by the 

external force of the body. It can also be defined as the ratio of the change in dimension to the 

original dimension. 

Types of strain  

a) Longitudinal or Tensile Strain 

It is defined as the ratio between the changes in length to the original 

length without any change in its shape, after the removal of the external 

forces. If the original length of the body is ‘L’ and the change in length 

due to applied force is ‘l’, Longitudinal strain = l/L 

 

b) Shearing Strain 

It is defined as the angular deformation produced on the body due to 

the application of external tangential forces on it. Let ABCD be a 

body with its CD fixed a shown in the figure. A tangential force is 

applied on the upper surface AB of the body. Therefore the body 

shears to angle and it goes to a new position. This angle measured in 

radians is called Shearing Strain. 

 

c) Volumetric Strain 

It is defined as the ratio between the changes in volume to the 

original volume without any change in its shape. When forces are 

applied normal to the surface of the body of volume ‘V’, it 

undergoes a change in volume ‘v’, Volumetric Strain = v/V 

external force is applied to a body, there will be some change in its length, shape and volume. 

When this external force is removed, and if the body regains its original shape and size, then the 

body is said to be a perfectly Elastic body. 

 

Stress 
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Hooke’s law 

When the forces are applied to the bodies, each and 

every body has a tendency to oppose the force and will try to 

regain its original position after the removal of the force. When 

the applied force is increased beyond the maximum value, the 

body does not regain its original position completely, even after 

the removal of the external force. Hence the maximum stress up 

to which a body can recover its original shape and size, after 

removing the external forces is called Elastic limit.  

b) Yield point  

If a body is continuously subjected to Stress or Strain, it gets fatigued (weak), called 

Elastic Fatigue. Consider two torsional pendulums A and B of same wires. Let the pendulum ‘A’ 

be set into oscillation continuously. After some time if ‘A’ comes to rest, make both pendulums 

‘A’ and ‘B’ to oscillate simultaneously. It is found that pendulum ‘A’ comes to rest earlier than 

pendulum ‘B’ due to elastic fatigue. 

 

Stress-Strain diagram 

2. As soon as the maximum elastic limits i.e. yield point 

‘B’ is crossed, the strain increases rapidly than the stress. 

3. At this stage the body remains partly elastic and partly 

plastic which is represented by the curve BC.  

4. Now, even if a small external force is applied, the body 

Let us consider a wire loaded by some forces. It obeys Hooke’s law and the wire extends up 

to a limit called elastic limit (A) as shown in the figure. 1.4.  If the load is applied beyond the 

elastic limit, Hooke’s law is no longer obeyed and the extension increases to the point ‘B’ even for 

a small increase in the load. Now, even if the load is removed, the wire will not regain its 

original position. Therefore, the point at which the body loses its elasticity is called Yield Point 

represented by ‘B’. 

c) Elastic fatigue  

If we plot a graph between stress and strain we get a curve as shown in the figure 1.5  and 

it is called as Stress – Strain diagram. 
1. From figure, it is found that the body obeys Hooke’s law 

up to the region OA called as elastic range. 

will take a new path CD and remains as Plastic range, 

where D is called Ultimate strength.  

In 1679, Robert Hooke proposed a relation between Stress and Strain called 

Hooke’s Law. According to this law, “Stress is directly proportional to the Strain produced, 

within the elastic limit”. 

a) Elastic limit 
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5. After this, the body will not come to its original state and the body acquires a permanent 

residual strain and it breaks down at a point called a breaking stress, indicated by dotted 

line EF.  

 

Factors affecting elasticity 

1. When a material is subjected to large number of cycles of stresses, it loses its elastic 

property even within the elastic limit.  

2. If annealing is made to a material it results in the formation of large crystal grains, which 

ultimately reduces the elastic property of the material.  

3. Normally the elasticity increases with the decrease in temperature and vice-versa. 

Examples: The elastic property of lead increases when the temperature is decreased. 

5. For a single crystal the elasticity is more and for a poly crystal the elasticity is less.  

 

Types of moduli of elasticity 

a. Young’s modulus (Y)  

It is defined as the ratio between the longitudinal stress to longitudinal 

strain, within the elastic limits. Let us consider a wire of length ‘L’ 

with an area of cross section ‘A’. Let one end of the wire is fixed and 

the other end is loaded or stretched as shown in the figure. Let ‘l’ be 

the change in length due to the action of the force, then 

 

Longitudinal stress = F/A 

Longitudinal strain = l/L 

Young’s modulus, Y = FL/Al (Unit: Nm
2
) 

 

Bulk Modulus (K) = FV/Av (Unit: Nm
-2

) or PV/ν (Unit: Nm
-2

) 

 

b. Bulk modulus (K) 

It is defined as the ratio between the volume stress or bulk 

stress to the volume strain or bulk strain within the elastic limits. 

Let us consider a body of volume ‘V’ with an area of cross 

section ‘A’. Let ‘v’ be the change in volume due to the action of 

forces, then  

 

Volume stress or bulk stress = F/A 

Volume strain or bulk strain = v/V 

4. The increase and decrease of elasticity depends upon the type of impurity added to it. 

Examples: When potassium is added to gold, the elastic property of gold increases. When 

carbon is added to molten iron, the elastic property of Iron decreases provided the carbon 

content should be more than1% in iron. 
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-2
) 

 

Poisson’s ratio (σσσσ)  

It is defined as the ratio between the lateral strain per unit stress (β) to the longitudinal 

strain per unit stress(α), within the elastic limits. 

 

 

c. Rigidity modulus (n) 

It is defined as the ratio between the tangential stress to the shearing 

strain, within the elastic limits. Let us consider a solid cube 

ABCDEFGH where in lower CDHG is fixed as shown in the figure. 

A tangential force ‘F’ is applied over the upper face ABEF. We can 

write the tangential stress = F/A  

Shearing stress (φ) can be defined as the ratio of the relative 

displacement between the two layers in the direction of the stress, to 

the distance measured perpendicular to the layers. 

Rigidity modulus (n) = Tangential stress/ Shearing stress = F/Aφ (Unit: Nm
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Bending of beams  

Beam 

A beam is defined as a rod or bar. Circular or rectangular of uniform cross-section 
whose length  is  very  much  greater  than  its  other  dimensions,  such  as breadth  
and  thickness.  It  is commonly  used  in  the  construction  of  bridges  to  support  
roofs  of  the  buildings  etc.  since  the length of the beam is much greater than its 
other dimensions the shearing stresses are very small.  

Assumptions 

While studying about the bending of beams, the following assumptions have to be made.  

a) The length of the beam should be large compared to other dimensions.  

b) The load (forces) applied should be large compared to the weight of the beam  c) 

The shearing stresses are negligible  
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I-shaped girders
 

A girder is a metallic beam supported at its two ends by pillars or on opposite walls. It 

should be so designed that it should not bend too much or break under its own weight. Consider 

a girder is supported at its ends. There may be bending at the centre of the girder due to its own 

weight. It is similar to a non-uniform bending. The depression produced in the case of the non-

uniform bending for a rectangular bar is  

Ybd

Wl
y

3

3

4
=

 
It is clear that the depression is directly proportional to l3, inversely proportional to the 

breadth b and inversely proportional to the cubic power of the thickness, d. This shows that the 

depression can be minimized by reducing the length and by increasing the thickness and the 

breadth of the girder. 

  

 

 

 

Consider there is a bending of the girder at its centre due to its own weight. There is an 

elongation in the lower filament of the girder, and there is a compression in the upper filament of 

the girder. In the middle filament, there is no increase or decrease in the size of the filament. It 

means that there is no compressive or elongation force acting in the middle filament. Therefore, 

the thickenss of the middle layer of the girder may be reduced, and hance the girder looks like I-

shaped one. 

 

Advantages 

1. I-shaped girder is nearly as strong as a solid steel beam of identical dimensions. 

2. I-shaped beam configuration has light weight compared to solid beam configuration of 

same dimension. 

3. The material cost of I-shaped girder is low as compared to the solid steel beam of 

identical dimensions. 

  

Applications 

1. They are used in the construction of bridges over the rivers. 

2. They are very much useful in the production of iron rails which are employed in railway 

tracks. 

3. They are used as supporting beams for the ceilings in the construction of buildings. 
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UNIT – II  WAVES AND FIBRE OPTICS 

MOTION:- 

 When the position of a body in the space changes with time, the body is said to be in 

motion 

Types:- 

Translational motion 

 If the position of the body varies linearly with time then the motion is said to be 

translational motion. 

Ex. Rocket launching, a ball moving on the ground etc., 

Rotational motion or Oscillatory motion 

 If the motion of the body repeats itself after regular interval of time then it is called as 

rotational or oscillatory motion. 

Ex. Bob moving in a pendulum clock, movement of earth around the sun, etc., 

Simple harmonic motion (SHM) 

 A particle is said to execute simple harmonic motion if it moves to and fro about a mean 

position under the action of a restoring force which is directly proportional to its displacement 

from the mean position and is always directed towards the mean position.  

Characteristics :-  

 Motion is periodic 

 Motion is along a straight line about the equilibrium position 

 Acceleration is proportional to displacement 

 Acceleration is directed towards the equilibrium position 

Definitions concerning SHM 

Amplitude:- 

 The maximum displacement or the distance between the equilibrium position and the 

extreme position. 

Displacement :-  

 The distance of the body in any direction from the equilibrium position at any instant is 

called the displacement of the body. 

Time period:-  
 It is defined as the time taken by a body for one oscillation. 

Frequency:- 
  It is defined as no. of oscillations in one second. It is also defined as the reciprocal of 

time period. 

Phase:- 

  The phase of the vibrating particle at any given instant may be defined as it state of 

condition as regards its position and direction of motion at that instant. 
 

Equation of motion of a simple harmonic oscillator:- 
 Consider a particle of mass ‘m’ executing simple harmonic motion about mean position ‘O’ along 

x- axis. The force under which the particle is oscillating is proportional to its displacement.  x- be the 

displacement of p from O at any instant. 
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Characteristics of laser  

 Highly coherent.       

 Highly intense. 

 Highly directional.         

 Highly monochromatic. 

Principle of laser action 

Stimulated emission process is a key factor for the laser action. The multiplication of 

photons through stimulated emission leads to coherent, powerful, monochromatic, collimated 

beam of laser. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Types of laser 

 Based on the type of active medium, laser systems are broadly classified into the 

following categories. 

a. Solid state laser – Ruby, Nd-YAG  

   b. Gas laser – CO2 , He –Ne  

   c.  Liquid laser – Europium chelate 

d. Dye laser – Coumarin dye laser 

e. Semiconductor laser – GaAs  

Laser stands for Light amplification by stimulated emission of radiation.  Laser is a device 

which emits a powerful, monochromatic collimated beam of light. The emitted light waves are 

coherent in nature.  

 LASER 

www.rejinpaul.com

downloaded from www.rejinpaul.com

http://learnengineering.in


www.rejinpaul.com

downloaded from www.rejinpaul.com

http://learnengineering.in


www.rejinpaul.com

downloaded from www.rejinpaul.com

http://learnengineering.in


www.rejinpaul.com

downloaded from www.rejinpaul.com

http://learnengineering.in


www.rejinpaul.com

downloaded from www.rejinpaul.com

http://learnengineering.in


www.rejinpaul.com

downloaded from www.rejinpaul.com

http://learnengineering.in


Difference between spontaneous emission and stimulated emission 

 

Spontaneous emission Stimulated emission 

Emission of light is caused without any 

external influence 

Induced emissions of light caused by incident 

photons 

Emitted photon travels in  random direction 
Emitted photons can be made to travel in particular 

direction 

Emitted photons cannot be controlled Emitted photons can be controlled 

Conditions required for laser action 

1) No. of atoms in excited state should be more than that in ground state (Population 

Inversion) 

2) Stimulated emission should dominate over spontaneous emission 

Population inversion 

The number of atoms in the excited state (higher energy level) is 

more than that of ground state (lower energy level) is known as 

population inversion. This is achieved by Pumping action. 

 

 

 

Conditions of Population inversion 

1) There must be at least two energy levels E2 > E1.  

2) There must be a source to supply the energy to the medium.  

3) The atoms must be continuously raised to the excited state. 

Pumping action 

The process of creating population inversion in the atomic states is known as pumping action. It 

is essential requirement for producing a laser beam. 

i. Optical pumping: Here the atoms are excited with the help of photons. The atoms absorb energy from 

the photons and rises to excited state. Ex: Ruby laser.  
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ii. Direct electron excitation: The electrons are accelerated to very high velocities by strong electric field 

and they collide with gas atoms and these atoms are raised to excited state. Ex: CO2  

laser. 

 

 

 

 

 

 

iii. Inelastic atom-atom collision: In this method, a combination of two gases (Say A and B are used). 

The excited states of A and B nearly coincides in energy. In the first step during the electrical discharge 

atoms of gas A are excited to their higher energy state A
*
 (metastable state) due to collision with the 

electrons .  

e
*
 + A = A

*
+ e 

Now A* atoms at higher energy state collide with b atoms in the lower state. Due to inelastic atom 

- atom collision B atoms gain energy and they are excited to a higher state B 
*

 . Hence, A atoms lose 

energy and return to lower state. 

A
*
 + B = B

*
+ A 

 

iv. Direct conversion: Due to electrical energy applied in direct band gap semiconductor, the 

combination of electrons and holes takes place and electrical energy is converted into light energy 

directly.  

 

 

 

 

v. Chemical process: Due to some chemical reactions, the atoms may be raised to excited state.  

 

Components of a laser device 

a) Active medium 

The medium in which the population inversion can be achieved is called active medium. 

b) Pumping system 

 It is a system used to produce population inversion in the active medium. 

c) Optical resonator 

An optical resonator or a resonance cavity is a feedback system, which consists of an active 

medium kept in between a 100% mirror and a partial mirror. The intensity of light produced in the active 

medium is increased by making the light to bounce back and forth between the mirrors. Finally the laser 

beam comes through the partial mirror. 
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Homojunction Ga-As laser 

Principle 

When p-n junction diode is forward biased, recombination of electrons and holes take 

place, which results in the emission of laser light. 

Construction and working 

 

The active medium is a p-n junction diode where p and n type materials are made from 

same material (gallium arsenide).  Optical resonator is provided by polishing the sides of the 

junction regions. When p-n junction is forward biased, electrons and holes are injected into 

junction region. Now, the electrons and holes recombine with each other with the release of light 

photons.  

When forward biased voltage is increased, more light photons are emitted which triggers 

a chain of stimulated recombinations resulting in the emission of laser light at a wavelength of 

8300 Å to 8500 Å. The wavelength of laser light is given by  = hc/Eg, where Eg is band gap 

energy 

Advantages 

i. Small in size 

ii. High efficiency 

iii. Continuous or pulsed output 

Drawbacks of homojunction laser diodes 

i. Threshold current is very large 

ii. The output beam has large divergence 

iii. Coherence and stability are poor. 

Applications 

i. Fibre optic communication 

ii. Laser printers, Pain killers 
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Difference between homojunction and heterojunction semiconductors 

 

 

 

 

 

 

Homojunction laser Heterojunction laser 

Made by single crystalline material. Made by different crystalline materials. 

Power output is low. Power output is high 

Pulsed output. Continuous output. 

Life time is less. Life time is more. 

Ex: GaAs , InP Ex: InP/ InAlPS 

a. Since it is not absorbed by water, used in under water communication.  

b. It is useful in the production of laser gun and laser torches due to its high directional 

property. 

c. Laser welding is particularly useful in the welding of dissimilar metals. It opens up 

many different configurations and innovative joint designs which were previously 

unachievable with conventional welding methods. 

d. Laser cutting: Our laser cutting systems enable us to perform services that would be 

difficult using conventional machinery. High power lasers are used in welding, drilling, 

cutting etc. 

e. Quality testing: Employed in non-destructive testing method to test the quality of 

materials. 

f. 3D images can be constructed and reconstructed using holography technique 

 Medical applications of laser 

a. It is used to drill minute holes in cell walls of human body.  

b. It is used to treat cancer and tumor in human beings and animals.  

c. It is used for the treatment of detached retina.  

d. It is used to carry out microsurgery and bloodless operation.  

e. It is used to shatter the kidney stones.  

f. It used to cut the bones precisely. 

 Industrial applications of laser
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Unit – V / Fibre Optics 

 

� Optical fibers – Guiding media to transmit the information carrying light signals from one 

place to another without any loss; Structure of optical fibers – consist of three main parts. 

 

• Core – Innermost cylindrical shell with refractive index n1 

• Cladding – Cylindrical shell with refractive index n2 that surrounds the core 

• Jacket – Outermost layer made of polyurethane that protects optical fibers from external 

factors like rain, fog etc.  

 

 

 

 

 

 

  

 

� Critical angle – When a light signal transmitted from a denser medium to a rarer medium, 

the angle above which the total internal reflection takes place is called as critical angle. 

θθθθC = sin-1 (n2/n1) 

 

� Acceptance angle – The maximum angle below which a light ray enter into an optical fiber 

and still total internally reflected back into the same medium is called as acceptance angle. 

θθθθοοοο= sin-1 √√√√n1
2-n2

2 

 

� Numerical aperture – The light gathering capacity of a fiber is called as numerical aperture 

also it can be defined as sine of acceptance angle. 

NA = √√√√n1
2-n2

2 

 

� Conditions for the total internal reflection 

• Light should travel from denser medium to rarer medium. 

• The angle of incidence on core should be greater than the critical angle 

• The refractive index of the core(n1) should be greater than the refractive  index of the 

cladding (n2) 

 

 

 

 

 

 

www.rejinpaul.com

downloaded from www.rejinpaul.com

http://learnengineering.in


www.rejinpaul.com

downloaded from www.rejinpaul.com

http://learnengineering.in


www.rejinpaul.com

downloaded from www.rejinpaul.com

http://learnengineering.in


www.rejinpaul.com

downloaded from www.rejinpaul.com

http://learnengineering.in


www.rejinpaul.com

downloaded from www.rejinpaul.com

http://learnengineering.in


www.rejinpaul.com

downloaded from www.rejinpaul.com

http://learnengineering.in


www.rejinpaul.com

downloaded from www.rejinpaul.com

http://learnengineering.in


www.rejinpaul.com

downloaded from www.rejinpaul.com

http://learnengineering.in


www.rejinpaul.com

downloaded from www.rejinpaul.com

http://learnengineering.in


Losses in fiber (or) Attenuation 

Attenuation is sometimes called as 'loss’, which refers a reduction in the amplitude and 

intensity of a signal. Attenuation (loss) in fibre is measured in units of decibels per unit length of 

medium (dB/ km). The basic attenuation mechanisms in a fibre are 

 

i) Absorption is related to the fibre material.  

a. Absorption by atomic defects in the medium (glass or plastic) 

b. Extrinsic absorption by impurity atoms in the host material, and  

c. Intrinsic absorption by the basic constituent atoms of the fibre material. 

 

ii) Scattering - Since the glass is used in fabrication of fibers, the disordered structure of glass 

will make some variations in the refractive index inside the fiber. As a result, if light is passed 

through the atoms in the fiber, a portion of light is scattered (elastic scattering) and this type of 

scattering is called Raleigh scattering. (Scattering α 1/λ4) 

 

iii) Bending losses occur in fibers due to bending of finite radius of curvature in optical fibers. 

a. Macro-bending losses occur when radius of curvature of bend is greater than fiber 

diameter. At corners, light radiation does not satisfy the condition for total internal 

reflection and hence light escapes out.  

b. Micro-bending losses occur due to micro-bends present inside the fiber. 

 

 

 

 

 

 

 

 

iv) Connection losses are due to the imperfect coupling of fibres. 

 

Dispersion losses are due to the broadening of transmitted light pulses as they travel over long 

distances. Three types of dispersion losses are waveguide dispersion, chromatic dispersion and 

intermodal dispersion. 

 

 

 

 

 

 

 

www.rejinpaul.com

downloaded from www.rejinpaul.com

http://learnengineering.in


a) Wave guide dispersion - The wave guide dispersion arises due to the guiding property of the 

fiber and due to their different angles at which they incident at the core-cladding interface of the 

fiber.  

 

 

 

 

 

 

b) Chromatic dispersion - A light pulse is a wave packet, composed of group of components of 

different wavelengths. The different wavelength components will propagate at different speeds 

along the fibre. The short wavelength components travel slower than long wavelength 

components, eventually causing the light pulse to broaden. This type of distortion is known as 

material dispersion or chromatic dispersion. 

 

 

 

 

 

 

 

c) Intermodal dispersion occurs as a result of the differences in the group velocities of the 

modes. The lower order modes (rays reflected at larger angles) travel a greater distance than the 

higher order modes (lower angle rays). Due to the variation in path length of the rays give rise to 

dispersion called as intermodal dispersion. 

 

 

 

 

 

 

 
 

Sensors 

Optical sensor is a transducer which converts any form of signal into optical signal in the 

measurable form. Here optical fibers are used as a guiding media and hence called as wave 

guides. 

Intrinsic sensors or active sensors - Physical parameter to be sensed directly acts on the fiber 

itself to produce the changes in the transmission characteristics. Ex: Temperature sensor. 

Extrinsic sensors or passive sensors - Separate sensing element will be used and the fiber will 

act as a guiding media to the sensors. Ex: Displacement sensor 
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a. A monochromatic source of light is emitted from the laser source.  

b. The beam splitter divides the beam emerging from the laser source into two beams (i) 

main beam and (ii) splitted beam, exactly at right angles to each other.  

c. The main beam passes through the lens L1 and is focused onto the reference fiber which 

is isolated from the environment to be sensed.  

d. The beam after passing through the reference fiber then falls on the Lens L2.  

e. The splitted beam passes through the Lens L3 and is focused onto the test fiber kept in the 

environment to be sensed.  

f. The splitted beam after passing through the test fiber is made to fall on lens L2.  

g. The two beams after passing through the fibers, produces a path difference due to change 

in parameters such as pressure, temperature etc in the environment.  

h. Therefore a path difference is produced between two beams causing the interference 

pattern as shown in the figure.  

i. Thus the change in pressure or temperature can be accurately measured with the help of 

the interference pattern obtained.  

 

 

 

Displacement sensor 

Principle 

Light is sent through a transmitting fiber and is made to fall on a moving target. The 

reflected light from the target is sensed by a detector. With respect to intensity of light reflected 

from its displacement of the target is measured. 

Description 

It consists of a bundle of transmitting fibers coupled to the laser source and a bundle of receiving 

fibers coupled to the detector as shown in the figure. 

 Working 

Pressure sensor 

Principle 

It is based on the principle of interference between the beams emerging out from the reference 

fiber and the fiber kept in the measuring environment.  

Description 

It consists of a Laser source to emit light. A beam splitter, made of glass plate is inclined at an 

angle 45° with respect to the direction of the laser beam. It also consists of two fibers namely, 

i. Reference fiber which is isolated from the environment  

ii. Test fiber kept in the environment to be sensed, are placed as shown in the figure. Separate 

lens systems are provided to split and to collect the beam.  

 

 

 

 

 

 

 

 

 

 

 

Working 
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Light from the source is transmitted through the transmitting fiber and is made to fall on 

the moving target. The light reflected from the target is made to pas through the receiving fiber 

and the same is detected by the detector.  

Based on the intensity of the light received, the displacement of the target can be 

measured, (i.e.) if the received intensity is more than we can say that the target is moving 

towards the sensor and if the intensity is less, we can say that the target is moving away from the 

sensor. 
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Conduction is the process of transmission of heat from one point to another through 

substance without the actual motion of the particles. Conduction always requires some material 

medium. The material medium may be solid, liquid, gas. Ex: By heating one end of the rod, the heat 

is transmitted to the other end. 

Expression for thermal conductivity:- 

 The ability of a substance to conduct heat energy is called its thermal conductivity. 

 The coefficient of thermal conductivity of a material is defined as the heat conducted per 

second normally across unit area of cross section of the material per unit temperature gradient. 

( )tA

Qx
K

21 θθ −
=     Unit: Watts/metre /Kelvin 

HEAT CONDUCTION THROUGH A COMPOUND MEDIA (SERIES AND PARALLEL) 

 Consider a composite slab of two different materials, A & B of thermal conductivity K1& K2 

respectively. Let the thickness of these two layers A & B be d1 and d2 respectively   

     

 

Thermal conduction:- 
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Let the temperature of the end faces be θ1& θ2 and temperature at the contact surface be θ, which 

is unknown. Heat will flow from A to B through the surface of contact only if θ1> θ2. After steady 

state is reached heat flowing per second (Q) through every layer is same. A is the area of cross 

section of both layers 

Amount of heat flowing per sec through A      Q = 
(� � (��� � ))��   (1) 

 Amount of heat flowing per sec through B   Q = 
� � (�� ��)��   (2) 

 Since the amount of heat flowing through A and B are equal, 

 Equation (1) = Equation (2) 

� � (��� � )��  =  
� � (�� ��)��  

����� −  ����  = 
�� �� −  �����  

Rearranging and we get, 

 
����� + ����� =  θ ���� + ���� 

   θ = 

������ � ���������������
      (3) 

By substituting the values of θ in eqn (1), we get, 

 Q = 

� � ���������� � ���������� ����� �
��  

 Q = 
�� �� �� − ������������������ �

�������������� � ! 

 Q = 
�� �� "��(�������)������� �����(�������) # 

 Q = 
�� �� "������������������ �����(�������) # 

 Q = 
�� $���(��� ��)%��(�������)  

 Q = 
��� (��� ��)(�������)  

finally we get, 
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 Q = 
� (��� ��)����� ����

        (4) 

The above equation gives the amount of heat conducted by two layers in series. 

(ii) BODIES IN PARALLEL 

Consider a compound wall of two different materials A and B of thermal conductivities K1 

and K2 and of thickness d1 and d2 respectively. These two material layers are arranged in parallel. 

   

The opposite faces of the material are kept at temperatures θ1& θ2 and A1& A2 be the areas of 

cross-section of the materials. 

Then  

The amount of heat flowing through the first slab Q1 =  
���(��� ��)��  

The amount of heat flowing through the second slab Q2 = 
���(��� ��)��  

 The total heat flowing through these two slabs per second Q = Q1 + Q2 

  Q = 
���(��� ��)��  + 

���(��� ��)��  

  Q =   
����� +  ����� (� − �&) 

the above equation gives us the amount of heat flowing through compound wall of two layers in 

parallel. 
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METHODS TO DETERMINE THERMAL CONDUCTIVITY 

LEE’S DISC METHOD:-  

The thermal conductivity of bad conductors like ebonite of cardboard is determined by this 

method. The apparatus consists of a circular metal disc of slab C (lee’s disc) suspended by strings 

from a stand. The given bad conductor is taken in the form of a disc (D). A cylindrical hollow 

steam chamber (A) having the same diameter as that of the slab is placed over the bad conductor. 

There are holes in the steam chamber and the slab through which thermometers T1 and T2 are 

instead to record the respective temperatures. 

Working: 

  Steam is passed through the steam chamber until the temperatures of the chamber and the 

slab are steady. When the thermometers show steady temperatures, their reading θ1 and θ2 are noted.  

The radius of the disc and its thickness are also noted. 

  

Observation and calculation: 

           M       -    Mass of the disc 10
-3 

(Kg) 

           S        -     Specific heat capacity of the slab (J/kg/K) 

 d -   Mean thickness of bad conductor (m) 

 r -   Mean radius of the bad conductor (m) 

 θ1 -   Steady temperature in the slab (K) 

 θ2 -   Steady temperature of the bad conductor (K) 

 R - Rate of cooling at θ2 (K/sec). 

   ' = ()& Area of the cross section (m2) 

 

Amount of heat conducted through the specimen per second 

 Q = 
�(��� ��)�  = 

*+�(��� ��)�       (1) 

  At this stage all the heat conducted through the bad conductor is completely radiated by the 

bottom flat surface and the curved surface of the slab C. 

 Amount of heat lost per second by the slab C 

  Q = Mass x Specific heat capacity x Rate of cooling 

      = MSR        (2) 

 At steady rate, 

 Heat conducted through bad conductor /sec = Heat lost per sec by the slab C 

  
*+�(��� ��)�  = MSR 
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  K= 
,-. �*+�(��� ��)       Wm

-1
k

-1     
(3) 

   Thus thermal conductivity of bad conductor is determined. 

Determination of rate of cooling 

  The bad conductor is removed and the steam chamber is placed directly on the slab. The slab 

is heated to a temperature of about 5 ̊ C higher than θ2. The steam chamber is removed and the slab 

alone is allowed to cool. 

  As the slab cools, the temperatures of the slab are noted at regular intervals of time(0.5 min) 

until the temperature of the slab falls to about 5̊ C below θ2. The temperature-time graph is drawn 

and the rate of cooling 
���/  at the steady temperature θ2 is determined. 

  During the first part of the experiment, the top surface of the slab is covered by the bad 

conductor. Radiation is taking place only from the bottom surface area and curved surface area. 

  i.e., total area of = ()& + 2()ℎ =  ()() + 2ℎ) 

 In the second part of the experiment, heat is radiated from the top surface area, the bottom surface 

area and the curved sides. i.e., over an area. 

   ()& + ()& + 2()ℎ = 2πr (r +  h) 

    2πr
2
+ 2πrh = 2πr (r + h) 

 As the rate of cooling is directly proportional to the surfaces are exposed 

 
.���5 =  *+(+�&6)&*+(+�6) 

 R= 
���/ +�&6&(+�6)          (4) 

 Substituting this value in eqn(3), we have 

 KmW
rh

rh

r

dtdMSd
K //

22

2

)(

)/(

21

2

2








+

+

−
=

θθπ

θ θ

 

From which K is determined.
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OVENS:- 

 Conventional  ovens  use  natural  convection  to  heat  foods  while  baking.  Ovens 

typically  contain  two heating elements,  on top and bottom of  the  oven.  During baking,  the 

bottom element heats up which heats the air inside the oven. The hot air rises and creates a 

current, which helps to distribute heat throughout the oven. Natural convection currents are 

easily blocked by large pans, creating non uniform temperatures within the oven. Convection

 ovens improve temperature distribution by using a fan, located inside the oven, to create 

forced convection currents. The forced convection currents efficiently mix the air inside an 

oven, creating uniform temperatures even in the presence of large pans. Furthermore, the 

increased airflow results in a higher convection coefficient, which reduces cooking time. 
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QUANTUM PHYSICS 

 

INTRODUCTION 

 The failures of classical theory or macroscopic theory lead to the new concept 

quantum theory or microscopic theory. This revolutionary thought was first introduced by 

Max Planck to explain the energy distribution of a black body radiation. 

Some of the microscopic concepts doesn’t explained by classical theory are  

• Stability of atom 

• Black body radiation 

• Photoelectric effect 

• Compton effect, etc.,  

Black body radiation 

A perfect black body is the one which absorbs and emits the radiations in all possible 

wavelength regions. The radiations emitted by a black body is called as black body radiation 

and it possess light radiation corresponds to all the possible wavelengths.  

Experiment to explain black body radiation: 

In practice there is no perfect black body available. Lamp black is considered near to 

black body so assume a hollow copper sphere coated with lamp black on the inner surface.  

 
A fine hole is made for radiations to enter into the sphere and emit out of it. Now 

when radiations fall on the copper sphere we could observe radiation reflected from the 

surface of the sphere but the radiation enter into the pin hole undergo multiple reflections and 

get absorbed. So no radiations reflected from the pin hole.  

This is a proof that black body is perfect absorber of radiations corresponds to all 

wavelength. On the other hand when the hollow copper sphere is heated using a temperature 

bath of fixed temperature, the radiations emitted from the pin hole alone which shows the 

black body coated inside hollow copper sphere emits the radiations. This is the proof for 

black body is perfect emitter of radiations corresponds to all possible wavelengths. 

Black body energy spectrum: 

The energy spectrum of black body at various temperatures is explained using the graph as 

follows: 

   

 

 

 

 

 

 

 

• The energy distribution is not uniform for any given temperature.  

1
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• The intensity of radiation (E) increases with respect to the increase in wavelength and 

at a particular wavelength it becomes maximum (λm) and after this it starts decreasing 

with respect to the increase in wavelength. 

• When the temperature is increased, the maximum (λm) decreases. 

• For all the wavelengths an increase in temperature causes increase in energy. 

• The total energy emitted at any particular temperature can be calculated from the area 

under that particular curve. 

Laws for explaining the energy distribution 

1. Stefan’s – Boltzmann law 

According to this law the radiant energy (E) of a body is directly proportional to the 

fourth power of the temperature (T) of the body. 

4
TE σ=  

2. Wein’s Displacement law 

This law states that the product of the wavelength (λm) corresponding to maximum 

energy and absolute wavelength (T) is a constant. 

tconsTm tan=λ  

3. Rayleigh – Jean’s law 

According to this law, the energy distribution is directly proportional to the absolute 

temperature and is inversely proportional to the fourth power of the wavelength. 

It is governed by the equation  

4

8

λ

π
λ

TK
E B=  

PLANCK’S QUANTUM THEORY OF BLACK BODY RADIATION  

Planck’s derived expression for the energy distribution, with the following 

assumptions. 

• A black body radiator contains electrons (or) so called simple harmonic 

oscillators, which are capable of vibrating with all possible frequencies 

• The frequency of radiation emitted by an oscillator is the same as that of the 

frequency of its vibration. 

• The oscillators (electrons) radiate energy in a discrete manner and not in 

continuous manner.  

• The oscillators exchanges energy in the form of either absorption or emission 

within the surroundings in terms of quanta of magnitude ‘hν’  

νnhE =  

Derivation 

A black body is assumed to consist of energy by an infinite number of atomic oscillators  

Average energy E per oscillator is given by 

N

E
E = ------------------------------- (1) 

No of atomic oscillators in the ground state = N0 

The higher energy levels are determined using  

Maxwell’s distribution, 

                                    
kTE

n
neNN

−= 0       ---------- (2)   

 

2
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Example:- 

For n = 0 000
0 NeNN

kTE == −
 since E0 = 0 

For n = 1 
kThkTE

eNeNN
ν−− == 001

1
 since E1 = hν 

For n = 2 
kThkTE

eNeNN
ν2

002
2 −− ==  since E2 = 2hν 

For n = 3 
kThkTE

eNeNN
ν3

003
3 −− ==  since E0 = 3hν 

…………… 

For n = n 
kTnhkTE

n eNeNN n ν−− == 00  since En = nhν 

If N is the total no of atomic oscillators then, 

N = N0 + N1 + N2 + N3………… + Nn 

kTEkTEkTEkTE neNeNeNeNN
−−−− ++++= 0000 .........210

--(3) 

kTnhkThkTh
eNeNeNeNN

ννν −−− ++++= 0

2

00

0

0 ......... ------- (4) 

Sub 
kTh

ex
ν−=  

).........1( 2

0

n
xxxNN +++=     -------------------------------------------- (5) 

)1(

0

x

N
N

−
=

 ------------------------------------------------------------------------ (6) 

 

[ since using binomial series 
nxxxx

x
++++=−=

−

− ....1)1(
)1(

1 21

] 

Total energy E = E0N0 + E1N1 + E2N2 +……….. + EnNn ---------------------------(7) 

kTnhkThkTh
eNnheNheNhNE

ννν ννν −−− ++++×= 0

2

000 .........20

kTnhkThkTh
eNnheNheNhE

ννν ννν −−− +++= 0

2

00 .........2 ----(8) 

Sub 
kTh

ex
ν−=  

).........2( 2

0

n
nxxxNhE ++= ν  --------------------------------------------(9) 

).........21( 1

0

−++= n
nxxxNhE ν  

]
)1(

1
[

20
x

xNhE
−

= ν
--------------------------------------------------------- (10) 

Substituting eqn. 6 and 10 in eqn. 1  

3
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)1(

)1(

0

2

0

x

N

x

xNh

E

−

−
=

ν

 

0

2

0 )1(

)1( N

x

x

xNh
E

−
×

−
=

ν
 

)1( x

xh
E

−
=

ν
 







−

=

1
1

x
x

xh
E

ν

 







−

=

1
1

x

h
E

ν

 

On substituting
kTh

ex
ν−= , we have 

 












−

=

−
1

1

kT
h

e

h
E

ν

ν
 





 −

=

1kT
h

e

h
E

ν

ν
------------------------------------------------------------- (11) 

Number of oscillators per unit volume in the wavelength range λ and λ+dλ is given by 

4

8

λ

λπd
------------------------------------------ (12) 

The energy density of radiation between wavelengths λ and λ+dλ is given by  

 

 

=λλ dE

 

 

Number of oscillators per unit volume in 

wavelength range λ and λ+dλ Average energy per oscillator 

4
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 −

×=

1

8
4

kT
h

e

hd
dE

ν
λ

ν

λ

λπ
λ

-----------------------------------------(13) 

Substitute λ
ν

c
=

 , then 





 −

×=

1

8
4

kT
h

e

c
h

d
dE

ν
λ

λ
λ

λπ
λ

 

 






 −

=

1

8

5 kT
h

e

hc
E

νλ

λ

π
     ------------------------------------------------(14) 

 

The above equation represents Planck’s radiation law in terms of wavelength. 

 

Deduction of Wein’s displacement law 

We know that Wein’s law holds good only at shorter wavelength. 

Therefore, when λ is very small, ν is very large, hence 1>>
kT

hν
and  

kTh
e

ν
 is very large 

when compared to 1. 

Thus, ‘1’ is neglected in the denominator of the eqn. 14 i.e.  
kThkTh

ee
νν ≈−1  

Hence eqn. 14 reduced to  

kT
h

e

hc
dE

νλ

λ

π
λ

5

8
=

 

 

This expression represents Wein’s displacement law. 

Deduction of Rayleigh – Jean’s law from Planck’s law  

 We know that Rayleigh – Jean’s law holds good only at longer wavelength. Therefore, when 

λ is very large, ν is very small, and 1<<
kT

hν
 

So 
kT

h
e

kTh νν += 1  

 

Now eqn. 14 reduces to  

kT

h

hc
E

νλ

π
λ 5

8
=

   since ν
λ

c
=
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kT

h

h
E

5

8

λ

λπ
λ =

 

4

8

λ

π
λ

kT
E =  

 

COMPTON EFFECT 

STATEMENT 

 When a beam of X-rays is scattered by a substance of low atomic number , the 

scattered X-ray radiation consists of two components, one component has the same 

wavelength λ as the incident ray and the other component has a slightly longer 

wavelength λ’. 

 
Total energy before collision 

Energy of incident photon = hν 

Energy of electron at rest   = moc
2 

mo – rest mass of the electron, c-velocity of light 

Total energy before collision = 2

0cmh +ν  

Total energy after collision 

Energy of scattered photon   = hν’ 

Energy of scattered electron = mc2  

Total energy after collision         = 2' mch +ν  

Applying the law of conservation of energy  

Total energy before collision = Total energy after collision 
22

0 ' mchcmh +=+ νν    

2

0

2 )'( cmhmc +−= νν    ........................... (1) 

Total momentum along X-axis  

Before collision  

Momentum of photon along X-axis =
c

hν
 

Momentum of electron along X-axis = 0 

Total momentum along X-axis           =
c

hν
 

 

6
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After collision  

Momentum of photon along X-axis    = θ
ν

cos
'

c

h
 

Momentum of electron along X-axis = φcosmv   

Total momentum along X-axis after collision =    φθ
ν

coscos
'

mv
c

h
+  

Applying the law of conservation of momentum 

Total momentum before collision = Total momentum after collision 

φθ
νν

coscos
'

mv
c

h

c

h
+=   ........................... (2) 

φθ
νν

coscos
'

mv
c

h

c

h
=−  

θθνν cos)cos'( mv
c

h
=−  

φθνν cos)cos'( mvch =−  

)cos'(cos θννφ −= hmvc ...................... (3) 

Total momentum along Y-axis  

Before collision  

Momentum of photon along Y-axis   = 0 

Momentum of electron along Y-axis = 0 

Total momentum along Y-axis            = 0 

After collision  

Momentum of photon along Y-axis   = θ
ν

sin
'

c

h
 

Momentum of electron along Y-axis = φsinmv−  

Total momentum along Y-axis            =  φθ
ν

sinsin
'

mv
c

h
−  

Applying the law of conservation of momentum 

Total momentum before collision = Total momentum after collision 

φθ
ν

sinsin
'

0 mv
c

h
−=    

θ
ν

φ sin
'

sin
c

h
mv =   .................................. (4) 

θνφ sin'sin hmvc =  ......................... (5) 

Squaring (3) & (5) and then adding 

22222 )sin'()cos'()sin()cos( θνθννφφ hhmvcmvc +−=+ ..... (6) 

L.H.S of eqn (6) 

   = φφ 22222222 sincos cvmcvm +  

7
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   = )cos(sin 22222 φφ +cvm  

   = 
222

cvm  

R.H.S of eqn (6) 

   = θνθνθννν 2222222 sin')cos'cos'2( hh ++−  

   = ]sin'cos'cos'2[ 222222 θνθνθννν ++−h  

   = ]cos(sin'cos'2[ 22222 θθνθννν ++−h  

   = )'cos'2( 222 νθννν +−h  

L.H.S = R.H.S 

)'cos'2( 222222 νθννν +−= hcvm ......................... (7) 

Squaring eqn (1). On both sides, we get 

22

0

22 ))'(()( cmhmc +−= νν              ............................ (8) 

42

0

2

0

22242 )'(2)''2( cmcmhhcm +−++−= νννννν ...... (9) 

Subtracting eqn (7) from eqn (9), we get 

)'cos'2()'(2)''2( 22242

0

2

0

22222242 νθννννννννν +−−+−++−=− hcmcmhhcvmcm

2222242

0

2

0

222222222 'cos'2)'(2''2)( νθννννννννν hhhcmcmhhhhvccm −+−+−++−=−

42

0

22

0

22222 cos'2)'(2'2)( cmhcmhhvccm ++−+−=− θνννννν  

42

0

2

0

22222 )'(2)cos1('2)( cmcmhhvccm +−+−−=− ννθνν ............... (10) 

From the theory of relativity, the variation of mass with velocity is given by  

                                         









−

=

2

2

0

1
c

v

m
m

 ................................. (11) 

Squaring the eqn (11) on both sides, we have 

2

2

2

02

1
c

v

m
m

−

=    = 

2

22

2

0

c

vc

m

− = 22

2

0

vc

m

−
 

22

0

222 )( cmvcm =−  

Multiplying c2 on the both sides, we have 
42

0

2222 )( cmvccm =−    ..................................... (12) 

Substituting eqn (12) in eqn (10), we get 

42

0

2

0

242

0 )'(2)cos1('2 cmcmhhcm +−+−−= ννθνν   

)cos1('2)'(2 22

0 θνννν −=− hcmh  

Or 
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)cos1(
'

'
2

0

θ
νν

νν
−=

−

cm

h
 

)cos1(
'

'

' 2

0

θ
νν

ν

νν

ν
−=−

cm

h
 

)cos1(
1

'

1
2

0

θ
νν

−=−
cm

h
        .................... (13) 

Multiplying c on both sides of eqn (13), we have  

)cos1(
'

2

0

θ
νν

−=−
cm

hccc
 

)cos1(
' 0

θ
νν

−=−
cm

hcc
 

)cos1('
0

θλλ −=−
cm

h
 

Therefore, the change in wavelength is given by 

)cos1(
0

θλ −=
cm

h
d   .................................. (14) 

 

It is found that the change in wavelength (dλ) does not depend on the wavelength of the 

incident radiations and the nature of the scattering substance. But it depends only on the angle 

of scattering (θ). 

CASE – 1 

 When θ=0, then  

 )0cos1(
0

−=
cm

h
dλ  

 )11(
0

−=
cm

h
dλ  

 0=λd  

CASE – 2 

 When θ=90⁰, then  

 )90cos1(
0

°−=
cm

h
dλ  

 
cm

h
d

0

=λ  

Substituting h, m0 and c, we have 

 0243.0=λd Å 

CASE – 3 

 When θ=180⁰ 
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)180cos1(

0

°−=
cm

h
dλ

 

 ))1(1(
0

−−=
cm

h
dλ  

 
cm

h
d

0

2
=λ

 

 0486.0=λd Å 

Experimental verification of Compton Effect: 

A beam of monochromatic x-rays of wavelength λ is made to incident on a scattering 

substance. The scattered x-rays are received by Bragg spectrometer.  

The intensity of scattered x-rays is measured for various scattering angles. The graph is 

plotted (intensity vs wavelength) as shown. 

It is found that the curves have two peaks, one corresponding to unmodified radiation and 

other corresponding to modified radiation. 

The difference between two peaks on the wavelength axis gives the Compton shift. 

 

 

 
The curves show that the greater the scattering angle, the greater is Compton shift in 

accordance with the expression. 

)cos1('
0

θλλλ −==−
cm

h
d

 

The change in wavelength dλ=0.0243 Å at θ = 90ᵒ is found to be in good agreement with the 

theoretical value 0.0243 Å. Thus Compton Effect is experimentally verified. 
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Time independent Schrödinger equation 

Consider a system of stationary waves associated with a particle. Let x, y, z be the coordinate 

of the particle and ψ be the wave displacement for de- Broglie’s waves at any time t. The classical 

differential eqn. of a wave motion is given by 

��ψ
��� +  ��ψ

��� +  ��ψ
��� = 


��  ��ψ
���        (1)  

∇�ψ = 

��  ��ψ

���           (2) 

where ∇ is a Laplacian’s operator. The solution of eqn. (2) is  

ψ(x, y, z, t) = ψ �(x, y, z)�−���  

ψ =  ψ ��−���          (3) 

where ψ �(x, y, z) is a function of x, y, z only and it gives the amplitude at the point considered.  

Differentiating the eqn. (3) with respect to t, we get 

∂ψ
 � =  −iωψ ��"#$� 

��ψ
��� =  −ω�ψ          (4) 

Therefore, 

∇�ψ + %
��

�
ψ = 0         (5) 

We know, � = 2( )�
*+  

$
��

� = ,-�
*�           (6) 

Substitute (6) in (5), 

∇�ψ + ,.
*�

�
ψ = 0         (7) 

Using  / = 0
1� 

∇�ψ + ,1���-�
0� ψ = 0        (8) 

If E is the total energy, V is the potential energy and 


� 23� is the kinetic energy then, 

4 = 1
2 23� + 6 

Rearranging the above equation and multiplying by m on both sides we get 

2� 3� = 22(4 − 3)         (9) 

Substituting eqn. 9 in 8, we get 

∇�ψ + �1
ħ� (4 − 6)ψ = 0        (10) 

This is called Schrodinger time independent wave equation. 

 

Time dependent Schrodinger wave equation 

Schrödinger time dependent wave equation is derived from time independent wave equation 

is given by 
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ψ (x, y, z, t) = ψ �(x, y, z)�"#$�       (1)  

Differentiating eqn. (1),  

�ψ
�� =  −iωψ ��"#$�        (2) 

We know � = 2(8 

∂ψ
 � =  −i2(8ψ ��"#$� 

Also, 4 = ℎ8 

�ψ
�� =  −i :

ħ ψ          (3) 

Multiplying i on both sides, 

Eψ =  −iħ �ψ
��           (4) 

Schrodinger time independent wave equation is given by 

∇�ψ + �1
ħ� (4 − 6)ψ = 0        (5) 

On substituting the value of Eψ in eqn. (5) 

∇�ψ + 22
ħ� <�ħ ∂ψ

 � − 6ψ= = 0 

(− ħ�∇� + 6)ψ =  �ħ ∂ψ
 �  

>ψ = 4ψ 

where, H is Hamiltonian operator and E is energy operator. 

 

G.P. Thomson experiment 

G.P. Thomson in the year 1928 executed 

experiments with electron beam to prove the wave nature 

of particles. The experimental arrangement consists of a 

discharge tube in which the electrons are produced from 

the cathode. The electron beam is excited with potential 

upto 500 volts. The electron rays are passed through a slit 

to obtain a fine beam of electrons. 

 

Then the confined electron beam is allowed to fall 

upon a very thin metallic film of gold. The whole apparatus 

is exhausted to high vacuum so that electrons may not lose 

their energy in collision with the molecules of the gas. The 

electron beam from the gold film is recorded by the 

photographic plate. After developing the plate, a 

symmetrical pattern consisting of concentric rings is obtained. The diffraction can only be 

produced by waves and not by the particles. Hence, Thomson concluded that electrons behave like 

waves. 
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UNIT - V CRYSTAL PHYSICS  

Introduction 

Crystal Physics’ or ‘Crystallography’ is a branch of physics that deals with the study of 

all possible types of crystals and the physical properties of crystalline solids by the 

determination of their actual structure by using X-rays, neutron beams and electron beams. 

 

Classification of Solids 

Materials differ in their properties due to its crystal structure, based on which solids are 

classified in to two types.  

i. Crystalline materials - A substance is said to be crystalline when the   arrangement of units 

of matter is regular and periodic. A crystalline material has directional properties and  

therefore called as anisotropic substance.  A crystal has a sharp melting point.  

It possesses a regular shape and if it is broken, all broken pieces have the same regular 

shape. A crystalline material can either be a single (mono) crystal or a polycrystal. A single 

crystal consists of only one crystal, whereas the polycrystalline material consists of many   

crystals separated by well-defined boundaries. 

      Examples  -  Metallic crystals          – Cu, Ag, Al, Mg etc,  

                           Non-metallic crystals    – Carbon, Silicon, Germanium, 

     ii.  Amorphous materials -  In amorphous solids, the constituent particles are not arranged in an   

     orderly manner. They are randomly distributed. They do not have directional properties and so  

     they are called as `isotropic’ substances. They have wide range of melting point and do not  

     possess a regular shape.   

      Examples   -  Glass, Plastics, Rubber etc.,  

  

Crystallographic terms  

i. Crystal - Three dimensional solid which consists of a periodic arrangement of atoms in  

 three dimensional space. 

ii.   Space lattice - A lattice is a regular and periodic arrangement of points in three dimension. 

 It is defined as an infinite array of points in  three dimension in which every point has  

surroundings identical to that of every other point in the array.  The Space lattice is also called as 

Crystal lattice. 

iii. Basis - A crystal structure is formed by associating every lattice point with an unit assembly of 

atoms or molecules identical in composition, arrangement  and orientation.  This unit assembly is 

called the `basis’. When the basis is repeated with correct periodicity in all directions, it gives the 

actual crystal structure. The crystal structure is real, while the lattice is   imaginary. 

iv.  Unit  cell  -  A  unit  cell  is  the  smallest  unit  which,  when  repeated  in  space  indefinitely,  

will generate the space lattice.  

 

  Crystallographic axes -  

Consider a unit cell consisting of three mutually perpendicular 

edges OA, OB and OC as shown in figure 1.1. Draw parallel lines 

along the three edges. These lines are taken as crystallographic axes 

and they  are denoted as X, Y and Z axes. 

    

    

 
Fig  1. 1 
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Lattice parameters –  
Consider the unit cell as shown in figure 1.2.  Let OA, 

OB and OC are the intercepts made by the unit cell along X, 

Y and Z axes respectively. These intercepts are known as 

primitives. In crystallography the intercepts OA, OB and OC 

are represented as a, b and c. The angle between X and Y 

axes is represented as . Similarly the angles between Y and Z 

and Z and X axes are denoted by  and  respectively as 

shown in the figure 1.2. These angles,  and  are called as 

interaxial angles or interfacial angles. To represent a lattice, 

the three interfacial angles and their corresponding intercepts 

are essential. These six parameters are said to be lattice 

parameters. 

 

Primitive cell- It is the smallest unit cell in volume constructed   by primitives. It consists of only one 

full atom. A primitive cell is one, which has got the points or atoms only at the corners of the unit cell. 

If a unit cell consists of more than one atom, then it is not a primitive cell. 

Example for primitive cell         :   Simple Cubic unit cell. 

Examples for non-primitive cell:   BCC and FCC unit cell. 

 

SEVEN CRYSTAL SYSTEMS  
1.  Cubic (isometric)      

2. Tetragonal 

3. Orthorhombic 

4. Monoclinic 

5. Triclinic 

6. Rhombohedral 

7. Hexagonal 

 

S. 

No 
Crystal system Axial lengths Interfacial angles 

Possible 

lattice 
Example 

1 Cubic a = b = c  α = β = γ = 90  P, I, F Fe, Cu, Nacl 

2 Tetragonal  a = b ≠ c α = β = γ = 90  P, I 

Ordinary 

white tin, 

Indium 

3 Ortho rhombic a ≠ b ≠ c α = β = γ = 90  P, I, F, C Topaz, S 

4 Mono clinic a ≠ b ≠ c α = β = 90   γ ≠ 90   P, C 
FeSo4, 

Na2So4 

5 Triclinic a ≠ b ≠ c α ≠ β ≠ γ ≠ 90  P 
CuSo4, 

K2Cr2O7 

6 Rhombohedral a = b = c α = β = γ ≠ 90  P Calcite 

7 Hexagonal  a = b ≠ c α = β = 90   γ = 120  P 
Quartz, 

Tourmaline 
 
 
 
 

Fig  1. 2 
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Bravais lattice –  

According to Bravais, there are 14 possible types of space lattices out of seven crystal   

systems. These 14 space lattices are called Bravais lattices.  
 

 
 

Characteristics  of  an unit cell 
i)  No of atoms per unit cell (n) - Number of atoms possessed by a unit cell 

ii) Coordination number  (CN) - Number of nearest atoms directly surrounding a particular 

atom in a crystal. 

iii) Nearest neighbouring distance (a) - Distance between the centers of two nearest 

neighbouring atoms (2r). 

iv) Atomic radius (r) - Half of the nearest neighbouring distance in a crystal. 

v)  Atomic packing factor (APF) - Ratio of the volume of atoms in the unit cell to the volume 

of the unit cell. There is no unit for it since it is a ratio. 
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CRYSTAL IMPERFECTIONS 

If atoms in the solid are not arranged in a perfectly regular manner, it is called 

defects (or) imperfections in crystals. It is observed that the crystals are rarely found to be 

perfect. 

The effect of imperfections is found to be very important in understanding the 

properties of crystals. This is because, structure insensitive properties like stiffness, 

density and electrical conductivity are not affected much by the presence of imperfections 

of defects in the crystals.  

Structure sensitive properties such as, mechanical strength, ductility, crystal 

growth, magnetic hysteresis, dielectric strength which are of greatest technical 

importance are found to be greatly affected by the presence of imperfections. 

Various types of crystal Imperfections 

1. Lattice vibrations or Phonons 

2. Point defects or zero dimensional defects 

a) Vacancies 

b) Interstitial defects 

c) Self-interstitial defects 

d) Schottky defect 

e) Frankel defect 

3. Line defects or one dimensional defects or dislocations 

a) Edge dislocation 

b) Screw dislocation 

c) Dislocation climb 

d) Dislocation slip. 

4. Surface defects or plane defects or two dimensional defects 

a) Grain boundaries 

b) Twin boundaries 

c) Tilt boundaries 

d) Stacking faults 

5. Volume defects of three dimensional defects or bulk defects. 

Lattice vibrations or Thermal Vibrations or Phonons- 

 Mathematically, atoms in a perfect lattice should occupy exactly the sites to which 

they are attached. No crystal is perfectly rigid, since it can be deformed by finite forces. It 

is possible to displace the atoms from their ideal sites with a finite expenditure of energy 

due to lattice vibrations (thermal vibrations). The frequency of vibration is almost 

independent of temperature, but the amplitude increases with increasing temperature. 

When the vibrations become strong enough the atoms may break the bonds between 

them. Since the atoms interact with one another they tend to vibrate in synchronism. The 

thermal vibration of atoms of a solid does not seriously disturb the perfect structure of the 

crystal. 
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