Course Title	:  Optics and Quantum Mechanics
Course No. 	: Phy.Ed .529			Nature of course: Theory (T) + Practical (P)
Level		: M. Ed. in Physics			Teaching hour: 80 (32 T+ 48P)
Credit hours	: 3(2T+1P)				Period/week:2(T) +3pds/day/week/group (P)

Semester	: Second	
														
1. Course Description

This course aims to give knowledge on Optics and Quantum mechanics.  It has two sections – Theory and Practical. Group A of theory section includes the topic optics which covers nature and propagation of light, aberration at spherical surfaces, interference, diffraction and polarization, and dispersion and scattering. Group B of theory section includes the topic quantum mechanics which covers introductory wave mechanics, quantum mechanical wave propagation, operator formalism in quantum mechanics barrier penetration and the harmonic oscillator.

This course also includes practical works from the Optics and Quantum Mechanics. The aim of this course is to develop knowledge and skills required to conduct Physics practical classes at Higher Secondary School, Bachelor and Master level of Science Education in undergraduate level.

1. General Objectives
The general objectives of this course is to enable students 
0. To acquire adequate knowledge of Optics and Quantum mechanics.
0. To be familiar with modern concepts in Optics and Quantum mechanics.
0. To familiarize the students with the activities of some topics related to the course content and to enhance the practical knowledge related to Physics.

1. Specific Objectives and Contents
Part I: Theory

	Specific Objectives
	Contents
	Teaching Hours (32)

	
	A) Optics
	( 16pds )     

	

· Explain following various theories regarding the nature of light:
-Newton’s Corpuscular Theory 
             -Huygen’s Wave Theory
             -Electromagnetic Theory
             -Quantum Theory
             -Dual Nature of Light
· Define Optical Path and derive its expression.
· Describe the determination of velocity of light with advantages and disadvantages by following methods:
-Fizeau method
             - Foucault’s method
             -Michelson’s method
· Solve simple numerical examples related to above topics.

	Units I :Nature and Propagation of Light
0. Nature of Light
0. Optical Path
0. Velocity of light
2. Fizeau method
2. Foucault’s method
2. Michelson’s method
	(2pds)

	
1. Explain Spherical aberration and their removal.
1. Describe Chromatic aberration.
1. Derive an expression for longitudinal chromatic aberration.
1. Derive an circle of least chromatic aberration.
1. Discuss achromatic lenses and condition for achromatism of the lenses.
1. Explain astigmatism and their removal.
1. Describe coma and their removal.
1. Explain curvature distortion and their elimination.
1. Solve numerical problems related to above topics.
	Units II :Aberration at spherical surfaces

0. Spherical aberration and their removal
0. Chromatic aberration and their removal
-Expression for  longitudinal chromatic aberration.
-Circle of least chromatic aberration.
 -Achromatic lenses and condition for 
achromatism of the lenses.
0. Astigmatism and their removal
0. Coma and their removal
0. Curvature distortion and their elimination


	(4pds)

	
· Describe spatial and temporal coherence.
· Explain Lloyd’s mirror for the determination of fringe width of interference pattern and wavelength of radiation.
· Explain Fresnel’s bi-prism for the determination of fringe width of interference pattern and wavelength of radiation.
· Explain Michelson’s interferometer for the determination of fringe width of interference pattern and wavelength of radiation.
· Solve numerical problems related to above topics.
	Units III : Interference
0. Spatial and Temporal coherence
0. Lloyd’s mirror
0. Fresnel’s bi-prism
0. Michelson interferometer

	(4pds)

	· Explain the diffraction with its revision.
· Explain the theory of plane transmission grating as a revision and calculate its dispersive power.
· Calculate resolving power of following optical instruments:
-Microscope
-Telescope
-Plane-transmission grating.
· Explain the phenomenon polarization as revision.
· Describe polarization due to refraction.
· Explain Malus law.
· Discuss the double refraction with suitable illustrations.
· Describe the nicol prism with its use as an analyzer and polarizer.
· Explain the production and detection of plane, elliptical and circularly polarized light.
· Define optical activity and Specific rotation.
· Describe the determination of specific rotation of an optically active substances by using Laurent’s half shade Polarimeter.
· Solve numerical problems related to above topics.
	Unit IV: Diffraction and Polarization
0. Review of diffraction
0. Dispersive power of grating
0. Resolving power of optical instruments
-Microscope
-Telescope
-Plane- transmission grating
1.6Review of polarization
1.7 Polarization by refraction
1.8 Malus law
1.9 Double refraction
1.10 Nicol prism
1.11 Production and detection of 
        plane, elliptical and circularly 
polarized light
1.12 Optical activity (Rotatory 
polarization)
1.13Specific Rotation
1.14 Determination of specific 
rotation of an optically active 
substances by using Laurent’s 
half shade Polarimeter.
	(4pds)

	· Explain normal and anomalous dispersion.
· Describe dispersion in gases with necessary theory and calculate dispersion formula.
· Solve numerical problems related to above topics.
	Unit V: Dispersion and Scattering
0. Normal and anomalous dispersion
0. Dispersion in gases (Lorentz theory)

	(2pds)

	
	A) Quantum Mechanics
	( 16pds )

	· Write down the inadequacy of classical mechanics.
· Discuss De-broglie’s concept of matter wave.
· Express the De-broglie’s wavelength by non-relativistic and relativistic ways.
· Describe the experimental study of matter waves by Davisson and Germer’s method.
· State and explain Heisenberg’s uncertainty principle.
· Explain elementary proof of Heisenberg’s uncertainty relation and mention its physical significance.
· Discuss the illustrations of Heisenberg’s Uncertainty principles by following thought experiments:
- Diffraction of a beam of electrons 
through a slit
- Determination of the position of a 
particle with microscope.
· Explain following applications of Uncertainty principle:
- Non-existence of the electrons in 
the nucleus.
- Size of hydrogen atom.
- Stability of the atom.
- Strength of nuclear force.
· Solve numerical problems related to above topics.
	Unit VI: Introductory wave Mechanics
0. Inadequacy of classical mechanics
0. De-broglie’s concept of matter wave
0. Davisson and Germer’s experiment
0. Heisenberg’s uncertainty principle
3. Elementary proof
3. Physical significance
3. Illustrations by thought experiments
3. Applications
























	(3pds)

	· Write down the basic postulate of quantum mechanics.
· Explain wave motion and wave function.
· Discuss the wave function in an arbitrary direction for a free particle.
· Obtain time dependent and time independent Schrodinger’s wave equation.
· Describe physical interpretation of Schrodinger’s wave equation.
· Explain probability density and normalization of wave function with their importance.
· Discuss the limitations of wave function.
· Define expectation value of dynamical quantities or average value and derive expectation value for position vector, potential, energy, and momentum.
· Derive an expression of probability current density or continuity equation.
· Discuss Newton’s law of motion as a special case of quantum mechanics in Ehrenfest’s theorem.
· Solve numerical problems related to above topics.
	Unit VII: Quantum mechanical 
wave propagation
0. Basic postulate of quantum mechanics
0. Wave motion and wave function
0. Wave function for free particle
0. Schrodinger’s wave equation
3. Time dependent Schrodinger’s wave equation
3. Time independent Schrodinger’s wave equation
3. Physical interpretation of Schrodinger wave equation
3. Probability density
3. Normalization of wave function
3. Limitations of wave function
3. Expectation values of Dynamical quantities or average value
3. Probability current density or continuity equation
3. Ehrenfest’s theorem

	(4pds)

	· Define operator explain linear operators.
· Describe eigen functions and eigen values.
· Explain linear momentum, kinetic energy and total energy operators.
· Discuss commutation relations and its fundamental rules with following examples:
- Commutation relation between 
position and momentum
- Commutation relation between 
  Hamiltonian and linear Momentum
- Commutation rules for angular 
momentum.
- Commutation relation of angular and 
linear momentum.
· Explain parity operator and its properties.
· Solve numerical problems related to above topics.
	Unit VIII: Operator formalism in 
                   Quantum mechanics
0. Operator
0. Linear operator
0. Eigen functions and Eigen values
0. Linear momentum operator
0. Kinetic energy operator
0. Total energy operator
0. Commutation relations
0. Parity operator 
	(2pds)

	· Define free particle and derive wave function, energy and probability density of it.
· Discuss the motion of particle in one dimensional box and find expression of wave function and energy eigen value.
· Explain the quantum mechanical description of the particle in finite square potential well.
· Describe the quantum mechanical description of the particle in three dimensional box.
· Define potential step and discuss the theory of transmission and reflection probabilities of a free quantum particle encounters with a potential step.
· Explain potential barrier and barrier penetration.
· Explain the tunneling effect of a particle through a potential barrier and also discuss the theory of reflection and transmission coefficient.
· Solve numerical problems related to above topics.
	Unit IX: Barrier penetration
0. Free particle
0. Particle in box in one dimension : 
1. Infinite square well potential
1. Finite potential well
0. Particle in three dimensional box
0. Potential step
0. Barrier penetration

	(5pds)

	· Define and explain linear harmonic oscillator.
· Derive an expression for energy of harmonic oscillator and explain meaning of zero point energy.
· Derive harmonic oscillator wave function.
· Explain even and odd parity states

	Unit X: The Harmonic oscillator
0. Linear harmonic oscillator
0. Energy of harmonic oscillator and zero point energy
0. Oscillator wave function
0. Even and odd parity states
	(2pds)



Note: The figures in the parenthesis indicate the approximate teaching hours for therespective units. 
Part II: Practical
	Specific Objectives
	Contents

	Teaching hours 
(48)

	
· To use the Fresnel biprism for the determination of the wavelength of a given monochromatic light and thickness of mica sheet.
· To use Lloyd’s mirror for the determination of wavelength of the given source of sodium light.
· To use the Michelson’s Interferometer to determine: i) the wavelength of monochromatic light and ii) the thickness of the mica sheet.
· To use grating element for the determination of wavelength of the given source of Na-light.
· To study the formation of Interference fringe pattern by wedge shape.
· To determine refractive index of material of prism by using spectrometer.
· To study the variation of refractive index with different concentration of sugar solutions using a hollow prism.
· To determine refractive indices of different colors and plotting a graph between refractive index (µ) and  using mercury vapor lamp.
· Determine the angle of prism and dispersive power of material of the prism using spectrometer.
· To study specific rotation (Optical activity) of cane sugar solution using Laurent’s half shade polarimeter.
· Determine the wavelength of He-Ne laser light and use it to measure the thickness of a thin wire by diffraction of light.
· To determine the value of Cauchy’s constants A and B for the material of glass prism using Hg lamp.
	1 Wavelength of radiation by using
1. Fresnel biprism
1. Lloyd’s mirror
1. Michelson’s Interferometer
1. Diffraction Grating
1. Interference pattern by wedge shape
1. Refractive Index.
1. Dispersive power
1. Specific rotation in Polarization.
1.  Diffraction by Laser light.
1. Cauchy’s constants for the material of glass Prism.

	




1. Instructional Techniques
4.1 General Techniques

· Lecture Method
· Demonstration Method
· Discussion Method
· Inquiry Method
· Project Method
· Collaborative Method


4.2 Specific Instructional Techniques/Activities
· Most of the units require project work, problem solving method and power point presentation.
· The teachers may decide the project work related to the course work.


1. Evaluation Schemes (Internal and External assessment)

	Nature of the Course
	Internal assessment
	External/ Semester Examination
	Total marks

	Theory cum Practical
	40%
	60%
	100%


Note: Students must pass separately in internal assessment, external practical exam / viva and or semester examination.

5.1. Internal Evaluation
a. Theory + Practical: 40%
Internal evaluation will be conducted by course teacher based on following activities:
1. Attendance							5 points
1. Participation in learning activities				5 points
1. First assignment							10 points
1. Second assignment exam (term exam)				10 points
1. Third Practical Exam / Project Work				10 points
Total 								40 Points


5.2. a. Theory: External Examination (Full Marks - 40)  
	Examination Division, Office of the Dean, Faculty of Education will conduct final examination at the end of the semester. 


Nature of the Question and marks allocated for Theory External Examination:
	Paper
	Nature of the Question
	Total

	Full Paper 40%
	Objective
	Subjective
	

	
	10 Q x 1 mark = 10
	6 Q x 5 marks = 30
	40


	Note: All questions are compulsory.

b. Practical External Examination (Full Marks – 20)
1. Practical Examination							15
2. Construction of teaching learning resources using computer skills/models and charts construction/ collection of materials/ Project work report/Record book	5

Note: The marking system will be changed to CGPA system as per the rule and regulation of the Academic council.






Recommended books and reading materials 

John. L. Powell and Bernd Crasemann; (1998); Quantum Mechanics; Narosa Publishing House, New Delhi. (For Unit VI, VII, IX and X)
	
N. subrahmanyam, L. Brij and M.N. Avadhanulu; (2013); Text book of optics;S. Chand and Company Ltd,    New Delhi. (For Unit-I to V units)

F.A. Jenkins and Harvey E. White ;( 2014); Fundamentals of Optics; McGraw Hill Education (India) Pvt. Ltd. co.; New Delhi.

Singh Harman, Dr. Hemne P.S.(2011), B.Sc. Practical Physics, S.Chand& Co. Ltd., New Delhi.

Arora, CL (2012), B. Sc. Practical, S chand and Co., New Delhi.


Reference materials

Agrawal B.K. and Prakash H.; (2012); Quantum Mechanics; PHI Learning Pvt. Ltd., New Delhi. (For Unit VIII)

GhatakAjoy, (2014), Optics, McGraw Hill Education (India) Pvt. Ltd., New Delhi.

Gupta, Kumar and Sharma; (2012); Quantum Mechanics; Jai Prakash Nath Publication, Meerut city.

Leonard I. Schiff; (2012); Quantum Mechanics; Tata McGraw Hill book company, New Delhi.

P.M. Mathews and K.Venkatesan; (2010); A Text book of Quantum mechanics, Tata McGraw Hill Education Pvt. Ltd., New Delhi.

R. Murugeshan and K. Sivaprasath; (2012); Modern Physics;S. Chand and Company Ltd,    New Delhi. 
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