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ANNEXURE – A 

Scheme of studies BS Physics 4-year program 

Name of Degree:  BS Physics 

Eligibility Criteria: The minimum requirements for admission are at least 45% marks in Intermediate 

1. Pre engineering, Computer Science, DAE or equivalent 

2. Pre-medical examination (additional Two non-credit hour mathematics courses). 

Duration: The minimum duration for completion of BS Physics degree is four years and maximum is 

seven years.  

Degree Completion Requirements: 

To become eligible for award of BS degree, a student must satisfy the following requirements:  

a) Must have studied and passed the prescribed courses, totaling 133 credit hours.  

b) Must have earned CGPA (Cumulative Grade Point Average) of at least 2.0 on a scale of 4.0.  

BS Curriculum Design 

The structure of BS Program is proposed to meet the needs of students through theory and practical. 

The students are expected to learn theoretical and practical understanding of the respective field of 

Physical science.  

 Minimum credit hours shall be 133 for BS programs.  

 Each program comprises eight semesters spread over four years. 

 The following table gives the distribution of credit hours in different domains of knowledge. 
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SCHEME OF STUDIES FOR BS (4-YEAR) 

Semester 1st (1st Year) 

Course title Course code Credit Hours Remarks 

Mechanics PHY-111 4(4+0) Foundation 

 Lab-I (Mechanics) PHY-112 1(0+1) Foundation 

English-I PHY-113 3(3+0) Compulsory 

Calculus-I PHY-114 3(3+0) Compulsory 

Introduction to Computing PHY-115 3(3+0) Compulsory 

Introduction to Geography PHY-116 3(3+0) Gen (Science Faculty) 

Pre-Calculus I PHY-117 0 Only for Pre-medical 

students 

Total Credit Hours  17(16+1)  

 

 

 

Semester 2nd 

Course Title Course Code Credit Hours Remarks 

Electricity and Magnetism PHY-121 4(4+0) Foundation 

Heat and Thermodynamics PHY-122 3(3+0) Foundation 

Lab-II (Electricity and 

Magnetism) 

PHY-123 1(0+1) Foundation 

English-II PHY-124 3(3+0) Compulsory 

Calculus-II PHY-125 3(3+0) Compulsory 

Basic Economics PHY-126 3(3+0) Gen (Other Than Science 

Faculty) 

Pre-Calculus II and 

Analytical geometry 

PHY-127 0 Only for Pre-medical students 

Total  17(16+1)  
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 Semester 3rd (2ND YEAR) 

Course Title Course code Credit Hours Remarks 

Waves and Oscillations PHY-231 3(3+0) Foundation 

Modern Physics PHY-232 3(3+0) Foundation 

Lab-III (Waves and 

Oscillations) 

PHY-233 1(0+1) Foundation 

English-III PHY-234 3(3+0) Compulsory 

 Islamic studies PHY-235 2(2+0) Compulsory 

Chemistry I PHY-236 3(3+0) General 

Linear Algebra PHY-237 3(3+0) General 

 Total Credit hours  18(17+1)  

 

 

 

 

Semester 4th 

Course Title Course Code Credit Hours Remarks 

 Optics PHY-241 3(3+0) Foundation 

Lab-IV (Optics) PHY-242 1(0+1) Foundation 

Pak study PHY-243 2(2+0) Compulsory 

Probability and statistics PHY-244 3(3+0) Compulsory 

Sociology PHY-245 3(3+0) General(GOF) 

Differential Equations PHY-246 3(3+0) General 

Any one of the followings  

Functional Biology PHY-247 3(3+0) Gen(GRF) 

Research Methodology PHY-248 3(3+0) Gen(GRF) 

Total Credit hours  18(17+1)  
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Semester 5th (3rd Year) 

Course Title  Course Code Credit  Hours Remarks 

Mathematical Method of 

Physics-I 

PHY-351 3(3+0) Major 

Electromagnetic Theory-I PHY-352 3(3+0) Major 

Classical Mechanics PHY-353 3(3+0) Major 

Electronics-I PHY-354 3(3+0) Major 

Lab-V PHY-355 2(0+2) Major 

Total  14(12+2)  

                                                               

 

 

 Semester 6th 

Course Title Course Code Credit Hours Remarks 

Mathematical Method of 

Physics-II 

PHY-361 3(3+0) Major 

Quantum Mechanics-I PHY-362 3(3+0) Major 

Electromagnetic Theory –II PHY-363 3(3+0) Major 

Electronics-II PHY-364 3(3+0) Major 

Statistical Physics PHY-365 3(3+0) Major 

Lab-VI PHY-366 2(0+2) Major 

Total  17(15+2)  
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 Semester 7th (4th year) 

Course Title Course code Credit Hours Remarks 

Quantum Mechanics-II PHY-471 3(3+0) Major 

Atomic and Molecular Physics PHY-472 3(3+0) Major 

Solid State Physics I PHY-473 3(3+0) Major 

Nuclear Physics PHY-474 3(3+0) Major 

Lab-VII PHY-475 2(0+2) Major 

Any one of the followings Elective-I 

Environmental Physics PHY-476 3(3+0) Elective 

Methods of Experimental 

Physics 

PHY-477 3(3+0) Elective 

Computer Simulations in 

Physics 

PHY-478 3(3+0) Elective 

Total  17(15+2)  

                                                                 

 

 

 

Semester 8th 

Course Title Course code Credit Hours Remarks 

Solid State Physics II PHY-481 3(3+0) Major 

Research Project PHY-482 3(3+0) Major 

Any three of the followings Elective-II, Elective-

III, Elective-IV 

Plasma Physics                                  PHY-483 3(3+0) Elective 

Electronic Materials and 

Devices 

PHY-484 3(3+0) Elective 

Introduction to Material 

Science 

PHY-485 3(3+0) Elective 

Renewable Sources of Energy PHY-486 3(3+0) Elective 

Particle Physics PHY-487 3(3+0) Elective 

Introduction to Nano Science 

& Nanotechnologies 

PHY-488 3(3+0) Elective 

Laser Applications PHY-489 3(3+0) Elective 

Total  15(15+0)  

 Total Credit Hours: 133 
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RECOMMENDED COURSES FOR BS PHYSICS 

PHY-111   MECHANICS 

Credit Hours: Four 

(4) 

Objectives:     The main objective of this course is to understand different motions of objects on 

macroscopic scale and to develop simple mathematical formalisms to analyze  such  

motions.  This is a calculus-based introductory course with maximum emphasis on 

applying the acquired knowledge to solving problems. 

Basic Concepts:  Units  and  Dimensions,  SI  Units,  Inter-conversion  of  Units;  Scalars  and  Vectors,  

Adding  Vectors: Graphical as well as Component Method, Multiplying Vectors: Dot and Cross 

Products. 

Motion in  One,  Two  and  Three  Dimensions:  Position  &  Displacement;  Velocity  and  

Acceleration;  Motion  under Constant Acceleration; Projectile Motion; Uniform Circular Motion; 

Relative Velocity and Acceleration in One and Two Dimensions; Inertial and Non-Inertial Reference 

Frames 

Newton’s Laws: Newton’s Laws of Motion and their Applications Involving some Particular Forces 

including Weight; Normal Force; Tension; Friction; and Centripetal Force; Newton’s Law of 

Gravitation; Gravitational Potential Energy; Escape Velocity; Kepler’s Laws; Satellite Orbits & 

Energy 

Work and  Kinetic  Energy:  Work  done  by  Constant  and  Variable  Forces;  Gravitational  and  

Spring  Forces;  Power; Conservative  and  Non-conservative  Forces;  Work  and  Potential  Energy;  

Isolated  Systems  and  Conservation  of Mechanical Energy; Work done by External Forces including 

Friction, Conservation of Energy 

System of Particles: Motion of a System of Particles and Extended Rigid Bodies; Center of Mass and 

Newton’s Laws for a System of Particles; Linear Momentum; Impulse; Momentum &  Kinetic Energy 

in One and  Two  Dimensional Elastic and Inelastic Collisions 

Rotational  Motion:  Rotation  about  a  Fixed  Axis;  Angular  Position;  Angular  Displacement;  

Angular  Velocity  and Angular  Acceleration;  Rotation  under  Constant  Angular  Acceleration;  

relationship  between  Linear  and  Angular Variables;  Rotational  Inertia;  Parallel-axis  Theorem;  

Torque  and  Newton’s  Law  for  Rotation;  Work  and  Rotational Kinetic Energy; Power; Rolling 

Motion; Angular Momentum for a single Particle and a System of Particles; Conservation of Angular 

Momentum; Precession of a Gyroscope; Static Equilibrium involving Forces and Torques; Rotational 

inertia of various shapes i.e. for a disc, bar and solid sphere; Elasticity; Stress; Strain and Properties of 

Materials 

Angular Momentum:  Angular Velocity; Conservation of angular momentum; effect of Torque and 
its relation with angular momentum 
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Simple Harmonic Motion (SHM): Amplitude; Phase; Angular Frequency; Velocity and Acceleration 
in SHM; Linear and Angular Simple Harmonic Oscillators; Energy in SHM; Simple Pendulum; 
Physical Pendulum; SHM and Uniform Circular Motion. 

Fluid  Mechanics:  Static  Fluids  and  Pressure;  Archimedes’  Principle;  Fluid  Dynamics;  Equation  
of  Continuity  and Bernoulli’s Principle 

Recommended Books: 

1.    D. Halliday, R. Resnick and J. Walker, “Fundamentals of Physics”, John Wiley & Sons, 9th  ed. 
(2010). 

2 R. A. Serway and J. W. Jewett, “Physics for Scientists and Engineers”, Golden Sunburst Series, 8th  

ed. (2010). 

3.     R. A.  Freedman, H. D. Young, and  A. L.   Ford  (Sears and  Zeemansky),  “University  Physics  

with Modern Physics”, Addison-Wesley-Longman, 13th  International ed. (2010). 

4.     F. J Keller, W. E. Gettys and M. J. Skove, “Physics: Classical and Modern, McGraw Hill, 2nd  ed. 
(1992). 

5. D. C. Giancoli, “Physics for Scientists and Engineers, with Modern Physics”, Addison-Wesley, 4th  

ed., (2008). 

 

PHY- 112  Lab-I (Mechanics) 

 Credit Hours: One (1) 

Mechanics and Fluids:  Experiments with pendulums, stop watches, one-dimensional motion and 

verification  of Newton's laws of motion, measurement of forces, speed, acceleration and linear 

momentum, collisions and conservation of momentum, impacts, free fall and acceleration due to 

gravity, gyroscopes, rotational motion, conservation of angular momentum, friction, static and dynamic 

equilibrium, compound pendulum, rolling motion along inclined planes, simple harmonic motion, 

masses attached to springs and Hooke's law, damped motion and the regimes of damping (over-damped, 

under-damped and critically damped), pressure in fluids, experiments demonstrating continuity, 

Bernoulli's principle, buoyancy and Archimedes's principle, Atwood machine, fluid viscosity, surface 

tension  

Recommended Books: 

1.    A. C. Melissinos and J. Napolitano, “Experiments in Modern Physics”, Academic Press, 2nd  

ed. (2003). 

2.    J. H. Moore, C. C. Davis, M. A. Coplan, and S. C. Greer, "Building Scientific Apparatus", 
Cambridge University Press, 4th  ed. (2009). 

3. J.  R.  Taylor,  "An  Introduction  to  Error  Analysis:  The  Study  of  Uncertainties  in  Physical  
Measurements", University of Science Books, 2nd  ed. (1996). 

4.    L. Kirkup and R. B. Frenkel, “An Introduction to Uncertainty in Measurement”, Cambridge 
University Press, (2006). 

5.    G. L. Squires, "Practical Physics", Cambridge University Press, 4th  ed. (2001). 
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6.    Y. Tsividis, "A First Lab in Circuits and Electronics", John Wiley (2001). 

 

PHY-113  English I  

(Functional English)  

Credit Hours: Three (3) 

Course Learning Outcomes: 

At the end of the course the students will be able to:  

To introduce and enhance the basic grammatical concepts of the English Language. Students in 

this course will learn to improve their basic and fundamental writing, reading and speaking skills.

   

To enable them to use the English language correctly in their Business Administration field for 

which English language competency is a prerequisite.   

Course Content: 

Week-1-2: Self-introduction and peer introduction   

Week-3-4: Word and word formation ( suffix and prefix) open and close class words  

Week-5: introduction to parts of speech  

Week-6: Noun  pronoun and its types in detail 

Week-7: Verb, adverb and preposition (with all Types)  

Week-8: Adjectives, conjunction, interjection and use of articles 

Week-9: Intro to tenses (present Tense)  

Week-10: Past tense  

Week-11: future tense  

Week-12: active and passive voice ( introduction)  

Week-13: Uses of Model Auxiliary Verbs 

Week-14: Basic Sentence structure ( functional type of sentences)  

Week-15: Structural type of sentence including phrase and clauses  

Week-16: paragraph writing with characteristics  

Teaching Methodology: 

Lectures, Written Assignments, Presentations 
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Course Assessment: 

Home Assignments, Quizzes, Presentations, Midterm Exam, Final Exam 

 

Reference Materials: 

1. College Writing Skills with Readings, by John Langan, McGraw-Hill, 5th Edition.  

2. A Textbook of English Prose and Structure by Arif Khattak, et al, GIKI Institute, 2000 

3. English Grammar in Use by Raymond Murphy. Cambridge University Press’ 

4. A University Grammar of English by Randolph Quirck and Sidney 

Greenbaum. ELBS 

5. Practical English Usage by Michael Swan. ELBS 

6. High school English Grammar by Wren and Martin 

PHY- 114 CALCULUS-I 

 (Calculus for Functions of one variable)  

Credit Hours: Three (3) 

Functions and graphs (shifting and stretching), limits and continuity, differentiation (rates of change,  

slope of the tangent to a curve, rules for differentiation, chain rule, implicit differentiation, extrema of 

functions, mean value theorem, use of derivatives in sketching, asymptotic behavior of functions, 

L'H'opital's rule), integration (indefinite  integrals,  techniques of integration, Riemann sums and 

definite integrals, physical interpretation as areas, mean value theorem, areas  between  curves,  finding  

volumes  by  slicing,  arc  lengths,  centres  of  mass  and  higher  moments,  work),  differentiation  and  

integration  of  transcendental  functions (exponential  and  logarithmic  functions  and  applications  to  

growth  and  decay  problems,  trigonometric  and  inverse trigonometric  functions,  hyperbolic  

functions),  infinite  series  (series,  tests  of convergence, power series, Taylor and Maclaurin series). 

Recommended Books: 

1.    G. B. Thomas, R. L. Finney, “Calculus and Analytic Geometry”, National Book Foundation, 
9th  ed. (1995) 

2.    G. Strang, “Calculus”, Wellesley-Cambridge, 2nd  ed., (2010). 

3.    E. W. Swokowski, M. Olinick, D. Pence, and J. A. Cole, “Calculus”; Pws Pub Co; 6th  ed. 
(1994). 

 

PHY-115 Introduction to Computing 

 Credit Hours:  Three (3) 
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Basics of Computers  

o Introduction and history of computers 

o Generations of Computer 

o Types of computer (analog, digital, hybrid) 

o Classification of Computer 

o Mainframe Computer, Mini Computer, Super Computer & Micro Computer 

o Block diagram of Computer System. 

Parts of the a Computer System 

o Hardware  

 Essential Computer Hardware( Processor, Memory, Input Devices, Output 

Devices & Storage devices ) 

o Software 

o Data 

o User 

 Processing Unit 

o Data Processing Techniques  

 Manual Data Processing  

 Electronic Data Processing  

o Central Processing Unit (CPU) 

o ALU and Control Unit 

o Buses and Ports 

 Computer Memory/ Storage  

o Memory and types  

o Primary/Internal memory (RAM & ROM)  

o Cache Memory and Registers  

o Units of Computer Memory( Bit, Byte, KB, MB, GB , TB) 

o Secondary Storage 

o Magnetic Devices 
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o Optical Devices. 

o Solid State Devices 

 Input Devices 

o Keyboard, Mouse, Scanner, Digital Camera  

 

 Output device  

o Monitor(CRT, LED, LCD), Printer, Speaker 

 Software  

o System software 

o Operating system 

o Application software 

o General purpose and Special purpose Software  

 Networking Basic Concepts 

o Computer Network( LAN & WAN) and its advantages 

o Server Based Network and Peer to Peer Network 

 Data Communication and Data Communication System(DCS) 

o Components of DCS( Sender, Receiver, medium, Message & Protocol)  

 The Internet & Internet Services 

o The World Wide Web 

o Electronic mail 

o File Transfer 

o Chat 

o Online Services  

o Instant Messaging  

 Web Browsers, URL, Web Searching/ Browsing, Search Engine  

 Social Networking Ethics, Cyber Crime and Types 

 Productivity Software/ Introduction to : 

1. Microsoft Word ( Beginner’s Level) 

2. Microsoft Excel  ( Beginner’s Level) 
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3. Microsoft  Power Point (( Beginner’s Level) 

 

 

Text Books/Reference Books  

1. Introduction to Computers by Peter Norton, 6th International Edition, McGraw-Hill  

2. Using Information Technology: A Practical Introduction to Computer & Communications by 

Williams Sawyer, 6th Edition, McGraw-Hill  

3. Computers, Communications & information: A user's introduction by Sarah E. Hutchinson, Stacey 

C. Sawyer  

4. Fundamentals of Information Technology by Alexis Leon, Mathews Leon, Leon Press.  

PHY-116 Introduction to Geography 

Cr Hr 03 

Introduction to Geography, branches and its scope 

Themes and Tools of Geography 

The Universe, Solar System & associated topics 

Latitudes,longitudes,their importance &Rotation & Revolution of the earth with impacts 

Celestial position of the Earth. Time, its kinds & International Date Line(IDL) 

Lithosphere( Internal structure of the earth) 

Rocks, types and importance. Earthquake & Volcanism 

Atmosphere: structure,composition,heat budget of the earth 

Atmospheric Pressure, Humidity & Rainfall  

Hydrosphere( Oceanography): Major Oceans, Relief of the Ocean lfoor,temperature of Ocean 

Salinity of Oceans, Ocean deposits, Movement of Ocean Water( Waves, Tides & Currents) 

Population and its Worldwide growth & special emphasis on Pakistan  

Population Distribution of the World continent wise 

World major Economic Activities 

Pollution, its types & controlling measures 

PHY- 117 Pre-Calculus I (Cr Hr 00) 
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 For BS Physics 

Functions: Differentiate between relation and function, Domain and range of a function, types of 

function, graphical representation of function, composition of function, inverse of function, limits of 

function, continuous and discontinuous function,  

Differentiation: Independent and dependent variable, concept of rate of change, average and 

instantaneous rate of change, differentiation by first principle rule, theorem on differentiation, extended 

power rule and chain rule, differentiation of trigonometric functions, differentiation of exponential and 

logarithmic function, higher order derivative, application of differentiation,  

Integration: Introduction, indefinite integrals, rule of integration, integration by substitution, 

integration by parts, integration by partial fraction, definite integrals, application of integration  

Recommanded books: 

1-Calculus and analytical geometry 9th edition (G.B Thomas, R.L Finney) 

2- G.Strang, calculus Wellesley Cambridge 2nd edition (2010) 

  

PHY-121     ELECTRICITY & MAGNETISM 

Pre-requisite:     Mechanics 

Credit Hours:     Four (4) 

Objectives:   The main objective of this course is to understand the Physics of Electromagnetism and 

to develop simple mathematical formalisms to analyze the electromagnetic fields.  This 

is calculus based introductory course with maximum emphasis on applying the acquired 

knowledge to solve problems. 

Electrostatics: Electric Charge; Conductors and Insulators; Coulomb’s Law; Electric Fields due to a 

Point Charge and an Electric Dipole; Electric Field due to Charge Distribution; Electric Dipole in an 

Electric Field; Electric Flux; Gauss’ Law and its Applications in Planar; Spherical and Cylindrical 

Symmetry 

Electric Potential: Equipotential Surfaces; Potential due to a Point Charge and a Group of Point 

Charges; Potential due to an Electric Dipole; Potential due to Charge Distribution; Relation between 

Electric Field and Electric Potential Energy  

Capacitors and Capacitance:  Parallel Plate; Cylindrical and Spherical capacitors; Capacitors in 

Series and Parallel; Energy Stored in an Electric Field; Dielectrics and Gauss’ Law 

DC Circuits: Electric Current and Current Density; Resistance and Resistivity; Ohm’s Law; Power in 

Electric Circuits; Semiconductors and Superconductors; Work; Energy and EMF; Resistances in Series 

and Parallel; Single and Multi-loop Circuits; Kirchhoff’s Rules; RC Circuits; Charging and 

Discharging of a Capacitor 
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Magnetic Field and Magnetic Force: Sources of Magnetic Field; Magnetic Force on a Moving 

Charge; Crossed Electric and Magnetic Fields and their Applications; Hall Effect; Magnetic Force on 

a Current Carrying Wire; Torque on a Current Loop; Magnetic Dipole Moment; Magnetic Field Due 

to a Current; Force between two Parallel Currents; Biot-Savart Law: Magnetic Field due to a Current, 

Long Straight Wire, Solenoids and Toroids, Ampere’s Law; A Current-carrying Coil as a Magnetic 

Dipole; Inductance; Faraday’s Law of Induction; Lenz’s Law; Induction and Energy Transfer; Induced 

Electric  Fields;  Inductors  and  Inductance;  Self  Inductance;  RL Circuits;  Energy  Stored  in  a  

Magnetic  Field;  Energy Density; Mutual Induction 

Alternating Fields and Currents: LC Oscillations; Damped Oscillations in an RLC circuit; 
Alternating Currents; Forced Oscillations; Resistive, Capacitive, and Inductive Loads; RLC series 
Circuit; Power in AC Circuits; Transformers; Gauss’ Law  for  Magnetism;  Induced  Magnetic  Fields;  
Displacement  Current;  Spin  &  Orbital  Magnetic  Dipole  Moment; Diamagnetism; Paramagnetism; 
Ferromagnetism and Hysteresis. 

Recommended Text Books: 

1.    D. Halliday, R. Resnick and J. Walker, “Fundamentals of Physics”, John Wiley & Sons, 9th  

ed. (2010). 

2.    R. A. Serway and J. W. Jewett, “Physics for Scientists and Engineers”, Golden Sunburst Series, 
8th  ed., (2010). 

3.    R.  A.  Freedman,  H.  D.  Young,  and  A.  L.   Ford  (Sears  and  Zeemansky),  “University  

Physics  with  Modern Physics”, Addison-Wesley-Longman, 13th  International ed., (2010). 

4.    F. J Keller, W. E. Gettys and M. J. Skove, “Physics: Classical and Modern", McGraw Hill, 2nd  

ed., (1992). 

5.    D. C. Giancoli, “Physics for Scientists an Engineers, with Modern Physics”, Addison-Wesley, 

4th  ed., (2008).  

PHY-122  HEAT AND 

THERMODYNAMICS 

 Pre-requisites:    Mechanics 

Credit Hours: Four 

(4) 

Objective(s):To understand the fundamentals of heat and 

thermodynamics 

Basic  Concepts  of  Thermodynamics:  Thermodynamic  Systems;  Surrounding  and  Boundaries;  

Type  of  Systems; Macroscopic  and  Microscopic  description  of  System;  Properties  and  State  of  

the  substance;  Extensive  and  Intensive variables; Equilibrium, Mechanical and Thermal 

Equilibrium; Processes and Cycles (Isothermal, Isobaric Isochoric and adiabatic);  Zeroth  Law  of  
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Thermodynamics;  Consequence  of  Zeroth  law  of  Thermodynamics;  Criteria  of  thermo- dynamical 

equilibrium. 

Heat and Temperature: Heat and Work; Unit of work; Work Done at the Moving Boundary of a 

Simple Compressible System; Heat Transfer Mechanisms; Thermometers; Temperature and the 

Statistical definition of Temperature; Kinetic theory of Ideal gas; Work done on an Ideal gas; Internal 

energy of an Ideal gas; Equipartition of Energy; Intermolecular forces; The Virial expansion; The Van 

der Waals equation of state. 

Thermodynamics: First law of thermodynamics and its applications to adiabatic, isothermal, cyclic 

and free expansion; Reversible and irreversible processes; Second law of thermodynamics; Carnot 

theorem and Carnot engine; Heat engine; Refrigerators;  Calculation  of  efficiency  of  heat  engines;  

Thermodynamic  temperature  scale,  Absolute  zero,  Entropy, Entropy in reversible process; Entropy 

in irreversible process; Entropy  and second law of thermodynamics; Entropy and Probability; 

Thermodynamic potentials; Maxwell’s relations; TdS equations, Energy equations and their 

applications; Intrinsic and mutual stabilities of single component system; Conditions of stabilities; The 

Lech-atelier Braun Principle; First order Phase transition; Discontinuities of Volume and Entropy; 

Second Order Phase Transition; Low Temperature Physics; Joule-Thomson effect and its equations; 

Thermoelectricity; Thermocouple, Seebeck's effect; Peltier’s effect; Thomson 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; Internal 

energy of an ideal gas; Brownian Motion Langevin equation, 

Recommended Books: 

1.    M. W. Zemansky, “Heat and Thermodynamics”, Mc Graw Hill, 7th  ed. (1997). 

2.    M. Sprackling, “Thermal Physics” McMillan (1991). 

3.    B. N. Roy, “Principle of Modern Thermodynamics”, Institute of Physics, London (1995). 

4.    D. Halliday, R. Resnick and K. Krane, “Physics”, John Wiley, 5th  ed. (2002). 

5.    D. Halliday, R. Resnick and J. Walker, “Fundamentals of Physics”, John Wiley, 9th  ed. (2010). 
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PHY- 123   Lab-II (Electricity & Magnetism) 

Credit Hours: One (1) 

Electricity  and Magnetism:  Static charge and  electric fields, direct and  alternating currents, 

electrical  measurement instrumentation (voltmeters, ammeters, power supplies, variable transformers, 

cathode ray oscilloscope, electrometer), passive electronic components (resistors, capacitors, 

inductors), measurement of resistance, capacitance and inductance, electromagnetic induction, 

inductors and transformers,  motors, magnetic fields due to currents and permanent magnets, 

ferromagnetism  and  ferroelectricity,  determination  of  hysteresis  curves,  determination  of  Curie  

point,  magnetic susceptibility and its temperature dependence, dielectric properties measurement, 

mapping of magnetic fields using Hall sensors, experiments on noise, properties of the light bulb. 

Recommended Books: 

1.    A. C. Melissinos and J. Napolitano, “Experiments in Modern Physics”, Academic Press, 2nd  

ed. (2003). 

2.    J. H. Moore, C. C. Davis, M. A. Coplan, and S. C. Greer, "Building Scientific Apparatus", 

Cambridge University Press, 4th  ed. (2009). 

3. J.  R.  Taylor,  "An  Introduction  to  Error  Analysis:  The  Study  of  Uncertainties  in  Physical  
Measurements", University of Science Books, 2nd  ed. (1996). 

4.    L. Kirkup and R. B. Frenkel, “An Introduction to Uncertainty in Measurement”, Cambridge 
University Press, 

(2006). 

5.    G. L. Squires, "Practical Physics", Cambridge University Press, 4th  ed. (2001). 

6.    Y. Tsividis, "A First Lab in Circuits and Electronics", John Wiley (2001). 

PHY-124 English-II  

(Communication Skills) 

Credit Hours: Three 

(3) 

ObjectivesAt the end of the course the students will be able to:    

Include inculcating writing especially technical and Business skills in the students, equipping 

them with competencies of preparing precise resume, proposals and reports as future business 

executives and acquiring policies, plans, programmes policy makers and planners   

Course Content: 

Week-1: Definition of Technical writing, Purpose and scope of Technical writing, Features of 

Technical Writing 
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Week-2: Introduction to Paragraph, Paragraph Writing, Principle and Examples, Practice and 

Exercise 

Week-3: Letter Writing, Types of Letters, Classification of Letters, Rules for Personal Letters 

Week-4: Official Letters, Social Letters or Letter Application, Business Letters, Components of 

Business Letters 

Week-5: Comprehension, Principle and Examples, Precise Writing, Practice and Exercise 

Week-6: memo writing, minutes of meeting  

Week-7: Introduction to Essay, Types of Essays, Method for Good Essays 

Week-8: Outline for Essay, Collection of Materials for Essay, Characteristics of a Good Essay, 

Principle and Examples 

Week-9: practice of writing essay in class 

Week-10: Reading Skill, Aim of Reading, Principle Reading, Active and Passive Reading 

Week-11: Effective Speaking, Arrangement of Materials, Method and Principles 

Week-12: Successful Writing, Use of Materials for writing, Principles and Method, Practice and 

Exercise 

Week-13: APA format ( writing through APA format) 

Week-14: report writing and use of punctuation  

Week-15: Developing a positive corporate images, understanding of the readers, Proof reading 

of the written materials, Practice and exercise. 

Week-16: Revision and Practice 

Teaching Methodology: 

Lectures, Written Assignments, Presentations 

Course Assessment: 

Home Assignments, Quizzes, Presentations, Midterm Exam, Final Exam 

Reference Materials:   

1. English for Modern Business. Ketteley and Thompson 

2. Write Better, Speak Better. Readers Digest. 

3. Effective Business Communication, 7th Edition, by Herta Murphy 

4. Technical Writing Situations And Strategies, bye Michael H. Markel, 2nd Edition 
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PHY-125 CALCULUS-II  

(Calculus for Functions of SeveralVariables)  

Credit Hours:Three (3) 

Motivation  and  geometric  background  (conic  sections,  parametrized  curves,  polar  coordinates,  

vectors  and  analytic geometry in space), partial derivatives (limits and continuity, partial derivatives, 

chain rule, directional derivatives  –  gradient vectors and tangent planes, extrema and saddle points, 

Lagrange multipliers, Taylor's expansion of a multi-variable function), multiple integrals (double and 

triple integrals,areas and volumes, integration in spherical and cylindrical coordinate systems), calculus 

of vector fields with emphasis on physical interpretation (line integrals and work, circulation and curl, 

conservative fields and gradients, surface and volume integrals, divergence of a vector field, Green's 

theorem in a plane, Stoke's theorem, divergence theorem). 

Recommended Books: 

4.    G. B. Thomas, R. L. Finney, “Calculus and Analytic Geometry”, National Book Foundation, 
9th  ed. (1995) 

5.    G. Strang, “Calculus”, Wellesley-Cambridge, 2nd  ed., (2010). 

6.    E. W. Swokowski, M. Olinick, D. Pence, and J. A. Cole, “Calculus”; Pws Pub Co; 6th  ed. 
(1994). 
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PHY-126 BASIC ECONOMICS  

Credit Hours: 03 

Introduction Introduction to Economics, Definition of Economics, importance of economics 
Scope of Economics. 

 Micro & Macro Economics Positive & Normative Economics, Economic Problem 

 

Consumer Behavior Utility, Meaning and Definition of Utility, Characteristics of utility, Law 
of Diminishing Marginal Utility, Indifference Curve Analysis, Budget line. Consumer Equilibrium 
through Indifference Curve approach 

Demand Demand, definition of demand, types of demand; individual and Market demand, Law of 
Demand, Shift and Movements in Demand Curve, Price Elasticity of Demand its types, 
Measurement of elasticity of demand i.e. Point Elasticity and Arc Elasticity of Demand 

Supply Supply: Supply vs Stock, Law of Supply, Change in Supply, Movement and Shift in 
supply  

Market Market, types of market; perfect competition, Monopoly, oligopoly monopolistic 
competition  

Economic System Economic System: Capitalism, Socialism. Mixed Economic System, 
Islamic Economic System, Importance of Islamic Economic System 

Concepts of National Income National Income, Gross Domestic Product, Gross National 
Product, Net National Product, Per capital income  

Money Definition of money, kinds of money, Functions of money and Evolution of money. 

Bank Bank, types of Bank. Commercial Banks and its functions, Central Bank and functions. 

Public Finance Government revenue, Sources of government revenue   govt expenditure and 
Head of government expenditure ,Fiscal policy, instruments of fiscal policy,   

Budget: types of budget i.e Balance budget, budget deficit and surplus budget 

International Trade Trade, Background of Trade, Difference between domestic and 
international trade Importance of International Trade, 

 

PHY- 127 Pre- Calculus II and analytical geometry (Cr Hr 00) 

Differential equation: Introduction, ODE, formation of differential equation, solution of differential 

equation. 

Analytical geometry: Cartesian plane, distance formula, line segment, division of line segment, slope 

of straight line, standard form of equation of straight line, distance of a point from a line, angle between 

lines, area of triangular region. 

Conics-1: Introduction, circle, equation of circle, properties of circle, tangent and normal, parabola and 

its elements, general and standard form of parabola, ellipse and its elements, standard form of equation 

of ellipse, hyperbola and its elements, standard form of equation hyperbola. 
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Recommanded books: 

1-Calculus and analytical geometry 9th edition (G.B Thomas, R.L Finney) 

2- G.Strang, calculus Wellesley Cambridge 2nd edition (2010) 
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PHY-231   WAVES & OSCILLATIONS 

Pre-requisites:                  Mechanics, Calculus II 

Credit Hours:                   Three (3) 

Objective(s):                     To develop a unified mathematical theory of oscillations and waves in physical 

systems 

Simple and Damped Harmonic Oscillation:  Mass-Spring System;  Simple Harmonic  Oscillator 

Equation; Complex 

Number Notation; LC Circuit; Simple Pendulum; Quality Factor; LCR Circuit 

Forced Damped Harmonic Oscillation: Steady-State Behavior; Driven LCR Circuit; Transient 

Oscillator Response; Resonance 

Coupled Oscillations: Two Spring-Coupled Masses; Two Coupled LC Circuits; Three Spring Coupled 

Masses; Normal 

Modes; Atomic and Lattice Vibrations 

Transverse Waves: Transverse Standing Waves; Normal Modes; General Time Evolution of a Uniform 

String; Phase 

Velocity; Group Velocity 

Longitudinal Waves: Spring Coupled Masses; Sound Waves in an Elastic Solid; Sound Waves in an 

Ideal Gas Travelling Waves: Standing Waves in a Finite Continuous Medium; Traveling Waves in an 

Infinite Continuous Medium; Energy Conservation; Transmission Lines; Reflection and Transmission at 

Boundaries 

Wave Pulses: Fourier Series and Fourier Transforms; Wave-Packets and Bandwidth 

Multi-Dimensional  Waves:  Plane  Waves;  Three-Dimensional  Wave  Equation;  Electromagnetic  

waves;  Laws  of 

Geometric Optics; Waveguides; Cylindrical Waves 

Interference and Diffraction of Waves: Double-Slit Interference; Single-Slit and Double-slit Diffraction 

 

Recommended Books: 

1.    J. Pain, “The Physics of Vibrations and Waves”, John Wiley, 6th  ed., (2005). 

2.    A. P. French, “Vibrations and Waves”, CBS Publishers, 2003. 

3.    F. S. Crawford, Jr., “Waves and Oscillations”, Berkeley Physics Course, Vol. 3, McGraw-Hill, 

(1968). 

4.    A. Hirose, and K .E. Lonngren, “Introduction to Wave Phenomena”, Krieger Publications, (2003). 
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PHY- 232   MODERN PHYSICS 

Pre-requisites Mechanics, 

Electricity and Magnetism 

Credit Hours: Three (3) 

Objective(s):       To understand the non-classical aspects of Physics, applications of Quantum Physics 

in micro-scale, atomic and molecular structure and processes 

 

Motivation for Non--Classical Physics: Quantum interference, blackbody radiation and ultraviolet 

catastrophe, Planck's quantization. Wace-Particle Duality: Photoelectric effect, Compton effect, 

production and properties of X-rays, diffraction of X-rays, concept of matter waves, de Broglie 

relationship, electrons are waves, electron diffraction, particulate nature of matter, contributions of 

Faraday (atoms exist), Thomson (electron exists), Rutherford (nucleus exists) and Bohr (quantization of 

energies inside an atom), wave packets and wave groups, dispersion, Heisenberg uncertainty principle, 

direct confirmation of quantization through Franck-Hertz experiment and spectroscopy, working of 

electron microscopes.  

Quantum Mechanics in One Dimension: The concept of a wavefunction, time independent Schrodinger 

equation and interpretation of the equation, solving the Schrodinger equation for a free particle, for a 

particle inside an infinite box, relationship between confinement and quantization, working of a CCD 

camera.  

Quantum Mechanical Tunneling: Concept of tunneling, reflection and transmission of wave functions 

from barriers, applications: radioactivity, scanning tunneling microscope, decay of black holes. 

Quantum Mechanics in Three Dimensions: The Hydrogen atom, orbitals, angular momentum and its 

quantization, orbital magnetism, Zeeman effect, concept of spin, Pauli’s exclusion principle, Building of 

the periodic table, magnetic resonance and MRI, why is iron magnetic? White dwarfs, and neutron stars.  

From Atoms to Molecules and Solids: Ionic bonds, covalent bonds, hydrogen bonds, molecular orbitals, 

how crystals are different from amorphous solids? Why and how do metals conduct electricity? Bands in 

solids, semiconductors, introduction to LED's and lasers, introducing grapheme. Nuclear Structure: Size 

and structure of nucleus, nuclear forces, radioactivity and nuclear reactions, radiocarbon dating.  

Recommended Books: 

1. R.A. Serway, C.J. Moses and C.A. Moyer, “Modern Physics”, Brooks Cole, 3rd ed.  2004.  
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2. Paul A. Tipler and Ralph A. Llewellyn, “Modern Physics”, W H Freeman and Company 6th ed. 2012.  

3. Arthur Beiser, “Concepts of Modern Physics”, McGraw-Hill, 6th ed. 2002.  

4. R. M. Eisberg and R. Resnick, “Quantum Physics of Atoms, molecules, Solids, Nuclei and Particles”, 

John Wiley, 2nd ed.  2002. 
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PHY-233   Lab-III (waves & Oscillations) 

 Credit Hours:  One (1) 

Heat: Calorimetry, heat transfer, Newton's cooling under ambient and forced convection and radiation, 

measurement of temperature  using  Si  diodes,  thermistors,  thermocouples  and  RTD's,  black  bodies,  

heat  pumps  and  heat  engines, investigation  of  gas  laws  and  laws  of  thermodynamics,  thermal  

conductivity  by  pulsed  heating  of  a  metal  rod, measurement of latent heats and specific heat 

capacities, temperature control using proportional-integral-derivative (PID) schemes, thermal 

expansion and its measurement using strain gauges. 

Waves and Oscillations, Sound: Resonance in a stretched string, normal modes of oscillation, 

dispersion relations for mono-  and  di-atomic  lattices,  coupled  oscillators,  nonlinear  oscillations  

exemplified  by  resistance-inductance-diode circuits,  magnetic  pendulums,  accelerometers,  

measurement  of  the  speed  of  sound  under  conditions  of  varying temperature, solitons, Lorentz 

pendulum, waves in water, beats, superposition of harmonic motion (Lissajous patterns), sonometer. 

 

Recommended Books: 

1.    A. C. Melissinos and J. Napolitano, “Experiments in Modern Physics”, Academic Press, 2nd  

ed. (2003). 

2.    J. H. Moore, C. C. Davis, M. A. Coplan, and S. C. Greer, "Building Scientific Apparatus", 

Cambridge University Press, 4th  ed. (2009). 

3. J.  R.  Taylor,  "An  Introduction  to  Error  Analysis:  The  Study  of  Uncertainties  in  Physical  
Measurements", University of Science Books, 2nd  ed. (1996). 

4.    L. Kirkup and R. B. Frenkel, “An Introduction to Uncertainty in Measurement”, Cambridge 
University Press, (2006). 

5.    G. L. Squires, "Practical Physics", Cambridge University Press, 4th  ed. (2001). 

6.    Y. Tsividis, "A First Lab in Circuits and Electronics", John Wiley (2001). 

PHY-234 English III  

(Technical Writing and Presentation Skills)  

Credit Hours:     Three (3) 

Objectives:         Course Learning Outcomes 

At the end of the course the students will be able to:    

This course is comprised of two parts: part-1 and part-2. 
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Part-1 focuses on listening and speaking: the former gives students an exposure to the accent, and stress 

and intonation patterns of different native and non-native speakers, while the latter is a practice of what 

they listen to. Both are equally important in bringing about an improvement in learners ‘language 

proficiency in an academic or/and non-academic settings. Through audio-visual aids, pen and paper 

exercises, and interactive sessions in the class, students improve their listening and speaking skills and 

build their vocabulary. By the end of the course, students will be able to listen, comprehend, and speak 

more proficiently. They will also be able to communicate effectively and efficiently with their peers 

and teachers. Part-2 builds on Part-I and moves from Listening and Speaking to Speaking and Reading. 

This part focuses on speaking activities and reading exercises.  

It introduces students to various written texts, which they must comprehend, interpret, and discuss with 

their peers in the classroom. students will be able to listen, speak and read rationally and effectively.

   

Course Content: 

Listening and Speaking 

Week-1: introduction to communication skills. Verbal and non-verbal communication  

Week-2-3: types of verbal communication, types of non verbal communication, communication barriers 

and effective communication.  

7C’s of communication  

Week-4-5: listening skills, types, barriers and effectiveness of listening skills.  

Week-6-7: etiquettes of communication, dialogue writing and practice.  

Week-8: public speaking,  

Week-9: Narrations 

Speaking and Reading 

Week-10: intro to reading skill, types and characteristics,  

Week-11-12: presentation skill, types, steps involved in presentation, making effective presentation,  

Writing strategies and characteristics   

Week-13-14: short story writing, elements and characteristics. ( The happy prince, Overcoat, The 

seagull)  

Week-15-16: writing practice ( letter writing, memo writing, research writing, elements of research 

report writing) 

Teaching Methodology: 

Lectures, Written Assignments, Practical labs, Semester Project, Presentations 
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Course Assessment: 

Home Assignments, Quizzes, Project, Presentations, Midterm Exam, Final Exam 

Reference Materials:  

1. Helgesen, Marc & Steven Brown. Active Listening Building Skills for Understanding. 

Cambridge: Cambridge University Press, 1994. 

2. Klippel, Friederike. Keep Talking. Cambridge: Cambridge University Press, 1984. 

3. Gough, Chris. English Vocabulary Organizer. Stamford: Thomson Corporation, 2002. 

4. Wallwork, Adrican. Discussions: A-Z. Cambridge: Cambridge University Press, 1997. 

5. Ford, Martyn & Dave King. For Real! English in Everyday Situations. London: Mary Glasgow 

Magazines, 2003. 

6. Gammidge, Mick. Speaking Extra. Cambridge: Cambridge University Press, 2005. 

7. Klippel, Friederike. Keep Talking. Cambridge: Cambridge University Press, 2008. 

8. Dainty, Peter. Newspaper Articles to Get Teenagers Talking. Glasgow: Mary Glasgow 

Magazines, 2006. 

9. Greenall, Simon & Michael Swan. Effective Reading. Cambridge: Cambridge University Press, 

2002.  

 

PHY-235 Islamic Studies (Compulsory) 

Objectives: 

This course is aimed at: 

1 To provide Basic information about Islamic Studies 

2 To enhance understanding of the students regarding Islamic Civilization 

3 To improve Students skill to perform prayers and other worships 

4 To enhance the skill of the students for understanding of issues related to faith and 

religious life. 

Detail of Courses 

Introduction to Quranic Studies 
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1) Basic Concepts of Quran  

2) History of Quran 

3) Uloom-ul-Quran 

Study of Selected Text of Holly Quran 

1) Verses of Surah Al-Baqara Related to Faith(Verse No-284-286) 

2) Verses of Surah Al-Hujrat Related to Adab Al-Nabi (Verse No-1-18) 

3) Verses of Surah Al-Mumanoon Related to Characteristics of faithful (Verse No-1-11) 

4) Verses of Surah al-Furqan Related to Social Ethics (Verse No.63-77) Seerat of Holy 

Prophet (S.A.W) I 

 

1) Life of Muhammad Bin Abdullah (Before Prophet Hood) 

2) Life of Holy Prophet (S.A.W) in Makkah 

3)   Important Events of Life of Holy Prophet in Makkah Seerat of Holy Prophet (S.A.W) II 

1) Life of Holy Prophet (S.A.W) in Madina 

2) Important Events of Life of Holy Prophet in Madina 

Introduction to Sunnah 

1) Basic Concepts of Hadith  

2) History of Hadith 

3) Kinds of Hadith 

4) Sunnah & Hadith  

5) Legal Position of Sunnah 

Selected Study from Text of Hadith 

Introduction to Islamic Law & Jurisprudence  

1) Basic Concepts of Islamic Law & Jurisprudence 
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2) History & Importance of Islamic Law & Jurisprudence 

3) Sources of Islamic Law & Jurisprudence Islamic Culture & Civilization 

1) Basic Concepts of Islamic Culture & 

Civilization 

2) Characteristics of Islamic Culture & 

Civilization  

Islam & Science 

1) Basic Concepts of Islam & Science 

2) Contributions of Muslims in the Development of Science 

3) Quran & Science 

Islamic Economic System 

1) Basic Concepts of Islamic Economic System 

2) Islamic Concept of Riba 

Political System of Islam 

1) Basic Concepts of Islamic Political System  

2) Islamic Concept of Sovereignty  

3) Basic Institutions of Govt. in Islam 

 

Reference Books: 

1) Hameed ullah Muhammad, “Emergence of Islam” , IRI, Islamabad   

2)  Hameed ullah Muhammad, “Muslim Conduct of State” 

3) Hameed ullah Muhammad, ‘Introduction to Islam 

1) Mulana Muhammad Yousaf Islahi,” 

5) Hussain Hamid Hassan, “An Introduction to the Study of Islamic Law” leaf Publication 

Islamabad, Pakistan. 
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6) Ahmad Hasan, “Principles of Islamic Jurisprudence” Islamic Research Institute, 

International Islamic University, Islamabad (1993) 

7) Mir Waliullah, “Muslim Jurisprudence and the Quranic Law of Crimes” Islamic Book 

Service (1982) 

8) H. S. Bhatia, “Studies in Islamic Law, Religion and Society” Deep & Deep Publications 

New Delhi (1989) 

9) Dr. Muhammad Zia-ul-Haq, “Introduction to Al Sharia Al Islamia” Allama Iqbal Open 

University, Islamabad (2001)  

Semester- 
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PHY-236 CHEMISTRY-I 

 Credit Hours:     Three (3)Introduction of Chemistry 

The study of chemistry, matter, Mass and Weight, Atoms and Molecules, ions,  Relative atomic 

mass and relative molecular  mass,  Empirical  and  molecular  formula,  Mole,  Stoichiometric  

calculations,  Limiting  reactants  and percentage yield of reactions. 

Atomic 

Structure 

Fundamental particles, Discovery of electron, Discovery of proton, Discovery of neutron, Model of 

atom, X-rays and atomic number, Dual nature of electron, Heisenberg’s uncertainty principle, 

Quantum numbers, Shapes of orbital’s, Electronic configuration. 

States of Matter 

Gases:  Ideal gas laws, kinetic theory of gases, Collusion properties, real gases, Vander waals 

equation, The principle of corresponding state. 

Liquid: Vapour pressure, measurements of vapour pressure, factors effecting the vapour pressure, 

Surface tension, measurements of Surface tension, factors effecting the surface tension, applications 

of  surface tension, Viscosity, measurements of, Refractive index, Dipole moment. 

Solids: Types of solid, Properties of crystalline solids, Crystal Lattice, Crystals and their 

classification, Investigation of structure (X-ray Diffraction, Bragg’s law), Classification of solids. 

Basic Concepts of Organic chemistry 

Delocalized chemical bonding, Resonance, Hyper conjugation, Hydrogen bonding, Tautomerism, 

Inductive effect, Aromaticity 
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PHY-237 LINEAR 

ALGEBRA  

Credit Hours:     Three (3) 

Review of vectors in 3 dimensions [(arrows) with a view of abstraction into properties of vector 

spaces in N dimensions (closure,  associativity  and  commutativity  of  addition,  existence  of  

identity  and  inverse,  distributivity  of  scalar multiplication), idea of vector norm in 3 dimensions, 

orthogonality, expansion in a basis, multiplication of vectors in 3 dimensions, applications of vector 

algebra to geometry and physics], vector spaces in N dimensions (definition, basis, inner  product),  

linear  operators,  matrices  (matrix  algebra,  functions  of  matrices,  transpose,  complex  and  

Hermitian conjugates,   trace,   determinant,   inverse,   rank,   special   types   of   matrices   –   

diagonal,   triangular,   symmetric   and antisymmetric,    orthogonal,    Hermitian    and    anti-

Hermitian,    unitary,    normal,    eigenvalue    problem,    similarity transformations and change of 

basis, diagonalisation, simultaneous linear equations), , Fourier series as an application of the ideas 

of linear algebra to the space of periodic functions (identification of the space of periodic functions 

of a certain period as a linear vector space, identification of sinusoidal functions  as basis vectors in 

this infinite dimensional  vector space, properties of Fourier series, sets of functions, eigenvalue 

problem in the context of differential operators, adjoint and Hermitian operators, properties of 

Hermitian operators (reality of eigenvalues, orthogonality of eigenfunctions, completeness of 

eigenfunctions eigen basis),   

Recommended Books: 

1.    K. F. Riley, M. P. Hobson and S. J. Bence, “Mathematical Methods for Physicists”, Cambridge 

University Press (2006). 

2.    P. V. O'Neil, “Advanced Engineering Mathematics”, 7th  ed. CL Engineering, (2011). 

 

PHY-241 OPTICS 

Pre-Requisites:   Waves and Oscillations 

Credit Hours:     Three (3) 

Objective(s):       To understand optical phenomena and their uses in physical systems 

Propagation of Light & Image Formation: Huygens’ Principle; Fermat’s Principle; Laws of 

Reflection and Refraction; 

Refraction at a Spherical Surface, Thin Lenses; Newtonian Equation for a Thin Lens 

Matrix Methods in Paraxial Optics:  Ray Transfer Matrices; Thick  Lens; Significance  of System 

Matrix Elements; Cardinal Points of an Optical System with examples;  Optical Instruments 

including Simple Magnifiers; Telescopes and Microscopes;  Chromatic  and  Monochromatic  

Aberrations;  Spherical  Aberrations;  Coma;  Distortion;  Stops;  Pupils; Windows 
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Superposition & Interference: Standing Waves; Beats; Phase and Group Velocities; Two-Beam 

and Multiple-Beam Interference; Thin Dielectric Films; Michelson and Fabry-Pérot 

Interferometers; Resolving Power; Free-Spectral Range Polarization: Jones Matrices; Production 

of Polarized Light; Dichroism; Brewster’s Law; Birefringence; Double Refraction 

Fraunhofer Diffraction: From a Single Slit; Rectangular and Circular Apertures; Double Slit; Many 

Slits; Diffraction 

Grating; Dispersion; Resolving Power Blazed Gratings 

Fresnel Diffraction: Zone Plates; Rectangular Apertures; Cornu’s Spiral 

Coherence & Holography: Temporal Coherence; Spatial Coherence; Holography of a Point object 

and an Extended Object 

Laser Basics: Stimulated Emission; Population Inversion; Resonators; Threshold and Gain; 

Multilayered Dielectric Films. 

Recommended Books: 

1.    F. Pedrotti, L. S. Pedrotti and L. M. Pedrotti, “Introduction to Optics”, Pearson Prentice Hall, 
3rd  ed. (2007). 

2.    E. Hecht and A. Ganesan, “Optics”, Dorling Kindersley, 4th  ed. (2008). 

3.    M. V. Klein and T. E. Furtak, “Optics”, John Wiley, 2nd  ed. (1986). 

4.    K. K Sharam, “Optics: Principles and Applications”, Academic Press, (2006). 

5.    C. A. Bennett, “Principles of Physical Optics”, John Wiley, (2008). 

PHY-242 Lab-IV(optics) 

 Credit Hours:  One (1) 

Optics (basic and advanced) and Spectroscopy: Sources of light including bulbs, light emitting 

diodes, laser diodes and gas lasers, experiments demonstrating optical phenomena such as 

interference, diffraction, linear motion, reflection, refraction, dispersion, Michelson interferometry, 

measurement of refractive index using interferometry, measurement of the speed of light, diffraction 

gratings and multiple-slit interference, thin film interference and Newton's rings, use of digital 

cameras for optics experiments, mode structure of lasers, use of spectrometers and monochromators, 

wavelength tuning  of  laser  diodes,  rainbows,  emission  spectroscopy  of  low-pressure  gases  

(hydrogen),  alkali  spectra  and  fine structure, hyperfine structure of rubidium, vibrational spectrum 

of nitrogen, Lambert-Beer's law, optical polarization, magneto-optical Faraday rotation. 

Recommended Books: 

1.    A. C. Melissinos and J. Napolitano, “Experiments in Modern Physics”, Academic Press, 2nd  

ed. (2003). 

2.    J. H. Moore, C. C. Davis, M. A. Coplan, and S. C. Greer, "Building Scientific Apparatus", 
Cambridge University Press, 4th  ed. (2009). 
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3. J.  R.  Taylor,  "An  Introduction  to  Error  Analysis:  The  Study  of  Uncertainties  in  
Physical  Measurements", University of Science Books, 2nd  ed. (1996). 

4.    L. Kirkup and R. B. Frenkel, “An Introduction to Uncertainty in Measurement”, Cambridge 
University Press, (2006). 

5.    G. L. Squires, "Practical Physics", Cambridge University Press, 4th  ed. (2001). 

6.    Y. Tsividis, "A First Lab in Circuits and Electronics", John Wiley (2001  

PHY-243 Pakistan Studies 

Credit Hours:Two (2) 

 

1. Hindu Muslim Relations during the Arab Rule and Sultanat Period. 

2. Mughal’s Policy of Reconciliation, Religious Revivalism, Fall of Mughal Rule. 

3. Impacts of the Rise and Policies of British Raj upon the Muslim Community. 

4. Political and Educational services of Sir Syed Ahmad Khan 

5. Partition of Bengal, Simla Deputation, Foundation of Muslim League 

6. Khilafat Movement, Lucknow Pact.. 

7. Nehru Report, 14 points of Jinnah 

8. Round Table Conferences, 1935 Act. 

9. The 1937 Elections, Congress Ministries,  

10. Lahore Resolution ,Cripps Mission,  

11. Simla Conference and Cabinet Mission Plan 

12. The Third June Plan and Indian Independence Act. 

13. Allama Iqbal and M.A. Jinnah on Ideology of Pakistan  

14. Geo-Strategic Importance of Pakistan, factors leading to delay in constitution making in 

Pakistan. 

15. Objective Resolution, BPC’s First Report, BPCs 2nd Report. 

16. Bogra Formula, constitutional crisis, One Unit Scheme, and Salient features of 1956 

Constitution. 

17. Causes of Failure of First Constitution, implementation of 2nd Constitution and its salient 

features. 

18. Failure of 2nd constitution, debacle of Bengal, 1973 Constitution, Salient Features.  
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Recommended Books: 

1.    Burki, Shahid Javed. State & Society in Pakistan, The Macmillan Press Ltd 1980. 

2.    Akbar, S. Zaidi. Issue in Pakistan’s Economy. Karachi: Oxford University Press, 2000. 

3.    S.M.  Burke  and  Lawrence  Ziring.  Pakistan’s  Foreign  policy:  An  Historical  analysis.  
Karachi:  Oxford University Press, 1993. 

4.    Mehmood, Safdar. Pakistan Political Roots & Development. Lahore, 1994. 

5.    Wilcox, Wayne.The Emergence of Banglades., Washington: American Enterprise, Institute 

of Public Policy Research, 1972. 

6.    Mehmood, Safdar. Pakistan Kayyun Toota, Lahore: Idara-e-Saqafat-e-Islamia, Club Road, 

nd. 

7.    Amin, Tahir. Ethno - National Movement in Pakistan, Islamabad: Institute of Policy Studies, 
Islamabad. 

8.    Ziring, Lawrence. Enigma of Political Development. Kent England: WmDawson & sons 

Ltd, 1980.
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9.    Zahid, Ansar. History & Culture of Sindh. Karachi: Royal Book Company, 1980. 

10.  Afzal, M. Rafique. Political Parties in Pakistan, Vol. I, II & III. Islamabad: National Institute 
of Historical and cultural Research, 1998. 

11.  Sayeed, Khalid Bin. The Political System of Pakistan. Boston: Houghton Mifflin, 1967. 

12.  Aziz, K.K. Party, Politics in Pakistan, Islamabad: National Commission on Historical and 

Cultural Research,1976. 

13.  Muhammad Waseem, Pakistan Under Martial Law, Lahore: Vanguard, 1987. 

14.  Haq, Noor ul. Making of Pakistan: The Military Perspective. Islamabad: National 
Commission on Historical and Cultural Research, 1993. 

PHY-244 PROBABILITY AND STATISTICS  

Credit Hours:     Three (3) 

Course Outline: 

 Course contents: Introduction to statistics and data analysis (mean, standard deviation and 

variance), samples, populations and role of probability. Sampling procedures. Discrete and 

continuous data. Probability: sample space, events, counting samples points, probability of an 

event, additive rules, conditional probability, independence, and the product rule, Bayes’ rule. 

Random variables and probability distributions. Mathematical expectation: mean of random 

variable, variance and covariance of random variables. Mean and variance of linear combinations 

of random variables. Discrete probability distribution (binomial and Poisson). Continuous 

probability distributions (normal and uniform). 

Recommended Books: 

• Susan  Milton  and  Jesse  C  Arnold,  “Introduction  to  Probability  and  Statistics:  Principles  

and  Applications  for Engineering and the Computing Sciences,” Fourth Edition, 2003, McGraw-

Hill, ISBN: 007246836. 

• William Mendenhall and Terry Sincich, “Statistics for Engineers and the Sciences,” Fifth Edition, 2007, 

Prentice Hall, ISBN10: 0131877062 

PHY-245 Sociology   

Course Objectives: 

The course is designed to introduce the students with sociological concepts and the discipline. The focus 

of the course shall be on significant concepts like social systems and structures, socio-economic changes 

and social processes. The course will provide due foundation for further studies in the field of sociology. 

Course Outline: 

1. Introduction  

a. Definition, Scope, and Subject Matter  
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b. Sociology as a Science  

c. Historical back ground of Sociology 

d. Relationship of sociology with other social sciences 

2. Basic Concepts 

a. Group, Community, Society 

b. Associations  

i. Non-Voluntary 

ii. Voluntary 

c. Organization 

i. Informal 

ii. Formal 

d. Social Interaction 

i. Process of Social Interaction   

a) Cooperation 

b) Competition 

c) Conflict 

d) Accommodation 

e) Acculturation and diffusion 

f) Assimilation 

g) Amalgamation 

3. Social Groups  

a. Definition and Functions 

b. Types of social groups 

i. In and out groups  

ii. Primary and Secondary group  

iii. Reference groups 

iv. Informal and  Formal groups  

v. Pressure groups  

4. Culture  

a. Definition, aspects and characteristics of Culture  

i. Material and non material culture 

ii. Ideal and real culture 

b. Elements of culture 

i. Beliefs 

ii. Values 

iii. Norms and social sanctions 

c. Organizations of culture 

i. Traits 

ii. Complexes 

iii. Patterns 

iv. Ethos 

v. Theme  

d. Other related concepts 
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i. Cultural Relativism  

ii. Sub Cultures 

iii. Ethnocentrism and Xenocentrism 

iv. Cultural lag  

 

5. Socialization and Personality  

a. Personality, Factors in Personality Formation  

b. Socialization, Agencies of Socialization 

c. Role and Status  

6. Deviance and Social Control 

a. Deviance and its types   

b. Social control and its need 

 

Suggested Readings: 

1. Principles of Sociology by Dr.intikhabAlam 

2. James M. Henslin. 2004. Sociology: A Down to Earth Approach. Toronto: Allen and Bacon. 

 

  

PHY-246 DIFFERENTIAL EQUATIONS  

Credit Hours:     Three (3) 

Introduction  to  ODEs  (physical  motivation),  First  order  ODEs  (separable   variables,  homogeneous  

equations,  exact equations, linear equations, Bernoulli equation and other examples), applications of 

first order ODEs – linear and non- linear, linear differential equations of higher order (initial value and 

boundary value problems, linear dependence and independence, solutions of linear equations, 

constructing a second solution from a known solution, homogeneous linear equations with constant 

coefficients, undetermined coefficients, variation of parameters), (differential equations with variable 

coefficients (Cauchy-Euler equation, power series solution of differential equations – solutions about 

ordinary and singular points-Legendre's and Bessel's equations as examples), Laplace transform 

(Laplace transform and its inverse and properties, use in solving differential equations, Dirac delta 

function). 

Recommended Books: 

1.    D. G. Zill and M. R. Cullen, “Differential Equations with Boundary Value Problems”, 3rd  ed. 
National Book Foundation. (2008) 

2.    E. Kreyszig, “Advanced Engineering Mathematics”, John Wiley, 8th  ed. (1999). 

3.    K. F. Riley, M. P. Hobson and S. J. Bence, “Mathematical Methods for Physicists”, Cambridge 
University Press (2006).
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PHY-247 Functional Biology 

Credit Hours 3+0 

Biological Methods 

Principles of Cellular Life 

Chemical Basis 

Structure and Function 

Principles of Metabolism 

Energy Acquisition 

Principles of Inheritance 

Mitosis and Meiosis 

Chromosomes 

Observable Inheritance Patterns 

DNA Structure and Function 

RNA and Proteins 

Genes 

Genetic Engineering and Biotechnology 

Biodiversity 

Fundamental Concept of Biodiversity 

One or two examples of each of the following from commonly found organism 

Prions 

Viruses 

Bacteria 

Protistans 

Algae 

Fungi 

Plants 

Crops 
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Animals 

Invertebrates 

Vertebrates 

Reading 

1. Roberts, M.M., Reiss and G.Monger. 2000. Advanced Biology, Nelson. 

2. Starr, C, and R, Taggart, 2001. Biology: The Unity and Diversity of Life Brooks and Cole. 

3. Campbell, N.A., J.B, Reece, L.G. Mitchell, M.R, Taylor. 2001. Biology: Concepts and Connections. 

Prentice-Hall. 

PHY-248 Research Methodology 

Cr Hr 03 

Research and Types of research:  Meaning of Research-  Objectives  of  Research- Motivation  in 

Research.  Research  methods  vs  Methodology.  Types  of  research  –  Descriptive  vs.  Analytical, 

Applied  vs.  Fundamental,  Quantitative  vs.  Qualitative,  Conceptual  vs.  Empirical.  Research Process. 

Criteria of good Research. Research Formulation – Defining and formulating the research problem - 

Selecting the problem - Necessity of  defining the problem  - Importance of literature review in  defining  

a  problem  –  Literature review  –  Primary  and  secondary  sources  –  reviews, treatise, monographs-

patents – web as a source – searching the web - Critical literature review – Identifying gap areas from 

literature review - Development of working hypothesis. Data Collection and analysis: Execution of the 

research - Observation and Collection of data - Methods of data collection – Modeling, Mathematical 

Models for research, Sampling Methods- Data processing and  Analysis  strategies.  Data  Analysis  with  

Statistical  Packages  –  Hypothesis-testing, Generalization-and Interpretation.  

Reference Books:   

1.  Garg,  B.L.,  Karadia,  R.,  Agarwal,  F.  and  Agarwal,  U.K.,  2002.  An  introduction  to  Research 

Methodology, RBSA Publishers.   

2.  Kothari, C.R., 1990. Research Methodology: Methods and Techniques. New Age International. 418p.  

3.  Sinha,  S.C.  and  Dhiman,  A.K.,  2002.  Research  Methodology,  Ess  Ess  Publications.  2  volumes.  

4. Trochim, W.M.K., 2005. Research  Methods:  the  concise  knowledge base, Atomic Dog Publishing. 

270p.   

5.  Wadehra,  B.L.  2000.  Law  relating  to  patents,  trade  marks,  copyright  designs  and  geographical 

indications. Universal Law Publishing.   

6.  Leedy, P.D. and Ormrod, J.E., 2004 Practical Research: Planning and Design, Prentice Hall.   

Semes 
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PHY-351  MATHEMATICAL METHODS OF PHYSICS-I 

Pre-requisite:     Differential Equations 

Credit Hours:     Three (3) 

Objectives:         To give an understanding of the Partial Differential equations and their uses in Physics; 

Introduction to Special Functions; Complex Functions and their Applications  

Partial Differential Equations (PDEs): Introduction to Important PDEs in Physics (Wave Equation; 

Diffusion Equation; Poisson’s Equation; Schrodinger’s Equation); General form of Solution; General 

and Particular Solutions (First Order; Inhomogeneous;  Second  Order);  Separation  of Variables  in  

Cartesian  Coordinates;  Superposition  of  Separated  Solutions;  Separation  of  Variables  in  Curvilinear 

Coordinates; Special Functions; Integral Transform Methods; Green’s Functions. 

Complex Analysis: Review (Polar form of Complex Numbers and De Moivre’s Theorem; Complex 
Logarithms and Powers);  Functions  of  a  Complex  Variable;  Cauchy-Riemann  Conditions;  Power  
Series  in  a  Complex  Variable  and Analytic Continuation with Examples; Multi-valued Functions 
and Branch Cuts; Singularities and Zeroes of Complex Functions; Complex Integration; Cauchy’s 
Theorem; Cauchy’s Integral Formula; Laurent Series and Residues; Residue Integration Theorem; 
Definite Integrals using Contour Integration.  

Special Functions:  Bessel Functions; Legendre Functions; Associated Legendre Functions; Spherical 
Harmonics; Hermite Polynomials Beta Function; Gamma Function. 

Recommended Books: 

1.    G. Arfken, H. J. Weber, and F. E. Harris, “Mathematical Methods for Physicists”, Academic 

Press, 7th ed. (2012). 

2.    K. F. Riley, M. P. Hobson, S. J. Bence, “Mathematical Methods for Physicists”, Cambridge 

University Press, (2006). 

3.    E. Kreyszig, “Advanced Engineering Mathematics”, John Wiley, 8th  ed. (1999). 
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PHY-352 ELECTROMAGNETIC THEORY-I       

 Pre-requisites:Electricity and Magnetism,Calculus- 

Credit Hours: Three (3) 

Objectives:To give an understanding of the basic electromagnetic theory 

Review of Calculus: vector algebra and calculus, Cartesian coordinates spherical coordinates. (1 

week). The Dirac Delta Function: Review of vector calculus using example of Dirac Delta 

function, the divergence of r/r2, the one-dimensional and the three- dimensional Dirac delta 

functions. The theory of vector fields: the Helmoholtz theorem, potentials.  

Electrostatics: The electric field: introduction, Coulomb’s law, the electric field, continuous 

charge distributions.  

Divergence and curl of electrostatic fields: field lines, flux and Gauss’s law, the divergence of 

E, applications of Gauss’s law, the curl of E.  

Electric potential: introduction to potential, comments on potential, Poisson’s equation and 

Laplace’s equation, the potential of a localized charge distribution, summary, electrostatics 

boundary conditions, Work and energy in electrostatics: the work done to move a charge, the 

energy of a point charge distribution, the energy of a continuous charge distribution, comments on 

electrostatic energy. Conductors: basic properties, induced charges, surface charge and the force 

on a conductor, capacitors.  

Special Techniques: Laplace’s equation: introduction, Laplace’s equation in one, two and three 

dimensions, boundary conditions and uniqueness theorems, conductors and second uniqueness 

theorems. 

The Method of Images: The classic image problem, induced surface charge, force and energy, 

other image problems. Multi-pole Expansion: Approximate potential at large, the monopole and 

dipole terms, origin of coordinates in multi-pole, expansions, the electric field of a dipole. Electric 

Fields in Matter: Polarization: dielectrics, induced dipoles, alignment of polar molecules, 

polarization. The field of a polarized object: bound charges, physical interpretation of bound 

charges, and the field inside a dielectric.  

The electric displacement: Gauss’s law in the presence of dielectrics, a deceptive parallel, 

boundary conditions. Linear Dielectrics: susceptibility, permittivity, dielectric constant, boundary 

value problems with linear dielectrics, energy in dielectric systems, forces on dielectrics.  

Magnetostatics: The Lorentz Force law: magnetic fields, magnetic forces, currents.  

The Biot-Savart Law: steady currents, the magnetic field of a steady current. The divergence and 

curl of B: straight-line currents, the divergence and curl of B, applications of Ampere’s law, 

comparison of magnetostatics and electrostatics.  
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Magnetic Vector Potential: the vector potential, summary, magnetic boundary conditions, multi-

pole expansion of the vector potential. Magnetic Fields in Matter: Magnetization, diamagnets, 

paramagnets, ferromagnets, torques and forces on magnetic dipoles, effect of a magnetic field on 

atomic orbits, magnetization.  

The Field of a Magnetized Object: bound currents, physical interpretation of bound currents, and 

the magnetic field inside matter. The auxiliary field H: Ampere’s law in magnetized materials, a 

deceptive parallel, boundary conditions. Linear and nonlinear media: magnetic susceptibility and 

permeability, ferromagnetism.  

Recommended Books:  

1. D. J. Griffiths, “Introduction to Electrodynamics”, Prentice Hall, 3rd ed. 1999.  

2. M. N. O. Sadiku, ”Elements of Electromagnetics”, Oxford University Press, 5th ed. 2009.  

3. F. Melia, “Electrodynamics”, University of Chicago Press, 2001.  

4. Hearld J and W. Muller-Kristen, “Electrodynamics”, World Scientific Publishing, 2nd ed. 2011. 

PHY-353   CLASSICAL MECHANICS 

 Credit Hours:     Three (3) 

Objectives: To give a basic understanding of the classical mechanics concepts 

Review of Newtonian Mechanics: Frame of reference, orthogonal transformations, angular 

velocity and angular acceleration, Newton’s laws of motion, Galilean transformation, conservation 

laws, systems of particles, motion under a constant force, motions under variable force, time-

varying mass system.  

The Lagrange Formulation of Mechanics and Hamilton Dynamics: Generalized co-ordinates 

and constraints, D’Alembert’s principle and Lagrange’s Equations, Hamilton’s principle, integrals 

of motion, non conservative system and generalized potential, Lagrange’s multiplier method, the 

Hamiltonian of a dynamical system, canonical equations, canonical transformations, Poisson 

brackets, phase space and Liouville’s theorem.  

Central Force Motion: The two-body problem, effective potential and classification of orbits, 

Kepler’s laws, stability of circular orbits, hyperbolic orbits and Rutherford scattering, center of 

mass co-ordinate system, scattering cross-sections.  

Motion in Non-inertial Systems: Accelerated translational co-ordinate system, dynamics in 

rotating co-ordinate system, motion of a particle near the surface of the earth.  

The Motion of Rigid Bodies: The Euler angles, rotational kinetic energy and angular momentum, 

the inertia tensor, Euler equations of motion, motion of a torque-free symmetrical top, stability of 

rotational motion.  

Recommended Books: 
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1.    T. Kibble and F. Berkshire, “Classical Mechanics”, World Scientific, 5th  ed. (2004). 

2.    T. L. Chow, “Classical Mechanics”, John Wiley, (1995). 

3.    S.T. Thornton, J.B. Marion, “Classical Dynamics of Particles and Systems”, Brooks Cole; 
5th  ed. (2003). 
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PHY-354       ELECTRONICS I 

 Pre-requisite:     Modern Physics 

Credit Hours: Three 

(3) 

Objectives: To give an understanding of the basic 

electronics 

 

The semiconductor Diode: Conductors, Insulators, and semiconductors; Silicon Crystal and Energy 

Band; Conduction in Silicon and Germanium; The forbidden energy gap; n and p type semiconductors; 

The junction diode; diode voltage- current equation; Zener diodes; Light emitting diodes; Photodiodes; 

Capacitance effects in the pn junction. 

The Diode as Rectifier and Switch: The ideal and real diode models; The half wave rectifier; The 

Transformer; The full wave rectifier; The bridge rectifier; Measurement of ripple factor in the rectifier 

circuit; The capacitor filter; the ∏ filter; The ∏-R filter;  The voltage doubling rectifier circuit; Diode 

wave clippers; Diode clampers. 

Circuit Theory and Analysis: Basic circuit concepts; Superposition theorem; Thevenin’s Theorem; 

Norton’s Theorem; Model for circuit; one-port and two-port networks; Hybrid parameter equivalent 

circuit, Power in decibels. 

The Junction Transistor as an Amplifier: Transistor voltage and current designations; The junction 

transistors; The volt-ampere  curve  of  a  transistor;  The  current  amplification  factors;  The  load  line  

and  Q  point;  The  basic  transistor amplifiers; The common emitter amplifier; The transconductance 

gm; Performance of a CE amplifier; relation between Ai and Av; The CB amplifier; The CC amplifier; 

Comparison of amplifier performance. 

DC Bias for the Transistor: Choice of Q point, variation of Q point, fixed transistor bias, the four 

resistor bias circuit, design of a voltage –feedback bias circuit, Common emitter, common collector, 

common base biasing 

Field Effect Transistor: Field effect transistor (JFET); Static characteristics of JFET, Metal oxide 

semiconductor Field Effect Transistor (MOSFET of IGFET); Enhancement and  depletion mode; FET 

biasing techniques; Common drain; common source and common gate; Fixed bias and self bias 

configurations; Universal JFET bias curve; Darlington pair.  

Operational  Amplifiers:  The  integrated  amplifier;  The  differential  amplifier;  Common  mode  

rejection  ratio;  The operational amplifier; Summing operation; Integration operation; Comparator; 

milli-voltmeter  

Recommended Books: 
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1.    J.D. Ryder, “Electronic Circuits and Systems”, Prentice Hall (1976). 

2.    Thomas L. Floyd, “Electronics Fundamentals: Circuits, Devices and Applications”, Prentice 
Hall, 8th ed. (2009). 

3.    Theodore F. Bogart, “Electric Circuits”, McGraw Hill, (1992) 

4.    B. Grob, “Basic Electronics”, MacGraw Hill, Tch ed. (1997). 

5.    A. P. Malvino, “Electronic Principles”, McGraw Hill, 7th  ed. (2006). 

6.    R. T. Paynter, “Introductory Electric Circuits”, Prentice Hall, (1998) 
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PHY-355 Lab-V(Electronics)  

Credit Hours: Two (2) 

Electronics: DC voltages and current measurement, simple DC circuits, generating and analyzing 

time-varying signals, op-amps  and  comparators,  amplifier  design,  RC  transients,  filters,  frequency  

response,  LC  circuits,  resonance, transformers,   diodes,   modulation   and   radio   reception,   

MOSFET   characteristics   and   applications,   principles   of amplification, bipolar transistors and 

amplifiers, digital logic circuits, gates and latches, D-flip flops and shift registers, JK flip-flops and 

ripple counters. 

Recommended Books: 

1.    A. C. Melissinos and J. Napolitano, “Experiments in Modern Physics”, Academic Press, 2nd  

ed. (2003). 

2.    J. H. Moore, C. C. Davis, M. A. Coplan, and S. C. Greer, "Building Scientific Apparatus", 

Cambridge University 

Press, 4th  ed. (2009). 

3. J.  R.  Taylor,  "An  Introduction  to  Error  Analysis:  The  Study  of  Uncertainties  in  Physical  
Measurements", University of Science Books, 2nd  ed. (1996). 

4. L. Kirkup and R. B. Frenkel, “An Introduction to Uncertainty in Measurement”, Cambridge 
University Press, (2006). 

5.    G. L. Squires, "Practical Physics", Cambridge University Press, 4th  ed. (2001). 

6.    Y. Tsividis, "A First Lab in Circuits and Electronics", John Wiley (2001). 

 

PHY-361 MATHEMATICAL METHODS OF 

PHYSICS-II 

Pre-requisite: Mathematical Methods of 

Physics-I 

Credit Hours: Three 

(3) 

Objective(s):       To give the understanding of Differential equations and their uses in Physics, 
Introduction to special functions, Fourier Series, Fourier Transforms, Solution of 
Boundary value problems and their uses. 

 

Fourier Series and Integral Transforms: Definition  and  general  properties,  Fourier  Series  of  

Various  Physical Functions, Uses and Applications of Fourier Series, Fourier Transforms, 

Convolution Theorems, Laplace transforms and applications. 
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Tensor Analysis: Vector calculus (differentiation, integration, space curves, multi-variable vectors, 
surfaces, scalar and vector fields, gradient, divergence and curl, cylindrical and spherical coordinates, 
general curvilinear coordinates), change of basis, Cartesian tensor as a geometrical object, order/rank 
of a tensor, tensor algebra, quotient law, pseudo-tensors, Kronecker delta and Levi-cevita, dual tensors 

Group Theory and Representations for finite groups: groups– definitions and examples, subgroups 
and   Cayley’s   theorem,   cosets   and   Lagrange’s   theorem,   conjugate   classes,   invariant   
subgroups,   factor   groups, homomorphism,  direct  products,  mappings,  linear  operators,  matrix  
representations,  similarity  transformation  and equivalent  matrix  representations,  group  
representations,  equivalent  representations  and  characters,  construction  of representations  and  
addition  of  representations,  invariance  of  functions  and  operators,  unitary  spaces  and  Hermitian 
matrices,  operators:  adjoint,  self-adjoint,  unitary,  Hilbert  space,  reducibility  of  representations. 

 

 

Recommended Books: 

1.    G. Arfken, H. J. Weber, and F. E. Harris, “Mathematical Methods for Physicists”, Academic 
Press, 7th ed. (2012). 

2.    E. Kreyszig, “Advanced Engineering Mathematics”, John Wiley, 8th  ed. (1999). 

3.    M. b and its Applications to Physical Problems”, Dover Publications (1989). 

PHY-362   QUANTUM MECHANICS-

I Pre-requisites:    Modern Physics 

Credit Hours: Three 
(3) 

Objective To give a basic understanding of the quantum mechanics 

Waves and Particles: Introduction to the fundamental ideas of quantum mechanics:  

Electromagnetic waves and photon,  material  particles  and  matter  waves,  quantum  description  of  

a  particle,  wave  packets,  particle  in  a  time- independent scalar potential, order of magnitude of the 

wavelength associated with material particles, constraints imposed by uncertainty relations, one-

dimensional Gaussian wave packet: Spreading of the wave packet, stationary states of a particle in one-

dimensional square potential, behavior of a wave packet at a potential step 

The  Mathematical  Tools  of  Quantum  Mechanics:  One-particle  wave  function  space,  state  
space,  Dirac  notation, representations in the state space, observable, representations, review of some 

useful properties of linear operators, unitary operators, study of the {|𝑟〉} and {|𝑝〉} representations, 
some general properties of two observables, Q and P, whose commutator is equal to iħ, the two-
dimensional infinite well 

The  Postulates  of  Quantum  Mechanics:  Statement  of  the  postulates  and  their  physical  

interpretation,  the  physical implications of the Schrodinger equation, the superposition principle, 

particle in an infinite potential  well, study of the probability current  in  some  special  case,  root-

mean-square  deviations  of  two  conjugate  observables,  the  density  and evolution operators, 
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Schrodinger and Heisenberg pictures, Gauge invariance, bound states of a particle in a potential well 

of arbitrary shape, unbound states of a particle in the presence of a potential well or barrier of arbitrary 

shape, quantum properties of a particle in a one-dimensional periodic structure 

Application of the Postulates of quantum mechanics to Simple Cases: Spin ½ and Two-Level 

Quantum Systems: Spin ½ particles, quantization of the angular momentum, illustration of the 

postulates in the case of a spin ½, general study of two level systems, Pauli matrices, diagonalization 

of a 2×2 Hermitian matrix, System of two spin ½ particles, Spin ½ density matrix, Spin ½ particle in 

a static magnetic field and a rotating field, Magnetic resonance 

The One-Dimensional Harmonic Oscillator: Importance of the harmonic oscillator in physics, Eigen 
values and Eigen states of the Hamiltonian, mean value and root-mean-square deviations of X and P in 

state ǀ 𝜑𝑛〉, Some examples of harmonic oscillators, study of the stationary states in the {|𝑟〉} 

representation, Hermite polynomials, solving the Eigen values of the harmonic oscillators by the 

polynomial method, study of the stationary states in the {|𝑝〉} representation, isotropic three-
dimensional harmonic oscillator, charged harmonic oscillator placed in a uniform electric field, 
coherent states, Normal vibrational modes of coupled harmonic oscillators, vibrational modes of an 
infinite linear chain of coupled harmonic oscillators, phonons, one-dimensional harmonic oscillator in 
thermodynamics equilibrium at a temperature T  

General  Properties  of  Angular  Momentum  in  Quantum  Mechanics:  concept  of  angular  

momentum  in  quantum mechanics, commutation relations, application to orbital angular  momentum, 

spherical harmonics, rotation operators, rotation of diatomic molecules, angular momentum of 

stationary states of a two-dimensional harmonic oscillator, charged particle in a magnetic field and 

Landau levels 

Particle in a Central Potential: The Hydrogen atom, Stationary states of a particle in a central 
potential, motion of the center of mass and relative motion for a system of two interacting particles, 
Hydrogen atom, Hydrogen-like systems, A solvable  example  of  a  central  potential:  the  isotropic  
three-dimensional  harmonic  oscillator,  probability  currents associated  with  the  stationary  states  
of  the  hydrogen  atom,  The  hydrogen  atom  placed  in  a  uniform  magnetic  field, paramagnetism 
and diamagnetism, Zeeman effect, study of some atomic orbitals, vibrational-rotational levels of 
diatomic molecules. 

Recommended Books: 

1.    D. J. Griffiths, "Introduction to Quantum Mechanics", Addison-Wesley, 2nd  ed. (2004). 

2.    R. Liboff, "Introductory Quantum Mechanics", Addison-Wesley, 4th  ed. (2002). 

3.    N. Zettili, "Quantum Mechanics: Concepts and Applications", John Wiley, 2nd  ed. (2009). 

PHY- 363   ELECTROMAGNETIC THEORY-

II  

Electrodynamics II 
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Pre-requisites:Electromagnetic Theory-I 

Credit Hours:Three 

(3) 

Objective(s):       This course is the second part of the core level undergraduate course on 
Electromagnetic Theory and a previous knowledge of Electromagnetic Theory I is 
expected. 

 

Electrodynamics: Electromotive force (emf): Ohm’s law, electromotive force, motional emf, 

electromagnetic induction: Faraday’s law, the induced electric field, inductance, energy in magnetic 

fields, Maxwell’s equations: electrodynamics before Maxwell, how Maxwell fixed Ampere’s law, 

Maxwell’s equations, magnetic charges, Maxwell’s equations in matter, boundary conditions 

Conservation Laws: Charge and energy: the continuity equation, Poynting’s theorem, momentum: 

Newton’s third law in electrodynamics, Maxwell’s stress tensor, conservation of momentum, angular 

momentum 

Electromagnetic Waves: Waves in one dimension: the wave equation, sinusoidal waves, boundary 

conditions, reflection and transmission, polarization, electromagnetic waves in vacuum: the wave 

equation for E and B, monochromatic plane waves, energy and momentum in electromagnetic waves, 

electromagnetic waves in matter: propagation in linear media, reflection  and  transmission  at  normal  

incidence,  reflection  and  transmission  at  oblique  incidence,  absorption  and dispersion:  

electromagnetic  waves  in  conductors,  reflection  at  a  conducting  surface,  the  frequency  

dependence  of permittivity, guided waves: wave guides, the waves in a rectangular wave guide, the 

coaxial transmission line. 

Potentials and Fields: The potential formulation: scalar and vector potentials, gauge transformations, 

Coulomb gauge and Lorentz gauge, continuous distributions: retarded potentials, Jefimenko’s 

equations, point charges: Lienard-Wiechert potentials, the field of a moving point charge 

Radiation, Dipole Radiation: Introduction to radiations, electric dipole radiation, magnetic dipole 

radiation, radiation from an arbitrary source, point charges: power radiated by a point charge, radiation 

reaction, the physical basis of the radiation reaction 

Electrodynamics and Relativity: The special theory of relativity: Einstein’s postulates, the geometry 

of relativity, the Lorentz transformations, the structure of space-time, relativistic mechanics: proper 

time and proper velocity, relativistic energy  and  momentum,  relativistic  kinematics,  relativistic  

dynamics,  relativistic  electrodynamics:  magnetism  as  a relativistic  phenomenon,  the  field  

transformation  mechanism,  the  field  tensor,  electrodynamics  in  tensor  notation, relativistic 

potentials. 

Recommended Books: 

1.    D. J. Griffiths, “Introduction to Electrodynamics”, ed. Prentice Hall, 3rd  ed. (1999). 

2.    M. N. O. Sadiku, “Elements of Electromagnetics”, Oxford University Press, 5th  ed. ed. (2009). 
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3.    F. Melia, “Electrodynamics”, University of Chicago Press, 1st  ed. (2001). 

4.    J. Hearld and W. Muller-Kristen, “Electrodynamics”, World Scientific Publishing, 2nd  ed. 
(2011). 

PHY-364 ELECTRONICS-II 

Pre-requisites: Electronics-I 

Credit Hours: Three (3) 

Amplifiers and their Frequency Response: Cascade amplifier, The Amplifier pass band, The 

frequency plot, Low frequency plot, Low frequency limit, The un-bypassed emitter resistor, high 

frequency equivalent circuit, The Miller Effect, high frequency limit of transistor, bandwidth of a 

cascade amplifier. 

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, current series feedback circuit, voltage shunt feedback 

circuit. 

Oscillators: Introduction, Classification of oscillators, Damped and un-damped oscillators, the 

oscillatory circuit, frequency stability of an oscillator, essentials of a feedback LC oscillator, tuned base 

oscillator, Hartley oscillator, Colpitis oscillator, crystal oscillator. 

Power Amplifiers: Introduction, Power relation in class-A amplifiers, effect of thermal environment, 

determination of the output distortion, class-B amplifier, efficiency of class-A and class-B amplifiers. 

Modulation and Demodulation: Introduction, carrier wave modulation, Need for modulation, radio 

Broadcasting, Methods of modulation, amplitude modulation, Forms of amplitude modulation, single 

side band system of modulation, Diode for linear detector for amplitude modulation, High power level 

amplitude modulation, automatic volume control, Frequency modulation. 

Multivibrators: Multivibrators, Basic types of Multivibrators, uses of Multivibrators, Astable 

Multivibrators, Mono-stable Multivibrators, Bi-stable Multivibrators, Schmitt Trigger Circuit. 

Integrated Circuits: 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. Integrated circuit terminology, Integrated circuit 

fabrication, Basic processing steps. Silicon device processes Silicon wafer preparation, diffusion, 

Oxidation photolithography, Scribing and separating into chips, Mounting and packing applications of 

integrated circuit. 

Digital Circuits: Decimal, Binary, Octal, hexadecimal number systems, conversion of decimal 

numbers to any other number system and vice-versa, Binary codes, OR, AND, NOT, NAND, NOR 

logic gates, Boolean Algebra. Boolean expressions, simplification of Boolean expression using Boolean 

Algebra. 

Recommended Books: 

1. Thomas L. Floyd, “Electronics Fundamentals: Circuits, Devices and Applications”, Prentice Hall, 

8th ed. 2009. 

2. B. Grob, “Basic Electronics”, McGraw-Hill, Tch ed. 1997. 

3. B. Streetman and S. Banerjee “Solid State Electronics Devices”, Prentice Hall, 6th ed. 2005. 

4. A. Bar-lev, “Semiconductor and Electronics Devices”, Prentice Hall, 3rd ed. 

1993. 
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5. D. H. Navon and B. Hilbert, “Semiconductor Micro-devices and Materials”, CBS College Publishing, 

1986. 

6. A. P. Malvino, “Electronic Principles”, McGraw-Hill, 7th ed. 2006. 

7. R. T. Paynter, “Introductory Electric Circuits”, Prentice Hall, 1998. 

PHY- 365 STATISTICAL PHYSICS 

 Pre-requisites:Heat and Thermodynamics 

Credit Hours: Three 

(3) 

Objective:           The main objective is to develop an understanding of the physical properties of the 

matter "in Bulk", on the basis of the Dynamic behaviour of its microscopic constituents. 

 

Review of Classical Thermodynamics: Review of Thermodynamic Potentials; Chemical Potential; 

Phase Equilibria; Maxwell Relations 

Foundations of Statistical Mechanics: Phase Space; Trajectories in Phase Space; Conserved 

Quantities and Accessible Phase Space; Macroscopic Measurements and Time Averages; Ensembles 

and Averages over Phase Space; Liouville's Theorem;  The  Ergodic  Hypothesis;  Equal  a  priori  

Probabilities;  Specification  of  the  state  of  a  system;  concept  of ensembles; elementary probability 

calculations; distribution functions; statistical interpretation of entropy (Boltzmann theorem) 

Statistical  Ensembles:  Phase  Space;  Specification  of  the  State  of  a  System;  Statistical  

Ensembles;  Probability Calculations and Density of States; 

Micro-canonical ensemble; canonical ensemble and examples (e.g., paramagnet); calculation of mean 

values; calculation of partition function and its relation with thermodynamic quantities; the grand 

canonical ensemble and examples (e.g. adsorption); calculation of partition function and 

thermodynamic quantities 

Simple Applications of Ensemble Theory: Monoatomic ideal gas in classical and quantum limit; 
Gibb’s paradox and quantum mechanical enumeration of states; equipartition theorem and examples 
(ideal gas, harmonic oscillator); specific heat of solids; quantum mechanical calculation of 
paramagnetism 

Quantum Statistics: Indistinguishability and symmetry requirements; Maxwell-Boltzmann statistics; 
Bose-Einstein and photon  statistics;  Fermi-Dirac  statistics  (distribution  functions,  partition  
functions);  Examples:  polyatomic  ideal  gas (MB), black body radiation (photon statistics), 
conduction electrons in metals (FD), Bose condensation (BE) 

Systems of Interacting Particles: Lattice vibrations in solids; van der Waals gas; mean field 

calculation; ferromagnets in mean field approximation 

Recommended Books: 

1.    F. Reif, “Fundamentals of Statistical and Thermal Physics”, Waveland Pr Inc, (2008). 
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2.    W. Brewer, F. Schwabl, “Statistical Mechanics”, Springer, 2nd  ed. (2006). 

3.    T. L. Hill, “Statistical Mechanics”, World Scientific Publishing Company, (2004). 

4.    K. Huang, “Statistical Mechanics”, John Wiley, 2nd  ed. (1987). 

5.    A. J. Pointon, “Introduction to Statistical Physics”, Longman (1967). 
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PHY-366    Lab-VI(Advanced optics &spectroscopy)  

Credit Hours: Two (2) 

Modern Physics: photoelectric effect, Frank-Hertz's quantization of energy levels, determination of 

Planck's constant (e.g. using a light bulb), verification of Moseley's law using X-ray fluorescence, 

Compton effect, Millikan's experiment for determination of charge of electron, properties of nuclear 

radiation (absorption in different media and response to external magnetic fields), statistical nature of 

radioactivity, determination of the half-life of radio-isotopes, Geiger-Muller tubes, cloud chambers, 

gamma rays spectroscopy, experiments on medical physics. 

Electronic  Materials:  Measurement  of  electrical  conductivity  by  two-probe  and  four-probe  
methods,  band  gap estimation of intrinsic and extrinsic semiconductors, carrier lifetimes and 
mobilities, Hall effect and its application in measuring magnetic fields, thermoelectric effects 

Recommended Books: 

1.    A. C. Melissinos and J. Napolitano, “Experiments in Modern Physics”, Academic Press, 2nd  

ed. (2003). 

2.    J. H. Moore, C. C. Davis, M. A. Coplan, and S. C. Greer, "Building Scientific Apparatus", 

Cambridge University 

Press, 4th  ed. (2009). 

3. J.  R.  Taylor,  "An  Introduction  to  Error  Analysis:  The  Study  of  Uncertainties  in  Physical  
Measurements", University of Science Books, 2nd  ed. (1996). 

4.    L. Kirkup and R. B. Frenkel, “An Introduction to Uncertainty in Measurement”, Cambridge 
University Press, 

(2006)

. 

5.    G. L. Squires, "Practical Physics", Cambridge University Press, 4th  ed. (2001). 

6.    Y. Tsividis, "A First Lab in Circuits and Electronics", John Wiley (2001). 

 

PHY- 471  QUANTUM MECHANICS-

II 

Pre-

requisites:QuantumMechanics-I 

Credit Hours:Three 

(3) 

Objective(s):       This course is aimed at bridging the classical concepts with quantum mechanical 

concepts and will lead to the second part of the core level undergraduate course on 

quantum mechanics 
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Addition of Angular Momenta: Total angular momentum in classical mechanics, total angular 

momentum in quantum mechanics,  addition  of  two  spin  ½  angular  momenta,  addition  of  two  

arbitrary  angular  momenta,  Clebsch-Gordon coefficients,  addition  of  spherical  harmonics,  vector  

operators, Evolution of two angular momenta J1  and J2  coupled by an interaction "aJ1  . J2". 

Stationary Perturbation Theory: Description of the method, perturbation of a non-degenerate level, 

perturbation of a degenerate  level,  one-dimensional  harmonic  oscillator  subjected  to  a  perturbing  

potential,  interaction  between  the magnetic dipoles of two spin ½ particles, Van der waals forces, 

volume effect and the influence of spatial extension of the nucleus on the atomic levels, variational 

method, energy bands of electrons in solids, a simple example of the chemical bond, H2ion.
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Applications of Perturbation Theory to Atomic Systems: Fine and hyperfine structure of atomic 
levels in hydrogen, Calculation of the mean values of the spin-orbit coupling in the 1s, 2s and 2p levels, 
hyperfine structure and the Zeeman effect for muonium and positronium, Stark effect 

Approximation  Methods  for  Time-Dependent  Problems:  Statement  of  the  problem,  

approximate  solution  of  the Schrodinger  equation,  An  important  special  case:  Sinusoidal  or  

constant  perturbation,  Interaction  of  an  atom  with electromagnetic  waves,  linear  and  non-linear  

response  of  a  two-level  system  subjected  to  a  sinusoidal  perturbation, Oscillations of a system 

between two discrete states under the effect of a resonant perturbation, Rabi flopping, decay of discrete 

state resonantly coupled to a continuum of final states, Fermi's golden rule 

Systems of Identical Particles: Identical particles, Permutation operators, Symmetrization postulate, 

difference between bosons and fermions, Pauli’s exclusion principle, many-electrons atom and their 

electronic configurations, energy levels of the helium atom, configurations, terms, multiplets, spin 

isomers of hydrogen (ortho- and para-hydrogen) 

Scattering  by a  Potential:  Importance  of  collision  phenomena,  Stationary scattering  states,  
scattering  cross  section, scattering by a central potential, method of partial waves, phenomenological 
description of collisions with absorption. 

Recommended Books: 

1.    D. J. Griffiths, "Introduction to Quantum Mechanics", Addison-Wesley, 2nd  ed. (2004). 

2.    R. Liboff, "Introductory Quantum Mechanics", Addison-Wesley, 4th  ed. (2002). 

3.    N. Zettili, "Quantum Mechanics: Concepts and Applications", John Wiley, 2nd  ed. (2009). 

PHY-472  ATOMIC AND MOLECULAR PHYSICS  

Pre-requisites:        Quantum Mechanics I 

Credit Hours:        Three (3) 

Objective(s):                     To provide an introduction to the structure and spectra of atoms and 

molecules and to prepare students for more advanced courses on Physics of 

Atoms, Molecules and Photons 

 

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 38 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. 
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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. 

 

PHY-473  SOLID STATE PHYSICS-

I 

Pre-requisites Quantum Mechanics I, Statistical Mechanics 

Credit Hours: Three (3) 

Objective:           This course will focus on collective quantum phenomena in solids, such as the 
emergence of physical phenomena from the interaction of  a  large  number  of  
atoms.  It  is  designed  to  apply  the  previous knowledge of Physics to understand 
the crystal structure, thermal and electrical properties of solids and the Physics of 
these phenomena. 

 

Crystal Structure: Lattices and basis; Symmetry operators; Fundamental Types of Lattice; 

Position and Orientation of Planes in Crystals; Simple crystal structures. 

Crystal  Diffraction  and  Reciprocal  Lattice:  Diffraction  of  X-rays,  Neutron  and  electron  

diffraction  from  crystals; Bragg’s law; Reciprocal lattice; Ewald Construction and Brillouin zone; 

Fourier Analysis of the Basis. 
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Phonons and Lattice: Quantization of Lattice Vibrations; Phonon momentum; Inelastic scattering 

by phonons; Lattice Vibrations for Mono-atomic and diatomic basis; Normal & Umklapp 

processes. 

Thermal Properties of Solids: Lattice heat Capacity; Classical model; Enumeration of normal 

modes, Density of state in one, two or three dimensions, Einstein Model and Debye model of heat 

capacity; Comparison with experimental results; Thermal conductivity and resistivity;  

Electrical Properties of Metals: Classical free electron theory of metals; Energy levels and 

density of orbital’s in one dimension; Effect of temperature on the Fermi–Dirac distribution 

function; Properties of the free electron gas; Electrical conductivity and Ohm’s Law; Thermal and 

electrical conductivities of metals and their ratio; Motion of free electrons in magnetic fields; 

Cyclotron frequency; Hall Effect along with applications. 

Recommended Books: 

1.    C. Kittle, “Introduction to Solid State Physics”, John Wiley, 8th  ed. (2005). 

2.    M. A Omar, “Elementary and Solid State Physics”, Pearson Education, (2000). 

3.    H. M. Rosenberg, “The Solid State”, Oxford Science Publication, 3rd  ed. (1988). 

4.    M. A. Wahab, “Solid State Physics”, Narosa Publishing House, (1999). 

5.    N. W. Ashcroft and N. D. Mermin, “Solid State Physics”, Rinehart & Winston (1976). 

6.    J.S. Blakemore, “Solid State Physics”, Cambridge University Press, 2nd  Ed. (1985). 

7.    S. R. Elliott, “The Physics and Chemistry of Solids”, John Wiley (1998). 

 

PHY- 474   NUCLEAR 

PHYSICS Pre-Requisites:   

Modern Physics 

Credit Hours: Three 
(3) 

Objective(s):       To  understand  the  nuclear  structure  using  different  nuclear  models,  the  nature  
of  nuclear  forces, radioactivity and nuclear reactions 

 

Basic Properties of Nucleus: Nuclear size; mass; binding energy; nuclear spin; magnetic dipole and 

electric quadrupole moment; parity and statistics 

Nuclear Forces: Yukawa's theory of nuclear forces; Nucleon scattering; charge independence and 
spin dependence of nuclear force; isotopic spin 

Nuclear Models: Liquid drop model; Fermi gas model; Shell model; Collective model 
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Theories of Radioactive Decay: Theory of Alpha decay and explanation of observed phenomena; 

measurement of Beta ray energies; the magnetic lens spectrometer; Fermi theory of Beta decay; 

Neutrino hypothesis; theory of Gamma decay; multipolarity of Gamma rays; Nuclear isomerism 

Accelerators and detectors: Van de Graph generator; linear accelerator; cyclotron; magnetron; 

Geiger-Muller counter; bubble chamber; cloud chamber; scintillator. 

Nuclear Reactions: Conservation laws in nuclear reactions; Q-value and threshold energy of nuclear 

reaction; energy level  and  level  width;  cross  sections  for  nuclear  reactions;  compound  nucleolus  

theory  of  nuclear  reaction  and  its limitations;  direct  reaction;  resonance  reactions;  Breit-Wigner  

one  level  formula  including  the  effect  of  angular momentum. 

Recommended Books: 

1.    E. Segre, “Nuclei and Particles”, Benjamin-Cummings, 2nd  ed. (1977). 

2.    I. Kaplan, “Nuclear Physics”, Addison-Wisely, (1980). 

3.    Green, “Nuclear Physics”, McGraw Hill, 1954. 

4.    K. S. Krane, “Introducing Nuclear Physics”, John Wiley, 3rd  ed. (1988). 

5.    B. Povh, K. Rith, C. Scholtz, F. Zetsche, “Particle and Nuclei”, (1999). 

 

PHY- 475       Lab-VII  

Credit Hours:  Two (2) 

Advanced Experiments: nuclear magnetic resonance, electron spin resonance, Zeeman effect, 

optical pumping, lifetime of  Muons,  surface  Plasmon  resonance,  Brownian  motion,  experiments  

with  vacuum,  low  temperature  physics, superconductivity,  synthesis  of  nano-materials  and  

their  characterization,  electromagnetically  induced  transparency, Mossbauer spectroscopy. 

Recommended Books: 

1.    A. C. Melissinos and J. Napolitano, “Experiments in Modern Physics”, Academic Press, 
2nd  ed. (2003). 

2.    J. H. Moore, C. C. Davis, M. A. Coplan, and S. C. Greer, "Building Scientific Apparatus", 

Cambridge University Press, 4th  ed. (2009). 

3. J.  R.  Taylor,  "An  Introduction  to  Error  Analysis:  The  Study  of  Uncertainties  in  
Physical  Measurements", University of Science Books, 2nd  ed. (1996). 

4. L. Kirkup and R. B. Frenkel, “An Introduction to Uncertainty in Measurement”, Cambridge 
University Press, (2006). 

5.    G. L. Squires, "Practical Physics", Cambridge University Press, 4th  ed. (2001). 

6.    Y. Tsividis, "A First Lab in Circuits and Electronics", John Wiley (2001). 
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ELECTIVE-I 

  

 

PHY-481     SOLID STATE PHYSICS - II 

Pre-requisites:Quantum Mechanics, Statistical Physics and Solid-State Physics I 

Credit Hours: Three 
(3) 

Objective(s):       This course will focus on collective quantum phenomena in solids and has been 

designed to apply the previous knowledge of Physics to understand the electrical, 

optical and magnetic properties of solids. The  knowledge  obtained  so  for  will  be  

applied  to  understand  the  Physics  of  Semiconductors  and Superconductivity. 

 

Dielectric Properties of Solids: Polarization; Depolarization; Local and Maxwell field; Lorentz field; 

Clausius-Mossotti relation; Dielectric Constant and Polarizability; Measurement of dielectric constant; 

Ferro-electricity and ferroelectric crystals;  

Semiconductors: General properties of semiconductors; Intrinsic and extrinsic semiconductors; Band 

structure; Carrier statistics in thermal equilibrium; Band level treatment of conduction in 

semiconductors and junction diodes; Diffusion and drift currents; Collisions and recombination times. 

Optical Properties: Interaction of light with solids; Optical Properties of Metals and Non-Metals; 
Kramers-Kronnig Relation; Excitons; Raman Effect in crystals; Optical spectroscopy of solids. 

Magnetic Properties of Materials: Magnetic dipole moment and susceptibility; Different kinds of 

magnetic materials; Langevin  diamagnetism  equation;  Paramagnetic  equation  and  Curie  law;  

Classical  and  quantum  approaches  to paramagnetic  materials;  Ferro-magnetic  and  anti–

ferromagnetic  order;  Curie  point  and  exchange  integral;  Effect  of temperature on different kinds 

of magnetic materials and applications. 

Superconductivity:  Introduction  to  superconductivity;  Zero-Resistance  and  Meissner  Effect;  

Type  I  and  Type  II superconductors;  Thermodynamic  fields;  Two  fluid  model;  London  equations;  

BCS  and  Ginzburg–Landau  Theory; Vortex Behaviour; Critical Current Density; Josephson effect 

and applications. 

Recommended Books: 

1.    C. Kittle, “Introduction to Solid State Physics”, John Wiley, 8th  ed. (2005). 

2.    N. W. Ashcroft and N. D. Mermin, “Solid State Physics”, Rinehart & Winston (1976). 

3.    G. Burns, “High Temperature Superconductivity - An Introduction”, Academic Press (1992). 

4.    M. Fox, “Optical Properties of Solids”, Oxford University Press, 2nd  ed. (2010). 
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5.    N. A. Spaldin, “Magnetic Materials: Fundamentals and Device Applications”, Cambridge 
University Press, 2

nd
 ed. (2010). 

ELECTIVE-

III 

Credit Hours: Three 

(3) 

 

Note: Any subject from the list for elective subjects below can be taken as Elective-III 

 

ELECTIVE-IV  

Credit Hours:     Three (3) 

 

Note: Any subject from the list for elective subjects below can be taken as Elective-IV 

 

PHY-482    PROJECT/THESIS 

Credit Hours:     Three (3) 

 

Note: Student must do a project in the last semester
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ELECTIVE COURSES IN BS PHYSICS 

 

These elective courses can be chosen from the list or new elective course may be offered according 

to the availability of staff and necessary infrastructure. The host institution may also tailor these 

courses according to their needs and available facilities. 

 

PHY-476      ENVIRONMENTAL 

PHYSICS Credit Hours:     Three (3) 

Objective(s):       To  become  familiar  with  the  essentials  of  environment  and  global  climate  and  
to  learn  the  use  ofspectroscopy for environmental study 

 

Introduction: The human environment, Laws of thermodynamics, energy transfer, the green house 

effect and climate change. 

Basic Environmental Spectroscopy: Electromagnetic spectrum, radiation from a black body, 

Lambert -Beer's Law, Radiative flux in the atmosphere, scattering and absorption of light by small 

particles, Rayleigh scattering, Mie scattering, Geometric scattering. 

Greenhouse gases and Global Climate change on Earth: Energy balance, Anthropogenic CO2  and 

other greenhouse gases, evidence for increase in the atmosphere. Aerosols and their properties, 

dynamics of aerosol population, climate change due to aerosols. 

Transport of Pollutants: Diffusion and diffusion equation, dispersion of pollutant in rivers, ground 

water flow, Gaussian plumes in air, continental transport of pollutant. 

Sound and Noise: Basic acoustics, measuring sound, propagation of sound over distance, human 

perceptions of sound and noise, noise level, controlling noise, active control of sound. 

Atmosphere and Radiation: General laws of radiation, natural Radiation, solar and terrestrial 
radiation, energy balance for Earth and Atmosphere, solar variability, absorption of radiation by 
atmospheric gases. 

Atmosphere and Climate: Structure of the atmospheres, vertical profiles in the lower layers of the 
atmospheres, lateral movements in the atmosphere, atmospheric circulation, cloud and fog formation, 
cloud types. 

Climatology and Measurements of Climate Factor: Data collection and organization, statistical 
analysis of climatic data, general characteristics of measuring equipments, measurement of 
temperature, air humidity, surface wind velocity, radiation balance, precipitation, atmospheric 
pressure, automatic weather stations 

Books Recommended: 

1.   B. Egbert and V. G. B. Rienk, Environmental Physics ed. John Wiley and Sons (1999)
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2.    Guyot Praxis Publication, Physics of Environmental and Climate (1998) 

3.   J. H. Seinfeld and S. N. Pandis, Atmospheric Chemistry and Physics: From Air Pollution to 

Climate Change. John Wiley and Sons (1998) 

4.   C. Smith, Environmental Physics. Environment and Politics, 2nd  ed. (2001) 

 

PHY-477   METHODS OF EXPERIMENTAL 

PHYSICS  

Pre-requisites:           Labs. I to VI. 

Credit Hours:        Three (3) 

Objective(s):                     The objective of this course is to learn about the vacuum techniques and 

sensor technologies, the use of computer to acquire data from instruments and 

analysis of collected data. 

 

Vacuum Techniques: Gas Transport; Throughput; Pumping Speed; Rotary pumps; Diffusion pumps; 

Sorption pumps; 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;  Pirani gauges; The McLeod 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 & Electrical feed through; Leak detection; Basic 

consideration; Leak detection equipment; Special Techniques and problems; Repair Techniques; 

Sensor Technology: Sensors for Temperature; Heat; Pressure; Displacement; Rotation; Flow; Level; 

Speed; Position; Phase; Current; Voltage; Power; Magnetic field; Tilt; Metal; Explosive materials. 

Introduction to Computer Interfacing: GPIB Interface; RS 232; DA/AD conversion; 

Visual c/visual Basic. 

Data  Analysis:  Evaluation  of  measurement;  Systematic  Errors;  Accuracy;  Accidental  Errors;  

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. 

Recommended Books: 

1.    F. James, “Statistical Methods in Experimental Physics”, World Scientific Company, 2nd  ed. 
(2006). 
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2.     M. H. Hablanian, “High-Vacuum Technology”, Marcel Dekker, 2nd  ed. (1997). 

3.    P. Bevington and D. K. Robinson, “Data Reduction and Error Analysis for Physical Science”, 
McGraw Hill, 3rd 

ed. (2002). 

4.    S. Tavernier, “Experimental Techniques in Nuclear and Particle Physics”, Springer, (2010). 

5.    J. B. Topping, “Errors of Observations and Their Treatment”, Springer, 4th  ed. (1972). 
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PHY-478    COMPUTER SIMULATIONS IN PHYSICS 

Pre-requisites: Calculus-II, Linear Algebra, Probability and Statistics, Differential Equations, 

Introduction to 

Computing and Mechanics 

Credit Hours:        Three (3) 

Objective(s):                     The aim is to develop one's ability to turn theoretical ideas of mathematics 

and physics into models speculated outcomes via computer simulations. 

 

Programming  for  Scientific  Computation:  unix/linux  basics,  the  editing-coding-compiling-

debugging-optimizing- visualizing-documenting production chain, FORTRAN 95 

Numerical Programming: Functions: approximation and fitting, Numerical 
calculus. Ordinary differential equations, Matrices, Spectral analysis, Partial 
differential equations Modeling and Simulation: Molecular dynamics 
simulations, Modeling continuous media Monte Carlo simulations 

Project: A project will be chosen by the student in consultation with the instructor.  Selection of the 
project should be done soon after the module on modelling and simulation starts and and continue over 
the course of the rest of the semester. 

The final part of the course is reserved for presentation of preliminary and final results.  

1.    T. Pang, “An Introduction to Computational Physics”, Cambridge University Press, (2008). 

2.    R.  Landau,  M.  Paez,  C.  Bordeianu,  “A  Survey  of  Computational  Physics”,  Princeton  
University  Press, (2008). 

 

PHY-483      PLASMA PHYSICS  

Pre-requisite: Electromagnetic Theory-II, Waves and Oscillations 

Credit Hours: Three (3) 

Objective(s): 

To learn about the importance of the plasma along with the basic concept of plasma. To know fluid 

description of the plasma. 

Introduction: Occurrence of plasma, Concept of temperature, Debye shielding, the plasma parameter, 

Criteria for plasma. 

Applications of Plasma Physics: Single-particle motion in electromagnetic field, Uniform and non-

uniform E and B fields, Time-variant E and B fields, Fluid description of plasma, Wave propagation in 

plasma, Derivation of dispersion relations for simple electrostatic and electromagnetic modes, 
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Introduction to Controlled Fusion, Basic nuclear fusion reactions, Reaction rates and power density, 

radiation losses from plasma, operational conditions. 

 

Recommended Books: 

1. F. F. Chen, “Introduction to Plasma Physics”, 2nd ed. Plenum, 1995. 

2. D. A. Gurnett and A. Bhattacharjee, “Introduction to Plasma Physics: with space and laboratory 

application”, Cambridge University Press, 2005. 

3. T. J. M. Boyd and J. J. Sanderson, “The Physics of Plasmas”, Cambridge University Press, 2003. 

 

PHY-484             ELECTRONIC MATERIALS AND DEVICES  

Pre-requisite:     Electronics-I, Optics 

Credit Hours: Three 

(3) 

Objective(s):       To understand the relation between electrical, optical and magnetic devices 

Semiconductor Fundamentals: Composition, purity and structure of semiconductors, energy bbers, 

density of states, the Fermi function and equilibrium distribution of carriers, doping, n and p-type 

semiconductors and calculations involving carrier concentrations, EF  etc., temperature dependence of 

carrier concentrations, drift current, mobility, resistivity and band bending, diffusion and total currents,  

diffusion  coefficients,  recombination-generation,  minority  carrier  life  times  and  continuity  

equations  with problem solving examples 

Device Fabrication Processes: Oxidation, diffusion, ion implantation, lithography, thin-film 
deposition techniques like evaporation, sputtering, chemical vapour deposition (CVD), epitaxy etc. 

PN  Junction  and  Bipolar  Junction  Transistor:  Junction  terminology,  Poisson’s  equation,  
qualitative  solution,  the depletion approximation, quantitative electrostatic relationships, ideal diode 
equation, non-idealities, BJT fundamentals, Junction field effect transistor, MOS fundamentals, the 
essentials of MOSFETs 

Dielectric  Materials:  Polarization  mechanisms,  dielectric  constant  and  dielectric  loss,  capacitor  
dielectric  materials, piezoelectricity, ferroelectricity and pyroelectricity 

Optoelectronic Devices: Photoconductors, photovoltaics and photodetectors, photodiodes and 
photovoltaics, solar cell basics, LEDs, Lasers, displays, LCDs 

Magnetism and Magnetic Materials: Basics of magnetism, hysteresis loops, magnetic domains and 
anisotropy, hard and soft magnetic materials, transformers, DC motors and data storage. 

Recommended Books: 

1.    R. F. Pierret, “Semiconductor Device Fundamentals”, Addison Wesley, 2nd  ed. (1996). 

2.    N. Braithwaite, and G. Weaver, “Electronic Materials”, MA: Butterworth, 2nd  ed. (1990). 
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3.    
S. O. Kasap, “Electronic Materials and Devices”, McGraw Hill, 3rd  ed. (2005). 

4.    R. C. O'Handley, “Modern Magnetic Materials: Principles and Applications”, Wiley Inter-

Science, (1999). 

5.    D. Jiles, “Introduction to Magnetism and Magnetic Materials”, Chapman & Hall, 2nd  ed. 
(1998). 

 

PHY-485             INTRODUCTION TO MATERIAL SCIENCE 

 Pre-requisites:    Solid State Physics-I 

Credit Hours:     Three (3) 

 

Objective(s):       This course will explore important aspects of materials incorporating elements of 

applied physics and chemistry, relationship between the structure  of  materials  at  

atomic  or  molecular  scales  and  their macroscopic properties, defects and 

thermodynamics. The         microstructure-mechanical   properties relationship will be 

also addressed. 

 

Introduction:  Classification  of  Materials;  Metals;  Ceramics;  Polymers;  Composites;  

Semiconductors;  Biomaterials; Smart and Nano-materials; Properties and Uses of these Materials. 

Atomic Structure of Materials: The packing of atoms in 2-D and 3-D; Lattices and crystal systems 

in 3-D; Symmetry; Unit cells of the SC, BCC, FCC and HCP Crystal structure; Interstitial structures; 

Density computation; Indexing lattice directions and lattice planes; Interplanar spacing; Bragg’s law 

and the intensities of Bragg reflections. 

Imperfections  in  Solids:  Vacancies;  Impurities;  Dislocations;  Interfacial  defects;  Bulk  or  volume  

defects;  Atomic vibrations. 

Thermodynamics and Phase Diagrams: Microstructure and microscopy; One component phase 

diagrams; Pressure vs. temperature; Temperature vs. composition; Equilibrium; Thermodynamic 

functions; Gibbs free energy; Development of microstructure; Binary phase diagrams; Solidification; 

Diffusion mechanisms; Nucleation and growth of a new phase; Materials fabrication. 

Mechanical Behavior of Materials: Normal stress and normal strain; Shear stress and shear strain; 

Elastic and plastic deformation; Young’s modulus; Shear modulus; Poisson’s ratio; Elastic strain 

energy; Yield stress, Dislocations and plastic deformation; Slip systems; Dislocations and 

strengthening mechanisms; Fracture mechanics; Ductile and brittle fracture; Griffith criterion; 

Ductile-brittle transition temperature; Cyclic stresses and fatigue; Creep. 

Recommended Books: 

1.    W. D. Callister, “Materials Science and Engineering: An Introduction”, Wiley, 7th  ed. (2006). 
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2.    

W.  D.  Callister  and  D.  G.  Rethwisch  “Fundamentals  of  Materials  Science  and  Engineering:  

An  Integrated 

Approach”, Wiley, 4th  ed. (2012). 

3.    J. F. Shackelford, “Introduction to Materials Science for Engineers”, Prentice Hall, 7th  ed. 
(2008). 

4.    http://www.msm.cam.ac.uk/teaching/index.php, 



 

 

42 

 

 

 

PHY-486     RENEWABLE SOURCES OF 

ENERGY Credit Hours:     Three (3) 

Objectives: To give students an understanding of the renewable 

energy resources 

Energy Scenarios: Importance of energy, world primary energy sources, energy demand, supplies, 

reserves, growth in demand, life estimates, and consumption pattern of conventional energy 

sources: oil, gas, coal, hydro, nuclear etc. Energy & Environment: Emission of pollutants from 

fossil fuels and their damaging effects, and economics impact; Renewable energy and its 

sustainability. Renewable Scenarios: Defining renewable, promising renewable energy sources, 

their potential, availability, present status, existing technologies and availability. 

Solar  Energy:  Sun-Earth  relationship,  geometry,  sun  path  and  solar  irradiance,  solar  

spectrum,  solar  constant, atmospheric  effects,  global  distribution,  daily  and  seasonal  variations,  

effects  of  till  angle,  resource  estimation, extraterrestrial, global, direct, diffused radiation, sun 

shine hours, air mass, hourly, monthly and annual mean, radiation on tilt surface, measuring 

instruments. 

Solar Thermal: Flat plate collectors, their designs, heat transfer, transmission through glass, 

absorption transmission of sun energy, selective surfaces, performance, and efficiency; low 

temperature applications: water heating, cooking, drying, desalination, their designs and 

performance; concentrators, their designs, power generation, performance and problems. 

Photovoltaics: PV effect, materials, solar cell working, efficiencies, different types of solar cells, 

characteristics, (dark, under  illumination),  efficiency  limiting  factors,  power,  spectral  response,  

fill-factor,  temperature  effect;  PV  systems, components, packing fraction, modules, arrays, 

controllers, inverters, storage, PV system sizing, designing, performance and applications. 

Wind: Global distribution, resource assessment, wind speed, height and topographic effects, power 

extraction for wind energy  conversion,  wind  mills,  their  types,  capacity,  properties,  wind  mills  

for  water  lifting  and  power  generation, environmental effect. 

Hydropower: Global resources, and their assessment, classification, micro, mini, small and large 

resources, principles of energy conversion; turbines, types, their working and efficiency for micro 

to small power systems; environmental impact. Biogas:  Biomass  sources;  residue,  farms,  forest.  

Solid  wastes:  agricultural,  industrial  and  municipal  wastes  etc; applications,  traditional  and  

non-traditional  uses:  utilization  process,  gasification,  digester,  types,  energy  forming, 

Environment  issues.  Resources  availability;  digester,  their  types,  sizes,  and  working,  gas  

production,  efficiency; environmental effects; 

Geothermal: Temperature variation in the earth, sites, potentials, availability, extraction 

techniques, applications; water and space heating, power generations, problems, environmental 

effects. 
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Waves and Tides: Wave motion, energy, potentials, sites, power extraction, and transmission, 

generation of tides, their power, global sites,  power generation, resource assessment, problems, 

current status and future prospects. 

Hydrogen  Fuel:  Importance  of  H2  as  energy  carrier,  Properties  of  H2,  production,  
hydrolysis,  fuel  cells,  types, applications, current status and future prospects. 

Nuclear: Global generations of reserves through reprocessing and breeder reactors, growth rate, 

prospects of nuclear fusion, safety and hazards issue. 

Energy Storage: Importance of energy storage, storage systems, mechanical, chemical, biological, 
electrical, fuel cells etc. 

 

Recommended Books 

1. J. W. Twidell and A. D. Weir; Renewable Energy Resources; E & F.N. Spon. Ltd. London. 

(1986). 

2. M. Iqbal; An Introduction to Solar Radiation: Academic Press, Canada. (1983). 

4. S. Roberts, A Practical Guide to Solar Electricity, Prentice Hall Inc. USA, (1991). 

5. M. A. Green; Solar Cells, Operating Principles, Technology, and system Application: 

Prentice Hall, Inc. USA, (1982). 

6. T. J. Jansen, Solar Engineering Technology; Prentice Hall Inc. USA, (1985). 

7. V. D. Hunt, Wind Power, A Book on Wind Energy Conversion System; Litton Educational 

Publishing Inc. (1981). 

8. E. C. Price, P. N. Cheremisinoff; Biogas, Production and Utilization; Ann Arbor Science, 

USA, (1981). 

9. I. Campbell, Biomass, Catalysts and liquid fuels; Technonic Publishing Co. Inc. USA, 

(1983). 

PHY-487        PARTICLE 

PHYSICS Pre-requisites: 

Quantum Mechanics-I 

Credit Hours:     Three (3) 

Objective(s):       In  this  course,  one  will  learn  about  the  concepts  of  Quantum  

Electrodynamics,  Quantum  Chromo- dynamics and related special topics to build 

up a strong base in theoretical physics. 

 

Introduction to Elementary Particles: Fundamental building blocks and their interactions. 

Quantum Electrodynamics. Quantum Chromodynamics. Weak interactions. Decays and 

conservation laws 
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Relativistic   Kinematics:   Lorentz   transformations.   Four-Vectors.   Energy   and   momentum.   
Particle   collisions. Mandelstam variables 

Symmetries:  Symmetries  and  conservation  laws,  Spin  and  orbital  angular  momentum.  
Flavour  symmetries.  Parity. Charge conjugation. CP Violation. Time reversal and TCP Theorem 

Quantum Electrodynamics: Klein-Gordon equation. Dirac equation. Solution of Dirac equation. 
Bilinear covariants. 

Feynman rules for QED. Casimir’s trick. Cross sections & lifetimes 

Neutrino Oscillations: Solar neutrino problem. Oscillations, Neutrino masses. PMNS mixing 

matrix 

Gauge Field Theories: Lagrangian in Relativistic Field Theory. Gauge Invariance. Yang-Mills 

Theory. The mass term. Spontaneous symmetry breaking. Higgs mechanism. Higgs boson. Grand 

Unification. Supersymmetry. Extra dimensions. String theory. Dark energy. Dark Matter. 

 

 

1.    D. J. Griffiths, “Introduction to Elementary Particles”, Wiley-VCH, 2nd  ed. (2008). 

2.    F. Halzen and A.D. Martin, “Quarks and Leptons: An introductory course in modern Particle 

Physics”, John 

Wiley, (1984). 

3.    D. H. Perkins, “Introduction to High-Energy Physics”, Cambridge University Press, 4th  ed. 
(2000). 

4.    V. D. Barger and R. J. N. Phillips, “Collider Physics”, Addison-Wesley, (1996). 

 

PHY-488 INTRODUCTION TO NANO SCIENCE AND NANOTECHNOLOGIES  

Pre-requisite:     Solid State Physics, Quantum Mechanics 

Credit Hours: 

Three (3) 

Objective(s):       In  this  course,  one  will  learn  the  importance  of  this  interdisciplinary  field,  
how  such  materials  are developed  atom  by  atom  by  incorporating  the  concepts  
and  applications  of  nano-materials  into nanotechnologies and how 
nanotechnology would be helpful to change our society in future. 

 

Introduction: Feynman talks on small structures; Nano-scale; 

Nanotechnology in nature. 

Nano  Materials:  Nanoparticles;  Quantum  dots;  Nano-wires;  Nano-tubes;  Magnetic  nano-
structures;  Nano  thermal devices; Nano fluidic devices; Biomimetic materials; 

Quantum  Effects:  Wave  particle  duality;  Energy  quanta;  Uncertainty  principle;  De  Broglie  
relation;  Moore's  law; Tunneling; 



 

 

45 

 

Fabricating Nano-structures: Solid state Reaction technique; Vapor deposition Method; Sol gel; 
Lithography (photo and electron beam); MBE; Self-assembly; Nano junctions; Thin Films; 
Sputtering; Self-assembled films 

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; Single electron transistor; Resonant tunneling; 

Nano Biotechnology: DNA micro-arrays; Protein and DNA Assembly; Digital cells; Genetic 

circuits; DNA computing; Characterization  Techniques:  XRD;  Electron  Microscopy  (STM,  

AFM,  SEM  and  TEM);  Fluorescence  methods; Synchrotron Radiation; 

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

solutions.  

1.    B. Bhushan, “Springer Hand Book of Nanotechnology”, 3rd  Edition, Springer Berlin 

Heidelberg, (2010). 

2.    C. Binns, “Introduction to Nanoscience and Nanotechnology (Wiley Survival Guides in 
Engineering and Science)”, Wiley, (2010). 

3.    S. Lindsay, “Introduction to Nanoscience”, Oxford University Press, (2009). 

4.    S.C. Tjong, Nano-crystalline Materials: Their synthesis-Structure-property Relationship and 

Applications, Elsevier,2006. 

5.    Y.Gogotsi (Editor), Nano-Materials Hand Book, CRC Press, Taylor & Francis Group, (2006). 

6.    M.J. Schulz, A.D. Kelkar   and  M.J. Sundaresan (Editors), Nano-engineering of structural, 
Functional and  Smart Materials, CRC Press, Taylor & Francis Group, (2006). 

 

PHY-489               LASER APPLICATIONS 

 Pre-requisites:         Introduction to Laser 

Physics 

Credit Hours:          Three 

(3) 

Objective(s):                     This  course  is  designed  to  introduce  the  major  applications  of  

lasers  in  different  fields  of science and technology 

 

Fundamentals of Lasers: Review of the working principles of a laser; Laser Resonators and 

Modes; Q-switching; Mode- locking; Ultrafast pulse generation; Fixed Frequency and Tunable 

Lasers 

Characteristics  of  Laser  Light:  Laser  wavelength;  CW  and  pulsed  modes;  Laser  power;  

energy  per  pulse;  pulse duration; repetition rate; frequency width; beam divergence 
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A Survey of Laser Sources: Brief descriptions of solid-state lasers; gas lasers; semiconductor 
lasers; dye lasers; excimer lasers; metal vapor lasers; fiber lasers 

Applications of Low-Power Lasers: Scanning; Alignment; Surface Monitoring; Position and 
Velocity Measurements; Laser Interferometry; Laser Radar; Environmental Applications 

Applications  of  High-Power  Lasers:  Laser  Material  Processing  including  Cutting;  Drilling;  
Trimming;  Welding; Marking and Surface Treatment; Surface Cleaning and Decontamination; 
Laser Ultrasonic, Laser Produced Plasmas and Laser Fusion 

Laser  Applications  based  on  Frequency  Resolution:  Photo-physical  and  Photo-chemical  
Processes;  Laser  Isotope 

Separation; Laser Enhanced Chemical Reactions Laser 

Applications based on Time Resolution: Laser Radar; Ultrafast 

Processes 

Optical  Communications,  Data  Storage  and  Processing:   Fiber  Optics;  High  Speed  

Communication;  Optical Holography; Optical Computers 

Medical Applications: Ophthalmology; Dermatology; Photodynamic Therapy; Dentistry; 

Microsurgery 

Military Applications: Ranging and Tracking; Target Designation; Guidance System; Directed 

Energy Weapons  

Lasers in Scientific Research: Laser Spectroscopy 

Laser Safety: Eye and Skin Hazards, Electrical and Chemical Hazard 

Recommended Books: 

1.    K. R. Nambiar, “LASERS: Principles, Types and Applications”, New Age, (2009). 

2.    K. Thyagarajan, “Lasers: Fundamentals and Applications”, Springer, 2nd  ed (2010). 

3.    J. F. Ready, "Industrial Applications of Lasers", Academic Press, 2nd  ed. (1997). 

4.    W. M. Steen, J. Mazumder and K. G. Watkins, “Laser Material Processing”, Springer, 4th  ed. 
(2010). 

5.    W. T. Silfvast, “Laser Fundamentals”, Cambridge, 2nd  ed. (2008) 


