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UNIT I CRYSTAL PHYSICS 

 

Introduction: 

Basically Matter has manifested itself into three states namely solids, liquids and gases. 

Among this, Solids are classified into two types. They are  

1. Amorphous Solids 

2. Crystals 

Crystals are the pillars of Modern Technology. Without Crystal there is no photonic 

industry, electronic industry and opto-electronic industry.  

 Crystals possess regular arrangement of atoms. It consists of repetitive arrangement of 

atoms which when broken the broken piece resembles that of the mother piece. The following 

are the differences between crystalline material and amorphous solids. They are: 

 

S.No Crystalline material Non-crystalline material 

1 They have definite and regular geometrical 

shapes which extend throughout the crystal 

They don’t have a regular 

geometrical shape 

2 They are anisotropic They are isotropic 

3 They are mostly stable They are mostly unstable 

4 Sharp melting point Wide range of melting point 
 

Crystal Systems 

There are seven crystal systems according to their axial angles and sides. They are: 

(i) Cubic, (ii) Tetragonal, (iii) Orthorhombic, (iv) Monoclinic, (v) Triclinic,                             

(vi) Rhombohedral and (vii) Hexagonal. 

 

 Bravais lattices 

  There are only 14 distinguishable ways of arranging points in three dimensional space. 

These 14 space lattices are called Bravais Lattices. 
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FUNDAMENTAL TERMINOLOGY IN CRYSTAL PHYSICS 

Unit cell and primitive cell: 

 The unit cell is defined as the smallest geometrical figure, the repetition of which gives the 

actual crystal structure. 

 A primitive cell is the simplest type of unit cell which contains one lattice point per unit cell.  

Space lattice (or)Crystal lattice: 

 The geometrical array of points in three dimensional space is called a space lattice or crystal 

lattice 

Lattice parameters 

      The intercepts a, b and c of a unit cell and the interfacial angles α, β and γ along the three 

axes are called the lattice parameters. 

 

 Miller indices 

 Miller introduced a set of three numbers (hkl) to designate a plane in a crystal. The set of 

three smallest integers used to designate are identify a crystal plane in the reciprocal lattice is 

known as Miller indices of the concerned plane.  

Significant features of Miller indices: 

1. If a plane is parallel to any one of the coordinate 

axes, then its intercept is at infinity. Hence, the 

miller index for that axis is zero. 

2. All equally spaced parallel planes have the same 

Miller indices. 

3. The indices (hkl) do not define a particular plane, 

but a set of parallel planes. 

4. If a plane cuts the axis on the negative side of the 

origin, the corresponding index is negative. 

5. It is only the ratio of the indices which is important in this notation. 

 

Interplanar spacing 

    It is defined as the perpendicular distance between any two parallel planes in a crystal 

lattice. 
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            Consider a plane ABC belonging to a family of planes whose Miller Indices are (hkl).  In 

the cubic    lattice, if the cube edge is ‘a’, then the intercepts of the plane on the three axes from 

the figure are:- 

OA = a/h          OB = a/k         OC = a/l               

Let ON = d1 be the perpendicular distance of the plane ABC from the origin O to the 

plane. Let α′, β′, γ′ be the angles between the co-ordinate axes X, Y, Z and ON respectively as in 

the fig (1.28).  Now the direction cosines can be expressed as,  

Cos α′ = 
OA

d1  =
a

hd1   ;Cos β′ = 
OB

d1  =
a

kd1  and Cos γ′ = 
OC

d1

  
 

From the above figure (Law of cosine), we can write, 

 Cos
2
 α′ + Cos

2
 β′ + Cos

2
 γ′ = 1          …… (2)   

Substituting equation (1) in equation (2), we get, 
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Let OP = d2 be the perpendicular distance of the next plane PQR parallel to the plane ABC. The 

intercepts of the plane PQR on the three crystallographic axes can be given by,  

OQ = 2a/h                    OR = 2a/k                    OS = 2a/l 

Similarly in the above manner d2 is determined as, 
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Now the interplanar spacing between the two adjacent parallel planes (ABC and PQR) in the 

cubic lattice can be given by,         
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Crystal Structures and their Types: 

 In order to describe the different Crystal Structures, there are four parameters which has 

to be calculated to explain the Crystal Structures. There are four important Crystal Structures. 

They are: 

1. Simple Cubic Structure (SC) 

2. Body Centered Cubic Structure (BCC) 

3. Face Centered Cubic Structure (FCC) 

4. Hexagonally-Closely-Packed-Structure (HCP) 

 Atomic radius is defined as half the distance between two nearest neighboring atoms. 

 Nearest neighboring distance is defined as the distance between the centres of the two 

nearest neighboring atoms.    

 Coordination number is the number of nearest neighbors surrounding a given atom. 

 Packing factor is defined as the ratio between the total volume occupied by the atoms in 

a unit cell and the volume of the unit cell. 

 

Simple Cubic Structure: 

 The simple cubic system consists of one lattice point on each corner of the cube. 

Each atom at the lattice points is then shared equally between eight adjacent cubes, and the unit 

cell therefore contains in total one atom (
1
⁄8 × 8). 

   The number of atoms per unit cell is n = 1 

          
 

Co-ordination Number: 

           In this case, there are 8 corner atoms one at each corner of the unit cell.  Around an atom 

in a SC cell, there would be six equally spaced nearest neighboring atoms each at a distance ‘a’ 
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from that atom. Four atoms lie in the plane of the atom while one is vertically above it and one 

vertically below. Therefore the coordination number is 6.  

Atomic radius: 

In simple cubic structure, the corner atoms touch each other along the edges. Let us 

consider one face of the SC structure. Here, the nearest neighboring distance is the lattice 

constant a = 2r. 

Therefore atomic radius r = a/2.  

. 

Volume of one atom =  4/3(πr)
3 

Packing factor = nv/V 

                        = 4/3(πr)
3
/a

3
= 4/3(πr)

3
/8r

3
= π/6 

Packing factor f  = 0.52 

This structure is thus a loosely packed one. Polonium is the only element which exhibits this 

structure. 

 

Body Centered Cubic Structure (BCC): 

 

                         
 

Number of atoms per unit cell: 

          In this structure, the atoms are arranged in such a way that there is an atom occupying the 

centre position of the  body  in addition to the eight atoms existing at the corners of the cubic 

structure.  Hence, there are 8 atoms at the 8 corners and another atom at the body centre.  The 

atom at the centre of the unit cell entirely belongs to the structure in addition to the contribution 

from 8 corner atoms.  Each corner atom is shared by 8 surrounding unit cells.   

Hence the share of each unit cell = 1/8
th
 of each corner atom. 

 total number of atoms in one cell = 1/8×8 + 1 = 1+1 = 2 atoms. 

 Number of atoms per unit cell = 2. 
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Co-ordination Number: 

           In this case, there are 8 corner atoms one at each corner of the unit cell and one atom at 

the body centre.  For any corner atom of the unit cell, the nearest atoms are the body centred 

atoms.  As such, each corner atom is surrounded by 8 unit cells having 8 body centred atoms.  

Hence co-ordination number is 8.  The corner atoms do not touch each other, but each corner 

atom touches the body centre atom along the diagonal.  Hence the co-ordination number is 8. 

Atomic Radius: 

          In this type of crystal, in an unit cell there are eight atoms at the corners and one atom at 

the centre.  Each corner atom touches the centre atom.  The side of the unit cell is ‘a”.   

         Consider the atoms at F, C and at the centre of the cell.  These atoms lie in one straight line 

along the diagonal FC of the cube. 

From the figure, it is obvious that,  

                                                        (AC)
2
 = a

2
 + a

2
 = 2a

2
. 

                                               Also, (AD)
2 
= (AC)

2 
+(CD)

2
 

                          =  2a
2
+a

2 
= 3a

2 

From the fig it is also clear that,             AD = 4r. Hence, 

                                                          (4r)
2
 = 3a

2
  

                                                              
3

16 2
2 r

a   
3

4r
a  

                                    And therefore,       r = 
4

3a
 

Packing Factor: 

             Number of atoms per unit cell = 2. 

             Volume of two atoms (v) = 2 × 4/3πr
3
 

             Side of the Unit Cell ‘a’ = 
3

4r
                      

             Volume of the Unit Cell (V) = a
3
 

             Atomic Packing Factor APF = v/V 

                                                                = 
3

3)3/4(2

a

r
 = 

2

3

3

4

)3/4(2

r

r
 = 

8

3
 

                                           Packing Factor f = 0.68 or 68% 
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Hence we can say that 68% volume of the unit cell of BCC is occupied by atoms and 

remaining 32% volume is vacant. As the packing density is 68% which is higher than that of 

simple cubic, it has tightly packed structure when compared to simple cubic. 

 

Face Centered Cubic Structure (FCC): 
In this structure, we have two types of atoms, viz, (i) corner atoms and (ii) face centred 

atoms.  There are eight corner atoms, one at each corner of the unit cell and six atoms at the 

centres of the six faces of the unit cell as shown in the figure. 

 

 

 
(i) Number of corner atoms per unit cell: 

Each and every atom is shared by eight adjacent unit cells.  Hence the share of each 

corner atom to the unit cell = 1/8
th
 of an atom. 

 the total number of corner atoms per unit cell = (1/8) × 8 = 1. 

 (ii) Number of face centred atoms per unit cell: 

           Each face centred atom is shared by only two unit cells, which lie on either side of the 

atom.  Similarly, we have six face centred atoms in an unit cell. 

Hence the share of each face centered atom to the unit cell is unit cell = ½ of an atom. 

Hence, the total number of face centred atoms per unit cell = (1/2)x6= 3. 

Therefore, the total number of atoms per unit cell in fcc = 1+3 = 4. 

Co-ordination Number: 

In a FCC cell, each corner atom is in contact with the face centered atom. It would 

therefore be in contact with 4 atoms in the xy plane, 4 atoms in the yz plane and 4 atoms in the 

zx plane. Therefore, the total number of nearest atoms to any corner atom is 4+4+4 = 12.  

Hence, the co-ordination number is 12. 
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Atomic Radius: 

           In fcc structure, the corner atoms do 

not touch each other.   But each corner atom 

touches the face centred atoms along the 

diagonal of the face of the cube as shown in 

fig (1.36).  Therefore, the two corner atoms 

(A and C) situated at the opposite ends of the 

same face can be joined by drawing a diagonal as shown in the figure. 

From the geometry of the figure, we can write,  

                                 (AC)
2
 = (AB)

2
 + (BC)

2
 

                                   = a
2
 + a

2
 = 2a

2
. 

                          AC = a√2.                        

But from the same fig, the diagonal of the cube AC = 4r. 

Therefore     4r =  a√2 

          Or, Atomic Radius r is,r = 
4

2a
 

 Packing Factor: 

           In fcc structure, the number of atoms per unit cell = 4. 

Therefore volume of four atoms = 4 × (4/3) πr
3  

Where (4/3) πr
3 
is the volume of one atom. 

Radius of the atom in fcc (r) =  
4

2a
 

Volume occupied by the atoms per unit cell (v) = 
3

16 3r
 = 

3

4

2

3

16 a
= 

6

23a
 

Volume of the unit cell V = a
3
 

                           Atomic Packing Factor APF = 
3

3

6

2

a

a

 

                                     Packing Factor f = 
6

2
 = 0.74 or 74% 

Therefore, we can say that 74% volume of the unit cell of fcc is occupied by atoms and 

remaining 26% volume is vacant. Thus packing density is 74%. Since the packing density is very 

high, the fcc structure has a tightly packed structure. 
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Hexagonally Closely Packed Structure (HCP): 
In the HCP structure, an unit cell contains three types of atoms viz, (a) 12 corner atoms, 

one at each and every corner of the hexagon, (b) 2 base centred atoms, one at the top face of the 

hexagon and another at the bottom face of the hexagon and (c) 3 atoms in between the top and 

bottom face of hexagon. 

  

                   
Co-ordination Number: 

           The hcp structure is considered to have 3 layers viz, (i) Bottom layer (ii) Top layer  and 

(iii) Middle layer. 

           In the top and bottom layers, the base centred atom is surrounded by 6 corner atoms.  In 

the middle layer, we have 3 atoms sacked inside the unit cell. For every atom taken in the bottom 

layer or top layer, there are 6 neighbouring atom in its own plane.  Further, at a distance of c/2 it 

has 3 atoms in the middle layer and 3 more atoms in the middle layer. Therefore, the total 

number of neighboring atoms is, 

                                 6+3+3 = 12. 

Thus, the co-ordination number of hcp 

structure is 12. 

 

Number of atoms per unit cell: 

           As in the hcp structure, there are 3 

types of atoms namely corner atoms, base 

atoms and middle layer atoms, we can 

calculate each one individually and then 

combine them together. 

Number of corner atoms per unit cell:- 
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          Each corner atom is shared by 6 surrounding hexagon unit cells. The contribution of each 

corner atom to the unit cell is (1/6)
th

 of an atom. We have 12 corner atoms in an unit cell.  

Therefore, the number of corner atoms per unit cell = (1/6) × 12 = 2. 

Number of base centred atoms per unit cell:- 

          There is an atom at the centre of each hexagonal face, which is shared by two adjacent unit 

cells. Therefore, the number of base centred atoms per unit cell = (½)×2= 1.  

Number of middle layer atoms per unit cell:- 

          Three atoms forming a triangle in the middle layer are within the body of the unit cell and 

can not be shared by any adjacent cells.. 

the total number of middle layer atoms per unit cell = 3. 

 The total number of atoms per unit cell in hcp structure N is 

N = {Number of corner atoms per unit cell} + {Number of base atoms per unit cell} 

                     + { Number of middle layer atoms per unit cell} 

 N = 2+1+3 = 6. 

Atomic Radius: 

           The atoms are in contact along the edges of the hexagon as seen in the figure. Therefore 

2r = a 

     or   r = a/2. 

that is, the atomic radius r = a/2 

c/a ratio: 

           In the hcp structure, let the height of the 

unit cell be ‘c’ and the distance between two 

neighbouring atoms is ‘a’.  Now consider the ∆ 

ABO in the bottom layer of the hcp structure. 

Here A, B and O are the lattice points and exactly 

above these at a perpendicular distance c/2, the next layer of atoms lie at C.  

In the triangle ABY, 30Cos
AB

AY
 

ABAY Cos 30

= a√3/2               

But AX = 2/3. And AY = 
2

3
3

2 a  = 
3

a
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In the triangle AXC, (AC)
2
 = (AX)

2
 + (CX)

2
.  

Substituting the values for AC
2
, AX

2
, CX

2
,  

We have,  

                  

22

2

23

ca
a  

3

2a

4

2c
 

              
3

2

4

22 ac
 

                 Hence 
3

8
2

2

a

c
           or           633.1

3

8

a

c
 

Packing factor: 

PF = nv/V 

      = 6x(4/3)πr
3
/ 3√2(2r)

3
 

      = π/3√2 

    f = 0.74. 

Therefore, we can say that 74% volume of the unit cell of hcp is occupied by atoms and 

remaining 26% volume is vacant. Thus packing density is 74%. Since the packing density is very 

high, the hcp structure has a tightly packed structure as is the case with fcc structure. 

 

Diamond Structure 
It is formed by carbon atoms. Every carbon atom is 

surrounded by four other carbon atoms situated at the corners 

of regular tetrahedral  by the covalent linkages. The diamond 

cubic structure is a combination of two interpenetrating FCC 

sub lattices displaced along the body     diagonal of the cubic 

cell by 1/4th length of that diagonal. Thus the origins of two 

FCC sub lattices lie at (0, 0, 0) and (1/4, 1/4,1/4). In the 

diamond cubic unit cell, there are eight corner atoms, six face centred atoms and four more 

atoms. 

Its coordination number is 4. The number of atoms per unit cell is 8. And it is a loosely 

packed structure, because its pacing factor is 34% only. Ge, and Si are the other elements exhibit 

diamond cubic crystal structure. 
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Graphite Structure 
    Graphite is an allotrophic form of carbon 

whose coordination number is 3. Each carbon atoms form 

three covalent bond with three other carbon atoms in same 

plane, with bond length 1.42 Ǻ, sheets of graphite are 

produced. The 4
th

 bonding electron is delocalized and 

resonates between the three covalent bonds resulting weak 

intersheet bonding. This only accounts for 100 fold 

increase in electrical and thermal conductivity. Each sheets 

of graphite held together in a crystal by Vander Waals bond with a spacing about 3.4 Ǻ. This 

larger distance between the sheets which slide over one another gives softness and slippery in 

nature. Soft nature used in lead pencils and slippery in nature forming lubricating property.  

               

CRYSTAL GROWTH 

 Crystallization is the process of phase transformation of any phase into solid phase. 

Crystals are the unacknowledged pillars of modern technology. Without crystals, there would be 

no electronic industry, no photonic industry, no fiber optic communications, which depend on 

materials/crystals such as semiconductors, superconductors, polarizers, transducers, radiation 

detectors, ultrasonic amplifiers, ferrites, magnetic garnets, solid state lasers, non-linear optics, 

piezo-electric, electro-optic, acousto-optic, photosensitive, refractory of different grades, 

crystalline films for microelectronics and computer industries. Crystal growth is an 

interdisciplinary subject covering physics, chemistry, material science, chemical engineering, 

metallurgy, crystallography, mineralogy, etc. Atomic arrays that are periodic in three 

dimensions, with repeated distances are called single crystals. The reason for growing single 

crystals is, many physical properties of solids are obscured or complicated by the effect of grain 

boundaries. The chief advantages are the anisotropy, uniformity of composition and the absence 

of boundaries between individual grains, which are inevitably present in polycrystalline 

materials. Growth of single crystals and their characterization towards device fabrication have 

assumed great impetus due to their importance for both academic as well as applied research. 
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METHODS OF CRYSTAL GROWTH  

Growth of crystal ranges from a small inexpensive technique to a complex sophisticated 

expensive process and crystallization time ranges from minutes, hours, days and to months. 

Single crystals may be produced by the transport of crystal constituents in the solid, liquid or 

vapour phase. On the basis of this, crystal growth may be classified into three categories as 

follows,  

Solid Growth - Solid-to-Solid phase transformation  

Liquid Growth - Liquid to Solid phase transformation  

Vapour Growth - Vapour to Solid phase transformation  

Based on the phase transformation process, crystal growth techniques are classified as 

solid growth, vapour growth, melt growth and solution growth 

Growth of crystals from solutions can occur if some degree of supersaturation or supercooling 

has been achieved first in the system. There are three steps involved in the crystallization 

process.  

i) achievement of supersaturation  

ii) formation of crystal nuclei  

iii) successive growth of crystals  

All the above steps may occur simultaneously at different regions of a 

crystallization unit. 

 

GROWTH FROM SOLUTION  

Materials, which have high solubility and have variation in solubility with temperature can be 

grown easily by solution method. There are two methods in solution growth depending on the 

solvents and the solubility of the solute. They are  

1. High temperature solution growth  

2. Low temperature solution growth  

 

High temperature solution growth  

In high-temperature solutions, the constituents of the material to be crystallized are 

dissolved in a suitable solvent and crystallization occurs as the solution becomes critically 

supersaturated. The supersaturated may be promoted by evaporation of the solvent, by cooling 
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the solution or by a transport process in which the solute is made to flow from a hotter to a cooler 

region. The high temperature crystal growth can be divided into two major categories:  

1. Growth from single component system.  

2. Growth from multi component system.  

This method is widely used for the growth of oxide crystals. The procedure is to heat the 

container having flux and the solute to a temperature so that all the solute materials dissolve. 

This temperature is maintained for a ‘soak’ period of several hours and then the temperature is 

lowered very slowly.  

Hydrothermal growth  

Hydrothermal implies conditions of high pressure as well as high temperature. 

Substances like calcite, quartz is considered to be insoluble in water but at high temperature and 

pressure, these substances are soluble. This method of crystal growth at high temperature and 

pressure is known as hydrothermal method. Temperatures are typically in the range of 400° C to 

600° C and the pressure involved is large (hundreds or thousands of atmospheres).  

The requirement of high pressure presents practical difficulties and there are only a few 

crystals of good quality and large dimensions are grown by this technique. Quartz is the 

outstanding example of industrial hydrothermal crystallization.  

Gel growth  

It is an alternative technique to solution growth with controlled diffusion and the growth 

process is free from convection. Gel is a two-component system of a semisolid rich in liquid and 

inert in nature. The material, which decomposes before melting, can be grown in this medium by 

counter diffusing two suitable reactants. Crystals with dimensions of several mm can be grown 

in a period of 3 to 4 weeks. The crystals grown by this technique have high degree of perfection 

and fewer defects since the growth takes place at room temperature.  

 

LOW TEMPERATURE SOLUTION GROWTH  

Low temperature solution growth is a well-established technique due to its versatility and 

simplicity. It is possible to grow large crystals of high perfections as the growth occurs close to 

equilibrium conditions. It also permits the preparation of different morphologies of the same 

materials by varying the growth conditions.  
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In the low temperature solution growth, crystals can be grown from solution if the 

solution is supersaturated i.e., it contains more solute than it can be in equilibrium with the solid. 

Three principal methods are used to produce the required supersaturation:  

i.  Slow cooling of the solution  

ii. Slow evaporation of the solvent  

iii.The temperature gradient method.  

Slow Cooling Technique  

It is the best way to grow single crystals by solution technique. The Main limitation is the 

need to use a range of temperature. The possible range of temperature is usually small so that 

much of the solute remains in the solution at the end of the run. To compensate this effect, large 

volumes of solution are required. The use of a range of temperatures may not be desirable 

because the properties of the grown material may vary with temperature. Even though the 

method has technical difficulty of requiring a programmable temperature control, it is widely 

used with great success. The temperature at which such crystallization can begin is usually 

within the range 45 - 75 °C and the lower limit of cooling is the room temperature.  

Slow Evaporation Method  

This method is similar to the slow cooling method in view of the apparatus requirements. 

The temperature is fixed constant and provision is made for evaporation. With non-toxic solvents 

like water, it is permissible to allow evaporation into the atmosphere. Typical growth conditions 

involve temperature stabilization to about ± 0.005°C and rates of evaporation of a few ml /hr. 

The evaporation techniques of crystal growth have the advantage that the crystals grow at a fixed 

temperature. But inadequacies of the temperature control system still have a major effect on the 

growth rate. This method is the only one, which can be used with materials, which have very 

small temperature coefficient of stability.  

Temperature Gradient Method  

This method involves the transport of the materials from a hot region containing the 

source material to be grown to a cooler region where the solution is supersaturated and the 

crystal grows. Changes in the small temperature differences between the source and the crystal 

zones have a large effect on the growth rate. Excellent quality crystals of ferroelectric and piezo-

electric materials such as Ammonium dihydrogen phosphate (ADP), Potassium dihydrogen 
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phosphate (KDP) and Triglycine sulphate (TGS) are commercially grown for use in devices by 

the low temperature solution growth method. 

 

GROWTH FROM MELT  

All materials can be grown in single crystal form from the melt provided they melt 

congruently without decomposition at the melting point and do not undergo any phase 

transformation between the melting point and room temperature. Depending on the thermal 

characteristics, the following techniques are employed.  

1. Bridgman technique  

2. Czochralski technique  

3. Kyropoulos technique  

4. Zone melting technique  

5. Verneuil technique  

                    

Bridgman Technique - Zone melting Technique 

In Bridgman technique the material is melted in a vertical cylindrical container, tapered 

conically with a point bottom. The container is lowered slowly from the hot zone of the furnace 

into the cold zone. The rates of movement for such processes range from about 1-30 mm/hr. 
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Crystallization begins at the tip and continues usually by growth from the first formed nucleus. 

This technique cannot be used for materials, which decompose before melting. This technique is 

best suited for materials with low melting point.  

 

The figure shows a platinum crucible filled with high quality nature grown material, to 

which the desired impurities may be added. The crucible is fixed in the upper furnace until the 

contents are completely melted. It is then lowered from upper furnace into the lower furnace with 

the help of electrical motor and reduction gearing. Since the pointed tip enters the lower furnace 

first, the grown materials start to crystallize over there. 

As the crucible continues to be lowered, crystallization proceeds until all the melts 

become solid crystal. A bulk single pure crystal can be grown in the crucible by lowering the 

crucible at steady rate and keeping the temperature constant. 

 

Czochralski method – Crystal Pulling Techniques 

In Czochralski method, the material to be grown is melted by induction or resistance 

heating under a controlled atmosphere in a suitable non-reacting container. By controlling the 

furnace temperature, the material is melted. A 

seed crystal is lowered to touch the molten 

charge. When the temperature of the seed is 

maintained very low compared to the temperature 

of the melt, by suitable water cooling 

arrangement, the molten charge in contact with 

the seed will solidify on the seed. Then the seed is 

pulled with simultaneous rotation of the seed rod 

and the crucible in order to grow perfect single 

crystals.  

The Czochralski process is a method of crystal growth used to obtain single crystals of 

semiconductors (e.g), metals (e.g. palladium, platinum, silver, gold), salts and many oxide 

crystals  ( LaAlO3, YAG etc ). Simply this technique is widely adopted to grow III-V compound 

semiconductors.  

1717
www.rejinpaul.com



Large, single crystal of Si are grown by the Czochralki method.It involves growing a 

single crystal ingot from the melt,using solidification on a seed crystal. Molten Si is held in a 

quartz crucible in a graphite suspetor. It is heated by radio frequency induction coil.  A small 

dislocation – free crystal, called a seed, is moved down to touch the melt and then slowly pulled 

out of the melt. A crystal grows by solidifying on the seed crystal. Seed is rotating during the 

pulling stage, to obtain a cylindrical ingot. 

Growth from Vapour 

Crystals can be grown from a vapour when the molecules of the gas attach themselves to 

a surface and move into the crystal arrangement. Several important conditions must be met for 

this to occur. At constant temperature and equilibrium conditions, the average number of 

molecules in the gas and solid states is constant; molecules leave the gas and attach to the surface 

at the same rate that they leave the surface to become gas molecules. For crystals to grow, the 

gas-solid chemical system must be in a nonequilibrium state such that there are too many 

gaseous molecules for the conditions of pressure and temperature. This state is 

calledsupersaturation. Supersaturation can be induced by maintaining the crystal at a lower 

temperature than the gas. The advantage of vapour growth is that very pure crystals can be 

grown by this method, while the disadvantage is that it is slow. 

Epitaxy  

Process of growing a crystal of a particular orientation on top of another crystal.  Growth 

of one crystal on the surface of another crystal in which the growth of the deposited crystal is 

oriented by the lattice structure of the substrate. The term epitaxy comes from the Greek roots 

epi, meaning "above", and taxis, meaning "in ordered manner". 

Homoepitaxy is a kind of epitaxy performed with only one material. In homoepitaxy, 

a crystalline film is grown on a substrate or film of the same material. This technology is used to 

grow a film which is more pure than the substrate and to fabricate layers having 

differentdoping levels. In academic literature, homoepitaxy is often abbreviated to "homoepi". 

Heteroepitaxy is a kind of epitaxy performed with materials that are different from each 

other. In heteroepitaxy, a crystalline film grows on a crystalline substrate or film of a different 

material. This technology is often used to grow crystalline films of materials for which crystals 

cannot otherwise be obtained and to fabricate integrated crystalline layers of different materials. 
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Examples include gallium nitride (GaN) on sapphire, aluminium gallium indium 

phosphide (AlGaInP) on gallium arsenide (GaAs) or diamond or iridium.
[1]

 

Heterotopotaxy is a process similar to heteroepitaxy except for the fact that thin film 

growth is not limited to two dimensional growth. Here the substrate is similar only in structure to 

the thin film material. 

Epitaxy is used in silicon-based manufacturing processes for BJTs and modern CMOS, 

but it is particularly important for compound semiconductors such as gallium arsenide. Epitaxy is 

used in nanotechnology and in semiconductor fabrication. Indeed, epitaxy is the only affordable 

method of high quality crystal growth for many semiconductor materials. 
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UNIT II  

 

PROPERTIES OF MATTER AND THERMAL PHYSICS   

   

ELASTICITY 

                  When an elastic material is deformed due to an external force, it experiences internal 

forces that oppose the deformation and restore it to its original state if the external force is no 

longer applied. There are various elastic moduli, such as Young's modulus, the shear modulus, 

and the bulk modulus, all of which are measures of the inherent stiffness of a material as a 

resistance to deformation under an applied load. The various moduli apply to different kinds of 

deformation. For instance, Young's modulus applies to uniform extension, whereas the shear 

modulus applies to shearing. 

BEHAVIOR OF MATERIALS 

ELASTIC 

Material deforms under stress but returns to its original size and shape when the stress is 

released. There is no permanent deformation. Some elastic strain, like in a rubber band, can be 

large, but in rocks it is usually small enough to be considered infinitesimal. 

BRITTLE 

Material deforms by fracturing. Glass is brittle. Rocks are typically brittle at low 

temperatures and pressures. 

DUCTILE 

Material deforms without breaking. Metals are ductile. Many materials show both types 

of behavior. They may deform in a ductile manner if deformed slowly, but fracture if deformed 

too quickly or too much. Rocks are typically ductile at high temperatures or pressures. 

VISCOUS 

Materials that deform steadily under stress. Purely viscous materials like liquids deform 

under even the smallest stress. Rocks may behave like viscous materials under high temperature 

and pressure. 
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PLASTIC 

Material does not flow until a threshold stress has been exceeded. 

VISCOELASTIC 

Combines elastic and viscous behavior. Models of glacio-isostasy frequently assume a 

viscoelastic earth: the crust flexes elastically and the underlying mantle flows viscously.  

STRESS 

A body said to be a rigid body, if the distance between any two points in a body is 

unaltered due to application of force. 

Stress is defined as the restoring force per unit area which brings back to original state 

from deformed state. As long as no permanent change is produced in the body, the restoring 

force is equal to the force applied. Unit of stress is N/m
2
. 

Stress is defined as force per unit area. It has the same units as pressure, and in fact 

pressure is one special variety of stress. However, stress is a much more complex quantity than 

pressure because it varies both with direction and with the surface it acts on. 

There are 3 main types of stresses: 

TENSILE STRESS 

It is an Axial Stress (The force is along the axis of the member) 

It is a force that "EXTENDS" the member. (Pulling it apart) 

COMPRESSIVE STRESS 

It is also an Axial Stress 

It is a force that "CONTRACTS" the member. (Crushing it inwards) 
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SHEARING STRESS 

This stress is NON-AXIAL. It is a force that is one member trying to "SLIDE OVER" another 

member  

Covered in detail later. 

 

STRAIN 

 

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

external force on the body. In other way it can also be defined as the ratio of the change in 

dimension to the original dimension. 

  Strain = Change in dimension / Original dimension. 

 

LONGITUDINAL (OR) TENSILE STRAIN 

 The ratio between the change length to the original length, without any change in its 

shape, after the removal of the external forces. 

Longitudinal strain = l / L 

 

SHEARING STRAIN 

 The angular deformation produced on the body due to the application of external forces 

on it. 

 

LONGITUDINAL STRAIN 

 The ratio between the change in volume to the original volume, without any change in its 

shape. 

   Volume strain = v / V 

HOOKE’S LAW 

 According to this law, stress is directly proportional to the strain produced, within the 

elastic limit. 

   Stress α Strain 
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   Stress = E × Strain 

          E = (Stress / Strain) Nm
-2 

 
Where, E is called Elasticity modulus. 

CLASSIFICATION OF ELASTICITY MODULUS 

(i) Young's modulus (Y) 

      (ii)       Rigidity Modulus (n) 

     (iii)       Bulk modulus (K) 

(i) Young's modulus (Y) 

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

in the elastic limits. 

   Young's modulus (Y) = {Longitudinal stress / Longitudinal strain} Nm
-2

 

(ii) Rigidity Modulus (n) 

It is defined as the ratio between the tangential stress to the tangential strain with in 

the elastic limits. 

  Rigidity Modulus (n) = {Tangential stress / Tangential strain} Nm
-2

 

(iii)Bulk modulus (K) 

It is defined as the ratio between the volume stress to the volume strain with in the 

elastic limits. 

Bulk Modulus (Y) = {Volume stress / Volume strain} Nm
-2 

 

RELATIONSHIP BETWEEN THREE MODULI OF ELASTICITY 

 There are many relationship containing lateral strain (β), longitudinal strain (α), poisson’s 

ratio (σ) and three elastic moduli. Some of the relationship given below, 
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(i) Relation between α and young’s modulus is α =  

(ii) Relationship between α and β with the bulk modulus is  

(iii)Relationship between α and β with rigidity modulus is  

(iv) Relationship between Y, n and K is  

(v) Relationship between n, K and σ is  

(vi) Relationship between Y, n and σ is   

ELASTIC LIMIT 

 The maximum stress up to which a body can recover its original shape and size, after 

removing the external force is called as elastic limit. 

YIELD POINT 

 The point at which the body loses its elasticity is called as yield point. 

ELASTIC FATIGUE 

 If a body is continuously subjected to stress or strain, it gets fatigued (week) is called 

elastic fatigue. 

POISSON’S RATIO 

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

strain per unit stress (α) with in the elastic limits. 

  Poisson’s ratio (σ) =    

   Or           = a constant    
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STRESS AND STRAIN DIAGRAM 

 Consider a body which is subjected to a uniformly increasing stress. Due to the 

application of stress, the change in dimension of the body takes place ie,. The strain is developed. 

If we plot a graph between stress and strain we get a curve as shown below and is called as stress 

and strain diagram. 

                        

(i) The body obeys Hooke’s law upto the region OA called as elastic range. 

(ii) The maximum elastic limit ie., yield point ‘B’ is crossed, the strain increases rapidly then 

the stress 

(iii)The body remains partly elastic and partly plastic which is represented by the curve BC. 

(iv) Even the small external force is applied, the body will take a new path CD and remains as 

plastic called as plastic range, where D is called as ultimate strength. 

(v) 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 as breaking stress, indicated by 

dotted line EF. 

FACTORS AFFECTING ELASTICITY 

 Effect of stress 

 Effect of annealing 

 Change in temperature 

 Presence of impurity 

 Due to the nature of crystals 

 

EFFECT OF STRESS 

When a material is subjected to large number of cycles of stresses, it loses its property 

even with in the elastic limit. 
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EFFECT OF ANNEALING 

 Annealing is a process by which the material is heated to a very high temperature and 

then it is slowly cooled. 

CHANGE IN TEMPERATURE 

 Elasticity increases with decreases in temperature and vice – versa. 

PRESENCE OF IMPURITY 

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

MOMENT OF A FORCE 

 The moment of a force about a point is defined as the product of the magnitude of the 

force and the perpendicular distance from the point to the line of action of the force. 

COUPLE 

 A couple constitutes a pair of two equal and opposite forces acting on a body, in such a 

way that the lines of action of the two forces are not in the same straight line. 

TORQUE 

 Torque is a rotating force and is equal to the moment of the couple. Torque is the product 

of one of the forces forming couple and the perpendicular distance between the two opposite 

forces.  

BENDING OF BEAM  

The moment of the couple due to the elastic reaction (restoring couple) which balances 

the external couple due to the applied load is called the bending moment. 

 BEAM - A beam is defined as a rod or bar (circular / rectangular) of uniform cross – 

section whose length is very much greater than its other dimensions, such as breath and 

thickness. 
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Assumptions: 

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

2. The load (forces) applied should be large compared to the weight of the beam. 

3. The cross – section of the beam remains constant and hence the geometrical 

moment of inertia Ig also remains constant. 

4. The shearing stresses are negligible. 

5. The curvature of the beam is very small. 

 

EXPRESSION FOR THE BENDING MOMENT 

                        

                       

Original length PQ R     ----------(1)   

Extended length P’Q’ )( xR     ----------(2) 

Increase in length = P’Q’ – PQ 

Or increase in its length  RxR  )(  

Therefore increase in its length x   ----------(3) 

Linear strain = {increase in length / original length} 




R

x


R

x
  ----------(4) 

Youngs modulus of the material Y = stress / linear strain. 

  Stress = Y. linear strain   ----------(5) 
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Substituting equ (4) in (5) we get, 

  Stress 
R

Yx
  

If A is the area of cross section of the filament P’Q’, then 

Tensile force on the area ( A ) = Stress. Area 

                Tensile force A
R

Yx
  

Moment of force = force . Perpendicular distance 

    Therefore, PQ xA
R

Yx
. 2.xA

R

Y
  

Moment of all the forces about the neutral axis Ax
R

Y
 2  

Where Ig Ax  2
= AK

2
 

Where, A – total area of the beam, K- radius of the gyration 

Total moment of all the forces (or) Internal bending moment 
R

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

Special cases 

(i) Rectangular cross section 

If ‘b’ is the breath and‘d’ is the thickness of the beam, 

Then area A= bd and K
2
 

12

2d
  

Bending moment for a rectangular cross section 
R

Ybd

12

3

  

(ii) Circular cross section 

If ‘r’ is the radius 

Then area, 2rA   and K
2
 

4

2r
  

Bending moment for a circular cross section 
R

Yr

4

4
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CANTILEVER 

 A cantilever is a beam fixed horizontally at one end and loaded at the other end 

Under equilibrium condition, 

External bending moment = Internal bending moment 

DEPRESSION OF A CANTILEVER-LOADED AT ITS ENDS 

THEORY: 

 Let ‘l” be the length of the cantilever OA fixed at ‘O’. Let ‘W’ be the weight suspended 

at the free end of the cantilever. Due to the load applied the cantilever moves to a new position 

OA as shown in fig. 

 

 

 Let us consider an element PQ of the beam of length dx, at a distance OP=x from the 

fixed end. Let ‘C’ be the centre of curvature of the element PQ and let ‘R’ be the radius of 

curvature. 

Due to the load applied at the free end of the cantilever, an external couple is created between the 

load W at’A
1
’ and the force of reaction at ‘Q’. Here, the arm of the couple (Distance between the 

two equal and opposite forces) is (l-x). 

 The external bending moment = W (l-x)   ------------- (1) 
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 We know the internal bending moment =    ------------- (2) 

 Under Equilibrium condition, 

 External bending moment = Internal bending moment 

Therefore, 

    W (l-x) =   

            R =    ------------- (3) 

 Two tangents are drawn at points P and Q, which meet the vertical line A A
1
 at T and S 

respectively. 

 Let the smallest depression produced from T and S = dy 

 Let the angle between the two tangents           = dθ 

Then we can write, the angle between CP and CQ is also dθ 

We can write the arc length       PQ=R dθ = dx 

       dθ =    ---------------(4) 

Substituting equ.(3) in equ.(4), we have dθ =   

         dθ =   --------------(5) 

From the Δ Q A
1
S we can write sin dθ =   

If dƟ is very small then we can write, dy =(l-x) dθ   ---------------(6) 

Substituting equ.(5) in equ.(6) we have 

     dy =    --------------(7) 
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 Total depression at the free end of the cantilever can be derived by integrating the equ.(7) 

within the limits 0 to l 

 Therefore   y =  

      =  

      =   =  

     y =  

Depression of the cantilever at free end   y 
gYI

Wl

3

3

  

Special cases 

(i) Rectangular cross section 

If ‘b’ is the breath and ‘d’ is the thickness of the beam, 

 

Substituting the value of , we get the depression produced at the free end for a 

rectangular cross section, 

                                                               y 
3

34

Ybd

Wl
  

(ii) Circular cross section 

If ‘r’ is the radius of the circular cross section then, 

 

Substituting the value of , we get the depression produced at the free end for a 

circular cross section, 

  y 
Yr

Wl
4

3

3

4
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BENDING OF A CANTILEVER-EXPERIMENT 

 One end of the given bar(say half metre wooden scale) is rigidly clamped to the edge of 

the table. A tall pin P is stuck vertically to the free end of the bar. A loop of cotton string or a 

hook is attached to this end of the bar and a weight hanger is suspended from it. A travelling 

microscope is focused on the tip of the pin. 

 

 

 

 A dead load (which may be the hanger itself) is attached to the hook. The microscope is 

adjusted such that the horizontal cross-wire coincides with the tip of the image of the pin and the 

reading on the vertical scale is taken. Loads are added to the hanger in steps of 50 g and every 

time, the readings are noted on the vertical scale. These observations are repeated while 

unloading also in the same steps. The readings are tabulated as under. 

S.No. Load 

(g) 

Microscope reading while Depression 

(y) for a load 

of M kg 
Loading Unloading Mean 

 

 

 

     

 

 The depression (y) produced for an addition of M kg is thus found. The breadth b and the 

thickness d of the scale are measured accurately. The experiment may be repeated for different 

lengths. It can be shown that for a given material ( ) is a constant. Substituting these values in 

the formula given, the youngs modulus of the material of the given bar is found. 

      Y
gYI

Wl

3

3

     N/m
2 
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UNIFORM BENDING-Elevation at the centre of the beam loaded at both ends 

Theory 

 Let us consider a beam of negligible mass, supported symmetrically on the two knife 

edges A and B as shown in fig. Let the length between A and B be l. Let equal weights W be 

added to both end of the beam C and D. 

 

 

 Let the distance CA=BD=a. 

 Due to the load applied the beam bends from position F to E into an arc of a circle and 

produces as elevation x from position F to E. Let W be the reaction produced at the points A and 

b which acts upwards as shown in fig. 
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Consider a point P on the cross section of the beam. Then the forces acting on the part of the 

beam are, 

(i) Force W at C and 

(ii) Reaction W at c as shown in fig. 

Let the distance PC=a1 and PA=a2, then the external bending moment about P is, 

   MP=W× a1-W× a2 

 Here, the clockwise moment is taken as negative and anticlockwise moment is taken as 

positive. 

 External bending moment about P can be written as, 

   MP=W( a1-a2) 

   MP=Wa     ---------------(1) 

 We  know the internal bending moment =   --------------(2) 

Under equilibrium, 

                                 Eq(1) = Eq(2) 

     Wa=      --------------------(3) 

 Since for a given load (W),Y,Ig,a and R are constant. The bending is called as Uniform 

Bending. Here it is found that the elevation x forms an arc of the circle of radius R as shown in 

fig. 

 From the ΔAFO we can write, 

   OA
2
=AF

2
+FO

2
 

 Since OF = FE, therefore we can write OA
2
=AF

2
+FE

2 

   
AF

2
=OA

2
-FE

2
 

Rearranging we can write 

   AF
2
=FE[     -----------------(4) 

Here AF=l/2; FE= x = R/2; OA= R 

Therefore equ (4) can be written as, 
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If the elevation x is very small, then the term x
2
 can be neglected. 

Therefore we can write   

       

Radius of curvature           ------------(5) 

Substituting the values of R value in equ(3) we have, 

    

    

The elevation of point E above A is, 

   
gYI

Wal
x

8

2

  

 

EXPERIMENTAL DETERMINATION OF YOUNGS MODULUS BY UNIFORM 

BENDING 

Description:  

It consists of a beam, symmetrically supported on the two knife edges A and B. Two 

weight hangers are suspended on either side of the beam at the position C and D. The distance 

between AC and BD are adjusted to be equal. A pin is fixed vertically at the centre of the beam 

as shown in fig. A travelling microscope is placed in front of the whole set up for finding the 

position of the pin. 
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Procedure: 

 Taking the weight hanger as the dead load (W), the microscope is adjusted and the tip is 

made to coincide with the vertical cross wire. The reading is noted from the vertical scale of the 

microscope. Now the load on each hanger is increased in equal steps of m, 2m, 3m etc. kilogram 

and the corresponding readings are noted from the vertical scale of the microscope. The same 

procedure is repeated during unloading. The readings are noted from the vertical scale of the 

microscope. The readings are tabulated in the tabular column as shown. 

SI. NO. Load (M) 

Microscope readings 
Elevation 

(x) 
( ) Increasing 

Load 

Decreasing 

Load 
Mean 

unit kg    m Kgm
-1 

       

 

 

 

 

 

 The mean elevation x of the centre for M Kg is found. The distance between the two knife 

edges is measured as l and the distance from the point of suspension of the load to the knife edge. 

Then, we know the elevation produced is 

        --------------(1) 

If b is the breath of the beam and d is the thickness of the beam, then 
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For a rectangular bar geometrical moment of inertia  -------------(2) 

Also we know, weight  W=Mg    -------------(3) 

Substituting equ (2) and equ (3) in equ (1), we have 

        ------------(4) 

Rearranging equ (4) we can write, the youngs modulus 

     

The youngs modulus              ------------(5) 

Substituting the mean value of M/x from the tabular column the youngs modulus Y of the 

material of the given beam can be calculated. 

I-SHAPE GIRDERS 

Definition: The girders with upper and lower section broadened and the middle section tapered, 

so that it can withstand heavy loads over it is called as I shape girders.  

 

 

 

Explanation: In general any girder supported at its two ends as on the opposite walls of a room, 

bends under its own weight and a small depression is produced at the middle portion. This may 

also be caused when loads are applied to the beam. The depression produced in the case of a 

rectangular section, 
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 Here, the depression can be minimized by either decreasing the load (W) or the length of 

the girder (l) or by increasing the youngs modulus (Y) or the breath (b) or the thickness of the 

girder. Since the length of the beam (l) is the fixed quantity, it cannot be decreased. Therefore the 

breadth and thickness may be adjusted by making the girder of large depth and small breath 

(since thickness increases by b
3
). Thus the volume of the girder is increased and hence the 

depression produced is reduced. 

 Therefore for stability, the upper part and the lower part and the lower part is made 

broader than the centre part and hence forming an I shape called as I shape girders. The 

depression can also be reduced by properly choosing the materials of high youngs modulus. 

Applications of I-Shape Girders 

(i) They are used in the construction of bridges over the rivers 

(ii) They are very much useful in the production of iron rails which are employed in railway 

tracks. 

(iii)They are used for construction of buildings. 

(iv) They are used in construction of dams. 

Advantsges of I-shape girders 

(i) More stability 

(ii) More stronger 

(iii)High durability 
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    THERMAL PHYSICS 
 

INTRODUCTION- MODES OF HEAT TRANSFER 

 

 Normally there modes of transfer of heat from one place to another viz., conduction , 

convection and radiation. 

 Conduction: It is the process in which heat is transferred from hotter end to colder 

end without the actual motion of the particles. 

Example : When one end of the metal rod is heated, the molecules at  the hot end vibrate with 

higher amplitude (kinetic energy) and transmit the heat energy from one particle to the other. 

at the same time each individual particle remain in their mean position of equilibrium. 

Eventhough. solids, liquids and gases conduct heat, it is prominent in solids since atoms  are 

well bound in their positions. 

 Convection: It is the process in which heat is transmitted from hotter end to colder 

end by the actual movement of  heated particles. 

 Example : When some potassium permanganate is added to a beaker of water and 

heated, we can find that the lower region become warm first and  becomes less denser. Hence 

it moves up and  the more dense cold water comes down. Thus the convection current is 

maintained  through the naked  eye.  

 Radiation: It is the process in which heat is transmitted from one  place to another 

without the necessity of the intervening medium. 

 Example  : Though there is no material medium between the Earth and the Sun, the 

radiation from the Sun reaches us. Here the  energy is sent out in  the form of radiant heat 

waves. 

 

THERMAL CONDUCTIVITY : 

 The conducting property vary from material to material, so it is essential to know 

about the conducting property of a material. 

 Let us consider a solid material slab 

having an area of cross section 'A' thickness 'X' 

as shown in fig 3.1 Let the temperature at the hot 

end be   and  that of cold end be  Now the 

amount of heat  flowing from hot end to the 

cold end is directly proportional to 

(i) The area of cross section 'A' (i.e) Q α A 
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(ii) The temperature difference  (i.e) Q      

(iii) The  time of conduction (i.e) Q    

iv) The amount of  heat flowing from hot end to cold end is inversely proportional to the 

thickness of the slab 

(i.e) Q  

 Combining all the factors we can write that the amount of heat conducted Q    

(or)  ..................... (1) 

 Where K is the proportionality constant, known as coefficient of thermal conductivity, 

which depends on the materials. 

 From eqn. (1) we can write, 

   Wm
-1

 K
-1 

if A = 1 Cm
2
; ( 

 

then       Q=k 

 

Definition: The coefficient of thermal conductivity is defined as the amount of heat 

conducted per second, normally across unit area of cross section,  maintained at unit 

temperature gradient. 

Temperature gradient: The quantity represents the rate of fall of temperature with 

respect to the distance or thickness which is known as temperature gradient. 

 For smaller values   

 eqn. (1) can be written as  

 

 The negative sign indicates the decrease in temperature as the distance increases. 

Thermal Diffusivity (h) :- 

 Before the steady state is reached , the rate of heat flow is determined by a quantity 

called thermal diffusively (h) or thermometric conductivity. It is  defined as the ratio of 

thermal conductivity to the thermal capacity per unit Volume [ The product of specific  heat 

capacity (S) and the density (  of the material. 

 

                               (i.e)  (i.e)  

 

 

4040
www.rejinpaul.com



Specific heat capacity : 

 It s defined as the amount of heat required to raise the temperature of unit mass of the 

substance through one kelvin. 

(i.e)  

 

3.3. NEWTON'S LAW OF COOLING: 

 We know when a hot body is placed in cold surrounding then the hot body losses its 

heat to the surrounding and cools down. 

 The rate of loss of heat depends on 

(i)  Difference in temperature between hot  and cold body/. 

(ii) Area and nature of the surface. 

 

Newton's Law  : The rate of loss of heat of a body is directly proportional to the temperature 

difference between the body and its surroundings, of same nature. 

 

Proof  : Let us consider a body of mass 'm' of specific heat 's' Let  be the temperature of 

the body and   be the temperature of the surroundings.  

 

Then, from Newton's law of cooling, we can write 

 

The rate of cooling                

 

(or )   

Here 'k' is the proportionality constant, which depends on the area and nature of the surface. 

 

3.4 RECTILINEAR FLOW OF HEAT ALONG AN UNIFORM  BAR ONE 

DIMENSIONAL FLOW OF HEAT 

 Let us consider the bar AB of 

uniform area of cross section 'A' exposed to 

air, lying along the X axis (one  

dimensional). Let one end of the bar be 
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heated with the help of steam chamber as shown in the fig. 3.2 

Let us consider the Plane C and D at a distance x and X +  from the hot end 

respectively. Let  be temperature at C and  D respectively. 

Then 

 The temperature gradient  at Plane 'C' =  

Here the excess of temperature at Plane D=  

  Temperature gradient at Plane D=   

The amount of heat conducted per second at  

C=      .............(1) 

The amount of heat conducted per second at 

D=  --------(2) 

The amount of heat gained by the rod per second between C and D is  

Q  = Q1     -   Q2 

Substituting from equations (1) and (2) we get 

Q = -KA  

Q= KA  

 

Before steady state is reached 

 Before the steady  state is reached the amount of heat 'A' is used in two ways. 

 

1) part of the heat is used to raise the temperature of the rod. 

(i.e) If  is the rise in temperature per second,  is the density of the rod and 'S' is the 

specific heat, Then 

Amount of heat used per second  to raise the temperature  of rod 

 

= ...............(4) 

Where mass = Volume x density 

=  
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 2) Rest of the heat is radiated from the surface of the rod. 

(i.e) If E is the emissive power and P  is the perimeter then we can write 

The amount of heat lost per second due to radiation  = EP .......(5) 

 Before steady state is reached , the amount of heat  used to raise the temperature  

  Q = Q3 + Q4 

 
Substituting from equation (4) and equation (5), we get 

 Q=        ....................(6) 

Substituting equation (3) in (6) we have 

KA   ...............(6) 

             ......................(7) 

 This is the general equation for the flow of heat in one dimension.  Here  K/ s is 

called as thermal diffusivity (h) of the bar. 

After steady state is reached and if the bar is of infinite length 

 After the steady state is reached, the rod does not require further heat to raise to 

temperature  (i.e) the temperature will become constant at this stage. 

i.e.  

 Equation (7) becomes  

Assuming  

We can write  ------------------ (8) 

The general solution for equation (8) is  

 ----------------(9) 

 Where A and B are the arbitrary constants, which can be determined by applying by 

applying boundary conditions. 

 If the Bar is assumed to be infinite length then the boundary conditions are  

i)m At=0;  

Equation (9) becomes  -------- (10) 

Equation (9) becomes 0 = Ae  

ii) At   (Since it is assumed that the bar is of infinite length, the excess of 

temperature at the other end is zero). 

Equation (9) becomes 0-Ae  

 Here  
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  (l) 
Steam  
Chamb
er 

Insulating material 

   l 

 

 

Steam  

outlet 

substituting   A = 0 in equation   (10) we have 

 

Substituting the values of A and B in equation  (9) 

 

 Equation (11) represents the excess of temperature of any point / Plane at a distance 

x from the hot end, after steady state is reached, which is an exponential function. 

 Therefore a graph is plotted between  which gives raise to exponential form 

as shown in the fig. 3.3. 

After steady state is reached and if 

the bar is of finite length  

(l) (covered with insulating materials) 

 When the bar of finite length (l) is 

covered by insulating materials as shown  

in fig.3.4, then the heat lost due to 

radiation will be very small 

 

 After steady state,  

Therefore equation (7) becomes  

 

Intergrading twice, we can write ............. (12) 

 Where C and D are the arbitrary constants which can be  evaluated by applying the  

boundary conditions. 

 

 

 

 

 

 

   

     

(i)  

 

  Equations (12) becomes  

 

(ii) (Where  is the excess of temperature at the end of bar.) 
 

 Equation 12 becomes 
 

Steam inlet 
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(or)  C   =   

Substituting the values of C and D  in equation (12), we get   

 

 Equation (13) represents the excess of temperature  of any point / plane at a distance 

x from the hot. end, when it is covered by insulator (or) insulating. 

 

LEE's & CHARLTON'S DISC METHOD- Determination of Thermal conductivity  of a  

bad  conductor. 

 

 Description : The given  bad conductor (B) is shaped with the diameter as that of the 

circular slab   (or) disc 'D' The bad conductor is placed in between  the steam chamber (S) 

and the disc (or) slab (D) in which thermometer are inserted to measure  the  temperatures. 

The total arrangement is hanged over the stand  as shown in fig. 3.7. 

Working :  Steam is passed through the 

steam chamber till the steady state is 

reached (i.e) the thermometer show 

constant temperature . Let the 

temperature of the steam chamber (hot 

end) and the disc or slab (cold end) be 

 respectively. 

 

Calculation: Let 'x' be the thickness of 

the bad conductor (B), 'm' is the mass 

of the slab, 's' be the specific heat  

capacity of the slab. 'r' is the radius of the slab and 'h' be the height of the slab,  

then 

 Amount of heat conducted by the 

   bad conductor per second  =   

 Since the Area of cross section is   =  

Amount of heat conducted per  second  =  ........... (1) 

The amount of heat lost 

by the slab per second  = m x s x Rate of cooling 

    =   ms Rc  ....(2) 
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3.16 Under steady state: 

 The amount of heat conducted by  Amount of heat lost by  

 the bad conductor (B) per second = the slab (D) per second 

 

There fore, we can write eqn. (1) - eqn. (2) 

 

.............. (3) 

To find the rate of cooling (Rc)  

 In Eq. (3) Rc represents the rate of 

cooling of the slab along with the steam 

chamber. To find the rate of cooling for the 

slab alone, the bad conductor is removed and 

the steam chamber is directly placed over the 

slab and heated. 

When the temperature of the  attains 

5
o
C higher than  the  steam chamber is removed . The slab is allowed to cool, as shown in fig. 3.8 

simultaneously starting a stop watch. 

A graph is plotted taking time along 'x' axis and 

temperature along 'y' axis , the rate of  cooling for the  

slab alone (i.e)  is found from graph, as shown 

fig.3.9. 

The rate of cooling is directly proportional to the surface 

area exposed. 

Case (i) 

 Steam chamber and bad conductor are placed 

over slab, in which radiation takes place from the bottom 

surface of area ( . 

 

.................. (4) 

Case  (ii) 

 The heat is radiated by the slab alone, (i.e) from the bottom of area (  top surface of the 

slab of area  (  
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..................... (5) 

 

From eqn. (4) and eqn. (5) 

 

 

 (Or) 

 ............... (6) 

substituting eqn. (6) in eqn. (3) we have 

 

 

 Hence, thermal conductivity of the given bad conductor can be determined from the 

above formula. 

 

RADIAL FLOW OF HEAT: 

 In  this method heat flows  from inner sphere (or) cylinder along the radius and hence 

the heat is radiated radially across all layers, thus called as radial flow method. This method 

is useful in determining the thermal conductivity of bad conductors taken in the poser form. 

 

 

RUBBER TUE METHOD (OR) CYLINDRICAL SHELL METHOD :- 

 

 Description: This method is 

useful in finding the thermal 

conductivity of refrigerator pipings, 

stem pipe, etc. Let us consider a thick 

cylindrical tube of length 'l' inner 

radius r1 and the outer radius r2 as 

shown in fig. 3.10. The steam can be 

passed through the centre of the shell. 

4747
www.rejinpaul.com



Working : Steam is allowed to pass through the axis of the cylindrical shell. The heat flows 

from the inner surface to the outer surface radially. After the steady is reached, the 

temperature at the inner surface is noted as  and on the outer surface is noted as  
 

Calculation: The cylinder may  be considered to consists of a large number of co-axial 

cylinders of increasing  radii. Consider such an elemental cylindrical shell of the thickness dr 

at a distance 'r' from the axis. Let the temperatures of inner and outer surfaces of the 

elemental shell be   and  . Then. 

The amount of heat conducted per second Q=  

Here Area of cross section A=  

 

 

Rearranging we have  

 

The thermal conductivity of the whole cylinder can be got by, integrating eqn. (1) within the 

limits r1 to r2 and   

 

(i.e)  

 

(or)  log  

(Rearranging we get,  K =   

K= Wm- K-1 

 By knowing the values in RHS, the thermal conductivity of the given material can be 

found. 

 

THERMAL CONDUCTIVITY OF A RUBBER TUBE 

Description : I t consists of a calorimeter, stirrer with a thermometer. The setup is kept inside 

the wooden box. The space between the calorimeter and  the box is filled with insulating  

materials such as cotton, wool etc to avoid radiation loss, as shown in fig. 3.11. 
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Working  : The empty calorimeter is weighted, let it be (W1). It is filled with two third of 

water and is again weighed, let it be 

W2. A Known length of rubber tube  is 

immersed inside the water contained 

in the calorimeter. steam is passed 

through one end of the rubber tube and 

let out through the other  end of the 

tube. The heat flows from the inner 

layer of the rubber tube to the outer 

layer and is radiated. The radiated heat 

is gained by the water in the 

calorimeter. The time taken for the steam flow to raise the temperature of the water about 

10
o
C is noted, let it be 't' seconds. 

Observation and Calculation: 

Let   Weight of calorimeter 

         Weight of calorimeter and water. 

   Weight of the water along 

  Initial temperature of the water 

 Final temperature of the Water 

   Rise in temperature of the water 

 Temperature of the seam 

  Length of the rubber tube (immersed) 

   Inner radius of the rubber tube 

   Outer radius  of the rubber tube 

   Specific  heat capacity of the calorimeter 

  Specific heat capacity of the   water  

  Average temperature of the rubber tube. 

(i.e)    

 Then from the theory of cylindrical shell method the amount of heat conducted  by the 

rubber tube per second is given by 

Q =  .................... (1) 
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The amount of heat gained by 

calorimeter per second  =  

  

The amount of heat gained  by  =  

water per second    

 

 The amount of heat gained by the water and calorimeter per second. 

 

Q  =  

 

(or) Q  =  ............... (2) 

 

3.16 Under steady state : 

 

 The amount of heat The amount of heat gained 

 conducted by the rubber              =  by the water and the calorimeter 

 per second per second 

 

Therefore  we can write eqn. (1)   = eqn. (2) 

 

(i.e)  

 

Since  

 

 

K  =   Wm
-1

 K
-1 

 

 By substituting the values in RHS, the thermal conductivity  of the rubber can be 

determined. 

 

3.12 HEAT CONDUCTION THROUGH A COMPOUND MEDIA (SERIES AND 

PARALLEL) 

(i) Bodies in series 

 

 Consider a composite slab or compound wall of two different (heterogeneous) 

materials, A and  B of thermal conductivity K1 and K2 respectively. Let the thickness of these 

two layers A and  B be d1 and d2 respectively as shown in Fig. 3.12. 
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Let the temperature of the end faces be  which is unknown. Heat will flow from 

face- A to face-B through surface of contact only if  After steady state is reached, 

heat flowing per second (Q) through every layer is same. 

 

Amount of heat flowing per  

second through A    Q =   ................ (1) 

 

Amount of heat flowing per 

second through B   Q =   ................ (2) 

  

 Where A is Area of cross - section of both layers, which is same. Since the amount of 

heat flowing through A and B are equal, we can Write. 

 

Equation (1) = Equation (2) 

 

 

   

 

Rearranging we get 

 

  

 

(or)         .................... (3) 

  

 Equation (3) gives us the expression for temperature at the interface of the compound 

media which is having two layers. 

 

By substituting the value  of  in equation (1) we get,  
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Q =  

(or) Q =  

 

(or)  Q =  

 

(or)  Q  =   

 

  (or) Q  =  

(or)  Q  =  

Q   =    ................  (4) 

 

Equation (4) gives the amount of heat conducted by the two layers in series. 

 

ii) Bodies in Parallel 

 Consider a composite slab or 

compound wall of two different 

(heterogeneous)  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 as shown in fig. 3.13. 

 

 The opposite faces of the 

material are kept at temperatures 

 respectively. Let 

 be the areas of cross- section of the materials. 
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Then/ 

The amount of heat flowing 

through  the first slab    ....... (1) 

The amount of  heat flowing, 

through the second slab  ....... (2) 

The total heat flowing through 

these two slabs per second      ....... (3) 

Substituting equation (1) and (2) in equation (3), we get 

 

Q =  

 

Q =  +   .........  (4) 

 Equation (4) gives us the amount of heat flowing through compound wall of two 

layers in parallel. 
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UNIT III:  QUANTUM PHYSICS 

 

 Planck’s Black Body Radiation Law: 

 

          Planck’s law can also be derived, based on Maxwell-Boltzmann’s distribution statistics 

which is adopted for particles which are non-identical or distinguishable and no restriction for 

its number. 

          Black Body is assumed to consist of energy by an infinite number of atomic oscillators.   

           Number of atomic oscillators with ground state energy = N
0
(lowest state) 

According to Maxwell’s distribution law,  

       The number of oscillators with energy En above ground state 
0n
e kT

En

(1) 

If :N be the total number of oscillators and N1, N2, N3 etc., are the number of oscillators with 

energies E1, E2, E3 etc., then, 

                             N = N0e
kT

E0

+ N0e
kT

E1

 + N0e
kT

E2

+ ……….. 

 Total number of oscillators 

                             N= N0 + N0 e
kT

h

+ N0e
kT

h2

+…….. 

                      (or) N = N0 kT

nh

n

e
0

                 )2(  

Since, Planck’s quantum theory demands that E can only be a whole number or integral 

multiples of hν, Therefore E can take values 0, hν, 2hν, 3hν, etc., 

Total energy E of the oscillators is given as 

                         E = E0N0 + E1N1 + E2N2 + …….  

         = E0N0 + E1 N0e
kT

E1

 + E2 N0e
kT

E2

+ …….  

            
= 0 + hν N0e

kT

h

+ 2 hν N0e
kT

h2

+ ………. 

                            E =  N0
kT

nh

n

enh )(
0

          )3(  

The mean energy E  = 
N

E
 = 

0n

nh-

0

0n

-nh

0

e N

  )e(nh N   

kT

kT
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                           E  =    

0 n 

nE-

0 n 

-nE

e 

  (nE)e    

kT

kT

                 )4(  

consider  kT

E

ex , then  

                               E  =    

0 n 

n

0 n 

n

x 

  nEx    

                    )5(  

By Binomial expansion, the value of 
2

0 )1( x

x
nx

n

n  and 
1

0 )1(

1

x
x

n

n  

equation (5) reduces to  

 

Average energy          

)1(
1

)1( 2

x

x
Ex

E  

         or                       
1kT

E

e

E
E                            )6(  

Now the number of oscillators per unit volume in the wavelength range λ and λ+dλ is given 

as 

                                   
4

8 d
dn                               )7(  

Therefore the energy density of radiation between wavelengths λ and λ+dλ is  

 

dE = (Average energy of Planck’s oscillators)x(number of oscillators per unit volume) 

 

                   
1

8
4

kT
h

e

hd
dE  

 

                                 = 
1

8
5

kT
h

e

dhc
 

Therefore the energy per second per unit wavelength integral is 

 

                  
1

18
5

kT
h

e

hc
E      or   

1

18
3

3

kT
h

ec

h
E     )8(  

 

 Wien’s Law: 

 According to Planck’s law 

    E(λ)dλ = 

1

18
5

kT

h

e

ch
 dλ 
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 If 
kT

h
 and hc = α λkT, then 

                                       dEλ = E(λ)dλ = 
1

8
4 e

kT
 dλ. 

Since, Wien’s distribution is valid for shorter wavelengths and/or low temperature, e
α   

becomes very large quantity for small values of λT. 

   
ee 1

 

                dEλ = 
e

kT
4

8
 dλ 

                               dEλ = 

kT

h

e

hc 18
5

 dλ 

   dEλ = constant T
5     

(Wien’s displacement law) 

                                                      

 Rayleigh – Jean’s Law:
 

 Rayleigh – Jean’s law is valid only for longer wavelengths an/or higher temperatures, 

e
α
 becomes very small for larger values of λT, 

From Planck’s law  

E(λ)dλ = 

1

18
5

kT

h

e

ch
 dλ 

or      

dEλ = E(λ)dλ = 
1

8
4 e

kT
 dλ. 

Considering the first two terms in e
α 
, since α is very small, 

         dEλ = 
11

8
4

kT
 dλ. 

                             dEλ = 
4

8 kT
 dλ.  ( Rayleigh – Jean’s law). 

 

Compton Effect: 

 In the photon – electron collision, a portion of the energy of the photon is transferred 

to the electron. As a result the X – ray proceed with less than the original energy and ( hence 

possess a lower frequency or a higher wavelength ) moves off at angle ‘θ’ to original 

direction. The electron acquiring some energy, moves at an angle ‘φ’ to the original direction.  
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 Since, in the above inelastic interaction there is change in energy and momentum, let 

us determine the energy and momentum before and after collision. 

 

 

Physical quantity 

Before Collision After Collision 

Photon Electron Photon Electron 

Energy h  2cmo
 h  2mc  

Momentum 
c

h  0 
c

h  mv 

 

According to the principle of conservation of 

 energy, 22 mchcmh o
                             )1(  

Considering the x and y components of the momentum and applying the principle of 

conservation of momentum, 

                                coscos mv
c

h

c

h
                         )2(  

and                sinsin mv
c

h

c

h
                      )3(  

from (2)                        )cos(cos hmvc                         )4(  

from (3)                         sinsin hmvc                                 )5(  

            squaring and adding (4) and (5) 

             
2222222222 sin)cos()cos(sin hhcvm  

             
2222222222 sin)cos2cos( hhcvm  

             22222222 cos2 hhhcvm  

             )cos2( 222222 hcvm                                    )6(  
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From (1)    22 )( cmhmc o
                                                 )7(  

Squaring    24222242 )(2)2( cmhcmhcm oo    )8(  

Subtracting (6) from (8) 

           
42222222 )(2)cos1(2)( cmcmhhvccm oo      )9(  

The value of left hand side of equation (9) can be obtained from the relativistic formula, 

 

   

2

2

1
c

v

m
m o ;     squaring 

                                    
)( 22

22

2

vc

cm
m o  

                        or         
42222 )( cmvcm o         ( multiply c

2
 )           )10(  

from (9) and (10) 

                                
422242 )(2)cos1(2 cmcmhhcm oo                   

                            )cos1(2 2h  =  2)(2 cmh o
 

                 )cos1(
2cm

h

o

 

                 )cos1(
11

2cm

h

o

 

      )cos1(
1

cm

hcc

o

 

The change in wavelength is 

                                       )cos1(
cm

h

o

  or )cos1(
cm

h
d

o

 )11(  

Equation (11) shows that d  is independent of the wavelength of the incident radiation as 

well as the nature of scattering substance but depends on the scattering angle only. 

Case – 1: When θ = 0;  cos θ = 1 and hence   d  = 0.  

Case – 2: When θ = 90;  cos θ  = 0 and hence 

                           AU
cm

h
d

o

0243.0
1031011.9

1063.6
831

34

 

                        This is called as Compton Wavelength. 

 Case – 3: When θ = 180;  cos θ  = -1 and hence 

                           AU
cm

h
d

o

0485.0
1031011.92

1063.6

2 831

34

 

                        d has the maximum value at θ = 180
o
. 
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 Experimental Verification: 

           

 

 Monochromatic X-rays of wavelength λ are allowed to fall on a scattering material 

like a small block of carbon as shown in the figure-1. The scattered X-rays are received by a 

Bragg spectrometer and their wavelength is determined. The spectrometer can freely swing in 

an arc about the scatterer. The wavelength of the scattered X-rays is measured for different 

values of the scattering angle. The experimental results obtained by Compton are shown in 

the figure-2. In the scattered radiation, in addition to the incident wavelength (λ), there exists 

a line of longer wavelength (λ1). The difference between λ1 and λ is known as “Compton 

Shift “dλ which is found to vary with the angle at which the scattered rays are observed. It is 

maximum at θ = 180
o
. 

 

 Schrodinger’s time dependent wave equation  and time independent wave 

equation: 

1 Time Dependent Equation: 
 The classical wave equation is given as, 

2

2
2

2

2

x

y
v

t

y
  (One dimension equation)   )1(  

Where ‘y’ is the displacement of the particle, which is moving in x- direction at any 

instant‘t’. This is applied to stretched string, sound waves in air and light waves in vacuum.  

 The solution for equation (1) is 

                          
)(

),( v

x
ti

Aetxy  

         or                       )(sin)(cos),(
v

xtiA
v

xtAtxy )2(  

Only, real part of this equation has significance in the case of stretched string and hence 

imaginary part is neglected, since it is irrelevant. 
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 Schrodinger, considered the whole solution of ‘y’ for atomic particles like electrons 

because the momentum and position cannot be determined simultaneously. He termed this 

complex displacement as wave function ‘ψ’. Since it is complex, we cannot measure it. 

Hence, 

                
)(

v
xti

Ae  

                                      
)(2

v
xti

Ae             

                           
)(2 xti

Ae             )( c           )3(  

The energy of photon is given by 

                            hE              or            
h

E
                 )4(  

By de Broglie’s concept the wavelength of photon is given by 

                                     
p

h
                                                          )5(  

Since, the above principle of a photon can be applied to electrons too, substituting (4) and (5) 

in (3) 

                                     
)(2

h

px

h

Et
i

Ae  

                                     
)(

2
pxEt

h

i

Ae  

                      
)( pxEt

i

Ae         )
2

(
h

             )6(  

This equation of ‘ ’ is correct only for freely moving particles. 

Differentiating (6) partially w.r.t x, 

                                    
)( pxEt

i

Ae
ip

x


  

                      or           


ip

x
      

                      or           p
xi


                                              )7(  

Similarly, differentiating (7) w.r.t x, 

                                    
2

2

2

2



p

x
                                                  )8(  

Differentiating (6) partially w.r.t t, 

)2(
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)( pxEt

i

Ae
iE

t



 

                      or            E
ti


                                          )9(  

Therefore, total energy of a particle is the sum of its K.E and P.E i.e. 

                                      VmvE 2

2
1   or   V

m

p
E

2

2

             )10(  )( mvp  

Substituting the value of p
2

and E from (8) and (9) in (10) 

                                      V
xmti 2

22

2


                              )11(  

             Or                        V
xmt

i
2

22

2


                                )12(  

                                        V
mt

i 2
2

2


                                )13(  

Equations (12) and (13) are time dependent Schrodinger’s wave equation in one and three 

dimensions. 

 

 Schrodinger’s time independent equation: 

 If equation (12) is applied for stationary state problems, in which the potential of 

particles depends only on position and not depends on time explicitly. We get simplified time 

independent Schrodinger’s equation. 

Let us postulate a solution of the form 

                                      )(),(),( txtx  

                                      
Eti

extx )(),(                                           )14(  

Differentiating twice w.r.t (x) 

                                       
2

2

2

2 )(

x

x
e

x

Eti
                                        )15(  

Differentiating w.r.t (t) 

                                     )(x
iE

e
t

Eti


                                     )16(  

Substituting (15) and (16) in(12), 

                  )(
)(

2
)(

2

22

xVe
x

x
e

m
xe

iE
i

iEtiEtiEt
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Simplifying 

                 0)()(
2)(

22

2

xVE
m

x

x


                                            )17(  

Equation (17) is time independent Schrodinger’s equation in one dimension. In three 

dimensions the equation is written as  

      0)()(
2

)(
2

2 xVE
m

x


    

              Where 2 = Laplacian operator (
2

2

2

2

2

2

zyx
) 

 

An expression for the energy of an electron in an infinitely deep potential well having 

one dimension (Particle inside a box – an application of Schroedinger’s Equation): 

 

 
 Consider an electron which is placed in an infinitely deep potential well of finite 

width ‘a’. We assume that the movement of the electron is restricted by the sides of the 

well and the electron is moving only in x-direction. When it collides with the walls, there 

is no loss of energy for the electron, since the collision is perfectly elastic. Since, the 

electron has free motion inside the well, the potential energy V=0, but the potential 

energy is infinitely high on both sides of the well and outside the well. Hence electron 

cannot escape from the well through the sides. 

Boundary Conditions: 

1. Since, the potential outside the well is infinitely high, the probability of finding the 

particle outside, must be zero. 

            

                   i.e.  
2
 = 0 in the region ax0   ψ = 0 at x = 0 and x = a. 

2. Inside the well the wave function is finite,  

 

                         i.e.  
2
 0  in the region ax0  
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The one dimensional Schrodinger’s wave equation or electron motion is given as  

                         0)()(
2)(

22

2

xVE
m

x

x


, 

Since the height of the potential well is infinite i.e. V = , the equation reduces to  

                          0)(
2)(

22

2

xE
m

x

x


,             )1(     where E = K.E of the electron. 

Energy levels and Wave function: 

 Equation (1) is rearranged as               

                          0)(
)( 2

2

2

xk
x

x
                )2(    

             where 
m

pmmE
k

2

22 2

22

2


  

                              
m

h

h

m

2

)2(2
2

22

2
             (Using de Broglie’s concept) 

                           
2

2
2 4

k           or            
2

k , where k = wave vector or wave number. 

Equation (2) is similar to the equation of harmonic motion and hence, the solution of the 

above equation is  

                         kxAkxA cossin               )3(    

Evaluation of the constants: 

 By using the boundary conditions the constants are evaluated, 

                       At      x = 0; ψ = 0              0 = Asin0 + Acos0 

                      or       B = 0                      )4(    

                       At      x = 0; ψ = 0              0 = Asinka + Acoska 

                        or      0 = Asinka             )5(    

Equation (5) is valued, when   ka = nл  or  k = 
a

n   , but we also know that 
2

2 2



mE
k  

                      
2

22

2

2

a

nmE


      or       

2

22

8ma

hn
En       )6(                       )

2
(

h
  

                 and                
x

an
An sin                            )7(          

To find A: 

         1

2

0

dx

a

         (Finding the particle inside well is definite) 
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Substituting the value of the ψn from the equation (7) 

                     1sin 2

2

0

dx
a

xn
A

a

 

                     1
2

cos1

0

2
2 dxA

a

a
xn

 

                    12sin
22 0

2 a

a
xn

n

a
x

A
 

                             1
2

2aA
          or        

a
A

2
                  )8(    

Substituting the value of A from (8) in (7) 

                               
x

an

a
n sin

2
                                     )9(  

Hence, the expression for energy levels and wave function are deduced. 

Results: 

1. According to the energy equation (6), the energy is quantized and so it is cannot be 

continuous. The electron will be in any one of the above energy states or eigen states 

ψn at a given time, where n = quantum number. These energy states are termed as 

eigen values or allowed values and the lowest eigen state is called the ground state 

with energy
2

2

1
8ma

h
E .    (n = 1) 

2. For the given value ‘n’ the energy ‘En’ is inversely proportional to the mass of the 

electron and to the square of the width of the well. The permitted energies of an 

electron confined in a well of 1A
o
 wide are 

                                     joule
n

En 2031

2342

12101.98

)1263.6(
     or      eVnEn

238  

              eVnE 2

1 38    eVE 1522         eVE 1523  

3. Energy levels are far apart if the 

dimension of the well is 

microscopic and if the dimension 

of the well is macroscopic, say in 

cm the permitted levels are so 

close together as to appear 

continuous. Eg. If a = 1cm wide: 

En = 38x10
-16

 eV. 

4. The first three electron energy 

levels and corresponding wave 

functions and probability 

densities  figured below: 

For the first energy level, 

probability of finding the electron is maximum at the centre of the well, but at the same 

time it is zero at the centre for the second energy level. 
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Microscope  

A microscope is a device which is used to view the magnified image of a smaller 

object which cannot be clearly seen through a naked eye. It is of two types optical and 

electron microscope. 

Magnifying power: 

It is defined as the ratio between angles subtended by the final image at the eye to the 

angle subtended by the object at the eye placed at the near point. 

Resolving power: 

It is the ability of an optical instrument to form a distinct and separable images of the 

two point objects which are close to each other. 

 

ELECTRON MICROSCOPE: 

The conventional electron microscope requires that the electron beam be in a vacuum, 

because electrons cannot ordinarily travel an appreciable distance in air at atmospheric 

pressure. The column of the electron microscope is evacuated by pumps, and the specimens 

and any other necessary apparatus are introduced into the vacuum by means of air locks. The 

magnification is determined mainly by the value of the current (for magnetic lenses) through 

the intermediate and projector lens coils. The image is focused by changing the current 

through the objective lens coil. In the electron microscope the final image is invariably real 

and is visualized on a fluorescent screen or recorded for study on a photographic plate in 

traditional instruments.In the electron microscope the image results from a scattering of 

electrons by atoms in the specimen. A heavy atom is more effective in scattering than one of 

low atomic number, and the presence of heavy atoms will increase the image contrast.  

Principle: 

A stream of electrons are passed through the object and the electrons which carries the 

information about the object are focused by electric and magnetic fields. 
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Construction and working: 

 

It consist of a solenoid of wire together with a magnetic pole piece that creates and 

concentrates a magnetic field. The lenses used for the condenser and projector system of the 

microscope differ from the objective lens.In such a lens, the upper part acts as a condenser 

and the lower as the objective; the specimen is inserted into the centre of the lens, where the 

axial magnetic field (the field along the axis of the instrument) is at a maximum. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electron lenses show spherical aberration, distortion, coma, astigmatism, curvature of 

field, and chromatic aberration due to variations in the wavelengths within the electron beam. 

Such changes of electron velocity may be either due to variations in the high-voltage supply 

to the electron gun or due to energy losses from collisions of electrons with atoms in the 

specimen.. It is not possible to correct this aberration by adding a second lens of opposite 

characteristics, as can be done for the optical microscope, because magnetic electron lenses 

are always convergent. Electron lenses still require much smaller numerical apertures than do 

optical lenses in order to function optimally. 

The interaction of the electron beam with residual gas molecules in the column may 

also lead to deposits along the beam path that charge up under the influence of the beam and 

introduce asymmetries. Astigmatism may usually be completely corrected by use of the 

stigmators fitted to the objective lens. 
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Scanning electron microscope: 

Scanning Electron Microscopy - SEM - is a powerful technique in the examination of 

materials. It is used widely in metallurgy, geology, biology and medicine, to name just a few. 

The user can obtain high magnification images, with a good depth of field, and can also 

analyse individual crystals or other features. A high-resolution SEM image can show detail 

down to 25 Angstroms, or better 

A normal scanning electron microscope operates at a high vacuum. The basic 

principle is that a beam of electrons is generated by a suitable source, typically a tungsten 

filament or a field emission gun. The electron beam is accelerated through a high voltage 

(e.g.: 20 kV) and pass through a system of apertures and electromagnetic lenses to produce a 

thin beam of electrons., then the beam scans the surface of the specimen by means of scan 

coils (like the spot in a cathode-ray tube "old-style" television).  

Electrons are emitted from the specimen by the action of the scanning beam and 

collected by a suitably-positioned detector.  

The microscope operator is watching the image 

on a screen. Imagine a spot on the screen scanning 

across the screen from left to right. At the end of the 

screen, it drops down a line and scans across again, the 

process being repeated down to the bottom of the screen.  

The key to how the scanning electron microscope 

works (and this is the clever bit) is that the beam 

scanning the specimen surface is exactly synchronised 

with the spot in the screen that the operator is watching. 

The electron detector controls the brightness of the spot 

on the screen - as the detector "sees" more electrons 

from a particular feature, the screen brightness is increased. When there are fewer electrons, 

the spot on the screen gets darker. These days, the screen is generally a digital monitor, not a 

glass crt, but the principle is the same.  
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The magnification of the image is the ratio of the size of the screen to the size of the 

area scanned on the specimen. If the screen is 300 mm across and the scanned area on the 

specimen is 3 mm across, the magnification is x100. To go to a higher magnification, the 

operator scans a smaller area; if the scanned area is 0.3 mm across, the magnification is x 

1000, and so on.  

There are different types of electron image. The two most common are the secondary 

electron image (sei) and the backscattered electron image (bei). The sei is used mainly to 

image fracture surfaces and gives a high resolution image. The bei is used typically to image 

a polished section; the brightness of the bei is dependent on the atomic number of the 

specimen (or, for compounds, the average atomic number). For example, lead will appear 

brighter than iron and calcium oxide will appear brighter than calcium carbonate. The bei is, 

in essence, an atomic number map of the specimen surface.  

All SEM images are in black-and-white, although they may subsequently have false 

colours applied to them for aesthetic reasons or to aid interpretation.  

A development of the normal high-vacuum scanning electron microscope is the 

ESEM, or Environmental SEM. The ESEM can operate with air in the specimen chamber - 

the pressure is lower than atmospheric pressure but higher that the high-vacuum of a normal 

SEM. This has the advantage that wet specimens can be examined without them dehydrating 

and is especially useful for biological specimens and other specimens containing water, such 

as freshly-mixed cement paste.  

If you are considering buying an SEM or EDX system, you obviously need to 

consider carefully what type of equipment you need to get. If you are not (yet) an expert, you 

should take advice from a specialist in your field of study.  

 

Transmission electron microscope 

A TEM contains four parts: electron source, electromagnetic lens system, sample 

holder, and imaging system. 
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Electron source 

The electron source consists of a cathode 

and an anode. The cathode is a tungsten filament 

which emits electrons when being heated. A 

negative cap confines the electrons into a loosely 

focused beam.The beam is then accelerated 

towards the specimen by the positive anode. 

Electrons at the rim of the beam will fall onto the 

anode while the others at the center will pass 

through the small hole of the anode. The electron 

source works like a cathode ray tube. 

Electromagnetic lens system  

After leaving the 

electron source, the electron 

beam is tightly focused using 

electromagnetic lens and 

metal apertures. The system 

only allows electrons within 

a small energy range to pass 

through, so the electrons in 

the electron beam will have a 

well-defined energy.  

1. Magnetic Lens: Circular electro-magnets capable of generating a precise circular magnetic 

field. The field acts like an optical lens to focus the electrons. 

2. Aperture: A thin disk with a small (2-100 micrometers) circular through-hole. It is used to 

restrict the electron beam and filter out unwanted electrons before hitting the specimen. 

Imaging system 

The imaging system consists of another electromagnetic lens system and a screen. 

The electromagnetic lens system contains two lens systems, one for refocusing the electrons 

 

  Electron source of a TEM. 
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after they pass through the specimen, and the other for enlarging the image and projecting it 

onto the screen. The screen has a phosphorescent plate which glows when being hit by 

electrons. Image forms in a way similar to photography. 

Working principle 

TEM works like a slide projector. A projector shines a beam of light which transmits 

through the slide. The patterns painted on the slide only allow certain parts of the light beam 

to pass through. Thus the transmitted beam replicates the patterns on the slide, forming an 

enlarged image of the slide when falling on the screen. 

TEMs work the same way except that they shine a beam of electrons (like the light in 

a slide projector) through the specimen (like the slide). However, in TEM, the transmission of 

electron beam is highly dependent on the properties of material being examined. Such 

properties include density, composition, etc. For example, porous material will allow more 

electrons to pass through while dense material will allow less. As a result, a specimen with a 

non-uniform density can be examined by this technique. Whatever part is transmitted is 

projected onto a phosphor screen for the user to see. 
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PART – A 

 

1. What are matter waves? 

 

The waves associated with the particles of matter for example electrons, photons etc are 

known as matter waves or De-Broglie waves. The particle is controlled by these waves. 

 

2. How De-Broglie justified his concept? 

 

De Broglie justified his concept with the following points. 

 

1) Nature loves symmetry. If radiation like light can act like wave some time and like a 

particle at other time, then material particles for example electron, neutron should 

also act as wave at some time and particles in some other times. 

2) Our universe is fully composed of light and matter. 

3) Every moving particles has always associated with a wave. The particle is controlled 

by this wave. 

 

3. State the properties of the matter waves. 

 

 Lighter is the particle, greater is the wave-length associated with it. 

 Smaller is the velocity of the particle, greater is wave length associated with it. 

 These waves are not electromagnetic waves but they are a new kind of waves. 

 The wave and particle aspects of moving bodies can never appear together in the 

same experiment. 

 

4. What are the applications of De-Broglie’s idea of matter waves? 

 

De-Broglie’s waves have been used in the explanation and confirmation of Bohr’s 

postulates by Schrodinger in the year 1925. An in the construction of Electron-

Microscope -  microscope which is capable of magnifying extremely minute objects. 

 

5. Mention some of the physical significances of the wave function. 

 

 The wave function relates the particle and wave nature of matter statistically. 

 It is a complex quantity and hence we cannot measure it accurately. 

 It must be well behaved. That is single valued and continuous everywhere. 

 If the particle is certainly to be found somewhere in space then, the probability 

value is equal to one. 

  A wave function satisfying the above relation is called normalized wavefunction. 

 

6. What is electron microscope? 

 

Electron microscope is a microscope in which the object is illuminated by highly 

accelerated fast-moving electron beam.  It has very high magnification of about 100,000 

X and very high resolving power. 

 

7. What are the basic principles in electron microscope? 
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The working principle of the electron microscope is similar to that of the optical 

microscope. The given object is illuminated by highly accelerated fast moving electron. 

The focusing of electron beam is done by magnetic fields. 

The shorter wavelength of electron permits the detailed examination of tiny objects due to 

reduction of diffraction effects. 

 

8. What are the types of electron microscope? 

 

There are three types of electron microscopes. They are transmission electron 

microscope, Scanning electron microscope and Scanning transmission electron 

microscope. 

 

9. What is scanning electron microscope? 

 

Scanning electron microscope is the latest developed electron microscope. Here, the 

image is built up by using an electron probe of very small diameter which scans the 

specimen surface in parallel straight lines as does a television camera. 

This electron microscope is conveniently used to study the surface structure directly. 

 

10. What are advantages and uses of scanning electron microscope? 

 

Thicker specimens can be examined than in the normal transmission electron microscope. 

Because of the high resolving power, large magnification and greater depth of focusing, it 

has wide applications. In medicine, it is used to study viruses which are the diseases 

causing agents. A knowledge of their structure helps to find out the methods of their 

destruction. 

It is used to study about bacteria’s in detail. 

11. What is meant by photon? Give its properties 

     The discrete energy values in the form of small packets or quantas of definite  

     Frequency or wavelengths are called photons.   Photons propagate like a particle 

     with speed of  light. 

     Properties 

     1. The existence of photon and electron are same in nature. 

     2. Photons will not have any charge. They are neutral and hence they are not affected 

         by magnetic and electric field. 

     3. They do not ionize gases. 

     4. The energy of one photon is given by E= hν, which varies  

         with respect to the type of radiation frequencies. 

 

12. What is wave function? 

     A variable quantity which characterizes de broglie waves is known as wave function  

     and is denoted by the symbol ψ. The valued of the wave function associated  

     with a moving particle at  point (x,y,z) and time ‘t’ gives the probability  

     of finding the particle at that time and at that point. 

 

13. What are the different types of scattering of X rays? 

    i) Coherent scattering or classical scattering 

   ii) Incoherent scattering or Compton scattering. 

 

14. What is zero point energy? 
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    It is the energy of the ground state of the particle. Since, the particle in a box  

 cannot be at rest, its minimum energy is positive and is often called zero point energy. 

 

15. Write the applications of scanning electron microscope? 

    SEM provides the information rich images that relates to the size, shape and chemical 

properties of the sample. 

    It is used to study of colloidal. 

    It is used to determine the complicated structure of the crystal. 

    It is used to analyse the surface topography of metals. 

 

16. What are the limitations of optical microscopy? 

    a) Optical microscope we can resolve up to few hundreds of nm separation only. 

    b) Magnification possible is only about 1000X 

    c) Depth of focus is a measure of the distance through which the object could be moved  

       towards or away from the objective   lens but still producing sharply focused image. 

       It is inversely proportional to the numerical aperture and magnification of the objective. 

       Hence with increase of magnification depth of focus decreases. Hence with higher  

       magnification, flatness of the subject under study becomes critical. 
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UNIT-IV 

ACOUSTICS & ULTRASONICS 

ACOUSTICS 

 Acoustics is a branch of physics, which deals with the study of sound and vibration. 

Applications include: Architecture, Musical instruments, Transducer design, Wave propagation 

and Mechanical and Electrical systems. 

SOUND 

Sound is an oscillation of pressure transmitted through a physical medium or sound waves are 

mechanical vibrations of smaller amplitudes. 

Classification of Sound 

Sound waves are classified into three categories based on their frequencies 

 

Musical Sound: The sound which produces pleasing effect on the ear  

Noise: The sound which produces jarring and unpleasing effect on the ear 
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Characteristics of Musical Sound 

There are three characteristics for a musical sound 

 Pitch or Frequency 

 Quality or Timbre  

 Intensity or Loudness 

Pitch or Frequency 

 Pitch is the characteristic of sound, which is the sensation conveyed to our brain by the 

sound waves falling in our ears. It depends directly on the frequency of the incident sound 

waves. Though the pitch is directly related to frequency , they are not the same, In general the 

frequency is a physical quantity whereas the pitch is a physiological quantity. 

Example: Sound of mosquito produces high pitch than the sound of lion, which is low pitch 

Quality or Timbre 

 The quality of the sound is the one which helps us to distinguish between musical notes 

emitted by different musical instruments or voices, even though they have the same pitch and 

loudness. 

 Example: It helps us to distinguish a particular voice of a singer from the voices of many 

singers, though they sing with the same pitch and loudness. 

Intensity or Loudness 

 The intensity of sound wave at a point is defined as the average rate of flow of acoustic 

energy (Q) per unit area situated normally to the direction of propagation of sound wave. 

    I=Q/A 

The intensity depends on the following factors 

    Iα(n
2
a

2
ρv)/x

2 
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 Where  n - Frequency of the sound wave 

   a - Amplitude of the wave 

   ρ- Density of the medium 

   v - Velocity of sound in that medium 

   x - Distance from the source of sound to the receiving end or   

   intensity per unit area per unit time   I= 2π
2
 n

2
a

2
ρv W/m

2
 

 LOUDNESS - WEBER RECHNER LAW 

 Loudness of the sound is defined as the degree of sensation produced on the ear. The 

loudness varies from one observer to another. It is a physical quantity and therefore it is difficult 

to measure loudness. But, it can be measured as the logarithmic value of intensity.  

    L α Log I 

    L= K Log I 

The above equation is konwn as WEBER - FECHNER LAW 

Differentiating the above eqn. , we have 

    dL/dI=k/I 

where dL/dI is called as sensitiveness of ear. Therefore the sensitiveness decreases with the 

increase in intensity. For example more sound in an auditorium will not be heard properly. 

RELATION BETWEEN INTENSITY OF SOUND AND LOUDNESS 

S.No. INTENSITY LOUDNESS 

1 It refers to external measurement It is a sensation produced on the ear 

2 It is common to hear (or) produced It depends on individual listener 

3 It can be measured directly It is measured only with respect to intensity 
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UNIT OF LOUDNESS 

 If  L1 is the loudness of sound of intensity I1 and L0 is the loudness 

corresponding to the standard reference intensity I0 = 10 
-12

 watts/m2, then according to Weber-

Fechner law,  

    L1= K Log10 I1 

and         L0= K Log10 I0 

  Now, the intensity level (IL) which is equal to the difference in 

intensities 

or   IL= L1- L0= K Log10 I1- K Log10 I0 

   IL= K Log10 I1/I0 

If  k is taken as 1, the intensity level or difference in loudness is expressed  in bel.  

    IL= 1*K Log10 I1/I0 bel  

DECIBEL 

 The unit 'Bel' is however quite large and hence IL is expressed by another standard unit called 

decibel (i.e.) 1 Bel = 10 decibels 

     IL= 10 Log10 I1/I0 dB   (1) 

Case (i) 

 If   IL  =  0  dB,     then  eqn (1) , becomes, 

 log10 (I1/I0)  = 0    (OR)   I1/I0   = e
0
     (OR)    

       I1/I0  =  1 (2) 

Case (ii) 

 If   IL  =  1  dB,     then  eqn (1). becomes, 

 log10 (I1/I0)  = 1/10    (OR)   I1/I0   = (10)1/
1/10

     (OR)      

 

 

(1) 
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            I1/I0  =  1.26  (3) 

Subtracting equations (2) from (3) ,  

   1.26 - 1  = 0.26 

Therefore, for a change in intensity level of 1 dB , the intensity changes to about 26 % 

 When   I1  = 100  I0 : L =  20 dB 

  I1 = 1000 I0     : L =  30 dB 

 To build up a scale of loudness, zero on the scale is taken as the threshold of hearing, 

which corresponds to I0 = 10 
-12 W/m

2
. The maximum intensity with which an ear can tolerate is  

I = 1 W/m
2
. 

 The maximum intensity level an ear can hear is 

  IL =  10 Log10 (1/10
 -12

)      dB 

      =  120   dB 

    

ACOUSTICS OF BUILDINGS 

 It is a new field of science which deals with the planning of a building (or) a hall with a 

view to provide best audible sound to the audience and is called as Acoustics of Building. 

Therefore to provide a best audible sound in a building (or) hall a prime factor called, 

"Reverberation" i.e., Re-vibration of sound inside the building or hall has to be optimized. 

REVERBERATION 

 When a sound pulse is generated in a hall, the sound wave travels towards all direction 

and are reflected back by the walls, floors, doors, windows, ceiling ect,. as shown in figure. So a 

sound wave has two to three hundred repeated reflections, before it becomes inaudible. 

Therefore, the observer in the hall does not able to hear a single sharp sound instead a "roll of 

sound" of diminishing intensity is heard (since part of energy is lost at each reflection). 
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     Reflection of Sound in Hall 

This implies that the sound pulse is heard for a short definite time interval even after the source 

of sound is stopped. This existence (or) prolongation (or) persistence of sound in the hall even 

after the source of sound is stopped is called Reverberation. 

REVERBERTION TIME 

 The duration for which the sound persist is termed as reverberation time and is measured 

as the time interval between the sound produced by the source and to the sound wave until it 

dies. 

 It is defined as the time taken for the sound to fall below the minimum audibility 

measured from the instant when the source stopped sounding. 

 In designing an auditorium, theatre, conference halls ect., the reverberation time is a key 

to be determined first. 

 If the reverberation time is too large, echoes are produced and if the reverberation time is 

too short it becomes inaudible by the observer and the sound is said to be dead. Therefore the 

reverberation time should not be too large and also it should not be too short. So, it should have 

an optimum value. 

 In order to fix this optimum value a standard formula is derived by W.C. Sabine, who 

defined the standard reverbertaion time as the time taken for the sound to fall to one millonth of 

its original intensity just before the source is cut off. 
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   i.e.  E  = Em  / 10
 6
 

 Where  E      is the Energy  (or)  Intensity of sound at any time 't' 

  Em   is the Maximum sound energy produced originally.   

SABINE'S FORMULA FOR REVERBERATION TIME - GROWTH AND DECAY METHOD 

 The relation connecting the reverberation time with the volume of the hall, the area and 

absorption coefficient is known as Sabine's formula 

 Sabine's developed the formula to express the rise and fall of sound intensity by the 

following assumptions. 

 Distribution of sound energy is uniform throughout the hall 

 There is Interference between sound wave 

 The Absorption Coefficient is independent of sound intensity 

 The rate of emission of sound energy from the source is constant 

Let us consider a small element 'ds' on a plane wall AB. Assume that the element ds receives 

the sound energy 'E'. 
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Let us draw two concentric circles of radii 'r' and r+dr from the centre point of ds. Consider a 

small shaded portion lying in between the two semi circles drawn at an angle θ and θ+dθ, with 

the normal to ds as shown in figure. 

Let  'dr'  be the radial length and   'rdθ'  be the arc length. Then 

 Area of shaded portion  =   rdθ.d r (1) 

 If the whole figure is rotated about the normal through an angle  ' d φ ' as 

shown in figure, then it is evident that the area of the shaded portion travels 

through a small distance say  'dx' . 

   dx  =  rsinθ . d φ         (2)  

 Volume traced by the shaded portion is  

   dV  =  Area  ×  distance 

 Substituting equations (1) and (2), we have 

   dV  =  rdθ.d r  ×  rsinθ . d φ 

 i.e.   dV  =  r
2
 dr sinθ dθ d φ 

The sound energy present in this volume dV   =  E.dV 

          =  E r
2
 dr sinθ dθ d φ 

The sound energy will travel through the element in all the directions. 

The sound energy present in this volume 

  dV per unit solid angle is  =  (E r
2
 dr sinθ dθ d φ) / 4π 

In this case the solid angle subtended by the area 'ds' at this element of volume dV is  

    dω = (ds cosθ) / r
2
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Hence, the sound energy travelling from the element (i.e. from d  )  towards 'ds' 

           (E r
2
 dr sinθ dθ d φ)      (ds cosθ)   (3) 

     4π                             r
2
 

 To find the total energy received by the element 'ds' per second, we 

have to integrate eqn.(3) for the whole vollume lying within a distance 'v'  of 'ds'. where 'v' is the 

velocity of sound. It is obvious from the geometry of the figure that,  

φ  changes from 0 to 2π  ,   

θ   changes from 0 to π/2  &   

r   changes from 0 to v.  

Integrating eqn.(3) with respect to these limits we can write,  

Energy received per second by 'ds'  
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 Let  'a' be the absorption coefficient of the wall AB 

 Energy absorbed by ds  in unit time   =  1/4 (E v a ds) 

 Total absorption at all the surfaces of the wall is  = 1/4 (E v ∑ a. ds) 

 Total  rate of energy absorption     =   1/4 (E v A)                                             (5) 

Where ' E ' is the energy from sources and ' A '  is the total  absorption on all the 

surfaces on which the sound falls  (i.e.)   A  =  ∑ a. ds 

 

Growth and Decay of the Sound Energy 

 If  'P' is the power output (i.e. the rate of sound energy from the source) then we can write 

 Rate of Emission of sound energy  i.e.  power output  P  =  1/4 (EmV A) 

 Here Em is maximum energy from the source (which has been emitted) that is nothing but 

maximum energy which incidents on the wall and V is the volume of the hall. 

   Em  =  4P / VA                                                                     6) 

 We know that the total energy at any instant  't'  =  EV 

The Rate of growth (or) increase in energy  =  d/dt (EV)  =  V dE/dt                         (7) 

At any instant 

 Rate of growth   Rate of supply of energy  Rate of absorption of 

 of Energy   from the source   energy by walls 

 

 

 

 

 

 

 

8383
www.rejinpaul.com



 From eqn. (5) and (7), We can write 

  

(i) Growth of sound energy  

 Let us first evaluate k for growth 

 Initially during the growth the boundary conditions are at  t = 0  and E = 0. 
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 Therefore eqn. 8 becomes 

 

where  Em  is the maximum sound energy. 

This expression gives the growth of sound energy density ' E' with time  't' . The growth is along 

an exponential curve as shown in the figure. 

 This indicates that  E increases  until  t =  

 at  t =      ,  E  =  Emax 

 

                                                                                                        Growth of sound energy 
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(ii) Decay of sound energy 

 Let us first evaluate  k  for delay. 

 Here boundary conditions are at  t  =  0  and  E =  Em 

 Initially the sound increases from  E  to  Em  and now it is going to decay from  Em.  

Therefore time is considered as '0'  for  E = Em.  (i.e.)  At  E  =  Em  the sound energy from the 

source is cut off. Therefore rate of emission of sound energy from the source  =  0  (i.e.) P = 0 

Therefore from eqn. (8) , we can write,  Em e
0
   =  0 + k 

      k  =  Em 

Therefore substituting the value of k for decay in eqn. (8), we get 

     E e
αt

=(4P/vA) e
αt

+ Em 

since P = 0  (i.e.) Energy from source is cut off for decay of sound, so We can write, 

     E e
αt

  =  Em 

               E  =  Em e
-αt (10)

 

Equation (10) gives the decay of sound energy density with time 't' even after the 

source is cut off. It is an exponentially decreasing funtion from maximum energy 

(Em) as shown in figure. 

 

 

 

 

                      Decay of Sound Energy 
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ABSORPTION CO-EFFICIENT 

All the sound waves when pass through an open window, the open window behaves as a 

perfect absorber of sound and hence the absorption coefficient can be defined as the rate of 

sound energy absorbed by a certain area of the surface to that of an open window of same area. 

DEFINITION: The absorption coefficient of a surface is defined as the reciprocal of its area 

which absorbs the same amount of sound energy as absorbed by a unit area of an open window. 

 For ex, if 2m
2 

of a carpet absorbs the same amount of sound energy as absorbed by 1m
2 

of an open window, then the absorption coefficient of the carpet is ½=0.5.  The absorption 

coefficient is measured in open window unit sabines.  

 In general, the absorption coefficient of a material is defined as the ratio of the sound 

energy absorbed by the surface to that of the total sound energy incident on the surface. 

Absorption coefficient (a) = Sound energy absorbed by the surface/Total sound energy incident 

on the surface 

ABSORPTION CO-EFFICIENT  

S. No Material Absorption Co.eff(a) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Marble 

Brick Wall (painted) 

Glass 

Brick Wall (30cm) thickness 

Wooden Floor 

Carpet 

Ordinary Chair 

Human Body 

0.01 

0.016 

0.02 

0.03 

0.06 

0.15-0.30 

0.17 

4.3-4.7 
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Average Absorption coefficient 

 The average absorption coefficient is the defined as the ratio between the total absorption 

in the hall to the total surface area of the hall. 

              i.e.,      ā  =  A/S  =  Σ as/Σs 

DETERMINATION OF ABSORPTION COEFFICIENT 

 Let us consider a sample for which the absorption coefficient is to be measured. Initially 

without this material the reverberation time in a room is measured and let it be T1. Now the 

given sample is kept inside the room and again the reverberation time is measured and let it be 

T2. 

Then from sabine’s formula 

 For case (i)   (i.e) without the sample 

        T1 = 0.167V/Σ as   ………..(1) 

 Where Total absorption = Σ as = a1s1+a2s2+……….[for all the materials such as doors, 

windows, etc.] 

 For case (ii)  (i.e.) Including the sample material 

    T2 = 0.167V/ Σ as+amsm    ……….(2) 

 Where        am = absorption coefficient of the material to be found 

   sm = surface area of the material. 

 Therefore from equ. (1) we have  

    Σ as = 0.167V/T1       ………(3) 

 From equ. (2) we have Σ as+amsm = 0.167V/T2 

 Subtracting  equ. (3) from equ. (4) we have  
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    amsm = 0.167V(1/T2-1/T1) 

   (or) am = 0.167V/sm[T1-T2/T1T2] 

 Hence, by knowing the terms on the right hand side the absorption coefficient of the 

given sample can be determined. 

FACTORS AFFECTING ACOUSTICS OF BUILDINGS 

When sound waves are produced in a hall, it reaches the observer directly as well as after 

reflections from walls, floors, ceilings, etc. Thus there is a possibility for causing interference 

between these waves, which in turn affects the originality of the sound produced. 

The factors affecting the acoustics (sound) of buildings are as follows: 

1) Un optimized reverberation time 

2) Very low or very high loudness 

3) Improper focusing of sound to a particular area, which may cause interference. 

4) Echoes or echelon effects produced inside the buildings 

5) Resonance caused due to matching of sound waves 

6) Unwanted sound from outside or inside the building, so called noise may also affect the 

acoustics of buildings. 

OPTIMUM REVERBERATION TIME AND ITS REMEDY 

We know reverberation time is the time taken for the sound to fall one millionth of its 

original sound intensity, when the source of sound is switched off. 

This reverberation time plays a vital role in the auditorium for clear audibility of sound. If 

the reverberation time is very high then it produces, echoes in the hall and if the reverberation 

time is very low, the sound will not be clearly heard by the audience. Therefore for clear 

audibility we should maintain optimum reverberation time. 

The optimum reverberation time can be achieved by the following steps: 
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1. By having the full capacity of audience in the auditorium 

2. By choosing absorbents like felt, fiber, board, glass etc. Inside the auditorium and 

even at the back of the chairs. 

3. Reverberation time can be optimized by providing windows and ventilators at the 

places wherever necessary and using curtains with folds for the windows. 

4. The reverberation time can also be optimized by decorating the walls with pictures. 

The optimum reverberation time will not be constant for all types of buildings; it varies from one 

building to the other as follows.  

I) For concert halls, the speech should have the optimum reverberation time of .5 seconds 

and music should have the optimum values of 1 or 2 seconds. 

II) For auditorium of theatres the optimum reverberation time should be between 1.1 to 3 

seconds, for smaller area and between 1.5 to 3 seconds for larger area. 

LOUDNESS AND ITS REMEDY 

Loudness is the degree of sensation produced on the ear; it varies from observer to 

observer. But it is found that for a single observer the loudness varies from one place to another 

in the same auditorium. This defect is caused due to the bad acoustical construction of buildings. 

he loudness will be very low in some area and will be very high in some areas. It can be 

optimized by the following remedies. 

REMEDIES  

i) Loudspeakers should be placed at the places where we have low loudness 

ii) The loudness can also be increased by making reflecting surfaces, wherever necessary 

iii) Loudness can be increased by constructed low ceilings 

iv) Absorbents are placed at the places where we have high loudness 
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Thus the loudness should be made even all over the auditorium, so that the observer can hear 

the sound at a constant loudness at all the places 

 FOCUSSING AND INTERFERENCE EFFECTS 

 In some places of a hall, the sound will not be heard properly and that place is said to be a 

dead space, which is due to the presence of convex or concave surfaces in the hall.  sometimes 

the sound waves will have interference pattern because of ceiling surfaces which will create 

maximum intensity of sound due to constructive interference in some places and minimum 

intensity of sound due to destructive interference at some other places and hence causing uneven 

distribution of sound intensity in the hall.  

REMEDIES 

I) By avoiding curved surfaces or covering the curved surfaces by suitable absorbents then 

focusing can be avoided 

II) By evenly polishing and decorating with absorbents the interference effects can be 

avoided 

ECHOES AND ECHELON EFFECT 

 In some halls, the wall of the halls will scatter the sound waves rather than reflecting it, 

this may create nuisance effect due to echoes. The echoes are formed when the time interval 

between the direct and reflected sound waves are about 1/15
th 

of a second. This effect occurs due 

to the reason that the reflected sound waves reaches the observer later than the direct sound. 

 If there is a regular repetition of echoes of the original sound to the observer then the 

effect is called as echelon effect. For ex, sound produced from equally spaced steps in a stair 

case at regular intervals produces echelon effect. 

REMEDY 

The echo can be avoided by lining the surfaces with suitable sound absorbing materials and by 

providing enough number of doors and windows. 
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RESONANCE 

 Resonance occurs when a new sound note of frequency matches with standard audio 

frequency. Sometimes the window –panel, sections of the wooden portion are thrown into 

vibrations to produce new sounds, which results in interference between original sound and 

created sound. This will create disturbance to the audience. 

REMEDIES 

i) The resonance effect can be avoided by providing proper ventilation and by 

adjusting the reverberation time to the optimum level. 

ii)  Now a days the resonance is completely eliminated by air conditioning the halls 

NOISE 

 Noise is an unwanted sound produced due to heavy traffic outside the hall which leads to 

displeasing effect to the ear. 

TYPES OF NOISES 

I) Airborne noise 

II) Structure borne noise 

III) Inside noise 

All these three noises pollute the area at which it has been produced and create harmful 

effects to the human beings. Fortunately human beings have the capability to reject the 

sound within certain limits with conscious efforts and to carry on his normal work. But 

sometimes the noises are strong which results in the following effects 

EFFECTS PRODUCED DUE TO NOISE POLLUTION 

i) It produces mental fatigue and irritation 

ii) It diverts the concentration on work and hence reduces the efficiency of the work 

iii) It sometimes affects the nervous system and lowers the restorative quality of sleep 
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iv) Some strong noises lead to damage the ear drum and make the worker hearin 

impaired 

v) The noises which are produced regularly will even retard the normal growth of 

infants and young children 

I)AIRBORNE NOISE 

 The noise which reaches the hall through open windows, doors and ventilations are called 

as air borne noise. This type of noise is produced both in rural areas (natural sound of wind and 

animals) and in urban areas (noise that arises from factories, aircrafts, automobiles, trains, flights 

etc.,) 

REMEDIES 

i) By making the hall air conditioned this noise may be eliminated 

ii) By allotting proper places for doors and windows this noise can be reduced 

iii) It can be further reduced by using double doors and windows with separate 

frames and by placing the absorbents in between them. 

II) STRUCTURE BORNE NOISE 

 The noise that reaches the hall through the structures of the building is termed as 

structure borne noise. These types of noises are produced inside the building, which may be due 

to the machinery operation, movement of furniture’s, footsteps etc. and these sound will produce 

structural vibration giving rise to structure borne noise.  

REMEDIES 

i) By properly breaking the continuity of the interposing layers by some acoustical 

insulators this type of noise can be avoided. 

ii) By providing carpets, resilent, anti vibration mounts etc., this type of noise can be 

reduced. 
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III)  INSIDE NOISE 

 The noise that is produced inside the halls is known as inside noise. For ex in some 

offices the sound produced by machinery, type writers etc. produces this type of noise. 

REMEDIES 

i) By placing the machineries and type writers over the absorbing materials or pads 

this type of noise can be reduced. 

ii) It can be reduced by covering the floors with the carpet 

iii) By fitting the engine on the floor with a layer of wood or felt between them this 

type of noise can be avoided 

FACTORS TO BE FOLLOWED FOR GOOD ACOUSTICS OF BUIDING 

 To have a clear audibility of sound in the auditorium, the following factors are to be 

followed. 

i) The reverberation time should have an optimum level 

ii) The sound must be evenly distributed to each and every part of the building 

iii) There should not be any focusing of sound to any particular area 

iv) Each and every syllable of sound must be heard clearly and distinctly, without any 

interference 

v) There should not be any echoes, echelon effects and resonance inside the 

buildings 

vi) The buildings should be made as sound proof building, so that external noises 

may be avoided 

vii) Generally to say the total quality of sound should be maintained all over the 

building to all the audience. 
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ULTRASONICS 

Introduction  

A normal human ear can hear the sound waves of frequencies ranging from 20 Hz to 

20000 Hz. This frequency range is called Audible range. Sound waves of frequencies above the 

audible range (above 20 KHz) are called as Ultrasonic waves. These sound waves are not audible 

to human ear. Sound waves of frequencies less than 20 Hz are called Infrasonic waves.  

Production of Ultrasonics 

 There are number of ways to generate ultrasonic waves. In general there are two methods 

(i) Magnetostriction generator or oscillator 

(ii) Piezo-electric generator or oscillator 

(iii) Mechanical oscillator 

 

 Magnetostriction effect 

When a ferromagnetic rod is placed in a magnetic field parallel to its length, then the rod 

experiences a small change in its length. This is known as magnetostriction effect. 

Magnetostriction oscillator 

          When a ferromagnetic rod is subjected to a magnetic field parallel to its length it 

undergoes a change in length. 

           The magnetostrictive oscillator is based on magetostriction effect.  If the frequency of the 

applied field becomes equal to the natural vibrating frequency of the rod large amplitude of 

mechanical vibrations are produced in the rod. 

The reonanat frequency is 

                              
LC

nr
2

1
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 This results in the generation of ultrasonic waves and is emitted from the ends of the rod.  

The frequency of vibration of the rod is 

                              
E

l
n

2

1
   

Where   

 Ĺ - Length of the rod 

            E - Youngs modulus of the rod 

 ρ -  Density of the rod 

Construction 

    AB is a ferromagnetic nickel rod which is clamped in the middle between two knife 

edges. Coil L2 is wound on the right hand portion of the rod along with a variable capacitor C 

coil L2 and the capacitor forms the resonant circuit. Coil L1 wound on the left hand portion of the 

rod is connected in the base circuit. The coil L1 is used as a feed back loop. 

 

Working 

When E is switched on the circuit L2 in the collector circuit of transistor sets up an 

alternating current of frequency. This alternating current flowing round the coil L2  produces an 

alternating magnetic field of frequency f along the length of the rod AB. Then the rod starts 
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vibrating due to magnetostrictive effect. The vibrations of the rod create ultrasonics which are 

sent out. The coil L1 helps in increasing the amplitude of ultrasonic waves. The longitudinal 

expansion and contraction of the rod AB produces an e.m.f in the coil L1 which is applied to the 

base of the transistor which increases the amplitude of high frequency oscillations in coil L2 due 

to positive feed back. By adjusting the capacitor c the frequency of the a.c current can be made 

equal to the natural vibrating frequency of the rod. The resonance condition is indicated by the 

rise in the collector current shown on the milliammeter. 

The reonanat frequency is 

                              
LC

nr
2

1
 

The frequency of vibration of the rod is 

                              
E

l
n

2

1
   

Advantages 

1. The ac circuit is simple and low cost. 

2. High power output is possible without damaging the circuit. 

Disadvantages 

1. The output frequency is limited (upto 300 KHz only) 

2. The output frequency greatly depends on temperature. 

 

Piezoelectric effect 

The application of mechanical stress to a pair of opposite faces of a dielectric crystal cut 

with its faces perpendicular to the optic axis, results in the accumulation of equal and opposite 

charges on the other pair of opposite faces. This phenomenon of generation of voltage under 

mechanical stress is called as piezoelectric effect. 
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Piezoelectric oscillator 

When an alternating voltage is applied to one pair of opposite faces of a quartz crystal, 

alternative mechanical contractions and expansions are produced on the other pair of opposite 

faces of the crystal. The crystal is thus, set into mechanical vibrations.  

When the frequency of the applied AC voltage is set equal to the natural frequency of the 

crystal, then resonance will occur. Vibrations of larger amplitude of sound are produced. If the 

frequency of the AC voltage is in the ultrasonic range, the crystal would produce ultrasonic 

waves. 

Construction 

The circuit diagram of tuned base oscillator circuit is shown below. A slice of quartz 

crystal is placed between the two metal plates A and B. The coil L1 of oscillator circuit is taken 

from primary of transformer and coil L2 from secondary of the transformer. 

   The plates A and B are coupled to the electronic oscillator through secondary (L3) of the 

transformer. The coil L2 and variable capacitor C from tank circuit of the oscillator. 
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Working 

When the battery is switched on, the electronic oscillator produces alternating voltages 

with frequency   

    f =   1 / 2π√L2C 

An oscillatory e.m.f is induced in the coil L3    due to transformer action. 

The crystal is now under high-frequency alternating voltage. The crystal expands and contracts 

alternately due to inverse piezo-electric effect. The crystal is thus set into mechnical vibrations. 

The capacitance of the variable condenser C is adjusted such that the frequency of the 

applied AC voltage is equal to the natural frequency of the crystal. Now the crystal vibrates with 

large amplitude due to resonance. Thus, high-power ultrasonic waves are produced from the 

crystal. Suppose, there is an X-cut crystal plate of length L, then the frequency of its length-wise 

vibration is  

       The frequency of vibration of the crystal is 

                              
E

l

p
n

2
  (Length mode) 

The frequency of vibration of the crystal is 

                              
E

t

p
n

2
  (Thickness mode) 

Where, p is the pitch of the note ie., p =1,2,3…, E is Young’s modulus of the crystal and ρ  is the 

density of the crystal plate 

Merits 

1. More efficient than magnetostriction oscillator. 

2.    Frequencies as high as 5 x 10
8
 Hz           

3.    Not affected   by temperature and humidity. 

9999
www.rejinpaul.com



Demerit 

1.   Cost is very high. 

2.   Cutting and shaping is very difficult. 

 

Determination of velocity of ultrasonic waves in liquid using Acoustic Grating 

Principle 

When ultrasonic waves travel through the transparent longitudinal stationary waves are 

formed due to alternating rarefactions and compressions. If a monochromatic light is passed 

perpendicular to these waves the liquid medium behaves as a diffraction grating. The regions of 

compressions act as opaque medium and rarefactions act as transparent medium for light waves 

such a grating is known as acoustic grating. 

Acoustic grating behaves in the same way as ruled diffraction grating. It is used to find 

wavelength and velocity of ultrasonic waves in liquid. 

Theory 

When the light from monochromatic sources like sodium vapour lamp or laser passes 

through the acoustic grating then the diffraction grating formula is given by 

(a+b) sin θn = sin θn  = nλ                  ________________________  (1) 

where 

d = (a+b) the distance between two successive nodes or antinodes of stationary waves. 

n is the order of diffraction 

λ  is the wavelength of light used 

θn  is the angle of diffraction for n
th
 order 

let λm be the wavelength of ultrasonic waves in medium then 
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d = λm/2                                            _________________________(2) 

substituting equation (2) in equation (1), we have 

λm/2  sin θn  =   nλ 

λm = 2nλ /sin θn                                  _________________________(3) 

let f  be the frequency of ultrasonic waves. If v is the velocity of ultrasonic waves in the given 

liquid, the 

v = f  λm 

v = 2nλ f/sin θ                                                 _________________(4) 

 

Experimental arrangement 

 

Acoustical grating formation can be easily demonstrated in the laboratory. In an 

ultrasonic cell the liquid under study is taken ultrasonic transducer is fixed at one side wall inside 

the cell and ultrasonic waves are generated the waves traveling from the transducer get reflected 

from the opposite wall and standing wave pattern called acoustical grating.   

 If light from diode laser is allowed to pass through the liquid in a direction perpendicu.ar 

to the grating diffraction takes place and on the screen placed at a distance the higher order 

diffracted images can be seen 

101101
www.rejinpaul.com



The angular separation between the direct ray and diffracted rays of different orders can be 

calculated by measuring the distance of diffracted beams from the central beam. Using the given 

formula the wavelength and velocity of ultrasonic waves in liquid can be calculated 

Uses 

This method is useful in measuring the velocity of ultrasonic waves through liquids and gases at 

various temperatures from these measurements many parameters of the liquid as free volume 

compressibility etc can be calculated. 

 

Industrial applications of Ultrasonic waves 

1.Ultrasonic drilling and cutting 

For making holes in hard materials such as glass, diamond, ultrasonics are used. 

 On passing ultrasonics through such 

materials, it creates air bubbles. 

 These air bubbles collapse within a short 

span of time, thereby releasing a large 

amount of pressure and temperature 

which are used for cutting and drilling. 

  

2. Ultrasonic welding and soldering 

Ultrasonic welding can be accomplished in 

materials which cannot be welded at high 

temperature. 

 Also ultrasonic welding is possible in room temperature which is called cold welding. 

 Ultrasonic soldering is used for aluminium foil condensers, aluminium wires etc without 

any flux. 
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3. Ultrasonic cleaning and drying 

Transducer 

 Ultrasonics can be used for cleaning 

purposes also. It is employed in cleaning 

motors, aero planes, electronic assemblies 

etc. 

 The process goes as this: The cleaning tank 

is partially filled with detergent solutions. 

 The material to be cleaned is placed in the 

tank. 

 The ultrasonics are imparted to the solution, which accelerates the molecules in the liquid 

to move with high kinetic energy. 

 These molecules strike the dirt particles and clean it thoroughly. 

4. Coagulation 

It is a process involving the phase change. 

 Ultrasonics are used in the process of changing liquid phase to semi solid phase as well as 

in process of crystallization. 

 Thus this application is used in manufacture of paints and polishes. 

5. Sound Signalling 

High frequency ultrasonics are sent out in the form of beams, which spreads in all 

directions as spherical wavefronts and passes the signals from one place to another. 

 Thus the signals can be used as identification for landing of ships. 

 In military field the method of sound signaling is used to identify our warships. 

6. SONAR 

 Echo sounding is the principle used to find the depth of sea. 

 SONAR stands as an abbreviation for Sound Navigation and Ranging 
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 This is mainly used for detecting the submerged submarines. It is the most successful 

method of underwater detection. 

 It is equivalent to RADAR in air. 

 A beam of ultrasonics is directed towards sea and the reflected signal is received. 

 The time interval between the transmitted and reflected signal is noted and let it be t. 

 If v is the velocity of the ultrasonics, 

Then, velocity = Distance traveled / Time taken. 

So from this the distance traveled can be calculated which gives the depth of the sea for 

the submerged submarine. 

NON-DESTRUCTIVE TESTING(NDT) 

 It is a method of testing the material without causing any destruction to the material. 

 Whenever there is change in medium, then the ultrasonic waves will be reflected. This is 

the principle used in ultrasonic flaw detector. Thus, from the intensity of the reflected 

echoes, the flaws are detected without destroying the material. 

 A metal slab is the specimen which has to be detected for any flaws. If there is a minute 

crack inside the specimen, the ultrasonic waves falling on it gets reflected. 

 And on further studying the reflected signals, the crack can be easily detected. 

 In this manner, the ultrasonics are useful in Non-destructive testing. 

 

Basic ultrasonic testing system 

There are three basic ultrasonic testing systems commonly used in industries 

(i) Pulse echo system 

(ii) Continuous transmission systems 

(iii)Resonance system 
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PULSE ECHO SYSTEM 

It is based on the principle of echo reflection of ultrasound at the interfaces. It uses two separate 

probes. One for transmitting the ultrasonic waves and other to receive them after passing through 

the specimen. 

It is the property of ultrasonic waves that it gets deflected whenever there is a change in medium. 

In case, a defect exists between top and bottom of the specimen surface, most of the beam 

striking this defect will be reflected from the defect. The reflected beam reaches the receiver 

probe. This is indicated by a pip (echo) on the CRO screen. 

 

 

Inspection techniques 

Normal probe reflection mode 

This is the commonly used technique in ultrasonic testing. The pulse is fully or partially reflected 

by any defect in the material. The reflected signal is collected by the single probe which acts as a 

transmitter and receiver. 
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Normal probe transmission mode 

The transmitting probe is placed in contact with the test piece surface on one side and a receiving 

probe is placed exactly on the opposite side of the test piece. When both transmitting probe and 

receiving probe are moved together, if there is no defect in the testpiece, the receiving probe 

receives the full signal. 

If there is defect between the transmitter and receiver, because of partial reflection at the defect 

region, there will be a reduction in the received signal. Thus, the presence of the defect can be 

known. 

Types of ultrasonic imaging devices 

The type of ultrasonic imaging devices are classified depending on the ultrasonic imaging 

devices. 

(a) A-scan display 

(b) B-scan display 

(c) C-scan display 

A-SCAN DISPLAY 

This is the simplest form of display. It gives one dimensional information. A mode means 

amplitude modulation, the reflected echoes are depicted as vertical spikes (bips) along a 

horizontal base line on an oscilloscope. 
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B-SCAN DISPLAY 

B-scan or Brightness mode display gives a two-dimensional image. The transducer is moved on 

the surface of the specimen. The reflected echo from each point displays as dots. Thus B-scan 

provides exact image of the internal structures of the specimen. 

 

 

C-scan display 

In C-scan display we get plan view. In this type of display, the energy of ultrasonics is so 

adjusted that the ultrasonic pulse can reach a particular depth from the surface (of the specimen) 

and the cross-section of the specimen at that depth is scanned. 

The intensity of echo received from the section of the specimen is recorded either as a variation 

in line shading or shading with blank spaces corresponding to defect regions. 
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Cavitation effect 

It is only a process of creation and collapse of bubbles, due to the principal of negative 

local pressure created inside the bubble. When the ultrasonic waves are passed through the 

liquid, they induce compression and rarefaction in the layers of the liquid. This will produce a 

negative local pressure at the spot of rarefaction and causes a local boiling of liquid with the help 

of a bubble growth. Due to the high pressure inside the bubble, the temperature also increases 

enormously. Thus when they collapse they produce shock waves in the liquid causing cavitation. 

This effect is employed in Ultrasonic Cleaning. 

APPLICATIONS OF ULTRASONICS IN MEDICAL FIELD: 

1. Ultrasonics is used to release the contained enzymes. 

2. Meniere’s disease produces hearing loss in the ear and it can be cured by ultrasonic 

exposure in the ear through the destruction of diseased tissue in the middle ear. 

3. Proliferation: It is used to increase the fibroblasts by stimulation, thereby producing 

myofibroblasts. 

4. Remodeling: It is used to decrease the strength of the scar by affecting the direction of 

elastic fibers which are responsible for the scar. 

5. Reversible blood cell stasis: While treating the patient, it is used to gather the blood in 

columns separated by plasma. 

6. Ultrasonics is also used in cardiology ultrasonic imaging techniques. 

SONOGRAMS-RECORDING OF MOVEMENT OF HEART 

 Acoustic events of heart are divided into 

(i) Heart sounds 

(ii) Murmurs 

(i) Heart sounds: These are due to the opening and closing of heart valves. These 

have low frequency and higher amplitudes. 
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(ii) Murmurs: Noisy characters which are of longer duration. This is due to turbulent 

flow of blood in the heart. They have high frequency and smaller amplitudes. 

We know about ECG (Electro Cardio Graphy) in which the activity of heart such 

as, rhythmic disturbance of the myocardial activity cab be found with electrical 

techniques. But valvular defects cannot be identified by using ECG. Hence PCG 

can be used for detecting these defects. 

 Phono-Cardiograph records the sound produced by the pumping action of 

the heart. 

 If provides information on the rate, rhythmicity, blood pumping, valve 

action etc., 

FETAL HEART MOVEMENT 

Principle 

 It works under the principle of Doppler effect i.e., there is an apparent change in 

frequency between the incident sound waves on the fetus and the reflected sound waves 

from the fetus. 

Description: It consists of a Radio Frequency Oscillator (RFO), for producing 2 MHz of 

frequency and RFA (Radio Frequency Amplifier) to amplify the received signals. Mixer 

is used to mix the transmitted signals and the received signals. The loud speaker and the 

CRO help to hear and view the output of the sound waves respectively. 
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Working 

 The traducer is fixed over the mother’s abdominal wall, with the help of a gel (or) 

oil.RFO is switched ON to drive the pulses and hence the transducer produces ultrasonic 

waves of 2 MHz .(If more than 2 MHz, i.e., very high frequency waves are passed then it 

will affect the fetus). These ultrasonic waves are made to incident on the fetus. 

 The reflected ultrasonic waves from the fetus are received by the transducer and 

are amplified by RFA. Both the incident and received signals are mixed by the mixer and 

is filtered to distinguish the various types of sound and finally the Doppler shift or change 

in frequency is measured. The movement of heart can be viewed visually by CRO or can 

be heard by the loud speaker, after necessary amplification by Audio frequency (AF) 

Amplifier. 

Diagnosis 

 It is found that when the heart of the fetus is moving towards the transducer i.e., 

towards the source of sound, the shift in frequency is higher and if the heart of the fetus is 

moving away from the transducer, i.e., away from the source, the frequency shift is 

lower. Thus from the Doppler shift in frequency the movement of the fetal heart can be 

found. 

 Further in the output the sound of mother’s blood flow will also be present. But it 

can be easily distinguished with respect to the higher pulse rate of the fetus (or) from the 

following diagnosis. 

 Thus with the help of the type of the sound heard and the Doppler shift in 

frequency the movement of heart can be easily diagnosed. 
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Differences between ECG and PCG 

S.No ECG PCG 

1. The activity of heart such as 

rhythmic disturbances can be found 

with the help of electrical signals. 

Recording the sound of pumping heart is 

done with help of sound signals 

(Ultrasonics) 

2. It is not possible to find valvular 

defects 

Valvular defects can be identified clearly by 

using PCG 

 

ADVANTAGES  OF ULTRASONICS OVER OTHER METHODS 

1. There is no mutation(or) residual effects 

2. There is no ionization 

3. The side effects are almost zero 

4. By means of controlled focusing the normal tissues situated around diseased tissues 

can be saved. 

5. Here the physiological effects depend on frequency and amplitude of ultrasonics. 

6. It doesn’t affect the fetus in the mother’s womb during diagnosis. 

7. It is non-invasive compared to X-ray and laser radiations. 
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UNIT- V 

 

PHOTONICS 

 

LASER  -  Light  Amplification by Stimulated Emission of Radiation 

 

Laser  : 
 Powerful, Monochromatic, Collimated beam of light. 

 The emitted light waves are coherent in nature. 

 Artificial light source. 

 Narrow beam of light. 

 Travel over long distances without much loss of energy. 

In 1960 Dr.T.H. Maiman invented the first laser named Ruby Laser. Many types of 

lasers has been developed with laser action demonstrated in solids, liquids, gases, 

semiconductors etc. The laser light beam has frequency upto 10
14

 Hz. The discovery of laser 

leads to many medical, industrial and engineering applications.  

Stimulated Absorption : 

       An atom in the ground or lower energy state E1 can absorb a photon of energy  

hυ = (E2 – E1) and go to the excited or higher energy state E2. This process is known as 

stimulated absorption. 

Spontaneous Emission : 

      An atom in the exicted state returns to the ground state by emitting a photon of energy 

E = (E2 – E1) = hυ, spontaneously without any external agency. This process is known as 

spontaneous emission. 

Stimulated Emission : 

    An atom in the excited state returns to the ground state by inducement of photon 

thereby emitting a photon of energy equal to the energy of the incident photon. This process is a 

key factor for laser operation. 

  

5.1 Population inversion : 

     The population inversion is a state at which the number of atoms in the excited state is 

more than that in the ground state. This is achieved by the process of pumping. 
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Conditions for population inversion 

 There must be atleast two energy levels (E2 > E1). 

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

 The atoms must be continuously raised to the excited state.  

Active Medium : A medium in which population inversion can be achieved is known as 

active medium. 

 

Pumping Action: 

 The process to achieve population inversion in the medium i.e. raising more number of 

atoms to excited state by artificial means. 

Methods for pumping action 

 The most commonly used methods are 

 (i)   Optical pumping (excitation by photons) 

 (ii)  Electrical discharge method (excitation by electrons) 

 (iii) Direct conversion 

 (iv)  Inelastic atom-atom collision 

 (v)   Chemical process 

(i)  Optical pumping : Excitation of atoms by means of photons emitted by an external optical 

source. (e.g) Ruby Laser, Nd-YAG Laser. 

(ii)  Electric discharge method : The electrons are accelerated to very high velocities by 

strong electric field and they collide with the gas atoms and these atoms are raised to 

excited state . (e.g) He-Ne Laser, CO2 Laser, argon Laser etc.  

(iii) Direct conversion : In this method, electrical energy is applied to direct band gap 

semiconductor like GaAs. The recombination of electrons and holes takes place. During 

the recombination process, the electrical energy directly converted to light energy.(e.g - 

GaAs Laser). 

(iv) Inelastic atom –atom collision: In this method, a combination of to gases (A & B) is 

used. Excited states of A & B nearly coincides in energy.During electric discharge atom 

A get excited due to collision with electrons. The excited atom A*now collide  with atom 

B so that be goes to excited state B*.  

(e.g He-Ne Laser,CO2 Laser).      
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A + e
-
   A* 

A* + B B* + A 

(v) Chemical Method: In this method the atoms are excited due to some chemical reaction 

(e.g. Dye Laser). 

Characteristics of Laser 

(i) High directionality 

(ii) High Intensity 

(iii) High monochromatic 

(iv) High degree of coherence 

 

Basic Components of a laser system:  

            A basic laser system has three important components. They are  

Active Medium : It is a basic material in which atomic transitions take place and 

leading to laser action. This material may be solid, liquid, gas, dye or 

semiconductor. 

Pumping system: Its is a device with which population inversion in the active medium 

can be achieved. 

Optical resonator: An Optical resonator (or) a resonance cavity is a feed back system, 

which consist of an active medium kept in between a 100% mirror and partial 

mirror. Here, 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 out through the partial mirror. 

Types of lasers : Based on type of active medium, laser system are broadly classified         

into the following categories 

1. Solid state laser (e.g. Ruby laser, Nd. – YAG laser). 

2. Liquid laser (e.g. Europium benzoyl acetonate dissolved in alcohol)).          

      3. Gas lasers (e.g. He-Ne laser,CO2 laser). 

      4. Semiconductor lasers (e.g. GaAs laser). 
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Einstein’s theory of lasers (Einstein’s coefficients A & B) 

 To understand the working principle of the laser, we must study the quantum process that 

take place in a material medium when it is exposed to light radiation. We know that light is 

absorbed (or) emitted by atoms or molecules during their transition from one energy state to 

another. Let us consider an atom that has only two energy levels E1 and E2. When the atom is 

exposed to (light) photons of energy E2 – E1 = hυ. 

 Three distinct processes takes place. 

(i) Stimulated Absorption 

(ii) Spontaneous emission 

(iii) Stimulated emission 

Stimulated Absorption:An atom in the ground state with energy E1 absorbs a photon of 

energy hυ and goes to the excited state (Higher state) with energy E2 as shown in fig. This 

provided the photon energy hυ is equal to the energy difference (E2 - E1). This process is called 

Stimulated Absorption or simply Absorption.  

   

                                                                               E2          E2   

        E = E2 – E1 = hυ 

 

 

                                                                               E1            E2 

          Before Absorption             After Absorption 

 

 If there are many number of atoms in the ground state then each atom will absorb the 

energy from the incident photon and goes to the excited state then, 

 The rate of absorption (R12) is proportional to the following. 

 (i.e)  R12  α  Energy density of incident radiation (ρυ) 

   α No of atoms in the ground state (N1) 

  R12 α ρυ N1 

  (Or) R12 = B12 ρυ N1     ---------- (1) 

Where B12 is a constant which gives the probability of absorption transition per unit time. 
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 Normally, the atoms in the excited state will not stay there for a long time, rather it comes 

to ground state by emitting a photon of energy E = hυ. Such an emission takes place by one of 

the following two methods. 

Spontaneous emission: 

 The atoms in the excited state returns to the ground state by emitting a photon of energy 

E = (E2 - E1) = hυ, spontaneously without any external triggering as shown in fig. This process is 

known as Spontaneous emission. Such an emission is random and is independent of incident 

radiation.  

                  E2                                               

 

 

       

                                         E1                                                    E = (E2 – E1) = hυ 

                                               Spontaneous emission 

  

If N1 and N2 are the numbers of atoms in the ground state (E1) and the excited state (E2) 

respectively, then 

The rate of spontaneous emission is R21 (SP)  α N2 

    (or)  R21 (SP) = A21 N2   ---------- (2) 

Where A21 is a constant which gives the probability of spontaneous emission transitions per unit 

time. 

Stimulated emission: 

 The atom in the excited state can also return to the ground state by external triggering (or) 

inducement of photon thereby emitting a photon of energy equal to the energy of the incident 

photon, known as stimulated emission. Thus results in two photons of same energy, phase 

difference and of same directionality as shown in Fig.   

                                                                                         E2   

       

 E = hυ 

                                    E = E2 – E1 = hυ  

                                                                                        E1 
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The rate of stimulated emission is given by     

  R21 (ST) α ρυ N2   

  R21 (ST) = B21 ρυ N2       ----------- (3) 

Where B21 is a constant which gives the probability of stimulated emission transitions per unit 

time. 

Einstein’s Theory:  

 Transition between the atomic energy states is a statistical process. It is not possible to 

predict which particular atom will make a transition from one state to another at a particular 

instant. However in an assembly of a very large number of atoms, it is not possible to calculate 

the rate of transitions between two states based on the laws of probability.  

 Einstein was the first to calculate the probability of such transition assuming the atomic 

system to be in equilibrium with electromagnetic radiation. 

 Einstein‟s theory of absorption and emission of light by an atom is based on Planck‟s 

theory of radiation. Also under thermal equilibrium, the populations of energy levels obey the 

Boltzmann‟s distribution law. 

 (i.e.) under thermal equilibrium, 

The rate of absorption = The rate of emission 

R12 = B12 ρυ N1     ---------- (1) 

R21 (SP) = A21 N2     ---------- (2) 

R21 (ST) = B21 ρυ N2                 ---------- (3) 

(i.e.)  Eqn. (1) = Eqn. (2) + Eqn. (3) 

   B12 ρυ N1 = A21 N2 +  B21 ρυ N2 

ρυ[B12 N1 - B21 N2] =A21 N2   

 Therefore 
221112

221

NBNB

NA
v   

 (or) 
212112

21

)( BNNB

A
v  

We know from Boltzmann distribution law 

   N1 = N0 
TKE Be

/1
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Similarly    N2 = N0 
TKE Be

/2
 

Where KB is the Boltzmann constant 

 T is the absolute temperature 

 N0 is the number of atoms at absolute zero. 

At equilibrium, we can write the ratio of population levels as follows, 

     
TKEE Be

N

N /

2

1 12

 

Since E2 – E1 = hυ, we have  

     
TKh Be

N

N /

2

1
                   ---------- (5) 

Substituting eqn.(5) in eqn.(4) we have      

 (or)

 21

/

12

21

( BeB

A
TKhv

B

  

       A21   1 

(or) ρυ =  ------- --------------------------------------        ---------(6) 

     B21  
21

12

B

B
 (

TKh Be
/

) – 1 

These equations have a very good agreement with Planck‟s energy distribution 

radiation law. 

(i.e) 
1

18
/3

3

TKh BeC

h
     ------------- (7) 

 

Therefore comparing the Equation (6) and (7), we can write  

 

   B12 = B21 = B and 
3

3

21

21 8

C

h

B

A
       ----------- (8) 

 

Taking A21 = A 

The constants A and B are called as Einstein’s coefficient. 
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CO2 laser: 

It was the first molecular gas laser developed by Indian born American scientist    

Prof.C.K.N.Patel 

  We know in the case of atoms, electrons can be excited to higher energy levels. The 

distributions of electrons in the levels define the electronic state of the molecule.Beside these 

electronic energy levels, the molecule can have other energy levels also due to rotation and 

vibration of the molecule (CO2) they give rise to various rotational and vibrational energy levels, 

as shown in fig., 

 Where E1E2 – Electronic energy levels  

  υ
'
 , υ

''
 – Vibrational energy levels 

j, j
'
   - Rotational energy levels 

Principle:  

 The transition between these vibrational and rotational energy levels leads to the 

construction of molecular gas laser. Here the Nitrogen atoms are initially raised to excited state. 

The nitrogen atom delivers the energy to CO2 atoms which has closest energy level to it. Then, 

transitions take place between the vibrational energy levels of the CO2 atoms and hence laser 

beam is emitted. 

 The molecular gas laser can have two types of transition 

(i) Transition between vibrational states of the same electronic state.  

(ii) Transition between vibration levels of different electronic state.  

CO2 laser satisfies the first condition (i.e.) here the laser transition occurs between 

vibrational energy levels of the same electronic state. 

Fundamental mode of vibration of the CO2 molecule: 

There are three fundamental mode of vibration   

1. Symmetry stretching mode (10
0
0) 

2. Bending mode (01
0
0) (02

0
0) 

3. Asymmetric stretching mode (00
0
1) (00

0
2) 

 

Symmetry stretching mode (1 0
0 
0): Here the carbon atoms are stationary and the oxygen atoms 

oscillate (or) vibrate along the axis of the molecule as shown in Fig. (Simultaneously it 
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approaches (or) departs with respect to the carbon atom). The state of vibration is given by 3 

integers (mn
l
q) here (10

0
0), which corresponds to the degree of excitation. 

Bending mode (01
0
0) (02

0
0): Here the atom will not be linear; rather the atoms will vibrate 

perpendicular to the molecular axis as shown in Fig. This gives rise to two quanta of frequency 

represented by (01
0
0) (02

0
0). 

Asymmetric stretching mode (00
0
1) (00

0
2): Here all the three atoms will vibrate. Here the 

oxygen atoms vibrate in the opposite direction to the vibration direction of carbon atom as shown 

in fig. which gives the quanta of frequency (00
0
1) (00

0
2). 

Construction: 

  It consists of a discharge tube in which CO2 is taken along with nitrogen and 

helium gases. Nitrogen helps to increase the population of atoms in the upper level CO2 , while 

helium helps to depopulate the atoms in the lower level of CO2 and also to cool to discharge 

tube. The discharge is produced by D.C. excitation. At the ends of the tube Sodium 

chloride/Brewster windows are placed as shown in Fig.  

 

Fig. Construction Diagram 

 Co focal silicon mirrors coated with aluminum (or) metallic mirror of gold is employed 

for proper reflection, which forms the resonant cavity. The output power can be increased by 

increasing the diameter of the tube.  

Working:  

 The discharge is passed through the tube first; the Nitrogen atoms are raised to 

excited state. 

e
-
 + N2 → N2

* 

 level of CO2 (00
0
1) and Nitrogen. The excited state N2 atoms undergo resonant 

energy transfer with CO2 atom and rises CO2 (00
0
1) to excited state due to closer 

energy 

120
www.rejinpaul.com



N2
*
+CO2 → CO

*
2 + N2 

 When transition takes place between 00
0
1 and 10

0
0, laser of wavelength 10.6μm 

is emitted as shown in Fig. 

 

                                    Fig. Energy Level Diagram 

 Similarly, when transition takes place between 00
0
1 and 02

0
1 laser beam of 

wavelength 8.6μm is emitted as shown in Fig.  

 Since 00
0
1→10

0
0 has a higher gain than 00

0
1→12

0
0 transition, usually the laser 

beam of wavelength 10.6μm is produced more. 

 When the gas flow is longitudinal power output is 50 to 60 watts but if the gas 

flow is perpendicular to the discharge tube the output power may be raised to 10 

kilowatt/m. 

 This type of CO2 laser is known as TEA laser (Transversely Excited Atmospheric 

Pressure Laser) 

 The contamination of carbon monoxide and oxygen will also have some effect on 

the laser action. To avoid this effect, the unused gases can be pumped out and 

fresh CO2 must be pumped inside the discharge tube. 

 Advantages or Merits of CO2 Laser: 

1. It is the first molecular laser. 

2. The output of the laser is continuous. 

3. It has extremely high efficiency. 

4. It has high output power. 
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Disadvantages or demerits of CO2 laser: 

1. The contamination of carbon monoxide and oxygen will have some effect on the laser 

action. 

2. The operating temperature plays an important role in determining the output power of 

the laser. 

3. Corrosion problem may occur in the reflecting plates. 

Application and uses of CO2 Laser: 

1. High power CO2 laser find application in materials processing, welding, drilling, 

cutting, soldering etc., because of their very high output power. 

2. It is used in the treatment of lever and lungs. 

 

Nd-YAG laser: 

Introduction: Nd-YAG laser is a doped insulator laser. It is a four level system in which 

the active medium is taken in the form of a crystal. Here the crystal is intension ally doped 

during its growth. Those types of lasers have number of energy levels with same energy. The 

laser is used to generate high power intensity.   

Principle: The term “Doped insulator laser” refers to the active medium, Yttrium 

Aluminum garnet doped with neodymium Nd
3+

. The neodymium ion has many energy levels. 

Due to optical pumping these ions are raised to excited levels. During the transition from 

metastable state to ground state, the laser beam of wavelength 1.064 μm is emitted. 

Construction: 

The active medium is made as a rod which has Yttrium Aluminum Garnet       [Y3 Al5 

O12] doped with a rare earth metal ion neodymium Nd
3+

. The Nd
3+

 ion normally occupies the 

Yttrium ions and provides the energy levels for both the lasing transitions and pumping. This rod 

is placed inside a highly reflecting elliptical cavity as shown in fig. 

A close optical coupling is made by placing the xenon flash lamp near by the laser rod, in 

such a way that most of the radiation from the flash tube passes through the laser rod due to the 

elliptical cavity. The flash tube may be switched ON and controlled with the help of a capacitor. 

The discharge of capacitor is initiated using high voltage source. 

 

 

122
www.rejinpaul.com



 

Fig. Construction diagram 

  The optical resonator is formed by grinding the ends of the rods and coated with 

silver accompanied by two mirrors, one is 100% reflecting and the other is partially reflecting 

which included increasing the efficiency of the out put beam.  

Working: 

 The xenon flash lamp is switched ON and the light is allowed to fall on the laser 

rod. 

 The intense white light excites the neodymium (Nd
3+

) ions from the ground state 

to various energy levels above E2. Hence the atoms are raised to group of higher 

in E3 as illustrated in the energy level diagram Fig  

 From these energy levels the ions make non-radioactive decay and is gathered in a 

state called as meta stable state, until the population inversion is achieved 

 Once the population inversion is achieved, the stimulated emission builds up 

rapidly.  

 

 

Fig. Energy Level Diagram 
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 Hence, pulsed form of laser beam of wavelength 1.064 μm is emitted during the 

transition from E4 to E1 (Lower). 

 A large amount of heat is produced by the flash tube during the working. Hence 

cooling arrangement is made either by blowing air (or) circulating water over the 

crystal. 

Applications of Nd-YAG Laser: 

 Nd-YAG laser find many applications in range finders and illuminators. 

 They also find applications in resistor trimming, scribing, micro machining operations as 

well as welding, drilling etc., 

 They find applications in medicine field like Endoscopy, Urology, neurosurgery, ENT, 

Gynaecology, Dermatology, Dental surgery and General surgery. 

 Advantages (or) Merits of Nd-YAG Laser: 

1. It has high output energy. 

2. It has very high repetition rate operation.  

3. It is much easier to achieve the population inversion in this laser. 

4. YAG is a crystalline material and the corresponding line width is much smaller 

which implies much lower thresholds. 

Disadvantages (or) Demerits of Nd-YAG laser: 

 The electron energy level structure of Nd
3+

 in YAG is complicated. 

 

 Semiconductor Diode Laser 

Definition: It is a specially fabricated p-n junction diode ,emits laser light when it is forward 

biased. 

Types of semiconductor diode lasers: 

                There are two types of semiconductor lasers. They are Homo- junction semiconductor 

lasers and Hetero- junction semiconductor lasers. 

Homojunction Semiconductor Laser: A pn junction made up of same semiconductor material 

is known as homojunction laser. E.g. GaAs laser. 

Principle:  

         The electron in the conduction band combines with a hole in the valence band and hence 

the recombination of electron and holes produces energy in the form of light.  
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Construction: 

 The active medium is a p-n junction diode made from a single crystalline material (GaAs) 

. The junctions of the „p‟ and „n‟ are well polished and are parallel to each. Since the refractive 

index of GaAs is high, it acts as optical resonator. The upper and lower electrodes fixed in the p 

and n region are used for the flow of current to the diode during biasing. 

  

Working: 

 When the p-n junction is forward- biased with large applied voltage, the electrons and 

holes are injected into junction region in considerable concentration. 

 The region around the junction contains a large amount of electrons in the conduction 

band and large amount of holes in the valence band. If the population density is high, a condition 

of population inversion is achieved . The electrons and holes are  

 

Energy level diagram 
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recombined with each other and these recombinations produce radiation in the form of light. 

 When the forward-biased voltage is increased, more and more light photons are emitted 

and the light production instantly becomes stronger. These photons will trigger a chain of 

stimulated recombinations resulting in the release of photons in phase. 

 The photons moving at the plane of the junction travels back and forth by reflection 

between two sides placed parallel and opposite to each other and grow in strength. 

 After gaining enough strength, it gives out the laser beam of wavelength 8300Å - 8500Å. 

 The wavelength of laser light is given by 

   Eg = hυ = hc/λ 

   λ = hc/ Eg 

where Eg is the band gap energy in Joule 

Advantages: 

(i) It is easy to manufacture the diode. 

(ii) The cost is low 

Disadvantages: 

(i) It produces low power output. 

(ii) The output wave is pulsed and will be continuous only for sometime. 

(iii) The beam has large divergence.  

(iv) They have high threshold current density. 

 

Hetero-junction Semi-conductor Laser: 

        A pn junction made up of different materials in two regions that is n – type and p- type is 

known as heterojunction. 

 The principle of this laser is similar to that of the homojunction laser. 

Construction: 

         This laser consists of five layers as shown in the above fig. A layer of Ga- 

As p type layer acts as active region. This layer is kept between the two layers having wider band 

gap.  The electrical current is applied to the crystal through the electrodes fixed on top and 

bottom layer. The end faces of the junctions are well polished and parallel to each other. They 

act as optical resonator. 
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Working:  

 The working of the heterojunction laser is also similar to that of the homo junction laser. 

 The wavelength of the output is nearly 8000Å. 

 

                                               Energy Level Diagram 

Advantages: 

 It produces continuous wave output 

 The power output is very high 

Disadvantages: 

 It is very difficult to grow different layers of pn junction 

 The cost of this laser is very high 
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Industrial and Medical Applications: 

1. Long distance communication purpose. 

2. Production of laser guns and torches. 

2. Laser printing and in computer storage devices. 

4. under water communication between the submarines. 

5. Laser heat treatment - Laser welding, Laser drilling & Laser cutting. 

6. Micro surgery and bloodless operation. 

7. Destroy tumors. 

8. To drill minute holes in cellwalls of human body. 

 

Lasers are used in recent Engineering applications like 

1. Material Processing 

2. CD-ROM 

3. Holography.etc., 

 

FIBRE OPTICS 

 

Introduction: 

 The development of Laser and optical fiber has brought a revolution in the 

communication system. Experiments have been carried out on propagation of information 

carrying light waves through open atmosphere. 

 A light beam acting as a carrier wave is capable of carrying information more than that of 

radio waves and micro waves due to its larger band width. Due to some atmospheric conditions 

like rain, fog, etc., the efficiency of the communication through light waves will be affected. 

 To have an efficient communication system, the information carrying light waves require 

a guiding medium in which it can be transmitted. This guiding medium is which it can be 

transmitted. This guiding medium is optical fiber and communication is known as the optical 

fiber communication. It is also known as light wave communication. 

 Currently throughout the world, fiber optics is used to transmit voice, video and digital 

data signals by light waves from one place to other place. 
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 A bundle of optical fibers consists of thousand of individual fiber wire which are as thin 

as human hair measuring about 0.004mm in diameter. 

 Thus fiber optics it is a branch of physics which deals with the transmission and reception 

of light waves using optical fibers, which acts as a guiding media. 

 Optical fiber: 

 Optical fiber is a wave guide, made of transparent dielectric (Glass or Plastic) in a 

cylindrical form. It guides light waves to travel over long distances without much loss of energy. 

 Optical fiber consists of an inner cylinder made of glass or plastic called core. This core 

has a very high refractive index n1. The core is surrounded by a cylindrical shell of glass or 

plastic of lower refractive index n2 called cladding. While electrical cable is a cooper wire 

carrying current by means of flow of electrons, optical fiber is glass wire carrying light by means 

of flow of photons. 

 

 

The cladding is covered by a socket which protects the fiber from moisture and abrasion. 

Guiding Mechanism: 

 The light wave enters at one end of the fiber and it strikes the interface of the core and 

cladding only at large angles of incidence. The light beam is total internally reflected and passing 

through the length of the cable. 

 

 Most of the light propagated along the length of the fiber and comes out from the other 

and of the fiber. Thus, the optical fiber functions as a wave guide. 
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 The reasons for the confinement of the light beam inside the fiber is the total internal 

reflections of light waves by the inside surface of the fiber. Fiber obeys the laws of reflection and 

refraction of light waves. 

 

 The light which enters at one end of a fiber at a slight angle to the axis of the fiber 

follows a zig-zag path due to series of reflections along the length of the fiber. 

 Features of Optical fibers: 

1. It is light in weight. 

2. It is smaller in size and flexible, so that it can bend to any position. 

3. It is non-conductive, non-radiative and non inductive. 

4. It has high band width and low loss. 

5. There is no short circuiting as in metal wires. 

6. There is no internal noise/cross talks 

7. It can withstand to any range of temperature and moisture condition. 

8. There is no need to ground and hence no voltage problem occurs. 

 

 Total internal reflection in a fiber: 

 The principle behind the transmission of light waves in a optical fiber is total internal 

reflection. 

 Consider a ray of light traveling from a core (medium of high refractive index n1) to a 

cladding (medium of low refractive index n2).  
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When an angle of incidence (θ1) is greater than the critical angle of incidence (θc), the incident 

light ray totally reflected back into the originating medium as per the laws of reflection. This 

phenomenon is known as total internal reflection. 

 For the refraction of light, Snell derived the relation between the angle of incidence (θ i) 

and angle of refraction (θr) as  

ri SinnSinn 21  

 For total internal reflection, 

     θi = θc and θr = 900  

2

0

21 90 nSinnSinn c  [Since Sin90
0
 = 1] 

2

1Sin
n

n
c  

    
1

21

n

n
Sinc  

Thus the total internal reflection in the walls of the fiber can occur only by the following 

conditions. 

1. The glass at around the centre of the fiber (core) should have higher refractive index (n1) 

than that of the material (cladding) surrounding the fiber (n2). 

2. The light should be incident at an angle θ (between the path of the ray and normal to the 

fiber wall) which will be greater than the critical angle θc 

2

1Sin
n

n
c  

 Propagation of light in Optical fiber: 

(Derivation of Acceptance angle and Numerical Aperture) 

 Let us consider an optical fiber into which the light is injected. The light ray travels along 

AO and enter into the core at an angle θo to the axis of the fiber. 

 The light ray is refracted along OB at an angle θr in the core. It further proceeds to fall at 

critical angle of incidence θ = (90- θr) on the interface between core and cladding at B.  
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 If „θ‟ is greater than the critical angle at the core cladding interface, the light ray get total 

internally reflected and propagates through the fiber i.e., the light will stay inside the fiber. 

 Condition for Propagation: 

 n1 and n2 are the refractive indices of the core and cladding. n0 is the refractive index of 

the surrounding. 

 Now applying Snell‟s law of refraction at the point of entry of the ray AO into the core, 

we have 

    rSinnSinn 100                -------(1) 

At the point B on the interface of core and cladding, 

    Angle of incidence θ = 90 - θr 

Appling Snell‟s law of refraction again, 

    0

2

0
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Rewriting equation (1), we have 
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Substituting for Cos r  from equation (2), we have 
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Acceptance angle (θ0) 
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If the medium surrounding the fiber is air, the  

     n0 = 1 

Acceptance angle (θ0) 
2

2

2

1

1 nnSin  

Acceptance angle: 

 The maximum angle „θ0‟ with which a ray of light can enter through one end of the fiber 

and still be total internally reflected is called acceptance angle of the fiber. 

 Thus, the light which travels within a cone defined by the acceptance angle is trapped and 

guided. This is the fundamental property of light propagation in a fiber. This cone is referred to 

as acceptance cone. 

 Numerical Aperture: 

 The sine of the acceptance angle of the fiber is known as numerical aperture. It denotes 

the light gathering capability of the optical fiber. 

 So, the Numerical Aperture (NA) of the fiber is given by 

     0SinNA  

     
0

2

2

2

1

n

nn
NA     

If the medium surrounding the fiber is air, then 0n = 1, therefore 
2

2

2

1 nnNA  

If θi the angle of incidence of an incident ray, the light ray will be able to propagate 

   If θi < θ0 

  Or Sin θi < Sin θ0 

  Or Sin θi < 
2

2

2

1 nn  

  i.e. Sin θi < NA 

This is the condition for propagation of light within the fiber. 
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 Fractional Index Change (∆): 

     Refractive index between the core and cladding 

 Fractional index change ∆ = -------------------------------------------------------- 

            Refractive index of core of an optical fiber 

    
1

21 )(

n

nn
                    

Relation between N.A and ∆: 

 From Eqn. (9) 
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An increase in the value of ∆ increases N.A. and this enhance the light gathering capacity 

of the fiber. We cannot increases ∆ to a very large value 

since it leads to what is called „intermodal dispersion‟ 

which causes signal distortion. 

 The fig shows the variation of NA with 

acceptance angle. 

 It is noted that numerical apertures for the fibers 

used in short distance communication are in the range of 

0.4 to 0.5 whereas for long distance communications 

numerical aperture are in the range of 0.1 to 0.3. 
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 Types of Optical fibers: 

 Types of optical fibers based on number of modes. 

 Optical fibers are classified into two types based on the number of modes of propagation 

in the guide they are  

1. Single mode fiber – One mode 

2. Multi mode fiber – many mode 

1. Single mode fiber: In a fiber, if only one mode (light ray path) is transmitted through 

optical fiber, then it is called Single mode fiber. 

2. Multi mode fiber: If more than one mode is transmitted through optical fibers, then it is 

called multimode fiber. 

 

 Differences between single and multimode fiber: 

Sl.No. Single mode fiber Multimode fiber 

 

1. 

 

2. 

Properties: 

In single mode fiber only one 

mode can be propagate. 

The single mode fiber has a 

smaller core diameter and 

difference in refractive index of 

core and cladding is small. 

 

This fiber it allows large number of modes 

for light to pass through it. 

Here, both the core and cladding in 

refractive indices difference is large as the 

core diameter is large. 

 

1. 

 

 

2. 

Advantages: 

No dispersion (i.e. there is no 

degradation of signal during 

propagation). 

Since the information transmission 

capacity is inversely proportional 

to dispersion. The fiber can carry 

information to longer distances. 

Disadvantages: 

Dispersion is more due to degradation of 

signal due to multimode. 

 

Information can be carried to shorter 

distances only. 

 

1. 

 

2. 

Disadvantages: 

Launching of light and connecting 

two fibers are difficult 

Installation (fabrication) is 

difficult as it is more costly. 

Advantages: 

Launching of light and also connecting two 

fibers is easy. 

Fabrication is easy and the installation cost 

is low. 
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 Types of optical fibers based on the refractive index profile: 

 Optical fibers are also classified into two types on the basis of the refractive index. They 

are  

1. Step index fiber 

2. Graded – index fiber 

1. Step index fiber: If the refractive index difference in the core and cladding is varied step 

by step, then the fiber is called step index fiber. 

2. Graded index fiber: If the refractive index difference in the core and cladding is 

gradually varied in a number of small decreasing index steps, then the fiber is called 

Graded index fiber. 

 

 Refractive index profile: 

  In any optical fiber, the cladding has a uniform refractive value. But the refractive 

index of the core may either remain constant or vary in a particular way. The curve which 

denotes the variation of refractive index with respect to the radial distance from the axis of the 

fiber is called the refractive index profile. 

 Types of optical fibers based on the refractive index profile and the number 

of modes: 

The optical fibers are also classified depending on the refractive index profile and the  

number of modes that the fiber can guide. There are 

1. Step – index single mode fiber 

2. Step – index multimode fiber 

3. Graded index multimode fiber 

Step – Index single mode fiber: 

The Basic structure of step index fiber is as shown in fig. 
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 It has very thin core of uniform refractive index of higher value. The core is surrounded 

by a cladding of uniform refractive index of lesser value than that of the core. 

 A typical step index single mode fiber may have a core diameter of cladding 50 – 125μm.  

A refractive index changes abruptly (or in step) at the core-cladding boundary. So its refractive 

index profile takes the shape of a step. Due to its small core diameter only a single mode of light 

ray transmission is possible as shown in above fig. 

Characteristic of Step Index fiber: 

 The chief characteristics of step index single mode fibers are as follows. 

1. It has very small core diameter. 

2. The value of numerical aperture is very small. 

3. It can support only one mode in which the entire light energy is concentrated. 

4. Because of less number of modes of propagation of light, the modal dispersion loss is 

completely reduced. 

5. It has very high band width. 

6. The light is passed into the single mode fiber through laser diodes 

Advantages: 

1. It has very high capacity. 

2. The 80% of all fibers that are manufactured in the world today are of this type. 

Disadvantages: 

In spite of so many good qualities, the use of very thin cores creates mechanical 

difficulties in the manufacture and handling. Hence this type of fiber is very expensive. 
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Applications and Uses: 

1. This type of fiber is used as under – sea cables where the expense is justified by the 

high return of earned income. 

2. It finds particular application in submarine cable system. 

3. It is used in long distance applications (telephone lines) 

  

Step – Index Multimode fiber: 

 The geometry of the normal cross-section of a typical step – index multimode fiber is 

shown in fig. 

 

 

 Its core has a much larger diameter which makes it easier to support propagation of large 

number of modes. A typical step index multimode fiber has a diameter of 50 to 200μm and an 

external diameter of cladding 125 to 300μm. 

 It has a core material with uniform refractive index value and a cladding material of 

lesser refractive index than that of the core. There is sudden increase in the value of refractive 

index from cladding to core. Thus its refractive profile takes of a step. 

 Because of larger diameter of core, the propagation of many modes within the fiber is 

allowed. This is explained in fig. by many different possible light ray paths through the fiber. 

Characteristics: 

1. The light can be launched into a multimode fiber using light emitting diode source. 

2. It has high core diameter. 
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3. It has low bandwidth. 

4. It has high numerical aperture. 

5. It has high attenuation. 

Advantages: 

1. Since LED is used as source of light, they are easier to make. 

2. They are less expensive and require less complex circuitry. 

3. They have longer life times than the laser diodes, thus making them more desirable in 

many applications. 

4. It is the least expensive of all the fibers. 

Disadvantages: 

 They suffer from intermodal dispersion loss or transmit time dispersion. 

Applications & uses: 

 They are widely used in data links which require low bandwidth.  

 Intermodal Dispersion:  

 When an optical pulse is launched into a fiber, the optical power in the pulse is 

distributed over all (or most) of the modes of the fiber. Each of the modes that can propagate in a 

multimode fiber travels at a slightly different velocity. 

 This means that the modes in a given optical pulse arrive at the fiber end at slightly 

different times, thus causing the pulse to spread out in time as it travels along the fiber. 

 This effect is known as intermodal dispersion. This can be reduced by using a graded – 

index profile in the fiber. 

 Graded index Multimode fiber: 

 The geometry of the normal cross-section of a typical graded – index fiber is as shown in                   
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 A typical graded index multimode fiber has a core diameter of 50 to 200μm and the 

external diameter of cladding is 100 to 250μm. Here, the refractive index of the core is maximum 

at the axis of the fiber and it gradually decreases towards the cladding. The refractive index 

profile is shown in fig. 

If the diameter of the core is high, then the intermodal dispersion loss must be high. But 

because of the gradual decreases in the refractive index of the core, the modal dispersion loss is 

minimized. The light ray propagation for this fiber is shown in fig. It is also denoted GRIN 

(GRADED – INDEX) 

Characteristics: 

1. It has an intermediate bandwidth and capacity. 

2. It has low attenuation. 

3. It has a small numerical aperture. 

4. The source for this fiber is either a laser or LED. 

Advantages: 

1. Intermodal dispersion can be reduced by using this type of fiber. 

2. It is a high quality fiber. 

Disadvantages: 

1. It is the most expensive of all types of fibers. 

2. Its splicing could be done with some difficulty. 

Applications and Uses: 

 Optical fibers find their applications in the field of communication, medicine and 

industry. 

 Differences between step index fiber and Graded index fiber: 

Sl.No. Step Index Fiber Graded Index Fiber 

1. The difference is refractive indices 

is obtained in single step and 

hence called as step index fiber. 

Due to non-uniform refractive indices, the 

difference in refraction index is obtained 

gradually from the centre towards interface 

and hence called graded index fiber. 

2. The light ray propagation is in the 

form of meridional rays and it 

passes through the fiber axis. 

The light propagation is in the form of 

skew rays and it will not cross the fiber 

axis. 

3. The path of light propagation is in 

Zig-Zag manner 

The path of light propagation is Helical 

(i.e) Spiral manner 
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4. Step index fiber has lower 

bandwidth. (multimode) 

Graded index fiber has higher 

bandwidth.(multimode) 

5. Distortion is more in multimode 

step index fiber. 

Explanation: 

When ray travels through longer 

distances there will be same 

difference in reflected angles. 

Hence high angle rays arrive later 

than low angle rays. Therefore the 

signal pulses are broadened 

(dispersed) thereby results in a 

distorted output. 

Distortion is less/no due to self focusing 

effect. 

Explanation: 

Here, the light waves travel with different 

speeds indifferent paths because of the 

variation in their refractive indices. At the 

outer edge it travels faster than the near the 

centre. But almost all the rays reach the 

exit end at same time due to helical path. 

Thus, there is no dispersion in the pulses 

and hence the output is not a distorted 

output. 

6. No. of modes of propagation: 

2

.
9.4

22
VNAd

N step  

Where 

 d – diameter of the fiber core 

λ – Wavelength 

NA – Numerical Aperture 

V – V- number which is less than 

or equal to 2.405 for single mode 

fibers and greater than 2.405 for 

multimode fibers. 

No. of modes of Propagation: 

42

.
9.4

2

2

V

NAd

NGraded  

 

(or) 2

step

Graded

N
N

 

 

Attenuation:      It is defined as the ratio of the optical power out (Pout) from a fiber of length „L‟ 

to the power input (Pin). 

I.e.,   Attenuation 
in

out

P

P

L
log

10
 dB/Km 

Attenuation loss is generally measured in terms of decibel (dB). 

The losses occurring in optical fiber are due to three mechanisms, they are (i) Material 

absorption losses, (ii) Scattering losses, (iii) Bending losses. 

Dispersion: When an optical l (or) pulse is sent into the fiber, the pulse spreads or broaden as it 

propagates through the fiber, this phenomenon is called as dispersion. There are three types of 

dispersion in optical fiber. They are (i) Chromatic dispersion, (ii) Waveguide dispersion and (iii) 

Intermodel dispersion. 
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 Fiber Optics Communication system: 

 The optical fiber communication system is a communication system. Its purpose is to 

transfer information from source to a distance user. 

Principle: 

 The basic optic fiber communication is the transmission of information by the 

propagation of optical signal through optical fibers over the required distance. It involves 

deriving optical signal from electrical signal at the transmitting end and conversion of optical 

signal back to electrical signal at the receiving end.  

Construction: 

 A basic block diagram of fiber optic communication system is shown in fig. 

 

                           

 The main parts of fiber optic communication system are 

1. Information signal source 

2. Transmitter 

3. Propagation medium. 

4. Light source. 

5. Photo detector. 

6. Receiver 

1. Information signal source:The information signal source may be voice, music, digital 

data or analog voltage and video signals. Here, it is analog information. 

2. Transmitter: 

It transforms an electrical signal (information signal) to be transmitted into optical 

signal.  Transmitter includes modulator, switches, and drive circuits. 
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3. Propagation medium: 

Here, optical fiber is used as propagation medium. 

4. Light Source: 

The optical light source generates the optical energy which serves as the 

information carrier. Laser or LED may be used as light sources. 

5. Optical photo detector: 

It detects the optical energy and converts it into an electrical form. 

6. Receiver: 

It consists of (i) Photo detector (ii) Amplification and signal – restoring circuitry. 

Its converts the optical signal into corresponding electrical signal. 

Working: 

 Analog information such as voice of a telephone user gives rise to electrical signals in 

analog form coming out of the transmitter section of the telephone. These electrical pulses are 

transmitted into an optical signal with the help of optical transmitter.  

It is modulated and carried by the light emitted by an optical source (Such as an LED or laser 

diode). 

 Now this optical signal is fed into the fiber. Finally at the receiving end, the optical signal 

from the fiber is fed into a photo detector. The photo detector detects the optical signal and 

converts to pulses of electric current. 

 This analog signal will be the same information such as voice which was there at the 

transmitting end. Thus, the information is transferred one end to the other. 

 Applications of optical fiber as Sensor: 

 One of the most exciting applications of optical fiber is the fiber – optic sensors. A sensor 

is a transducer which is used to convert one physical variable into another. It is generally 

electrical in construction and provides convenient form of electrical or optical signal. These 

sensors find very wide applications in sensing and measuring acoustic fields, magnetic fields, 

current, rotation, acceleration, strain, pressure, temperature and so on.  

 

Fiber optic sensors: 

Basic Principle: Today optical technologies are widely used in any industrial process 

particularly for non- contact measurements. Optical fiber sensors technology produces a 
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revolution in the modern instrumentation. Some of the important features of this technology are 

given below. 

a. Highly reliable and secure due to immunity of the sensed signal to 

electromagnetic interference. 

b. Intrinsically safe in explosive and nuclear environments, since the fibers are made 

up of silica, the sensors are free from risk or fire or sparks.  

c. Most suitable for remote sensing and telemetry. 

d. These are corrosion resistant and hence these can be readily used in the chemical 

process industries and medical field. 

e. They have small size and weight. 

f. These have high accuracy and sensitivity. 

g. Their output can be interfaced with data communication systems. 

 Types of Fiber optic sensor: 

 They are two types of Fiber optic sensors. 

(i) Intrinsic fiber optic sensors 

(ii) Extrinsic Fiber optic sensors. 

(i) Intrinsic Fiber optic sensors: 

Here the guided light in the fiber gets modulated by the variable to be measured and then 

demodulated. Thus sensing and simultaneous measurement are taking place in the active sensor. 

They are, 

a. Intensity modulated sensors which are based on the change in absorption or 

transmission of light, refractive index, temperature etc., 

b. Phase modulated sensors which involve the interference between the signal and 

reference in the interferometer, leading to a shift in the interference fringes by the 

variable.  These have very high sensitivities. 

c. Polarisation modulated sensors which involve the change in polarization state of 

the guided signal by the variable 

d. Wavelength modulated sensors which involve the spectral dependant variation of 

absorption    

(ii) Extrinsic sensors or Passive sensors: 

Here the modulation takes place outside the optical fiber which acts merely as a 

convenient transmission channel for the light radiation. It has a sensor head and the sensed 

optical signal is transferred to a remote point for signal processing. 
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A fiber optic sensor in general, consists of a light source. The light source is coupled to an 

optical fiber. A light detector which receives the signal – carrying light beam is as it emerges 

from the fiber. 

 The signal from detector is processed electrically for getting the desired output. 

Classification of fiber optic sensors: 

Temperature sensors: 

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 to an angle of 45
o   

with respect to the direction of the laser beam. 

 Two fibers viz. 

 Reference fiber which is isolated from the environment  

 Test fiber kept in the environment to be sensed, are placed as shown in the fig. 

Separate lens system is provided to split and to collect the beam. 

 

    Working: 

 A monochromatic source of light is emitted from the laser source. 

 The beam splitter kept at 45
o
 inclination 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. 

 The main beam passes through the lens L1and is focused onto the reference fiber 

which is isolated from the environment to be sensed. 

 The beam after passing through the reference fiber then falls on the lens L2. 
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 The splitted beam passes through the lens L3 and is focused onto the test fiber kept in 

the environment to be sensed. 

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

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

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

 Therefore a path difference is produced between the two beams, causing the 

interference as shown in fig. 

 Thus the change in temperature can be accurately measured with the help of the 

interference pattern obtain. 

  

Displacement sensors: 

 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 it the displacement of the target is measured. 

 

Description: 

 

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

of receiving fibers coupled to the detector as shown is fig.  The axis of the transmitting 

fiber and the receiving fiber with respect to the moving target can be adjusted to increase 

the sensitivity of the sensors. 

 Working: 

           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 pass through the 

receiving fiber and the same is detected by the detector. Based on the intensity of the 

received, the displacement of the target can be measured. (i.e.) if the received intensity is 
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more then 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 way from the sensor. 

 

 Medical Applications: 

 Optical fibers are also used in the medical field. One of the important applications of 

optical fibers as wave guides in medical field is fiber optic endoscope. 

 Fiber Optic Endoscope: 

  The fiber optic endoscope is a tubular optical instrument. It is used to view the 

internal parts of human body which are not visible to the naked eye normally. The photography 

of the internal parts of human body can also be taken with this instrument. 

Principle and Construction:   

 The Fig. is shows the main parts of the endoscope. Usually in the endoscope, there are 

two fibers namely inner fiber and outer fiber. The inner fiber illuminates the inner structure of 

the object under study. The outer fiber is used to collect the reflected light from that area and 

form that we can view the inner structure of the object. 

 
  

The ends of the two fibers are provided with appropriate optical components (lens, Prism etc.,) to 

transmit and receive light or images. 

 The two fibers together form the endoscopy tube remains outside and the other end is 

sent into the human body. There is an optical light source at the end of the outer fiber for 

transmitting light to illuminate the internal part of the body.  

 The light collecting and image viewing optical arrangements are placed at the respective 

ends of the fiber ends. So, the other fiber transmits the image of the particular organ or part of 

the body to an imaging system (usually a TV) coupled outside. 
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Advantages of optical fiber communication: 

 Extremely wide bandwidth: In optical fiber system a greater volume of information or 

messages can be carried out. The reason is that the rate of transmission of information is directly 

proportional to signal frequency. The light has higher frequencies than radio wave or micro wave 

frequencies. 

 

1. Easy handling: Due to small diameter and light weight optical fiber s may be used 

more easily than copper cables. 

2. Less cross talk: The cross talk means the other calls being heard in the background. 

In optical fibers, the cross-talk is negligible. 

3. Noise – free transmission: The optical fiber communication is noise free. 

4. Economical: The optical fiber communication is economical. They deliver signals at 

low cost. 

5. Safety: In optical fibers, light signals are conducted, which are harmless. In copper 

cables electricity is conducted which sometimes becomes dangerous. 

6. Longer life span: Optical fibers have life span about 20-30 years while copper cables 

have life span 12-15 years. Clearly optical fibers have longer life span than copper 

cables.  

7. Easy maintenance: Optical fibers are more reliable and can be maintained easily 

than copper cables. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

148
www.rejinpaul.com




