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Session 2026-30 and onwards

	Semester I

	Sr. No.
	Course Code
	Course Title
	Credit Hours
	Category

	1. 
	GEDU-101
	Functional English
	03
	General Education

	2. 
	GEDU-102/ 
GEDU-103
	Islamic studies/ 
Ethics (for Non-Muslim students)
	02
	General Education

	3. 
	GEDU-104
	Applications of Information & Communication Technologies (ICT) 
	02
	General Education

	4. 
	GEDU-104P
	Applications of Information & Communication Technologies ICT (Practical)
	01
	General Education

	5. 
	PHY-101
	Introductory Mechanics
	02
	Major

	6. 
	PHY-101P
	Introductory Mechanics (Practical)
	01
	Major

	7. 
	PHY-104
	Calculus – I
	03
	Major

	8. 
	GEDU-268/
GEDU-105
	Understanding of Holy Quran-I Fehm-e-Quran-I/
Principles of Psychosocial Management and Life Skills-I
	01
	General Education

	Total Credit Hours: 15



	Semester II

	Sr. No.
	Course Code
	Course  Title
	Credit Hours
	Category

	1. 
	GEDU-151
	Expository English
	03
	General Education

	2. 
	GEDU-152
	Ideology & Constitution of Pakistan
	02
	General Education

	3. 
	GEDU-153
	Quantitative Reasoning-I
	03
	General Education

	4. 
	PHY-153
	Waves & Optics
	02
	Major

	5. 
	PHY-153P
	Waves & Optics (Practical)
	01
	Major

	6. 
	PHY-131
	Electricity & Magnetism
	02
	Major

	7. 
	PHY-131P
	Electricity & Magnetism (Practical)
	01
	Major

	8. 
	PHY-154
	Calculus – II
	03
	Major

	9. 
	GEDU-269/
GEDU-155
	Understanding of Holy Quran-II Fehm-e-Quran-II/
Principles of Psychosocial Management and Life Skills-II
	01
	General Education

	Total Credit Hours: 18



	Semester III

	Sr. No.
	Course Code
	Course Title
	Credit Hours
	Category

	1. 
	GEDU-236
	Principles of Economics 
	02
	General Education

	2. 
	GEDU-209
	Fundamentals of chemistry 
	02
	General Education

	3. 
	GEDU-209P
	Fundamentals of chemistry (Practical)
	01
	General Education

	4. 
	GEDU-201
	Quantitative Reasoning – II
	03
	General Education

	5. 
	GEDU-239
	Pakistan Studies
	02
	General Education

	6. 
	PHY-203
	Heat & Thermodynamics
	03
	Major

	7. 
	PHY-204
	Differential Equations
	03
	Major

	Total Credit Hours:  16



	Semester IV

	Sr. No.
	Course Code
	Course  Title
	Credit Hours
	Category

	1. 
	GEDU-259
	Introduction to Arabic Language
	02
	General Education

	2. 
	GEDU-251
	Entrepreneurship
	02
	General Education

	3. 
	GEDU-252
	Civics & Community Engagement
	02
	General Education

	4. 
	PHY-462
	Environmental Physics
	03
	Major

	5. 
	PHY-254
	Modern Physics
	02
	Major

	6. 
	PHY-254P
	Modern Physics (Practical)
	01
	Major

	7. 
	PHY-255
	Vector Calculus 
	03
	Interdisciplinary 

	8. 
	PHY-302
	Classical Mechanics
	03
	Major

	Total Credit Hours: 18



	Semester V

	Sr. No.
	Course Code
	Course  Title
	Credit Hours
	Category

	1. 
	PHY-305
	Electronics – I
	02
	Major

	2. 
	PHY-305P
	Electronics – I (Practical)
	01
	Major

	3. 
	PHY-306
	Mathematical Methods of Physics – I
	03
	Major

	4. 
	PHY-307
	Electromagnetic Theory
	03
	Major

	5. 
	PHY-308
	Medical Physics
	03
	Major

	6. 
	PHY-453
	Computational Physics
	02
	Major 

	7. 
	PHY-453P
	Computational Physics (Practical)
	01
	Major

	8. 
	PHY-309
	Scientific Inquiry & Research Methods
	03
	Major

	Total Credit Hours: 18



	Semester VI

	Sr. No.
	Course Code
	Course  Title
	Credit Hours
	Category

	1. 
	PHY-354
	Electronics – II
	02
	Major

	2. 
	PHY-354P
	Electronics – II (Practical)
	01
	Major

	3. 
	PHY-355
	Quantum Mechanics – I
	03
	Major

	4. 
	PHY-351
	Mathematical Methods of Physics – II
	03
	Major

	5. 
	PHY-357
	Electrodynamics & Special Relativity
	03
	Major

	6. 
	PHY-358
	Condensed Matter Physics
	03
	Major

	Total Credit Hours: 15



	Semester VII

	Sr. No.
	Course Code
	Course  Title
	Credit Hours
	Category

	1. 
	PHY-404
	Atomic & Molecular Physics
	03
	Major

	2. 
	PHY-405
	Quantum Mechanics – II
	03 
	Major

	3. 
	PHY-406
	Nuclear Physics
	03
	Major

	4. 
	PHY-407
	Digital Electronics 
	02 
	Major

	5. 
	PHY-407P
	Digital Electronics (Practical)
	01
	Major

	6. 
	PHY-408
	Solid State Physics-I 
	03 
	Major

	7. 
	PHY-498
	Internship 
	03 
	Compulsory

	Total Credit Hours: 18



	Semester VIII

	Sr. No.
	Course Code
	Course  Title
	Credit Hours
	Category

	1. 
	PHY-451
	Solid State Physics-II
	03 
	Major

	2. 
	PHY-452
	Statistical Mechanics
	03 
	Major

	3. 
	
	Elective-I*
	03 
	Major

	4. 
	PHY-476
	Artificial Intelligence in Physics
	03 
	Interdisciplinary

	5. 
	PHY-499
	Capstone
	03 
	Capstone

	Total Credit Hours: 15





List of Elective Courses

	Sr. No. 
	Course Code
	Elective Courses *
	Cr. Hrs.

	1. 
	PHY-458
	Energy & Environmental Physics
	03

	2. 
	PHY-459
	Relativity and Cosmology
	03

	3. 
	PHY-460
	Introduction to Plasma Physics 
	03

	4. 
	PHY-461
	Introduction to Material Science
	03

	5. 
	PHY-462
	Methods of Experimental Physics
	03

	6. 
	PHY-463
	Surface Physics
	03

	7. 
	PHY-464
	Environmental Physics
	03

	8. 
	PHY-465
	Particle Physics
	03

	9. 
	PHY-466
	Laser Physics
	03

	10. 
	PHY-467
	Introduction to Nanotechnology
	03

	11. 
	PHY-468
	Fluid Mechanics
	03

	12. 
	PHY-469
	Introduction to Nano Science and Nanotechnologies
	03

	13. 
	PHY-470
	Hydrology
	03

	14. 
	PHY-471
	Optoelectronics
	03

	15. 
	PHY-473
	Astrophysics 
	03

	16. 
	PHY-474
	Foundation of Machine Learning
	03



Total Credit Hours: 15+18+16+18+18+15+18+15 = 133


Lahore College for Women University, Lahore

Course Title: INTRODUCTORY MECHANICS				
Course Code: Phy-101					Credit Hours: 03
Semester: I							

Pre-requisite
A Level Physics and F.Sc. (Physics + Math)
Objectives:
1. To give concept of vector and their various properties.
2. To give basic understanding of laws of motion and their applications is daily life.
3. To give mathematical concept and expressions of various physical parameters used in mechanics.
COURSE OUTLINES

Work and Energy 
Work done by constant and variable forces, Gravitational and spring forces, power
Conservative and Non Conservative Forces
conservative and non-conservative forces, work and potential energy, One dimensional conservative system, The spring Force (Block- Spring system), The force of Gravity (Gravitational Field)
System of particles
center of mass and Newton’s laws for a system of particles, Centre of mass of uniform rod and solid Cylinder, linear momentum, Conservation of linear momentum
Collisions
Impulse and Momentum, momentum and kinetic energy in one and two dimensional elastic and inelastic collisions
Rotational Dynamics
Rotational Inertia, Parallel-axis theorem, Perpendicular axis Theorem
Angular Momentum
Angular momentum for a single particle and a system of particles, conservation of angular momentum
Gravitation
Newton’s Law of Universal Gravitation, The motion of planets and Setellites, Kepler’s laws,  Law of Orbits, Law of Areas, Law of Periods

RECOMMENDED BOOKS
1. Mechanics by C. Kittel, et al., Berkeley Physics Course Volume 1, Berkeley (1965) .
2. An Introduction to Mechanics, by D. Kelepner and R. Kolenkov, Cambridge, (2013)
3. Physics (Volume 1 & 2) by R. Resnick, D. Halliday and K. S. Krane (5th Edition), Wiley (2002).
4. University Physics with Modern Physics by H. D. Young, R. A. Freedman (14th Edition), Addison-Wesley (2015).
5. Fundamentals of Physics by D. Halliday, R. Resnick and J. Walker (9th Edition), JWiley (2011)
6. Physics: Classical and Modern by F. J. Keller W. E. Gettys and M. J. Skove (2th Edition), McGraw Hill (1992)
7. A Text Book Of Mechanics By M.H. Musaddiq 



Lahore College for Women University, Lahore

Course Title: INTRODUCTORY MECHANICS (Practical)		
Course Code: PHY-101 P					Credit Hours: 01
Semester: I							

List of Experiments
1. To determine the value of “g” by compound pendulum.
2. Find the radius of gyration and moment of inertia of compound pendulum.
3. To determine the surface tension of water by capillary rise tube.
4. To determine the modulus of rigidity of a wire by static method.
5. To determine the modulus of rigidity of a wire by dynamic method.
6.  (a).To determine the elastic constant i.e., Modulus of Rigidity of a wire by a spiral spring.
(b).To determine the elastic constant i.e., Young’s Modulus of a wire of a spiral spring


Lahore College for Women University, Lahore

Course Title: CALCULUS-I				Credit Hours: 03	
Course Code: PHY-104					Semester: I							
Objectives 
The objectives of this course involve attaining knowledge of differential calculus and use of derivatives to solve a variety of problems. Also, to understand the concepts of definite and indefinite integrals and apply them to find the solutions of various problems. 
Course Learning Outcomes (CLOs)
On successful completion of this course the students should be able to:
1. Acquire the knowledge of limit continuity.
1. Learn various techniques of differentiation and integration of functions of single variable. 
1. Apply them to solve real world problems.

COURSE OUTLINES

Function and graphs: Domain and range of a function. Operations with functions. Limits and continuity: Informal definition of limits, Rules for finding limits, and formal definition of limits, One sided and two-sided limits, Infinite limits, Continuity, Theorems on continuity, Continuous extension to a point. 
Derivatives at a point. Techniques of differentiation. One sided and two-sided derivatives. Derivatives as a rate of change. Related rates. Linearization and differentials. Extreme values of functions. The mean value theorem. Increasing and decreasing functions. The first and second derivative tests for local extreme values. Concavity. Asymptotes and dominant terms. Optimization problems. Indeterminate forms. L ’Hospital’s rule. 
Definite and indefinite integrals. Techniques of evaluation of indefinite integrals. The definite integrals as limit of sum. Fundamental theorem of integral calculus. Properties of definite integrals. Improper integrals. Reduction formulae. Area between curves. 
RECOMMENDED BOOKS
1. Deborah H. Hallett,  Andrew M. Gleason and  William G. McCallum, Calculus, Single Variable, 8th Edition, Wiley, 2021. 
1. Howard Anton, Irl C. Bevens and Stephen Davis, Calculus, 11th Edition, John Wiley & Sons, 2012.
1. Joel R. Hass, Christopher E. Heil and Maurice D. Weir, Thomas Calculus, 14th Edition, Pearson Education, Inc., 2018.
1. James Stewart, Calculus, Early Transcendentals, Brooks/Cole, Cengage Learning, USA. 2012.
1. Robert A. Adams, Calculus: A Complete Course, 5th Edition, Addison Wesley, 2003

LAHORE COLLEGE FOR WOMEN UNIVERSITY
Course Title:  WAVES & OPTICS     		Credit Hours: 03    
Course Code: PHY-153                  			 Semester:   II       						
COURSE OUTLINES

SIMPLE HARMONIC MOTION (SHM):
Oscillating system, Physical significance of Omega ( ), Relation between Displacement, Velocity and Acceleration, Energy considerations in SHM, Applications of SHM – Torsion Pendulum, Simple Pendulum and Physical Pendulum. Damped Harmonic Motions, Forced Oscillations, Resonance.
WAVE MOTION:
Mechanical waves, Travelling Waves, Sinusoidal Waves, Group Speed and Dispersion, Wave Speed, Transverse Velocity of a Particle, The wave Equation, Power and Intensity of wave in Wave Motion, The Principal of Superimposition, Interference of waves, Standing Waves (Reflection of waves) and Standing Longitudinal Waves.
THE NATURE AND PROPAGATION OF LIGHT AND INTERFERENCE PHENOMENA
Electromagnetic Wave, Interference Phenomena, Young Double Slit Experiment, Analytical Treatment of Interference Phenomena, Typical cases of interference phenomena ( Thin Film, Michelson’s Interferometer and Newton Ring).
DIFFRACTION:
Huygen’s Principal, Fraunhofer Diffraction, Fressenel Diffraction, Intensity in single slit Diffraction (Analytical Treatment), Double Slit Interference and Diffraction (analytical Treatment), Diffraction Grating, Dispersion, Resolving Power.
POLARIZATION:
Jones Matrices, Dichroism, Polarization by reflection from dielectric surfaces, Birefringence, Double Refraction, optical activity, photoelasticity.
COHERENCE & HOLOGRAPHY:Temporal Coherence, Spatial Coherence, Hologram properties, White light hologram, volume holograms, Difference between photography and holography.
OPTICAL DETECTORS AND DISPLAYS: 
Photoemissive detectors, Photoconductive detectors, Junction Photodiodes, Optical displays: Cathode-ray tube display, Liquid crystal display.

List of Experiments:
1. With the help of Sextant, determine vertical distance between two points.
2. To determine the wave length of sodium light by Newton’s rings.
3. To determine the wave length of sodium light using a diffraction grating.
4. To determine the diameter of thin wire/ hair by using laser beam.
5. To determine the wavelength of laser beam using diffraction grating.
6. To determine the frequency of AC supply by meld’s experiment.
7. To determine the frequency of AC supply by electronic sonometer.


Lahore College for Women University, Lahore

Course Title: WAVES & OPTICS (Practical)	
Course Code: PHY-153 P					Credit Hours: 01
Semester: II							
Pre-requisites
Intermediate with Physics and Math or A level Physics
List of Experiments
1. With the help of Sextant, determine vertical distance between two points.
2. To determine the wave length of sodium light by Newton’s rings.
3. To determine the wave length of sodium light using a diffraction grating.
4. To determine the diameter of thin wire/ hair by using laser beam.
5. To determine the wavelength of laser beam using diffraction grating.
6. To determine the frequency of AC supply by meld’s experiment. 
7. To determine the frequency of AC supply by electronic sonometer. 


Lahore College for Women University, Lahore

Course Title: ELECTRICITY & MAGNETISM
Course Code: PHY-131					Credit Hours: 03
Semester: II							

Pre-requisite
Intermediate with Physics and Math or A level Physics
Objectives
1. To give the concept of electric field, electrical potential and dielectrics
2. To understand the DC circuits
3. To know the effect of magnetic field and basic magnetic properties of materials

COURSE OUTLINES
Pre-requisite
Intermediate with Physics and Math or A level Physics
Objectives
1. To give the concept of electric field, electrical potential and dielectrics
2. To understand the circuits
3. To know the effect of magnetic field and basic magnetic properties of materials

COURSE OUTLINES
Electric Field: 
Field due the point charge, due to several point charge, electric pole, electric field of continuous charge field e.g. ring of charge, disc of charge, infinite line of charge, point charge in an electric field, dipole in an electric field, torque on and energy of a dipole in a uniform magnetic field. 
Gauss’s Law: 
Electric flux, Gauss’s law(integral and differential form), application of Gauss’s law(integral form), charged isolated conductor with a cavity, field near a charged conducting sheet, filed of infinite line of charge, field f spherical shell, field of spherical charge distribution.
Electric Potential: 
Potential due to point charge, potential due to collection of point charges, potential due to dipole, electric potential due to continuous charge distribution.
Calculation of field from Potential: 
Field as the gradient or derivative of potential. Potential and field inside and outside an isolated conductor.
Capacitor and Dielectric: 
Capacitance, calculating the electric field in a capacitor, capacity of various shapes cylindrical spherical etc. and calculating their capacitance, energy stored in an electric field, energy per unit volume.
Capacitor with Dielectrics: Electric field of dielectric:
1.  An atomic view
2.  Application of Gauss’s law to capacitor with dielectric.
Electric current: 
Electric current, Drift velocity, Current density, ohm’s law.
Magnetic field effect: 
Magnetic field B, basic idea, magnetic force on a charged particle, magnetic force on a current, torque on a current loop
Magnetic dipole:
Definition, energy of magnetic dipole in field, quantitative discussion, Lorentz force and its applications.
Ampere’s Law: 
Integral and differential form, application to toroid and solenoid.
Biot Savort Law: 
Analytic treatment, application to a current loop force on two parallel current carrying conductors. 
Magnetic Properties of Matter: 
Gauss’s law for magnetism, differential form of Gauss’s Law.
Origin of Atomic and Nuclear Magnetism: 
Basic idea, Bohr’s magnetron, Magnetization: defining M.B.U
Magnetic material: 
Para magnetism, diamagnetism,   ferromagnetism-discussions,   hysteresis   in   ferromagnetic materials.
Inductance: 
Faraday’s law of electromagnetic induction, Induced e.m.f
Lenz’s law, inductance, basic definition, inductance of a solenoid, toroid.
Alternating current: 
AC current in resistive, capacitive and inductive element, single loop RLC circuit, analytic expression of time dependent solution, graphical analysis phase angle, Power in AC circuits phase angle, RMS values, power factor.
Maxwell’s equation: 
Summarizing the electromagnetic equations, Gauss’s law for electromagnetism, faraday law, ampere’s  law,  induced  magnetic  field  and  displacement  current,  development  of  concept, application, Maxwell equation, integral and differential form discussions and implications. 

Books Recommended:
· D. Halliday, R.Resnick, K.S. Krane – Physics Vol. II, 11th Edition, John Willey & Sons Inc, 2017
· A. F. Kip Fundamentals of Electricity & Magnetism 2nd Edition.Mc Graw-Hill Book Co. 1969.
· Electricity and Magnetism, D.L. Sehgal, K.L. Chopra, N.K. Sehgal, Sultan Chand & Sons, 2020.


Lahore College for Women University, Lahore

Course Title: ELECTRICITY & MAGNETISM (Practical)
Course Code: PHY-131					Credit Hours: 03
Semester: II							

Pre-requisites
Intermediate with Physics and Math or A level Physics

List of Experiments
1. To study the characteristics of RLC series (acceptor) circuit.
2. To study the characteristics or RLC parallel (rejecter) circuit.
3. To determine field strength between the pole pieces of electromagnet.
4. To determine the unknown small resistance by using Carey Foster’s bridge.
5. To determine the high resistance by using a Neon flash lamp and a capacitor.
6. Calibration of voltmeter by potentiometer.
7. Calibration of ammeter by potentiometer.
8. To measure the strength or flux density of the magnetic field by search coil method or flux meter method. 




Lahore College for Women University, Lahore
Course Title: Calculus-II
Course Code: PHY-154					Credit Hours: 03
Semester: II							

Objectives  
This course will help to develop a fundamental and sound understanding of infinite sequences and series. Students’ will also gain knowledge of the calculus of multivariable functions,  double and triple integrals. 	
Course Learning Outcomes (CLOs)
On successful completion of this course the students will be able to:
1. Get a comprehensive knowledge of infinite sequences and series.
2. Explain the basic concepts of conic section. 
3. Focus on understanding the basic concepts of multivariable calculus. Compute multiple integrals.

Course Outline
Sequences and series. Tests for the convergence of series. Alternating series. Absolute and conditional convergence. Power series. Convergence of power series. Representation of functions as power series. Taylor and Maclaurin series. Approximations by Taylor polynomials. 
Conic section. parameterized curves. and polar coordinates: Conic section and quadratic equations. Curves defined by parametric equations. Polar coordinates. Polar curves. tangents to polar curves. Areas and arc length in polar coordinates. 
Function of several variables. Open and closed rectangles. Chain rule. Partial derivatives. Double and Triple integrals and their applications.

Books Recommended:
1. Deborah H. Hallett.  Andrew M. Gleason and  William G. McCallum. Calculus. Single Variable. 8th Edition. Wiley. 2021.
2. [bookmark: _Hlk209469328]Howard Anton. Irl C. Bevens and Stephen Davis. Calculus. 11th Edition. John Wiley & Sons. 2012.
3. James Stewart. Calculus. Early Transcendentals. Brooks/Cole. Cengage Learning. USA. 2012.
4.  Joel R. Hass. Christopher E. Heil and Maurice D. Weir. Thomas Calculus. 14th Edition. Pearson Education. Inc.. 2018.
5. Robert A. Adams. Calculus: A Complete Course. 5th Edition. Addison Wesley. 2003.

LAHORE COLLEGE FOR WOMEN UNIVERSITY
Course Title:  Heat and Thermodynamics    	     Credit Hours: 03    
Course Code: PHY-203		            	              Semester:  III       					

MID TERM

HEAT AND TEMPERATURE:
Temperature, Kinetic Theory of the Ideal Gas, Review of previous Concepts about Kinetic Theory of Gas, Gas Law, Equation of State of Gas, Pressure of Gas on the basis of Kinetic Theory of Gasses, Work Done on Ideal Gas, Internal Energy of an Ideal Gas, Inter-molecular Forces - Qualitative Discussions and Vander Waal’s Equation of the State of Gas.
THERMODYNAMICS: 
Review of Previous Concepts, First Law of Thermodynamics and its Application to Adiabatic, Isothermal, Cyclic and Free Expansion, Reversible and irreversible Processes, Nature of Heat, Heat Capacities, Relation between Heat Capacities of Gas and Equation of State for Adiabatic Process.Second Law of Thermodynamic, Carnot Theorem, Carnot Engine, Heat Engine, Refrigerator, Calculation of Efficiency of Heat Engine, Coefficient of Performance, Thermodynamic Temp. Scale and Absolute Zero.
ENTROPY:
Entropy, Entropy in reversible and irreversible Processes, Entropy and Second Law, Entropy and Probability, Principal of Increase of Entropy and degradation Energy of Entropy.

FINAL TERM

APPLICATIONS OF LAWS OF THERMODYAMIC FUNCTIONS:
Thermodynamics function-Internal Energy, Entropy, Enthalpy, Helmholtz and Gibb’s, Maxwell Equation, 1st and 2nd TDS Equations, Energy Equation and their Application, ClauisesClapeyron Equation and Stephan Law of Black Body Radition.
LOW TEMPERATURE PHYSICS:
Liquefaction of Gasses, Joule Thompson Effect ( Porous Plug Experiment) and its Equations
THERMO-ELECTRICITY: 
Thermocouple, Seeback Effect, Peltier’s Effect and Thompson Effect
INTRODUCTION TO STATISTICAL MECHANICS: 
Statistical distribution and mean values, Mean free path and microscopic calculations of mean free path. Distribution of Molecular Speeds, Distribution of Energies, Maxwell distribution, Maxwell Boltzmann energy distribution, Brownian Motion Legvaian equation, Qualitative description.

RECOMMENDED BOOKS
· D. Halliday, R.Resnick, K.S. Krane – Physics Vol. II, 11th Edition, John Willey & Sons Inc, 2017
· JF Lee and f.W Sears, Thermodynamics, Addison-Wesley 1954.
· M.M. Abbot, Schaum’s outlines of Thermodynamics, McGraw-Hill Professional Book Group, 1995.
· Heat and thermodynamics, Elizabeth H. Oakes, Facts On File, 2022.


LAHORE COLLEGE FOR WOMEN UNIVERSITY
Course Title:  Differential Equations	          	     Credit Hours: 03    
Course Code: PHY-204		            	              Semester:  III       	


Objectives 
This course will be proved helpful in developing fundamental skills of solving ordinary differential equations, formulate linear and nonlinear real-world models as a differential equation and to solve them.
Course Learning Outcomes (CLOs)
On successful completion of this course students will be able to:
1. Basic knowledge about the differential equations and their formulation.
2. Learn different methods of solving ordinary differential equations and system of differential equations. 
3. Solve different physical and biological problems involving rates of change.


Course Outline
Differential equations and their classification, formation of differential equations, initial and boundary conditions. Solution of first order linear differential equations including variables separable form, exact equations, linear equations, solution by substitutions. Higher order differential equations, homogeneous and non-homogeneous differential equations. Method of undetermined coefficients, variation of parameters to solve non homogenous differential equations, Cauchy-Euler equation, reduction of order. The Laplace transforms and inverse Laplace transforms. Solution of initial value problems using Laplace transforms.  Introduction of Fourier transforms.			

Recommended Books
· Anthony Croft Robert Davison, Mathematics for Engineers, 5th Edition, Pearson Education Limited, 2017.
· Dennis G. Zill, Differential Equations with Boundary-value Problems, 9th Edition, Cengage Learning, 2016.
· Jiri Lebl, Notes on Diffy Qs: Differential Equations for Engineers, 1st Edition, 2019.
· R. Kent Nagle, Edward B. Saff and Arthur David Snider, Fundamentals of Differential Equations, 9th Edition, Pearson, 2018.
· Victor Henner, Tatyana Belozerova and  Mikhail Khenner, Ordinary and Partial Differential Equations, CRC Press, 2013.
· William E. Boyce and Richard C. DiPrima, Elementary Differential Equations and Boundary Value Problems, 10th Edition Wiley,  2012.


LAHORE COLLEGE FOR WOMEN UNIVERSITY
Course Title:  Environmental Physics          	     Credit Hours: 03    
Course Code: PHY-462		            	              Semester:  III       	

MID TERM

Introduction to the Essentials of Environmental Physics: 
The energy budget of the earth, the atmosphere and its composition, atmosphere and Climate, atmospheric greenhouse effect, transport of matter, energy and momentum, exploitation of conventional (fossil fuels and nuclear energy) and renewable energy sources (solar radiation, wind, biomass, ocean waves, tidal and geothermal energy).
Basic Environmental Spectroscopy: 
Black body radiation, the emission spectrum of sun, the transition electric dipole moment, the Einstein Coefficients, Lambert – Beer’s law, the spectroscopy of bio-molecules, solar UV and life, the ozone filter. 
Transport of Pollutants:  
Diffusion, flow in rivers, ground water. flow equations of fluid dynamics, turbulence, turbulence diffusion.

FINAL TERM
Noise: 
Basic Acoustics, Human Perceptions and noise criteria, reducing the transmission of sound, active control of sound. 
Radiation: 
Radioactive decay law, sources of radiation, sources of Radioactive waste, Health Hazards, Radioactive waste management.
Climatology and Measurements of Climate Factor: 
Data collection and organization, statistical analysis of climatic data, climatic indices, General characteristics of measuring equipment, Measurement of temperature, air humidity, surface wind velocity, Radiation balance, precipitation, Atmospheric Pressure, automatic weather stations.

Recommended Books
1. Rodrigues, A.,   Sardinha, R.A.   and   Pita, G., 2021. Fundamental   Principles   of Environmental Physics. Springer Nature.
2. Robert A. Ristinen, Jack J. Kraushaar and Jeffrey Brack., 2016. Energy and the Environment. 3rd edition, Wiley 
3. Monteith, J. and Unsworth, M., 2013.  Principles of Environmental Physics: plants, animals, and the atmosphere. Academic Press. 4th Edition.
4. Boeker, E. and Van Grondelle, R., 2011. Environmental Physics: sustainable energy and climate change. John Wiley & Sons. 3rd Edition.
5. Faraoni, V., 2007. Exercises in Environmental Physics. Springer Science & Business Media. 
6. Smith, C., 2004. Environmental physics. Routledge.










Lahore College for Women University, Lahore

Course Title: MODERN PHYSICS	  		       Credit Hours: 0	
Course Code: PHY-254						Semester: II	

PRE-REQUISITE: Intermediate with Physics and Math or A-Level Physics
OBJECTIVES: To understand the concepts of Modern Physics

COURSE OUTLINES


Mid Term
ELECTRONS AND PHOTONS: 
Conduction through Gasses at Low Pressure, Cathode Rays, Determination of e/m  of Cathode Rays: J.J. Thompson Method, Millikan’s Oil Drop Method, Bucherer’s Experiment. Photoelectric Effect, Failure of EM wave Theory to explain photoelectric emission, Planks Quantum Theory – Einstein Photoelectric Equation, Compton Effect, Dual Nature of EM Radiation.
PARTICLES AND WAVES: 
Debroglie’s Hypothesis, Experimental Evidence Debroglie’s Hypothesis, Bohr’s quantization rules – Its interpretation on the Debroglie’s Postulates, Testing of Debroglie’s Hypothesis: Davison and Germer Experiment, G.P. Thomson Experiment. Wave, Wave Packets and Particles, Localizing Waves in Space and in Time, Heinsberg’s Uncertainty Principal, Correspondence Principal, Wave and Particle Duality.

Final Term
ATOMIC STRUCTURE: 
The Atomic Spectra of the elements, The Hydrogen Atomic Spectra, Basic Postulates of Bohr’s Atomic Model, Bohr’s Theory of Hydrogen Atom, Excitation Potential and Ionization Potential, Methods for the Excitation and Ionization of atoms, Bohr’s Theory of Critical Potential and their determination by Franck and Hertz Experiment, Deficiencies of Bohr’s Atom Model
ATOMIC PHYSICS:
Introduction about X-Rays, Production of X-Rays, The X-Rays Absorption, Bragg’s Spectrometer, X-Ray Emission Spectra, X-Ray and Ordering of Elements in the Periodic Table, Moseley’s Law, Laser and Laser Light, Einstein and the Laser, Working of the Laser and its applications.

Recommended Books
1. Modern Physics: A critical approach, Canio Noce, Institute of Physics (Great Britain), IOP publishers, 2020.
2. Robert M. Eisberg, Fundamentals of Modern Physics, John wiley & Sons 1961.
3. University Physics with Modern Physics by H. D. Young, R. A. Freedman (14th Edition), Addison-Wesley (2015).
4. Physics for Scientists and Engineers by R. A. Serway and J. W. Jewett (8th Edition), Golden Sunburst Series (2010)
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Course Title: MODERN PHYSICS (Practical)	       Credit Hours: 01
Course Code: PHY-254					       Semester: IV	

List of Experiments

1. To determine e/m of electrons by deflection method.
2. To determine the ionization potential of mercury.
3. To study the variation of photo electron current with intensity of light using photocell.
4. To determine the Plank’s Constant by using filters.
5. To study the Hall’s Effect in the given semicoduct material.
6. To determine the ranges of “α”, “β”, “γ” particles by using G.M Counter.
7. To determine the dielectric constant by using the R.L.C series circuit.
8. To determine the Plank’s Constant by using Photoelectric Effect.
9. To determine the work function of metal by using Richardson’s equation
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Course Title: Vector Calculus		           	       Credit Hours: 03
Course Code: PHY-255					       Semester: IV	

Course Objectives 
This course is designed to study the most fundamental knowledge for understanding vectors in the traditional way. Vector algebra provides a kind of bridge between elementary aspects of linear algebra, geometry and analysis. This course is also designed to enable the students to understand and use the techniques and basic principles of vector analysis and important theorems’ on line and surface integrals.
Course Learning Outcomes (CLOs)
At the end of the course the students will be able to: 
1. Understand the concepts and basic skills of vector algebra.
2. To learn about vector calculus (differentiation and integration of vectors).
3. To learn about gradient, divergence and curl.

Course Outline
 Algebra of vectors, scalars and vectors, geometric representation of a vector, different types of vectors, arithmetic operations on vectors, dot and cross product of vectors, direction cosine of a vector, projection of a vector, geometric interpretations and identities of dot and cross projects, scalar triple product and vector triple product and their fundamental identities, linear combination of vectors, collinear and coplanar vectors, reciprocal vectors.
Vector equations of straight lines and planes, distance from a point to a plane, angle between two planes and angle between a line and a plane. 
Scalar and vector function, vector differentiation and integration, rules of vector differentiation and integration.
Scalar point function and scalar field, vector point function and vector field, level surfaces, gradient of a scalar, divergence and curl of a vector point function, Laplacian operator, directional derivative.   

Recommended Books:
1. Khalid. L. Mir, An Introduction to Vector Analysis with Application to Geometry and Mechanics, Latest Edition, Ilmi Kitab Khana, Lahore.
2. Nawazish. A. Shah, Vector and Tensor Analysis for Scientist and Engineers, Latest Edition, A-ONE Publishers, Lahore.
3. Frank Chorlton, Vector and Tensor Methods, Latest Edition, Ellis Horwood Publisher, Chichester, UK. 
4. Murray Ralph Spiegel, Vector Analysis, Latest Edition, McGraw Hill Book Company, Singapore.
5. Howard Anton, Irl C. Bevens and Stephen Davis, Calculus, 11 Edition,. John Wiley & Sons, 2012.
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Course Title: CLASSICAL MECHANICS             Credit Hour: 03
Course Code: PHY-302					    Semester: IV		

Course Outline
Survey of elementary physics:
Classical mechanics, Disciplines of mechanics (Kinmatic, Dynamic, Statics), Mechanics of single particle, Brief survey of Newtanion mechanics of a system of particles.

Central forces: 
Central forces (definition) ,Properties of central forces, Equation of motion in central field of force, Two body problem and it’s reduction to one body problem, Conservation of energy in central forces , Kepler’s laws.

Scattering angle in central field of forces: 
Scattering angle, Impact parameter, scattering cross section, Rutherford’s scattering formula for scattering cross section, angle of scattering in different systems and their relation.

Constraints: 
Constraints, Classification of constraints, Difficulties and their solution introduced by constraints, Degree of freedom, Generalized coordinates, Generalized velocity, Generalized force, D’ Alembert’s principle and Lagrange’s equations, simple applications of Lagrange’s formulation.

Calculus of variation: 
Variational principle and Lagrange’s equations, Hamilton’s principle, The techniques of calculus of variation, some applications of the techniques of calculus of variation, derivation of Lagrange’s equations using Hamilton’s principle.

Hamiltonian mechanics: 
Lagendre transformation and the Hamilton’s equation of motion, Cyclic coordinates and conservation Theorem, Generating function and equations of canonical transformation, canonical transformation to solve the problem of a simple Harmonic Oscillator in one  dimension, the symplectic approach to canonical transformations, Lagrange’s Brackets and Poission’s Brackets


Recommended Books:
1. Foundations of Classical Mechanics, P. C. Deshmukh, Cambridge University Press, 2023.
2. Herbert Goldstien, “Classical Mechanics”, 2nd Edition, Addison Wesley, Reading, Massachusetts (1980).
3. A. Douglas Davis, “Classical Mechanics”, Academic Press College Division, Harcourt Brace Javanovich, New York, (1986).
4. S.N. Rasband,  “Dynamics”, John Wiley & Sons, New York (1983).


LAHORE COLLEGE FOR WOMEN UNIVERSITY

Course Title:  Electronics-I    				Credit Hours: 02
Course Code: PHY-305		             	         Semester:   V								
MID TERM
PN Junction Diode: 
Classification of Solids, Types of semi conductors PN Junction, Formation of depletion layer, Junction or barrier voltage, Forward PN Junction, Forward I/V characteristics, Reverse biased PN Junction, Reverse Saturation current, Reverse I/V characteristics, Diode voltage current equation, Junction Breakdown: (Zener breakdown, Avalanch breakdown), Junction capacitance: (Transition Capacitance, Diffusion capacitance). 
Diode Application: 
Light Emitting diode, Diode Fabrication, Zener Diode.  Rectifiers (Half Wave rectifier, Full Wave Rectifier, Full wave bridge Rectifier, filter Capacitor filter) II filter, II-R Filter, Diode as wave Clipper, Diode as wave clamper, diode logic gates.
Circuit Theory and Analysis: 
Superposition theorem, Thevenin’s Theorem, Norston’s Theorem, Model for circuit, one port and two-port network, Hybrid parameter equivalent circuit, Power in decibels.
FINAL TERM
Junction Transistor: 
The Bipolar Junction Transistor, Transistor biasing, Imported biasing rule, Transistor current, Transistor circuit configuration, Leakage current, (Reverse Saturation Current), Transistor static characteristics, Basic Transistor amplifier, Transistor Equivalent circuit, common emitter amplifier, Performance of common emitter amplifier, Common Base transistor amplifier, Common collector amplifier, performance of common collector amplifier, Comparison of amplifier performance.
DC Bias for the Transistor: 
Dc Load Line and Q-point, choice of the quiescent point, Fixed Transistor bias, Design of a fixed bias circuit, The four resistor bias circuit, Design of a four resistor bias circuit. 
Field Effect Transistor: 
What is /field effect transistor, JFET: Static characteristics of JFET, Metal oxide semiconductor Field Effect Transistor (MOSFET): enhancement and depletion mode.

Recommended Books:

1. Electronics Circuit and system by J.D. Ryder/ Charles M Thomson, Prentice Hall Inc, New Jersey, 1976.
2. Electronics devices and circuits by Millman and Halikias, McGra Hill Book Company, 1976.
3. Basic Electronics, By ML Anand. India: S Chand & Company Limited, 2022.
4. Basic Electronics Engineering (For Diploma/ Polytechnic, Odisha). India: S Chand & Company Limited, 2015.
5. Basic Electronics, By ML Anand. India: S Chand & Company Limited, 2022.
6. Basic Electronics Engineering (For Diploma/ Polytechnic, Odisha). India: S Chand & Company Limited, 2015.
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Course Title:  Electronics-I (Practical)		Credit Hours: 01    
Course Code: PHY-305 P		             	         Semester:   V	

List of Experiments:


1. To draw the characteristics of semi-conductor diode and compare it with that of vacuum tube diode.
2. Study the IV characteristics of zener diode.
3. Design a full-wave rectifier and study its output without and with a capacitor filter.
4. Design a full-wave rectifier and study its output with a π-filter.
5. Design a regulated power supply using Zener diode and study its regulation.
6. Design clipper and clamping circuits and study the output waveshapes.
7. Design a CE amplifier and study its frequency response. Determine its low- and upper-limit frequencies and also the bandwidth.
8. Design an emitter amplifier and determine its input and output impedance.
9. To design a single stage common emitter transistor (25 C 828) amplifier and study its voltage gain.

LAHORE COLLEGE FOR WOMEN UNIVERSITY

Course Title:  MATHEMATICAL METHODS OF PHYSICS-I	
Course Code: PHY-306		             	         Credit Hours: 03
Semester:   V								

Course Outlines
Complex Variable:
Function of complex variable, Cauchy reimann condition, analytic function, Cauchy integral formula, Taylor and Laurent series, Calculus of residues of 1st, 2nd, 3rd, 4th types.

Vector Analysis:
Differentiation of vector field, line integral, surface integral Green theorem, Gauss’s divergence theorem, Gausses divergence theorem for simple and non simple surface, Stokes theorem, 
 Cartesian coordinate system, Special coordinate systems, Curvilinear coordinates, Spherical coordinate system, Cylindrical coordinate system, problem.

Recommended Books:

1. Mathematical Methods of Physics, Henry William Wyld (Jr), Gary Powell, CRC press, 2022.
2. Mathematical Physics, B.D.Gupta, University of Calofornia, Vikas 1986,
3. C.W.Wong, Introduction to mathematical Physics, Oxford University Press(1991)
4. Mathematical methods for Physicists by G.Arfken Cadamic Press(1995)
5. H. P. Hsu, Fourier Analysis Simon Schuster Series 1967.
6. Mathematical Methods and Physical Insights: An Integrated Approach, Alec J. Schramm, Cambridge University Press, 2022.
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Course Title:  Electromagnetic Theory		Credit Hours: 03    
Course Code: PHY-307		             	         Semester:   V	

Course Outlines
The magnetic field of steady current, Magnetic induction, Biot and Savert’s law, magnetic field due to long straight wire, magnetic field due to circular turn, Magnetic field due to Helmohltz coil, Ampere circuital law, Magnetic vector   potential, The Magnetic scalar potential, Magnetic properties of magnetic materials, B due to magnetic materials, Magnetization, Vector M and H produced by magnetized materials, Field Equation, Boundary Conditions on the Field Vector, Tubes of magnetic inductions, Generalization of Ampere’s Circuital law, Maxwell’s Equation, The wave equation, Poynting Vector, Conservation Laws, Plane Electromagnetic Waves in a non-conducting and conducting medium, Polarization, Propagation in dispersive Medium, Reflection, Refraction, Total Internal Reflection, Reflection  at  the boundary of conducting medium, Radiation from an oscillating dipole, Electromagnetic waves.            

Recommended Books:

1.  R. Reitz & J. Milford, Foundation of Electromagnetic Theory, fourth Edition, Addison Wesley publishing Company Inc (2009)
2.  J.D.Jackson, Classical Electrodynamics, third Edition Jhon Wiley and Sons Inc, New York, London, Sydney (2021)
3.  D. Corson and P. Lorrain, Introduction to Electrmagnetic fields and waves, W.H. Freeman and company, Sanfranceco and London (2013).
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Course Title:  Medical Physics				Credit Hours: 03    
Course Code: PHY-308		             	         Semester:   V	

Course Outlines

Mid Term
Production of X-Rays: The X-ray tube, Basic X-ray circuit and voltage rectification, Physics of X-ray production: Bremsstrahlung and characteristic X-rays, Clinical radiation generator: Introduction to different types of therapies; Grenz-ray therapy, contact therapy, Ortho voltage therapy or deep therapy, super voltage and mega voltage therapy, Clinical Megavoltage Machines; Van de Graff generator, linear accelerator. Betratron, Cyclotron, machines using radionuclides; Cobalt-60-unit, Source Housing, Beam Collimation and Penumbra, Non-ionizing radiation therapy: Visible range radiation therapy (Chromo therapy), Ways of absorption of different radiations in the visible region in human body, treatment of different diseases with colors

Final Term
Measurement and calculation of absorbed dose: Absorbed dose, Equivalent dose, Effective Dose, Units for absorbed dose, Methods of measurement of absorbed dose; calorimetry, chemical dosimetry, G value thermoluminescence dosimetry, Silicon diodes, Radiographic film dosimetry, The external radiation hazards: The interactions of radiations with cells and its effects, Principles for controlling the hazard; Time, Distance and Shielding, Numerical problems for calculations of time, distance and dose rate, Importance of half-value layer in shielding, Neutron shielding, Personal dose control, Personal monitoring equipments, Medical Imaging Techniques:  Diagnostic Ultrasound, Positron emission tomography (PET), Magnetic resonance imaging (MRI), CT-Scan 

Recommended Books:
1. V. J. Montemayor, Foundations of Medical Physics, CRC Press, 2024
2. Faiz M Khan, The physics of radiation therapy, Lippincott Williams & Wilkins, 2014
3. Euclid Seeram, Computed Tomography, 5th ed, Elsevier, 2023.
4. Alan Martin, An introduction to radiation protection, Harbison Beach Cole, 2012.
5. K.S. Azeemi, Colour Therapy, 1999.
6. Kirsten Franklin, Introduction to Biological Physics for the Health and Life Sciences, 2nd Edition, John Wiley & Sons, Ltd, 2019.
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Course Title:  Computational Physics		Credit Hours: 02
Course Code: PHY-453		             	         Semester:   V	

Course Outline
Introduction 
Computational Science and its importance in Physics, Computer simulation and modeling Computer algorithms and languages

Revision of Programming concept
Data Types, Identifiers and Operators, Headers files, Control structures (if, if-else, switch) Iteriations (while, do-while, for), Mathematical expressions, Math library functions and user defined functions, Arrays, File handling.

Numerical Methods for Ordinary differential Equations
Euler’s Method, Runge-Kutte Methods

Roots of a Functions using
Close domain methods (Bisection Method, False-Position Method),
Open domain methods (Newton-Raphson method, Secant method),

Numerical Differentiation
Forward Method, Central Method, Backward Method

Numerical Integration
Trapezoidal Rules, Simpson’s Rules

Numerical Methods for matrices
Matrices in Physics, Basic matrix operations, Linear equation systems


Books Recommended:
1. Philip Joyce; Practical Numerical C Programming: Finance, Engineering, and Physics Applications; 1st Ed; Apress; 2020.
2. Joseph F. Boudreau and Eric S. Swanson; Applied Computational Physics; 1st Ed; Oxford University Press; 2018.
3. Deitel and Deitel; C++ How to Program, 10th Ed; Early Objects Version, Prentice Hall; 2017.
4. Richard Fitzpatrick; Introduction to Computational Physics; University of Texas; 2015.
5. Paul L. Devries and Javier E. Hasbun,; A First Course in Computational Physics; John Willey and Sons. N.Y; 2010.
6. R. H. Landau, M. J. Paez and C. C. Bordieanu; Computational Physics: Problem solving with Computers, 2nd Ed.; Wiley VCHVerlag GmbH & Co KgaA; 2007.
7. Tao Pang; An Introduction to Computational Physics; 2nd Ed.; Cambridge University Press; 2006.   
8. Andi Klein and Alexander Godunov; Introductory Computational Physics; Cambridge University Press; 2006.
9. Steven C. Chapra Raymond P. C. Canale; Numerical Methods for Engineers with Software and Programming Applications; 4th Ed.; 2002. 
10. J. Douglas Faires and  Richard L. Burden; Numerical Methods; 3rd Ed.; Brooks Cole; 2002.
11. John Hubbard; Schaum's Outline of Programming with C++; 2nd Ed; McGraw-Hill; 2000.
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Course Title:  Computational Physics(Practical)        Credit Hours: 01
Course Code: PHY-453P		             	                Semester:   V	

List of Practicals
1. Writing simple program using, cin, cout, operators and user defined functions using C++.
2. Practical implementation of if, if-else, switch conditional statements in various physics problems.
3. Problem solving using while, do-while, for loops.
4. Programming Examples of using user defined functions
5. Solving Arrays, pointers and related Problems using C++.
6. Finding the roots of a Function, Bracketing methods(Bisection Method, False-Position Method), Open methods (Newton-Raphson method , Secant method)
7. Programs to solve different Problems related to Numerical differentiation 
8. Solving integration problems using  Trapezoidal Rule, Simpson’s Rule
9. Programs related to Ordinary Differential equations :  Euler’s Method, 4th order RungeKutta Method
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Course Title: Scientific Inquiry and Research Methods 
Course Code: PHY-309				       Credit Hours: 03
Semester:   V	

Course Outlines
Introduction to Scientific Inquiry: 
Definition and Purpose of Scientific Inquiry, Science vs. Pseudoscience, Characteristics of Scientific Thinking, Role of Research in Advancing Knowledge. Scientific reasoning and philosophy of science, Role of models, theories, and laws in physics, Historical development of key physical concepts.
Research Design and Literature Review: Types of research: Experimental, theoretical, computational, Research questions and hypothesis formulation, Literature survey: Finding, reading, and reviewing scientific papers, Using databases like Scopus, Web of Science, arXiv, Google Scholar.
Data Analysis and Interpretation: 
Statistical tools: Mean, standard deviation, chi-square test, regression, Graphing and curve fitting, Software tools: Microsoft Office, Origin, Endnote, Overleaf (Lab reports, Research papers, Theses, Scientific posters, Articles for journals, Significance testing and confidence intervals.
Scientific Communication: 
Writing a research report or paper, Abstracts, introduction, methods, results, discussion, references, Scientific poster and oral presentation techniques, Referencing styles: APA, IEEE, Chicago, Ethics in scientific research (plagiarism, data manipulation, authorship).
Mini Research Project (Research Report)
Students may undertake a small-scale research project:
Choose a topic, Design methodology/simulation, Collect and analyze data, Write a report and present findings.

Books Recommended:
1: Research Design: Qualitative, Quantitative, and Mixed Methods Approaches (6th ed., 2023). Authors: John W. Creswell & J. David Creswell. 
2: Introducing Research Methodology: A Beginner’s Guide to Doing a Research Project (2nd Ed., 2025) Author: Uwe Flick
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Course Title:  Electronics II                	 	    Credit Hours:02
Course Code: PHY-354	                  		    Semester:   VI       	

Course Outlines

Mid Term 
Frequencies Respond of an RC amplifier: 
Cascade amplifier, The Amplifier pass band, The frequency plot, Low frequency plot, Low frequency limit, The unbypassed emitter resistor, High frequency equivalent circuit, The Miller Effect, High frequency limit of transistor, Band width of a cascade amplifier.
Negative Feedback:
 Positive and Negative feedback, Principle of feedback amplifier, stabilization of gain by negative feedback, Bandwidth improvement with negative feedback, Reduction of nonlinear distortion, control of amplifier output and input resistance, A current series feedback circuit, Voltages shunt feedback circuit.
Oscillator:
 Introduction, Classification of oscillators, Damped and undamped oscillators, the oscillatory circuit, frequency stability of an oscillator, Essentials of a feed back LC oscillator.
FINAL TERM
Multivibrators: 
Multivibrators, Basic types of Multivibrators, uses of Multivibrators, Astable Multivibrators, Mono-stable Multivibrators, Bi-stable Multivibrators, Schmitt Trigger.
Power Amplifier:
 Introduction, Power relation in class-A Amplifier, Effect of thermal environment, Determination of the output distortion, Class-B amplifier, Efficiency of class-A and class-B amplifier.
Operational Amplifier:
Ideal Operational Amplifier, Differential Amplifier, Measurement of Operational Amplifier Parameters, Frequency Response of Operational Amplifier, Inverting and Non-inverting Amplifier, Operational Amplifier as Integrator and Differentiator.


Books Recommended:
1. Electronics Circuit and system by J.D. Ryder/ Charles M Thomson, Prentice Hall Inc, New Jersey, 1976.
2. Electronics devices and circuits by Millman and Halikias, McGra Hill Book Company, 1976.
3. Pulse, digital and switching wave form by Jacob Millman, Herbert Taub, McGraw Hill Book Company, 1942.
4. Digital Electronics by Thomson L.Floyd Pearson Education India, 2017.
5. Analog and Digital Electronic Circuits: Fundamentals, Analysis, and Applications, R. Prasad, Springer International Publishing, 2021.
6. Asadi, Farzin. Applied Op Amp Circuits: Analysis and Design with NI® MultisimTM. Germany, Springer Nature Singapore, 2023.
	Detail of Amended Course Contents

	1. 

	Recommended Books

	1. Electronics Circuit and system by J.D. Ryder/ Charles M Thomson, Prentice Hall Inc, New Jersey, 1976.
2. Electronics devices and circuits by Millman and Halikias, McGra Hill Book Company, 1976.
3. Pulse, digital and switching wave form by Jacob Millman, Herbert Taub, McGraw Hill Book Company, 1942.
4. Digital Electronics by Thomson L.Floyd Pearson Education India, 2017.
5. Analog and Digital Electronic Circuits: Fundamentals, Analysis, and Applications, R. Prasad, Springer International Publishing, 2021.
6. Asadi, Farzin. Applied Op Amp Circuits: Analysis and Design with NI® MultisimTM. Germany, Springer Nature Singapore, 2023.
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Course Title:  Electronics II (Practical)    	 	    Credit Hours: 01
Course Code: PHY-354P	                  		    Semester:   VI       	

List of Experiments:


1. To design and assemble a free running Astable Multivibrator to generate square waves of frequency 500 Hz.
2. To design and assemble a sinusoidal Phase Shift Oscillator using transistor (25C 828) of frequency 650 Hz.
3. To study the Operational amplifier’s parameters i.e. input off-set voltage, input offset current, average or input base current, slew rate. 
4. To Design and Study the applications of Operational amplifier i.e. Adder, Subtractor, Averager and D/A convertor.
5.  To Design and Construct the Inverting Amplifier using IC 741.
6. To Design and Construct the Non-inverting Amplifier using IC 741.
7. To Design and Study the application of Operational amplifier as Differentiator.
8. To Design and Study the application of Operational amplifier as Integrator.

Lahore College for Women University, Lahore

Course Title:  Quantum Mechanics-I    	 	    Credit Hours: 03
Course Code: PHY-355	                  		    Semester:   VI       	

Course Outlines

Wave Function: 
Interpretation of wave function, Wave function of free particles, equations for wave functions.
Operators:
Eigen functions, Eigen values, Eigen Value equation, Commutation relation, verification of operator equations, Schrodinger’s Representation of operators, observables, hermation and hamiltonion operators, problems
Operations and Observations: 
Correspondence Principle, Complementarity Principle, Schrodinger time Independent equation in one dimension, Normalization condition, Average value, state function, probability density, overlap integral 
Postulates of Quantum Mechanics: 
Four postulates, problems, Ehrenfest theorem, theorems of orthagonality and normalization, superposition principle, One dimensional harmonic oscillator, Gedenken Experiment
Application of Schrodinger’s time independent equation, tunneling, potential step square well potential, potential barrier

Books Recommended:
1. Quantum Mechnaics for beginners with applications to quantum comunication to quantum computing, M.Suhail Zubariy, Oxford University Press, 2020.
2. Quantum Mech. John L. Powell, Bernd Crasemann, Dover Publications, 2015.
3. Quantum Field Theory and Critical Phenomenon, Jean Zinn-Justin, Oxford University Press, 2021.
4. Quantum Theory of materials, Efthimios Kaxiras, John D. Joannopoulos, Cambrdge University Press, 2019


LAHORE COLLEGE FOR WOMEN UNIVERSITY

Course Title:  MATHEMATICAL METHODS OF PHYSICS-II	
Course Code: PHY-351		             	         Credit Hours: 03
Semester:   VI								

Course Outlines
Tensor in Physics:
Cartesian tensor analysis. Covariant and contra variant tensor of first rank and second rank. Rank of a tensor. Addition and subtraction of tensors, Equality and contraction of tensors. Outer and inner products. Quotient law, Symmetric and anti- symmetric tensors
Special Function:
Series Solutions of differential equations, Legendre’s differential equation, Rodrigue’s formula, Generating function of Legendre Polynomials, Legendre series, Orthogonality and Normalization of the Legendre Polynomials, Bessel’s generating function, Recurrence relations, Integral form of Bessel function, Orthogonality of Bessel function, Spherical Bessel functions, Orthogonality of spherical Bessel function

Recommended Books:

1. Mathematical Methods of Physics, Henry William Wyld (Jr), Gary Powell, CRC press, 2022.
2. Mathematical Methods and Physical Insights: An Integrated Approach, Alec J. Schramm, Cambridge University Press, 2022.
3. Mathematical Physics, B.D.Gupta, University of Calofornia, Vikas 1986,
4. C.W.Wong, Introduction to mathematical Physics, Oxford University Press(1991)
5. Mathematical methods for Physicists by G.Afken Cadamic Press(1995)
6. E. Butkov, Mathematical Physics Addison-Wesely London.


LAHORE COLLEGE FOR WOMEN UNIVERSITY

Course Title:  Electrodynamics and Special Relativity	
Course Code: PHY-357		             	         Credit Hours: 03
Semester:   VI								

Course Outlines

Foundations of Electrodynamics and Relativity, A Review: Key concepts of electrostatics, magneto statics, potentials and field and Maxwell’s equations, wave propagation, and energy transport through the Poynting vector. 
Electromagnetic Waves: Wave equation from Maxwell’s equations, Plane wave solutions in vacuum and media, Polarization and wave propagation, Poynting vector and electromagnetic energy, Reflection and transmission at boundaries
Potentials and Fields: Scalar and vector potentials, Gauge transformations, Coulomb and Lorenz gauges, Retarded potentials and causality, Jefimenko’s equations (overview)
Electromagnetic Radiation: Electric dipole radiation, Power and angular distribution, Larmor formula, Radiation from accelerating charges.
Special Theory of Relativity: Einstein’s postulates, Lorentz transformations, Time dilation and length contraction, Relativistic velocity addition, Causality and simultaneity.
Relativistic Dynamics and Electrodynamics: Four-vectors: position, velocity, momentum, Energy-momentum relation, Relativistic force and motion, Mass–energy equivalence Electrodynamics: Electromagnetic field tensor, Lorentz covariant Maxwell’s equations, Transformation of electric and magnetic fields, Unification of electricity and magnetism.

Recommended Books:

1.Electrodynamics and Special Theory of Relativity – September 2024. Author: Roderick Lumsden
Note: Revised edition about weaving historical evolution, Maxwell to Einstein, and even differential form approaches. 
2. Electrodynamics and Special Theory of Relativity – 2024. Author: Reiner M. Dreizler & Cora S. Lüdde.


LAHORE COLLEGE FOR WOMEN UNIVERSITY

Course Title:  Condensed Matter Physics		Credit Hours: 03
Course Code: PHY-358		             	         Semester:   VI								

Course Outlines

Electronic Structure of Solids: Independent particles in periodic potential, Bolch‟s theorem, nearly free electron and tight binding methods, Pseudopotentials,
 Density functional theory: Metals, Density of states, Fermi surfaces, exchange and correlation in the electron gas, screening, Insulators and Semiconductors, Ionic and covalent bonding, real and momentum space description, electronic structure of simple semiconductors. 
Solids in External magnetic field: Pauli-paramagnetism of conduction electrons, Landau diamagnetism of conduction electrons, De Haas-van Alphen effect, the quantum Hall effect. 
Optical Processes and Excitons: Optical Reflectance, Kramer-Kronig relation, excitons, Frenkel excitons, Mott-Wannier excitons, Raman effect in crystals. 
Metal-insulator transitions: Wigner crystal, superconductivity, pairing and elementary BCS theory, Josephson effect.

Recommended Books:

1. Solid State Physics, by Ashcroft and Mermin, Brooks Cole, (1976)
2. Introduction to Solid State Physics, by C. Kittel, Wiley,87th Edition, (1996). 
3. Principles of the Theory of Solids, by J. M. Ziman,CUP (1972). 
4. Solid State Physics Grasso, G. Parravicini, Gp, (AP 2000) 
5. The Physics and Chemistry of Solids, by Elliott, SR, Wiley, (1998). 6. Advanced condensed Matter physics, by L.M. Sander, CUP (2009).
7. Order within Chaos, Berge, Pomeau & Vidal, Wiley(1994) 	
8. Solitons and Non Linear Wave Equations, Dodd et al, Academic Press (1982) 
9. Solving Equations with physical understanding Acton & Squire Adam Hilger (1985) 
10. Waves called Solitons, Remoisssenet, Springer Verlag (1994)
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Course Title: Atomic and Molecular Physics		
Course Code:PHY-404					Credit Hours: 03
Semester: VII

Course Outlines

One Electron Atoms: 
Review of Bohr Model of Hydrogen Atom, Reduced Mass, Atomic Units and Wavenumbers, Energy Levels and Spectra, Schrodinger Equation for One-Electron Atoms, Quantum Angular Momentum and Spherical Harmonics, Electron Spin, Spin-Orbit interaction. Levels and Spectroscopic Notation, Lamb Shift, Hyperfine Structure and Isotopic Shifts. Rydberg Atoms. 
Interaction of One-Electron Atoms with Electromagnetic Radiation: 
Radiative Transition Rates, Dipole Approximation, Einstein Coefficients, Selection Rules, Dipole Allowed and Forbidden Transitions. Metastable Levels, Line Intensities and Lifetimes of Excited States, Shape and Width of Spectral Lines, Scattering of Radiation by Atomic Systems, Zeeman Effect, Linear and Quadratic Stark Effect. 
Many-Electron Atoms: 
Schrodinger Equation for Two-Electron Atoms, Para and Ortho States, Pauli’s Principle and Periodic Table, Coupling of Angular Momenta, L-S and J-J Coupling. Ground State and Excited States of Multi- Electron Atoms, Configurations and Terms. 
Molecular Structure and Spectra: 
Structure of Molecules, Covalent and Ionic Bonds, Electronic Structure of Diatomic Molecules, Rotation and Vibration of Diatomic Molecules, Born-Oppenheimer Approximation. Electronic Spectra, Transition Probabilities and Selection Rules, Frank- Condon Principle, H2+ and H2. Effects of Symmetry and Exchange. Bonding and Anti-bonding Orbitals. Electronic Spin and Hund’s Cases, Nuclear Motion: Rotation and Vibrational Spectra (Rigid Rotation, Harmonic Vibrations). Selection Rules. Spectra of Triatomic and Polyatomic Molecules, Raman Spectroscopy, Mossbauer Spectroscopy. 
Recommended Books: 
1. C. J. Foot, “Atomic Physics”, Oxford University Press, 2005. 
2. B. H. Bransden and C. J. Joachain, “Physics of Atoms and Molecules”, Pearson Education, 2nd ed. 2008. 
3. W. Demtroder, “Atoms, Molecules and Photons”, y, Springer, 2nd ed. 2010. 
4. C. N. Banwell and E. M. McCash, “Fundamentals of Molecular Spectroscopy”, McGraw-Hill, 4th ed. 1994. 
5. J. M. Hollas, “Basic Atomic & Molecular Spectroscopy”, John Wiley, 2002.
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Course Title: QUANTUM MECHANICS-II	
Course Code:PHY-405					Credit Hour: 03
Semester: VII						
Course Outlines
Central potential: Central Potential, solution of Ø equation, solution of θ equation. Solution of Radial wave equation, energy eigen value
Angular Momentum: Lx, Ly, Lz components, problems general theory of angular momentum
Matrix: Diagnalization of matrix, problems spin, Pauli spin matrices
Identical Particles: Exchange symmetry rules, Pauli Exclusion Principle, periodic table parity, properties of parity operator
Perturbation Theory: Time independent perturbation theory, first order correction to energy and wave function, time dependent perturbation theory

Recommended Books: 
1. Quantum Mechnaics for beginners with applications to quantum comunication to quantum computing, M.Suhail Zubariy, Oxford University Press, 2020.
2. Quantum Mech. John L. Powell, Bernd Crasemann, Dover Publications, 2015.
3. Quantum Field Theory and Critical Phenomenon, Jean Zinn-Justin, Oxford University Press, 2021.
4. Quantum Theory of materials, Efthimios Kaxiras, John D. Joannopoulos, Cambrdge University Press, 2019

LAHORE COLLEGE FOR WOMEN UNIVERSITY

Course Title:  Nuclear Physics				Credit Hours: 03
Course Code: PHY-406		             	         Semester:   VII							

Course Outlines

MID TERM
PROPERTIES OF NUCLEUS: Discovery of Atomic Nucleus, Nuclear Mass, Aston’s and Bainbridge mass spectrograph, Stable and unstable nuclides, Isotopes, Nuclear Radius, Nuclear spin, magnetic dipole, Mass defect and binding energies, Nuclear Models – Potential Well Model, Liquid Drop Model, Shell Model, Basic forces—The gravitational force, The weak force, The electromagnetic force, The strong force, Unification of forces, RADIOACTIVITY: Natural Radioactivity, Half Life of Radioactive Element, Law of Radioactive Decay, Average and Mean Life of a Radioactive Element, Radioactive Equilibrium, Charge and Mass Ratio of Alpha Particle, Velocity of Beta Particle, Interaction of Gamma rays with matter, Pair production, Annihilation of particles, Internal conversion Electrons, CLASSIFICATION OF ELEMENTARY PARTICLES; Introduction to Fermions; Leptons, electrons, Muon, Tau, Neutrinos, Quarks, and Bosons; Protons, Gluons

FINAL TERM
NEUTRON PHYSICS: Discovery of neutron and its properties, Energy wise classification of neutrons and their detection, Neutron sources, NUCLEAR REACTION: Nuclear Reaction, Types of Nuclear Reactions, Q-Value of Nuclear Reaction, Exoergic and endoergic Nuclear Reactions, Cross Section for Nuclear Reactions, Theory of Nuclear Fission: Nuclear Fission chain reaction, Nuclear Reactor (Explanation of Different parts of Reactor), Different types of nuclear reactors: Boiling Water Reactor, Pressurized Water Reactor, Liquid Metal Reactor, Nuclear Fusion, Energy generation in stars, DETECTION OF NUCLEAR RADIATIONS: Geiger-Muller Counter, Scintillation Counter, Bubble Chamber, solid state Detector, Cerenkov Detector.

Recommended Books: 
1. Handbook of Nuclear Physics, Isao Tanihato, Springer Nature Singapore, 2023.
2. Fundamental Principles of Nuclear Engineering by Jiyang Yu, Springer Nature Singapore, 2022.
3. Fundamentals of Nuclear Engineering by Brent J. Lewis, John Wiley & Sons. Ltd, 2017.
4. Nuclear Physics by Irving Kaplan, John Willey & Sons, Inc. 1992
5. Atomic and Nuclear Physics by Shatendra Sharma, Dorling Kindersley Pvt. Ltd, 2009.
6. Introduction to Modern Physics by R. B. Singh, New Age International Ltd., 2002
7. Nuclear Energy by S.K. Gupta, Alfa Publications, 2011
8. Physics for Radiation Protection by James E. Martin, WILEY-VCH Verlag GmbH & Co, 2006
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Course Title:  Digital Electronics			Credit Hours: 02
Course Code: PHY-407		             	         Semester:   VII							

Course Outlines
Integrated Circuit: 
Introduction, Integrated circuit advantages and drawbacks, scale of integration, classification of integrated circuit by structure, Classification of integrated circuit by function, comparison between different integrated circuit. 
Codes:
 Binary-coded decimal, octal and Hexadecimal code, Excess-three code, BCD codes, Gray code. Alphanumeric code.
Boolean algebra and Logic Simplification: 
Boolean Operations and Expressions, Laws and Rules of Boolean Algebra, Boolean Analysis of logic circuits, Simplification using Boolean Algebra, Standard forms of Boolean Expressions, Boolean Expressions and Truth tables, The Karnaugh Map, Conversion of SOP to POS, Conversion of POS to SOP,  Karnaugh map SOP Minimization, Karnaugh map POS Minimization.
Final Term 
Combinational Logic: 
Basic Combinational Logic Circuits, Implementation of Combinational Logic, Universal property of NAND and NOR gates, Combinational Logic using NAND and NOR gates.
Functions of Combinational Logic:
Basic Adder: half adder, full adder, Subtractor: half subtractor , full subtractor.
Flip-Flops: 
The SR Flip-flop, JK Flip-flop, Master-Slave Flip-flop, D-type Flip-flop, T-type Flip-flop, Sequential Circuits.

Recommended Books: 
1. Digital Electronics by Thomson L.Floyd Pearson Education India, 2017.
2. Jain, Rajendra Prasad. Modern digital electronics. Colombia, McGraw-Hill Companies,Incorporated, 2008.
3. Electronics Circuit and system by J.D. Ryder/ Charles M Thomson, Prentice Hall Inc, New Jersey, 1976.
4. Electronics devices and circuits by Millman and Halikias, McGra Hill Book Company, 1976.
5. Pulse, digital and switching wave form by Jacob Millman, Herbert Taub, McGraw Hill Book Company, 1942.
6. Analog and Digital Electronic Circuits: Fundamentals, Analysis, and Applications, R. Prasad, Springer International Publishing, 2021.




LAHORE COLLEGE FOR WOMEN UNIVERSITY

Course Title:  Digital Electronics (Practical)	Credit Hours: 01
Course Code: PHY-407P		             	         Semester:   VII		


List of Experiments

1. To study the internal structure of different types of Logic gates i.e.  AND, OR, NOT, NAND, XOR, NOR with the help of ICs.
2. To Design and Construct a Half-Adder circuit using IC 7400.
3.  To Design and Construct a Full-Adder circuit using IC 7400.
4. To Design and Construct a Half-subtractor circuit using XOR, NOT and AND gates.
5. To Design and Construct a Full-subtractor circuit using NAND gates only.
6. To Design and Construct a Code Convertor for Gray-to-Binary Code using IC 7486.
7. To Design and Construct a Code Convertor for Binary-to-Gray Code using IC 7486.
8. To Design RS flip-flop using NAND and NOR gates, Clocked RS flip-flop, JK flip-flop, D flip-flop, T flip-flop, Master-Slave flip-flop. Verify their truth tables.

LAHORE COLLEGE FOR WOMEN UNIVERSITY

Course Title:  Solid State Physics-I			Credit Hours: 03
Course Code: PHY-408		             	         Semester:   VIII		
Course Outlines


Crystal Structure:
Crystal lattice and Translation vector, the Basic and the Crystal Structure, Primitive Lattice, Fundamental Type of Lattice, Two and three Dimensional types of Lattices, Position and Orientation of Planes in crystal. Simple, body and face centered lattices. Miller indices, symmetry Operations, Packing Fraction, for simple cubic, Body centered cubic, Face centered cubic, Structure of Diamond & Sodium Chloride.
Crystal Diffraction and Reciprocal Lattices:
Diffraction of X-Rays, Braggs Law, Experimental diffraction Methods Laue’s Method, Rotating crystal method, Powder Method, Reciprocal lattice and its properties. Reciprocal lattice for  sc, bcc, fcc brillouin zone.
Phonons and Lattice:
Vibrations of one dimensional monoatomic and diatomic lattice, Phonon momentum,  Inelastic scattering of photon by phonons, Lattice Heat Capacity, classical Model, Einstein Model, Debyes Model of Lattice Heat capacity and comparison with experimental results.

Recommended Books:
1. Solid State Physics, Siegfried Hunklinger, Christian Enss, De Gruyter, 2022.
2. Solid State Physics, An Introduction, Philip Hofmann, Wiley, 2022.
3. Elementary Solid State Physics by M. Ali Omer, Addison-Wesley Publishing Company Inc. Philippines.
4. Introduction of Solids State Physics by Charles Kittel. 4th  Edition. Jhon Willey & sons Inc, 1971, New York, London Sydney.
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Course Title: Solid State Physics-II			Credit Hours: 03
Course Code: PHY-451					Semester: VIII
				 
						
Course Outline
Energy Bands in solids: Bloch Theorem, Kroningand Peny Model, Motion of Electrons in one dimension according to theory and in 3-Dimension. Distinction between metals, insulators and intrinsic semi-conductors. Velocity and effective mass of electron, Fermi-Dirac distribution function, effect of temperature on Fermi-Dirac. Hall Effect.
Semi-conductors Crystals: 
Drift velocity, Mobility and conductivity of intrinsic semiconductors, carrier concentration and Fermi level for instrinsic semiconductors, Law of mass action, Carrier concentration, Fermi level and conductivity for extrinsic semiconductors, Variation of conductivity with temp for n and P type, Mixed semiconductors.
Super Conductivity: 
Introduction and historical development, Electrical resistivity, Perfect diamagnetism or Meissner effect, Super currents and penetration depth, Critical field and critical temperature, Type I and type II Superconductors. The Josephon effects and tunneling, Additional characteristics of Superconductors, Theoretical Aspects : The BCS theory, electron – Phonon interaction, Cooper pair, Existence of energy gap, BCS ground state, High temperature ceramic Super conductors. Applications of Superconductors.

Recommended Books:
1. Understanding Solid State Physics 2nd Edition by Sharon Ann Holgate ,2021
2. Elementary Solid State Physics by M. Ali Omer, Addison-Wesley Publishing Company Inc. Philippines.
3. A Textbook of Solid State Physics by S.L Kakani, C Hemrajani. Third Edition 1997. Published by Sultan Chand & Son 23, Darya Ganj, New Delhi.
4. Solid State Physics by R.K. Puri & V.K.Babar First Edition 1997. S chand & Company Ltd, Ram Nagar, New Delhi.
5. Introduction of Solids State Physics by Charles Kittel. 4th Edition. Jhon Willey & sons Inc, 1971, New York, London Sydney.
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Course Title: STATISTICAL MECHANICS	
Course Code: PHY-452					Credit Hour: 03
Semester: VIII						
Course Outline

Introduction:
The scope of Statistical physics, Description of assemblies, Classical and Quantum assemblies, Phase space.

Maxwell –Boltzmann statistics:
Distribution over energies, weights of configurations, the most probable configuration, the multiplier β, the multiplier α, the Maxwell Boltzmann distribution

Bose- Einstein statistics:
The Bose- Einstein distribution, the Bose- Einstein gas, black body radiation: the photon gas.
	
	  Fermi Dirac Statistics:
	 The Fermi-Dirac distribution, the Fermi-Dirac Gas, The Electron Gas.
	 
	  Temperature and Entropy:
Statistical Concept of temperature, Entropy and free energy.

Statistical Thermodynamics:
Thermodynamics of Gases, the weight Wmax for a classical perfect gas, the Boltzmann Partition Function, the evaluation of the classical partition function, the semi-classical perfect gas (Sackur-Tetrode equation), application of statistical Thermodynamics: The diatomic molecule.

Ensemble:
Ensembles, Canonical, microcanonical and Grand Canonical Ensembles, Thermodynamic properties of Canonical ensemble, Entropy of a perfect gas using canonical ensemble, Probability for canonical and Grand Canonical ensemble, Thermodynamic functions of an open assembly, Entropy of a Perfect Gas using Grand Canonical Ensemble.


Books Recommended:
1. Methods in Statistical Mechanics: A modern view, Osvaldo Civitarese, Manuel Gadella, Springer International Publishing, 2020.
2. Introduction to Nonextensive Statistical Mechanics: Approaching a Complex World, Constantino Tsallis, Springer International Publishing 2023.
3. A.J Pointon, “Introduction to Statistical Physics”, Longman, 1967.
4. C. Kittle, “Elements of statistical Physics”, John Wiley, 1958.
5. F. Reif, “Fundamentals of statistical and Thermal Physics”, McGraw Hill 1965.
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Course Title: Artificial Intelligence in Physics	 Credit Hours: 03
Course Code: PHY-476					 Semester: VIII
				

Course Outline

Prerequisites: Data Structures and Algorithms, Probability & Statistics, Linear Algebra.
Course Objectives: Understand core concepts and techniques of AI, Apply search strategies and reasoning in problem-solving, Gain practical exposure to machine learning models, Explore real-world applications such as NLP, robotics, and computer vision, Discuss ethical implications of AI technologies.
Introduction to AI: History and evolution of AI, AI vs. Machine Learning vs. Deep Learning, Intelligent agents & environments, Understand the fundamental concepts and techniques of Artificial Intelligence, AI in science and Physics, Types of AI (Narrow, General, Super intelligent) Applications and scope of AI (healthcare, Finance and Education)
Problem Solving & Search Strategies: Understanding complex systems through modeling, Use of AI in solving differential equations, Symbolic vs. numerical AI approaches, Physics-inspired AI frameworks. Develop critical thinking, problem-solving, and communication skills through projects.  
Search Techniques and Optimization: State space and optimization problems, Applications in energy minimization, particle simulations, Uninformed search (BFS, DFS), informed search (A*), Optimization techniques: gradient descent, genetic algorithm.
Machine Learning Basics: Types: Supervised, Unsupervised, Reinforcement, Workflow: data collection → training → testing, Real-world datasets in experimental physics, Regression & classification for lab data.
Deep Learning and Physics: Convolutional Neural Networks (CNNs) for image analysis in detectors, Recurrent Neural Networks (RNNs) for time-series analysis (e.g., cosmic ray patterns), Physics-informed neural networks (PINNs)
AI Applications in Physics: Particle tracking in accelerators, AI in astronomy (galaxy classification, exoplanet detection), Remote sensing, quantum computing, and AI, Simulations of quantum systems using reinforcement learning.
AI Tools and Platforms for Physicists: Ethical & Scientific Considerations, Trust and explain ability in AI systems, Data bias in scientific research, Responsible use of AI in scientific experiments, Future outlook: AI in quantum physics and space exploration.


Recommended Books:

1.Artificial Intelligence: Foundations, Applications, and Advances-2024
Author: Namita Gupta, Aayushi Gupta.
2. Introduction to Artificial Intelligence, Springer Edition -2023
Author: Wolfgang Ertel.




Elective  Courses
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Course Title: Energy and Enviornmental Physics      
Course Code: PHY-458	      Credit Hours: 03		Semester-VIII


Course Outline

The energy budget of the earth, the economic system, the atmosphere and its composition, the greenhouse effect, the role of the greenhouse effect for life on earth, greenhouse gasses, the variations in the global greenhouse effect and its consequences, atmospheric changes due to human activities, exploitation of conventional (fossil fuels and nuclear energy) and renewable energy sources (solar radiation, wind, biomass, ocean waves, tidal and geothermal energy), transport of matter, energy and momentum, black body radiation, the emission spectrum of sun, the Einstein coefficients, Lambert – Beer’s law, the ozone filter. global climate, Heat radiation and heat transfer, transport of pollutants, diffusion, flow in rivers, ground water. flow equations of fluid dynamics, turbulence, turbulence diffusion, the acoustic environment, measuring transient noise, hazardous effects of noise, noise control, radioactive decay law, sources of radiation, sources of radioactive waste, health hazards, radioactive waste management. 
RECOMMENDED BOOKS
1. Rodrigues, A., Sardinha, R.A. and Pita, G., 2021. Fundamental Principles of Environmental Physics. Springer Nature.
1. Robert A. Ristinen, Jack J. Kraushaar and Jeffrey Brack., 2016. Energy and the Environment. 3rd edition, Wiley
1. Monteith, J. and Unsworth, M., 2013. Principles of environmental physics: plants, animals, and the atmosphere. Academic Press. 4th Edition.
1. Boeker, E. and Van Grondelle, R., 2011. Environmental physics: sustainable energy and climate change. John Wiley & Sons. 3rd Edition.
1. Faraoni, V., 2007. Exercises in environmental physics. Springer Science & Business Media. Smith, C., 2004. Environmental physics. Routledge.
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Course Title: Relativity & Cosmology		 Credit Hours: 03
Course Code: PHY-459			  		 Semester: VIII

MID TERM
Introduction
Introduction to cosmology (history, theories and reviews about the early universe to show the structure or outlook of the universe.)
Galaxies
Birth and formation of galaxies, origin of galaxies. Distribution and motion of galaxies.
Hubble’s law
Theoretical and mathematical explanation to show the relation between velocity and distance of galaxies.
Cosmological redshift
Balloon analogy and fruit cake analogy to explain the cosmological redshift aspect.
Age of universe 
Cosmic horizon, Olbers paradox
Evolution of universe 
Explanation in terms of different theories, including past, present and future aspects of universe 
Big Bang Theory 
Matter & Energy 
History of Matter and Radiations in early Universe (Origin of Universe), Cosmic Micro Wave Background Radiations (CMBR).
Classification of Matter 
Types of Matter, Baryonic and Non Baryonic Dark Matter , Classification of Non Baryonic Dark Matter. White Dwarfs, Brown Dwarfs, MACHO’S and Black holes. 

FINAL TERM
What is Gravity?
Comparison of Theories about Universe according to Newton and Einstein.
Shape of Universe
Brief theoretical disruption about Positive, Negative and Zero Curvature.
Special Relativity: 
Introduction to Galilean relativity, concept of ether, Michelson-Morley experiment, Einstein’s postulates of special relativity, Lorentz transformations, structure of space-time, Minkowski space, time tensors, the light-cone, line element, four-vectors, relativity of simultaneity, time dilation, proper time, length contraction, time paradox, velocity transformation and velocity addition.
Relativistic Mechanics: 
Force equation in relativity, rest mass, kinetic and total energy, conservation of energy and momentum.


Books Recommended
1-“ Dynamics and Relativity”,W.D.McComb, Oxford University Press, 1999. 
2. “Introduction to Cosmology”,J.V.Narlikar, , Cambridge University Press, 1989. 
3. “Introducing Einstein’s Relativity”,R.D.D’Inverno, Oxford University Press, 1992.
4. “General Relativity and Cosmology: A First Encounter 1st ed”, Ronald J. Adler,2021.
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Course Title: Introduction to Plasma Physics. 	
Course Code: PHY-460					      Credit Hours: 03
Semester: VIII   

Introduction to Plasma:
 Introduction to plasma, occurrences of plasma in nature, Maxwellian distribution function, Concept of temperature in plasmas,  The concept of Debye Shielding and  quasineutrality condition, The plasma parameters, Plasma Criteria, plasma approximation, Applications of Plasma Physics both in laboratory and Astrophysics, dusty plasma, dusty plasma criteria

Concept of electric and magnetic fields in plasma: 
Single particle motions particle motions in uniform electric and magnetic the concept of Larmour radius, cyclotron frequency and E cross B drift, gravitational fields, motion of charge particle in inhomogenous electric filed, time varying electric filed, motion in space varying electric filed, Motions in non-uniform magnetic field, Curvature drift,  Plasma motion in Non-uniform magnetic field,  Magnetic mirrors machine,  loss cone, Time varying magnetic field, Summary of guiding centre drifts

Plasma as Fluids
Equation of motion, Equation of continuity, Equation of state, Fluid drifts perpendicular and parallel to magnetic field, validity of plasma Approximation,  Entropy, adiabatic entropy in relativistic case, entropy in nonrelativistic case, Maxwell equations, concept of linearization in plasmas, waves in plasmas, electrostatic and electromagnetic waves, Langmuir waves, electron waves  



Books Recommended:

1. F. F. Chen,  Introduction to plasma physics and controlled  Fusion (Plenum Press, New York, 2016) 
1. P. K. Shukla, A. A. Mamun, Introduction to dusty plasma Physics ( Institute of Physics publishing Bristol and Phiadelphia, 2001) 
1. N. A. Krall and A. W. Trivelpiece, Principles of Plasma Physics (Mc Graw-Hill,  1973)
1. T. H. Stix,  waves in plasmas (AIP New York, 2002)
1. T. J. M Boyd and J. J. Sanderson, The physics of Plasmas ( Cambridge University Press, 2021) 
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Course Title: Introduction to Material Science   Semester: VIII
Course Code: PHY-461				Credit Hours: 03
						 
Course Outline
Introduction to Materials:
Introduction, Broad Classification of Materials, Importance of study of structure of Materials, Various Types of Structure related Properties, Need for Technology oriented Materials
Atomic Structure and Bonding:
Atomic Structure, Periodic Table, Bond Energy and Bond Length, Primary Bonds, Secondary Bonds, Mixed Nature of Bonding, Properties of Materials related to Bonding
Crystalline Imperfections:
Point Defects (vacancies, interstitials, impurities), Line Defects (Edge and Screw dislocations), Planer Defects (stacking faults, Twin boundaries, Grain boundaries), Volume Defects (voids, precipitates, inclusions, bubbles)
Diffusion in Solids:
Diffusion Mechanisms, Steady State Diffusion & Fick’s first law, Non-steady state Diffusion & Fick’s second law, Effect of Temperature on Diffusion in Solids
Phase Diagrams:
Phase Diagrams of Pure Substances, Gibbs Phase Rule, Binary Phase Diagrams, The Lever Rule
Mechanical Properties of Materials:
Elastic Deformation, Plastic Deformation, Slip by Movement of Dislocations, Twinning, Work Hardening, Annealing, Recovery and Recrystallization, Solution Hardening
Magnetic Properties of Materials:
Magnetization in Materials, Diamagnetism, Paramagnetism, Ferromagnetism, Soft and Hard Magnets, Antiferromagnetism, Ferrimagnetism, Effect of Temperature on Magnetisation 
Books Recommended:
1. “Foundations of Material Science and Engineering” William F, Smith, Javed Hashmi, 4th edition, 2006,McGraw Hill Inc, New York, America.
2. “Material Science for Engineers” Aparna Gupta, Santosh Kumar, 1st Edition, 2004, CBS Publishers, NewDehli, Bangalore.
3. “Materials and Processes in Manufacturing” E.Paul DeGarmo, J.T. Black, 8th edition, 2002, Prentice Hall of India.
4.  “Material Science and Engineering, an Introduction” .D.Callister, John Wiley &Sons Inc (2020)
5. “ Principles of Material Science and Engineering” 3rd edition, 1996,  ,McGraw Hill Inc, New York, America.
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Course Title: Methods of Experimental Physics    Credit Hours: 03
Course Code: PHY-462				   Semester: VII	
MID TERM
Vacuum Techniques:
Gas Transport: Throughout, Pumping Speed, Pump down Time Ultimatepressure. Fore-Vacuum Pumps: Rotary Oil pumps; sorption pumps. Diffusion pumps, sorption pumps (High Vacuum). Production of ultrahigh vacuum; Fundamental concepts; guttering pumps; Ion pumps; Cryogenic pumps; Turbo molecular pumps. Measurement of total pressure in Vacuums Systems; Units pressure ranges; Manometers; Perini gauges; The McLoad gauges; Mass spectrometer for partial measurement of pressure. Design of high Vacuum system; Surface to Volume ratio; Pump Choice; pumping system design. Vacuum Components; Vacuum valves; vacuum Flanges; Liquid Nitrogen trap; Mechanical feed throughs & Electrical feed throughs Leak detection: Basic consideration; leak detection equipment; Special Techniques and problems; Repair Techniques.
Radiation Detection and Measurement:
GM tubes, scintillation detector, channeltron, photo multipliers, neutron detectors, alpha/beta detectors, x rays/gamma detectors, cosmic rays detectors, Spectrographs and Interferometers.
Sensor Technology:			(FINAL TERM)
Sensors for temperature, pressure displacement, rotation, flow, level,speed, rotation position, phase, current voltage, power magnetic field, tilt, metal, explosive and heat.
Electronics and Electronic Instruments:
Operational amplifiers, summing amplifiers, difference amplifiers, Differentiators, Integrators, Logarithmic amplifiers, current to voltage converter, Spectroscopy amplifiers, charge sensitive pre-amplifiers, Coincidence circuits, Isolators, Ramp Generators, and single channelanalyzer. Power supplies, Signal Generators, Counters, Multichannel analyzer, Lock in Amplifiers, Boxcar averages.
Computer Introduction:
Introduction to computers, GPIB Interface, RS 232. Interfacing, DA/AD conversion, Visual c/visual Basic.
Data Analysis:
Evaluation of measurement: Systematic Errors, Accuracy; AccidentalErrors, Precision, Statistical Methods; Mean Value and Variance; Statistical Control of Measurements; Errors of Direct measurements, Rejection of data; Significance of results; Propagation of errors; preliminary Estimation; Errors of Computation. Least squares fit to a polynomial. Nonlinear functions. Data manipulation, smoothing, interpolation and extrapolation, linear and parabolic interpolation.
Books Recommended:
1. H.D.Young, Statistical Treatment of Exp. Phy. Academic Press, Inc. N.York & Lndn Vol.1.
2. J. Yarwood, High Vacuum Techniques, Chapman Hall.
3. P. Bevington, Data Reduction and Error Analysis for Physical Science, McGraw Hill.
4. J.B.Toping, Errors of Observations, IOP, 1962.
5.Experimental Physics Principles and Practice for the Laboratory byWalter Fox Smith,2021.
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Course Title: Surface Physics			Credit Hours: 03
Course Code: PHY-463				Semester: VIII	

MID TERM
An Introduction to Surfaces:
What is a surface? The energetics and thermodynmics of creating a surface. An introduction to surface Physics. Surface energies and the Wulff Theorem.
Studying Surfaces:
What is UHV? Do we need UHV to study surfaces? The kinetic theory of gases, concept of vacuum and standar vacuum hardware components. Comparison of different types of pumps with measurement of vacuum pressure. Preparing a clean surface.
Surface Structures and Reconstructions:
Lattice concept. 3 D crystal structures, 2D surface structures. Specifictypes of surface, fcc, hcp, bcc and stepped surfaces and a discussion of their relative energies. More complex ceconstruction, stability, growth mechanisms, adsorption. Desorption and experimental probes of surface structure such a LEED and RHEED. The structure of semi-conductor surfaces. The surface structures of very small metal particles.
Adsorption, Desorption Bonding , Catalysis and Growth Processes:
Adsorption mechanisms and kinetics chemisorption vs. physiorption, the kinetics of adsorption, potential energy curves and adsorption energetics. Adsorption mechanisms and kinetics for low coverages Langmuir Isotherms, derivation, adsorbate phase diagrams and phase transitions.
FINAL TERM
The Structure of Adsorbate Layers:
Experimental probes of surface structure such as LEED and RHEED. Growth processes, vibrational spectroscopy, catalysis, Desorption.
The Electronics and Magnetic Structure of Surfaces:
Band theory, Free electron theories and the work function. The electronic structure of semiconductor surfaces, Electron emission processes. Magnetic processes at surfaces.
Electron-Surface Interactions:
Electron diffraction and quasi – elastic scattering, comparison of particle scattering techniques. Electron spectroscopes, Discussion of the merits of different types of electron energy analysers and electron deterctors. Signal processing and spectral analysis. Theory and practice of Auger electron spectroscopy, Quantification of Auger spectra, Auger depth. Profiling.
Atom/ion surface interactions:
Comparison of particle scattering techniques, An Introduction to the theory and practice of SIMS, SIMS imaging and depth profiling, Auger depth profiling, theory and practice of Rutherford. Back scattering.
Surface Microscopy:
Classification of microscopy techniques, Basic concepts in surface imaging and localized spectroscopy, Imaging XPS, Optical microscopy, STEM. SEM. SPM. An introduction to the theory and practice of scanning Tunneling Microscopy, Scanning probe microscopy techniques, Atomic Force Microscopy.
Books Recommended
1. Surface Physics Fundamentals and Methods by Thomas Fauster, Lutz Hammer, Klaus Heinz and M. Alexander Schneider ,2021.
2. John A. Venables, Introduction to Surface and Thin Film Processes Cambridge University Press (2000).
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Course Title: Environmental Physics			Credit Hours: 03
Course Code: PHY-464					Semester: VIII	

MID TERM
Introduction to the Essentials of Environmental Physics: 
The energy budget of the earth, the atmosphere and its composition, atmosphere and Climate, atmospheric greenhouse effect, transport of matter, energy and momentum, exploitation of conventional (fossil fuels and nuclear energy) and renewable energy sources (solar radiation, wind, biomass, ocean waves, tidal and geothermal energy).
Basic Environmental Spectroscopy: 
Black body radiation, the emission spectrum of sun, the transition electric dipole moment, the Einstein Coefficients, Lambert – Beer’s law, the spectroscopy of bio-molecules, solar UV and life, the ozone filter. 
Transport of Pollutants:  
Diffusion, flow in rivers, ground water. flow equations of fluid dynamics, turbulence, turbulence diffusion.
FINAL TERM
Noise: 
Basic Acoustics, Human Perceptions and noise criteria, reducing the transmission of sound, active control of sound. 
Radiation: 
Radioactive decay law, sources of radiation, sources of Radioactive waste, Health Hazards, Radioactive waste management.
Climatology and Measurements of Climate Factor: 
[bookmark: _GoBack]Data collection and organization, statistical analysis of climatic data, climatic indices, General characteristics of measuring equipment, Measurement of temperature, air humidity, surface wind velocity, Radiation balance, precipitation, Atmospheric Pressure, automatic weather stations.
Books Recommended:
1. Egbert Booker and Rienk Van Gron Belle, Environmental Physics, 2nd ed. John Wiley and sons. 1999.
2. Physics of Environmental and Climate, Guyot Praxis Publication. 1998.
3. Fundamental Principles of Environmental Physics by Abel Rodrigues, Raul Albuquerque Sardinha, Gabriel Pita, 2021.
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Course Title: Particle Physics 				Credit Hours: 03	 
Course Code: PHY-465			  	 	Semester: VIII
MID TERM
Particle classification:
Quantum numbers, quarks,  leptons, hadrons.
Fundamental Interaction:
The electromagnetic coupling, the strong coupling, the weak coupling.
Symmetry Transformation and Conservation Laws:
Translation in space, rotation in space, the group SU(2), systems of identical particles, parity, isospin charge conjugation, time reversal, G parity, CPT theorem.

FINAL TERM
Electromagnetic Field:
Gauge Invariance and Maxwell’s equations, angular momentum, parity and C parity of the photon.
Quark Model:
Basic concepts of group, SU (2), SU (3), quark model.
Standard Model: (0nly qualitative treatment)
Unification of weak and electromagnetic interactions Glashow-Salam-Weinberg Model.
Books Recommended:
1-Nuclear and Particle Physics by Burcham, E. E and Jobes, M. Longman (1995).
2-Introduction to Elementary Particle Physics by Griffiths, John Wiley and Sons (1987).
3-Nuclear and Particle Physics Williams, W. S. C., Oxford University Press (1995).
4-A Modern Introduction to Particle Physics by Fayyazuddin & Riazuddin,World Scientific (1992).
5-Quarks and Leptons by Halzen and Martin, Wiley (1984).
6.Particle Physics Reference Library: Volume 1: Theory and Experiments 1st ed. by Herwig Schopper,2020.
7.Particle Physics Reference Library: Volume 2: Detectors for Particles and Radiation 1st ed. by Christian W. Fabjan , Herwig Schopper ,2020.
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Course Title: Laser Physics				Credit Hours: 03	  
Course Code: PHY-466					Semester: VIII
  	 

MID TERM
Introductory Concepts:
Spontaneous Emission, Absorption, Stimulated Emission, Pumping Schemes, Absorption and Stimulated Emission Rates, Absorption andGain Coefficients, Resonance Energy Transfers. Properties of Laser Beam: Monochromaticity,Coherence, Directionality, Brightness.
Spectroscopy of Molecule and Semiconductors:
Electronic Energy Levels, Molecular Energy Levels, Level Occupation atThermal Equilibrium, Stimulated Transition, Selection Rules, Radiative and Nonradiative Decay, Semiconductor.
Optical Resonators:
Plane Parallel (Fabry-Perot) Resonator, Concentric (Spherical) Resonator, Confocal, Resonator, Generalized Spherical Resonator, Ring Resonator, Stable Resonators, Unstable Resonators. , Matrix Formulation of Geometrical Optics, Wave Reflection and Transmission at a Dielectric Interface, Stability Condition Standing and Traveling Waves in a two Mirror Resonator, Longitudinal and Transverse Modes in a Cavity, Multilayer Dielectric Coatings, Fabry-Perot Interferometer. Small Signal Gain and Loop Gain.

FINAL TERM
Pumping Processes:
Optical pumping: Flash lamp and Laser, Threshold Pump Power, pumping efficiency, Electrical Pumping: Longitudinal Configuration and Transverse Configuration, Gas Dynamics Pumping, Chemical Pumping.
Continuous Wave (CW) and pulsed lasers
Rate Equations, Threshold Condition and Output Power, Optimum Output Coupling, Laser Tuning, Oscillation and Pulsations in Lasers, Q Switching and Mode-Locking Methods, Phase Velocity, Group Velocity, and Group-Delay Dispersion, Line broadening.
Lasers Systems :
Solid State Lasers: Ruby Laser, Nd: YAG & Nd: Glass Lasers and Semiconductor Lasers: Homojunction Lasers Double-Heterostructure lasers, Gas lasers: Helium Neon laser, CO2 laser, Nitrogen Laser and Excimer Lasers, Free-Electron and X-Ray Lasers
Laser applications:
Material Processing: Surface Hardening, Cutting, Drilling, Welding etc. Holography, Laser Communication, Medicine, Defense Industry, Atmospheric Physics


Books Recommended
1. O. Svelto, Principles of Lasers, Plenum Press New York & London (1992).
2. J. Eberly and P. Milonni, Lasers, Wiley, New York. (Latest Edition). Scully and Zubairy, Quantum Optics, Cambridge University Press (1997).
3. A.E. Siegman, Laser, University, Science Books Mill Valley, C.A. (1986).
4. H. Haken, Laser Theory, Springer, Berlin (Latest Edition).
5. W. T. Silfvast, Laser Fundamentals, latest edition.
6. Handbook of Laser Technology and Applications Lasers: Principles and Operations2nd Edition (Volume One) by Chunlei Guo, Subhash Chandra Singh,June 24, 2021.
7. Handbook of Laser Technology and Applications Lasers: Principles and Operations2nd Edition (Volume Two) by Chunlei Guo, Subhash Chandra Singh,June 24, 2021.
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Course Title: Introduction to Nanotechnology	  
Course Code: PHY-467	      Credit Hours: 03	         Semester-VIII
MID TERM
· Introduction
· Atomic and Material Structures
· Silicon
· Carbon
· Compounds and Alloys
· Optical Microscopy
· Nanoscale Microscopy
FINAL TERM
· Nanoscale Microscopy2
· Electrical Characterization
· Optical Characterization
· Top Down Nanofabrication
· Bottom up Nanofabrication
· Nanobiotechnology

Books Recommended
1. Introduction to Nanoscience & Nanotechnology, Chris Binns, 2010 Wiley, ISBN 978-04717765475.
2. Introduction to Nanoscience Stuart Lindsay, 2009, Oxford University Press ISBN: 978-01099544219
3. “Introduction to Nanotechnology”Massimo F Bertino (Virginia Commonwealth University, USA) ,October 2021.
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Course Title: Fluid Mechanics		 		Credit Hours: 03
Course Code: PHY-468			  	 	Semester-VIII

Pre-requisites: Classical Mechanics

Objectives: 
The main objective of this course is to make students familiar with the concepts of fluid flows. This course provides a theoretical foundation for ideal and real fluid flows. This fundamental course will provide sufficient knowledge to enable students to understand, model and solve basic practical flow problems.

Basic Concepts: 
Fluid properties-viscosity, the microscopic and macroscopic view of fluid, incompressible and compressible fluids; circulation; elementary fluid kinematics; velocity field; substantial derivative; streamlines and pathlines; pressure distribution in stationary and accelerated systems; fluid forces; hydrostatics; manometry; buoyancy; Reynolds transport theorem

Constitutive Equations and Related Concepts: 
Continuity equation; momentum equation and angular momentum equation for control volumes; energy equation and Bernoulli equation; Euler's equation for inviscid flow and NavierStokes equation for viscous flow; boundary conditions for the basic equations of fluid mechanics; boundary layer; stream function; vorticity and rotation; viscous stresses and strain rates

Turbulent Flows:
Introduction to turbulent flows; qualitative issues on turbulence; laminar and turbulent pipe flow; Reynolds number
Potential Theory: Two-dimensional potential theory, velocity potential 

Recommended Books: 
1. Y. A. Çengel and J. M. Cimbala, Fluid Mechanics: Fundamentals and Applications, Publisher: McGraw-Hill, 2nd ed., (2010). 
2. P. K. Kundu, I. M. Cohen and D. R. Dowling, Fluid Mechanics, Publisher: Elsevier : Academic Press, 5th ed. (2012). 
3. Y. Nakayama and R. F. Boucher, Introduction to Fluid Mechanics, Publisher: Butterworth-Heinemann, (2000). 
4. G. Falkovich, Fluid Mechanics, Publisher: Cambridge University Press, (2011).
5. “Fluid Mechanics”,Authors: Spurk, Joseph H., Aksel, Nuri,2021.
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Course Title: Introduction to Nano Science and Nanotechnologies      
Course Code: PHY-469	       Credit Hours: 03	Semester-VIII

Objective(s): Introduce the concept and applications of nano sciences and nanotechnologies. Nano structures and nano technologies. 

Mid Term
Introduction: Feynman talks on small structures, Nano scale dimension, Course goals and objectives.

Quantum Effects: Wave particle duality, Energy quanta, Uncertainty principle, De Broglie relation, Quantum Dots, Moore's law, tunneling.

Surfaces and Interfaces: Interfaces, Surface chemistry and physics, Surface modification and characterization, Thin Films, Sputtering, Self assembled films.

Material Properties: Subatomic physics to chemical systems, types of chemical bonds, solid state physics / Material properties.

Tools and Instrumentation: STM, AFM, Electron Microscopy, Fluorescence methods, Synchrotron Radiation.

Fabricating Nano Structures: Lithography (photo and electron beam), MBE, Self-assembled masked, FIB, Stamp technology, Nano junctions.
Final Term
Electrons in Nano Structures: Variation in electronic properties, free electron model, Bloch's theorem, Band structure, Single electron transistor, Resonant tunneling.

Molecular Electronics: Lewis structures, Approach to calculate Molecular orbitals, Donor Acceptor properties, Electron transfer between molecules, Charge transport in weakly interacting molecular solids, Single molecule electronics.

Nano Materials: Quantum dots, nano wires, nano photonics, magnetic nano structures, nano thermal devices, Nano fluidic devices, biomimetic materials. 

Nano Biotechnology: DNA micro-arrays, Protein and DNA Assembly, Digital cells, genetic circuits, DNA computing.

Nanotechnology the Road Ahead: Nanostructure innovation, Quantum Informatics, Energy solutions.

Recommended Books:
1. S. Lindsay, “Introduction to Nanoscience”, Oxford University Press, 2009.
2. C. Binns, “Introduction to Nanoscience and Nanotechnology (Wiley Survival Guides in Engineering and Science)”, Wiley, 2010.
3. “Introduction to Nanotechnology”Massimo F Bertino (Virginia Commonwealth University, USA) ,October 2021.
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Course Title: Hydrology      				Credit Hours: 03
Course Code: PHY-470					Semester-VIII			  	   
Course Outline:

Introduction: Definition and scope of hydrology, The water cycle: Earth-The blue Planet, The water cycle, Water in motion, Importance of water in natural and human systems, Properties of Water and Fluid Mechanics: Molecular structure of water, The hydrogen bonding, Properties of water including thermal properties, viscosity, compressibility, surface tension, water as a solvent, Electrical properties, Fluid dynamics and principle of flow, Reynolds number and its importance in fluid dynamics, Froude number, Bernoulli’s equation and its applications, Diffusion, Ficks laws of diffusion, Osmosis, Water in the air: Evaporation and condensation: Evaporation; Process and measurement methods, Process of condensation and its measurement, Disposal of wastewater by evaporation, Precipitation and infiltration: The process of precipitation, Different forms and types of precipitation, Cloud formation, Measurement of precipitation, Infiltration processes and factors affecting infiltration rate, Groundwater Hydrology: Introduction to ground water and aquifers, Unconsolidated and consolidated sediments, Aquifers as water reservoirs, controlled and uncontrolled aquifers, Impact of climate change on hydrological processes, Water Resources and Managements: Natural sources of water; Glaciers, warm, cold, fresh and salted water sources, Methods of water management, Irrigation, Dams, Ground water movement, Wastewater treatments, Sedimentation, Sedimentation Tanks in wastewater treatment, Filtration and its different methods.

 Recommended books:

1. Hydrology and Global Environmental Change by Nigel Arnell, Taylor & Francis, 2002.
2. Applied Principles of Hydrology, 3rd Edition, by John C. Manning, Waveland Press, Inc. 2016
3. Wastewater Treatment by Irene Samy Fahim and Lobna A. Said, Taylor & Francis Group, 2023.  
4. Water Resources Systems, Planning and Management by S. K. Jain, Elsevier, 2003
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Course Title: OPTOELECTRONICS		Credit Hours: 03	
Course Code: PHY-471					Semester-VIII	
						 

PRE-REQUISITE: Basic knowledge of Semiconductor, Electronics, Optics and Quantum Mechanics required 
OBJECTIVE: To give the concept of Optoelectronics that is based on the quantum mechanical effects of light on electronic materials, especially semiconductors. Optoelectronics concerns the study and application of electronic devices that source, detect and control light.
COURSE OUTLINES
Wave Nature of Light – Conceptual Overview
Wave Equation, Refractive index, group and phase velocity, Pointing vector, Snell’s law, Fresnel’s equations, Optical Resonators, Optical Tunneling, Coherence, Diffraction
Optical communication systems and devices needs
Optical fiber, Optical waveguides, Optical amplifiers, Optical sources, Optical detectors       
Light Emitting Diodes (LED)
Science and engineering of light emitting diodes
Stimulated Emission Devices
Laser Diodes, Vertical Cavity Surface Emitting Lasers (VCSELs), Quantum well devices, Semiconducting Laser Amplifiers.
Photodetectors
pn junction, photodiode science and operation, avalanche and heterojunction photodiodes, phototransistors, photoconductive gain, CCD and CMOS sensors, sensing and imaging in different electromagnetic spectrum.
Polarization and Modulation of light
Polarization, propagation in anisotropic media, birefringent devices, integrated optical modulators, acousto-optic modulators, magneto-optic modulators, nonlinear effects.
Display devices 
LCD and LED display devices, three-dimensional and light-field displays, MOEMS and MEMS displays.
Photovoltaic Devices 
Solar energy spectrum, device principles, I-V characteristics, equivalent circuit, temperature effects, materials, devices, and efficiencies.
Reference Books:
· G. P. Agrawal, Fiber optics communication system, John Wiley & Sons, 2011.
· S. O. Kasap, Optoelectronics and Photonics: Principles and Practices, Prentice Hall, 2001.
· Shun Lien Chuang , Physics of optoelectronic devices, Wiley, 1995.
· John Wilson and John Hawkes, Optoelectronics, an introduction - 3rd Edition, Prentice Hall 1998.
· J. Singh, Optoelectronics: An introduction to materials and devices, McGraw-Hill, 1996.
· P. N. Prasad, Nanophotonics, John Wiley & Sons, 2004.
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Course Title: Astrophsics					Credit Hours: 03
Course Code: PHY-473					Semester-VIII

Fundamentals of Astronomy: History of Astronomy, Apparent Luminosity of Stars, Stellar Evolution, The Sun and Planets, Asteroids, Meteors, Comets and Galaxies, Hot big bang and origin of species
Introduction to Space Science: Sun & Solar System, The sun, helioseismology, convection, solar magnetism: flux tubes, sun spots, dynamo, solar cycle, chromosphere, corona, solar wind, physical processes in the solar system; dynamics of the solar system; physics of planetary atmospheres; individual planets; comets, asteroids, and other constituents of the solar system; extra-solar planets; formation of the solar system, stars, and planets, Keppler’s Laws, Structure of Earth’s Atmosphere. 
Fundamentals of Astrophysics: Electromagnetic spectrum, Electromagnetic Radiation, X-ray Astronomy, UV Astronomy, Hydrodynamics and Cosmic Electrodynamics: Hydrodynamics, Electrodynamics and Scattering of Radiations, Principles of cosmic electrodynamics. 
Black Holes: what happens inside and around black holes, Black holes in the real universe, Interactions of black holes with external matter and magnetic fields; formation of black holes from stars; experimental signatures of black holes; new astronomical tools and transformational discoveries (radio galaxies, quasars, QSOs, X ray sources); energy extraction from black holes and their interaction with surrounding matter; current studies of supermassive black holes, black holes in centers of galaxies.
The Relativity of Space and Time: review ideas of space, time, and gravity from ancient times; review Newton’s theories of space, time, motion, and gravity, Maxwell’s theory of electromagnetism and the nature of light; Einstein’s special theory relativity, relativity of simultaneity, time dilation, boosts, redshifts, angular distortions, apparent length contractions; experimental confirmations of time dilation, twin “paradox”, light cones.
Gravity and general relativity: The Warping of Space and Time, Black Holes Discovered and Rejected. 
Physics of stars, stellar evolution, remnants, and collapse: Introduction, Stellar phenomenology, Stellar structure, Stellar Structure/Nucleosynthesis, Building the sun, Neutrinos, seismology, ZAMSto-giants evolution - White dwarfs, Supernovae, Neutron stars & Binary accretion, Pulsating stars. 
The Physics of Galaxies: 
Introduction and basic properties of galaxies (brightness, color, morphology), cosmic distance ladder, cosmological distances, Dynamics of stars in galaxies, Interstellar medium and dust, Dark matter halos; Milky Way: structure, kinematics, Star formation; fundamental scaling relations Galaxy clusters; hot intracluster medium; active galactic nuclei, Elements of galaxy formation and evolution,

RECOMMENDED BOOKS
1. The Story of the Universe in 100 Stars, Florian Freistetter, 2021
2:  An Introduction to Astrophysics, BaidyanathBasu, ‎TanukaChattophadayay, ‎SudhindraNath Biswas, 2010, ISBN-978-81-203-4071-8.
3: Astrophysics: Stars and Galaxies, K.D. Abhyankar, 2010. 
4: An Introduction to Astronomy and Astrophysics, Pankaj Jain, Indian Institute of Technology, Kanpur India, Taylor Francis Group, 2016.
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Course Title: Foundation of Machine Learning. 	
Semester: VIII   	
Course Code: PHY-474				Credit Hours: 03
Pre-requisite: None
Course Outline
Introduction to machine learning
Supervised and unsupervised learning, Taxonomy of learning tasks: Classification, clustering, reinforcement learning, Decision Tree, Association rules, Rule induction ,Bayesian learning: Naive Bayesian classifier, complete Naive Bayesian classifier, back propagation networks, related problem
Instance based learning
K nearest neighbour,  Linear regression, Multiple regression, related problem
Evaluating learning methods
Accuracy, Kappa Statistics, ROC, Precision-Recall, F-measure, Root mean squared error
Root Mean Squared Error, Data distribution (Normal, Binomial), mean, median and mode, Chi square test, Measuring strength of association (the phi coefficient), Support vector machines for linearly separable data, kernel based methods for non-linear data
Unsupervised learning
Clustering, K-means algorithm, Cobweb, Agglomerative algorithm, neural networks, kohen nets, Apriori algorithm, related problem
Reinforcement Learning 
Q-learning algorithm, Hidden Markov Models, Multiple Models: Bagging, Bosting, Stacking, Error Correcting Codes, related problems
Machine Learning applications
Case Studies (Robotic control, data mining, bioinformatics, image processing, speech recognition
Recommended Books:
· Machine Learning and Its Application: A Quick Guide for Beginners, By Indranath Chatterjee, Bentham Science Publishers · 2021
· Machine Learning Algorithms, By Giuseppe Bonaccorso, Packt Publishing · 2017
· Understanding Machine Learning From Theory to Algorithms By Shai Shalev-Shwartz, Shai Ben-David, Cambridge University Press, 2014
· Machine Learning and Data Science
· Fundamentals and Applications, Anand Sharma, Wiley, 2022
· Foundations of Machine Learning, By Mehryar Mohri, Afshin Rostamizadeh, Ameet Talwalkar, MIT Press, 2018
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