    UNIT – I
     OPTICS
SUMMARY

Interference 
· At any point where two or more wave trains cross one  another they are said to interfere. 

· The modification of intensity obtained by the super position of two or more beams of light is called interference 

· When two or more waves travel simultaneously in a medium the resultant displacement at any point is the algebraic sum of the displacement due to individual waves.  This is the principle of super position.

· Two waves are said to be coherent if they emit waves with 

i) Same wave length or same frequency 

ii) Same Amplitude and 

iii) Constant phase difference 

· In Young’s double slit experiment instead of taking two coherent sources only  one coherent source is taken.  When the wave fronts strikes the slits the points on the wave front acts as secondary sources (coherent sources).  The interference between the wavlets emitted by the secondary sources is observed.  

R2 = a2 +b2 + 2ab CosΦ

If a = b, 

R2 = 4a2 Cos2 Φ/2 



I = 4a2 Cos Φ/2

Maximum when Φ = 2nπ

Minimum when Φ = (2n+1)π


d sinθ = nλ

d is the distance between slits 

λ is the wave length of source 


D tanθ = y 

D is the distance between slits and screen 

Y is the distance of nth fringe from central fringe 
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· Interference in thin films

Due to Reflection 


Condition for maximum intensity 
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Where µ is the refractive index  d is the thickness.  ‘r ‘ is the refracting angle.  λ is the wave length of light 

Wedge shaped film: 

Condition for maximum intensity 
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Condition for minimum intensity 
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Where r is the refracting angle α is the angle between two surfaces 


µ = 1, r = 0 


2d Cos α = n λ


d = Xn tanα


2 Xn tanα Cosα = nλ



Xn = 
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· Newton’s Rings: 

Maximum condition 


µ=1, r = 0 



2d +λ/2 = nλ



2d = 
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D is the thickness of air film.  Minimum condition 


2d + λ/2 = (2n+1)λ/2



2d = nλ



r2≈ 2RD 

Maximum intensity (Bright Band) 
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Dn2= 4R(2n-1) 
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Derk band 
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Dn2= 4Rn 
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Wave length of source 



[image: image16.wmf]pR

D

D

n

p

n

4

2

2

-

=

+

l


R is the Radius of curvature of plano convex lens 

DIFFRACTION

· The phenomena of bending of light around the corners of obstacles and spreading of light waves into the geometrical shadow of an obstacle placed in the part of light is called diffraction. 

· There are two types of diffraction 

1) Fresnel diffraction 

2) Fraunchofer diffraction 

If the source and the screen are at finite distances from the obstacle then the diffraction takes place is called fresnel diffraction 

If the source and the screen are at infinite distances from the obstacle then the diffraction takes place is called Fraunhofer diffraction 

Differences between interference and diffraction 


Interference is due to the super position of two separate wave fronts originating from 


two coherent sources 


Diffraction is due to secondary wavelets originating from different parts of the same 


wave front 

· Fraunhofer diffraction at a single slit 

The condition for minimum intensity 



asinθ = nλ

θ is the diffracting angle 

a is the width of the slit 

λ is the wave length of source 

The condition for maximum intensity 



asinθ = (2n+1)λ/2

If x is the half width of central maxima.  D is the distance between slit and screen 
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Width of central  maxima 




[image: image19.wmf]a

d

x

l

2

2

=


If f is the focal length of the lens 


Sinθ = 
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Fraunhofer diffraction at a Double slit” 


R2 = a2+b2+2ab CosΔ


R2 = 2a2 (1+Cos Δ)


 = 4a2 Cos2 
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Δ is the phase difference between the slits 


Δ = 
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Intensity is maximum when 


Δ = 2nπ
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(a+b)Sinθ = nλ

The condition for minimum intensity 


(a+b) Sinθ = (2n+1)λ/2

In single slity condition for minimum intensity  asinθ = nλ, minimum intensity asinθ=(2n+1)λ/2

Missing order 

Interference maximum 


(a+b) sinθ = nλ

Diffraction minimum 


asinθ=pλ

Missing order 
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If a=b, n = 2p the missing order will be (p = 1,2,3,…….) n = 2, 4,6,8…… are the missing order 

· Rayleigh criteria of Resolving Power: Two nearby images are said to be resolved if the position of the central maximum of one coincide with the first secondary minimum of the other vice versa. 

· Resolving power of grating: The resolving power of a grating is its ability to show two neighbouring lines in a spectrum as separate. 

Spectral resolving power = 
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N is the no.of lines /cm on grating n is order 

Maximum order 
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(a+b) Sinθ = nλ

Sinθ = mNλ

mNλ ≤ 1 (when θ = 90o, Sinθ=1)

m ≤ 
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Maximum order possible 
POLARISATION

· There are two forms of wave motion 

(1) Longitudinal 
(2) Transverse 

· In longitudinal waves the vibrations are always parallel to the direction of propagation 

· In transverse wave motion the vibrations are perpendicular to the direction of propagation. 

· Light waves are transverse.  The light waves are electromagnetic waves 

· If electric field vector is confined to a single plane it is polarized light. 

· If electric field vector is in all directions perpendicular to the direction of propagation is called unpolarised light.  

· The polarized light can be produced by the following methods. 

1) Polarization by reflection 

2) Polarization by double refraction 

3) Polarization by selective absorption 

4) Polarization by scattering 

1. Polarization by reflection: 

· The angle of incidence for which the reflected beam is completely plane polarized is known as polarizing angle or angle of polarization or Brewster’s angle. 

· When an unpolarised light incidents at a polarizing angle the angle between reflected light and refracted light is 90o.  This is called Brewster’s law. 

µ = tan i

2. Polarisation by double refraction: 

When a beam of light is passed through a transparent crystal like calcite (CO3) or quartz (SiO2) it is split into two beams substances having this property are called double refracting or birefringent. 

· Ther beam which obey’s snell’s law is called O-ray or ordinary ray. 

· The beam which does not obey snell’s law is called E-ray or Extra-ordinary ray. 

· In the calcite or quartz  there is one direction in which there is not double refraction.  This direction is called optic axis. 

· Nicol prism is made by cutting calcite crystal alon a diagonal and cementing it back together again with a special cement called canada Balsam. 

Malus Law: The intensity of polarized light transmitted through analyser varies as the square 

of cosine angle between the plane of transmission of analyser and the plane of polarized. 


I1 = Io Cos2θ

3. Polarisation by selective absorption:  When unpolarised enters crystals like tourmaline double refraction takes place.  The O-ray is absorbed and E-ray passes through, which is a polarized light. 

4. Polarisation by Scattering: Because of scattering by the air molecule the sun light reaching the observer is polarized light. 

Scattering power  
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Since blue colour having minimum wave length and more scattering power.  Sky appears 

to be blue 

Mechanism of production of plane polarized light, circularly polarized light and 

elliptically polarized light. 


x = A cosθ Sin(ωt+ 
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y = A cosθ Sinωt  → E-ray 

     Let    x = asin (ωt+Φ)          A cosθ = a 

              Y = b sinωt                  A sinθ=b
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Case (i) 
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 - Plane polarized light 

         (ii) 
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 - Eliptically polarized light 

       (iii)  
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 - circularly polarized light 

Quarter wave plate: If the path difference λ/4 is introduced then that plate is called quarter wave plate. 



[image: image37.wmf](

)

4

0

l

m

m

=

-

t

e



[image: image38.wmf])

(

4

0

m

m

l

-

=

e

t



[image: image39.wmf]e

m

   
[image: image40.wmf]is refractive index of E-ray 
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      is refractive index of O-ray 

Half wave plate : If the path difference λ/2 is introduced then that is called Half wave plate.

(µe-µ0)t = λ/2
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UNIT – II Chapter - I

          ULTRSONICS
       SUMMARY 
· The audible range of human ear is 20Hz – 20,000 Hz 

· The sound waves which are having frequency greater than 20,000 Hz are called ultrasonics

· The sound  waves which are having frequency less than 20Hz are called infrasonics 

· The ultrasonics will be produced by two methods. 

1. Magnetostriction method:  When a ferromagnetic material is placed in a magnetic field its dimensions changes is called magnetostriction.  By matching the frequency of the alternating field with the natural frequency of the rod ultrasonics are produced. 

2.  Piezo electric effect : When certain crystals like quartz are stretched or compressed along certain axis (known as mechanical axis) an electric potential difference is produced along a perpendicular axis (known as electrical axis).  This is called piezo electric effect. 
3. Inverse effect i.e on alternating P.D is applied along electrical axis then crystal is set into elastic vibration along the mechanical axis by which ultrasonic waves are produced. 

· Ultrasonics are detected by four methods.  They are 
1) Piezo electric detector 

2) Kundt’s tube method 

3) Sensitive detector method 

· Properties of Ultrasonics 

i) They are high energetic 

ii) They show negligible diffraction due to their small wave length.  Hence they can be transmitted over long distances without any appreciable loss of energy. 

iii) Intense ultrasonic radiation has a disruptive effect  in liquids by causing bubbles to be formed. 

· Applications of Ultrasonics: 

1) Non destructive testing of materials / components 

2) SO NAR (sound Navigation and Ranging) 

3) Ultrasonic signaling 

4) Soldering and metal cutting  

UNIT – II,  Chapter – II

ACCOUSTICS OF BUILDINGS

       SUMMARY
· The branch of physics that deals with the process of generation propagation and reception of sound in a room, be it a small room or an auditorium is called acoustics. 

· Architectural acoustics are called acoustics of buildings 

· The prolongation of sound inside a room or hall even after the source producing the sound is turned off is called reverberation. 

· The Reverberation time for a room is the time required for the intensity to drop to one millionth (10-6) of its initial value. 

· Basic Requirement of Acoustrically Good Hall: 

1) The reverberation time should be optimum 

2) No echoes are present 

3) There should not be overlapping of syllable. 

4) There should be no echelon effect 

· Absorption Coefficient: It is defined as the ratio of the sound energy absorbed by the surface to that of the total sound energy incident on the surface. 

Sabine’s formula for Reverberation time 
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Factors affecting the Architectural Acoustics and their Remedies.

1) Reverberation: When reverberation is large there is overlapping of successive sounds which results in loss of clarity in hearing.  If the reverberation is small, the loudness is inadequate.  So Reverberation time should be optimum. 

2) Loudness: Sufficient loudness at every point in the hall. 

3) Focussing: There should not be Concave surfaces. 

4) Echoes: There should not be any echoes. 

5) Resonance: The sound produced causes forced vibrations in the furniture which leads to Resonance. 

6) Noise: Noise is three types 

1) Air borne noise 

2) Structure borne noise 

3) Inside noise 

UNIT – III, Chapter – I 
MAGNETIC PROPERTIES
SUMMARY 
· Any material that can be magnetized by application of external magnetic field is called a magnetic material. 

· Permeability: It is the ratio between magnetic induction in the sample to the applied magnetic field intensity. 

i.e 
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Magnetic Induction: The number of lines of force passing perpendicularly through unit area is called magnetic induction.  Wb/m2 or tesla. 

Magnetic field Intensity: It is ratio between the magnetic induction and the permeability of the medium. 
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Magnetic susceptibility: It is the ratio between intensity of magnetization to the magnetic field intensity 
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· Origin of Magnetic moment: 

In atoms the permanent magnetic moments can arise due to the following 

1) the orbital magnetic moment of the electrons 

2) The spin magnetic moment of the electrons and 

3) The spin magnetic moment of the nucleus 

Magnetic Moment due to orbital motion: 


The electron in an atom revolve round the nucleus in different circular orbits.  Let m be the mass of the electron and r the radius of the orbit in which it moves with angular velocity w. 
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For l = 1 orbital electron 
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Magnetic moment due to spin motion: 
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Magnetic moment due to Nuclear spin: 
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Mp is the mass of proton 

Classification of magnetic materials: 

1) Dia magnetic material: 

i) The dipoles are aligned in a direction opposite to that of applied field 

ii) These magnets are repelled by the magnetic field 

iii) Suceptibility  X = -ve 

iv) Relative permeability μr < 1 

v) The magnetic flux lines outside the material are greater than inside 

vi) The susceptibility does not depend on temperature 

2) Paramagnetic material: 

i) Some of the dipoles are oriented in the direction of the field 

ii) These magnets are feebly attracted by the magnetic field 

iii) Susceptibility X = +ve, small 

iv) Relative permeability μr>1

v) The magnetic flux inside the material is slightly greater than outside 

vi) Susceptibility depends upon temperature  X = C/T 

3) Ferromagnetic material: 

i) All the dipoles are oriented in the direction of external magnetic field 

ii) These magnets are strongly attracted by magnetic fields. 

iii) Suceptibility X = +ve, Large 

iv) Relative permeability μr 

v) The magnetic flux inside the material is greater than outside 

vi) Susceptibility depends on temperature 
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4) Antic ferromagnetic material: 

i) Some of the dipoles are oriented in the direction of external field 

ii) These magnets are feebly attracted by magnetic fields 

iii) Susceptibility X = +ve, small 

iv) Relative permeability μr > 1 

v) The magnetic flux inside the material is slightly greater than outside 

vi) Susceptibility depends upon temperature 

Ferrimagnetic material: 

i) All the dipoles are oriented in the direction of magnetic field 

ii) These magnets are strongly attracted by the magnetic fields. 

iii) Susceptibiltiy X = +ve, large 

iv) Relative permeability μr >>1.

v) The magnetic flux inside the material is greater than outside 

vi) Suceptibility depends upon temperature 
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Hysterisis: If effect is lagging behind the cause of effect it forms hysterisis loop.  In a ferromagnetic material.  Magnetisation is the effect cause of effect is magnetic field intensity. 

Soft magnetic material : 

1) Soft magnetic materials have low hysterisis loss due to small hysterisis loop area. 

2) In these materials domain wall movement is easier. 

3) The coercivity and retentivity are small 

4) These materials can be easily magnetized and demagnetized. 

Hard magnetic materials: 

1) Hard magnetic materuals have large hysterisis loss due to large hysterisis loop area. 

2) In these materials the domain wall movement is difficult 

3) The coercivity and retentivity area large 

4) These materials cannot be easily magnetized. 

UNIT – III, Chapter - II

SUPERCONDUCTIVITY
SUMMARY

Certain metals and alloys exhibit zero resistivity (i.e infinite conductivity) when they are cooled to sufficiently low temperatures.  This phenomenon is called ‘superconductivity’. 

· Transition temperature: The temperature  at which transition from normal state to superconducting state takes place is called transition temp(Tc) or critical temperature. 

· The current that floes through superconductors are persistent currents 

· Isotope effect: The transition temperatures are inversely proportional to the square roots of the atomic weights of the isotopes of a super conductor. 
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   or  M1/2 Tc = constant 

· Critical Field: The magnetic field above which superconductivity disappears is called critical field He.
The critical field is a function of temperature and s given as 
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· Mesisnner effect: When a weak magnetic filed is applied to a superconducting specimen at a temperature below transition temperature the magnetic flux lines are expelled and the specimen acts as an ideal diamagnet. This effect is called Meissner effect 

B = µo(H+M) 

B = 0 in superconducting state 

µo(H+M) = 0 

M = - H 

Or  χ = 
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· Types of superconductors:

i) Type – I superconcuctors (soft superconductors) 

ii) Type – II superconductors (Hard superconductors) 

· Type – I  Superconductors exhibit complete Meissner effect.  Supercondcuting state is destroyed  at a critical field Hc and above. 

·  Type – II  superconductors has two critical fields, Hc1 and Hc2​.  Below Hc1, the specimen is in superconducting state.  Above Hc2, the specimen is in normal state.  Between Hc1  and Hc2, the specimen is in mixed state. 

· The magnetic flux does not drop to zero suddenly at the surface of type – I superconductors, but decreased exponentially according to the equation  
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· Penetration depth :  The depth from the surface at which magnetic flux density falls to 1/e of its initial value at the surface is called ‘penetration depth’.  It is strongly temperature dependent. 

·  The magnetic flux enclosed  by a ring is quantized.  This concept is known as ‘flux quantization’
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According to BCS theory, ‘Cooper Pairs’ are responsible for superconductivity. 

· Bandgap in a  superconductor is the separation between the low energy states of superconducting electrons and high energy states of normal electrons and is very small (≈10-4 ev).  Above Tc, the bandgap in a superconductor is zero.

· Josephson effect: When a thin insulating layer is sandwiched between a metal and a superconductor or two superconductors, electrons tunnel through the junction.  This is known as ‘Josephson effect’. 

· Dc Josephson effect: It refers to the flow of dc current across the junction when no voltage is applied across it. 

· AC Josephson effect: If a dc voltage is applied across the junction, rf oscillatory current of frequency  f = 
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 are set up across it. 

· Applications of superconductors: 

· In  Power generation 

· In electric power transmission lines 

· In magnetic levitation 

· Ore separation 

· In scanning equipment 

· Fast electrical switching (cryotron) 

· As memory or storage elements 

· SQUID 

UNIT - IV

CRYSTAL STRUCTURES AND X-RAY DIFFRACTION 
SUMMARY
· Solids are divided into 

i) Crystalline and 

ii) Amorphous 

· A crystal is composed of atoms or other microscopic particles in an orderly way 

· In amorphous solids, the atoms or molecules are arranged in an irregular manner. 

· Space – lattice: 



It is an infinite  array  of points in three-dimensional space in which every point has the same environment with respect to all other points. 

· Lattice points: 


Each  point in a space lattice is known as lattice point.  They indicate the position of atoms or molecule or ions. 

The position vector of any point in space lattice is expressed as
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Where n1, n2 and n3 are arbitrary integers and  a, b and c are translational vectors along X,Y and Z axes respectively. 

· Basis 



An assembly of atoms or molecules associated with each lattice point and which are identical in composition is called the basis. 

· Unit Cell: 

It  is a smallest block which, when repeated in three dimensions forms the entire crystal. 

Or 

It is a fundamental unit which gives all the characteristic properties of a whole crystal. 

· Unit cells of a crystal are of two types 

(i) Primitive cell 

(ii) Non-primitive cell 

· Primitive cell  : A unit cell which has lattice points only at the corners of the structure 

· Non-primitive cell: An unit cell which has lattice points not only at the corners but also inside the cell. 

· Lattice parameters: They determine the actual size and shape of the unit cell.  The three primitives a,b and c and three interfacial angles α, β and γ together are known as lattice parameters. 

· Crystal systems: Basing upon the values of lattice parameters, crystal systems are classified into seven types. 

i) cubic 

ii) Tetragonal 

iii) Orthorhombic 

iv) Monoclinic 

v) Triclinic 

vi) Rhombohedral 

vii) Hexagonal 

· These seven crystal types form 14 Bravais lattices.  

· They are only four different ways to represent Bravais lattice.  They are 

i) Primitive cell 

ii) Body centred cell 

iii) Face – centred cell 

iv) Base – centred cell 

· Nearest neighbour distance (2r) : It is distance between the centres of two nearest neighbouring atoms in the lattice. 

· Atomic radius (r) : It is defined as half the distance between the two nearest neighbouring atoms 

· Coordination number: It is the number of nearest neightbouring atoms that an atom has in a unit cell. 

· Packing factor: It is the ratio of volume occupied by atoms of the unit cell(v) to the volume of the unit cell (V) 

· Of all the cubic structure representations FCC has a highest packing factor when compared to SCC and BCC 

· A crystal can be considered as an aggregate of a set of parallel, equally spaced planes passing thorugh the lattice points called “lattice planes” 

· The position and orientation of a lattice plane in a crystal are determined by three whole numbers which have the same ratios with one another as their reciprocals of the intercepts of the plane on the three crystal axes.  They are known as “Miller Indices” represented by h,k,l and the plane is specified as (hkl) 

· Inter planar spacing: 


The separation between the successive parallel planes in a crystal is known as Inter planar spacing (d) 
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Where a,b,c are primitives of cell and h,k,l are miller indices of the plane. 

· For a cubic crystal 
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(
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 lengths of sides of unit cell are equal i.e a=b=c) 

· X-ray diffraction methods are used to determine the structure of crystal basing on Bragg’s law 

· Bragg’s Law: If an X-ray beam of wavelength ‘λ’ is incident at an angle ‘θ’ on the crystal planes, then 


2dsinθ = nλ
Where ‘d’ is inteplanar spacing ‘n’ is an integer which represents the order of diffraction and ‘θ’ is the angle between the incident beam and crystal plane also called glancing angle or Bragg’s angle. 

· The arrangement of atoms within the unit cell can be found out by measuring the distance between any two X-ray diffraction maximas.  This gives the periodicity of the lattice 

· The x-ray diffraction methods used to determine crystal structure are: 

i) Laue method : for single crystals 

ii) Powder method: for finely powdered crystal 
UNIT – V 

LASERS
    SUMMARY

· Laser is an acronym for ‘Light amplification by stimulated emission of Radiation’. 

· The most striking characteristics of a Laser beam are 

i) High monochromaticity 

ii) High degree of coherence 

iii) High directionality (i.e less divergence) and 

iv) High intensity 

· There are two types of coherence 

i) Spatial coherence 

ii) Temporal coherence 

If the phase difference between the two lights fields E1 (x1, y1, z1) and E2(x2, y2, z2) at two different points in space is maintained as a constant over any time t, then that two light fields are said to have spatial coherence. 

 If the phase difference between the two light fields E1(x,y,z,t1) and E2 (x,y,z,t2) is constant during  the observation period, the light is said to have temporal coherence. 

· Absorption: 

Excitation of atoms from lower energy state to higher energy state due to interaction of radiation with matter is known as ‘absorption’. 

· Spontaneous emission: When an electron in excited level E2 falls spontaneously to lower energy level E1 after its life time, a photon is emitted.  This process is called ‘Sponteneous emission’.   The energy of the emitted photon is given by E2 – E1 = hv

· Stimulated emission:  When an electron in the excited level E2 is stimulated by a photon of energy (E2 – E1), the electron moves to lower energy level E1 emitting another  photon of energy (E2 – E1).  This process is called ‘stimulated emission’.  Both stimulated and stimulating photons are in phase with each other. 

· Stimulated emission of radiation results in amplification of light

· Relation between Einstein coefficients:

Consider an atomic system with energy levels E1 & E2 (E2>E1) under thermal equilibrium conditions at temp T.

B12 = B21
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Where B12 = Einstein coefficient of absorption 

             A21 = Einstein coefficient of spontaneous emission

             B21 = Einstein coefficient of stimulated emission 

The above relations  are relations between Einstein coefficients. 

· Population Inversion:  For light amplification by stimulated emission of radiation, the population of excited state must be greater than the population of lower energy state.  i.e N2 > N1.  This condition is called ‘population inversion’. 

· Pumping : The process of achieving population inversion is called ‘pumping’ 

· Pumping Mechanisms: 

Most widely used pumping mechanisms  are 

(i) Optical pumping 

(ii) Electric discharge 

(iii) Chemical reaction 

(iv) Injection current 

In optical pumping, a light source is used to supply energy.  This method of pumping is used in Ruby laser.    

In electric discharge method, the high electric field causes electrons emitted by cathode to be accelerated towards anode.  These electrons while moving towards anode collide with the atoms of active medium, ionize them and raise to higher level.  This produces population inversion.  This method is used is Argon ion laser.  


In an important class of lasers pumping by electrical discharge provides the initial excitation which raises one type of atoms to their excited states.  These atoms collide inelastic ally with another type of atoms  and hence population inversion is produced in the latter atoms.  Examples of this is the He-Ne laser, CO2 laser. 


The heat produced in a chemical reaction may also result in excitation and  hence creation of population inversion in few systems.  Examples are HF, atomic iodine leasers etc. 


In semiconductor lasers, the injection current through the junction results in creation of population inversion among charge carriers. 

· Essential components of a lser system are 

i) Suitable active medium 

ii) Source of energy (for acting population inversion) 

iii) Optical cavity 

· Different kinds of lasers 

i) Ruby Laser 

ii) He – Ne laser 

iii) Carbon di-oxide laser 

iv) Semiconductor laser

· Ruby laser 

Active medium : Al2 O3  crystal with Cr3+ ions as dopants.  Cr3+ ions are responsible for laser action. 

Pumping Mechanism: Optical  pumping using Xenon flash lamp 

Wave length of radiation 
:
6943 Ao

CW or pulsed 

:
Pulsed 

O/P power 


:
few kilowatts 

Applications 


:
distance measurement using pulse  

technique, pulsed holography, LIDAR 

applications, resistors trimming, drilling of 

high quality bores etc.,

· He – Ne laser   

Active medium 

:
He-Ne gas micture, Neon is responsible for 

laser transition 



     Pumping mechanism 
:
electric discharge 



     Wavelength of radiation
:
6328 Ao


     CW or pulsed 

:
CW 

  

     O/P power 


:
Maximum 100 mw



     Applications 


:
All interferometric experiments, 

metrological applications, bar code reading, 

image processing, holography etc., 

· Carbon di-oxide laser 

Active medium 

:
CO2 gas (for better excitation and efficiency 

a mixture of CO2, N2 & He is used)



      Pumping mechanism 
:
Electric discharge 



      Wave length of radiation 
:
10.6 µm.



      CW or pulsed 

: 
both are possible 



      O/P power 


:
nearly 100w CW from 1m long laser tube, 

few tens of KW in pulsed mode. 



      Applications 

:
Material processing in industry, bloodess 

surgery in the field of medicine, for LIDAR 

applications (such as pollution monitoring 

and remote sensing)

· Semiconductor laser

Active medium 

:
Pn junction semiconductor diode made 

from direct bandgap semiconductors  



     Pumping mechanism 
:
Current through heavily doped pn junction 



     Wave length of radiation 
:
Any wave length within visible to IR 

depending on the energy gap Eg of material  used    
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     CW or pulsed 

:
both are possible 



     O/P power 


:
mw to watt



      Applications 

:
Mostly for fiber optic communication, for 

ranging, used to optically pump few solid 

state lasers 

· Applications of Lasers: 

i) In optical fiber communication as light – sources

ii) In computers to transfer data and to record and to read the data in CD ROM’s 

iii) for detection and ranging (LIDAR) 

iv) For material processing such as drilling and cutting 

v) In medicine for surgical, diagnosis and therapeutical purposes 

Unit – VI 

FIBRE OPTICS AND HOLOGRAPHY
   SUMMARY

· Optical fiber is a hair thin, flexible, cylindrical structure made from transparent dielectric material such as glass or plastic.

· Optical fibers are used for the transmission of information such as voice signals, video signals or digital data from one point to other in the form of light. 

· Optical fibers have high band width hence information transmission capacity is more. 

· The important parts of optical fiber are 

(i) Core      (ii)  Cladding    (iii) outer Jacket 

· In optical fibers, the refractive index of core is slightly greater than the refractive index of cladding.  Hence light launched into the core under goes total internal reflection at the core-cladding interforce and propagates through the fiber.

· Acceptance angle: 

It is defined as the maximum angle of incidence at the end of force of fiber for which light ray enters into core and travels along the inter face of core and cladding. 


Acceptance angle, 
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· The light launched at the end face of fiber within acceptance angle alone propagates through the fiber by total internal reflection. 

· Numerical aperture: 

Sine of acceptance angle is called ‘Numerical aperture’.  It represents light gathering capacity of fiber. 


NA = Sin im = 
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· Classification of fibers: 

Based on refractive index profile of core, optical fibers are of two types. 
They are 

(i) Step Index Fiber    (ii) Graded Index Fiber 

Depending upon number of modes of propagation, fibers are classified into 2 categories.  They are 

(i) Single mode optical fibers   (ii) Multimode optical fibers 

Based on material used, fibers are classified into 3 categories.  They are

(i) Glass core with glass cladding 

(ii) Plastic core with plastic cladding 

(iii) Glass core with plastic cladding 

Transmission of light through optical fiber: 

(i) In step index fibers, meridional ray propagation is taking place.  Meridional rays follow zig-zag path during every reflection at the core – lading interface, they cross the fiber axis. 

(ii) In graded Index fibers, skew ray propagation is taking place.  Skew rays follow  helical path and they will not cross fiber axis at any time or reflection. 

(iii) During signal transmission several effects result in spreading of pulse width called ‘pulse dispersion’.  It leads to signal losses and over lapping of signal. 

(iv) Pulse dispersion is more in multimode step Index fiber than in multimode graded Index fiber. 

· Attenuation in fiber means ‘ loss of optical power within the fiber itself. 

The attenuation is found to be a function of fiber material, wavelength of light and structure of fiber. 

· Attenuation losses are 

(i) Scattering losses 

(ii) Absorption losses 

(iii) Bending losses 

Any inhomogenities i.e fluctuations in the refractive index of the order λ/10 

results in scattering known as ‘Rayleigh scattering’.  
No material is fully transparent to the entire wavelength region, depending on the material of the fiber and wavelength of transmission, absorption losses occur. 

In addition to scattering & absorption loses, distortion of the fiber from the ideal straight line configuration results in bending losses. 

· Attenuation loss is generally measured in terms of decibel (dB) 

Decibel loss of optical power = 
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Where Pout is the power emerging out of fiber 

Pin  is the power launched into the fiber 

              Attenuation loss per kilometer length of the optical fiber = 
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Where L is the length of the fiber in Km.

· Applications of optical Fibers: 

Optical fibers are used in communication systems, sensing applications (measure/monitor displacement, pressure, temp, flow rate etc.,) medical field (endoscopy) and also in defence services

· The advantages of optical fiber communication system over conventional communication systems are: 

i) Wider bandwidth 

ii) Low transmission loss

iii) Electrical isolation 

iv) Immunity to cross talk and electromagnetic interference

v) Signal security 

vi) Small size and weight 

vii) Ruggedness & flexibility 

viii) System reliability and easy maintenance

ix) Low cost  

· ‘Holo’ means complete or entire. ‘graphy’ means recording 

Holography is the process of recording the complete information of an object.

· In holography both amplitude and phase of light scattered by the object is recorded.  Hence it gives 3 dimensional information of the object. 

· In photography only amplitude of the light scattered from the object is recorded.  Hence it gives only 2 dimensional information of the object. 

· To record a hologram, coherent source of light is used. 

· Recoding of the hologram is based on the concept of interference and reconstruction is based on the concept of diffraction. 
· To get a good hologram 

i) The length of the object beam must be equal to the length of the reference beam. 

ii) The optical components and film must be absolutely still during exposure. 

iii) The photographic plate should have high resolution, high sensitivity to the wavelength used and high diffraction efficiency. 

Applications of  holography: 

i) A hologram is a reliable method of data storage. 

ii) Holography is used for non-destructive testing 

iii) It plays an important role in optical signal processing

iv) Using holography, one can produce diffraction gratings free from errors that arise in the ruling of conventional gratings. 

v) It is employed in the production of photographic masks used to produce micro electronic circuits. 

vi) It can also be used for character recognition and for identification of finger prints etc.,  

UNIT – VII, Chapter – I 

        DIELECTRIC PROPERTIES
SUMMARY 
· Dielectrics are non-conducting materials with high resistance 

· They are mainly used as electrical insulators and to store electrical energy 

·  All dielectrics are electrical insulators. 

· Dielectric constant 
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Where 
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 is known as dielectronic constant or relative permittininty 

· Dielectric constant measures the amount of abstruction offered by the material for the passage of electric current 

· Electric polarization: The process is producing electric dipoles by an electric field is called polarization in dielectrics. 

· When dielectric is under the presence of d.c electric fields the polarization I of three types. 

(a) Electronic polarization 

(b) Ionic polarization 

(c) Orientational polarization 

· Electronic  polarization: It is due to the displacement of positively charged nucleus and the negative electron cloud of an atoms in opposite directions on the application of the electric field. 

This kind of polarization present in all materials 

· The electronic polarizability ‘αe’ is proportional to the volume of the atom. 
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Where 
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R – Radius of the atom 

· Ionic polarization: It is due to the displacement of cations and anions in opposite direct6ions and occurs in an ionic solid. 

· The ionic polarizability ‘αi’ is inversely proportional to the square of the natural frequency of the ionic molecule and to its reduced mass. 
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Where e is charge of electron 

             ωo= is natural frequency of ionic molecule 
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 is reduced mass 

· Orientational  polarization: When an electric field is applied on the dielectric medium with polar molecules, the electric field tries to align these dipoles along its direction, called the orientational polarization. 

· The orientational polarizability α0’ is imersely proportional to absolute temperature of the material. 
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Where µ is dipole moment, K is Boltzman constant, 

T is absolute temperature 

· Local field or Internal field : In solids a molecule or an atom experiences not only the external field, but the fields produced by the dipoles as well.  This resultant is called the local filed or internal field. 
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Where Ei = internal field, p = polarization vector , 
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· Clausius – Mosotti relation:  It relates the mcroscopic quantities (
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Where N is number of molecules per unit volume 

· Ferro electricity : The creation of enormous value of induced dipole moment in a weak electric field as well as the existence of electric polarization even in the absence of applied electric field. 

· Materials which exhibit electric polarization even in the absence of the applied electric field are known as ferro electric materials. 

· These ferro electric materials exhibit hysteresis loop.  

· They exhibit ferro electricity when the temperature T < Tc where Tc is curie temperature and when T > Tc they are converted into para electric materials. 

· Ferro electric materials exhibit piezo electricity and pyro electricity 

· Piezo electricity: The creation of electric polarization by mechanical stress. 

· Pyro electricity: The creation of electric polarization by thermal stress. 

· “Electrets” are ferro electric materials which possess a gross permanent electric dipole moment. 

· Dielectric loss: “When a dielectric is subjected to the a.c voltage, the electrical energy is absorbed by the material and is dissipated in the form of heat.  This dissipation of energy is called dielectric loss. 

· The permittinity of a medium can be written as 
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Where 
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UNIT – VII, Chapter – II 

THERMAL PROPERTIES

SUMMARY
· Thermal properties of materials describe the response of materials to heat 

· Specific heat of solids: 

The molar specific heat © or molar  heat capacity of a material is the amount of heat energy required to raise the temperature of one mole of a material by one degree kilvin.
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Dulong – Petit’s Law: According to classical theory all atoms are considered as simple harmonic oscillator.  They have two degrees of freedom in one dimension.  So they will have energy. 
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Quantum theory of specific heat – Einestain model: 
According to quantum theory the energy of the oscillator is quantized.
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Debye Model: 
In debye model the interaction between oscillations has been taken into account by treating the solid as a medium in which the lattice propagate. 
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Case – 1 : At high temperature 
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Low temperature 



T → 0oK, xm → ∞
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At low temperature cv α T3 

· Thermal conductivity of solid can be defined as the amount of the thermal energy crossing a unit area in unit time due to unit temperature gradient 
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· In metallic conductions heat conduction is due to free electrons, while in insulation it is mainly due to phonons. 

UNIT - VIII

SCIENCE AND TECHNOLOGY OF NANOMATERIALS

SUMMARY

· Nanomaterials:  Nano materials could be defined as those materials which have structured components with size less than 100nm at least in one dimension. 

· Nanoscience can be defined as the study of phenomena and manipulation of materials at atomic, molecular and macro molecular scales. Where properties differ significantly from those at a larger scale. 

· Nano technology can be defined as the design, characterization, production and application of structures, devices and systems by controlling shape and size at the naometre scale. 

Reasons for differeing the properties of Nanomaterials: 

1) Increase in surface area to volume ratio.

2) Quantum confinement effect 

     Properties of Nano materials: 

1) Physical Properties: By the reduction of the particle size inter atomic spacing decreases.  Melting point decreases 

2) Chemical properties: To reduce the particle size has strong effect on catalytic properties. 

3) Electrical properties: Electronic bands in metals become narrower. 

4) Optical properties: For different sizes, the particle will have different colours. 

5) Magnetic properties: Small particles are more magnetic than the bulk material. 

6) Mechanical properties: nanomaterials are more stronger than bulk. 

· Production of Nano materials: 

Nano materials will be produced by two types of techniques.

1) top down techniques 

2) bottom up technique 

]

2) Plasmas arcing: 

3) Chemical vapour Deposition (CVD)

4) Electro deposition 

5) Ball Milling 

· Carbon nanotubes: They are extended tubes of rolled graphite sheets. They are three types. 

1) Zig-zag 

2) Arm chair 

3) Chiral 

Fullerenes: C60 or bucky ball is first carbon molecule with carbon in a soccer ball shape in which atoms can be placed. 

Application of nano materials: 

(ii) Material technology: 

· Nano ceramics used to produce high strength springs for automotive application. 

· Nano memberanes are used for water purification processes. 

· Nano particle and nano tubes in composites have application 

(iii) Information Technology 

· Nano scale – fabricated magnetic materials have applications in data storage. 

· Coating with thickness controlled at the nano or atomic scale have been used in opto electronic devices. 

(iv) Bio medicals 

· Bio sensitive nano particles are used for tagging of DNA and DNA chips

· Controlled drug delivery is possible using Nano technology

(v) Energy storage

· Useful magnetic refrigeration 

· Metal nano particles are very useful in fabrication of ionic batteries
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