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UNIT I    -   CRYSTAL PHYSICS 

PART A 

1. What is meant by Unit cell? 

    It is the smallest geometrical structure of a solid from which the entire crystal structure can be 

constructed by repetition in three-dimension. 

2. What are the Lattice parameters for a unit cell? 

    The intercepts on the axes a, b and c and interfacial angles α, β and γ are called lattice 

parameters of a unit cell. 

3.  Name the seven Crystal Systems. 

a) Cubic 
b) Tetragonal 
c) Orthorhombic 
d) Monoclinic 
e) Triclinic 
f) Rhombohedral 
g) Hexagonal 

 
4. What are Bravias Lattices? 

      There are only 14 ways of arranging points in space such that the environment looks same from 

each point. i.e., there are 14 possible types of space lattices out of the seven crystal systems. These 

14 space lattices are called as Bravais lattices.  

5. Define Co-ordination number. 

        It is the number of nearest neighbor atoms that an atom has in the given crystal structure.  

6. Write the uses of Graphite? 

¾ It is used as a lubricant in lathe, air compressors, railway truck- joints open gears, cast iron 

bearings, general machine shop works. 

¾ When the graphite is mixed with the oil it is called oildag which is used in internal combustion 

engines. 

¾ When the graphite is mixed with the water it is called aquadag which is used as an oil free 

lubricant in food stuff industries. 

7. Classify the crystal growth techniques. 

The various crystal growth techniques are  

¾ Solution growth 

¾ Melt growth 

¾ Vapour growth 
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8. Name the two important Melt growth techniques. 

The two important melt growth techniques are 

  Czochralski technique 

  Bridgman technique 

 

9. Write a short note on Crystal growth from melt. 

 Melt growth is the process of crystallization by fusion and resolidification of the starting 

materials. 

 

10. What are the advantages of Czochralski method? 

¾ Growth from free surface 

¾ Growth of large oriented single crystals 

¾ Convenient chemical composition 

¾ Control of atmosphere 

 

11. What are the limitations of   Bridgman Technique? 

¾ Confinement of crystals 

¾ Crystal perfection is not better than that of the seed 

¾ No  visibility 

 

12. What are the advantages and disadvantages of Vapour Phase Epitaxy? 

Advantages 

¾ Halogen based VPE produces high pure single crystal layers with limited defects. 

¾ Hyride based VPE allows proper control over the ratio of group III to group V vapor 

phase species. 

Disadvantages 

¾ Higher growth temperatures results in higher impurity diffusion. So uniform distribution 

of impurities cannot be obtained. 

13. A unit cell has the dimensions a=b=c = 4.74 Å and α=β=γ=60°.What is its crystal structure. 

  The unit cell is Trigonal or Rhombohedral. 

 

14.  What are Miller Indices?  

   Miller indices are defined as the reciprocal of the integers made by the plane on the 

crystallographic axes    which are reduced to smallest numbers. 



Engineering Physics – I (PH6151)   -   Question Bank with Answers 
 

Prepared by : Dr.H. Krishnan & Ms. S. Gandhimathi  Page 4 
   

15.  Draw the planes for Miller Indices (100), (110), and  (111) 

                                      
                   ( 1 1 1) 

16. The lattice constant for a FCC structure is 4.938 Å.  Calculate the Interplanar spacing of 

(220) planes. 

   

  4.938   10
2 2 0

 

 1.745   10 m. 

  17.   The Interplanar distance of (110) planes in a BCC  crystal is 2.03 Å . What is  the lattice 

parameter of the crystal?     

   

 2.03   10 1 1 0  

 2.87   10 . 
18. α  iron of atomic weight 55.85 solidifies into BCC structure and has a density of 7860 

kg/m3.  Calculate the radius of an atom? 

                      
                 

 
⁄
               .

.        
⁄
         2.869   10 . 

    √3
4                   2.869   10     √3

4  

  1.242   10 . 
 

19. Copper has FCC structure and its atomic radius is 1.273 Å.  Find its lattice parameter and  

density of Copper (Given: Atomic weight = 63.5) 

                        a   =        
 
√               a   =            .  

√             a   =        3.60x 10-10m 

                                           
             .  

  .       .        9043  / 3 
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   20.  An element has HCP structure. If the radius of the atom is 1.605 Å. Find the   volume of 

the unit cell. 

         √
 

                                  

2  1.605  10
8
3 

                                                                        C = 5.24   10 . 

  3  1.732    3.20  10    5.24   10
2  

1.4   10 . 
 

PART B 

1. Explain the No. of atoms, atomic radius, Co-ordination number, Packing factor for SC, FCC, 

BCC structures. 

Simple cubic (SC) 

The simplest and easiest structure to describe is the simple cubic structure. In a simple cubic unit cell 

there is one atom at each of the eight corners of the unit cell. The atoms touch along the cube edge. 

Polonium exhibits this structure. 

       No of atoms per unit cell 
 

 
 

 There are 8 atoms , one atom at each corner of unit cell. Each corner atom is shared by 8      

surrounding unit cells.                                  

     Share of each unit cell  =  of corner atom 

                                                 =   X 8 = 1 
 
     Total number of atoms in one unit cell = 1    atom.  
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Co-ordination number:  Simple cubic unit cell has 8 corner atoms. So there are 4 nearest neighboring 

atoms.  So coordination number is 6.                  

 Atomic radius: Atoms touch each other along the edges.  If  ‘a’ is the side of unit cell and r is its edge 

                                      2r   = a                                r  =   
 Packing Factor:     

                                Number of atoms per unit cell = 1 

             Volume of atoms in the unit cell = 1 X    3 

                                 Atomic radius r = a/2 

                  Packing factor   =    
 
                 

         

                                                                          =   52 % 

Body Centered Cubic (BCC) (4 Parameters) 
 
Common examples of this structure are Tungsten, chromium, molybdenum. 
 
This structure has 8 corner atoms and one atom at the center.   
 
 No of atoms per unit cell 

 
 

There are 8 atoms , one atom at each corner of unit cell. Each corner atom is shared by 8 surrounding 

unit cells. 

Contribution of all corner atoms =  1/8 X 8 = 1   

One atom at the centre    =   1+1 =2 

 

Co-ordination number: The corner atoms do not touch each other. But all the eight corner atoms touch 

the body centered   atom  along the body diagonal. Thus for body centered atom  there are 8 nearest 

neighbours. 

 so co-ordination number = 8 
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Atomic radius                
                             

 
 Corner atom touches the central atom. Consider the atoms at A,G and at the centre of the cell ‘o’. The 

corner atoms A and G are nearest neighbouring atoms to the body centered atom O.  These atoms lie in 

a straight line along the body diagonal AG of the cube. 

  In  Δ ABC ,                             AC2  = AB2 + BC2  

                              AC2  = a2 + a2    = 2 a2 

                            AG = r + 2r + r 

                           AG2  = (4r)2  

              Δ ACG,   AG2 = AC 2 + CG 2 

                         (4r)2  = 2a2 + a2  = 3a2 

                           42 r2 = 3 a2  

                               r2 =    

                                  r = √    

Packing factor                         Number of atoms per unit cell = 2 

         Volume of  2 atoms in the unit cell v = 2 x     

                          Atomic radius r = √    

             Volume of the unit cell V = a3 

              Packing factor = 
          

                                   sub r = √    

                            PF = √      PF = 68% 

 
Face  Centered Cubic (FCC) (4 Parameters) 
 
Common examples of this structure are copper, aluminium, nickel,gold,lead, platinum. 

This structure is close packed structure because each atom has 12 nearest neighbours. 
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No of atoms per unit cell :  There are 8 corner atoms , one at each of its 8 corners. Each corner 

atom is shared by 8 surrounding unit cells. 

                          Share of each unit cell  =   of corner atom        =   X 8 = 1 

There are 6 atoms at the face centered of the cube. Each face centered atom is shared by 2 unit cells. 
 Number of atoms in unit cell in FCC =    X 6 = 3 atoms. 
   
 Co-ordination number: 
                 In plane I,  it has 4 face centered atoms as nearest neighbours. 

                 In plane II,  it has 4 face centered atoms as nearest neighbours. 

                 In plane III,  it has 4 face centered atoms as nearest neighbours. 

 Total number of nearest neighbours = 4+4+4 =12 

Atomic radius: Consider the atoms at A and C in a face of unit cell of FCC.  The atoms touch each 

other along the face diagonal of the cube. The length of the face diagonal 

  In right angled  Δ ABC                                                                                  

                                         AC2 = AB2 + BC2                                                 

                              ( r+2r+r)2  = a2+a2 

                                  (4r)2 = 2 a2 

                                      r2 =                            

   r = √    

                                                                                   

 
                                 

         Packing factor 
                           Number of atoms per unit cell = 4 
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                             Total volume of 4 atoms = 4 X     

                                                    Atomic radius = √    

                           Total volume of the unit cell V = a3 

                                      Packing factor = 
            

                                                             = 
      √        

                            By solving we get  PF =  √            PF = 74% 

2. Explain HCP structure. Show that for an HCP structure  c/a = √  /√  and hence Calculate 

Packing Fraction for HCP structure 

                    Structure explanation  

i) There are 12 corner atoms one at every corner of the hexagon. 
ii) There are 2 base centered atom, one at the top and bottom face of the hexagon. 
iii)  3 atoms are situated inbetween the top and bottom face of hexagon. 

 

No. of atoms per unit cell 

(i) Each corner atom is shared by 6 surrounding unit cells. So we have 12 corner atoms in a unit 
cell. 
     Therefore no of corner atoms per unit cell is    12 2        
(ii) Each base centered atom is shared by 2 unit cells. Therefore the number of based centered atoms 

per         unit cell is    2 1 
(iii) The 3 atoms located at the middle layer within the body of the unit cell which is not 
shared by any other unit cell. Therefore the total number of middle layer atoms is equal to 3. 
 
Total number of atoms per unit cell in HCP structure = 2+1+3 

Total number of atoms per unit cell in HCP structure = 6 
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 Coordination Number 

 Considering the X atom in the given unit cells it has 6 atoms in its plane and 3 atoms above and 

below it. Therefore the total number of atoms surrounding a given atom is 3+6+3 = 12 

 

Atomic radius 

The two corner atoms touch each other. Therefore they are the nearest neighbors. a = 2r  or r =  

 

Calculation of c/a ratio      

 
 
Let c be the height of the unit cell and a be the distance between two neighboring atoms. 

Consider a triangle ABO in the bottom layer of the unit cell. Here A, B and O are the lattice points 
exactly above these atoms at a perpendicular distance , the next layer atom lies at c. 

     Cos 30° =    

     AY = AB cos  30° = √  
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    AY = √  

X is the orthocenter for  Δ ABO 

   AX =  AY 

Sub for AY 

   AX =  x √
 

  AX = √  

In  Δ AXC, 

    AC2 = AX2 + CX2 

  a2 =  √  +    = a2 -        =       = √√  

Packing  factor: 

                  Packing factor = 
                 

            

 To calculate v 

                            Number of atoms per unit cell  n = 6 
                            Atomic radius r = a/2 
                             Volume of all 6 atoms in the unit cell  
                                                  =  6 x    3 

               Substituting for r we have    v     =       3 

                                      v =    3 

To calculate V 

   Area of the base of the hexagon = 6 x Area of triangle AOB 

                         Area of Δ AOB =   (BO) (AY) 

                                    Sub  BO = a and AY = √  

                          Area of Δ AOB  =    x a x √              =   √   

                                  Area of base =  6 x √      = 
 √  

 

 Volume of the unit cell of HCP = Area of base x height of hexagon 

                        V = 
 √    x c 
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   Packing factor =         PF =       3
 √              PF = √      PF = √     √ √   )  

                                  PF  =     √    PF  = 0.74  Packing factor = 74% 

Packing factor 
 
                   Number of atoms per unit cell = 4 
                            Total volume of 4 atoms = 4 X     

                                              Atomic radius = 
√  

 

                   Total volume of the unit cell V = a3 

 

                                             Packing factor = 
                     PF = 

      √        

               By solving we get                        PF =  √          PF = 74% 

3. Derive the expression for the Interplanar  spacing or d-spacing for (hkl) planes of a cubic 

structure. 

 
A normal ON is drawn to the plane Consider a plane ABC in cube crystal. Let a as length of the 

cube edge. Let (h,k,l) be the miller indices of the planeABC .  Let ON be interplanar spacing(d) of 

this plane. 

The plane ABC makes the intercepts OA,OB,OC  on the reference axes OX,OY,OZ with the 

normal ON.  

OA: OB: OC    =           :  :  

OA: OB: OC    =         :  :  

cos α’ =   cosβ’ =    cos γ’ =  

law of direction of cosines  cos2 α’ +   cos2β’ + cos 2 ’ = 1 
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substituting  cos α’ cosβ’ cos γ’  

 )2  +   2 + ( )2  = 1 

 +  +  = 1 

 (h2+k2+l2) = 1 

d 2 (h2+k2+l2) = a2 

 

This is the relation between interplanar spacing d, cube edge a and miller indices (h,k,l) 

4. Explain the two melt growth techniques  

a) Czochralski method 

 
Principle: It is a crystal pulling technique of growing a crystal gradually by condensing the melt.  It 

is nothing but liquid-solid phase transition by a seed crystal. 

     Large single crystals of silicon are grown by this method. The pure material which is to be 

grown in the form of a single crystal is taken in the crucible. It is heated by using induction heater 

above the melting point. Thus melt is obtained in the crucible. A defect free single crystal called 

seed crystal is introduced into the melt by crystal holder. 

  A small portion of seed crystal which is immersed in the melt is initially melted.  The temperature 

is then adjusted.  The seed crystal is rotated and pulled out of the melt by maintaining the grown 

crystal and melt near the surface of the melt. 
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          The diameter of the  grown crystal is controlled by the temperature of the melt and rate of 

pulling.  The large size cylindrical shaped grown crystal is known as ingot. 

Advantages. 

1. A crystal which is free from crystal defects can be produced by this technique. 

2. Large single crystal can be produced by this technique. 

3. It allows chemical composition of the crystal. 

4. It enables easy control of atmosphere during growth. 

Limitations 

1. High vapour pressure of the materials can be produced. 

2. It may produce contamination of melt by the crucible. 

b)Bridgman technique     

 
It is common technique for growing single crystals. It involves selective cooling of the molten 

material. Solidification occurs along a particular direction. 

 Here the melt in a sealed crucible is progressively frozen from one end. 

It can be achieved by  

              Moving the crucible down the temperature gradient  

             Moving the furnace over crucible. 

 By keeping both furnace and crucible stationary and cooling the furnace steadily along the crucible. 

     

Description: 

              In this method, the material to be grown in the form of a single crystal is taken in a 

cylindrical crucible.  

The crucible is made of platinum and tapered conically with pointed tip at the bottom. 

       The crucible is suspended in the upper furnace until the material in the crucible is completely 

melted into molten liquid. The crucible is slowly lowered from upper furnace to lower furnace with 

the help of motor. 
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The temperature of the lower furnace is maintained below the melting temperature of the melt 

inside the crucible. 

  Since the pointed tip enters the lower furnace first, the melt at this point starts to solidify to form 

crystal. As the crucible is continuously lowered, the solidification of melt continues to form crystal. 

Thus a bulk single crystal can be grown in the crucible by lowering at steady state. 

Advantages : 

1) It is a simple technique. 

2) Control over vapour pressure. 

3) Crucible can be evacuated and sealed. 

4) Control of shape and size of growing crystals. 

5) Stabilization of thermal gradients. 

Limitations: 

1) Confinement of crystals. 

2) Crystal perfection id not better than that of seeds. 

3) No visibility. 

5. Explain the solution growth techniques  for growing the crystal also give its merits and 

demerits. 

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. Low temperature solution growth. 

2. High temperature solution growth. 

Low temperature solution growth. 

  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 

different methods to produce  supersaturation. 

1. Slow cooling of the solution. 

2. Slow evaporation of the solvent. 

3. Temperature gradient method. 

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. 

Slow cooling of the solution 
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¾ Nearly saturated solution of the compound to the boiling point of the solvent is prepared. 

¾ The solution is transferred into a clean container. 

¾ The container is placed into a heat bath at about the same temperature and allowed to cool 

slowly. 

¾ As temperature decreases solubility decreases and crystals start growing. 

Substances that are soluble in a solvent at high temperature, than at a low temperature are good for 

crystal growth 

 Merits 

  1) Simple-convenient method 

  2) Strain-dislocation free   

  3) Growth of prismatic crystals-varying the growth condition       

Demerits 
  1) Growth substance-should not react 

  2) Variable rate of evaporation – affect quality 

  3) Applicable – fairly suitable in solvent.                      

Slow Evaporation   of the solvent 

 It is similar to slow cooling method. 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. 

¾ Saturated solution of the compound is prepared in a suitable solvent. 

¾ A couple of millimeters of the prepared solution is transferred into a clean container, ideally 

with a large surface, and cover. 

¾ Aluminum foil with some punched holes may be used as the cover since air tight closing is 

not to be done. 

¾ The container is set aside and the solvent is allowed to evaporate over for few days. The 

saturated solution is slowly evaporated and the small crystals grow. 

¾ The crystals get bigger as the solution becomes more concentrated. 

Advantages: 

1.  Easy technique 

2.  Crystals can grow at a fixed temperature. 

Disadvantages: 

1. Needs a lot of material, too much nucleation leading to simultaneous growth of many 

crystals. 

2. Not so good for air-sensitive compounds, requires temperature stabilization.                        
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6. Show that the Atomic Packing Factor for HCP and FCC are same. 

Packing factor of HCP 

                     Packing factor = 
                 

           

         Number of atoms per unit cell  n = 6                     Atomic radius r = a/2 

           Volume of all 6 atoms in the unit cell    =  6 x    3 

        Substituting for r we have       v     =       3  v =    3 

 To calculate V 

   Area of the base of the hexagon = 6 x Area of triangle AOB 
    Area of Δ AOB =   (BO) (AY) 

     Sub  BO = a and AY = √  

     Area of Δ AOB  =    x a x √                =   √   

     Area of base =  6 x √                              =  √  
 

 Volume of the unit cell of HCP = Area of base x height of hexagon    

V =  √    x c 

Packing factor =  

PF =       3
 √    

PF = √   

PF = √     √ √   ) 

PF  =     √  

PF =  0.74 
Packing factor of HCP  = 74% 
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7. Explain Seven Crystal System with neat diagram.  
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8. Write a short note on Diamond Cubic and Graphite structure. 

 
  Diamond :  

  The diamond cubic structure is a very important crystal structure.  

¾ In a diamond the carbon atoms are arranged tetrahedrally. Each carbon atom is attached to four 

other carbon atoms 1.544 Å meter away with a c-c-c band angle of 109.5°. 

¾ It is strong, rigid three-dimensional structure that results in an infinite network of atoms. This 

accounts for diamond’s hardness, extraordinary strength and durability and gives diamond a 

higher density than graphite. 

¾ Because of its tetrahedral structure, diamond also shows a great resistance to compression. 

Diamond will scratch all other materials and is the hardest material known. 

¾ It is the best conductor of heat conducting upto five times the amount that copper does. 

¾ Diamond also conducts sound. 

¾ It is an electrical insulator. 

¾ Moreover, diamond disperse light.  The greater the dispersion, the better the spectrum of colors 

that is obtained. This property gives rise to the “fire” of diamonds. 

¾ The “brilliance” of diamonds stems from a combination of refraction, total internal reflection 

and dispersion of light. 

¾ Since the packing density is low, it is termed as very loosely packed structure. 
                                                                                                                          
Graphite: 

¾ The carbon atoms in graphite are also arranged in an infinite array, but they are layered.  These 

atoms have two types of interactions with one another. In first, each carbon atom is bonded to 

three other carbon atoms by covalent bonding with a spacing of about 1.42  Å.  
¾ These planar arrays are held together by weak vander waals force known as stacking 

interactions. The distance between two layers is longer (3.4 Å.  These three dimensional 

structure accounts for physical properties of graphite. 
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¾ Unlike diamond, graphite can be used as a lubricant or in pencils because the layers cleave 

readily. 

¾ It is soft and slippery, and its hardness is less than one . 

¾ Graphite also has a lower density than diamond. 

¾ The planar structure of graphite allows electrons to move easily within the planes. This permits 

graphite to conduct electricity and heat as well as absorb light and, unlike diamond, appear 

black in color. 

¾ When the graphite is mixed with oil , it is called oildag which is used in internal combustion 

engines. 

¾ When graphite is mixed with oil it is called aqua dag, which is used as an oil free lubricant, in 

food stuff industry. 

¾ Graphite is used as a lubricant in lathe, air-compressors, railway truck-joints, open gears, 

general machine shop works. 

           

9. Explain Vapour Growth techniques for growing crystal. 

   In this technique the crystalline material to be grown is vaporized and condensed to form crystal 

on a seed crystal or substrate.  The methods of growth of crystal from vapour phase are broadly 

classified into two groups. 

 

 Physical Vapour deposition (PVD) 

The solid material is converted into gaseous phase by physical process of heating. The evaporated 

gaseous material is passed through a low pressure inert gas atmosphere chamber. The vapour 

condenses through collision with inert gas species and becomes super saturated and nucleates 

homogenously. 
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Chemical vapour deposition (CVD): 

              In this method the crystalline substance formed by the reaction of vapour phase material 

followed by decomposition to form solid phase single crystal. 

    In this method both carrier gas and reactive gas are taken in two cylinders. The carrier gas carries 

the reactive gas into the inlet port of the reactive chamber.  The reactive chamber is evacuated with 

the help of vacuum pump. The outlet port is used to send out the unwanted gas. The heater is 

arranged near to inlet port of the reactive chamber, while coolant is arranged near to the outlet port. 

                       A substrate is placed inside the reactive chamber near to outlet port on which the 

required crystal will be grown.  The temperature and pressure inside the chamber are regulated 

strictly as these parameters determine the deposition rate.  Both reactive and carrier gases are 

allowed into the reactive chamber and heated to a suitable temperature, so that reaction can take 

place at high temperature.  During the reaction, the atoms of the reactive gas will fall on the 

substrate and crystal will be grown over the surface of the substrate. By product can be sent out 

through outlet. 

Advantages: 

¾ It is used for the crystalline materials having high melting point, less solubility in solvent and 

difficult to grow from solution or melt. 

¾ These materials can be grown into single crystal from their vapour phase. 

¾ This method provides the crystal of high purity. 

 

10. Write the procedure for finding the Miller Indices. Show that for a cubic lattice the distance 

between two  successive plane (hkl) is given by    

Steps to find Miller indices: 

1. Find the intercepts of the plane along the coordinate axes X,Y,Z . 

2. Take the reciprocal of these intercepts. 

3. Convert the reciprocal into whole numbers. This can be done by multiplying each reciprocal   

by a number taking LCM. 

4. Write these integers within parenthesis to get miller indices. 

                           A normal ON is drawn to the plane Consider a plane ABC in cube crystal. Let a as 

length of the cube edge. Let (h,k,l) be the miller indices of the planeABC .  Let ON be interplanar 

spacing(d) of this plane. 
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    The plane ABC makes the intercepts OA,OB,OC  on the reference axes OX,OY,OZ with the 

normal ON.  

OA: OB: OC    =           :  :  

OA: OB: OC    =         :  :  

                cos α’ =                       cosβ’ =                     cos γ’ =  

law of direction of cosines       cos2 α’ +   cos2β’ + cos 2 ’ = 1 

substituting  cos α’ cosβ’ cos γ’   1   

 (h2+k2+l2) = 1 

d 2 (h2+k2+l2) = a2 

d = a / (h2+k2+l2) ½ 

 

This is the relation between interplanar spacing d, cube edge a and miller indices (h,k,l). 
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UNIT-II - PROPERTIES OF MATTER AND THERMAL PHYSICS 

PART- A 

1. Define neutral axis. 

  In the middle of the beam there is a layer which is not elongated or compressed due 

to bending of the beam. This layer is called neutral surface and the line at which the neutral 

layer intersects the plane of the bending is called neutral axis 

2. Define stress and strain and write down their units. 

  When external force is applied on a body, it gets deformed. The restoring or recovering 

force per unit area inside the body is called as stress. 

Stress   deforming forcearea   FA   Nm  

 The change in dimension or shape of a body due to the applied deforming force is called 

strain. 

Strain   change in dimensionoriginal dimension  

3.What do you infer from stress-strain diagram? 

  The material properties like  

¾ Elasticity 
¾ Plasticity 
¾ Ductility 
¾ Malleability 
¾ Brittleness   

 Can be studied from the stress- strain diagram  

4.State Hooke’s law. 

 Within the elastic limit, stress developed in the body is directly proportional to the strain 

produced in it. This is called as Hooke’s law. 

Stress α strain 

Stress = E x strain 
Stress
Strain E 

Where, E – coefficient of elasticity or modulus of elasticity. 

 

5.Explain Poisson’s Ratio. 

 Within the elastic limit, the ratio between lateral strain per unit stress (β) and longitudinal 

strain per unit stress (α) is known as bulk modulus is known as Poisson ratio. 

σ  β
α

constant 
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6.Give the relation between the three moduli of elasticity. 
9
Y   1K  3n 

7.A cantilever of length 50 cm fixed at one is depressed by 20 mm at the loaded end. 

Calculate the depression at a distance of 40 cm from the fixed end.  

   Depression y  l  

y
y   ll  

       y l
l  X y  

                        y 0.4
0.5  X 20 X10  

                      y 10.24 X10 m. 
8.How do temperature and impurity in a material affect the elasticity of the materials? 

¾ Rise in temperature usually decreases the elasticity of the material  

Eg: The Carbon filament becomes plastic at higher temperatures. 

¾ The elastic property of the material is either increased or decreased due to the addition of 

impurities. It depends upon the elastic or plastic properties of the impurities added. 

9.Calculate the Young’s Modulus in the cantilever depression method used. The length of 

cantilever beam is 1 m which is suspended with a load of 150 gm. The depression is 

found to be 4 cm. The thickness of the beam is 5 mm and breadth of the beam is 3 cm. 

Y = M
    

Y =  X . X X
X X X X X  

Y =  .
. X  

Y = 3.92 X 10    N/m-2 

10. Calculate the Poisson’s ratio for the material, given Y = 12.25 × 1010 N/m2 and n= 4.55 

× 1010 N/m2. 

σ   = 
Y

  - 1 

σ =   
.  X 

 X  . X10       - 1 

σ = 0.346 
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11. A circular and a square cantilever are made of same material and have equal area of 

cross section and length. Find the ratio of their depression, for the given load. 

y   mgl3EAK  

y   mgl
3E AK  

y   mgl
3E AK  

   For circular section AK   π  

   For square section AK    

   Hence   AKAK  
π

 

            Since areas are equal πr   a       π        π 

12. What is thermal conduction? Define thermal conductivity. 

 Conduction: It is the process in which heat is transferred from one point to another point 

without the actual motion of particles. Thermal conductivity is defined as the amount of heat 

conducted per second normally across unit area of cross section of the material per unit 

temperature difference per unit length. 

13. How does heat conduction occur in solids? 

 There are two modes of heat conduction in solids. In one mode free electrons gain energy 

from the hot end of the solid and transfer the energy to the other electrons by collision. In 

other mode the conductivity is due to lattice vibrations called phonons. In metals the first 

mode dominates while in insulators the second mode dominates. 

14. How are heat conduction and electrical conduction analogous to each other?  

S.No Heat conduction Electrical conduction 
1  Heat is conducted from a point 

of higher temperature to a point 
of lower temperature. 

Electricity is conducted from a point 
at higher potential to a point at lower 
potential. 

2 In metals heat conduction is 
mainly due to free electrons. 

 In metals electrical conduction is due 
to free charge carriers namely 
electrons. 

3 Thermal conductivity is the 
quantity of heat conducted per 
second through unit area of the 
material when unit temperature 
gradient is maintained.Wm-1K-1 

Electricity conductivity is the total 
charge flowing per second per unit 
area of the material when unit 
potential gradient is 
maintained.mhom-1 

 



Engineering Physics – I (PH6151)   -   Question Bank with Answers 
 

Prepared by: Dr.S.Karthikeyan  & Ms. R. Sasireka               Page 26 
 

15. What is the basic entities responsibility for thermal conduction of a solid? 

  The basic entities responsible for thermal conduction of a solid is  

¾ Directly proportional to the area of cross section (A) 

¾ Directly proportional to the Temperature difference between the hit and cold layers 

( ) 

¾ Directly proportional to the Time of conduction (t). 

¾ Inversely proportional to the length (x). 

16. Explain the terms steady state and thermal diffusivity. 

 When a solid bar is heated at one end each particle absorbs some heat raises its own 

temperature loses a little by radiation, etc and passes on the rest to the next,  a stage is reached 

when each particle has taken its full and cannot absorb any more heat.  

 The ratio of thermal conductivity to the thermal capacity per unit volume of a material is  

 known as thermal diffusivity. 

h   thermal conductivity
thermal capacity per unit volume   k

σsm s  

17. Explain radial flow of heat. 

 In this method, heat will flow from the inner side towards the other side along the radius of 

the spherical shell or cylindrical shell. This method is interesting because there is no loss of 

heat as in the other methods.  

18. The total area of the glass window pane is 0.6 m2. Calculate how much heat is 

conducted per hour through the glass window pane if the thickness of glass is 5 mm, the 

inside temperature is 20 ˚C and outside temperature is 40˚C. Thermal conductivity of 

glass is 1.1 Wm-1K-1.  

Area of the glass window A= 0.6 m2 

Thickness of the glass x= 5x10-3 m 

θ1    = 40° C      θ 2    = 20° C 

Thermal conductivity K = 1.1 W m-1 K-1 

t = 1 hour = 60 x 60second = 3600 

          Q =  
K A   –

         Q =  .  X  .  X  X 
 X   Q =   9.504 X106 J 

19. Why the specimen used to determine thermal conductivity of a bad conductor should 

have larger area and smaller thickness? 

 For a bad conductor with a smaller thickness and larger area of cross section the amount of 

heat conducted will be more. 
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20. The outer ends of two bars A and B (inner ends of which are joined together by 

welding) are at 100 °C and 50 °C respectively. Calculate the temperature at the welded 

joint if they have the same cross and the same length and their thermal conductivities 

are in the ratio of A:B = 7:5. 

Q  Kd X A θ  θ   Kd X A θ  θ  

 

    Given k1: k2 = 7:5, d1 = d2,  θ 100 & θ 50. 

K
K  θ  θ

θ  θ  

7
5   θ  50

100  θ  

θ 79°C 

Part B 

1. (i) Explain the factors affecting the elasticity. 

(i) Effect of Stress:  When a material is subjected to large number of cycles of stresses, it 

loses its elastic property even within the elastic limit. Therefore the working stress on 

the material should be kept lower than the ultimate tensile strengthening and the safety 

factor, (The ratio between the ultimate tensile stress and the working stress) should be 

maintained. 

(ii) Effect of Annealing:  Annealing is a process by which the material is heated to a very 

high temperature and then it is slowly cooled. Usually this process is adopted for the 

materials to increase the softness and ductility in the materials. But if annealing is made 

to a material it results in the formation of large crystal grains, which ultimately reduces 

the elastic property of the material. 

(iii) Effect of temperature: The elastic property of the materials changes with the 

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

versa. Examples: (a) The elastic property of Lead increases when the temperature is 

decreased. (b) The Carbon filament becomes plastic at higher temperature. 

(iv) Effect of impurities: The addition of impurities produces variation in the elastic 

property of the materials. The increase and decrease of elasticity depends on the type of 

impurity added to it.  

Examples: (a) When potassium is added to gold, the elastic property of gold increases.  
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    (b) When carbon is added to molten iron, the elastic property of iron decreases    

provided the carbon content should be more than 1 % in iron. 

(v)  Effect of nature of Crystals: The elasticity also depends on the types of the crystals, 

whether it is a single crystal or poly     crystals. For a single crystal the elasticity is more 

and for a poly-crystal the elasticity is less. 

 

 (ii) Draw stress - strain diagram and discuss the behavior of ductile material under loading. 

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

application of the stress, the change in dimension of the body takes place( i.e) strain is 

developed. 

1. It is found that the body obeys Hooke’s law up to the region OA called as elastic range. 

2. As soon as the maximum elastic limit (i.e) yield point B is crossed, the strain increases 

rapidly than the stress. 

3. At this stage the body remains partly elastic and partly plastic which is represented by the 

curve BC. 

                                                      

 

 

 

 

 

4. Now, even if a small external force is applied, the body will take a new path CD and 

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

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

residual strain and its break down at a point called as breaking stress, indicated by dotted 

line EF. 

 

2. What is meant by bending of beams? Derive the expression for the bending moment 

and give its importance in I shaped girders. Also give its advantages and importance. 

BENDING OF BEAMS  

Beam: A beam is defined as a rod (or) bar, [Circular or rectangular] of uniform cross-

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

thickness. It is commonly used in the construction of bridges to support roofs of the buildings 
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etc. Since the length the beam is much greater than its other dimensions the shearing stresses 

are very small.                                              

                                                           
Assumptions: While studying about the bending of beams, the following assumption has to 

be made.  

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: 

      Let us consider a beam under the action of deforming forces. 

The beam bends into a circular arc as in fig. Let AB be the neutral axis of the beam. Here the 

filaments above AB are elongated and the filaments below AB are compressed. The filament 

AB remains unchanged. 

 

Let PQ be the arc chosen from the neutral axis. If R is the radius of curvature of the neutral and  is 
the angle subtended by it at its centre of curvature’C’. 

Then we can write original length PQ = R    --------- (1) 

Let us consider a filament P’Q’ at a distance ‘x’ from the neutral axis.  

We can write the extended length = P’Q’= (R+x)    -------- (2) 

From equ (1) and equ (2), we have 
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Increase in its length = P’Q’ – PQ 

Increase in its length = (R+x) - R   

Increase in its length = x     --------------- (3) 

We know linear strain =
   
   

  Linear strain =
                               Linear strain =

 
  ------ (4) 

The Youngs modulus of the material Y =     

Stress = Y* Linear   Strain --------- (5) 

Substituting equ (4) in (5), we have 

Stress =  

If δA is the area of cross section of the filament P’Q’.  Then ,   

The tensile force on the area ( δA)= Stress *Area 

(i.e) Tensile Force = A 

We know, Moment of force = Force * Perpendicular Distance 

Moment of tensile force about the neutral axis AB 

PQ = = A.x 

PQ = = A.x2 

The moment of force acting on both the upper and lower halves of the neutral axis can be got by 
summing all the moments of tensile and compressive forces about the neutral axis. 

The moment of all the forces about the neutral axis =   A. Σx2δA 

Here Ig = Σx2δA = AK2 is called as the geometrical moment of inertia. 

Where A is the total area of the beam and  

    K is the radius of Gyration. 

Total moment of all the forces   (Or)  Internal bending moment =      --------- (6) 
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SPECIAL CASES 

(i) Rectangular cross section 
 If ‘b’ is the breadth and‘d’ is the thickness of the beam, then 

Area A=b d and K2 =  

Ig = AK2   .   =  
Substituting the value of Ig in equ (6) we can write 

Bending moment for a rectangular cross section =   ---------- (7) 
 

(ii) Circular cross section  
For a circular cross section if ‘r’ is the radius, then area A =  

And K2 =    

Ig = AK2    .  

Ig =     
Substituting the value of Ig in equ (6) we can write 

The Bending moment for a circular cross section =      ---------- (8) 
 

I shaped 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. Since the 

girder look like letter I as shown in fig they are named as I shape girder. 

       
                                                  

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 beams. Due to the depression produced, 

the upper parts of the girder above the neutral axis contracts, while the lower parts below 

the neutral axis expands. (Le) the stresses have a maximum value at the top and bottom. The 

stresses progressively decrease as it approaches towards the neutral axis. Therefore the 
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upper and lower surfaces of the girder must be stronger than the intervening part. Thus the 

girders are made of I shape and are called as I-shape girders. 

Minimization of the depression:  

We know the depression produced in the case of a rectangular section y = 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 (or) the breadth (b) (or) the thickness of the girder. 

Since the length of the beam 'I' 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 breadth 

(since thickness increases by b3). 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 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 young’s modulus. 

 Applications of I-Shape Girder  

(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 as supporting beams for the ceilings in the construction of 

buildings     

 

3 (a) What is Young’s modulus, Bulk modulus, Rigidity modulus? 

a) Young’s modulus   

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

within the elastic limit. 

 Y =  
   =  F LA   (Nm-2) 

b)   Rigidity modulus 

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

elastic limit. 

  n =  
    = FA� (Nm-2) 

c) Bulk modulus. 

 It is defined as the ratio between the volume stress to volume strain within the 

elastic limit. 

    K =  
   =  PV (Nm-2) 
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 (b)Derive the expression for Young’s modulus by uniform bending and give the 

experimental procedure to find it. 

 

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 is ′ ′'. Let equal weights W; be added 

to either end of the beam C or 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 vertically upwards as shown in fig.  

Consider a point 'P' on the cross section of the beam. Then the forces acting on the part. PC of 

the beam is     

      
          

(i) Force W at 'C' and 

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

Let the distance PC = a1 and PA = a2, then      

   The External bending moment about 'P' is 

 Mp =W X a1 - W x a2  

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

.taken as positive.  

External bending moment about P can be written as 

Mp = W (a1 – a2) 
 
 Mp = Wa............. (1)  
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We know internal bending moment =  YI  R     .......... (2) 

         
Under equilibrium condition  

 
External bending moment = Internal bending moment  
 

We can write eqn (1) = eqn (2)  
 

                                              Wa =    
YI  
R ................. (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 Δ AFO we can write 

                   OA2=AF2+FO2  

 
Since OF= FE, therefore we can write OA2=AF2+FE2  
 
                                                      (Or) AF2=OA2-FE2  
Rearranging we can write 

                                             FE       
  
         =   ;     FE = x =        ;   OA=R  

Eqn (4) can be written as                        = x [2R – x]  

                                         =   2xR – x2 

 If the elevation x is very small, then the term x2 can be neglected 

 Therefore we can write                      = 2xR  

(Or)                                    R    =               

(Or)                   =  YI
                                             

Therefore the Elevation of point ‘E’ above ‘A’ is 

           X=  Wa    
YI     
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EXPERIMENTAL DETERMINATION OF YOUNGS MODULUS BY UNIFORM BENDING  

Description:   

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

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

position of the pin. 

Procedure: 

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

pin 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.
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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 is measured as ‘a’. 

The Elevation produced is  

     X=  W     
8YIg     ---------- (1) 

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

For a rectangular bar geometrical moment of inertia  

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

Weight W= Mg = --------- (3) 

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

      =        |   ------ (4) 

           Re arranging   equ (4) we can write, the Young’s Modulus 

             =         

                   =           Nm-2   ------ (5) 

Substituting the mean value of M/x from the tabular column the young’s modulus Y of the 

given beam can be calculated. 

Dynamical method: A graph is drawn between load (M) along x-axis and elevation (x) 

along y axis. It is found to be a straight line as in fig. the slope of the straight line gives the 

value of x/M. 

                                    
Equ (5) can be written as  

 =       .  

Substituting the slope in the given formula the young’s modulus can be calculated by graphical 

method. 
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(iii) A copper wire of 3 m length and 1 mm diameter is subjected to a tension of 5 N. 

Calculate the elongation produced in the wire if the Young’s modulus of elasticity of 

copper is 120 GPa.  

          

Y = FLA          l  FLAY           l   X 
.  X  .  X  X   X           l = 15.9 mm. 

 

4. What is cantilever? Derive an expression for depression at the free end of a cantilever, due to 

load. Describe an experiment to determine the Young’s modulus of cantilever material using this 

expression.  

CANTILEVER 

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

Theory:  

Let us consider a beam fixed at one-end and loaded at its other free end as shown in fig. Due to 

the load applied at the free end, a couple is created between the two forces. 

(i) Force (load OW') applied at the free end towards downward direction and  

(ii) Reaction (R) acting in the upward direction at the supporting end.  

This external bending couple tends to bend the beam in the clockwise direction. But, 

since one end of the beam is fixed, the beam cannot rotate. Therefore the external 

bending couple must be balanced by, another equal and opposite couple, created due to 

the elastic nature of the body (i.e) called as internal bending moment.  

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 '0'. Let W' be the weight suspended 

(loaded) 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" and the force of reaction at 'Q'. Here, the arm of the couple (Distance 

between the two equal and opposite forces) is (I-x).  
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The external bending moment =    ---------- (1) 

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

 

                                              
 

We know under equilibrium condition, 

External bending moment = Internal bending moment. 

Therefore, we can write Eqn.(l)= Eqn.(2)  

 =    -------------- (3)  

Two tangents are drawn at points P and Q, which meet the vertical line AA' at T and 

S respectively.       

 Let the smallest depression produced from T to S = dy  

             and Let the angle between the two tangents = dθ  

Then we can write  

 The angle between CP and CQ is also dθ  (i.e)  = dθ  

 We can write the arc length PQ = Rdθ =dx  

  (or)                            dθ =  ----------- (4) 

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

                                                                  dθ =     ----------- (5) 

 From the ΔQAS’ we can write sin dθ =   

If dθ is very small then we can write, 

       =    dθ  ----------- (6)  

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

      =   ---------- (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,     =    

                                                     =   2  

                                                     =    

                                                            =    

                                                            =    

Thus the depression of the cantilever at free end y =   ----------- (8) 

SPECIAL CASES 

(i) Rectangular Cross Section  

If 'b' is the breadth and   'd' is the thickness of the beam, then 

=  

Substituting the value of Ig in equ (8), we can write 

The depression produced at free end for a rectangular cross section 

       =       
|  

                   =        

ii)  CIRCULAR  CROSS  SECTION  

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

We know                               =  

Substituting the value of Ig in equ (8), we can write 

Depression produced  =        

 

5. Define Coefficient of thermal conductivity. Describe with relevant theory the method of 

determining the coefficient of thermal conductivity of a bad conductor by Lee’s method. 

Lee’s Disc 

  The given bad conductor 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), provided the 
bad conductor, steam chamber and the slab should be of the same diameter. Holes are provided in 
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the steam chamber (S) and the disc in which thermometer is inserted to measure the temperatures.   
The total arrangement is hanged over the stand as in figure.  

 

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) is θ1 and θ2 respectively.  

CALCULATION 

Let x be the thickness of the bad conductor, 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 conducted per second =  

Since the area of cross section =   

Amount of heat conducted per second =    ---------- (1) 
The amount of heat lost by the slab per second =              

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

Under steady state  

                   
                   

Therefore         

            ------------- (3) 
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To find the rate of cooling ( Rc) 

In eqn (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 slab attains 5°C higher than , the 

steam chamber is removed. The slab is allowed to cool. 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.  

 

The rate of cooling is directly proportional to the surface area exposed.  

Case (i) : Steam chamber and bad conductor are placed over the slab, in which radiation takes place 

from the bottom surface of area (  of the slab and the sides of the slab of area (2  . 

2    
                          2          --------- (4) 

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

surface of the slab of area  and also through the sides of the slab of area 2  . 

  2     

2  2     

2      ---------- (5) 

                4   5  

      2  
2  

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

Substituting eqn (6) in equ (3), we have  

           
W    
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6. State and explain Newton’s law of cooling. How to experimentally verify it? 

Newton Law of cooling 

It states that the rate at which a body loses heat is directly proportional to the difference 
between the temperature and that of surroundings.  

If Ө is the temperature of the body an any instant and Ө0  the surroundings, then difference 
between them is  Ө - Ө0. 

If dQ is the quantity of heat lost in a small interval of time dt, then, 

             Ө Ө  

Where k is the constant, depends on area and nature of the radiating surface. 

Consider a body of mass m, specific heat capacity of S and temperature Ө. 

The amount of heat lost  

dq= m s dӨ 

Rate of loss of heat  

                                                  Ө/      ----------- (1) 

From Newton law of cooling  

                                                        Ө Ө         2) 

 Equating 1 and 2             Ө   Ө Ө  

  Rearranging   

      

K is the another constant              K= /  

Integrating the above equation 

    
Ө

Ө Ө
 =  - K  ------------ (4) 

     log (Ө-Өo) = -Kt + C 

Verification of Newton Law of cooling 

The given empty spherical calorimeter is filled with boiling water and thermometer is kept. 

When the temperature reaches 80 oC a stop clock is started. The time taken for every 2 oC   fall 

in temperature is noted till the temperature reaches 60oC  
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The graph is found to be straight line; there by showing rate for cooling is proportional to the 

excess of temperature.   

  

LIMITATION 
The heat lost is only by radiation and convection 

The temperature of the hot body should be uniform thorughout. 

APPLICATION 

The specific heat capcity of the liquied is detemined by using this law.    

7. Describe methods of determining thermal conductivity of rubber. 

PRINCIPLE 

It is based on the principle of radial flow of heat through a cylindrical shell 

PROCEDURE 

A big empty calorimeter with stirrer is weighed (W1). It is then filled with two thirds of  water 
and again weighed (W2). A known length (l) of a rubbed tube is immersed in water in the 
calorimeter as shown in fig. 

The Calorimeter is stirred well and the initial temperature Ө1 is noted. Now one end of the rubber 
tube is connected to a steam generator and steam is passed through it. 

The steam is passed continuously till there is a rise of 10 oC in temperature. The time taken    (t 
second) for rise in temperature is noted. The final temperature of the water (Ө2) in the 
calorimeter is also noted. 
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OBSERVATION 

Mass of empty calorimeter with stirrer = W1 

Mass of empty calorimeter + water = W2 

Mass of water = W2-W1 

Initial temperature of the water = Ө1
 oC 

Final temperature of the water = Ө2
 oC 

Rise in temperature of water = Ө1- Ө2 oC 

Time for which steam is passed = t sec 

Length of rubber tube immersed in water = l 

Inner radius of the rubber tube=   r1 

Outer radius of the rubber tube= r2 

Specific heat capacity of calorimeter = S1 

Specific heat capacity of water = S2 

Heat gained by the calorimeter = Mass X Specific heat capacity X change in temperature 

          = W1 X S1 X (Ө2- Ө1)            ---------- (1) 

Heat gained by the water = W1 X S1 X (Ө2- Ө1)          --------- (2) 

Total heat gained by the calorimeter and water in t sec 

                               Q =    1 1 2 1 2 1 2 2 1            --------- (3) 

The expression for the thermal conductivity K in the case of cylindrical shell is given by 

K =   
  log 2

1
2 1 2

        4  

 Sub equ (3) in equ (4)  K =     

(ii) Steam at 100˚C is passed through a rubber tube 15 cm of which is immersed in a 

copper calorimeter of negligible thermal capacity containing 400 gm of water. The rate of 

rise of temperature per seconds is 0.02˚C when it is at room temperature 19.99˚C. The 

internal and external diameters of the tubes are 0.75 cm and 1 cm respectively. Calculate 

the thermal conductivity of rubber. 
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  log

2  
 

  .                                         .            

 = 100 19.99 = 80.01 

 15                     0.4   4200   0.02 33.6 

K = 0.128 W/m/K. 

8. Derive expression for effective thermal conductivity through compound media in series 

and parallel.  Also discuss the application of it. 

BODIES IN SERIES 

Let us consider a compound media of material A and B with thermal conductivities K1 and K2 

and thickness x1 and x2. The temperature of the outer faces of A and B is Ө1 and Ө2 and in 

contact is Ө .When the steady state is reached, the amount of heat flowing per second (Q) 

through every layer is same. 

      

 

 

 

 

 

Amount of heat flowing through the material A per Sec 

Q= Ө Ө          ----------- (1) 

Q=  Ө Ө         ------------ (2) 

At steady state    Ө Ө  =   Ө Ө          
Rearranging the above eqn K1 A(Ө1- Ө)x2 = K2A(Ө- Ө2)x1 

On simplifying      Ө  =            --------- (3) 

This  the expression of interface temperature of two composite slabs in series. 

Sub the equ (3) in equ (1)  Q= ( Ө Ө } 
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=   Ө Ө

?
 

Q   =       Ө Ө
/ /  

Q is the amount of heat flowing through the compound media. 

In general amount of heat conducted per sec is given by  

Q   =       1 2
   

BODIES IN PARALLEL 

Consider a composite media of two different materials A and B with thermal conductivities K1 

and K2 and thickness x1 and x2 arranged in parallel. 

The faces of the material A and B are at temperature 1 and other end faces of A and B arte at 
temperature 2. A1 and A2 are the area of cross section of the materials. 

 

Amount of heat flowing through the first material A in one sec 

Q1 =    (K1A1(Ө1-Ө2))/x1             ------------ (1) 

Amount of heat flowing through the second material B in one sec 

 Q 2 =         Ө Ө                ------------ (2) 

The total heat flowing through these  materials per sec is  

Q = Q1+Q2 

= Ө Ө  + Ө Ө  

The net amount of heat flowing per sec parallel to the composite slabs is given by 

Q =  Ө1 Ө2 )∑      



Engineering Physics – I (PH6151)   -   Question Bank with Answers 
 

Prepared by: Dr.S.Karthikeyan  & Ms. R. Sasireka               Page 47 
 

9. Derive an expression for thermal conductivity of the material of a thick pipe through which a 
hot liquid is flowing 

Consider a thick cylindrical tube of length l, inner radius r1 and outer radius r2  as shown in fig. 
The steam can be passed through the center of the shell. 

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 state is reached, the temperature at the inner 
surface is noted as 1and on the outer surface is noted as 2. 

CALCULATION:  

 Consider 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   +d  . 

 

The amount of hear flowing per sec     Q = -KA Ө       ----------- (1) 

Area of cross section      A =   2πrl        ----------- (2) 

 Sub equ (2) in  equ (1)  Q = -2πrl KA Ө    --------- (3) 

Rearranging we have      dӨ 

The thermal conductivity of the whole cylinder can be got by integrating above equ within the 
limits r1 to r2 and 1 to 2, 

                /  = -  2     ӨӨ
Ө  

 {log r} 2
1 = - 

2
Ө

Ө2
Ө1 

    = - 
2

 (Ө2-Ө1) 

On simplifying   Q =    Ө Ө
   

                         K =
    .

Ө Ө
   Wm-1K-1 
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10. Derive the equation for one dimensional flow of heat and solve it, under steady state 

condition. 

Linear Flow of Heat through a Rod  

Consider a long rod AB of uniform cross section ‘A’ exposed to air, lying along X-axis (one 
dimensional). Let one end of the rod be heated with the help of steam chamber as in fig.  

 

Consider the flow of heat between the sections P and Q at distance x and x + x from the hot end. 

Excess temperature above the surroundings at section P=  

Temperature gradient at section P= d   /dx 

Excess temperature at section Q =  + (d  /dx) x 

Temperature gradient at Q =   = (  + d  /dx x) 

    = d  /dx + (d2  / dx2)  x 

Heat flowing through P in one sec  Q1= - KA d   /dx        ---------- (1) 

Heat leaving through Q in one sec  Q2= - KA (d   /dx + (d2   /dx2)  x)  ------------ (2) 

Net heat gain by the element x in one sec Q= Q1-Q2 

= -KA d   /dx- {-KA d   /dx-KA (d2   /dx2 )  x} 

= -KA d   /dx + KA d   /dx + KA (d2   /dx2)  x 

= KA (d2   /dx2)  x 

Before the steady state is reached, a part of the heat is used in raising temperature of the rod and 

remaining heat is lost by radiation from the surface of the element. 

 Heat absorbed per second  to raise the temperature of the rod  

 = Mass X Specific heat capacity X d   /dt 

= (A X x)   X S X d   /dt       -------------4 

Where 

A- Area of the cross section of the rod 
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 – Density of the rod 

S- Specific heat capacity of the rod 

d   /dt-  Rate of rise in temperature 

Heat lost per second due to radiation = Ep x    --------- (5)  

E- Emissive power of the surface 

p- Perimeter of the bar 

      x- Surface area of the element 

       - Average excess of temperature of the surroundings 

Amount of heat gained (Q) = Amount heat absorbed + Amount heat lost 

    = (A x    S) * d   /dt  + Ep x    -------- (6) 

Substituting the value of Q from equ (3) in equ (6) 

We have   KA (d2   /dx2)  x = (A x   S)* d   /dt  + Ep x   

Dividing by KA x we have      =   
 

 +      --------- (8) 

SPECIAL CASES 

Case 1:  When heat lost by radiation is negligible 

If the rod is covered by an insulating material, then there is no loss of heat due to radiation.  

Hence heat lost by the radiation   Ep  is zero. In that case the total heat gained by the rod is 
completely used to raise the temperature of the rod. 

From eqn 8       =   
 

 =  
1      ---------- (9) 

K/ S = h, thermal diffusivity of the rod. 

Case 2: 

After steady state is reached, there is no raise of temperature 

Hence,   d   /dt = 0 

From eqn 8                    =    

Taking              = μ2  

                                              = μ2  -------------- (10) 
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The solution of second order differential eqn is  

 =  A e + μx + B e- μx   --------- (11) 

A and B are two unknown constants which can determined from the boundary conditions of 
the problem. 

Suppose the bar is of infinite length 

Excess of temperature above the surroundings of the hot end = 0 

Temperature of the other end (cold end) =0 

First boundary condition is at x=0, = 0 

From eqn (11)   = A + B 

Secondary boundary condition is At x = ∞   and  = 0 

From eqn (11), 0 = Ae∞   

But e∞ cannot be zero, therefore A should be zero 

 =B 

Substituting the values of A and B in eqn (11), we have 

 = e- μx   ----------- (12) 

This eqn (12) represents the excess of temperature of a point at a distance x from the hot end 
after the steady state is reached and it represents an exponential curve. The temperature falls 
exponentially from the hot end as shown in fig 
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UNIT-III - QUANTUM PHYSICS 

PART – A 

1. What is black body radiation? 

A perfect black body is the one which absorbs and also emits the radiations completely. 

Black body absorbs all the radiation. When it is heated, it radiates the entire wavelength absorbed 

by it. This phenomenon is also wavelengths of the incident called black body radiation. 

2. Define Wien’s displacement law. Give its limitation. 

It states that in the energy spectrum of a black body the product of the wavelength corresponding to 

maximum energy (λm) and absolute temperature is a constant. 

i.e., λmT = constant    and also Emax α T5 

This law is suitable only for shorter wavelengths. 

3. State Rayleigh - Jeans law. What are its limitations? 

It states that the energy distribution in the block body spectrum is given by, 

 

Where, K  is Boltzmann constant, T  is temperature & λ  is wavelength. 

This law is suitable only for longer wavelengths. 

4. Write any four Planck’s hypothesis. 

i. The back body radiation chamber is not only filled up with the radiations but also with a large 

number of oscillating particles. Each of them vibrating with a characteristic frequency. 

ii. The frequency of radiation emitted by an oscillator is same as that of the frequency of its vibration.  

iii. An oscillator cannot absorb or emit energy in a continuous manner. It can absorb or emit energy in 

the multiples of small units called quantum i.e., E=hυ. 

iv. The oscillators emit radiation in terms of quanta’s of magnitude ‘hυ’ discretely. 

i.e., E= n hυ. 

5. What is quantum theory of light? Give the special features of quantum theory of radiation. 

Quantum theory of light proposed by Max Planck presents particle picture of light. Light travels in 

the form of quanta, and each quanta is associated with frequency . the energy of each quanta is E = 

h   where h is Planck’s constant. This theory could successfully explain the energy distribution in 

black body and later photoelectric effect.  

6. Give the statement for Planck’s law of radiation. 

Then energy density of radiation in an enclosure at temperature T in the wavelengths range λ and 

λ+dλ is    
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h – Planck’s constant         ;     c – Speed of light 

k - Boltzmann’s constant   ;    T - Temperature of the enclosure 

7. What is Compton Effect? Write an expression for Compton wavelength. 

When a beam of high frequency radiation (X-ray or γ-ray) is scattered by a substance of low 

atomic number, the scattered radiation consists of two components, one has the same wavelength λ 

as the original incident ray and the other has a slightly longer wavelengthλ′. This is known as 

Compton Effect. The change in wavelength corresponding to scattering angle of 90° obtained in 

Compton Effect is called Compton wavelength. 

Mathematically,   Δ 1 φ  

8. Find the change in wavelength of an X-ray photon when it is scattered through an angle of 90° 

by a free electron. 

′   1 φ  

Δ 1 φ  

Δ
6.625 x 10

9.11 x 10  x 3 x 10 1 90°  

Δ 0.02421    10 m. 
9. What are matter waves? 

The waves associated with the moving particles of matter (e.g., electrons, photons, etc) are known 

as matter waves or de-Broglie waves. The wavelength is given by λ=h/p. 

10. What are the properties of matter waves? 

i. Matter waves are not electromagnetic waves. 

ii. Matter waves are new kind of waves in which due to the motion of the charged particles, 

electromagnetic waves are produced. 

iii. Lighter particles will have higher wavelength. 

iv. Particles moving with less velocity will have high wavelength. 

v. The velocity of matter wave is greater than the velocity of light. 

11. Write a short note on dual nature of matter and radiation. 

We know nature loves symmetry, since the light exhibits the dual nature (i.e) it can behave both as a 

particle and the wave, debroglie suggested that an electron, which is a particle can also behave as a 

wave and exhibits dual nature.  
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12. A neutron of mass 1.675 x 10-27 kg is moving with a kinetic energy 10 keV. Calculate the de-

Broglie wavelength associated with it. 

 
√2

 

  .    
    .             .       2.861   10 . 

13. Calculate the de-Broglie wavelength of a proton and an electron, accelerated by a  potential of  

150V. 

 
√2

 

For Proton 

  6.625 x 10
√2   1.675   10    1.6  10  150 

 

 2.3364  10 . 
For electron 

  6.625 x 10
√2   9.11   10    1.6  10  150 

 

 1.0018   10 . 
14. Calculate the de-Broglie wavelength associated with an electron which travels with a velocity 

500 km/sec. 

   

  6.625 x 10
9.11 x 10  x 500 x 10  

1.4547 .  
15. What is the physical significance of a wave function? 

i. It is a complex variable quantity, it gives complete information about the physical system i.e., its 

position x, y, z at any instant of time t second.  

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

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

iv. It is used to know the  probability of finding the particle 

v. i.e., |Ψ| 1   , if the particle is present. 

                                       =  0 , if the particle is not present. 

 

16. What is meant by normalization of wave function? 
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Normalization is the process by which the Probability of finding the particle inside the potential box 

can be done.   i.e., | |   , if the particle is present.         

               where | |    *        ;   .                                                            

17. For a free particle moving within a one dimensional potential box, the ground state energy 

cannot be zero. Why? 

For a free particle moving within a one dimensional potential box, when n=0, the wave function is 

zero for all values of x i.e., it is zero even within the potential box. This would mean that the 

particle is not present within the box. Therefore the state with n=0 is not allowed. 

18. Calculate the minimum energy of an electron can possess in an infinitely deep potential well of 

width 4 nm. 

  8  

  1 6.625 x 10
8  9.11 x 10      4 x 10  

3.7639    10 J. 
3.7639    10
1.6   10  

0.02352 . 
19. What is the principle of electron microscope? 

In an electron microscope a stream of electrons are passed through the object and the electrons 

which carry the information about the object are focused by electric and magnetic lenses (or) 

electromagnetic lenses. 

20. Compare the resolution and magnification of optical microscope with that of electron 

microscope. 

S.no  Optical microscope Electron microscope 

1. Possible magnification is 2000 

times the size of the object. 

More than 1,00,000 times 

magnification is possible. 

2. It resolves to the extent of 

0.00002cm. 

It has higher resolving power, up 

to 1Å. 
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PART– B 

1. What are the postulates of quantum theory of radiation? Derive the expression for Planck’s 

quantum theory of radiation and also give its deduction to Wien’s displacement law & 

Rayleigh-Jeans law. 

a. A black body is filled with not only radiation, but also with harmonic oscillators of molecular 

dimensions.  

b. The frequency of radiation emitted by an oscillator is same as the frequency of its vibration. 

c. An oscillator cannot emit energy in a continuous manner. It can emit energy in the multiples of a 

small unit called quanta. 

d. The oscillators can emit or absorb radiation energy in packets of h�.  

 

Where n is a positive integer1, 2, 3,…. It means that the energy of the oscillator is quantized and 

integer n is known as quantum number. 

 

Planck’s Law of Radiation – derivation  

Consider a black body with a large number of oscillators.  

Average energy  per oscillator is given by          ----------- (1) 

Where E - Total energy due to all the oscillators 

 N – Total number of oscillators 

 According to Maxwell’s energy distribution law, the number of oscillators with energy  is   given 

by             ------------ (2) 

   Where  is number of atomic oscillators in the ground state 

                                    T is absolute temperature 

                                    k is Boltzmann’s constant 

If N is total number of oscillators and , , , … are the number of oscillators with energy 

,    , … .,  then   

    N =      

           N =        -------------- (3) 

Since     1,2,3, …  we write the above equation as  

           N =       

           N =        -------------- (4) 

Put x =  , we get 



Engineering Physics – I (PH6151)   -   Question Bank with Answers 
 

Prepared by: Dr.M.Anbuchezhiyan  & Ms. S.Sowmiya               Page 56 
 

N =    

N = 1    

        N =             1             ---(5) 

Total energy of the black body due to all oscillators is given by  

   E =      ….                            ---------- (6) 

E = 0          2      …. 
E =      2      …. 

Put x =  , we get 

E =    2    …. 
E =    2  … .  

E =    1  2  …  

     E =          1 2  3 . .          ------ (9) 

Substituting equations (5) and (9) in equation (1), we get  

   
   

 
 

        1
1    x   1   

     
 1   

     
  1

 

               
       

On substituting x =  , we have 

     
  1

 

                  ------------ (10) 

Number of oscillators per unit volume in the wavelength range      is given by 

     

The energy density of radiation between the wavelength ranges      is given by 
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    8              

    8              

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

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

Deduction of Wien’s displacement law from Planck’s law 

Case (1) When  is very small 

When  is very small,  is very large, hence 1 and    is very large compared to 1. 

Thus 1 in the denominator of equation (11) is neglected. 

Hence equation (11) reduces to                        ------------ (12) 

Thus Planck’s law reduces to Wien’s displacement law at shorter wavelengths.  

Deduction of Rayleigh-jeans law from Planck’s law 

Case (2) When  is very large 

When  is very large,  is very small, hence 1 and    = 1 . 

(by using exponential series and neglecting higher orders). 

Hence equation (11) reduces to             
       

       

                                           
   

    

                                                   
   

   

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

Thus Planck’s law reduces to Rayleigh- jeans law at higher wavelengths.  

 

2. Derive the expression for the wavelength of scattered X-ray photon from a material. 

When a beam of high frequency radiation (X-ray or γ-ray) is scattered by a substance 

of low atomic number, the scattered radiation consists of two components, one has the same 

wavelength λ as the original incident ray and the other has a slightly longer wavelengthλ′. This is 
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known as Compton Effect. The change in wavelength corresponding to scattering angle of 90° 

obtained in Compton Effect is called Compton wavelength. 

Mathematically,   Δ 1 φ  

Derivation  

 
Consider an X-ray photon striking an electron at rest. When a photon of energy  hν 

collides with a free electron of the scattering substance initially at rest, the photon transfers some of 

its energy to the electron. The electron gains kinetic energy and it recoils with velocity ν, therefore 

the scattered photon has lower energy than that of the incident one.  

 This X-ray photon is scattered through an angle θ to X-axis from it initial direction of 

motion. Let the frequency of scattered photon be ν’ and its energy hν’. After the collision the free 

electron moves with a velocity v at an angle φ to X-axis.   

According to law of conservation of energy  

             

  ′  

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

According to law of conservation of momentum along X-axis 

 
′

     

               ′     -------- (2) 

According to law of conservation of momentum along Y-axis 

0  
′

     

             ′       --------- (3) 

Squaring equation (3) and (2) and then adding, we get 

            ′ ′    
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        2 ′   ′   ′     

    2 ′   ′       
                     2 ′    ′                 --------- (4)           

  (Since      = 1) 

Squaring equation (1) on both sides, we get 

  ′  

  ′  2   ′    

                                2   ′   ′  2   ′    --------- (5) 

Subtracting equation (4) from equation (5), we get  

                 2    ′     ′  2   ′  

                                                   2 ′      ′   
       2    ′     2   ′    2 ′     

                       2    ′  1     2   ′      --- (6) 

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

      
 

                                                     --------- (7)  

Squaring the above equation on both sides, we have 

 
1  

              

        
Multiplying  on both sides, we have 

                                                               --------- (8) 

Substituting equation (8) in equation (6), we get 

   2    ′  1     2   ′           
2   ′  2    ′  1     

  ′

  ′      1  

  ′
  ′

  ′        1  

1
′

1
         1  

′            1  
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                                                                  ′          1                  ------ (9)     

                                 Δ        1 cos    ------- (10) 

It is found that the change in wavelength does not depends only on the wavelength of the incident 

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

Case (1) When θ = 0, then  d        1 cos 0  

  d        1 1                       [Since cos0 = 1] 

d    0 

Case (2) When θ = 90°, then   d        1 cos 90  

  d        1 0                       [Since cos 90 = 0] 

  d       

  By substituting the value for h,  and c, we have  d   0.0243   

  This difference in wavelength is known as Compton Wavelength. 

Case (3) When θ = 180°, then   d        1 cos 180  

  d        1 1                 [Since cos 180 = -1] 

  d     2   

d   0.0486   

3. Explain the experimental verification of Compton Effect. 

Principle:  

When a beam of high frequency radiation (X-ray or γ-ray) is scattered by a substance of 

low atomic number, the scattered radiation consists of two components, one has the same 

wavelength λ as the original incident ray and the other has a slightly longer wavelengthλ′. This is 

known as Compton Effect. The change in wavelength corresponding to scattering angle of 90° 

obtained in Compton Effect is called Compton wavelength. The shift in wavelength is called 

Compton shift. 

Construction: 

  It consists of an X-ray tube for producing X-rays. A small block of carbon C (scattering 

element) is mounted on a circular table. A Bragg spectrometer (BS) is allowed to freely swing in an 

arc about the scattering element to catch the scattered photons. Slits S1 and S2 helps to focus the X-

rays onto the scattering element.  
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Working: 

  X-rays of monochrmatic wavelength ‘ λ’ is produced from X-ray tube and is made to 

pass through the slits S1 and S2.  These X-rays are made to fall on the scattering element. The 

scattered X-rays are received with the help of Bragg spectrometer and the scattered wavelength is 

measured. 

The experiment is repeated for various scattering angles and the scattered wavelengths 

are measured. The experimental results are plotted with wavelength along X-axis nd intensity along 

Y-axis.   

  

In the graph when the scattering angle θ = 0°, the scattered radiation peak will be 

the same as that of the incident radiation peak. Now, when the sacttering angle is increased, for one 

incident radiation peak A of wavelength (λ) we get two sacttered peaks A and B. here the peak A is 

found to be of same wavelength as that of the incident wavelength and the peak ‘B’ is of gratere 

wavelength than the incident radiation.  

The shift in wavelength of the two scattered beams is found to increase with 

respect to the increase in scattering angle. 

4. Derive the expression for de-Broglie wavelength for matter waves. Express the de-Broglie 

Wavelength in terms of Energy. Mention the characteristics of matter waves? 

The universe is made of radiation (light) and matter (particles). The light exhibits the 

dual nature (i.e.,) it can behave both as a wave (interference, diffraction phenomenon) and as a 
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particle (Compton Effect, photo-electric effect, etc). Since the nature loves symmetry, in 1924 

Louis de-Broglie suggested that an electron (or) any other material particle must exhibit wave like 

properties in addition to particle nature.  

The waves associated with a material particle are called as matter waves.  

de- Broglie wavelength 

 From Planck’s theory the energy of a photon of frequency ν is given by  

              -------  (1) 

 According to Einstein’s mass-energy radiation 

               ------- (2) 

  Where m – mass of the photon & c - velocity of the photon. 

 Equating (1) and (2) , we get             ------- (3) 

          

           

         

    Since mc = p momentum of a photon, then       ------ (4)  

 The wavelength of de-broglie wave associated with any moving particle of mass m with velocity 

v is given by                ------ (5) 

de- Broglie wavelength in terms of energy   

 We know that the kinetic energy     

 Multiplying by m on both sides we get,         ------- (6) 

           2    

 √2  √  

         √2   
We know that                                  ------ (7) 

Substituting for mv in equation (7), we have    √  

Characteristics 

(i)  Lighter is the particle, greater is the wavelength associated with it. 

(ii)  Smaller is the velocity of the particle, greater is the wavelength associated with it. 

(iii) If v = 0, then λ = ∞, i.e., the wave becomes indeterminate and if v = ∞, then λ = 0. This 

indicates that de-Broglie waves are generated by the motion of particles.  
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(iv) These waves do not depend on the charge of the particles. These waves are not 

electromagnetic waves but they are a new kind of waves. 

(v) The velocity of de-Broglie’s waves is not constant since it depends on the velocity of the 

material particle.  

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

same experiment.  

5. (i) Explain in detail G.P Thomson’s gold foil experiment that proved the existence of matter 

waves. 

G.P Thomson made investigations with high speed electrons, accelerated by a potential 

difference ranging from 10,000 to 50,000 volts and studied the electron diffraction effects. 

Thomson found the diffraction patterns exactly analogous to X-ray patterns. Moreover he was able 

to determine the wavelengths associated with electrons. 

  Experimental arrangement and working 

  It consists of a discharge tube in which the electrons are produced from the cathode C. 

the electrons are accelerated by a potential up to 50,000 volts. These accelerated electrons are 

passed through a slit S to obtain a fine beam of electrons.  

 
  Then, they are allowed to fall on a very thin metallic film G of gold film. The thickness 

of the film is of the order of 10-6cm. the whole apparatus is exhausted to a high vacuum so that the 

electrons may not lose their energy in collision with the molecules of the gas.  The electron beam 

coming out of the foil is recorded by the photographic plate P. After developing the plate, a 

symmetrical pattern consisting of concentric circles about a central spot diffraction pattern is 

obtained. The diffracted electrons produce the diffraction rings. This pattern arises due to the 

periodic arrangement of atoms in the metal which are at proper angle to give proper reflection in 

accordance with the Bragg’s law.   

  This pattern confirms the fact that the diffraction is only due to the presence of electrons 

and not due to secondary X-rays produced by the electrons while going through the foil G. on the 

other hand if the electrons behaved as particles then they would have scattered through a wide angle 
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by the foil G. thus this experiment clearly demonstrates that the electrons behave as waves, since 

the diffraction pattern can only be produced by waves.   It is found that the wavelength of the 

electron depends only on the accelerating voltage and it is independent of the nature of the target 

material.  

(ii) Given that the wave function of a particle in a one dimensional box is given by  

, evaluate the probability of finding the particle in the region   . 

Probability density is given by  

  2   2
3

2  

  2 2
3

2  

  2
2

2 2

3

 

  2 3  2  

    2 1
 

  2 

0.135 

(iii) A particle of mass one microgram takes 100s to travel from one end to the other end of an one 

dimensional box of width 1mm. Assume that the potential inside and at the walls of the box to 

be zero and infinity respectively. Determine the quantum number described by this motion. 

  W.K.T.   Velocity = 
 

   

  1   10100   1  10   / . 

          W.K.T Kinetic energy is given by    

  12  1   10     1   10  

0.5   10  

Energy of the particle is given by  
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8   1   10 9    1   10 0.5   10
6.623   10  

3 10  

6. Derive Schrodinger’s time independent wave equation. 

Consider a wave associated with a moving particle. Let x, y, z be the coordinates of the particle and 

 wave function for de-Broglie waves at any given instant of time t.  

The classical differential equation for wave motion is given by  

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

Here,  is wave velocity.   

Equation (1) can be written as        -------- (2)  

Where     is a laplacian’s operator. 

The solution of equation (2) in terms of time t is  

. . .   , ,  

                                  ---------- (3) 

Here , ,  is a function of x, y, z only which is amplitude t the point considered.  is angular 

velocity of the wave. 

Differentiating eqn (3) w.r.t  ‘t’ , we get 

   

Again differentiating w.r.t  ‘t’ , we get 

 

 

                                -------- (4) 

    4     2 ,    

  1  

                                0    -------- (5) 

We know that angular frequency 2              Here v is the frequency 

                                                                      -------- (6) 
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Squaring eqn (6) on both sides, we get 

                             -------(7) 

    7     5 ,    

    4 2
2 0      ------- (8) 

On substituting     in eqn (8), we get 

4 2
2
2 2

0 

                                                  4 2 2 2
2 0         -------- (9) 

If E is the total energy of the particle, V is potential energy and  is kinetic energy, then  

Total energy = Potential energy + Kinetic energy 

 12  

2     
        ,    

    2          ------- (10) 

    10     9 ,    

        
4 2

2 0      

  0       ------- (11) 

This is known as Schrödinger time independent equation. 

Let us now introduce     in eqn (11)        where reduced Planck’s constant. 

Therefore eqn (11) is modified by substituting   , 

8
4

0 

   0   ------- (12) 
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7. Derive Schrodinger’s time dependent wave equation.  

Schrodinger’s time dependent wave equation is obtained from Schrodinger’s time independent 

wave equation 

The classical differential equation for wave motion is given by  

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

Here,  is wave velocity.   

Equation (1) can be written as         -------- (2)  

Where     is a laplacian’s operator. 

The solution of equation (2) in terms of time t is  

. . .   , ,  

                --------- (3) 

Here , ,  is a function of x, y, z only which is amplitude t the point considered.  is angular 

velocity of the wave. 

Differentiating eqn (3) w.r.t  ‘t’ , we get 

   

     2     (since 2  ) 

      2               ------ (4) 

          2            (Since E = hv or v =  

            2            (Since h =2  )  

                       ------ (5) 

Multiplying i in both sides in eqn (5), we get  

         2                  

              ------- (6) 

Schrodinger’s time independent wave equation is given by  
2 0 

2 0 
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2 0 

  2  

2    

2    

           ------ (7) 

            ------- (8) 

       2

2

2
           

      . 
The eqn  8  is known as Schrodinger’s time dependent wave equation. 

8. Derive Schrodinger’s wave equation for a particle in a box. Solve it to obtain Eigen function 

and show that Eigen values are discrete.  

Consider a particle of mass m moving between two rigid walls of a box at x = 0 

and x = a along X-axis. The particle is bouncing back and forth between the rigid walls of the box. 

The potential energy V of the particle inside the box is constant. It is taken as zero for simplicity. 

The walls are of infinite height. The potential energy V of the particle is infinite outside the walls.  

Thus the potential function is given by  

    0   0  

    ∞   0  

This potential function is known as square well potential function. 
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The particle cannot come out of the box. Also it cannot exist on the walls of the box. So, 
its wave function  is 0 for   0    . Now, the task is to find the value of  within the 
box. 

Schrodinger’s time independent wave equation in one dimension is given by 

      0      ------ (1) 

Since V = 0 between the walls, the eqn (1) reduces to  
 

     0       ------ (2) 

 Put       in eqn (2), we get 

   0        ------- (3) 

 The general solution of eqn (3) is given by  

                ------- (4) 

Here, A and B are two unknown constants. The values of the constants A and B are determined by 
applying the boundary conditions.  

Boundary condition (i)      
Applying this condition to eqn (4), we have  
  0   0 0       (Since sin 0 =0 and cos 0 = 1) 
  0 
Boundary condition (ii)      

Applying this condition to eqn (4), we have  

  0          

  0           (Since B =0) 

  It is found that either A = 0 or sin sin ka = 0. A cannot be zero since already one of the constants 
B is 0. If A is also 0, then the wave function is zero even in between walls of the box. Hence, A 
should not be 0.  

Therefore 0 

     0               

 
  Where n is positive integer 1, 2, 3, ……. 

                       -------(5) 

  On squaring eqn (5), we have 
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                    ------- (6) 

  We know that     =     

            -------- (7) 

  Equating eqn (6) and (7), we have 

      =   

 Energy of the particle is given by   
2 2

8    2       --------- (8) 

    5     4 ,    

                   --------- (9) 

 

Each value of    is known as Eigen value and the corresponding  is called as Eigen function.

  

Normalization of wave function 

  The constant A is determined by normalization of wave function as follows. 

 Probability density is given by  

  We known that        

          .          
 [ Since the wave function is real    ] 

        2 2               -------- (10) 

It is certain that the particle is somewhere inside the box. Thus, the probability of finding the 

particle inside the box of length a is given by     1     -------- 

(11) 

        10     11 ,    

  2 2 1 

 2 1 2
2 1                (Since  sin   )  

2       12   2
0

 
0

1 



Engineering Physics – I (PH6151)   -   Question Bank with Answers 
 

Prepared by: Dr.M.Anbuchezhiyan  & Ms. S.Sowmiya               Page 71 
 

 

2 0
1
2 

sin 2
2

0

  1 

The second term of the integral becomes zero at both the limits 

2 0
1 

Thus,  1 or     

                ------- (12) 

On     12     9 ,    

    2             ------- (13) 

This expression is known as normalized Eigen function, the energy  and normalize wave function  

is shown in figure. 

 
 

Case (i) For n =1 

   
2

8    2     and       2       

Hence,  is maximum at exactly the middle of the box. 
 
Case (ii) For n =2  

    4 2

8    2     and       2 2       

Hence,  is maximum at quarter distance from either sides of the box. 
 
Case (iii) For n =3  

    9 2

8    2     and       2 3       
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Hence,  is maximum at exactly middle and one-sixth distance from either sides of the box.  
 

9. Discuss the construction, working and applications of Scanning Electron Microscope. Also 

mention its advantages and disadvantages. 

  It is an improved and latest model of electron microscope. It is used to produce an enlarged three 

dimensional image of a specimen of very small size even in the order of �.  

Principle:  

When the accelerated primary electrons strike he sample, it produces secondary electrons. 

These secondary electrons are collected by the electron detector which in turn gives a 3-d image of 

the sample. 

  Construction 

 The main parts of the scanning electron microscope are 

1. Electron gun 

2. Magnetic Condensing Lens 

3. Scanning coil 

4. Scintillator detector 

5. Photomultiplier 

6. CRO 

1. Electron gun: A high energy electron beam is produced by thermionic emission directly from 

heated tungsten filament. The electron beam is accelerated by the anode towards the specimen. 

2. Magnetic condensing Lens: the electron beam is converged or diverged by the lenses. These lenses 

are usually of magnetic type i.e., current carrying coils. The electron beam is focused at a very fine 

point on the target. 

3. Scanning coil: Scanning coil is arranged in between magnetic lens and sample. It is energized by 

time varying voltage produced by the scan generator. It produces a time varying magnetic field. 

This magnetic field deflects the electron beam in a raster pattern ( X and Y direction) and now the 

sample is scanned point by point. 
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4. Scintillator detector: It collects the secondary or scattered electrons from each point on scanning 

area of sample and converts into light signal. 

5. Photomultiplier: The light signal is converted into electrical signal and amplified by the 

photomultiplier tube. 

6. CRO: The amplified voltage is applied to the grid (brightness control) of the cathode ray tube. The 

final image is obtained in the CRT screen.  

Working:  

  The stream of electrons produced by the electron gun is incident on the sample after 

passing through the condensing lenses and scanning coils. They produce low energy secondary 

electrons. The Scintillator collects the secondary electrons and produces a large number of photons. 

The photons fall on the photo multiplier tube. The photo multiplier tube produces amplified electric 

signal corresponding to the photons incident on it.  

  The amplified electrical signal is fed into the brightness control of a cathode ray tube. 

The final image is obtained on the CRT which contains the topographical features of the surface of 

the specimen. 

Advantages: 

(i) It can be use to examine specimen of large thickness. 

(ii) It has large depth of focus. 

(iii)It can be used to get a three dimensional image of the object. 

(iv) Since the image can be directly viewed on the screen, structural details can be resolved in a 

precise manner. 
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(v) The magnification may be upto 3,00,000 times greater than that of the size of te object. 

Disadvantages: 

(i) The resolution of the image is limited to about 10-20nm, hence it is very poor. 

Applications: 

(i) It is used to study about viruses. Knowledge of their structures helps us to find the methods 

of their destruction. 

(ii) It is used to study about the bacteria in a detail manner.  

(iii) It is used to find the chemical composition of alloys, metals, semiconductor, etc. 

(iv) The surface structure or topography is studied easily with SEM. 

  

10. Explain the principle, construction, working and applications of Transmission Electron 

Microscope. Also mention its advantages and disadvantages. 

  It is an improved and latest model of electron microscope. It is used to produce an 

enlarged three dimensional image of a specimen by transmission of electron beam through the 

specimen.  

Principle: 

 Electrons are made o pass through the specimen and the image is collected on the 

fluorescent screen, either by using transmitted beam(bright field image) or diffracted beam(dark 

field image)  trough the specimen.  

Construction:  

 The essential parts of the transmission electron microscope are 

(i) Electron gun 

(ii) Magnetic condensing objective and projector lenses 

(iii) Fluorescent screen or Charge Coupled Device 

It consists of an electron gun to produce electrons. Magnetic condensing lens is used to 

condense the electron beam. It is also used to adjust the size of the electron beam which falls on the 

specimen. The magnetic objective lens is used to block the high angle diffracted beam. The 

specimen is kept in between the, magnetic condensing and magnetic objective lens. 

Further an aperture is used to eliminate the diffracted beam (if any) and in turn increases the contrast 

of the image. The magnetic projector lens is placed before the fluorescent screen in order to achieve 

higher   magnification. The image is obtained on fluorescent screen or recorded by using a CCD.  
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Working: The electron beam produced by the electron gun is made to fall on the specimen using 

magnetic condensing lens. Based on the angle of incidence, the beam is partly transmitted and 

partly diffracted. Both transmitted and diffracted 

 
  beam are combined to form the image. The combined image is called phase contrast image. 

   In order to increase the contrast and intensity of the image, an amplitude contrast image 

has to be obtained. This can be achieved only by using transmitted beam and thus diffracted beam 

has to be eliminated.  The resultant beam is passed through the magnetic objective lens and 

aperture.  The aperture is adjusted in such a way that the diffracted beam is eliminated. 

   Thus, the final image obtained due to transmitted beam alone is passed through the 

projector lens for further magnification. The magnified image is projected on fluorescent screen or 

recorded in CCD. This high contrast image is called bight field image. This bright field image is 

obtained purely due to transmitted beam.  

 Advantages: 

(i) The resolution and magnification of image is very high which cannot be obtained in optical 

microscope. 

(ii) The focal length of the lens can be changed by simply changing the current through the 

electromagnet. 

(iii) Different types of images and processing of images are possible. 
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Limitations 

(i) In TEM, the materials require difficult sample preparation. We need to produce a sample 

thin enough to be electron transparency. 

(ii) Structure of the sample may be changed during the preparation. 

(iii) It is a time consuming process. 

(iv) The region of analysis on sample is too small and may not be characteristic for the whole 

sample. 

(v) The sample may be damaged by the electron beam particularly in case of biological samples. 

        Applications 

i. The main application of TEM is in Nano-sciences. It is used to find the internal structure of 

nano-materials. 

ii. It is used to find the 2-d images of very small biological cells, virus, bacteria, etc. 

iii. It is used in thin film technology, metallurgy, bio-chemistry, micro-biology etc. 

iv. It is used to study the composition of paints, papers, fibers, composite materials, alloys, etc. 
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UNIT IV –ACOUSTICS AND ULTRASONICS 

PART -A 

1.How to classify sound based on frequency. 

  Sound waves are classified into three types on the basis of frequency 

¾ Infrasonic (below 20hz) 

¾ Audible sound (between 20 hz to 20,000 hz) 

¾ Ultrasonics (greater than 20,000hz) 

 

2.Distinguish between loudness and intensity of sound. 

 

Loudness Intensity 

it is the degree of sensation produced in the 

ear. 

it is the energy of sound waves crossing per 

unit time through a unit area at right angles 

to the direction of propagation.  

it is a physiological quantity. it is purely a physical quantity. 

it is difficult to measure. it can be easily and accurately measured. 

 

3.What is absorption coefficient? mention its unit. 

 

 It is the ratio of sound energy absorbed by the surface to that of the total sound energy 

incident on the surface. its unit is open window unit (owu).  

           
          . 

4.Define sound intensity level and write its unit. 

 Sound intensity level is obtained by comparing the intensity of the sound i with standard zero 

level sound intensity i0. is taken to be 10-12 watt m-2 at 1000 hz. Unit for sound intensity 

level is decibel. 

  Sound intensity level in decibel = 10   

5. State weber-Fechner law. 

           The loudness produced is directly proportional to the logarithm of sound intensity. 

                           l α log i  l= k log i 

        where; l is loudness, i is intensity and k is a constant which depends on the quality of         

sound, sensitiveness of the ear, etc. 
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6.Calculate the increase in acoustic intensity level when the sound intensity is doubled. 

  given : sound intensity ratio  2 

  sound intensity level   β = 10   sound intensity level   β = 3.01 db.   

7.Define reverberation and reverberation time of an auditorium.       

 reverberation is defined as the persistence of sound even after the source is cut off. 

 it is the time taken for sound to decrease to one millionth of its initial value after source has 

been cutoff. 

8.A cinema theatre has a volume of 7500m3. what should be the total absorption in the 

theatre if the reverberation time of 1.5 seconds is to be maintained? 

  0.167 ∑  

  0.167   

  0.167   75001.5  

 835  . 

9. A hall of volume 1000m3 has a sound absorbing surface of area 400m2. if the average 

absorption co-efficient of a hall is 0.2, what is the reverberation time of the hall?       

     0.167 ∑  

  0.167   10000.2   400  

 2.0875  . 
10. What are the requisites for a good auditorium? 

i. Sound should be sufficient loud and intelligible in every part of the auditorium. 

ii. Sound of each syllable should decay soon so that the succeeding sound syllable may    

be heard  distinctly. 

iii. There should not be any undesirable focusing of sound in any part of the hall. there             

should not be any zone of silence or regions of poor audibility anywhere inside the 

hall. 

iv. Resonance should be avoided and noises should be reduced. 

v. Echoes should be avoided by covering the walls and ceilings with suitable absorbant    

materials. 
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11. A hall has a volume of 12,500 m3 and reverberation time is 1.5 sec.  if 200 cushioned 

chairs    are additionally place in the hall what will be the new reverberation time of 

the hall. the absorption of each chair is 1.0 o.w.u. 

reverberation time       .  
∑  

(i) before adding cushioned chairs 

               reverberation time    .  
∑  

  0.167   125001.5  

 1391.66  . .  

(ii) after adding cushioned chairs 

              reverberation time    .  
∑  

  0.167   125001391.66 200 

 1.311  . 
        the new reverberation time after adding the cushions chairs = 1.311s. 

12. A volume of the hall is 475 m3. the area of wall is 200m2, area of floor and ceiling each 

of 100m2. if absorption coefficient of the wall,ceiling and floor are 0.025,0.02 and 0.55 

respectively. calculate the reverberation time for the hall. 

  0.167 
∑    

  0.167   475
200   0.025 100  0.02 100  0.55   

1.279  . 
13. How to control reverberation in a hall. 

i. by providing windows and ventilators. 

ii. decorating the walls by pictures and maps. 

iii. using heavy curtains with folds. 

iv. having full capacity of audience. 

v. by covering the floor with carpets. 

14. Mention the properties of ultrasonics. 

i. Ultrasonic waves have very high energy content. 

ii. Just like ordinary sound waves, they get reflected, refracted and absorbed. 

iii. They can travel over long distances without much loss of energy. 
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iv. It produces heating effect. 

v. When ultrasonics is passed through a liquid, it produces stationary wave pattern and     

makes  the liquid to behave as an acoustical grating element. 

 

15. Can we use copper rod in magnetostriction generator. why? 

    No, copper rod cannot be used to produce ultrasonic in magnetostriction generator, 

because   it is not a ferromagnetic material. 

16. What are the differences in the quality of ultrasonic waves generated by piezo and                     

Magnetostriction methods? 

s.no Piezo electric method Magnetostriction method 
1. It generates very high frequencies (500 

mhz) 
It generates low frequency ultrasonic 
waves (3 mhz) 

2. We can obtain constant frequency of 
ultrasonic waves.  

We cannot obtain constant frequency of 
ultrasonic waves. 

3. The peak of resonance curve in narrow. The peak of resonance curve is broad. 

4. Frequency of oscillation is independent of 
temperature. 

Frequency of oscillation depends on 
temperature. 

 

17. Why not ultrasonics be produced by passing high frequency alternating current     

through a   loud speaker? 

 Ultrasonic cannot be produced by passing high frequency alternating current through 

loudspeaker due to following reasons. 

¾ loudspeaker cannot vibrate at such high frequency. 

¾ inductance of the speaker coil becomes so high and practically no current flows 

through it.  

 

18. Are ultrasonic wave’s electromagnetic waves. Give proper reason to your answer. 

       Ultrasonic waves are not electromagnetic waves because they are sound waves, which do 

not consist electric and magnetic vectors as in electromagnetic waves. 

 

19. What is the principle of A-Scan display in ultrasonics? 

It is based on the principle of reflection of ultrasound (echo) at the interfaces. In this mode the 

reflected echoes are displayed as vertical spikes along a horizontal base line of oscilloscope. The 

height of the vertical spikes corresponds to the strength of the echo. The position of the spikes 

along the horizontal axis gives depth of the flaw from the probe. 
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20. What is the difference between pulse echo reflection mode and transmission mode? 

S.no         Reflection mode     Transmission mode 

1. Only one side of the specimen is required 

for testing. 

Both the sides of the specimen is required  

for testing. 

2.  The specimen may be of any shape (sides 

of the walls need not be parallel). 

Both the sides of the walls need to be 

parallel. 

3. Single probe is used for transmission and 

reflection. 

Separate probes are used for transmission 

and reflection. 

 

PART B 

1.Derive Sabine’s formula for the reverberation time of a hall. Explain the growth and 

decay of sound energy. 

The relation connecting the reverberation time with volume of the hall, the area and 

absorption coefficients known as sabine’s formula. 

 Assumptions 

(i) distribution of sound energy is uniform throughout the hall 

(ii) There is interference between the sound waves. 

(iii)The absorption coefficient is independent of sound intensity. 

(iv) The rate of emission of sound energy from the source is constant. 

 

     Let us consider small element ds' on a plane wall AB. Assume that this element ds receives the     

sound energy 'E'. 

 

     Let us draw two concentric circles of radii or' and r+dr from the centre point '0' of ds.      

Consider   a small shaded portion lying in between the two semi circles drawn at an angle 

sand s + d s, with the normal to ds as shown in fig.  

      Let 'dr' be the radial length and 'rdθ' be the arc length. Then 

 

                Area of the shaded portion = rdθ .dr        ................................ (1)  

 

If the whole figure is rotated about the normal through an angle 'dø ',then it is evident that 

the area of the shaded portion travels through a small distance say dx. 

                            dx = r sin θ .dø  --------------- (2) 
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   Volume traced by the shaded portion is  

                             dv = Area x distance 

   Substituting eqn. (1) and (2) we have 

                              dv = rdθ .dr x r sin θ .dø 

                                                  
 

                 (i.e.)                              dv = r2 sin θ dr dθ dø  

     The sound energy present in the volume 

            dv = Ex volume  

                 = E x r2 sin θ dr dθ dø  

This sound energy will travel through the element in all directions. 

Therefore, the sound energy present in the volume dv per unit solid angle is 

=   E  r
2 sin θ dr dθ dø 

4   

In this case solid angle subtended by the area ‘ds’ at this element of volume ‘dv’is dω =  

cos  

                                                                 dω =     cos  
2  

 Hence the sound energy traveling from the element towards ‘ds’  

                                                                      =   
E             ø        ........... (3)  

To find the total energy received by the element ‘ds’ per second, we have to integrate the 

equation (3). 

        It is obvious from the geometry of the figure that,  

                                   ø changes from 0 to 2π 

                                     θ changes from 0 to π /2 

                                     r changes from 0 to v  
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  Therefore energy received per second by  

ds        = . sin θ  cos dr dθ  dø    

          = .  2  sin θ  cos  dθ  

          =   .   sin θ  cos  dθ  

          =   .   2 sin θ  cos  dθ  

          = .    sin2θ  dθ  

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

Let ‘a’ be the absorption coefficient of the area ds.  

Energy absorbed by the ds in unit time =    

Total rate of energy absorption is = =     ---------------- (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 =∑    

      Growth and decay of sound energy 

               If ‘p’ is the power output, then we can write  

                  Rate of emission of sound energy ie, power output p =  
Here Em is the maximum energy from the source that is nothing but maximum energy 

which incident on the wall    Em  =   ----------------- (6) 

                                                         v is the volume of the hall. 

         We know the total energy at any instant  ’t ’ = Ev 

         Therefore, the rate of growth in energy =  (Ev) = v                 ..............(7) 

 At any instant  

Rate of growth of energy = Rate of supply of energy      –    rate of absorption of energy by 

the wall  from the source power output      energy  by the wall 

From eqn. (5) and eqn. (7) we can write 

V            

           1
4  

Let α =   
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                α-αE 

            αE =    α 

Multiplying by  on both sides we have  
            αE   = 4  /       

Intergrating and solving we get 

E  =     +k    --------------(8) 

Where k is a constant of integration 

Growth of sound Energy 

Initially during the growth the boundary conditions are   at t=0 ; E = 0 eqn.(8) becomes 

0 =   1 +k 

K = -     

Substituting the vaule of k in equation in (8) 

E  =      -     

Since from equation (6) 

     We can write  

E       1  

Dividing by  throughout, we get 

E   1   ---------- (9) 

 -  maximum sound energy 

Decay of sound energy 

Boundary conditions are At t = 0  ; E =  

At E =    ; the sound energy from the source is cut off 

Therefore the rate of emission of sound energy from the source  = 0  

From equation (8)  = 0+k 

K =  

Substituting the value of k for decay in equation (8) 

E  =      +  

Since P= 0 

E=    -------- -(10) 
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Reverberation time (T) 

According to Sabine the reverberation time is defined as the time taken by a sound to fall 

one millionth of its initial value, when the source sound is cut off. 

E =  

Equation (10) becomes     

10  =     

log 10                                                       -------- (11) 

We know                                      α =                                      -------- (12) 

Substituting equation (12) in equation equation (11) 

.T= 6 x 2.303 

T =   .  

T =   .  
    

T =  .  
∑                                                        -------- (13) 

∑  =        

Equ (13) is called as Sabine’s Reverberation formula. 

Reverberation time, which depends upon the factor 

(I) Volume of the hall(V) 

(II) Surface area (S) 

(III) Absorption coefficient (A) of the materials kept inside the hall. 

 

2. i) Explain the various factors affecting the architectural acoustics of a building and 

their remedies. 

 

The various factors affecting the acoustic of building such as 

1. Optimum reverberation time  

2. Loudness 

3. Focusing     

4. Echoes 

5. Echelon effect     

6. Resonance 

7. Noises  



Engineering Physics – I (PH6151)   -   Question Bank with Answers 
 

Prepared by: Dr.K.Thirupathi  & Ms. D.Praveena               Page 86 
 

1. REVERBERATION TIME  

Reverberation is the persistence or prolongation of sound in a hall even after the 

source stopped emitting sound. The reverberation time is taken by the sound to fall below 

the minimum audibility level. 

In order to have good acoustic effect, the reverberation time has to be maintained at 

optimum value. The reason is, if the reverberation time is too small, the loudness becomes 

inadequate. as a result the sound may not reach to the listener. Thus, this gives the hall a 

dead effect. On the other hand, if the reverberation time is too long, it will lead to more 

confusion due to mixing of different style. Hence to maintain good effect reverberation time 

should be maintained. 

Remedies the reverberation time can be maintained at an optimum value by adopting the 

following ways: 

a. By providing windows and openings. 

b. By having full capacity of audience in the hall or room. 

c. By using heavy curtains with folds. 

d. By decorating the walls by beautiful pictures, maps, etc.  

e. By covering floor with carpets. 

f. By covering the ceiling and walls with good sound- absorbing materials like felt, 

fibre board, false roofing, etc. the reverberation time depends on the size of the hall 

and the quantity of sound. Thus, the reverberation time can be controlled either by 

inserting or removing sound-absorbing material in a hall or room. 

2. LOUDNESS  

The uniform distribution of loudness in a hall or a room is an important factor for satisfactory 

hearing. Sometimes, the loudness may get reduced due to excess of sound- absorbing 

materials in a hall or a room. Remedies 

 If the loudness of sound is not adequate, the loudness can be increased by adopting the 

following methods.  

a. By using suitable absorbents at place where noise is high. as a result, the distribution of 

loudness may become uniform.  

b. By constructing low ceiling for the reflection of sound towards the listener. 

c. By using large sounding boards behind the speaker and facing the audience. 

d. By using public address system like loudspeakers. 

 

3. FOCUSING AND INTERFERENCE EFFECTS  
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The presence of any concave surface or any other curved surface in the hall or room may 

make the sound to be concentrated at this focus region. As a result, the sound may not be heard at 

all at other regions. The sounds may not be heard at all at other regions. These regions are 

referred as dead space. Hence, such surfaces must be avoided. In addition to focusing there 

should not be interference of direct and reflected waves. This is because, a constructive 

interference may produce a sound of maximum intensity in some places and a destructive 

interference may produce a sound of minimum intensity in other places. Thus, there will be an 

uneven distribution of sound intensity.  

Remedy 

a. Curved surface can be avoided, if curved surface are present, they should be 

covered with suitable sound absorbing material. 

 
4. ECHO 

An echo is heard due to reflection of sound from a disaster sound- reflecting object. If the time 

intervel between the direct sound and reflected sound is less than 0.066 seconds, the reflected 

sound is helpful in increasing the loudness. But, those sounds arriving later then this cause 

confusion.  

5. ECHLEON EFFECT 

It refers to the generation of a new separate sound due to multiple echoes. A set of railings or any 

regular reflecting surface is said to produce the echelon effect. 

Remedy 

a. An echo can be avoided by covering a long distance walls and high ceiling with suitable sound 

absorbing material.  

6. RESONANCE 

Resonance occurs due to the matching of frequency. 

 If the window panels and sections of wooden portions have not been tightly fitted, they may start 

vibrating, thereby creating an extra sound in addition to the sound produced in the hall or room. 

 Remedy  

a.  The resonance may be avoided by fixing the window panels properly. 

b. Any other vibrating object which may produce resonance ban be placed over a suitable 

sound absorbing 
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 NOISE  

The unwanted sound is called a noise. The hall or room should be properly insulated from 

external and internal noise. In general, there are three types of noises:  

1. air-borne noise,  

2. structure-borne noise,  

3. inside noise.  

AIR-BORNE NOISE  

Extraneous noise which are coming from outside through open windows, doors and 

ventilators are known as air-borne noise. The air-borne noise can be avoided by following the 

remedies mentioned. 

 Remedies  

a. The hall or room can be made air conditioned. 

b. By using doors and windows with separate frames with proper sound insulating material.  

STRUCTURE-BORNE NOISE 

 The noise which is conveyed through the structure of the building is called structure-borne 

noise. The structural vibration may occur due to street traffic, operation of heavy machines, 

etc. 

 Remedies  

a. This noise can be eliminating by using double walls with air space between them.  

b. By using anti-vibration mounts this type of noise can be reduced.  

c. By covering the floor and wall with proper sound-absorbing material this noise can be 

eliminated.  

INSIDE NOISE  

The noise which is produced inside the hall or room is called inside noise. the inside 

noise may be produced due to machineries like air conditioners, generators, fans, 

typewriters, etc. 

Remedies  

1. The sound producing machineries can be placed over sound absorbing materials like 

carpet, pads, wood, felt, etc. 

 2. By using curtains of sound absorbing materials.  

3. By covering the floor, wall and ceiling with sound absorbing materials. 

ii) Derive the expression for absorption co-efficient. 
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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.  

Consider a sample for which the absorption coefficient (am) 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=   0.167 ∑        -------- (1) 

Where Total absorption = ∑  =a1s1+a2s2+….. 

For case (ii) (i.e) including the sample  T1=    0.167 
∑    --------- (2) 

Where am = absorption coefficient of the material to be found 

sm = surface area of the material 

Therefore from equ (1) we have ∑     0.167 
1
        -------- (3) 

From equ (2) we have   ∑  =   0.167 
2

     -------- (4)  

Substracting equ (3) from equ (4) we have 

 = 0.167 V  

 = .  

 

3.Ii)  What is magnetostriction effect? Explain how ultrasonic waves can be produced 

by magnetostriction oscillator. Also mention its advantages, disadvantages and 

applications. 

 Principle: When an alternating magnetic field is applied to a rod of ferromagnetic 

material such as nickel, iron , cobalt , then the rod is thrown into longitudinal vibrations 

producing ultrasonic waves at resonance. 

Construction:  

The magnetostriction generator consists of a ferromagnetic rod clamped at the 

centre. The two ends of the rod are wound by coils l1 and l2. The coil l1 is connected to 

the collector output of the transistor and the coil l2 is connected to the base of the 
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transistor as shown. The frequency of the oscillatory circuit can be adjusted by the 

capacitor c1 connected across the coil l1. a battery is connected in the circuit that acts as a 

source. 

 
Working:  

The battery is switched on and oscillating current is produced by the collector of the 

transistor. This current is passed through the coil l1 which magnetizes the ferromagnetic 

rod. The magnetization changes due to the oscillating current from collector and the rod 

begins to vibrate. This is due to magnetostriction effect produced on the ferromagnetic 

rod.  

The magnetization of rod causes an induced emf in the neighboring coil l2 due to mutual 

induction and the induced current is given to the base of transistor as positive feedback. 

Hence the oscillations are sustained without being damped. Now the rod is capable of 

vibrating with its natural frequency. Resonance condition:  

when the frequency of oscillatory circuit is adjusted with the help of capacitor to match 

the natural frequency of the rod, then resonant condition is said to have been achieved 

and ultrasonic waves are produced from the two ends of the rod. 

Condition for resonance 

Frequency of the oscillatory circuit = frequency of the vibrating rod 

1
2 √   12  

Where ‘l’ is the length of the rod 

         ‘y’ is the young’s modulus of the rod  

          ′ ′ is the density of the rod 

Merits:  

1. the oscillatory circuit is easy to construct. 

2. The experiment is inexpensive 

3. It can produce frequency up to 3 MHz 

Demerits:  
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1. it cannot produce frequency above 3 MHz. 

2. it cannot produce a stable frequency at the output 

3. as frequency is inversely proportional to length of rod, frequency cannot be increased as 

length of rod cannot be reduced. 

ii) A nickel rod is used to produce ultrasonic waves of frequency f if ultrasonic waves with      

frequency 2f are to be produced what should be the length of the nickel rod? 

         The length of the rod decreases to half of its original length. 

 

4. What is piezo electric effect? Describe the production of ultrasonic waves by piezo 

electric oscillator method. Discuss its advantages, disadvantages and applications. 

 

Piezoelectric effect:  

When crystals like quartz or tourmaline are stressed along any pair of opposite faces, electric 

charges of opposite polarity are induced in the opposite faces perpendicular to the stress. This 

is known as piezoelectric effect. 

Inverse piezoelectric effect:  

When an alternating e.m.f is applied to the opposite faces of a quartz or tourmaline crystal it 

undergoes contraction and expansion alternatively in the perpendicular direction. This is known as 

inverse piezoelectric effect. This is made use of in the piezoelectric generator. 

Piezoelectric generator: 
 

A slab of piezoelectric crystal is taken and using this parallel plate capacitor is made. 

Then with other electronic components an electronic oscillator is designed to produce electrical 

oscillations > 20 kHz. Generally one can generate ultrasonic waves of the order of MHz using 

piezoelectric generators. Quartz slabs are preferred because it possesses rare physical and 

chemical properties. a typical circuit diagram is given below. 
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The tank circuit has a variable capacitor 'c' and an inductor 'l' which decides the frequency of the 

electrical oscillations. When the circuit is closed current rushes through the tank circuit and the 

capacitor is charged, after fully charged no current passes through the same. Then the capacitor 

starts discharging through the inductor and hence the electric energy is in the form of electric and 

magnetic fields associated with the capacitor and the inductor respectively. Thus we get electrical 

oscillations in the tank circuit and with the help of the other electronic components including a 

transistor, electrical oscillations are produced continuously. This is fed to the secondary circuit and 

the piezoelectric crystal (in our case a slab of suitably cut quartz crystal) vibrates, as it is 

continuously subjected to varying (alternating) electric field, and produces sound waves. When the 

frequency of electrical oscillations is in the ultrasonic range then ultrasonic waves are generated. 

When the frequency of oscillation is matched with the natural frequency of the piezoelectric slab 

then it will vibrate with maximum amplitude.  

Condition for resonance 

Frequency of the oscillatory circuit = frequency of the vibrating crystal 

√    

Where ‘l’ is the length of the rod 

         ‘y’ is the young’s modulus of the rod  

          ′ ′ is the density of the rod 

           p= 1, 2, 3 ----etc. for fundamental, first overtone, second overtone etc, respectively. 

Advantages  

¾ It is more efficient than magnetostriction oscillator. 

¾ Ultrasonic frequencies as high as 5x108 hertz (500 mhz) can be obtained with this 

oscillator. 

¾ This oscillator is not affected by temperature and humidity. 

Demerits 

¾ The cost of piezo electric quartz is very high. 

¾  Cutting and shaping of quartz crystal are very complex. 

5. i) Calculate the velocity of ultrasonic waves in a liquid in an acoustic grating  experiment 

using  the following data.  

Wavelength of light used = 600 nm.  

Frequency of ultrasonic waves =100 MHz. 

Angle of diffraction for first order diffracted beam = 5°. 
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                                                       1376  / . 
 

ii) A quartz crystal of thickness 0.005 m is vibrating at resonance. Calculate the 

fundamental and first overtone frequency, given the young’s modulus for quartz as 

7.9x1010 n/m2 and density of quartz 2650 kg/m3. 

  2  

For fundamental overtone (p = 1)       .
.      

546   kHz. 

For first overtone (p = 2)        .
.      

 1092 kHz. 

iii) Longitudinal stationary waves are setup in a quartz plate with antinodes at opposite 

faces. the fundamental frequency of vibration is given by the relation f= 2.87x103/t., 

where f is in Hz and t is the thickness of the plate in m. calculate the young’s modulus of 

the quartz plate and the thickness of the plate required for a frequency of 1200 kHz. The 

density of quartz is 2660 kg/m3
. 

  12  

  Given:     .   .       5.74   10  

87.64   

Thickness of a plate required for a frequency of 1200 kHz. 

                  5.74   10     t = 2.39 mm. 

 

6. What is acoustic grating? How it is used to find the velocity of ultrasonic waves in liquid 

medium? 

 When ultrasonic waves are passed through a liquid, the density of the liquid varies layer 

by layer due to the variation in pressure and hence the liquid will act as a diffraction grating, so 

called acoustic grating. Under this condition, when a monochromatic source of light is passed 
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through the acoustical grating, the light gets diffracted. Then, by using the condition for 

diffraction, the velocity of ultrasonic waves can be determined. 

 

Construction & Working:  

The liquid is taken in a glass cell. The Piezo-electric crystal is fixed at one side of the 

wall inside the cell and ultrasonic waves are generated. The waves travelling from the crystal get 

reflected by the reflector placed at the opposite wall. The reflected waves get superimposed with 

the incident waves producing longitudinal standing wave pattern called acoustic grating.  

If light from a laser source such as He-Ne or diode laser is allowed to pass through the liquid in a 

direction perpendicular to the grating, diffraction takes place and one can observe the higher 

order diffraction patterns on the screen. The angle between the direct ray and the diffracted rays 

of different orders (θn) can be calculated easily.  

 

 

  

 

 

 

According to the theory of diffraction,  

d sin θ = n λ                                   -----(1)  

d – Distance between any two successive nodes or antinodes of stationary waves 

n – Order of diffraction 

λ – Wavelength of the monochromatic light used 

θn – Angle of diffraction for nth order 

where n = 0, 1, 2, 3, … is the order of diffraction, λ is the wavelength of light used and d is the 

distance between two adjacent nodal or anti-nodal planes.  

 Let λm  be the wavelength of ultrasonic waves in the liquid medium, then 

                                                        2d = λm 

                                                           d = λm/2                                   ------- (2) 

 From equation 1 and 2, we have 
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                                                          (λm/2)sinθn = nλ 

                                  λm=  2nλ/ sinθn                                        .......(3)  

Knowing the wavelength of monochromatic light and measuring θn the wavelength of ultrasonic 

waves in a given liquid medium is calculated. 

 

 

 

 

 

 

Velocity of ultrasonic waves   ν is known, then the velocity of ultrasonic waves in the liquid is 

found from the relation.                                  v = νλm                                   --------- (4) 

    From equation 3 and 4, we have  v = 2nλν/sinθn  

Experimental Arrangements 

     In an ultrasonic cell (Fig.), the liquid under study is taken. Ultrasonic transducer is fixed at 

one side of wall inside the cell and ultrasonic waves are generated. The sound waves travelling 

from the transducer get reflected from the opposite wall and standing wave pattern is produced. 

Thus, acoustical grating is formed. 

     The light from diode laser is passed to pass through the liquid in a direction perpendicular to 

the acoustic grating. Now, the light gets diffracted and diffracted image can be seen on the 

screen. The diffraction angles for different orders are measured by using the distance of 

diffracted beams from the central beam. 

       

   

 

 

 

 

 
d 

d

λm 
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              Using the given formula, the wavelength and velocity of ultrasonic waves in the liquid are                

calculated     Wavelength  λm = 2nλ/sinθn  

Velocity             v = 2nλν/sinθn  

7. Explain the process of Non-destructive testing of materials using ultrasonic waves by  pulse 

echo method. 

It is a method of testing a material without destructing or damaging the material. In this method, 

radiations like X-rays or ultrasonic is passed through the material. 

Basic Principle 

 It is based on the principle of reflection of ultrasound (echo) at the interfaces. 

 The block diagram for the ultrasonic flaw detector is shown in the figure. It consists 

i) High frequency generator 

ii) Cathode Ray Oscilloscope (CRO) 

iii) Transmitting and receiving probes 

The ultrasonic flaw detector uses two separate probes, one for transmitting ultrasonic waves 

and other to receive them after passing through a specimen. 

 

 

 

 

 

Working 

 The high frequency generator excites the transmitting probe and it produces ultrasonic 

sound pulses. These sound pulses are sent into specimen.  They strike the upper surface of the 

specimen and produce a sharp pip (echo) at the left hand side of the CRO screen (Fig.).  The 

ultrasonic sound pulses passes through the different interfaces of the specimen. 

 If the specimen is the good without any defects, this sound wave strikes the bottom 

surface of the specimen and reflects back. This produces a pip on the right hand side of the CRO 

screen. Whenever a defect is present between top and bottom surface of the specimen, the most 

of the ultrasonic sound pulses strike this defect and they are reflected. The reflected sound pulses 
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from the defect reach the receiver probe earlier than back echo. This is indicated by a pip on the 

CRO screen in between left and right. 

  The time interval (t) between transmission and receprion of the sound signal after 

reflection is measured by using CRO. If the velocity (v) of sound waves in the specimen is known, then 

the depth of defect from the surface of the specimen (d) is determined by using the relation 

d =  

 The exact size and shape of the defect can be found by examining the specimen from all 

directions. During the testing both transmitting and receiving probes are moved on the surface of the 

specimen. The echo pattern appearing on the screen of CRO is studied. 

8. Describe the different modes of scanning used in ultrasonic imaging technique. 

 Information of pulse echo inspection is displayed on the ultrasonic imaging devices. 

 The type of ultrasonic imaging devices are classified depending on the type of display 

methods. They are 

i). A-Scan display 

ii). B-Scan display 

iii). C-Scan display 

A-Scan display 

 This is the simplest form of display. It gives only one dimensional information. A mode 

means amplitude modulation. In this mode the reflected echoes are displayed as vertical spikes 

along a horizontal base line of oscilloscope. 

 The height of the vertical spikes corresponds to the strength of the echo. The position of 

the spikes along the horizontal axis gives depth of the flaw from the probe. 

 

 

 

 

The depth of the flaw is determined by measuring the time interval between the spikes 

corresponding to incident pulse and echo pulse from the defect of the specimen. 
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Advantages: 

a) The size and location of the defect can be determined  

b) The velocity of ultrasonic wave in materials can be determined of known thickness of the 

specimen. 

c) Attenuation of sound in the materials can be studied. 

d) Thickness of the specimen can be measured by knowing the velocity of sound in the 

material. 

B-Scan 

 B-scan mode display gives a two-dimensional image. In this technique the transducer is 

moved on the surface of the specimen. The reflected echoes from various points are displayed as 

dots on the screen (Fig.). 

 

 

 

 

 The brightness and size of the dot depend on the intensity of the reflected echo pulses. 

Thus B-scan provides exact image of the internal structure of the specimen. 

Advantages: 

a) The depth and shape of the defect can be found by this method 

b) This method gives permanent record of the image of the defect 

Disadvantages: 

a) It is costlier than A-scan 

b) Actual size of the defect is not obtained in B-scan  

C-scan 

 In this type of display, the energy of the ultrasonic is adjusted such that the ultrasonic 

pulse can reach a particular depth from the surface of the specimen. The cross-section of the 

specimen at that depth is scanned. For this purpose the ultrasonic probe is connected to an X-Y 

plotter. It is moved over the surface of the specimen in either zigzag fashion or in closely placed 

parallel lines(Fig.) 
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The intensity of echo received from the section of the specimen is recorded as shading with 

spaces corresponding to defect regions. The position and cross-sectional area of the defects are 

obtained. The depth of the defect is not recorded in this method. 

 

 

 

 Advantages: 

a) The position and cross-sectional area of the defect are recorded 

b) It is an automatic method 

Disadvantages: 

a) The depth of the defect information cannot be determined  

b) It involves high cost compared to other types of scanning. 

9. What is sonogram? Describe the principle and working of sonogram. 

 A sonogram is a medical procedure that uses ultrasound waves to create a picture of something 

that is happening within a person’s body. This is a very common procedure in pregnancy, and is 

what produces the black-and-white fatal by using high frequency ultrasonic sound waves. 

Working  

Sonograms are nothing but recordings of movement of heart. The graphic record of the heart 

sound is called Phonocardiogram and the instrument used to measure the heart sounds is called 

phonocardiograph. Acoustic events of the heart can be divided into two categories ie., heart sounds 

and murmurs. Heart sounds have a transient character and are of short duration. Heart murmurs have 

a noisy characteristic and last for a longer time. In general, heart sounds are due to closing and 

opening of the valves, whereas the murmurs are due to the turbulent flow of blood in the heart and 

large vessels. Recording set-up A block diagram of the recording set up is shown in Fig.   
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The heart sounds are converted into electrical signals by means of a heart microphone 

fastened to the chest wall by an adhesive strip. The electrical signals from microphone are 

amplified by a phonocardiography preamplifier followed by suitable filters and recorder. 

Further, the electrodes are also placed on the limps to pick up the electrical activity of the heart 

and these signals are amplified and recorded. 

The Doppler ultrasonic methods provide diagnostic information about the motion of fetal 

heart, umbilical cord and placenta. The required apparatus consists of a transmitter which emits a 

continuous ultrasonic wave towards the fetal and a receiver which picks up the reflected waves 

(fig.) ultrasonic waves of frequency of about 2 MHz is used in this apparatus. A small amount of 

gel is placed between the probe and the abdominal wall to obtain good acoustic coupling. When 

a continuous ultrasonic wave of frequency f is incident upon the fetal heart the reflected wave 

will have a higher frequency f' if the feal heart is moving towards the source of sound and a 

lower frequency f' if the fetal heart moves away from the source of sound. The fetal heart is 

determined from the variations in the frequency. The variation of frequency is amplified and can 

be heared with a loud speaker or displayed in an oscilloscope. With this method the presence of 

blood flow in the fetus and mother can be determined. The blood flow in mothers blood vessels 

can be distinguished from that in the fetus due to differences in pulse rate. Different parts of the 

fetus can be examined, from the blood stream velocity in different parts of the fetus. 

10. Mention the medical applications of ulrasonics. 

 Medical applications Application of ultrasonics in medicine can be generally classified as  

A). Diagnostic  

B). Therapeutic.  

The more common of these at present is the diagnostic use of ultrasound, specifically 

biomedical-ultrasonics; medical-imaging; nonlinear-acoustics. Ultrasonic fields of sufficient 

amplitude can generate bio-effects in tissues. Although diagnostic ultrasound systems try to limit 

the potential for these effects, therapeutic levels of ultrasound have been used in medicine for a 

number of applications. Conventional therapeutic ultrasound is a commonly available technique 

used in physical therapy. High-frequency acoustic fields (typically 1 MHz) are applied through 

the skin to the affected area in either a continuous wave or long pulses. Extra-corporeal shock-

wave lithotripsy (ESWL) disintegrates kidney stones with a high-amplitude acoustic pulse 

passing through the skin of the patient. The procedure eliminates the need for extensive surgery. 
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Bio-effects are limited to the location of the stone by using highly focused fields which are 

targeted on the stone by imaging techniques such as ultrasound or fluoroscopy. 

Ultrasonic Cleaners in Medical & Dental Labs: 

Cannulae, Syringe Parts, Surgical Instruments, Blood Oxygenators, Dental Instruments, Burs, 

Dentures, Caps, Plates 
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UNIT V  

PHOTONICS AND FIBER OPTICS 

1. What are the characteristics of laser?  

¾ Mono chromaticity 

¾ Highly directional 

¾ Highly intense 

¾ Highly coherent. 

2. What is normal population, population inversion and metastable? 

Normal population- The state in which the number of atoms in the lower energy level greater 

than the higher energy level is called normal population. 

Population inversion – The state of achieving more number of atom in the higher energy level 

than lower energy level is called population inversion. 

Metastable-The state for which the life time is more than the excited i.e., it is more stable state, 

which lies between the excited state and the lower state. 

3. What are the conditions to achieve laser action? 

 The two important conditions required for lasing action are 

¾ Population inversion should be achieved. 

¾ Stimulated emission should be predominant over spontaneous emission. 

4. Compare the characteristics of laser with ordinary source of light. 

S.no Ordinary light source Laser source 
1. Light emitted is not 

monochromatic. 

Light emitted is highly 

monochromatic. 

2. Light emitted does not have high 

degree of coherence. 

It has high degree of coherence. 

3. Emits light in all direction ( not 

directional).  

Emits light in only one direction 

(directional).  

4. Light is less intense and less bright. Laser light is much intense and bright.  

 

5. Distinguish between spontaneous and stimulated emission 

S.no Spontaneous emission Stimulated emission 

1. Emission of light radiation is not 

triggered by external influence 

Induced emission of light radiations 

caused by incident photons. 



Engineering Physics – I (PH6151)   -   Question Bank with Answers 
 

Prepared by: Dr.K.Sarojini  & Ms. Nithya Balaji                Page 103 
 

2. Emitted photon travels in random 

directions. 

Emitted photon can made to travel in 

particular direction. 

3. Emitted photon cannot be controlled. Emitted photon can be controlled. 

4. This process is a key factor for ordinary 

light.  

This process is a key factor for laser 

operation.  

 

6. What is pumping? What are the different methods of pumping? 

¾ optical pumping- Nd-YAG 

¾ Electrical discharge- He-Ne laser 

¾ Direct conversion – semiconductor laser  

¾ Inelastic collisions between atoms. 

7. Can a two level system be used for production of Laser? Why? 

  No, two level system cannot be used for the production of laser, because for 

population inversion  to be achieved at least   three energy levels are required. 

8. What is the role of Nitrogen and Helium in CO2 laser?  

 In CO2 laser the nitrogen helps to increase the population of atoms in the upper level of CO2 

while the helium atoms depopulate the atoms in the lower level of CO2 and also to cool the 

discharge tube. 

9. What is the role of resonator in laser?  

An optical resonator consists of a pair of reflecting surfaces in which one is fully reflecting (R1) 

and the other is partially reflecting (R2). The active material is placed in between these two 

reflecting surfaces. The photons generated due to transitions between the energy states of active 

material are bounced back and forth between two reflecting surfaces. This will induce more and 

more stimulated transition leading to laser action.  

9. Calculate the wavelength of light emission from GaAs whose band gap is 1.44 eV. 

  Bandgap of GaAs is 1.44ev   Eg=  hν=  h    

λ =   

λ =  . X   X   X 
.     .      

λ = 8626Å 

       10. In a Laser action the energy of the stimulated photon is 39.62x10-20 J. What is the      

wavelength of the  stimulated photon. 
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λ
     6.625   10    3  10

39.6  10 5018.94  ° 

11. There is no spontaneous absorption why? 

 Absorption of radiation results in excitation of atom from lower energy level to higher 

energy level. This is possible only when external energy is given. This means that absorption 

can be only stimulated and not spontaneous. 

12. What are the conditions for Total Internal Reflection? 

¾ Light should travel from denser medium to rarer medium 

¾ Angle of incidence must be greater than critical angle   φ > φc 

¾ Refractive index of the core is greater than the refractive index of the cladding n1 > n2 

13. What are the uses of optical fibre?. 

     Optical fibres are used in both industries and medical field. 

1. Fibre optic endoscopes are used to find minor cracks, pores etc. in big machineries and 

also used tin medical diagnosis. 

2. They are used in coagulation in chemical industries and laboratories. 

3. It is also used to connect the monitoring station and remote sensor in industries. 

4. It is used to visualize the inner organs of the body. 

14. What is meant by fractional Index change? What is the relation between the fractional 

Index change and Numerical Aperture? 

 It is the ratio between refractive index difference between the core and cladding and the 

refractive index of the core.    Δ =    

15. Estimate the numerical aperture when the core refractive index is 1.48 relative 

refractive index is 2%. Also calculate the critical angle. 

 Given: Δ= 0.02 

Δ = ( n1-n2 )/n1 

∆ 1.48 0.02 1.48 1.4504 

16. Calculate the Numerical Aperture and acceptance angle of an Optical Fiber having      

n1 = 1.49 and n2 =1.44. 

  Numerical aperture =  √1.49 1.44   0.3828 

                             Acceptance angle =      sin sin 0.3828 22°30′ 
17. An Optical fiber has a Numerical aperture of 0.2 and a Cladding Refractive Index of 

1.59. Find the acceptance angle for the same fiber in water. The Refractive index of 

water is 1.33. 
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   Numerical aperature =  =   

     1.6975 

18. A signal of 100 mW is injected into a fiber. The outcoming signal from the other end is 

40mW. Find   the loss in dB. 

    10 log   dB 

= 10 log (40*10-3/100*10-3) 
P

L
=  -3.979dB 

 

 

 

20. What are active and passive sensors? 

 Active sensors: The physical parameter to be sensed directly acts on the fiber itself to 

produce   the  changes in the transmission characteristics. Examples: Temperature and 

pressure sensors. 

 Passive sensors: in passive sensors separate sensing element will be used and the fiber will 

act as a guiding media to the sensors. Examples: displacement sensor 

 

       PART B 

1. a) Derive the expression for the Einstein’s coefficient of spontaneous and stimulated   

emissions. 

 Principle of Spontaneous and Stimulated emission – Einstein’s Quantum theory of 

radiation  

  We know that, when light is absorbed by the atoms or molecules, then it goes from 

the  lower energy level (E1) to the higher energy level (E2) and during the transition from 

higher energy level (E2) to lower energy level (E1) the light is emitted from the atoms or 

molecules.  

 Let us consider an atom exposed to light photons of energy, three distinct processes take 

place. 

  a. Absorption  

  b. Spontaneous emission  

  c. Stimulated Emission 
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 Absorption:  

 An atom in the lower energy level or ground state energy level E1 absorbs the 

incident photon radiation of energy and goes to the higher energy level or excited level E2 

as shown in figure.  

 
 This process is called absorption  

  

 

 

Spontaneous emission:  

 The atom in the excited state returns to the ground state by emitting a photon of 

energy       E = (E2 –E1) = hÿ . Spontaneously without any external triggering as shown in 

the figure.  

 
This process is known as spontaneous emission. Such an emission is random and is 

independent of incident radiation.  

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.  
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Rate of absorption   Nab  α QN1 

     Nab =B12 QN1   -----------------  [1] 

 Rate of spontaneous emission  Nsp α  N2  

      Nsp = A21 N2       -------------------[2] 

 Rate of stimulated emission  Nst  α N2Q  

      Nst = B21N2Q -------------[3] 

The proportionality constant A12, B12 &B21 are known as Einstein’s Co-efficients A&B. 

 Under equilibrium condition, the number of upward and downward transition per second 

are equal.    i.e., Nsp + Nst  =  Nab 

substituting from the equations1,2,3 we have  

     A21 N2 + B21N2Q  =  B12 QN1  ---------------- [4]   

   Rearranging the equation 4, we have 

               [ B12 QN1- B21N2Q ] = A21 N2 

 Q = A21 N2/[ B12 N1- B21N2] ------------[5] 

Dividing the numerator and the denominator by B21N2, we have 

   Q = A21 N2/ B21N2  /[ B12 N1- B21N2]/ B21N2 

 Q = A21/ B21 *1/[ B12/ B21] N1/ N2 – 1----------[6] 

On substituting the values of  N1/ N2 = ehυ/kT -1 in eqn [6] 

 Q = A21/ B21 *1/[ B12/ B21]  ehυ/kT – 1 ---------------[7] 

The planck’s radiation formula for energy distribution is given by 

Q = (8πhγ3/c3) x (1/ehγ/kt -1) __________ [8] 

Comparing the equations [7] & [8]  

B12/ B21 =1 

B12 = B21 

And A21/ B21 = 8πhγ3/c3. 

Conclusion 

 Generally spontaneous emission is more predominant in the optical region (ordinary light). 

To increase the number of coherent photons stimulated emission should dominate over 

spontaneous emission. To achieve this, an artificial condition called population inversion is 

necessary. 

b. Calculate the relative population of Na atoms in sodium lamp state at a temperature of 250°C in 
the First excited state and ground state. 
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    λ  

 
  .             
        .          

 5.2770x10‐21 
 

2. Describe principle, construction and working of a Nd:YAG laser with neat diagram. 

Also mention its advantages, disadvantages and applications. 

Nd-YAG laser is a Neodymium based doped insulator laser. Nd stands for neodymium 

(rare earth element) and YAG stands for Yttrium Aluminum Garnet (Y3 Al5O12). It ia a four 

level solid state LASER. 

 

 

Principle 

 The active medium Nd-YAG rod which is taken in the form a crystal is optically 

pumped by krypton flash tube. Due to the optical pumping Nd3+ ions are raised to the excited 

levels.  During the transition from metastable to ground state, the laser beam of wavelength 

1.064µm is emitted. 

 
  The construction of Nd-YAG laser is shown in Fig. A small amount of yttrium ions is 

replaced by neodymium ions in the active element of Nd-YAG crystal. 

The active element Nd-YAG is cut into a cylindrical rod. The ends of the rod are highly 

polished and optically flat and parallel. The cylindrical rod (laser rod and a pumping source 

(Krypton flash tube) are kept inside an elliptical reflector cavity. The optical resonator is 

formed by using two external reflecting mirrors. One mirror (M1) is fully reflecting while the 

other mirror (M2) is partially reflecting. 

       Working 

The energy level Nd3+ ion in Nd-YAG laser is shown in fig. 
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1. When the krypton flash lamp is switched on, by the absorption of light radiation of wavelength 

0.73μm and 0.8μm, the Neodymium(Nd3+) atoms are raised from ground level E0 to upper levels E3 

and E4 (Pump bands).  

2. The Neodymium ions atoms make a transition from these energy levels E2 by non-radiative 

transition. E2 is a metastable state.  

3. The Neodymium ions are collected in the level E2 and the population inversion is achieved 

between E2 and E1.  

4. An ion makes a spontaneous transition from E2 to E1, emitting a photon of energy hγ. This 

emitted photon will trigger a chain of stimulated photons between E2 and E1.  

5. The photons thus generated travel back and forth between two mirrors and grow in strength. 

After some time, the photon number multiplies more rapidly.  

6. After enough strength is attained (condition for laser being satisfied), an intense laser light of 

wavelength 1.06μm is emitted through the partial reflector. It corresponds to the transition from E2 

to E1.  

Characteristics:  

1. Type: It is a four level solid state laser.  

2. Active medium: The active medium is Nd: YAG laser.  

3. Pumping method: Optical pumping is employed for pumping action.  

4. Pumping source: Xenon or Krypton flash tube is used as pumping source.  

5. Optical resonator: Two ends of Nd: YAG rod is polished with silver (one end is fully 

silvered and the other is partially silvered) are used as optical resonator.  

6. Power output: The power output is approximately 70 watt.  

7. Nature of output: The nature of output is pulsed or continuous beam of light.  

8. Wavelength of the output: The wavelength of the output beam is 1.06μm (infra-red)  

Advantages:  

1. It has high energy output.  
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2. It has very high repetition rate operation  

3. It is much easy to achieve population inversion.  

Disadvantages:  

The electron energy level structure of Nd3+ in YAG is complicated.  

Applications:  

1. It finds many applications in range finders and illuminators.  

2. It is widely used in engineering applications such as resistor, trimming scribing, micro 

machining operations as well as welding, drilling etc.  

3. It finds many medical applications such as endoscopy, urology, neurosurgery, ENT, 

gynecology, dermatology, dental surgery and general surgery  

 

 

 

b)    A laser source emits light at a wavelength of 632.8 nm and has an output power of     
2.3  mW.  How many photons are emitted in each minute by this laser when operating?  

 
 

Output power of the Laser E = 2.3 mW  
 
          Energy of the Photon = n x 6.62x10-34x3x108/632.8x10-9 

 
No of Photons emitted in each minute =       Output power/ Energy of the Photon 

   
No of Photons emitted in each minute n = (2.3 x10 -3x60) / ( (6.62x10-34x3x108/632.8x10-9)) 

     n = 4.3x1017 

 

3. (a) Describe the vibrational modes of CO2 molecule. 

       Symmetric stretching mode: In this mode of vibration, carbon atoms are at rest and 

both oxygen atoms vibrate simultaneously along the axis of the molecule departing or 

approaching the fixed carbon atoms.  

 
  Bending mode: In this mode of vibration, oxygen atoms and carbon atoms vibrate 

perpendicular to  molecular axis.  
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 Asymmetric stretching mode In this mode of vibration, oxygen atoms and carbon atoms 

vibrate asymmetrically, i.e., oxygen atoms move in one direction while carbon atoms in the 

other direction. 

 

 
(b) Describe the construction and working of CO2 laser with energy level diagram. Discuss 

its advantages,   

Principle:  

The active medium is a gas mixture of CO2, N2 and He. The laser transition takes place 

between the vibrational states of CO2 molecules

 
Construction:  

It consists of a quartz tube 5 m long and 2.5 cm in the diameter. This discharge tube is 

filled with gaseous mixture of CO2 (active medium), helium and nitrogen with suitable partial 

pressures. The terminals of the discharge tubes are connected to a D.C power supply. The ends 

of the discharge tube are fitted with NaCl Brewster windows so that the laser light generated 

will be polarized. Two concave mirrors one fully reflecting and the other partially form an 

optical resonator. 

When an electric discharge occurs in the gas, the electrons collide with nitrogen molecules 

and they are raised to excited states. This process is represented by the equation 

N2 + e* = N2* + e 

N2 = Nitrogen molecule in ground state 

e* = electron with kinetic energy 

N2* = nitrogen molecule in excited state 

e= same electron with lesser energy 



Engineering Physics – I (PH6151)   -   Question Bank with Answers 
 

Prepared by: Dr.K.Sarojini  & Ms. Nithya Balaji                Page 112 
 

Now N2 molecules in the excited state collide with CO2 atoms in ground state and excite to 

higher electronic, vibrational and rotational levels.  

This process is represented by the equation  

N2* + CO2 = CO2* + N2 

N2* = Nitrogen molecule in excited state. 

  CO2 = Carbon dioxide atoms in ground state 

CO2* = Carbon dioxide atoms in excited state 

     N2 = Nitrogen molecule in ground state. 

Since the excited level of nitrogen is very close to the E5 level of CO2 atom, population in 

E5 level increases. As soon as population inversion is reached, any of the spontaneously 

emitted photon will trigger laser action in the tube. There are two types of laser transition 

possible. 

I. Transition E5 to E4 : This will produce a laser beam of wavelength 10.6μm  

II. Transition E5 to E3 : This transition will produce a laser beam of wavelength 9.6μm. 

Normally 10.6μm transition is more intense than 9.6μm transition. The power output from this 

laser is 10kW.  

Characteristics:  

1. Type: It is a molecular gas laser.  

2. Active medium: A mixture of CO2 , N2 and helium or water vapour is used as active 

medium  

3. Pumping method: Electrical discharge method is used for Pumping action  

4. Optical resonator: Two concave mirrors form a resonant cavity  

5. Power output: The power output from this laser is about 10kW.  

6. Nature of output: The nature of output may be continuous wave or pulsed wave.  

7. Wavelength of output: The wavelength of output is 0.6μm and 10.6μm.  

Advantages:  

1. The construction of CO2 laser is simple  

2. The output of this laser is continuous.  

3. It has high efficiency  

4. It has very high output power.  

5. The output power can be increased by extending the length of the gas tube.  

Disadvantages:  

1. The contamination of oxygen by carbon monoxide will have some effect on laser action  

2. The operating temperature plays an important role in determining the output power of laser.  
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3. The corrosion may occur at the reflecting plates.  

4. Accidental exposure may damage our eyes, since it is invisible (infra red region) to our 

eyes.  

Applications:  

1. High power CO2 laser finds applications in material processing, welding, drilling, cutting 

soldering etc.  

2. The low atmospheric attenuation (10.6μm makes CO2 laser suitable for open air 

communication.  

3. It is used for remote sensing  

4. It is used for treatment of liver and lung diseases.  

5. It is mostly used in neuro surgery and general surgery.  

6. It is used to perform microsurgery and bloodless operations.  

 

4. (a)With suitable diagram explain how the laser action is achieved in homo junction and    

     Hetero junction  semiconductor  laser.  

 Homo – Junction laser: If a p-n junction is formed in a single crystalline material, then it 

is called as homo-junction laser. Example: single crystal of gallium Arsenide (Ga-As)  

 Hetero- Junction 

 If p-n junction is formed with different semiconducting materials, then it is known as 

Hetero- Junction laser. It is also called modern laser diode. Example: Hetero- Junction laser 

can be formed between Ga-As and Ga-Al-As.  

 Definition:  

 It is specifically fabricated p-n junction diode. This diode emits laser light when it is 

forward  biased.  

 Principle:  

   When a p-n junction diode is forward biased, the electrons from n – region 

and the holes from the p- region cross the junction and recombine with each other.  During 

the recombination process, the light radiation (photons) is released from a certain specified 

direct band gap semiconductors like Ga-As. This light radiation is known as recombination 

radiation. The photon emitted during recombination stimulates other electrons and holes to 

recombine. As a result, stimulated emission takes place which produces laser.  

    Construction:  

Figure shows the basic construction of semiconductor laser. The active medium is a 

p-n junction diode made from the single crystal of gallium arsenide. This crystal is cut in 
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the form of a platter having thickness of 0.5μmm. The platelet consists of two parts having 

an electron conductivity (n-type) and hole conductivity (p-type).  

The photon emission is stimulated in a very thin layer of PN junction (in order of few 

microns). The electrical voltage is applied to the crystal through the electrode fixed on the upper 

surface. The end faces of the junction diode are well polished and parallel to each other. They act as an 

optical resonator through which the emitted light comes out. 

 
Working: 

 When the PN 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 a 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 recombine with each other and this recombination’s 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 recombination 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 8400 Å.  

The wavelength of laser light is given by 

  Eg = hυ  Eg =   λ    λ= 
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Where Eg is the band gap energy in joule.  

Characteristics: 

1. Type: It is a solid state semiconductor laser. 

2. Active medium: A PN junction diode made from single crystal of gallium arsenide is used 

as an active medium. 

3. Pumping method: The direct conversion method is used for pumping action 

4. Power output: The power output from this laser is 1mW. 

5. Nature of output: The nature of output is continuous wave or pulsed output. 

6. Wavelength of Output: gallium arsenide laser gives infrared radiation in the wavelength 

8300 to 8500Å 

Advantages: 

1. It is very small in dimension. The arrangement is simple and compact. 

2. It exhibits high efficiency. 

3. The laser output can be easily increased by controlling the junction current 

4. It is operated with lesser power than ruby and CO2 laser. 

5. It requires very little auxiliary equipment 

6. It can have a continuous wave output or pulsed output.  

Disadvantages: 

1. It is difficult to control the mode pattern and mode structure of laser. 

2. The output is usually from 5 degree to 15 degree i.e., laser beam has large divergence. 

3. The purity and mono chromacity are power than other types of laser 

4. Threshold current density is very large (400A/mm2). 

5. It has poor coherence and poor stability.  

Application: 

1. It is widely used in fiber optic communication 

2. It is used to heal the wounds by infrared radiation 
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3. It is also used as a pain killer 

4. It is used in laser printers and CD writing and reading. 

HETERO JUNCTION LASER  

A pn junction made up of the different materials in two regions ie., n type and p type is 

known as hetrojunction.  

Principle: When a PN junction diode is forward biased, the electrons from the n region and 

holes from the p region recombine with each other at the junction. During recombination 

process, light is released from certain specified direct band gap semiconductors.  

 
Construction:  

This laser consists of five layers as shown in the figure. A layer of Ga-As p – type (3rd 

layer) will act as the active region. This layer is sand witched between two layers having 

wider band gap viz GaAlAs-p – type (2nd layer) and GaAlAs-n- type (4th layer). The end 

faces of the junctions of 3rd and 4th layer are well polished and parallel to each other. They 

act as an optical resonator.  

Working:  

When the PN junction is forward biased, the electrons and holes are injected into the 

junction region. The region around the junction contains large amount of electrons in the 

conduction band and holes in the valence band. Thus the population inversion is achieved. At 

this stage, some of the injected charge carriers recombines and produce radiation in the form of 

light. When the forward biased voltage is increased, more and more light photons are emitted 

and the light intensity is more. These photons can trigger a chain of stimulated recombination’s 

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 and grow its strength. A coherent beam of laser having wavelength nearly 

8000 Åemerge out from the junction region. 

. Characteristics:  
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1.Type: It is a heterojunction semiconductor laser 

2.Active medium: PN junctions made from different layers. 

3.Pumping method: Direct conversion method 

4.Power output: The power output of laser beam is 1 mW 

5.Nature of the Output: Continuous wave form 

6. Wavelength of the output Nearly 8000 Å  

Advantages: 

1. It produces continuous wave output. 

2. The power output is very high. 

Disadvantages: 

1. It is very difficult to grow different layers of PN junction. 

2. The cost is very high. 

Applications: 

1. This type of laser is mostly used in optical applications 

2. It is widely used in computers, especially on CD-ROMs. 

 

5. a).Distinguish between homojunction and heterojunction Laser 

 

S.No Homojunction laser Heterojunction laser 
1. It is made up of a single crystalline 

material. 
It is made up of different crystalline 
material. 

2. Power output is low. Power output is high. 
3. Pulsed output (sometimes continuous). Continuous output. 
4. High threshold current. Low threshold current. 
5. Cost is less. Cost is more. 
6. Life time is less. Lifetime is more. 
7. Examples:  GaAs and InP Examples: InGaAs, InAlP 

   

b).Explain Industrial and Medical application of laser 

(i) It is used to drill some minute holes in cell walls of human body. 

(ii) It is used to treat cancer and tumor in human beings and animals. 

(iii)It is used for the treatment of detached retina. 

(iv) It is used to carry out microsurgery and bloodless operation. 

(v) It is used to shatter the kidney stones. 

(vi) It is used to cut the bones precisely. 



Engineering Physics – I (PH6151)   -   Question Bank with Answers 
 

Prepared by: Dr.K.Sarojini  & Ms. Nithya Balaji                Page 118 
 

6. a) Explain total internal reflection with suitable diagram. Derive the expression for  

Numerical aperture and Acceptance angle.  

The light launched inside the core at one end of the fiber propagates to the other 

end due to total internal reflection at the core and cladding interface. Total internal 

reflection at the fiber wall can occur only if two conditions are satisfied.  

 

The refractive index of the core material n1 must be higher than that of the cladding n2 

surrounding it. At the core – cladding interface, the angle of incidence (between the ray and 

normal to the interface) must be greater than the critical angle defined as  

 Sinθc = n2/n1 

Let the light ray travel from core of refractive index n1 to cladding of refractive index n2 

 n1 > n2. 

a) When i<θc,  it is refracted into rarer medium 

b) When i = θc,   , it traverses along the interface so that angle of refraction is 90° 

c) When i>θc, it is totally reflected back into the denser medium itself.  

When i = θc , then by Snell’s law,  

 n1 Sinθc = n2 Sin90° 

  Sinθc = n2/n1

 

Consider an optical fiber through which the light is being sent. The end at which light enters 

is called launching end. Let the refractive indices of the core and cladding be n1 and n2 respectively; 

n1> n2. Let the refractive index of the medium from which the light is launched be n0.  

Let the light ray enter at an angle θ0 to the axis of the fiber 
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         This incident ray is refracted along OB at an angle θ1 in the core.  The refracted ray 

falls on the interface of core and cladding at the critical angle of incidence [90- θ1] and it moves 

along BC. Any light ray which enters into the core at an angle of incidence less than θ0   have 

angle of refraction less than θ1.  Therefore, the angle of incidence [90- θ1] at the core-cladding 

interface is more than the critical angle of incidence.  Thus, the light ray is totally reflected back 

into the core. However, the light ray which enters at an angle of incidence greater than θ0 at O 

incident at B at an angle less than the critical angle.  Now the light is refracted into the cladding 

region and it is absorbed. 

  Let n1 and n2  be the refractive indices of the core and cladding and no  the refractive index of 

the surroundings.  Now,  applying Snell’s law of refraction at the point of incidence of the ray 

AO into the core, i.e., at O we have 

      noSinθo = n1Sin θ1     --------------- [1] 

 sinθo   = [n1/ n0] Sinθ1   

 Sinθo =[n1/ n0] √1 θ1] --------[2] 

                                                       θ θ 1 

   Sinθ1 = √1 θ1 

At the point B on the interface of core and cladding,  Angle of incidence θc = 90- θ1 

  Applying snell’s law of refraction again, we have 

n1Sin[90- θ1] = n2Sin 900 

n1Cos θ1 = n2 

Cos θ1 = n2/ n1              -------------- [3] 

Substituting  for  Cos θ1 from eqn.,[3] in eqn.,[2], we get,  

Sinθo =  n1/ n0   1  
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Sinθo = n1/ n0  

Sinθo = 
.

  

                              Sinθo = / n0       ------------    [4] 

                              θo = Sin-1 / n0   --------------[5] 

This angle θo is called as  acceptance angle. 

If the medium surrounding the fibre is air medium, then n0 = 1 

                                   θo = Sin-1               ------------[6]      

 

ACCEPTANCE ANGLE 

    The maximum angle θo at which a ray of light can enter through one end of the 

fibre and still be totally internally reflected is called acceptance angle of the fibre. Thus, the light 

that enters within a cone defined by acceptance angle is confined and guided.  This is the 

fundamental property of light propagation in a fibre.  This cone is called as acceptance cone. 

NUMERICAL APERATURE 

The sine of the acceptance angle of the fibre is known as numerical aperture [NA].  It denotes the 

light gathering capability of the optical fibre. 

 It is given by      NA = Sinθo   ------------- [7] 

Substituting for Sinθo from equation [4] we have  NA =    /n0   ----------- [8]                              

If the medium surrounding the fibre is air, then       NA =     ------------[9] 

The above equation is the expression for the numerical aperture. 

 

 b) How optical fibers are classified based on modes, material and refractive index profile. 

How are signals transmitted through them. 

 
Optical fibers are classified into three major categories  

i. The type of material used  
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ii. The number of modes  

iii. The refractive index profile  

Based on the type of the material used, they are classified into two types  

1. Glass fiber:  

Example:  Core: SiO2 Cladding: SiO2  

Core: GeO2- SiO2 Cladding: SiO2  

2. Plastic fiber:  

Example:  Core: polymethyl methacrylate : Cladding: Co- Polymer  

Core: Polystyrene : Cladding: Methyl methacrylate  

 

Based on the number of modes, they are classified as  

1. Single mode fiber  

2. Multimode fiber  

Based on the refractive index profile, they are classified as  

1. Step- index fiber  

2. Graded index fiber  

         SINGLE MODE FIBERS. 

In general, the single mode fibers are step – index fibers. These types of fibers are made 

from doped silica. It has a very small core diameter so that it can allow only one mode of 

propagation and hence called single mode fibers. The cladding diameter must be very large 

compared to the core diameter. Thus in the case of single mode fiber, the optical loss is very much 

reduced. The structure of a single mode fiber as shown. 

 
Structure:  

Core diameter  :  5-10μm  

Cladding diameter  :  Generally around 125μm  

Protective layer  :  250 to 1000μm  

Numerical aperture  :  0.08 to 0.10  

Band width  :  More than 50MHz km  

Application:  
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Because of high bandwidth, they are used in long haul communication systems. 

MULTI- MODE FIBERS  

The multi mode fibers are useful in manufacturing both for step – index and graded index 

fibers. The multi-mode fibers are made by multi-component glass compounds such as Glass – Clad 

Glass, Silica – Clad – Silica, doped silica etc. Here the core diameter is very large compared to 

single mode fibers, so that it can allow many modes to propagate through it and hence called as 

Multi mode fibers. The cladding diameter is also larger than the diameter of the single mode fibers. 

The structure of the multimode fiber is as shown in the figure.  

 

 
Structure:  

Core diameter  :  50-350μm  

Cladding diameter  :  125μm - 500μm  

Protective layer  :  250 to 1100μm  

Numerical aperture  :  0.12 to 0.5  

Band width  :  Less than 50MHz km.  

Application:  

Because of its less band width it is very useful in short haul communication systems. 

SINGLE MODE STEP INDEX FIBER 

A single mode step index fiber consists of a very thin core of uniform refractive index 

surrounded by a cladding of refractive index lower than that of core. The refractive index 

abruptly changes at the core cladding boundary. Light travels along a side path, i.e., along the 

axis only. So zero order modes is supported by Single Mode Fiber. 
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MULTIMODE STEP INDEX FIBER 

A multimode step index fiber consists of a core of uniform refractive index surrounded by 

cladding of refractive index lower than that of the core. The refractive index abruptly changes at 

the core cladding boundary. The core is of large diameter. Light follows zigzag paths inside the 

fiber. Many such zigzag paths of propagation are permitted in Multi Mode Fiber. The Numerical 

Aperture of a Multi mode fiber is larger as the core diameter of the fiber is larger.

 
GRADED INDEX FIBER 

GRIN fiber is one in which refractive index varies radically, decreasing continuously in a 

parabolic manner from the maximum value of n1, at the center of the core to a constant value of 

n2 at the core cladding interface. 

 
 In graded index fiber, light rays travel at different speeds in 

different parts of the fiber because the refractive index varies throughout the fiber. Near the outer 

edge, the refractive index is lower. As a result, rays near the outer edge travel faster than the rays 

at the center of the core. Because of this, rays arrive at the end of the fiber at approximately the 

same time. In effect light rays arrive at the end of the fiber are continuously refocused as they 

travel down the fiber. All rays take the same amount of time in traversing the fiber. This leads to 

small pulse dispersion. 

PROPAGATION OF LIGHT IN GRIN FIBER 

Let na, nb,nc,nd etc be the refractive index of different layers in graded index fiber with na > nb> 

nc> nd etc. then the propagation of light through the graded index fiber is as shown in the figure. 
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Here, since na > nb the ray gets refracted. Similarly since nb> nc, the ray gets refracted and so on. In 

a similar manner, due to decrease in refractive index the ray gets gradually curved towards the 

upward direction and at one place , where in it satisfies the condition for total internal reflection. 

The reflected rays travels back towards the core axis and without crossing the fiber axis, it is 

refracted towards downwards direction and again gets totally internally reflected and passes 

towards upward direction. In this manner the ray propagates inside the fiber in a helical or spiral 

manner 

 

7. a)What is attenuation? Discuss the different mechanisms which are responsible for 

attenuation   in  the optical fiber. 

  When light propagates through an optical fiber, a small percentage of light is lost 

through different mechanisms. The loss of optical power is measured in terms of decibels per km 

for attenuation losses.  

ATTENUATION [α]:  It is defined as the ratio of optical power output (Pout) from a fiber of 

length ‘L’ to the power output (Pin)  

 Attenuation [α] = -10/Llog[Pin/Pout] dB/Km 

Since attenuation plays a major role in determining the transmission distance, the following 

attenuation mechanism  are to be considered in designing an optical fibre.  

Material absorption loss:  Material absorption is a mechanism related to fibre material 

composition.  It mainly depends on the wavelength of the light used.     

The absorption of light is caused by three different mechanisms. 

Extrinsic absorption: The important light absorption factor in fibre is the presence of 

impurities in the fibre material.  The photon of light energy are absorbed by these impurities, 

During light signal propagation, the photons interact with these impurities.  The electrons in 

the impurity absorb these photons and get excited to higher energy levels.  Thus, there is loss 

of light.  
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 Intrinsic absorption: Intrinsic absorption is connected with fibre material.  Even when the 

fibre is free from impurities and all in homogeneities, there is a tendency for fibre material to 

absorb small amount of light energy.  This is known as intrinsic absorption.  

Absorption by atomic defects :  Atomic defects such as vacancy, imperfections of the 

atomic structures of the fibre material and cluster of atoms produce a small absorption loss.  

Usually, absorption losses arising from these defects are negligible compared to intrinsic and 

extrinsic absorption effect.  

  

Scattering: 

Scattering is also a wavelength dependent loss, which occurs inside the fibers. Since the glass is 

used in fabrication of fibers, the disordered structure of glass will make some variations in the 

refractive index inside the fiber. As a result, if light is passed through the atoms in the fiber, a 

portion of light is scattered (elastic scattering) .this type of scattering is called Raleigh scattering. 

    Raleigh scattering loss α 1/λ4 

 Bending:  

Bending loss occurs in fibers due to bending of finite radius of curvature in optical fibers. The types 

of bends are  

a. Macroscopic bends  

b. Microscopic bends  

a. Macroscopic bends:  

If the radius of the core is large compared to fiber diameter, it may cause large-curvature at the 

position where the fiber cable turns at the corner. At these corners the light will not satisfy the 

condition for total internal reflection and hence it escapes out from the fiber. This is called as 

macroscopic / macro bending losses. Also note that this loss is negligible for small bends. 

 
  

b. Microscopic bends:  

Micro-bends losses are caused due to non-uniformities or micro bends inside the fiber as shown. 

This micro bends in fiber appears due to non uniform pressures created during the cabling of the 
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fiber or even during the manufacturing itself. This lead to loss of light by leakage through the 

fiber. 

Remedy:  

Micro-bend losses can be minimized by extruding (squeezing out) a compressible jacket over the 

fiber. In such cases, even when the external forces are applied, the jacket will be deformed but 

the fiber will tend to stay relatively straight and safe, without causing more loss 

Dispersion: When an optical signal or pulse is sent into the fiber the pulse spreads /broadens as 

it propagates through the fiber. This phenomenon is called dispersion. The pulse broadening or 

dispersion will occur in three ways, viz.,  

1. Inter-modal dispersion  

2. Material dispersion or chromatic dispersion  

3. Waveguide dispersion  

 Intermodal dispersion:  

 When more than one mode is propagating through the fiber, then the inter modal dispersion will 

occur. Since, many modes are propagating; they will have different wavelengths and will take 

different time to propagate through the fiber, which leads to intermodal dispersion. 

 

 .  

 

Explanation:  

When a ray of light is launched into the fiber, the pulse is dispersed in all possible paths through the 

core, so called different modes.  

Each mode will be different wavelength and has different velocity as shown in the figure. Hence, 

they reach the end of the fiber at different time. This results in the elongation or stretching of data in 

the pulse. Thus causes the distorted pulse. This is called intermodal dispersion 

 

Material dispersion:  

In material dispersion, the dispersion occurs due to different wavelength travelling at different 

speed inside the fibers shown in the figure 
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 Remedy:  

The material dispersion can be minimized at certain wavelengths say 870nm, 1300 nm and 1550 

nm; these wavelengths are termed Zero Dispersion wavelengths(ZDW)Whether light wavelength is 

lesser than Zero Dispersion wavelengths , it travels slower and when it is higher than ZDW it 

travels faster. Thus the speed is altered and adjusted in such a way that all the waves passing 

through the fiber will move with constant speed and hence the material dispersion is minimized. 

Wave guide dispersion:  

The wave guide dispersion arises due to the guiding property of the fiber and due to their different 

angles at which they incident at the core-cladding interface of the fiber. 

 
In general  Inter-modal dispersion > Material Dispersion> Waveguide dispersion 

 

8.  (a) What is the basic principle of fiber optic communication? Draw the block diagram of an 

optical Fibre communication system and explain the working.                

The principle behind transmission of light waves in an optical fiber is total internal 

reflection. When light travels from a denser to a rarer medium, at a particular angle of incidence 

called critical angle, the ray emerges along the surface of separation. When the angle of incidence 

exceeds the critical angle, the incident ray is reflected in the same medium and this phenomenon is 

call total internal reflection. 

Figure shows the schematic diagram of a fiber optic communication system. The major components 

of an optical fiber communication system are  

i. The optical transmitter  

ii. The optical fiber  

iii. The optical receiver  

PRINCIPLE:  Basically, a fiber optic system converts an electrical signal to an infrared light 

signal. This signal is transmitted through an optical fiber. At the end of the optical fiber, it is 

reconverted into an electric signal 
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Working:  

1. Encoder encodes the information in the binary sequence zeros and ones. Encoder is an electric 

circuit where in the information is encoded into binary sequences of zeros and one. In the light 

wave transmitter each ‘one’ corresponds to an electrical pulse and ‘zero’ corresponds to an absence 

of a pulse. These electrical pulses are used to turn a light source on and off very rapidly. The driver 

converts the incoming electrical signal into a form that will operate with the light source.  

2. These electrical pulses are used to turn a light source on and off rapidly.  

3. The optical fiber acts as a wave guide and transmits the optical pulses towards the receiver, by 

the principle of total internal reflection.  

4. The light detector receives the optical pulses and converts them into electrical pulses. These 

signals are amplified by the amplifier.  

5. The amplified signals are decoded by the decoder.  

ADVANTAGES:  

1. Extremely wide bandwidth: Optical frequencies are very large (1015 Hz) as compared to radio 

frequencies (106Hz) and microwave frequencies (1010 Hz). The rate at which information can be 

transmitted is directly related to signal frequency. Therefore, a transmission system that operates at 

the frequency of light can theoretically transmit information at a higher rate than systems that 

operate at radio frequencies or microwave frequencies.  

2. Lack of cross talk between parallel fibers: There is virtually no signal leakage from fibers. Hence, 

cross-talks between neighbouring fibers are almost absent. This is quite frequent in conventional 

metallic system  

3. Immunity to inductive interference: Since optical fibers are not metallic, they do not pick up 

electromagnetic waves. The result is noise free transmission i.e., fiber optic cables are immune to 

interference caused by lighting or other electromagnetic equipment  
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4. Smaller diameter and light weight cable: Optical fibers, because of their light weight and 

flexibility, can be handled more easily than copper cables.  

5. Signal security: The transmitted signal through the fibers does not radiate. Further the signal 

cannot be tapped from a fiber in an easy manner. Therefore, optical fiber communication provides a 

hundred percent signal security hence this system is highly suited to secure communications in 

defence communication networks.  

 

(b) Give the advantages of Optical Fibre communication over other conventional 

communication system.      

(i) Optical fibers are light in weight and small in size. 

(ii) There is no possibility of internal noise and cross talk generation. 

(iii)No hazards of short circuits as in metal wires. 

(iv) Immunity to adverse temperature and moisture. 

(v) Less cost. 

 

9. (a) Write a note on bending losses in an optical fiber. 

Radiative loss occurs in fibers due to bending of finite radius of curvature in optical fibers. The 

types of  bends are  

 a. Macroscopic bends  

 b. Microscopic bends  

a. Macroscopic bends:  

  If the radius of the core is large compared to fiber diameter, it may cause large-

curvature at the position where the fiber cable turns at the corner. At these corners the light will 

not satisfy the condition for total internal reflection and hence it escapes out from the fiber. This 

is called as macroscopic / macro bending losses. Also note that this loss is negligible for small 

bends.  

b. Microscopic bends:  

  Micro-bends losses are caused due to non-uniformities or micro bends inside the 

fiber as shown. This micro bends in fiber appears due to non uniform pressures created during 

the cabling of the fiber or even during the manufacturing itself. This lead to loss of light by 

leakage through the fiber.  
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 (b) Distinguish between step index fiber and graded index fiber. 

S.No Step-index fiber Graded Index fiber 

1. 
 
 

The difference in refractive indices 
between the core and the cladding is 
obtained in a single step and hence 
called as step-index fiber. 
 

Due to non-uniform refractive indices, 
their difference in refractive indices 
between the core and the cladding 
gradually increases from centre towards 
interface and hence called graded-index 
fiber. 

2. The light rays propagate as meridinal 
rays and pass through fiber axis.  

The light propagation is in the form of 
skew rays and does not cross the fiber 
axis. 

3. If follows a Zig-Zag path of light 
propagation. 

If follows a helical path (i.e spiral 
manner) of light propagation. 

4. It has a low bandwidth. It has high bandwidth. 

5. Distortion is more in multimode step-
index fiber. 

Distortion is very less and is almost zero 
due to self focusing effect. 

 

10.  (a) Explain the working of sensor in detail. 

 There are two types of sensors, viz.  

 i. Intrinsic sensors or Active sensors  

 ii. Extrinsic sensors or Passive sensors  

INTRINSIC SENSORS OR ACTIVE SENSORS  

In intrinsic sensors or active sensors the physical parameter to be sensed directly acts 

on the fiber itself to produce the changes in the transmission characteristics. Example:        

i. Temperature /Pressure Sensor ( Phase and polarization sensor) and ii. Liquid level sensor.  

EXTRINSIC SENSORS OR PASSIVE SENSORS 



Engineering Physics – I (PH6151)   -   Question Bank with Answers 
 

Prepared by: Dr.K.Sarojini  & Ms. Nithya Balaji                Page 131 
 

In extrinsic sensors or passive sensors, separate sensing element will be used and the fiber will 

act as a guiding media to the sensors. Examples: i. Displacement sensor ii. Laser Doppler 

velocimeter sensor  

TEMPERATURE SENSOR  

Principle:  

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

reference fiber and the fiber kept in the measuring environment.  

Description:  

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

an angle 450 with respect to the direction of the laser beam.  

 

Two fibers viz,  

i. Reference fiber which is isolated from the environment  

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

systems are provided to split and to collect the beam.  

 
Working:  

1. A monochromatic source of light is emitted from the laser source.  

2. The beam splitter kept at an angle 450 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.  

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

isolated from the environment to be sensed.  

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

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

environment to be sensed.  

6. The splitted beam after passing through the test fiber is made to fall on lens L2.  
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7. The two beams after passing through the fibers, produces a path difference due to change in 

parameters such as pressure, temperature etc in the environment.  

8. Therefore a path difference is produced between two beams causing the interference pattern as 

shown in the figure.  

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

interference pattern obtained.  

 

DISPLACEMENT SENSOR (EXTRINSIC SENSOR) 

Principle:  

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

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

displacement of the target is measured.  

Description:  

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

receiving fibers coupled to the detector as shown in the figure. 

 
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 sensor.  

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 light received, the displacement of the target can be 

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

and if the intensity is less, we can say that the target is moving away from the sensor. 
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(b)Explain the construction and working of fibre optic endoscope. 

Optical fibers are very much useful in medical field. A medical endoscope is a tubular optical 

instrument, used to inspect or view the internal parts of human body which are not visible to 

the naked eye. The photograph of the internal parts can also be taken using this endoscope.  

 
Outer fiber:  

The outer fiber consists of many fibers bundled together without any particular order of 

arrangement and is called incoherent bundle. These fiber bundles as a whole are enclosed in a thin 

sleeve for protection. The outer fiber is used to illuminate or focus the light onto the inner parts of 

the body.  

Inner fiber:  

The inner fiber also consists of a bundle of fibers, but in perfect order. Therefore this arrangement is 

called coherent bundle. This fiber is used to collect the reflected light from the object. A tiny lens is 

fixed to one end of the bundle in order to effectively focus the light, reflected from the object. For a 

wider field of view and better image quality, a telescope system is added in the internal part of the 

telescope.  

Working:  

Light from the source is passed through the outer fiber (f0). The light is illuminated on the internal 

part of the body. The reflected light from the object is brought to focus using the telescope to the 

inner fiber (fi).Here each fiber picks up a part of the picture from the body. Hence the picture will 

be collected bit by bit and is transmitted in an order by the array of fibers. As a result, the whole 

picture is reproduced at the other end of the receiving fiber as shown in the figure. The output is 

properly amplified and can be viewed through the eye piece at the receiving end.  

 

 


