
BSc (Hons), LOCF 

 

L-T Scheme: 3-1-0                                                                        Course Credit:  4 

 

Objective:  

Capable of demonstrating good knowledge and understanding of major concepts of theoretical 

principles and experimental results as well. The course is aimed at enhance the ability to employ 

the critical thinking, and efficient problem solving skills in all the areas of physics. Student 

should be capable of demonstrating ability to think and analyze rationally with modern and 

scientific outlook and identify ethical issues related to one's work, avoid unethical behavior such 

as fabrication, falsification or misrepresentation of data or committing plagiarism, 
 

 

Course Contents: Preliminary Concepts: Vector Algebra, dimensional analysis, unit systems, 

concept of frame of references etc. Laws of Motion: Newton’s first law of motion and concept of 

inertia, Second law of Motion concept of force. Newton’s third law. Gravity, Weight, and the 

Gravitational Field, Contact Forces, Force of a String, The Normal Force, Friction, the Linear 

Restoring Force, Simple Harmonic Motion etc.            (Lectures: 12) 

 

Conservation Principles : Introduction to Momentum, Angular Momentum, Work and Energy, 

Conservation laws.  Inverse square law of force, Effect of centrifugal and Coriolis forces due to 

earth’s rotation, Center of mass (C.M), Lab and C.M frame of reference, motion of CM of 

system of particles subject to external forces, elastic, and inelastic collisions in one and two 

dimensions.                 (Lectures: 10) 

 

Scattering Problem in Classical Mechanics: Scattering angle in, the laboratory frame of 

reference, Impact parameter, Scattering cross section.            (Lectures: 6) 

 

Rigid Bodies: Elementary dynamics of rigid bodies.             (Lectures: 6) 

 

Special Relativity: Frames of reference, Inertial and non-inertial frames of reference Postulates 

of special theory of relativity, Derivation of Lorentz transformation and physical significance of 

Lorentz invariance, Length contraction and time dilation, Concept of simultaneity, Relativistic 

velocity transformation relations, mass energy relation, Concept of zero rest mass of photon, 

Relativistic relation between energy and momentum.             (Lectures: 8) 

 

 

 

Course Outcome/ Learning Outcomes 

At the end of the course a student will be able to analyze a problem using their mathematical 

skills to classical mechanics problems. It will also enable them to use Newton’s Laws of Motion 

and conservation laws in the solution of physical problems.  

 

 

 

Title of Course:   Mechanics and Relativity Course Code:  BS1PH101 



Course Outcome Description 

CO1 Introduction to concept of motion and Newton’s law of motions, frame of 

references 

CO2 Motion in 1D and 2D Cartesian and plane polar coordinate system. 

Application of Newton law of motion to various physical problem. 

Understanding of the principle of conservation of energy, momentum, 

angular momentum etc. 

CO3 Advance concept of calculus to understand the rigid body motion, and fluid 

flow.   

CO4 Applying the knowledge to scattering problem and several other physical 

problem 

CO5 Understanding the limitation of Newton law of motion and extend the 

concept of special theory of relativity to problem where relative velocity 

between two observer exist. Extending the understanding of special theory 

of relativity to describe the motion  a body that has very high velocity 

 

Text Books:  

1. An Introduction to Mechanics, D. Kleppner and R.J. Kolenkow  

2. Mechanics (Berkeley Physics Course, Vol. 1), C. Kittle et.al.  

3. Introduction to Special Relativity, R. Resnick  

Reference Books:  

1. Fundamentals of Physics, R. Resnick, D. Halliday  

2. Concept in Physics Vol.: I, H.C.Verma 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

L-T Scheme: 3-1-0                                                                        Course Credit:  4 

 

Objective: The objective of this course is to be able to write rigorous mathematical proofs for 

basic theorems in single -variable calculus involving the fundamental tools such as continuity 

and differentiability. This course is essential for any student majoring in mathematics. 

 

Course Contents: 

Unit 1. Differential Calculus: Successive differentiation and Leibnitz theorem. Limit, Continuity, 

Discontinuity, properties of Continuous functions.  

Unit 2. Differentiability, Chain rule of differentiation, Mean value theorems, Taylor’s and 

Maclaurin theorems.  

Unit 3. Application of differential calculus in curve sketching.  

Unit 4. Integral Calculus: Integration of ational and Irrational fractions, Integration of 

Transcendental functions.  

Unit 5. Definite Integrals, Areas of curves. lengths of curves, Volumes and Surfaces of solids of 

revolution. 

Teaching Methodology: 

 

The course will be covered through lectures supported by tutorials. Apart from the discussions 

on the topics covered in the lectures assignments/ quizzes in the form of questions will also be 

given. 

 

Learning Outcomes: 

Course Outcome                                          Description 

CO1 Define Limit, Continuity, Discontinuity, properties of Continuous functions. 

CO2 Calculate the  Differentiability, Chain rule of differentiation, 

CO3 Understand the Mean value theorems, Taylor’s and Maclaurin theorems.  

CO4 Application of differential calculus in curve sketching. 

CO5  Ilaborate Integral Calculus: Integration of ational and Irrational fractions,  

CO6  Discuss Integration of Transcendental functions, Definite Integrals, Areas of 

curves,  lengths of curves, Volumes and Surfaces of solids of revolution. 

Text books:  

[1]. Gorakh Prasad, Differential Calculus, Pothishala Pvt. Ltd. Allahabad, 2000. 

[2]. Gorakh Prasad, Integral Calculus, Pothishala Pvt. Ltd. Allahabad, 2000. 

[3]. Gabriel Klambauer, Mathematical Analysis, Marcel Dekkar Inc. New York 1975. 

[4.] Shanti Narayan, Elements of Real Analysis, S. Chand & Company, New Delhi. 

Title of Course:    Differential Calculus Course Code:  BS1MA102 



 

Course Description  

 

L-T Scheme: 3-1-0                                                                                           Course Credit:  4 

 

Objective: The course reviews the general principles of metallurgy and s-, p-block elements. It 

reviews the terms minerals, ores, concentration, benefaction, calcination, roasting, refining, etc. 

and explains the principles of oxidation and reduction as applied to the extraction procedures. 

Methods of purification of metals, such as electrolytic, oxidative refining, Van Arkel-De Boer 

process and Mond’s process are discussed and applications of thermodynamic concepts like that 

of Gibbs energy and entropy to the extraction of metals are reviewed. It further discusses the 

patterns and trends exhibited by s and p block elements and their compounds with emphasis on 

synthesis, structure, bonding and uses. 

Unit 1:  

General Principles of Metallurgy: Chief modes of occurrence of metals based on standard 

electrode potentials. Ellingham diagrams for reduction of metal oxides using carbon and carbon 

monoxide as reducing agent. Electrolytic Reduction, Hydrometallurgy with reference to cyanide 

process for silver and gold. Methods of purification of metals: Electrolytic process, Van Arkel-

De Boer process, Zone refining. 

Unit 2: 

Chemistry of s-Block Elements General characteristics: Melting point, flame colour, reducing 

nature, diagonal relationships and anomalous behavior of first member of each group. Reactions 

of alkali and alkaline earth metals with oxygen, hydrogen, nitrogen and water. Common features 

such as ease of formation, thermal stability and solubility of the following alkali and alkaline 

earth metal compounds: hydrides, oxides, peroxides, superoxides, carbonates, nitrates, sulphates. 

Complex formation tendency of s-block elements; structure of the following complexes: crown 

ethers and cryptates of Group I; basic beryllium acetate, beryllium nitrate, EDTA complexes of 

calcium and magnesium. Solutions of alkali metals in liquid ammonia and their properties. 

Unit 3: 

Chemistry of p- Block Elements: Electronic configuration, atomic and ionic size, metallic/non-

metallic character, melting point, ionization enthalpy, electron gain enthalpy, electronegativity, 

Catenation, Allotropy of C, P, S; inert pair effect, diagonal relationship between B and Si and 

anomalous behaviour of first member of each group. 

Unit 4: 

Structure, bonding and properties: acidic/basic nature, stability, ionic/covalent nature, 

oxidation/reduction, hydrolysis, action of heat of the following:  

• Hydrides: hydrides of Group 13 (only diborane), Group 14, Group 15 (EH3 where E = N, P, 

As, Sb, Bi), Group 16 and Group 17. • Oxides: oxides of phosphorus, sulphur and chlorine • 

Oxoacids: oxoacids of phosphorus and chlorine; peroxoacids of sulphur • Halides: halides of 

silicon and phosphorus 

 

Text Book: 

[1] Lee, J.D.; (2010),Concise Inorganic Chemistry, Wiley India.  

Title of Course:     Inorganic Chemistry Course Code:  BS2CH201 



[2] Huheey, J.E.; Keiter, E.A.; Keiter; R. L.; Medhi, O.K. (2009),Inorganic Chemistry- 

Principles of Structure and Reactivity, Pearson Education.  

[3] Douglas, B.E.; McDaniel, D.H.; Alexander, J.J. (1994),Concepts and Models of 

Inorganic Chemistry,John Wiley & Sons.  

[4] Atkins, P.W.; Overton, T.L.; Rourke, J.P.; Weller, M.T.; Armstrong, F.A. (2010),Shriver 

and Atkins Inorganic Chemistry, 5th Edition, Oxford University Press.  

[5] Miessler, G.L.; Fischer P.J.; Tarr, D. A. (2014),Inorganic Chemistry, 5th Edition, 

Pearson. 

 

 

 

Learning Outcomes/Course Outcome 

 

Course Outcome Description 

CO1 The outline, outcomes, and attributes provide students with learning 

experiences that help in achieving deep interests in learning of different 

nature and behavior of inorganic compounds based on fundamental 

concepts learnt. It will develop broad and balanced knowledge and 

understanding of the concepts of key chemical, principles, and theories 

related to Inorganic Chemistry; and equip students with appropriate tools 

of analysis to tackle issues and problems in the field of Inorganic 

Chemistry. Learn the fundamental principles of metallurgy and 

understand the importance of recovery of byproducts during extraction. 

CO2 Describe the real-world problems, challenges with the application of the 

concept. Formulate the mechanism of inorganic reactions by recalling and 

correlating the fundamental properties of the reactants involved. 

Understand the basic and practical applications in various fields of metals 

and alloy behavior and their manufacturing processes. 

CO3 Develop in students the ability to apply the knowledge and skills they 

have acquired to the solution of specific theoretical and applied problems. 

Apply the thermodynamic concepts like that of Gibbs energy and entropy 

to the principles of extraction of metals. 

CO4 Identify and use various analytical techniques in Inorganic Chemistry 

based project management. Understand the periodicity in atomic and ionic 

radii, electronegativity, ionization energy, electron affinity of elements of 

the periodic table 

CO5 Apply experimental demonstration and validation by using various 

analytical techniques given in theorem, principles as explained in lectures. 

Understand oxidation states with reference to elements in unusual and rare 

oxidation states like carbides and nitrides. 

CO6 Demonstrate students with the knowledge and skill base that would enable 

them to undertake further studies. It helps to develop a range of generic 

skills that are relevant to wage employment, self-employment, and 

entrepreneurship. 

 

 



 

L-T Scheme: 0-0-2                                                                                         Course Credit:  1 

Objective: To learn the use of different instruments for understanding the principles of Physics. 

 

List of Experiments: 

1. Using Vernier Callipers  

(i) Measure the diameter of a small spherical/cylindrical body. 

(ii) Measure the dimensions of a given regular body of known mass and hence 

find its density. 

(iii) Measure the internal diameter and depth of a given beaker and hence find its 

volume   

2. Using Screw-gauge  

(i)     Measure diameter of a given wire. 

(ii) Measure thickness of a given sheet. 

3. To find the weight of a given body using parallelogram law.    

4. To determine the force constant K and mass of the flat spiral spring by statistical and 

dynamical method..    

5. Using simple pendulum determine the acceleration due to gravity.  

6. To determine the value of Young’s modulus of the material from the flexure of a beam 

supported on two knife-edges and loaded at its middle point.   

7. To determine the modulus of rigidity of the material of wire with the help of a torsional 

pendulum. 

8. To determine the radius of curvature of a convex lens by spherometer 

Title of Course:   Physics Lab I Course Code:  BS1PH171 

Outcome Description 

CO1 Develop the  ability to collect experimental data and  understanding the working  

procedures within the precautionary limits 

CO2 Acquired the ability to analyze the experimental data and related errors in a reflective, 

iterative and responsive way 

CO3 Demonstrate understanding of the basic concepts related to classical mechanics  

CO4 Acquired an enhanced understanding of the theory course “Mechanics and relativity” 

offered in parallel  

CO5 Appreciate the importance of the laboratory work culture and ethics that is intended to 

impart features like regularity, continuity of self evaluation and honesty of reporting  



 

Course Name: Inorganic Chemistry Lab                                                Code: BS1CH171                                                                                                             

L-T-P Scheme: 0-0-02                        Credit: 01 

Prerequisite: The students must be aware of basic Inorganic Chemistry up to the graduate level.  

This knowledge helps them to correlate and adopt at Graduate level.  

Objective: The students will aware about various chemical synthesis and analysis at laboratory  

[1] Titrimetric Analysis: (i) Calibration and use of apparatus (ii) Preparation of solutions of 

titrants of different Molarity/Normality.  

[2] Acid-Base Titrations: Principles of acid-base titrations to be discussed. 

(i) Estimation of sodium carbonate using standardized HCl. 

(ii) Estimation of carbonate and hydroxide present together in a mixture. 

(iii) Estimation of carbonate and bicarbonate present together in a mixture. 

(iv) Estimation of free alkali present in different soaps/detergents 

[3] Oxidation-Reduction Titrimetry: Principles of oxidation-reduction titrations (electrode 

potentials) to be discussed. 

(v) Estimation of Fe(II) and oxalic acid using standardized KMnO4 solution 

(vi) Estimation of oxalic acid and sodium oxalate in a given mixture. 

(vii) Estimation of Fe(II) with K2Cr2O7 using internal indicator (diphenylamine, 

N-phenylanthranilic acid) and discussion of external indicator 

 Teaching Methodology: This course is introduced to help students understand various 

experiments useful at various levels in chemical industry as well as higher study. The entire 

course is broken down into following separate units. Each section includes multiple topics to 

help a student gain deeper understanding of the subject. This lab course is well complemented by 

a theory course in the same semester that helps a student learn and discuss the technical details of 

the underlying technologies.  

Evaluation Scheme: 

 Exams Marks Coverage 

P-1 15 Marks Exp 1-4 

P-2 15 Marks Exp 5-8 



Attendance & 

Discipline 
15 Marks 

 

Practical Records 15 Marks  

Day to Day Activity 40 Marks  

Total 100 Marks 
 

 

Learning Resources: Study material of Environmental Engineering Lab (will be added time to 

time): Digital copy will be available on the JUET server.  

 Reference Book: 

[1] Jeffery, G.H.; Bassett, J.; Mendham, J.; Denney, R.C. (1989),Vogel’s Textbook of 

Quantitative Chemical Analysis, John Wiley and Sons. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Semester II 

 

L-T Scheme: 3-1-0                                                                                           Course Credit:  4 

 

Course Objectives:  

The course intends to introduce fundamental aspects of theory of electromagnetism starting from 

electrostatics, magnetostatics and concluding with Maxwell's equations  

 

Course Outline 

Introduction to Vector Calculus 

Basic concepts of Vector calculus: Cartesian, Spherical polar and Cylindrical Co-ordinate 

systems, concept of Gradient, divergence, curl and fundamental theorems               [08 Lectures] 

Electrostatics  

Electric charge, conservation of charge, quantization of charge, Coloumb’s force law, Electric 

field, charge distributions, flux, Gauss’s law and its applications, energy associated with electric 

field. Electric potential, potential due to various charge distribution, Method of images, 

Laplace’s and Poisson’s equations, Energy of system of charges, Electric field inside matter, 

linear dielectric materials, polarization, capacitance, energy stored in a capacitor, Electric 

displacement, Electric currents.                    [18 Lectures] 

 Magnetostatics 

Electric currents, Magnetic field as effects of electric current, Biot-Savart law, Ampere’s law, 

magnetic field inside matter, forces and torques in magnetic field, electromagnetic induction, 

Faraday’s law, lenz law, Inductance and magnetic circuits                                        [08 Lectures] 

Electromagnetism 

Maxwell’s equations in free space and matter, Maxwell correction to Ampere’s law, 

electromagnetic F in free space, Transverse nature of electromagnetic waves and polarization, 

propagation of electromagnetic field in free space    [08 Lectures] 

 

Text Books & References: 

1. Physics: Resnick and Halliday 

2. Electricity and Magnetism: Berkeley Physics Course vol. 2 

3. Electromagnetics, Schaum’s Outline Series. 

4. Introduction to electrodynamics, D. J. Griffiths , Prentice Hall of India Ltd. 

 

Course 

Outcomes 

Description 

CO1 Develop basic working knowledge of co-ordinate systems in a generalized way and  

 vector differential operators  

CO2 Understand the  fundamentals of electric fields produced by charges, forces among 

 charges and charge conservation, Able to apply Gauss’s law in evaluation of 

 electric fields produced by various charge distributions, Understand the formulation 

and evaluation of electric potential using special techniques 

Title of Course:    Electricity and Magnetism Course Code:  BS1PH201 



CO3 Acquired relevant identification of electric fields inside matter, handling the problem of  

evaluation of electric field at the interface of two media 

CO4 Become familiar with the magnetic field as an effect of moving charges, Understand  

the effects of magnetic fields on charges and currents and be able to evaluate magnetic 

field due to current distributions using Biot Savart’s law and Ampere’s law 

CO5 Understanding and developing an appreciation for the  utility and important role of 

Maxwell’s equation as far as propagation of electromagnetic waves in free space is 

concerned 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

L-T Scheme: 3-1-0                                                                                         Course Credit:  4 

 

Objectives: The aim of the course is to cover the basic of first and higher order differential 

equations. The main objective of the course is to develop in student, an intuitive understanding 

of differential equations emphasizing on its applications in various engineering fields. 

Course Contents:                                        

Unit-1: First Order Differential Equations Basic concepts and genesis of ordinary differential 

equations, Order and degree of a differential equation, Differential equations of first order and 

first degree, Equations in which variables are separable, Homogeneous equations, Linear 

differential equations and equations reducible to linear form, Exact differential equations, 

Integrating factor. 

Unit-2:  First order higher degree equations solvable for x, y and p. Clairaut’s form and singular 

solutions. Picard’s method of successive approximations and the statement of Picard’s theorem 

for the existence and uniqueness of the solutions of the first order differential equations.  

Unit-3: Second Order Linear Differential Equations Statement of existence and uniqueness 

theorem for linear differential equations, General theory of linear differential equations of second 

order with variable coefficients, Solutions of homogeneous linear ordinary differential equations 

of second order with constant coefficients, Transformations of the equation by changing the 

dependent/independent variable, Method of variation of parameters and method of undetermined 

coefficients, Reduction of order, Coupled linear differential equations with constant coefficients.  

Unit-4: Higher Order Linear Differential Equations Principle of superposition for a 

homogeneous linear differential equation, Linearly dependent and linearly independent solutions 

on an interval, Wronskian and its properties, Concept of a general solution of a linear differential 

equation, Linear homogeneous and non-homogeneous equations of higher order with constant 

coefficients, Euler-Cauchy equation, Method of variation of parameters and method of 

undetermined coefficients, Inverse operator method.  

Unit-5: Series Solutions of Differential Equations Power series method, Legendre's equation, 

Legendre polynomials, Rodrigue’s formula, Orthogonality of Legendre polynomials, Frobenius 

method, Bessel's equation, Bessel functions and their properties, Recurrence relations.  

Methodology: 

The course will be covered through lectures supported by tutorials. Apart from the discussions 

on the topics covered in the lectures assignments/ quizzes in the form of questions will also be 

given. 

Learning Outcomes:  

Title of Course:    Differential Equations Course Code:  BS1MA202 



CO1 Understand the genesis of ordinary differential equations. 

CO2 Learn various techniques of getting exact solutions of solvable first order differential 

equations and linear differential equations of higher order.  

CO3 Know Picard’s method of obtaining successive approximations of solutions of first 

order differential equations, passing through a given point in the plane and Power 

series method for higher order linear equations, especially in cases when there is no 

method available to solve such equations. 

CO4 Grasp the concept of a general solution of a linear differential equation of an arbitrary 

order and also learn a few methods to obtain the general solution of such equations.  

CO5 Solve various heat flow  equations  using  higher order differential equations 

CO6 Formulate mathematical models in the form of ordinary differential equations to 

suggest possible solutions of the day to day problems arising in physical, chemical 

and biological disciplines 

 

 References: 

1. Belinda Barnes & Glenn Robert Fulford (2015). Mathematical Modelling with Case 

Studies: A Differential Equation Approach Using Maple and MATLAB (2nd edition). 

Chapman & Hall/CRC Press, Taylor & Francis.  

2. H. I. Freedman (1980). Deterministic Mathematical Models in Population Ecology. 

Marcel Dekker Inc.  

3. Erwin Kreyszig (2011). Advanced Engineering Mathematics (10th edition).  Wiley.  

4.    Daniel A. Murray (2003). Introductory Course in Differential Equations, Orient. 

5.   B. Rai, D. P. Choudhury & H. I. Freedman (2013). A Course in Ordinary  Differential  

         Equations (2nd edition). Narosa.  

6.    Shepley L. Ross (2007). Differential Equations (3rd edition), Wiley India.  

7.    George F. Simmons (2017). Differential Equations with Applications and  Historical  

        Notes (3rd edition). CRC Press. Taylor & Francis.  



 

Course Description  

 

L-T Scheme: 3-1-0                                                                                         Course Credit:  4 

 

Objectives: To develop basic and advance concepts regarding the three states of matter. To 

derive the expressions for determining the physical properties of gases, liquids and solids. 

 

COURSE CONTENT 

Unit 1: Gaseous state: Kinetic molecular model of a gas: postulates and derivation of the kinetic 

gas equation; collision frequency; collision diameter; mean free path and viscosity of gases, 

including their temperature and pressure dependence, relation between mean free path and 

coefficient of viscosity, calculation of σ from η; variation of viscosity with temperature and 

pressure. Maxwell distribution and its use in evaluating molecular velocities (average, root mean 

square and most probable) and average kinetic energy, law of equipartition of energy, degrees of 

freedom and molecular basis of heat capacities. Behaviour of real gases: Deviations from ideal 

gas behaviour, compressibility factor, Z, and its variation with pressure and temperature for 

different gases. Causes of deviation from ideal behaviour. Equation of states for real gases; van 

der Waals equation of state, its derivation and application in explaining real gas behaviour, Virial 

coefficients, calculation of Boyle temperature. Isotherms of real gases and their comparison with 

van der Waals isotherms, continuity of states, critical state, relation between critical constants 

and van der Waals constants, law of corresponding states. 

Unit 2: Liquid state: Qualitative treatment of the structure of the liquid state; physical 

properties of  liquids; vapour pressure, surface tension and coefficient of viscosity, and their 

determination. Effect of addition of various solutes on surface tension and viscosity. Explanation 

of cleansing action of detergents. Temperature variation of viscosity of liquids and comparison 

with that of gases. 

Unit 3: Solid state: Nature of the solid state, law of constancy of interfacial angles, law of 

rational indices, Miller indices, elementary ideas of symmetry, symmetry elements and 

symmetry operations, qualitative idea of point and space groups, seven crystal systems and 

fourteen Bravais lattices; X-ray diffraction, Bragg’s law, a simple account of rotating crystal 

method and powder pattern method. Analysis of powder diffraction patterns of NaCl, CsCl and 

KCl. 

Title of Course:      Physical Chemistry Course Code:  BS1CH202 



Unit 4: Ionic equilibria: Strong, moderate and weak electrolytes, degree of ionization, factors 

affecting degree of ionization, ionization constant and ionic product of water. Ionization of weak 

acids and bases, pH scale, common ion effect; dissociation constants of mono and diprotic acids. 

Salt hydrolysis-calculation of hydrolysis constant, degree of hydrolysis and pH for different salts. 

Buffer solutions; derivation of Henderson equation and its applications. Solubility and solubility 

product of sparingly soluble salts – applications of solubility product principle. Qualitative 

treatment of acid – base titration curves (calculation of pH at various stages). Theory of acid–

base indicators; selection of indicators and their limitations. 

Teaching Methodology: 

This syllabus has been implemented for helping the students to understand Physical Chemistry 

basic concept in details. The entire syllabus has divided into four units. Each section includes 

multiple topics to help a student gain a deeper understanding of Physical Chemistry. This course 

is dividing into 42 Lectures and 14 Tutorial. The facility provided in LRC for both textbooks of 

ebook for getting a better understanding of students. The NPTEL lecture was also made available 

to students.  

 

CO1 The outline, outcomes, and attributes provide students with learning experiences that 

help in achieving deep interests in learning of different nature and behavior of Physical 

Chemistry based on fundamental concepts learnt. Derive mathematical expressions for 

different properties of gas, liquid and solids and understand their physical significance. 

CO2 Describe the real-world problems, challenges with the application of the concept. Explain 

the crystal structure and calculate related properties of cubic systems. 

CO3 Develop in students the ability to apply the knowledge and skills they have acquired to 

the solution of specific theoretical and applied problems. 

CO4 Identify and use various analytical techniques in Physical Chemistry based project 

management. Explain the concept of ionization of electrolytes with emphasis on weak 

acid and base and hydrolysis of salt. 

CO5 Apply experimental demonstration and validation by using various analytical techniques 

given in theorem, principles as explained in lectures. Apply the concepts of gas 

equations, pH and electrolytes while studying other chemistry courses and everyday life. 

CO6 Demonstrate students with the knowledge and skill base that would enable them to 



undertake further studies. It helps to develop a range of generic skills that are relevant to 

wage employment, self-employment, and entrepreneurship. 

 

 

Text Book: 

[1] Atkins, P.W.; Paula, J.de. (2014),Atkin’s Physical Chemistry Ed., 10th Edition, Oxford 

University Press. 

[2] Ball, D. W. (2017),Physical Chemistry, 2nd Edition,Cengage Learning, India. 

[3] Castellan, G. W. (2004),Physical Chemistry, 4th Edition, Narosa. 

[4] Kapoor, K.L. (2015),A Textbook of Physical Chemistry, Vol 1, 6th Edition, McGraw 

Hill Education 

Reference Book: 

[1] Moore, W.J. (1972),Physical Chemistry, 5th Edition,Longmans Green & Co. Ltd. 

[2] 2. Glasstone, S. (1948),Textbook of Physical Chemistry, D. Van Nostrand company, 

New York. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Course Description  

 

L-T Scheme: 0-0-2                                                                                         Course Credit:  1 

Objective: To learn the use of different instruments for understanding the principles of Physics. 

 

List of Experiments:  

1. To determine the coefficient of thermal conductivity of mica sheet (bad conductor) by 

Lee’s disc method   

2. To convert a Weston galvanometer into an ammeter of a given range    

3. To study the variation of magnetic field along the axis of Helmholtz Galvanometer and to 

determine its reduction factor  

4. To verify the Ohm’s law 

5. To observe Newton’s rings and to determine the wavelength of sodium light  

6. To study the presence of energy levels in an atom by Franck-Hertz Experiment 

7. To determine the specific rotation of cane sugar solution using Biquartz polarimeter  

8. To determine the surface tension of a liquid by capillary rise method 

   

 

Title of Course:   Physics Lab II Course Code:  BS1PH271 

Course 

Outcome 

Description 

CO1 Develop the  ability to collect experimental data and  understanding the working  

procedures within the precautionary limits 

CO2 Acquired the ability to analyze the experimental data and related errors in a reflective, 

iterative and responsive way 

CO3 Demonstrate understanding of the basic concepts related to general properties of matter, 

optics and modern physics 

CO4 Acquired an enhanced understanding of the theory course “Electricity and Mgnetism” offered 

in parallel  

CO5 Appreciate the importance of the laboratory work culture and ethics that is intended to impart 

features like regularity, continuity of self evaluation and honesty of reporting the data 



 

 

Course Name: Physical Chemistry Lab                                                              Code: BS1CH271                                                                                                             

L-T-P Scheme: 0-0-02                        Credit: 01 

Prerequisite: The students must be aware of basic Physical Chemistry up to the graduate level.  

This knowledge helps them to correlate and adopt at Graduate level.  

[1] Objective: The students will aware about various chemical synthesis and analysis at 

laboratory To analyze different group radicals. 

[2] Indentify different functional group of unknown organic compound. 

[3] Determine the surface tension of aqueous solutions by (i) drop number (ii) drop weight 

method.  

[4] Study the variation of surface tension with different concentration of detergent 

solutions. Determine CMC.  

[5]  Viscosity measurement using Ostwald’s viscometer. i. Determination of co-efficient of 

viscosity of an unknown aqueous solution. ii. Study the variation of co-efficient of 

viscosity with different concentration of Poly Vinyl Alcohol (PVA) and determine 

molar mass of PVA. iii. Study the variation of viscosity with different concentration of 

sugar solutions.  

[6] Determination of molecular weight of a volatile compound using Victor Meyer’s 

method.  

[7] Study the effect of addition of HCl/NaOH on pH to the solutions of acetic acid, sodium 

acetate and their mixtures. 

[8] Preparation of buffer solutions of different pH values 

(a) Sodium acetate-acetic acid 

(b) Ammonium chloride-ammonium hydroxide 

Teaching Methodology: This course is introduced to help students understand various 

experiments useful at various levels in chemical industry as well as higher study. The entire 

course is broken down into following separate units. Each section includes multiple topics to 

help a student gain deeper understanding of the subject. This lab course is well complemented by 



a theory course in the same semester that helps a student learn and discuss the technical details of 

the underlying technologies.  

Evaluation Scheme: 

 Exams Marks Coverage 

P-1 15 Marks Exp 1-4 

P-2 15 Marks Exp 5-8 

Attendance & 

Discipline 
15 Marks 

 

Practical Records 15 Marks  

Day to Day Activity 40 Marks  

Total 100 Marks 
 

 

Learning Resources: Study material of Environmental Engineering Lab (will be added time to 

time): Digital copy will be available on the JUET server.  

Reference Book: 

[1] Khosla, B.D.; Garg, V.C.; Gulati, A. (2015),Senior Practical Physical Chemistry, R. Chand 

& Co, New Delhi.  

[2] Kapoor, K.L. (2019),A Textbook of Physical Chemistry, Vol.7, 1st Edition, McGraw Hill 

Education.  

[3] Garland, C. W.; Nibler, J. W.; Shoemaker, D. P.( 2003),Experiments in Physical 

Chemistry, 8th Edition, McGraw-Hill, New York. 

 

 

 

 

 

 

 

 

 



 

 

 

L-T Scheme: 3-1-0                                                                                         Course Credit:  4 

 

Objectives:  
The aim of this course is to teach the applications of various numerical techniques for a variety 

of problems occurring in daily life.  

 

Course Contents: 
 

Unit-1:  Errors in computation, Algebraic and Transcendental equations: Bisection method, Secant 

method, Regula-Falsi method, Newton’s method, Rate of convergence. Newton’s method for 

complex roots. Generalized Newton’s method. 

 

Unit-2: System of linear equations: Gauss Elimination,  Gauss Jordan, factorization methods,  
Gauss Jacobi method, Gauss Seidel method, Power method for finding largest/smallest Eigen value.  

 

Unit-3: Lagrange’s interpolation, Hermite interpolation, Finite difference operators, Divided 

difference operators. Newton’s forward and backward difference interpolation. Newton’s divided 

difference formula. 

 

Unit-4: Numerical Differentiation and integration: Approximation for first and second order 

derivatives, Trapezoidal rule, Simpson’s 1/3rd- rule, Simpsons 3/8th rule, Boole’s Rule and Weddle’s 

Rule. (Order of Error in each case)  

 

Unit-5: Initial and Boundary Value Problems of Differential Equations: Taylor series method, 

Picard method, Euler’s method, Modified-Euler’s method, Runge-Kutta methods of orders two, three 

and four, Partial differential equations.  

 

Methodology: 

          The course will be covered through lectures supported by tutorials. Apart from the discussions 

on the topics covered in the lectures, assignments and quizzes in the form of questions will also 

be given for practice. 

Course 

Outcome 

This course will enable the students to: 

CO1 Demonstrate common numerical methods and how they are used to obtain approximate 

solutions to otherwise intractable mathematical problems. 

CO2 Analyze and evaluate the accuracy of the numerical solutions. Learn various techniques of 

getting numerical solutions of  system of linear equations and nonlinear equations. 

Title of Course:     Numerical Analysis Course Code:  BS1MA603 



CO3 Understand the concepts of finite differences, interpolation, extrapolation and approximation. 

CO4 Solve initial and boundary value problems in differential equations using numerical methods. 

CO5 Work out numerical differentiation and integration whenever and wherever routine methods 

are not applicable. 

CO6 Apply numerical methods to diverse situations in physics, engineering and in other 

mathematical contexts. 

 

Text Books     

[1] “Introductory Methods of Numerical Analysis”, S.S. Sastry, PHI Ltd., 2005. 

[2]  “Numerical Methods for Scientific and Engineering Computation ”,  Jain, Iyengar &Jain, 

New age International Publication (P) Ltd, 2012. 

[3] “Applied Numerical Analysis”,  Gerald C.F., Wheatley P.O., Pearson Education India; 

7e, 2007. 

[4]  “Numerical Methods in Engineering and Science”,  Grewal, B. S., Khanna Publisher; 

Eleventh edition, 2013. 

[5] “Numerical mathematical Analysis”, James B., Scarborough. Baltimore,  Johns Hopkins 

Press,1950.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Semester III 

 

L-T Scheme: 3-1-0                                                                                         Course Credit:  4 

 

Objectives: To acquire the basic knowledge of digital logic levels and application of knowledge 

to understand digital electronics circuits. 

 

Laws of Thermodynamics: 

Thermodynamic Description of system: Zeroth Law of thermodynamics and temperature. First 

law and internal energy, conversion of heat into work, Various Thermodynamical Processes, 

Applications of First Law: General Relation between CP & CV, Work Done during Isothermal 

and Adiabatic Processes, Compressibility & Expansion Coefficient, Reversible & irreversible 

processes, Second law & Entropy, Carnot’s cycle & theorem, Entropy changes in reversible & 

irreversible processes, Entropy-temperature diagrams, Third law of thermodynamics, 

Unattainability of absolute zero. (15 Lectures) 

 

Thermodynamic Potentials: Enthalpy, Gibbs, Helmholtz and Internal Energy functions, 

Maxwell’s relations & applications - Joule-Thompson Effect, Clausius- Clapeyron Equation, 

Expression for (CP – CV), CP/CV, TdS equations. (10 Lectures) 

 

Kinetic Theory of Gases: Derivation of Maxwell’s law of distribution of velocities and its 

experimental verification, Mean free path (Zeroth Order), Transport Phenomena: Viscosity, 

Conduction and Diffusion (for vertical case), Law of equipartition of energy (no derivation) and 

its applications to specific heat of gases; mono-atomic and diatomic gases. (10 Lectures) 

 

Theory of Radiation: Blackbody radiation, Spectral distribution, Concept of Energy Density, 

Derivation of Planck's law, Deduction of Wien’s distribution law, Rayleigh- Jeans Law, Stefan 

Boltzmann Law and Wien’s displacement law from Planck’s law. 

(6 Lectures) 

 

Statistical Mechanics: Phase space, Macrostate and Microstate, Entropy and Thermodynamic 

probability, Maxwell-Boltzmann law - distribution of velocity - Quantum statistics - Fermi-Dirac 

distribution law - electron gas - Bose-Einstein distribution law - photon gas - comparison of three 

statistics. (12 Lectures) 

Reference Books: 

 Thermal Physics, S. Garg, R. Bansal and C. Ghosh, 1993, Tata McGraw-Hill. 

 A Treatise on Heat, Meghnad Saha, and B.N. Srivastava, 1969, Indian Press. 

 Thermodynamics, Enrico Fermi, 1956, Courier Dover Publications. 

 Heat and Thermodynamics, M.W.Zemasky and R. Dittman, 1981, McGraw Hill 

 Thermodynamics, Kinetic theory & Statistical thermodynamics, F.W.Sears & 

G.L.Salinger. 1988, Narosa University Physics, Ronald Lane Reese, 2003, Thomson 

Brooks/Cole. 

 Thermal Physics, A. Kumar and S.P. Taneja, 2014, R. chand Publications. 

Title of Course: Thermal Physics & Statistical 

Mechanics 

Course Code:  BS1PH301 



Learning Outcomes/Course Outcome 

 

Course Outcome Description 

CO1 Understanding different laws of thermodynamics and their applications 

CO2 To understand the Enthalpy as well as thermodynamic potentials 

CO3 Use of kinetic theory of gases in different gas systems 

CO4 Understanding the origin of Quantum nature of radiation 

CO5 Learning of different distribution Functions and statistical applications 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

L-T Scheme: 3-1-0                                                                                         Course Credit:  4 

 

Objective: 
 

This course aims to provide a first approach to the subject of algebra, which is one of the 

basic pillars of modern mathematics. The focus of the course will be the study certain 

structures called groups and some related structures and Application of matrices. Algebra 

gives to student a good mathematical maturity and enables to build mathematical thinking 

and skill. 

 

Course Contents: 

 

Unit-I : Introduction of matrices, Elementary operations of matrices. Inverse of a matrix.  

             Rank of a matrix.  

 

Unit-2 : Application of matrices to the system of linear equations, Consistency of the system.  

 

Unit-3: Division algorithm, Divisibility and Euclidean algorithm, Congruence relation   

             between  integers, Fundamental Theorem of Arithmetic. 

 

Unit-4: Definition of a group with examples and simple properties, Abelian group,   

              Subgroups, Generation of groups, Cyclic groups. 

 

Unit-5 : Coset decomposition, Lagrange’s theorem and its consequences, Normal subgroups. 

 

Teaching Methodology: 

 

The course will be covered through lectures supported by tutorials. Apart from the discussions 

on the topics covered in the lectures assignments/ quizzes in the form of questions will also be 

given. 

 

 Text books:  

[1]. I. N. Herstein , Topics in Algebra, Wiley Eastern Ltd. New Delhi, 1975. 

[2]. D.T. Finkbeiner, Introduction to Matrices and Linear transformations, CBS Publishers, 

       New Delhi, 1986. 

[3]. K.B. Datta, Matrix and Linear Algebra, PHI Pvt. Ltd. New Delhi, 2000. 

[4]. P.B. Bhattacharya, S.K.Jain , S.R. Nagpal, First Course in Linear Algebra, Wiley 

       Eastern Ltd. New Delhi, 1983. 

[5]. S. Singh, Modern Algebra, Vikas Publ. House, India. 

 

Title of Course:  Linear Algebra Course Code:  BS1MA201 



 

 

Course Description  

 

L-T Scheme: 3-1-0                                                                                         Course Credit:  4 

Prerequisite: The students must be aware of basic Organic Chemistry up to the I.Sc. Level. This 

knowledge helps them to correlate and adopt at Graduate level.  

Objective: 

The core course Organic Chemistry I is designed in a manner that it forms a cardinal part of the 

learning of organic chemistry for the subsequent semesters. The course is infused with the 

recapitulation of fundamentals of organic chemistry and the introduction of a new concept of 

visualizing the organic molecules in a three-dimensional space. To establish the applications of 

these concepts, the functional groups-alkanes, alkenes, alkynes and aromatic hydrocarbons are 

introduced. The constitution of the course strongly aids in the paramount learning of the concepts 

and their applications. 

Course Learning Outcomes: 

Course 

Outcome 

Description 

CO1 The outline, outcomes, and attributes provide students with learning experiences that 

help in achieving deep interests in learning of different nature and behavior of organic 

compounds based on fundamental concepts learnt.. It will develop broad and balanced 

knowledge and understanding of the concepts of key chemical, principles, and theories 

related to Organic Chemistry; and equip students with appropriate tools of analysis to 

tackle issues and problems in the field of Organic Chemistry. 

CO2 Describe the real-world problems, challenges with the application of the concept. 

Formulate the mechanism of organic reactions by recalling and correlating the 

fundamental properties of the reactants involved. 

CO3 Develop in students the ability to apply the knowledge and skills they have acquired to 

the solution of specific theoretical and applied problems. Learn and identify many 

Title of Course:   Organic Chemistry Course Code: BS1CH102 



organic reaction mechanisms including Free Radical Substitution, Electrophilic Addition 

and Electrophilic Aromatic Substitution. 

CO4 Identify and use various analytical techniques in Organic Chemistry based project 

management. 

CO5 Apply experimental demonstration and validation by using various analytical techniques 

given in theorem, principles as explained in lectures. Understand the fundamental 

concepts of stereochemistry. 

CO6 Demonstrate students with the knowledge and skill base that would enable them to 

undertake further studies. It helps to develop a range of generic skills that are relevant to 

wage employment, self-employment, and entrepreneurship. 

COURSE CONTENT 

Unit 1:  

General Organic Chemistry: Hybridisation: Shapes of molecules Electronic displacements and 

their applications: Inductive, electromeric, resonance and mesomeric effects and 

hyperconjugation. Concept of dipole moment, acidity and basicity and pKa values. Homolytic 

and heterolytic fissions with suitable examples. Types, shape and relative stability of 

carbocations, carbanions, carbenes and free radicals. Weaker forces like van der Waals forces 

and hydrogen bonding Electrophiles and nucleophiles, and introduction to types of organic 

reactions: addition, elimination and substitution reactions. 

Unit 2: 

Stereochemistry: Stereoisomerism: Optical activity and optical isomerism, asymmetry, 

chirality, enantiomers, diastereomers. specific rotation; Configuration and projection formulae: 

Newmann, Sawhorse, Fischer and their interconversion. Chirality in molecules with one and two 

stereocentres; meso configuration. Racemic mixture and their resolution. Relative and absolute 

configuration: D/L and R/S designations. Geometrical isomerism: cis-trans, syn-anti and E/Z 

notations using CIP rules. 

Unit 3: 

General methods of preparation- Wurtz and Wurtz Fittig reaction, Corey House synthesis, 

physical and chemical properties of alkanes, Free radical substitutions; Halogenation, concept of 

relative reactivity v/s selectivity. Conformational analysis of alkanes (Conformations, relative 

stability and energy diagrams of Ethane, Propane and butane).General molecular formulae of 



cycloalkanes and relative stability, Baeyer strain theory, Cyclohexane conformations with energy 

diagram, Axial and equatorial positions. Conformations of monosubstituted cyclohexanes. 

Unit 4: 

Structure and isomerism.General methods of preparation, physical and chemical properties. 

Mechanism, of E1, E2, E1cb reactions, Saytzeff and Hoffmann eliminations, Electrophilic 

Additions, mechanism with suitable examples, (Markownikoff/Antimarkownikoff addition), syn 

and anti-addition; addition of H2, X2, oxymercuration-demercuration, hydroboration-oxidation, 

ozonolysis, hydroxylation, Diels Alder reaction, 1,2-and 1,4-addition reactions in conjugated 

dienes. Mechanism of allylic and benzylic bromination in propene, 1-butene, toluene,ethyl 

benzene. Reactions of alkynes; acidity, electrophilic and nucleophilic additions, hydration to 

form carbonylcompounds, Alkylation of terminal alkynes. 

Unit 5: 

Aromatic Hydrocarbons: Concept of Aromaticity, Huckel's rule, aromatic character of arenes, 

cyclic carbocations and carbanions with suitable examplesand heterocyclic compoundswith 

suitable examples. Electrophilic aromatic substitution: halogenation, nitration, sulphonation, 

Friedel Crafts alkylation/ acylation with their mechanism. Directing effects of groups in 

electrophilic substitution. 

Teaching Methodology: 

This syllabus has been implemented for helping the students to understand Organic Chemistry 

basic concept in details. The entire syllabus has divided into five units. Each section includes 

multiple topics to help a student gain a deeper understanding of Organic Chemistry. This course 

is dividing into 28 Lectures and 14 Tutorial. The facility provided in LRC for both textbooks of 

ebook for getting a better understanding of students. The NPTEL lecture was also made available 

to students.  

Evaluation Scheme: 

 Exams Marks Coverage 

Test-1 15 Marks Based on Unit-1 and Unit-2  

Test-2 25 Marks 
Based on Unit-2 & Unit-3 (80 %) and around 

20% from coverage of Test-1 

Test-3 35 Marks 
Based on Unit-3 to Unit-4 (80%) and around 

20% from coverage of Test-1 and Text-2 

Assignment 10 Marks  



Tutorials 5 Marks  

Quiz 5 Marks  

Attendance 5 Marks  

Total 100 Marks 
 

 

Learning Resources: 

Tutorials and lecture slide on Web Development (will be added from time to time): Digital copy 

will be available on the JUET server. 

Text Book: 

[2] Morrison, R. N.; Boyd, R. N. Organic Chemistry, Dorling Kindersley (India) Pvt. Ltd. 

(Pearson Education).  

[3] Finar, I. L. Organic Chemistry (Volume 1& 2), Dorling Kindersley (India) Pvt. Ltd. 

(Pearson Education). Page 26 of 167 B.Sc. Hons Chemistry University of Delhi.  

[4] Chandra, R. ; Singh, S.; Singh, A. (2019), Basic Organic Chemistry, Arcler Press.  

[5] Eliel, E. L.; Wilen, S. H.(1994),Stereochemistry of Organic Compounds; Wiley: London. 

[6] Singh, S.P.; Prakash, O.,(2017), Reaction Mechanism in organic chemistry, Laxmi 

Publications. 

Reference Book: 

[1] Solomons, T. W. G.; Fryhle, C. B. ; Snyder, S. A. (2016),Organic Chemistry, 12th 

Edition, Wiley.  

[2] Bruice, P. Y. (2017),Organic Chemistry, 8th Edition, Pearson.  

[3] Clayden, J.; Greeves, N.; Warren, S. (2012), Organic Chemistry, Oxford.  

[4] Nasipuri, D.(2018), Stereochemistry of Organic Compounds: Principles and 

Applications, 3 rd Edition, New Age International.  

[5] Gunstone, F. D. (1975), Guidebook to Stereochemistry, Prentice Hall Press. 

 

 

 

 

 

 

 

 



 

 

L-T Scheme: 3-1-0                                                                                         Course Credit:  4 

 
Course Objectives: 

This course is focused on detailed elucidation of basic principles of quantum mechanics. Meticulous 

introduction and discussion of various experimental results is going to be presented. This is to understand 

and appreciate the general physical implications of basic quantum ideas  

Course Outline 

Historical Background and origin of quantum ideas:  

Failures of classical physics in microscopic domain, Black body radiations, Photoelectric effect, x-ray 

diffraction, Atomic spectra and Bohr model of hydrogen atom       [06 Lectures] 

 

Wave particle dualism and Uncertainty principle:  

Compton effect, Davisson & Germer experiment, De Broglie hypothesis, Wave packets, concept of phase 

velocity and group velocity, Heisenberg uncertainty principle and its applications, Angular momentum 

and spin, Stern-Gerlach experiment          [12 Lectures] 

 

Wave function and Schrödinger equation: 

Statistical interpretation of wave function, Wave function and its properties, free particle wave function, 

Probability and Expectation values, Operators for dynamical variables, time-dependent Schrödinger 

equation, steady state Schrödinger equation, equation of continuity, Ehrenfest theorem        [10 Lectures] 

 

Schrödinger equation and one dimensional application  

Solution of time dependent Schrödinger equation for a free particle, Stationary states, energy Eigen values 

and Eigen functions  in case of a particle trapped in an infinite square well, bound states and scattering 

states for delta function potential, finite square well, reflection and transmission coefficients, tunneling, 

Potential step, , rectangular potential barrier, linear harmonic oscillator   [08 Lectures] 

 

Quantum mechanics in three dimensions:  

Separation of Schrödinger equation in Cartesian coordinates, Separation of Schrödinger equation in 

spherical polar coordinates, The hydrogen atom, Quantum mechanical treatment of orbital angular 

momentum, spin and Concept of degeneracy      [06 Lectures] 

 

Text Books & References: 

1. Introduction to Quantum Mechanics, D.J. Griffiths, Pearson Publication 

2. Quantum Physics: Berkeley Physics Course Vol. 4, E.H. Wichman, McGraw Hill  

3. Quantum Mechanics, B.H. Bransden and C.J. Joachain, Pearson Publications 

Title of Course:    Quantum Mechanics Course Code:  BS1PH402 



4. Quantum Mechanics, L.I. Schiff, Tata McGraw Hill 

5.  Introduction to Mathematical Physics, C. Harper, Prentice-Hall Publications 
 

Course 

Outcomes 

Description 

CO1 Comprehending the historical developments, important  benchmark experiment, conclusions 

 and understand the inadequacy of classical ideas in explanation of phenomena at the  

microscopic level 

CO2 Acquired a profound understanding of requirement of introducing quantum ideas on the basis 

various experimental results, developed importance of probabilistic interpretation and 

description of physical phenomena based on heuristic arguments based on Uncertainty 

principle, Develop the ability to discuss wave particle duality and associated concepts 

CO3 Understand the basic quantum mechanical description and statistical interpretation of wave 

function and relevant mathematical formulation in terms of Schrödinger equation 

CO4 Approach the solution of time dependent and time independent Schrodinger equation  in case 

of variety of one dimensional potential field 

CO5 Understanding the Eigen value problems for energy, momentum, angular momentum and 

central potentials by recognizing boundary conditions, setting up and solving  differential 

equations  based on separation of variables, power series solution, explain the idea of spin and 

concept of degeneracy 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Title: Environmental Science                                                                        Code: BS1CH401      

L-T-P Scheme: 3-0-0                                Credit: 3 

Prerequisite: The students must be aware of basic Environmental Science upto class 12
th

. Basic 

knowledge of Environmental Science helps them to correlate in various division of Engineering 

during this course.  

Objective: 

The purpose behind this course is to make the students familiar with Environment (surrounding) 

and to understand the significance/importance of natural resource, biodiversity, environment 

pollution and impact of intervention of human being in the Ecosystem. This course is mandatory 

for all branches of the Engineering and Sciences. 

Course Learning Outcomes: 

Course 

Outcome 

Description 

CO1 The outline, outcomes and attributes provide students with learning experiences that help 

in learning the significance and importance of environment in their life. 

 

CO2 Describe the real world problems, challenges with the suitable case study based on 

conservation (natural resource and biodiversity), ecosystem, socio-economic development 

and remedial measure of the various pollutions (air, water, soil, noise and radiation). 

 

CO3 Develop in students the ability to apply the knowledge and skills they have acquired to 

the solution of specific theoretical and applied problems in their surrounding (the 

Environment). 

 

CO4 Identify and use of various techniques for solving the Environmental Problems. 

 

CO5 Apply filed visit and justification by using various analytical techniques. 

 

CO6 Demonstrate students with the knowledge and skill base that would enable them to 

undertake further studies in the Environmental Science and related multidisciplinary areas 

that involve Environmental Science and help to develop a range of generic skills that are 

relevant to wage employment, self-employment and entrepreneurship. 

 

 

 

COURSE CONTENT 



Modules Description 

Unit 1: Introduction to Environmental Science: Multidisciplinary nature of environmental 

science; components of environment –atmosphere, hydrosphere, lithosphere and 

biosphere. Scope and importance; Concept of sustainability and sustainable development. 

Unit 2: Ecosystems: What is an ecosystem? Structure and function of ecosystem; Energy flow in 

an ecosystem: food chain, food web and ecological succession. Case studies of the 

following ecosystems: 

a) Forest ecosystem 

b) Grassland ecosystem 

c) Desert ecosystem 

d) Aquatic ecosystems (ponds, streams, lakes, rivers, oceans, estuaries) 

Unit 3: Natural Resources: Renewable and Non-renewable Resources 

• Land Resources and land use change; Land degradation, soil erosion and desertification. 

• Deforestation: Causes and impacts due to mining, dam building on environment, forests, 

biodiversity and tribal populations. 

• Water: Use and over-exploitation of surface and ground water, floods, droughts, 

conflicts over water (international & inter-state). 

• Heating of earth and circulation of air; air mass formation and precipitation. 

• Energy resources: Renewable and non-renewable energy sources, use of alternate energy 

sources, growing energy needs, case studies. 

Unit 4: Biodiversity and its conservation: Levels of biological diversity: genetic, species and 

ecosystem diversity; Biogeography zones of India; Biodiversity patterns and global 

biodiversity hot spots. • India as a mega-biodiversity nation; Endangered and endemic 

species of India. • Threats to biodiversity: habitat loss, poaching of wildlife, man-wildlife 

conflicts, biological invasions; Conservation of biodiversity: In-situ and Ex-situ 

Conservation of biodiversity. • Ecosystem and biodiversity services: Ecological, 

economic, social, ethical, aesthetic and Informational value. 

Unit 5: Environmental Pollution: Environmental pollution: types, causes, effects and controls; 

Air, water, soil, chemical and noise pollution. • Nuclear hazards and human health risks. • 

Solid waste management: Control measures of urban and industrial waste. • Pollution case 



studies. 

Unit 6: Environmental Policies & Practices: Climate change, global warming, ozone layer 

depletion, acid rain and impacts on human communities and agriculture.• Environment 

Laws : Environment Protection Act; Air (Prevention & Control of Pollution) Act; Water 

(Prevention and control of Pollution) Act; Wildlife Protection Act; Forest Conservation 

Act; International agreements; Montreal and Kyoto protocols and conservation on 

Biological Diversity (CBD). The Chemical Weapons Convention (CWC). 

• Nature reserves, tribal population and rights, and human, wildlife conflicts in Indian 

context. 

Unit 7: Human Communities and the Environment Human population and growth: Impacts on 

environment, human health and welfares. 

• Carbon foot-print. 

• Resettlement and rehabilitation of project affected persons; case studies. 

• Disaster management: floods, earthquakes, cyclones and landslides. 

• Environmental movements: Chipko, Silent valley, Bishnios of Rajasthan. 

• Environmental ethics: Role of Indian and other religions and cultures in 

environmental conservation. 

• Environmental communication and public awareness, case studies (e.g., CNG 

vehicles in Delhi). 

Unit 8: Field Work: Visit to a local area to document assets-river / forest / grassland /hill / 

mountain. polluted sites(Urban, rural ,industrial, agriculture), plants, insects, bird, 

Ecosystem (pond, river, hill slopes etc) 

 

Teaching Methodology: 

The core module Syllabus for Environment Science includes class room teaching and Field 

Work. The syllabus is divided into eight units covering lectures. The first seven units will cover 

42 lectures, which are class room based to enhance knowledge skills and attitude to environment. 

Unit eight is based on field activities which will be covered in 4 lecture hours and would provide 

student firsthand knowledge on various local environmental aspects. Field experience is one of 

the most effective learning tools for environmental concerns. This moves out of the scope of the 

text book mode of teaching into the realm of real learning in the field, where the teacher merely 



acts as a catalyst to interpret what the student observes or discovers in his/her own environment. 

Field studies are as essential as class work and form an irreplaceable synergistic tool in the entire 

learning process. Course material provided by UGC for class room teaching and field activities is 

utilized.  

Evaluation Scheme: 

 Exams Marks Coverage 

Test-1 15 Marks Based on Unit-1 Unit 2 and Unit-3  

Test-2 25 Marks 
Based on Unit-4 & Unit-5 (70 %) and around 

30% from coverage of Test-1 

Test-3 35 Marks 
Based on Unit-6 to Unit-7 and around 30% 

from coverage of Test-1 and Text-2 

Assignment 10 Marks  

Tutorials 5 Marks  

Quiz 5 Marks  

Attendance 5 Marks  

Total 100 Marks 
 

Learning Resources: 

Tutorials and lecture slides on Web Development (will be added from time to time): Digital copy 

will be available on the JUET server. 

Text Book 

[1] Bharucha Erach, 2003. The Biodiversity of India, Mapin Publishing Pvt. Ltd, Ahmadabad – 

380013, India. 
[2] De Anil Kumar, Environmental Chemistry, Wiley Eastern Ltd, 2007. 

[3] Agarwal KC, 2001. Environmental Biology, Nidhi Publishers Ltd. Bikaner. 

Reference Book 
[1] Brunner RC, 1989, Hazardous Waste Incineration, McGraw Hill Inc. 480pgs.  

[2] Clark R B, Marine Pollution, Clanderson Press, Oxford (TB).2001.  

[3] Cunningham WP, Cooper TH, Gorhani E & Hepworth MT, 2001. Environmental 

Encyclopedia, Jaico Publishing House, Mumbai, 1196 pgs.  

[4] Gleick HP, 1993. Water in Crisis, Pacific Institute for Studies in Development, 

Environment and Security. Stockholm Environmental Institute, Oxford University Press, 

473pgs. 

[5] Heywood VH, and Watson RT, 1995. Global Biodiversity Assessment. Cambridge 

University Press 1140pgs. 

[6] Jadhav H and Bhosale VM, 1995. Environmental Protection and Laws. Himalaya 

Publishing House, Delhi 284pgs.  

[7] Mckinney ML and Schoch RM, 1996. Environmental Science Systems and Solutions. 

Web enhanced edition, 639 pgs. 

 

 



 

 

L-T Scheme: 0-0-2                                                                                         Course Credit:  1 

Objective: To learn the use of different instruments for understanding the principles of Physics. 

 

List of Experiments: 

     
1. To study the Photo-Electric effect and to determine the value of the Planck’s constant.  

2. To study the variation of resistivity of a semiconductor with temperature and to 

determine the band gap using Four-Probe method  

3. To study the dielectric constant and Curie temperature of Ferroelectric ceramics.     

4.  To determine value of specific charge e/m for an electron by Thomson                

  method  

5. To determine the resistance per unit length of a Carey Foster’s bridge and to obtain the 

specific resistance of a given wire  

6. To determine the Planck’s constant using Wien’s displacement law 

7. To study the CRO and function generator by producing the following waveforms. 

a. 10kHz, 8Vp-p(sine wave, square wave, triangular wave) 

b. 4kHz, 6Vp-p(sine wave, square wave, triangular wave) 

c. 10kHz, 8Vpeak(sine wave, square wave, triangular wave) 

d. 4kHz, 6Vpeak(sine wave, square wave, triangular wave)  

8. To determine the wavelength of  Laser light by diffraction grating 

Title of Course:   Physics Lab III Course Code:  BS1PH371 

Course 

Outcome 

Description 

CO1 Develop the  ability to collect experimental data and  understanding the working  

procedures within the precautionary limits 

CO2 Acquired the ability to analyze the experimental data and related errors in a reflective, 

iterative and responsive way 

CO3 Demonstrate understanding of the basic concepts related to Modern physics, working of 

CRO , basic properties of semi conductors  

CO4 Acquired an enhanced understanding of the theory course “Quantum Mechanics” 

offered in parallel  

CO5 Appreciate the importance of the laboratory work culture and ethics that is intended to 

impart features like regularity, continuity of self evaluation and honesty of reporting the 

data 



 

 

 

Course Name: Organic Chemistry Lab                                                              Code: BS1CH371                                                                                                             

L-T-P Scheme: 0-0-02                        Credit: 01 

Prerequisite: The students must be aware of basic Organic Chemistry up to the graduate level.  

This knowledge helps them to correlate and adopt at Graduate level.  

Objective: The students will aware about various chemical synthesis and analysis at laboratory. 

Experiment Details 

[1] Calibration of a thermometer. 

[2] Organic Preparation (any one of the following): 

a. Bromination of acetanilide/aniline/phenol 

b. Nitration of nitrobenzene/toluene 

[3] Purification of organic compounds by crystallization using the following solvents: 

a. Water 

b. Alcohol 

c. Alcohol-Water 

[4] Determination of the melting points of prepared organic compounds (Kjeldahl method 

and electrically heated melting point apparatus) 

[5] Effect of impurities on the melting point – mixed melting point of two unknown organic 

compounds. 

[6] Determination of boiling point of liquid compounds. (boiling point lower than and more 

than 100 °C by distillation and capillary method) 

[7] Chromatography 

a. Separation of a mixture of two amino acids by ascending and radial paper 

chromatography 

b. Separation of a mixture of two sugars by ascending paper chromatography. 

[8] Separation of a mixture of o-and p-nitrophenol or o-and p-aminophenol by thin layer 

chromatography (TLC). 



Teaching Methodology: This course is introduced to help students understand various 

experiments useful at various levels in chemical industry as well as higher study. The entire 

course is broken down into following separate units. Each section includes multiple topics to 

help a student gain deeper understanding of the subject. This lab course is well complemented by 

a theory course in the same semester that helps a student learn and discuss the technical details of 

the underlying technologies.  

Evaluation Scheme: 

 Exams Marks Coverage 

P-1 15 Marks Exp 1-4 

P-2 15 Marks Exp 5-8 

Attendance & 

Discipline 
15 Marks 

 

Practical Records 15 Marks  

Day to Day Activity 40 Marks  

Total 100 Marks 
 

 

Learning Resources: Study material of Environmental Engineering Lab (will be added time to 

time): Digital copy will be available on the JUET server.  

Text Book: 

[1] Mann, F. G.; Saunders, B. C. (2009), Practical Organic Chemistry, Pearson Education. 

[2] Ahluwalia, V.K.; Dhingra, S. (2004),Comprehensive Practical Organic Chemistry: 

Qualitative Analysis, University Press. 

[3] Furniss, B.S.; Hannaford, A.J.; Smith, P.W.G.; Tatchell, A.R.(2012),Vogel's Textbook 

Of Practical Organic Chemistry, Pearson. 

[4] Leonard, J.; Lygo, B.; Procter, G. Advanced Practical Organic Chemistry, CRC 

Press. 

 

 

 

 

 



 

 

Title: Environmental Science Lab                                                  Code: BS1CH471 

L-T-P scheme: 0-0-2                                                                      Credit: 1   

Prerequisite: NIL  

Objective:  

The objective of this course is to give the students a basic idea of the different types of pollution 

in the environment. This course also gives them the idea about how to handle environmental 

pollution problems.  

Course Learning Outcomes: 

Course 

Outcome 

Description 

CO1 Outline different types of pollutants 

CO2 Understand the causes of pollution and their harmful effects. 

CO3 Describe various equipments related to air pollution and water pollution control 

CO4 Implement expressions for the estimating the efficiency of various air pollution control 

equipments. 

CO5 Apply appropriate equations for the design of water pollution control equipments. 

CO6 Demonstrate the working of various equipments related to pollution control. 

CONTENT:  

[1] pH, Turbidity, Electrical Conductivity  

[2] Acidity and Alkalinity  

[3] Total Hardness, Calcium and Magnesium  

[4] Solids (total, suspended and dissolved)  

[5]  Dissolved oxygen  

[6] Biochemical oxygen demand  

[7] Chemical oxygen demand (COD)  

[8] Gas liquid mass transfer characteristics (aeration apparatus)  

[9] Softening or demineralization of water (ion exchange column)  

Teaching Methodology: This course is introduced to help students understand basic principles 

of air and water pollution along with the design of air pollution and water pollution control 



equipment. The entire course is broken down into following separate units: Introduction, Air 

pollution, Water pollution and Noise pollution. Each section includes multiple topics to help a 

student gain deeper understanding of the subject. This lab course is well complemented by a 

theory course under the name Environmental Engineering in the same semester that helps a 

student learn and discuss the technical details of the underlying technologies.  

Evaluation Scheme: 

 Exams Marks Coverage 

P-1 15 Marks Exp 1-6 

P-2 15 Marks Exp 7-12 

Attendance & 

Discipline 
15 Marks 

 

Practical Records 15 Marks  

Day to Day Activity 40 Marks  

Total 100 Marks 
 

 

Learning Resources: Study material of Environmental Engineering Lab (will be added time to 

time): Digital copy will be available on the JUET server.  

TEXT BOOKS  

[1] .Laboratory Manual available in Lab  

[2] Study material available in related folder of Server  

[3] Rao C.S., “Environmental Pollution Control Engineering”, Wiley Eastern. 

[4] Davis M.L., Cornwell D.A., “Introduction to Environmental Engineering”, 2/e 

McGraw Hill1991.  

[5] Mahajan S.P., “Pollution Control in Process Industries”, Tata McGraw Hill 

Publishing Company Ltd.  

[6] Peavy, H.S., Rowe, D.R., Tchobanoglous G., “Environmental Engineering”, 

McGraw Hill 1985.  

[7] Master, G.M., “Introduction to Environmental Engineering & Science”, Prentice 

Hall of India. REFERENCE BOOKS / Material: 1. Metcalf et. al., “Waste Water 

Treatment, Disposal & Teuse”, 3/e, Tata McGraw Hill.  



 

 

Semester IV 
Title: Wave & Optics                                                                                    Course Code: BS1PH403  

L-T Scheme: 3-1-0                                                                                                             Credit: 4  

 

Course Objectives:  

This course aims at a detailed introduction of basic principles of superposition of waves and 

consequences. Various theoretical and experimental aspects related to Interference, diffraction and 

polarization is to be presented. Also included are the basic principles and working of Laser systems.  

Course Outline:  

 

 Introduction to Superposition of Waves  

Simple harmonic motion, Fermat’s principle, forced vibrations and origin of refractive index, 

wave propagation, wave equation, Huygen’s principle, rectilinear propagation, Superposition of 

waves, Coherence,  Spatial Coherence, Temporal coherence       [08 Lectures] 

Interference  

Two beam interference by division of wave front, intensity distribution, Fresnel’s two mirror 

arrangement, Fresnel’s biprism, Interference with white light, displacement of fringes, Lloyd’s 

mirror arrangement, Phase change on reflection, Interference by division of amplitude, 

Interference by a plane parallel film illuminated by plane wave, Cosine law, Non-reflecting 

films, high reflectivity by thin film deposition, reflection by periodic structure, Interference by a 

film with two non parallel reflecting surfaces, Colors of thin films, Newton’s rings, The 

Michelson interferometer, Multiple beam interferometry, Multiple reflections from a plane 

parallel film, Fabry-Perot interferometer          [14 Lectures] 

 

Diffraction  

Fraunhofer diffraction, Single slit diffraction, Diffraction by a circular aperture, Double slit 

diffraction, N-slit diffraction, Diffraction Grating, Missing orders, Fresnel diffraction and half 

period zones             [08 Lectures] 

Polarization  

Light as transverse electromagnetic wave, Polarization, Polarized light, Malus’s law, anisotropic 

media, Double refraction, analysis of polarized light, Optical activity                         [06 Lectures] 

 

Basic Principle of Laser system 

Lasers as a source of coherent light, Einstein coefficients, Population inversion, Optical 

resonator, Basic properties and applications of Laser, Ruby laser, He-Ne laser    [06 Lectures] 

 

 

Books Recommended: 

1. Optics by Ajoy Ghatak 



2. Optics by Eugene Hecht 

3. Fundamentals of Optics by Jenkins and White 

4. Lasers-Principles and Applications  by Ghatak and Thyagrajan 

 

Course 

Outcomes 

Description 

CO1 Understand the rectilinear propagation of light, difference between a ray and a wave 

 Explain the principle of superposition and redistribution of intensity of light in a given region  

 of space 

CO2 Acquired knowledge of the phenomenon of interference by division of wave front and division 

of amplitude through important  standard experiments & their results  

CO3 Understand and interpret the basic aspect related to diffraction of light through various 

apertures and practical implications 

CO4 Acquired the knowledge of  polarization on the basis of transverse nature of light and related 

applications 

CO5 Developed a basic comprehension of  basic properties and working of Laser systems and 

applications 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Title: Real Analysis                                              Code: BS1MA303 

 

L-T-P scheme: 3-1-0                    Credit: 4 

 

Prerequisite:  Students must have basic knowledge of calculus.  

  

Objective: 

 

The course will develop a deep and rigorous understanding of real line and of defining terms to 

prove the results about convergence and divergence of sequences and series of real numbers. 

These concepts have wide range of applications in real life scenario.  

 

Learning Outcomes: 

 

 

 

Course Contents: 

 

Unit-1: Review of Algebraic and Order Properties of R, � -neighborhood of a point in R, Idea  

            of countable sets, uncountable sets and uncountability of R. Bounded above sets,  

            Bounded below sets, Bounded Sets, Unbounded sets, Suprema and Infima, The  

            Completeness Property of R, The Archimedean Property.  

 

Unit-2: Limit points of a set, Isolated points, Illustrations of Bolzano-Weierstrass theorem for  

            sets. Sequences, Bounded sequence, Convergent sequence, Limit of a sequence. Limit   

            Theorems, 

 

Unit-3: Monotone Sequences, Monotone Convergence Theorem. Subsequences, Divergence   

             Criteria, Monotone Subsequence Theorem (statement only),  

  

Course Outcome                                          Description 

CO1 Understand many properties of the real line and learn to define sequence in 

terms of functions from to a subset of 

CO2 Recognize bounded, convergent, divergent, Cauchy and monotonic 

sequences 

CO3 To calculate their limit superior, limit inferior, and the limit of a bounded 

sequence. 

CO4 Determine various applications of the fundamental theorem of integral 

calculus. 

CO5 Relate concepts of uniform continuity, differentiation, integration and 

uniform convergence. 

CO6 Apply the ratio, root, alternating series and limit comparison tests for 

convergence and absolute convergence of an infinite series of real numbers.  



Unit-4: Bolzano Weierstrass Theorem for Sequences. Uniform Convergence. Cauchy  

             sequence, Cauchy’s Convergence Criterion.  

 

Unit-5: Infinite series, convergence and divergence of infinite series, Cauchy Criterion, Tests  

             for convergence: Comparison test, Limit Comparison test, Ratio Test, Cauchy’s nth  

             root test, Integral test, Alternating series, Leibniz test, Absolute and Conditional   

             convergence. 

Teaching Methodology: 

 

The course will be covered through lectures supported by tutorials. Apart from the discussions 

on the topics covered in the lectures assignments/ quizzes in the form of questions will also be 

given. 

 

Evaluation Scheme: 

  

Exams Marks Coverage 

Test-1 15 Marks Based on Unit-1 

Test-2 25 Marks 
Based on Unit-2 & Unit-3 and around 30% 

from coverage of Test-1 

Test-3 35 Marks 
Based on Unit-4 to Unit-5 and around 30% 

from coverage of Test-2 

Assignment 10 Marks  

Tutorials 5 Marks  

Quiz 5 Marks  

Attendance 5 Marks  

Total 100 Marks 
 

 

 

   Text books:  

1. T. M. Apostol (2008). Mathematical Analysis: A Modern Approach to 

Advanced Calculus. Pearson Education. 

2. Charalambos D. Aliprantis & ) Owen Burkinshaw1998). Principles of Real 

Analysis(3rd edition). Academic Press. 

3. Robert G. Bartle & Donald R. Sherbert (2015). Introduction to Real 

Analysis (4th edition).Wiley India. 

4. Gerald G. Bilodeau, Paul R. Thie & G. E. Keough (2015). An Introduction to 

Analysis(2nd edition), Jones and Bartlett India Pvt. Ltd. 

 

 



 

 

L-T Scheme: 3-1-0                                                                                         Course Credit:  4 

 

Course Details: 

 

Objectives: To learn the basics of crystal structure and physics of lattice dynamics . Learn the 

physics of different types of material like magnetic materials, dielectric materials, metals and 

their properties.  Understand the physics of insulators, semiconductor and conductors with 

special emphasis on the elementary band theory of semiconductors.  Comprehend the basic 

theory of superconductors. Type I and II superconductors, their properties and physical concept 

of BCS theory. 

 

Crystal Structure: Solids: Amorphous and Crystalline Materials. Lattice Translation Vectors. 

Lattice with a Basis – Central and Non-Central Elements. Unit Cell. Miller Indices. Reciprocal 

Lattice. Types of Lattices. Brillouin Zones. Diffraction of X-rays by Crystals. Bragg’s Law. 

Atomic and Geometrical Factor.                                                                          (10 Lectures) 

 

Elementary Lattice Dynamics: Lattice Vibrations and Phonons: Linear Monoatomic and 

Diatomic Chains. Acoustical and Optical Phonons. Qualitative Description of the Phonon 

Spectrum in Solids. Dulong and Petit’s Law, Einstein and Debye theories of specific heat of 

solids. T
3
 law.                                                                                                     (8 Lectures) 

 

Magnetic Properties of Matter: Dia-, Para-, Ferri- and Ferromagnetic Materials. Classical 

Langevin Theory of dia – and Paramagnetic Domains. Quantum Mechanical Treatment of 

Paramagnetism. Curie’s law, Weiss’s Theory of Ferromagnetism and Ferromagnetic Domains. 

Discussion of B-H Curve. Hysteresis and Energy Loss.                                   (8 Lectures) 

 

Dielectric Properties of Materials: Polarization. Local Electric Field at an Atom. 

Depolarization Field. Electric Susceptibility. Polarizability. Clausius Mosotti Equation. Classical 

Theory of Electric Polarizability. Normal and Anomalous Dispersion. Cauchy and Sellmeir 

relations. Langevin-Debye equation. Complex Dielectric Constant. Optical Phenomena. 

Application: Plasma Oscillations, Plasma Frequency, Plasmons.                         (8 Lectures) 

 

Elementary band theory: Kronig Penny model. Band Gaps. Conductors, Semiconductors and 

insulators. P and N type Semiconductors. Conductivity of Semiconductors, mobility, Hall Effect, 

Hall coefficient.                                                                                                     (8 Lectures) 

 

Superconductivity: Experimental Results. Critical Temperature. Critical magnetic field. 

Meissner effect. Type I and type II Superconductors, London’s Equation and Penetration Depth. 

Isotope effect.                                                                                                         (4 Lectures) 

 

Course learning outcome:  

 

Title of Course:    Solid State Physics Course Code: BS1PH404 



Course Outcome Description 

CO1 A brief idea about crystalline and amorphous substances, about lattice, unit 

cell, miller indices, reciprocal lattice, concept of Brillouin zones and 

diffraction of X-rays by crystalline materials. 

CO2 Knowledge of lattice vibrations, phonons and in depth of knowledge of 

Einstein and Debye theory of specific heat of solids 

CO3 At knowledge of different types of magnetism from diamagnetism to 

ferromagnetism and hysteresis loops and energy loss. Learning about 

dielectrics. 

CO4 Understanding above the band theory of solids and must be able to 

differentiate insulators, conductors and semiconductors 

CO5 To carry out experiments based on the theory that they have learned to 

measure the magnetic susceptibility, conductivity, dielectric constant, trace 

hysteresis loop. 

 

Reference Books: 

 Ltd. 

-Hall of India 

-Graw Hill 

 Learning 

 

 

 

 

 

Course Description  

 

L-T Scheme: 3-1-0                                                                                         Course Credit:  4 

 

 

Objective: 

The course introduces learners to the diverse roles of inorganic materials in the industry. It gives 

an insight into how these raw materials are converted into products used in day to day life. 

Students learn about silicates, fertilizers, surface coatings, batteries, engineering materials for 

mechanical construction as well as the emerging area of nano-sized materials. The course helps 

develop the interest of students in the frontier areas of inorganic and material chemistry. 

Course Learning Outcomes: 

Course 

Outcome 

Description 

Title of Course:  Industrial Organic Synthesis Course Code:  BS1CH402 



CO1 The outline, outcomes and attributes provide students with learning experiences that help 

in Learn the composition and applications of the different kinds of glass. 

CO2 Describe the real world problems, challenges to understand glazing of ceramics and the 

factors affecting their porosity. Give the composition of cement and discuss the 

mechanism of setting of cement. Explain the suitability of fertilizers for different kinds of 

crops and soil. Explain the process of formulation of paints and the basic principle behind 

the protection offered by the surface coatings. 

CO3 Develop in students the ability to apply the knowledge and skills they have acquired to 

the solution of specific theoretical and applied problems in chemical industry. 

CO4 Identify and use of various techniques for solving chemical industry. This course focused 

on few selected chemical industry like glass, cement, fertilizer etc. 

CO5 Apply filed visit and justification by using various analytical techniques. 

CO6 Demonstrate students with the knowledge and skill base that would enable them to 

undertake further studies and help to develop a range of generic skills that are relevant to 

wage employment, self-employment and entrepreneurship. 

COURSE CONTENT 

Unit 1:  

Silicate Industries:  

Glass: Glassy state and its properties, classification (silicate and non-silicate glasses). 

Manufacture and processing of glass. Composition and properties of the following types of 

glasses: Soda lime glass, lead glass, armored glass, different types of safety glass, borosilicate 

glass, fluorosilicate glass, colored glass, photosensitive glass, photo-chromic glass, glass wool 

and optical fiber. 

Ceramics: Brief introduction to types of ceramics. glazing of ceramics. 

Cement: Manufacture of Portland cement and the setting process, Different types of cements: 

quick setting cements, eco-friendly cement (slag cement), pozzolana cement. 

Unit 2: 

Fertilizers: Different types of fertilizers (N, P and K). Importance of fertilizers, chemistry 

involved in the manufacture of the following fertilizers: urea, ammonium nitrate, calcium 

ammonium nitrate, ammonium phosphates, superphosphate of lime, potassium chloride and 

potassium nitrate. 



Unit 3: 

Surface Coatings: Brief introduction to and classification of surface coatings, paints and 

pigments: formulation, composition and related properties, pigment volume concentration 

(PVC)and critical pigment volume concentration (CPVC), fillers, thinners, enamels and 

emulsifying agents. Special paints: heat retardant, fire retardant, eco-friendly paints, plastic 

paints, water and oil paints. Preliminary methods for surface preparation, metallic coatings 

(electrolytic and electroless with reference to chrome plating and nickel plating), metal spraying 

and anodizing. Contemporary surface coating methods like physical vapor deposition, chemical 

vapor deposition, galvanising, carburizing, sherardising, boriding, nitriding and cementation. 

Unit 4: 

Batteries: Primary and secondary batteries, characteristics of an Ideal Battery, principle, 

working, applications and comparison of the following batteries: Pb- acid battery, Li-metal 

batteries, Li-ion batteries, Li-polymer batteries, solid state electrolyte batteries, fuel cells, solar 

cells and polymer cells. 

Unit 5: 

Nano dimensional materials: Introduction to zero, one and two-dimensional nanomaterial: 

Synthesis, properties and applications of fullerenes, carbon nanotubes, carbon fibres, 

semiconducting and superconducting oxides. 

Teaching Methodology: 

This syllabus has been implemented for helping the students to understand Industrial Chemistry 

basic concept in details. The entire syllabus has divided into four units. Each section includes 

multiple topics to help a student gain a deeper understanding of Industrial Chemistry. This 

course is dividing into 42 Lectures and 14 Tutorial. The facility provided in LRC for both 

textbooks of ebook for getting a better understanding of students. The NPTEL lecture was also 

made available to students.  

Evaluation Scheme: 

 Exams Marks Coverage 

Test-1 15 Marks Based on Unit-1 and Unit-2  

Test-2 25 Marks 
Based on Unit-2 & Unit-3 (80 %) and around 

20% from coverage of Test-1 

Test-3 35 Marks 
Based on Unit-3 to Unit-4 (80%) and around 

20% from coverage of Test-1 and Text-2 



Assignment 10 Marks  

Tutorials 5 Marks  

Quiz 5 Marks  

Attendance 5 Marks  

Total 100 Marks 
 

 

Learning Resources: 

Tutorials and lecture slide on Web Development (will be added from time to time): Digital copy 

will be available on the JUET server. 

Text Book: 

[1] West, A. R. (2014),Solid State Chemistry and Its Application, Wiley. 

[2] Smart, L. E.; Moore, E. A. (2012),Solid State Chemistry An Introduction, CRC Press 

Taylor & Francis. 

[3] Atkins, P.W.; Overton, T.L.; Rourke, J.P.; Weller, M.T.; Armstrong, F.A.(2010),Shriver 

and Atkins Inorganic Chemistry, W. H. Freeman and Company. 

[4] Kent, J. A. (ed) (1997),Riegel’s Handbook of Industrial Chemistry, CBS Publishers, 

New Delhi. 

[5] Poole Jr.; Charles P.; Owens, Frank J.(2003), Introduction to Nanotechnology, John Wiley 

and  Sons. 

Reference Book: 

[1] Kingery, W. D.; Bowen H. K.; Uhlmann, D. R. (1976),Introduction to Ceramics, Wiley 

Publishers, New Delhi. 

[2] Gopalan, R. Venkappayya, D.; Nagarajan, S. (2004),Engineering Chemistry, Vikas 

Publications. 

 

 

 

 

 

 



 

L-T Scheme: 0-0-2                                                                                         Course Credit:  1 

Objective: To learn the use of different instruments for understanding the principles of Physics. 

 

List of Experiments: 

 

 To determine the refractive index of the material of a convex lens 

 To determine the wavelengths of spectral lines Red, Green and Violet of mercury using plane 

transmission grating 

 To study Hall effect in a P type semiconductor. To determine  

(i) Hall voltage and Hall coefficient  

(ii) Number of charge carriers per unit volume  

(iii) Hall angle and mobility 

 Using solar cell Trainer (a) study voltage and current of a solar cell              

(b) Voltage and current in series and parallel combinations. (c) Draw power curve to find 

maximum power point (MPP) and to obtain efficiency of a solar cell 

 To determine the magnetic susceptibility of a paramagnetic, FeCl3 solution by Quinck’s tube 

method 

 To determine dispersive power of a prism using spectrometer 

 To determine, using Fiber Optic kit  

(i) Numerical Aperture of the fiber 

(ii) Losses in given fiber 

 To study the magnetostriction in metallic rod using Michelson- Interferometer 

 

Title of Course:   Physics Lab IV Course Code:  BS1PH471 

Course 

Outcome 

Description 

CO1 Develop the  ability to collect experimental data and  understanding the working  

procedures within the precautionary limits 

CO2 Acquired the ability to analyze the experimental data and related errors in a reflective, 

iterative and responsive way 

CO3 Demonstrate understanding of the basic concepts related to optics, working of solar cells 

and optical fiber  

CO4 Acquired an enhanced understanding of the theory course “Waves & Optics” offered in 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

parallel  

CO5 Appreciate the importance of the laboratory work culture and ethics that is intended to 

impart features like regularity, continuity of self evaluation and honesty of reporting the 

data 



 

 

 

L-T Scheme: 3-1-0                                                                                         Course Credit:  4 

 

Objectives: To understand the basic mathematical concepts related to electromagnetic vector 

fields. Apply the principles of electrostatics to the solutions of problems relating to electric field 

and electric potential, boundary conditions and electric energy density. 

 

Maxwell Equations: Review of Maxwell’s equations. Displacement Current. Vector and Scalar 

Potentials. Gauge Transformations: Lorentz and Coulomb Gauge. Boundary Conditions at 

Interface between Different Media. Wave Equations. Plane Waves in Dielectric Media. Poynting 

Theorem and Poynting Vector. Electromagnetic (EM) Energy Density. Physical Concept of 

Electromagnetic Field Energy Density, Momentum Density and Angular Momentum Density.         

                                                                                                                                    (08 Lectures) 

 

EM Wave Propagation in Unbounded Media: Plane EM waves through vacuum and isotropic 

dielectric medium, transverse nature of plane EM waves, refractive index and dielectric constant, 

wave impedance. Propagation through conducting media, relaxation time, skin depth. Wave 

propagation through dilute plasma, electrical conductivity of ionized gases, plasma frequency, 

refractive index, skin depth, application to propagation through ionosphere.            (08 Lectures) 

 

EM Wave in Bounded Media: Boundary conditions at a plane interface between two media. 

Reflection & Refraction of plane waves at plane interface between two dielectric media-Laws of 

Reflection & Refraction. Fresnel's Formulae for perpendicular & parallel polarization cases, 

Brewster's law. Reflection & Transmission coefficients. Total internal reflection, evanescent 

waves. Metallic reflection (normal Incidence)                                                           (10 Lectures) 

 

Polarization of Electromagnetic Waves: Description of Linear, Circular and Elliptical 

Polarization. Propagation of E.M. Waves in Anisotropic Media. Symmetric Nature of Dielectric 

Tensor. Fresnel’s Formula. Uniaxial and Biaxial Crystals. Light Propagation in Uniaxial Crystal. 

Double Refraction. Polarization by Double Refraction. Nicol Prism. Ordinary & extraordinary 

refractive indices. Production & detection of Plane, Circularly and Elliptically Polarized Light. 

Phase Retardation Plates: Quarter-Wave and Half-Wave Plates. Babinet Compensator and its 

Uses. Analysis of Polarized Light.                                                                              (08 Lectures) 

 

Rotatory Polarization: Optical Rotation. Biot’s Laws for Rotatory Polarization. Fresnel’s 

Theory of optical rotation. Calculation of angle of rotation. Experimental verification of 

Fresnel’s theory. Specific rotation. Laurent’s half-shade polarimeter.                       (05 Lectures) 

 

Wave Guides and Optical Fibres: Planar optical wave guides. Planar dielectric wave guide. 

Condition of continuity at interface. Phase shift on total reflection. Eigenvalue equations. Phase 

and group velocity of guided waves. Field energy and Power transmission.  Numerical Aperture. 

Title of Course:      Electromagnetic Theory Course Code:  BS1PH405 



Step and Graded Indices (Definitions Only). Single and Multiple Mode Fibres (Concept and 

Definition Only).                                                                                                        (08 Lectures) 

 

Reference Books: 

 

 

Chow, 2006, Jones & Bartlett Learning 

 

 

w Hill. 

 

Additional Books for Reference 

 

006, Tata McGraw Hill. 

 

Cambridge University Press 

 

 

 

 

 

Learning Outcomes/Course Outcome 

 

Course Outcome Description 

CO1 Understanding the Maxwell equations and their application in 

electromagnetic wave equations 

CO2 Learning of the propagation of electromagnetic waves in different media 

CO3 To know about the laws of reflections and refraction of EM waves 

CO4 Understanding of polarization phenomenon and their applications 

CO5 Know the wavegy=uide propagation of EM waves and their applications in 

optical fibers  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

L-T Scheme: 2-0-0                                                                                         Course Credit:  2 

 

 

Objectives: To understand the solar power generation, working principles and power generation 

from PV panels. To understand different applications of photovoltaic devices. 

 

Unit I  

Basics of solar cell; Intrinsic, extrinsic and compound semiconductor; Energy levels; Electrical 

conductivity; Determination of Fermi energy level; Probability of occupation of allowed states; 

Dynamics of energy density of allowed states; Density of electrons and holes. Carrier transport: 

Drift, diffusion, continuity equations; Absorption of light; Recombination process; Basic 

equations of semiconductor devices physics. 

 

Unit II  
Solar Cell Physics: pn junction: homo and hetro junctions, Metal semiconductor interface; Dark 

and illumination characteristics; Figure of merits of solar cell; Variation of efficiency with 

band‐gap and temperature; Spectral response of solar cell, parasitic resistance effect, Working 

and Efficiency limits: Thermodynamic limit and detailed balance limit of solar cell.  

 

Unit III  

Silicon; Physical and chemical properties relevant to photovoltaic. Preparation of metallurgical; 

Refining, Casting and crushing. Preparation of semiconductor grade silicon (Polysilicon); 

Siemens process, Union Carbide Process. Solar grade Silicon; Crystallization, Simplification and 

Polysilicon method. Growth of single crystal Silicon: Czokralski (CZ) and Float Zone (FZ) 

method, Multicrystalline Silicon; Ingot fabrication, Doping, Crystal defect, Impurities. Wafering; 

Multiwire and microscopic process, Saw damage, Description and manufacturing technology.  

 

Unit IV  

Solar PV Cell and modules: Cell structure, Front and back surface, optical properties of solar 

cell, Different losses and mitigation, Anti reflective coating; properties and materials, Surface 

passivation with back surface, Passivation with Hydrogen, Optical confinement. The layers of 

PV modules, Cell matrix, Lamination and curing, Encapsulation and framing, Testing, Electrical 

and thermal properties, Module mismatching, Shading and hot-spot formation, Environmental 

effect on PV module performance. 

  

Unit V  
High efficiency III-V, II-VI multi-junction solar cell; Photo conversion efficiency, Theoretical 

limits, spectral splitting, Cell configuration; Four-terminal, three terminal voltage-matched 

interconnections, two terminal series-connected. Current and voltage characteristics, efficiency 

and band gap. Deposition of GaAs, GaInP, Ge cells. Amorphous Silicon-based solar cell; 

fabrication techniques and material properties. StaeblerWronski effect. Module manufacturing; 

Using different substrate, safety and cost. Dye-sensitized solar cells; Introduction, fabrication 

and development.  

Title of Course:   Renewable energy & Energy Harvesting Course Code:   BS2PH401 



 

References:  

1. Silicon solar cells: advanced principles and practice. Sydney, M. Green, Bridge Printery, 1995. 

2. Third Generation Photovoltaics. Berlin, Germany, M. Green, Springer-Verlag, 2003.  

3. Crystalline silicon solar cells: advanced surface passivation and analysis, Aberle A. G., 

Sydney, Centre for Photovoltaic Engineering, UNSW, 1999.  

4. The physics of solar cells, J. Nelson, Imperial college press, 2006. 

5. Thin-film crystalline silicon solar cells: Physics and technology, R. Brendel, WileyVCH, 

Weinheim, 2003.  

6. John A Duffie& William A Beckman "Solar energy Thermal Processes" Wiley Inter science 

publication, New York.  

7. Seminconductors for solar cells, H. J. Moller, Artech House Inc, MA, USA, 1993. Solid State 

electronic devices, Ben G. Streetman, , Prentice-Hall of India Pvt. Ltd., New delhi 1995. 

8. Clean electricity from photovoltaics, M. D. Archer, R. Hill, Imperial college press, 2001. 

9. Solar Photovoltaics: Fundamentals, Technologies and Applications, C. S. Solanki, Prentice 

Hall of India, 2011. 

 

Learning Outcomes/Course Outcome 

 

Course Outcome Description 

CO1 To get an exposure to different cell technologies.   

CO2 An exposure to advanced cell technology and usage of different materials 

CO3 Knowledge of manufacturing processes of various types of solar cell is 

imparted.  

CO4 Solar module manufacturing process in detail is learnt.  

CO5 An exposure to advanced cell technology and usage of different materials 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Semester V 

 

L-T Scheme: 3-1-0                                                                                         Course Credit:  4 

 

Objectives: To provide wide coverage on Nuclear and Particle Physics by which the students 

can continue their exploration in nuclear science. To introduce properties of nuclei and details of 

popular nuclear models. To derive and discuss properties of nuclear decays 

and nuclear reactions. 

 

Unit I: Nuclear Properties and Nuclear decay 

Properties of Nuclei (Charge, Mass, size, binding energy, spin, parity), Basic parameters of 

radioactivity (Decay constant, Activity, Half-life, Average life time), Laws of radioactive decay 

(Soddy-Fajans, radioactive disintegration and successive transformation), Types of decay: Alpha 

decay (Properties, charge to mass ratio, range, Geiger Nuttall law, energy, Gamow’s Theory of 

Alpha-Decay), Beta decay (Types, energetics, Fermi’s Theory of Beta-Decay), Neutrino theory: 

origin of continuous beta spectrum, and Gamma decay (Energetics of Gamma decay, selection 

rules), Internal conversion.                                                                                         (Lectures: 12) 

 

Unit II: Nuclear Forces and Models  

Properties of nuclear forces, Deuteron problem (Binding energy, spin parity, magnetic dipole 

moment, electric quadrupole moment); Nucleon-nucleon scattering (General formalism) 

neutronproton scattering at low energies (Partial wave analysis, scattering length and effective 

length); proton-proton scattering at low energies. Types of Nuclear Models, liquid drop model 

(Basics, semi empirical mass formula, Binding energy, Asymmetry energy, Odd-Even effect) 

Shell model (Basics, success and failure), Unified model (General Idea).              (Lectures: 12) 

 

Unit III: Interaction of Radiation with Matter and Nuclear Detectors  
Types of Nuclear Radiations and their interaction processes, Interaction of light charged 

Particles, Interaction of heavy charged Particles (Bohr’s formula for Stopping power of heavy 

charged particles, Bethe-Bloch relation, Range and Straggling), Interaction of Gamma-Rays 

(Photoelectric effect, Compton effect and Pair production), Absorption of gamma rays and its 

applications, linear and mass absorption coefficients of gamma rays. Neutron interaction (basic 

concepts), classification of detectors on basis of interaction and operation. Construction and 

working of Gas filled detectors, Ionization chambers, Proportional counters (MWPC), GM 

counter.                                                                                                                      (Lectures: 12) 

 

Unit IV: Elementary Particle Physics  
Classification and properties of elementary particles, Fundamental interactions, conservation 

laws (Energy, charge, mass, angular momentum and linear momentum) and properties of 

elementary particles, Gell-Mann Nishijima Scheme, SU(2) and SU(3) symmetries, Properties of 

quarks and their classifications.                                                                                 (Lectures: 12) 

 

REFERENCE BOOKS:  
1. Nuclear Physics by D.C. Tayal., (Himalaya Publishing House, 2009)  

2. Introductory Nuclear Physics. By Kenneth S. Krane. (John Wiley & Sons, 1989) 
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3. Fundamentals of Nuclear physics by Jahan Singh (PragatiPrakashan)  

4. Theory of Nuclear Structure by M. K. Pal (Affiliated East-West Press,1982).  

5. Nuclear Reaction and Nuclear Structure by P.E. Hodgson (Clarendon Press, 1971) 

6. Nuclear Physics by R. Prasad, (Pearson, 2014) 

 

Learning Outcomes/Course Outcome 

 

Course Outcome Description 

CO1 Basic understanding about the nucleus and its constituents. Nuclear decay is 

also understood in detail. 

CO2 The students gather advanced knowledge in models of the nucleus at very 

high energy, the nucleus looks like a solid core (rigid) at the centre. The 

nuclear force is a mixture of different types of exchange force. The 

Compound model of the nucleus and its statistical analysis which was 

experimentally verified thereafter by Indian Scientist S. N. Ghosal is 

learned. 

CO3 The nuclear force is spin dependent and confirmed from the study of 

scattering of low energy neutrons from ortho and para hydrogen. The 

inelastic scattering at very high energy which herald the concert of pion 

production is also learned. 

CO4 Student learns different elementary particles and their interactions as well as 

their classifications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

L-T Scheme: 3-1-0                                                                                         Course Credit:  4 

 

Objectives: The course gives an introduction to analysis of elementary analog and digital 

circuits. It will give a basis for understanding and constructing simple systems of analog and 

digital electronic circuit elements. 

 

Unit-1:  Differential, multi-stage and operational amplifiers  
Differential amplifier; power amplifier; direct coupled multi-stage amplifier; internal structure of 

an operational amplifier, ideal op-amp, non-idealities in an op-amp (Output offset voltage, input 

bias current, input offset current, slew rate, gain bandwidth product) 

Unit-2:  Linear applications of op-amp 

Idealized analysis of op-amp circuits. Inverting and non-inverting amplifier, differential 

amplifier, instrumentation amplifier, integrator, active filter, P, PI and PID controllers and 

lead/lag compensator using an op-amp, voltage regulator, oscillators (Wein bridge and phase 

shift). Analog to Digital Conversion 

Unit-3:  Nonlinear applications of op-amp 

Hysteretic Comparator, Zero Crossing Detector, Square-wave and triangular-wave generators. 

Precision rectifier, peak detector 

Unit-4:  Combinational Digital Circuits 

Standard representation for logic functions, K-map representation, simplification of logic 

functions using K-map, minimization of logical functions. Don’t care conditions, Multiplexer, 

De-Multiplexer/Decoders, Adders, Subtractors, BCD arithmetic, carry look ahead adder, serial 

adder, ALU, elementary ALU design, popular MSI chips, digital comparator, parity 

checker/generator, code converters, priority encoders, decoders/drivers for display devices, Q-M 

method of function realization 

Unit-5:  Sequential circuits and systems 

A 1-bit memory, the circuit properties of Bi-stable latch, the clocked SR flip flop, J- K-T and D 

types flip-flops, applications of flip-flops, shift registers, applications of shift registers, serial to 

parallel converter, parallel to serial converter, ring counter, sequence generator, 

ripple(Asynchronous) counters, synchronous counters, counters design using flip flops, special 

counter IC’s, asynchronous sequential counters, applications of counters 

Unit-6:  A/D and D/A Converters 

Digital to analog converters: weighted resistor/converter, R-2R Ladder D/A converter, 

specifications for D/A converters, examples of D/A converter lCs, sample and hold circuit, 

analog to digital converters: quantization and encoding, parallel comparator A/D converter, 

successive approximation A/D converter, counting A/D converter, dual slope A/D converter, 

A/D converter using voltage to frequency and voltage to time conversion, specifications of A/D 

converters, example of A/D converter ICs 

 

 

Learning Outcomes/Course Outcome 

 

Course Outcome Description 

Title of Course:    Digital and Analogue Electronics Course Code:  BS1PH502 



CO1 Describe the functioning and selection of OP-AMP as per application 

 

CO2 Design and testing of OP-AMP based circuits 

 

CO3 Design and implement Combinational and Sequential logic circuits 

 

CO4 Describe the process of Analog to Digital conversion and Digital to Analog 

conversion 

 

 

Reference Books: 

1. A. S. Sedra and K. C. Smith, “Microelectronic Circuits”, New York, Oxford University Press, 

1998. 

2. J. V. Wait, L. P. Huelsman and G. A. Korn, “Introduction to Operational Amplifier theory and 

applications”, McGraw Hill U. S., 1992. 

3. J. Millman and A. Grabel, “Microelectronics”, McGraw Hill Education, 1988. 

4. P. Horowitz and W. Hill, “The Art of Electronics”, Cambridge University Press, 1989. 

5. P.R. Gray, R.G. Meyer and S. Lewis, “Analysis and Design of Analog Integrated Circuits”, 

John Wiley & Sons, 2001. 

6. Ramakant A Gayakwad, Op- Amps and Linear Integrated Circuits, Prentice Hall of India 

7. R. P. Jain, "Modern Digital Electronics", McGraw Hill Education, 2009. 

8. M. M. Mano, "Digital logic and Computer design", Pearson Education India, 2016. 

9. A. Kumar, "Fundamentals of Digital Circuits", Prentice Hall India, 2016. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

L-T Scheme: 3-0-0                                                                                         Course Credit:  3 

 

Objectives:  

 

Unit I 

Introduction: Nano size scale, History of Nanotechnology, Quantum Mechanics and Fluctuation 

in nanostructure systems, Surface area to volume ratio, Surface energy, chemical potential as a 

function of surface curvature, Electrostatic stabilization and Steric stabilization, Idea of zero-, 

one- and two-dimension nanostructures, Vacancies and dislocations in nanocrystals, Effect of 

nanoscale dimensions on various properties. 

 

Unit II 

Structure and Phase Transitions in Nanocrystals: Introduction, Crystalline phase transitions in 

nanocrystals: Phase transitions and grain size dependence, Elementary thermodynamics of the 

grain size dependence of phase transitions, Influence of the surface or interface on nanocrystals, 

Modification of transition barriers, Geometric evolution of the lattice in nanocrystals: Grain size 

dependence theory, Influence of the nanocrystal surface or interface on the lattice parameter, 

Continuous variation of the crystal state within nanocrystals . 

 

Unit III 

Synthesis of Nanomaterials: Physical methods: High energy ball milling, Melt mixing, 

Lithography: Photolithography, Electron beam lithography, X-ray lithography, Chemical 

methods: Colloidal and solgel methods, Other methods: Methods for templating the growth of 

nanomaterials, Self-assembly method, Bio-induced nanomaterials (using microorganism and 

plant extract). 

 

Unit IV 

Physical Properties of Nanomaterials: Melting point and lattice constants, Mechanical properties, 

Optical properties; Surface Plasmon effect, Quantum size effect, Electrical conductivity; Surface 

Scattering, Change of Electronic structure, Quantum Transport, Effect of microstructure, 

Ferroelectric and dielectrics, Superparamagnetism. 

 

Unit V 

Applications of Nanomaterials: Application in molecular and nano-electronics, Biological 

applications (imaging, drug delivery), Quantum well and quantum dot devices, Energy 

application of nanomaterials; Photochemical cell, Lithuim –ion battery, Hydrogen storage and 

thermo-electrics, Environmental application, Photonic crystals. 

 

Suggested Reading: 

1. Guozhong Cao and Ying Wang: Nanostructures and Nanomaterials: Synthesis, Properties 

and Applications, 2nd Ed., World Scientific, Singapore, 2011. 

2. S.M. Lindsay: Introduction to Nanoscience, Oxford University Press, New York, 2010. 

3. B.K. Parthasarthy (Edited): Nanoscience and Nanotechnology, Isha Books, Delhi, 2007. 

4. Mark Ratner and Daniel Ratner: Nanotechnology: A Gentle Introduction to Next Big Idea, 
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Pearson Education, 2008. 

5. Gregory Timp (Edited): Nanotechnology, Springer, New York, 1999. 

6. Charles P. Poole Jr. and Frank J. Owens: Introduction to Nanotechnology, Wiley Interscience, 

2003. 

 

 

 

 

Learning Outcomes/Course Outcome 

 

Course Outcome Description 

CO1 Understanding of History and classification of nanomaterials 

CO2 To understand the structural changes and its effects on nanomaterials 

CO3 Students will learn different synthesis techniques to prepare the 

nanoparticles and thin films for applications 

CO4 To understand the Quantum size effect on Mechanical properties, 

Optical properties; Surface Plasmon effect, electric and magnetic properties 

CO5 Application of nanomaterials in different fields  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Course Description  

 

L-T Scheme: 3-0-0                                                                        Course Credit:  3 

 
Objectives: This course provides an introduction to general properties of matter and is aimed at 

studying basic aspect which is important from view points of applications.  The primary 

objective is to study theoretical and experimental aspects of various moduli and coefficients 

quantifying various properties of matter. 
 

Unit I 

Elasticity, Effect of temperature and impurities on elasticity of a substance, Small deformations 

Stress and Strain, Hooke’s law, Elastic constants for an isotropic material, Young’s Modulus, 

Bulk Modulus, Modulus of Rigidity, Relation between various elastic modulii, Poisson ratio and 

its experimental determination,  Torsion of a cylinder, Strain energy of a twisted cylinder, 

Comparison between the torsional rigidities of a solid and a hollow cylinder of same mass, 

length and material, Determination of modulus of rigidity of a thin rod by Barton’s apparatus, 

Torsional pendulum, Determination of modulus of rigidity of the material of a wire 

                                                                                                                                    (Lectures: 12) 
Unit II 

Expression for work done per unit volume in three type of strain, Bending of beams and bending 

moment, Cantilever, Transverse oscillations of a cantilever, beam supported at its ends and 

loaded in the middle, determination of Young’s modulus of material of a beam by bending 

method, Determination of Young’s modulus, modulus of rigidity and Poisson’s ratio of material 

of a wire by Searle’s apparatus, Internal energy of a strained body,  

            (Lectures: 10) 

Unit III 

Ideal and Viscous fluids, Streamline and Turbulent flow, Reynolds’ number, Rotational and 

irrational flow, Equation of continuity, Energy of a flowing fluid, Euler’s equation of motion for 

a non-viscous fluid and its integration, Bernoulli’s theorem and its applications e.g. 

Venturimeter, Torrcelli’s theorem, Magnus effect, Atomizer etc. Viscous flow of fluids, Effect of 

temperature and pressure on the coefficient of viscosity,  

(Lectures: 10) 
Unit IV 

Flow of liquid through a capillary tube, Poiseuille’s formula, Experimental determination of 

coefficient of viscosity of a liquid using constant pressure difference method,  Cohesive and 

adhesive forces, Surface tension, Angle of contact and surface energy, Effect of temperature and 

impurity on surface tension,  

                                                                                                                                                  (Lectures: 8)                                                        

Unit V 
Pressure difference between two sides of a curved liquid surface, Excess pressure on a curved 

liquid surface, Excess pressure inside a spherical drop, Excess pressure inside an air bubble 

present in a liquid, Excess pressure inside a soap bubble, A liquid between two glass plates, 

Equilibrium of liquid drop and wetting of a solid surface, Methods for experimental 

Title of Course:  Properties of Matter Course Code: BS2PH504 



determination of surface tension of a liquid- capillary rise method, Jaeger’s method, Quinck’s 

method                                                                                                                                                                                                                                                                        

                                                                                                                                                  (Lectures: 8)                                                        
 

 

Learning Outcomes/Course Outcome 

 

Course Outcome Description 

CO1 Introduction of elasticity and nature of deformation, To understand stress, 

strain and relationship between various elastic constants 

CO2 Understanding the cantilever and its transverse oscillations,  knowing the 

experimental methods  to determine various moduli of elasticity 

CO3 To understand the viscous and non viscous fluid flow, solving Euler 

equation for a non viscous fluid and studying Effect of temperature and 

pressure on the coefficient of viscosity 

CO4 To derive Poiseuille’s formula, comprehending experimental determination 

of coefficient of viscosity of a liquid using constant pressure difference 

method,  Effect of temperature and impurity on surface tension 

CO5 To derive expression for  Pressure difference between two sides of a curved 

liquid surface, experimental methods to determine surface tension 

 
 

Suggested Readings: 

 

1. F. H. Newman, V. H. L. Searle, The General Properties of Matter  

2. J. C. Upadhyay, General Properties of Matter  
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L-T Scheme: 3-0-0                                                                                         Course Credit:  3 

 

Objectives: The course introduces students to the basic physics of atoms, molecules, 

their spectra and the interaction of light with matter. Theoretical understanding of different 

spectroscopic techniques. 

 

Unit I 

Atomic Spectroscopy: General discussion in Hydrogen spectra, Relativistic correction to spectra 

of Hydrogen atom, Spectra of monovalent atoms, quantum defect, Introduction to electron spin, 

Spin-orbit interaction and fine structure, Spectra of divalent atoms: Singlet and triplet states of 

divalent atoms, LS and j-j coupling, Branching rule, Hyperfine structure in spectra of 

monovalent atoms.                                                                                                       (Lectures: 10) 

 

Unit II 

Microwave Spectroscopy: Pure rotational spectra of diatomic molecules, Isotopic effect, Non-

rigid rotator, Poly-atomic molecules, Study of linear molecules and symmetric top molecules, 

Stark effect, Quadrupole hyperfine interaction, Microwave spectrometer, Information from 

rotational spectra.                                                                                                         (Lectures: 10) 

 

Unit III 

Infrared Spectroscopy: Vibrational spectroscopy of diatomic and simple polyatomic molecules, 

Harmonic Oscillator, Anharmonic Oscillator, Rotational vibrators, Normal modes of vibration of 

polyatomic molecules, IR spectrometer: FTIR Spectrometer, Applications of infrared 

spectroscopy: H2O and CO2 molecules.                                                                    (Lectures: 10) 

 

Unit IV 

Raman Spectroscopy: Raman effect, Classical and Quantum theory of Raman effect, Vibrational 

Raman spectra, Rotational Raman spectra, Vibrational-Rotational fine structure, Raman 

Spectrometer, Structure determinations from Raman and Infra-red spectroscopy. Electronic 

Spectra: Electronic structure of diatomic molecules, Intensity of spectral lines, Frank- Condon 

principle, Dissociation energy and dissociation products, Rotational fine structure of electronic-

vibration transitions.                                                                                                    (Lectures: 10) 

 

Unit V 

NMR and ESR Techniques: Theory of NMR, Relaxation effect, Theory of dipolar interaction 

and chemical shifts, Indirect spin-spin interactions, Experimental set up of NMR, Applications of 

NMR to quantitative measurements (Idea only). ESR: Quantum mechanical treatment of ESR, 

Nuclear interaction and hyperfine structure, Relaxation effects, ESR spectrometer, Applications 

of ESR method.                                                                                                           (Lectures: 10) 

 

Suggested Reading: 

1. Willard, Merritt, Dean, Settle: Instrumental Methods of Analysis, CBS Publishers & 

Distributors, Delhi, 6th Ed. 1986. 

2. Colin N. Banwell and Elaine M. McCash: Molecular Spectroscopy, Mc-Graw Hill College; 
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4th Sub. Ed., 1994. 

3. B. H. Bransden and Joachain: Physics of Atoms and Molecules, Longman, 1983. 

4. V. Rajendran and A. Marikani: Applied Physics, TMH publication, 4th Ed., 2002. 

 

Learning Outcomes/Course Outcome 

 

Course Outcome Description 

CO1 On completion of the course the student will learn  about the origin of 

different fine spectra for hydrogen , helium atom etc. 

CO2 Explain the change in behavior of atoms in external applied electric and 

magnetic field. To understand microwave spectroscopy. 

CO3 Explain rotational, vibrational, electronic and Raman spectra of molecules. 

CO4 Leaarn  aspects of Raman spectroscopic techniques and their applications in 

research field. 

CO5 It describe electron spin and nuclear magnetic resonance spectroscopy and 

their applications 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

L-T Scheme: 3-0-0                                                                                         Course Credit:  3 

 

Objectives: To understand basic architecture of 8085 microprocessor To understand the 

instruction set and write programs in assembly language To interface 8085 microprocessor with 

common peripheral devices To understand the differences in architecture and applications 

between Microprocessors and Microcontrollers To understand basic architecture, instruction set 

and simple interfacing of PIC16F887 microcontroller. 

Syllabus Contents 

 

Unit-1 (18 Lectures) Introduction to Microprocessor: Introduction, Applications, Basic block 

diagram, Speed, Word size, Memory capacity, Classification of microprocessors (mention of 

different microprocessors being used) Microprocessor 8085: Features, Architecture -block 

diagram, General purpose registers, register pairs, flags, stack pointer, program counter, types of 

buses. Multiplexed address and data bus, generation of control signals, pin description of 

microprocessor 8085. Basic interfacing concepts, Memory mapped I/O and I/O mapped I/O. 

8085 Instructions: Operation code, Operand & Mnemonics. Instruction set of 8085, instruction 

classification, addressing modes, instruction format. Data transfer instructions, arithmetic 

instructions, increment & decrement instructions, logical instructions, branch instructions and 

machine control instructions. Assembly language programming examples.  

 

Unit-2 (14 Lectures) Stack operations, subroutine, call and return instructions. Delay loops, use 

of counters, timing diagrams-instruction cycle, machine cycle, T- states, time delay. Interrupt 

structure of 8085A microprocessor, processing of vectored and non-vectored interrupts, latency 

time and response time; Handling multiple interrupts Comparison of 8085 Microprocessor with 

8086 Microprocessor (Internal Architecture, Data Addressing Mode) 

 

Unit-3 (18 Lectures) Peripheral Devices: 8255-Programmable Peripheral Interface, 8253- 

Programmable interval Timer, 8259- Priority Interrupt Controller. Microcontrollers: 

Introduction, different types of microcontrollers, embedded 44 microcontrollers, processor 

architectures. Harvard vs. Princeton, CISC vs. RISC architectures, microcontroller memory 

types, microcontroller features, clocking, I/O pins, interrupts, timers, peripherals.  

 

Unit-4 (14 Lectures) Introduction to PIC16F887 Microcontroller: Core features, Architecture, 

pin diagram, memory organization- Program and data memory organization, I/O Ports, 

addressing modes, instruction set. Interfacing to PIC16F887: LED, Switches, Solid State Relay, 

Seven Segment Display, DC Motor.  

 

 References  

1. Microprocessor Architecture, Programming and Applications with 8085, Ramesh S.Gaonkar – 

Wiley Eastern Limited- IV Edition. 2. Fundamentals of Microprocessor & Microcomputer: B. 

Ram—Danpat Rai Publications. 3. Microchip PIC16F87X datasheet 4. PIC Microcontrollers, 

Milan Verle, , mikro Elektronika, 1st edition (2008) 5. Muhammad Ali Mazidi, 

―Microprocessors and Microcontrollers‖, Pearson, 2006 6. B. Brey, The Intel Microprocessors- 

Architecture, Programming and Interfacing, Pearson Education (2003) 

Title of Course:    Microprocessor & Microcontroller   Course Code: BS2PH507 



 

 

Learning Outcomes/Course Outcome 

 

Course Outcome Description 

CO1 Understand the basic blocks of microcomputers i.e. CPU, Memory, I/O and 

architecture of microprocessor‘s and Microcontroller‘s 

CO2 Apply knowledge and demonstrate proficiency of designing hardware 

interfaces for memory and I/O as well as write assembly language programs 

for target microprocessor and microcontroller. 

CO3 Derive specifications of a system based on the requirements of the 

application and select the appropriate Microprocessor or Microcontroller 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

L-T Scheme: 0-0-2                                                                                         Course Credit:  1 

 

 

Objectives: To use different physical and electronic instruments to take the data and analyze the 

results  

 

List of Experiments: 

1. To determine the Hall coefficient of a semiconductor sample. 

2. To measure the resistivity of a semiconductor (Ge) with temperature by four-probe 

method (room temperature to 150℃) and to determine its band gap. 

3. To determine the Boltzmann constant using V-I characteristics of PN junction diode. 

4. Calibrate Semiconductor type temperature sensor (AD590, LM35, or LM75). 

5. Characteristics of P-N junction and Zener diode. 

6. Study of characteristics of GM tube and determination of operating voltage and plateau 

          length using background radiation as source. 

7.        To study the absoption spectrum of iodine. 

8.        To determine the impedance of a given ac circuit and to evaluate values of resistance,  

           inductance and capacitance used in the circuit. 

 

 

 

 

 

Title of Course:   Physics Lab V Course Code:  BS1PH571 

Course 

Outcome 

Description 

CO1 Learning of  measurements of  Hall Effect and  the resistance by in a  magnetic field. 

CO2 Verification of   Boltzmann constant by the junction diode  

CO3 Understanding of calibration of different sensors  

CO4 Learning of measurements of using GM counter 

CO5 Understnding of  measurements of  absoption spectra of iodine 



Semester VI 

 

L-T Scheme: 3-0-0                                                                                         Course Credit:  3 

 

Objectives The objective of the subject is that the student acquires knowledge of the different 

existing experimental techniques for the microstructural and physicochemical characterizations 

of materials. Students gain knowledge about the principles of various techniques. 

Course Syllabus 

Unit -I Compositional and Structural Characterization 

Principle of X-ray diffraction (XRD), Importance of Rietveld refinement in XRD (fundamental), 

Lattice parameters, Structure analysis, Phase identification, Crystallite size analysis using 

Scherrer's formula, X-ray photoelectron spectroscopy (XPS), X-ray fluorescence (XRF), Energy 

dispersive X-ray analysis (EDAX). 

Unit-II Advanced Microscopy Techniques for Nanomaterials 

Field emission scanning electron microscope (FESEM), Atomic force microscopy (AFM), 

Scanning tunneling microscopy (STM), Transmission electron microscopy (TEM), High-

resolution transmission electron microscopy (HRTEM). 

Unit-III Spectroscopic Techniques 

Ultraviolet-visible spectroscopy, Photo-luminescence spectroscopy, Fourier transform infrared 

(FTIR) spectroscopy, Raman spectroscopy, Nuclear magnetic resonance (NMR). 

 

Unit-IV Nanomaterials Electrical and Magnetic Characterization Techniques 

Measurement of resistivity by 4-probe method, Hall measurement, Measurement of magnetic of 

properties of nanomaterial (Magnetic hysteresis and dielectric properties by LCR 

meter),Vibrating sample magnetometer. 

Unit -V Mechanical Characterization Techniques 

Elastic and plastic deformation-mechanical properties of materials, models for interpretation of 

nanoindentation load-displacement curves, Nanoindentation data analysis methods-Hardness 

Title of Course:       Characterization Techniques Course Code:   BS2PH601 



testing of thin films and coatings, Mechanical properties evaluation by universal testing machine 

(UTM), Dynamic mechanical analysis. 

 

Unit -VI Physical and Optical Characterizations of Nanostructured Materials 

Introduction to particle size characterization, Zeta potential measurement – Particle size analysis, 

specific surface area by BET analysis, Photoconductivity. 

Unit-VII Thermal and Electrochemical Characterization 

Differential scanning calorimeter (DSC), Differential thermal analyzer (DTA), 

Thermogravimetric analysis (TGA), Electrochemical analysis (Charging-discharging cyclic 

voltammetry). 

Reference Books: 

1. ASM Handbook: Materials Characterization, ASM International, 2008. 

2. Yang Leng: Materials Characterization-Introduction to Microscopic and Spectroscopic 

Methods, John Wiley & Sons (Asia) Pte Ltd., 2008. 

3. Robert F. Speyer: Thermal Analysis of Materials, Marcel Dekker Inc., New York, 1994. 

4. Nanotechnology-Basic Science and Emerging Technologies, Mick Wilson, Kamali Kannangra 

Geoff Smith, Michelle Simons and Burkhard Raguse, Overseas Press. 

 

 

Course Outcome Description 

CO1 Understanding of structural characterization using the XRD technique and 

to understand other uses of X-rays for characterization  

CO2 Use of different microscopic techniques SEM. TEM , and AFM for 

characterization of nanomaterials 

CO3 Learning of Electrical, magnetic and mechanical characterization techniques  

CO4 To learn the optical and thermal characterization techniques for analysis of 

materials 

 

 

 

 

 

 

 

 



 

L-T Scheme: 3-0-0                                                                                         Course Credit:  3 

 

Objectives: Energy storage is a critical hub for the entire grid, augmenting resources from wind, 

solar and hydro, to nuclear and fossil fuels, to demand side resources. This course will give 

details about different storage devices. 

Course Syllabus 

Introduction to energy storage for power systems: Role of energy storage systems, 

applications. Overview of energy storage technologies: Thermal, Mechanical, Chemical, 

Electrochemical, Electrical. Efficiency of energy storage systems. 

 

Electrical energy storage: Batteries, Super capacitors, Superconducting Magnetic Energy 

Storage (SMES), charging methodologies, SoC, SoH estimation techniques. Hydrogen 

production and storage, fuel cells. 

 

Mobile storage system: electric vehicle, G2V, V2G. 

 

Hybrid Energy storage systems: configurations and applications. 

 

Storage for renewable energy systems: Solar energy, Wind energy, Pumped hydro energy, fuel 

cells. Energy storage in Micro-grid and Smart grid. Energy Management with storage systems, 

Battery SCADA, Increase of energy conversion efficiencies by introducing energy storage. 

 

Text Books / References 

 A.G.Ter-Gazarian, “Energy Storage for Power Systems”, Second Edition, The Institution 

of Engineering and Technology (IET) Publication, UK, (ISBN – 978-1-84919-219-4), 

2011. 

 Francisco Díaz-González, Andreas Sumper, Oriol Gomis-Bellmunt,” Energy Storage in 

Power Systems” Wiley Publication, ISBN: 978-1-118-97130-7, Mar 2016. 

 A. R. Pendse, “Energy Storage Science and Technology”, SBS Publishers & Distributors 

Pvt. Ltd., New Delhi, (ISBN – 13:9789380090122), 2011. 

 Electric Power Research Institute (USA), “Electricity Energy Storage Technology 

Options: A White Paper Primer on Applications, Costs, and Benefits” (1020676), 

December 2010. 

 Paul Denholm, Erik Ela, Brendan Kirby and Michael Milligan, “The Role of Energy 

Storage with Renewable Electricity Generation”, National Renewable Energy Laboratory 

(NREL) – A National Laboratory of the U.S. Department of Energy – Technical Report 

NREL/ TP6A2-47187, January 2010 

Learning Outcomes/Course Outcome 

Course Outcome Description 

CO1 Understanding of different energy storage systems. 

CO2 To learn about the batteries and supercapacitors for energy storage. 

CO3 Energy storages for vehicles etc 

CO4 Understanding the application of solar energy in different devices 

Title of Course:  Energy generation & storage devices Course Code:  BS2PH602 



 

 

Course Description  

 

L-T Scheme: 3-0-0                                                                                         Course Credit:  3 

 

Objectives: The course gives the knowledge of basic physics of optical cavities and the 

spontaneous/stimulated emission from materials leading to laser amplifiers and oscillators. 

Examples of atomic, ionic and molecular gas lasers are presented including systems for 

continuous wave and pulsed beam operation. The optical properties of laser cavities, and the 

optics of Gaussian beam and various applications are discussed.  

 

Syllabus: 

 Unit-I Interaction of radiation with matter: Stimulated and spontaneous emission, Einstein’s 

A & B coefficients, line broadening mechanisms, gain and absorption coefficients, principles of 

laser, population inversion, population inversion in three and four level lasers, laser 

amplification, conductions for laser output.  

 

Unit-II Laser beam output modifications: Q-factor of laser oscillations, laser linewidth, 

resonators, stable and unstable resonators, a laser cavity, active and passive Q-switching, mode 

looking, detection of pulsed laser output.  

 

Unit-III Specific Laser and Pumping Mechanisms: Solid state rare earth ion lasers and optical 

pumping, Dye lasers and optical pumping, Electron impact excitation, Excitation Transfer, HeNe 

lasers, Rate equation model of population inversion in He-Ne lasers, Radial gain variation in He-

Ne laser tubes, CO2 electric discharge lasers, Gas-Dynamic lasers, Free-Electron lasers, 

Semiconductor lasers.  

 

Unit-IV Elementary concepts of nonlinear optics: operating principles and characteristics, 

introduction second order optical susceptibility, parametric up and down conversion, second 

harmonic 43 generation, third order optical susceptibility, nonlinear refraction and absorption, 

optical phase conjugation.  

Unit-V Applications of lasers: Distance and Velocity Measurements, The Laser Gyroscope, 

Holography: The Essential Principle, Holography: Practical Aspects, Optical Communications, 

Lasers in Medicine: Ophthalmology. 

 

Text and Reference Books:  
1. Introduction to laser physics- K. Shimoda (Springer-Verlag Berlin Heidelberg GmbH)  

2. An introduction to Laser and their applications- D.C. Oshea (Addison-Wesley,1977)  

3. Quantum electronics- A. Yariv (John Wiley & sons, Inc.)  

4. Optical electronics- A.K. Ghatak and K. Thyagarajan (Cambridge University Press)  

5. Lasers - Fundamentals and applications: K. Thyagarajan and A.K. Ghatak (Springer)  

6. Lasers: Peter W. Milonni and Joseph H. Eberly (John Wiley & sons, Inc.)  

7. Nonlinear Optics- R W Boyd (Academic Press) 

 

Title of Course:      Laser physics and Applications Course Code:  BS2PH605 



 

 

 

Learning Outcomes/Course Outcome 

 

Course Outcome Description 

CO1 Basic lasing mechanism, characteristics and working of different types of 

LASERs.   

CO2 Basics of nonlinear optics and various nonlinear optical processes. 

CO3 Applications of LASERs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

L-T Scheme: 3-0-0                                                                                                Credit : 3                                                                            

 

Course Objectives:  To understand the basics of signal-space analysis and digital transmission l 

To understand the coherent and non coherent receivers and its impact on different channel 

characteristics l To understand the different equalizers l To understand the different block coded 

and convolutional coded digital communication systems l To understand the basics of 

multicarrier and multiuser communications  

 

UNIT I COHERENT AND NON-COHERENT COMMUNICATION  

Coherent receivers – Optimum receivers in AWGN – IQ modulation & demodulation – Non 

coherent receivers in random phase channels; MFSK receivers – Rayleigh and Rician channels – 

Partially coherent receivers – DPSK; M-PSK; M-DPSK - BER Performance Analysis, Carrier 

Synchronization- Bit synchronization.  

 

UNIT II EQUALIZATION TECHNIQUES  

Band Limited Channels- ISI – Nyquist Criterion- Controlled ISI-Partial Response signals- 

Equalization algorithms – Viterbi Algorithm – Linear equalizer – Decision feedback equalization 

– Adaptive Equalization algorithms.  

 

UNIT III  BLOCK CODED DIGITAL COMMUNICATION  

Architecture and performance – Binary block codes; Orthogonal; Bi orthogonal; Transorthogonal 

– Shannon’s channel coding theorem; Channel capacity; Matched filter; Concepts of Spread 

spectrum communication – Coded BPSK and DPSK demodulators– Linear block codes; 

Hamming; Golay; Cyclic; BCH ; Reed – Solomon codes –Space time block codes. 

 

UNIT IV CONVOLUTIONAL CODED DIGITAL COMMUNICATION  

Representation of codes using Polynomial, State diagram, Tree diagram, and Trellis diagram – 

Decoding techniques using Maximum likelihood, Viterbi algorithm, Sequential and Threshold 

methods– Error probability performance for BPSK and Viterbi algorithm, Turbo Coding and 

LDPC codes.  

 

UNIT V MULTICARRIER AND MULTIUSER COMMUNICATIONS   

Single Vs multicarrier modulation, Orthogonal Frequency Division Multiplexing (OFDM), 

Modulation and demodulation in an OFDM system, FFT algorithmic implementation of an 

OFDM system, Bit and power allocation in multicarrier modulation, Peak-to-average ratio in 

multicarrier modulation. Introduction to CDMA systems, multiuser detection in CDMA systems 

– optimum multiuser receiver, sub optimum detectors, successive interference cancellation.  

 

REFERENCES:  

1. Bernard Sklar, “Digital Communications”, second edition, Pearson Education, 2001.  

2. John G. Proakis, “Digital Communication”, Fifth Edition, McGraw Hill Publication, 2008. 

 3. M.K.Simon, S.M.Hinedi and W.C.Lindsey, “Digital communication techniques; Signal 

Design and Detection”, Prentice Hall of India, New Delhi, 1995.  

Title of Course:  Electronic Communications Course Code:  BS1EC601 



4. Richard Van Nee & Ramjee Prasad, “OFDM for Multimedia Communications”, Artech House 

Publication, 2001.  

5. Stephen G. Wilson, “Digital Modulation and Coding”, First Indian Reprint, Pearson 

Education, 2003. 

 6. Simon Haykin, “Digital communications”, John Wiley and sons, 1998.  

7. Theodore S.Rappaport, “Wireless Communications”, 2nd edition, Pearson Education, 2002.  

 

 

Learning Outcomes/Course Outcome 

 

Course Outcome Description 

CO1 Develop the ability to understand the concepts of signal space analysis for 

coherent and non- coherent receivers 

CO2 Conceptually appreciate different equalization techniques. 

CO3 Possess knowledge on different block codes and convolutional codes 

CO4 Comprehend the generation of OFDM signals 

CO5 Describe the techniques of multiuser detection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

L-T Scheme: 3-0-0                                                                                         Course Credit:  3 

 

Objectives: This course gives the detailed interactions of radiation with matter and biological 

tissue. Apply this knowledge to understand a range of radiotherapy techniques. Understand the 

detectors and methods used to monitor radiation dose and biological damage. 

 

PHYSICS OF THE BODY-I 

Basic Anatomical Terminology: Standard Anatomical Position, Planes. Familiarity with terms 

like- Superior, Inferior, Anterior, Posterior, Medial, Lateral, Proximal and Distal. Mechanics of 

the body: Skeleton, forces, and body stability. Muscles and dynamics of body movement. 

Physics of Locomotors Systems: joints and movements, Stability and Equilibrium. Energy 

household of the body: Energy balance in the body, Energy consumption of the body, Heat 

losses of the body, Thermal Regulation. Pressure system of body: Physics of breathing, Physics 

of cardiovascular system.                                                                                       (8 Lectures) 

 

PHYSICS OF THE BODY-II 

Acoustics of the body: Nature and characteristics of sound, Production of speech, Physics of the 

ear, Diagnostics with sound and ultrasound. Optical system of the body: Physics of the eye. 

Electrical system of the body: Physics of the nervous system, Electrical signals and information 

transfer.                                                                                                                  (10 Lectures) 

 

PHYSICS OF DIAGNOSTIC AND THERAPEUTIC SYSTEMS-I 

X-RAYS: Electromagnetic spectrum, production of x-rays, x-ray spectra, Brehmsstrahlung, 

Characteristic x-ray. X-ray tubes & types: Coolidge tube, x-ray tube design, tube cooling 

stationary mode, Rotating anode x-ray tube, Tube rating, quality and intensity of x-ray. X-ray 

generator circuits, half wave and full wave rectification, filament circuit, kilo voltage circuit, 

types of X-Ray Generator, high frequency generator, exposure timers and switches, HT cables, 

HT generation.                                                                                                           (7 Lectures) 

 

RADIATION PHYSICS: Radiation units exposure, absorbed dose, units: rad, gray, relative 

biological effectiveness, effective dose, inverse square law. Interaction of radiation with matter 

Compton & photoelectric effect, Rem & Sievert, linear attenuation coefficient. Radiation 

Detectors: Thimble chamber, condenser chambers, Geiger Muller counter, Scintillation counters 

and Solid State detectors, ionization chamber, Dosimeters, survey methods, area monitors, TLD, 

Semiconductor detectors.                                                                                          (7 Lectures) 

 

MEDICAL IMAGING PHYSICS: Evolution of Medical Imaging, X-ray diagnostics and 

imaging, Physics of nuclear magnetic resonance (NMR), NMR imaging, MRI Radiological 

imaging, Ultrasound imaging, Physics of Doppler with applications and modes, Vascular 

Doppler. Radiography: Filters, grids, cassette, X-ray film, film processing, fluoroscopy. 

Computed tomography scanner- principle & function, display, generations, mammography. 

Thyroid uptake system and Gamma camera (Only Principle, function and display). (9 Lectures) 

 

Title of Course:        Medical Physics Course Code:   BS2PH601 



 

RADIATION ONCOLOGY PHYSICS: External Beam Therapy (Basic Idea):  Telecobalt, 

Conformal Radiation Therapy (CRT), 3DCRT, IMRT, Image Guided Radiotherapy, EPID, 

Rapid Arc, Proton Therapy, Gamma Knife, Cyber Knife. Contact Beam Therapy (Basic Idea): 

Brachytherapy-LDR and HDR, Intra Operative Brachytherapy. Radiotherapy, kilo voltage 

machines, deep therapy machines, Telecobalt machines ,Medical linear accelerator. Basics of 

Teletherapy units, deep x-ray, Telecobalt units, medical linear accelerator, Radiation protection, 

external beam characteristics, dose maximum and build up – bolus, percentage depth dose, tissue 

maximum ratio and tissue phantom ratio, Planned target Volume and Gross Tumour Volume. (9 

Lectures) 

 

RADIATION AND RADIATION PROTECTION: Principles of radiation protection 

,protective materials-radiation effects , somatic, genetic stochastic and deterministic effect. 

Personal monitoring devices: TLD film badge , pocket dosimeter, OSL dosimeter. Radiation 

dosimeter. Natural radioactivity, Biological effects of radiation, Radiation monitors. Steps to 

reduce radiation to Patient, Staff and Public. Dose Limits for Occupational workers and Public. 

AERB: Existence and Purpose.                                                                             (5 Lectures) 

 

PHYSICS OF DIAGNOSTIC AND THERAPEUTIC SYSTEMS-II 

Diagnostic nuclear medicine: Radiopharmaceuticals for radioisotope imaging, Radioisotope 

imaging equipment, Single photon and positron emission tomography. Therapeutic nuclear 

medicine: Interaction between radiation and matter Dose and isodose in radiation treatment. 

Medical Instrumentation: Basic Ideas of Endoscope and Cautery, Sleep Apnea and Cpap 

Machines, Ventilator and its modes. (5 Lectures) 

References: 

 Medical Physics, J.R. Cameron and J.G. Skofronick, Wiley (1978) 

 Basic Radiological Physics Dr. K. Thayalan - Jayapee Brothers Medical 

            Publishing Pvt. Ltd. New Delhi (2003) 

 Christensen’s Physics of Diagnostic Radiology: Curry, Dowdey and Murry - 

           Lippincot Williams and Wilkins (1990) 

 Physics of Radiation Therapy: F M Khan - Williams and Wilkins, Third edition 

            (2003) 

 Physics of the human body, Irving P. Herman, Springer (2007). 

 The essential physics of Medical Imaging: Bushberg, Seibert, Leidholdt and 

            Boone Lippincot Williams and Wilkins, Second Edition (2002) 

 Handbook of Physics in Diagnostic Imaging: R.S. Livingstone: B.I. Publication 

            Pvt Ltd. 

 The Physics of Radiology-H E Johns and Cunningham. 

 

 

 

 

 

 

 



 

L-T Scheme: 3-0-0                                                                                         Course Credit:  3 

 

Objectives: The course objective is to introduce the techniques of modern digital signal 

processing that are fundamental to a wide variety of application areas. Special emphasis is placed 

on the basic concepts related to discrete time signals and systems, analysis of signals in time as 

well as frequency domain using Fourier and Z transform, and design and architecture techniques 

for digital filters.  

 

Syllabus  

 Unit-1 (12 Lectures) Discrete Time systems: Discrete sequences, linear coefficient difference 

equation, Representation of DTS, LSI Systems. Stability and causality, frequency domain 

representations and Fourier transform of DT sequences.  

 

Unit-2 (12 Lectures) Z-Transform: Definition and properties, Inverse Z Transform and 

stability. Parsevals Theorem and applications. System Function: signal flow graph, its use in 

representation and analysis of Discrete Time Systems. Techniques of representations. Matrix 

generation and solution for DTS evaluations.  

 

Unit-3 (12 Lectures) Discrete Fourier Transform: DFT assumptions and Inverse DFT. Matrix 

relations, relationship with FT and its inverse, circular convolution, DFT theorems, DCT. 

Computation of DFT. FFT Algorithms and processing gain, Discrimination, interpolation and 

extrapolation. Gibbs phenomena. FFT of real functions interleaving and resolution improvement. 

Word length effects.  

 

Unit-4 (12 Lectures) Digital Filters: Analog filter review. System function for IIR and FIR 

filters, network representation. Canonical and decomposition networks. IIR filter realization 

methods and their limitations. FIR filter realization techniques. Discrete correlation and 

convolution; Properties 

 

Course Learning Outcomes:  

Course Outcome Description 

CO1 Understand the basic concepts related to discrete time signals, systems, Z 

transform and Fourier transform 

CO2 Apply knowledge and demonstrate proficiency of analyzing signals in time 

as well as frequency domain using Fourier and Z transforms 

CO3 Design and analyze IIR/FIR filters with given specifications 

CO4 Apply transform methods for representing signals and systems in time and 

frequency domain 

 

References  

1. A.V. Oppenheim and Schafer, Discrete Time Signal Processing, Prentice Hall, 1989.  

2. John G. Proakis and D.G. Manolakis, Digital Signal Processing: Principles, Algorithms and 

Applications, Prentice Hall, 1997. 

Title of Course:         Digital Signal Processing Course Code:   BS2PH603 



 

L-T Scheme: 3-0-0                                                                                         Course Credit:  3 

Objectives: Particle physics studies the interactions of the fundamental constituents of matter, 

quarks and leptons. This course is primarily an introduction to the experimental study of particle 

physics, but it also gives an understanding of the theoretical description of particle physics 

known as the Standard Model. 

 

Syllabus: 

Introduction to the Standard Model and its components. Antiparticles. Symmetries and 

conservation laws and their significance in particle physics.                                      [10 Lectures] 

 

Hadron-hadron interactions. The quark model including spectroscopy. Quantum Chromo 

Dynamics (QCD).                                                                                                       [10 Lectures] 

 

Electromagnetic interactions - form factors. The parton model and deep inelastic scattering - 

structure functions. Weak interactions including beta decay and Cabbibo- Kobayashi-Maskawa 

mixing.                                                                                                                       [12 Lectures] 

 

The unified electroweak interaction, W, Z and the Higgs boson. Beyond the Standard Model: 

the unification of strong and electroweak interaction, supersymmetry, neutrino oscillations and 

more.                                                                                                                           [12 Lectures] 

 

Course Learning Outcomes:  

Course Outcome Description 

CO1  classify elementary particles and their reactions in terms of quantum numbers

 and draw simple reaction diagram 

CO2  describe the basic ingredients of the Standard Model of particle physics 

CO3  explain how experimental results are interpreted in terms of fundamental 

properties of quarks, leptons and force mediator 

CO4  master relativistic kinematics for computations of the outcome of various 

reactions and decay processes 

CO5  describe the technological requirements of particle physics and discuss 

technology transfer to society 

 

Suggested Readings 

 Martin, B. R.; Shaw, G.Particle physics 3. ed.: Chichester, UK: Wiley, cop. 2008 

 Elementary Particles: An Intutive Introduction, Andrew J. Larkoski, Cambridge University 

Press, 2019 

 

Title of Course:          Elementary particle physics Course Code:    BS2PH505 



 

L-T Scheme: 0-0-2                                                                                         Course Credit:  1 

 

Objectives: To learn the measurements from electronic instruments to take the data and analyze 

the results  

 

List of Experiments: 

1. To study the magneto resistance of given semiconductor material. 

2. To determine the Coupling Coefficient of a piezoelectric crystal. 

3. To measure the Dielectric Constant of a dielectric Materials and find its Curie temperature. 

4. To study the PE Hysteresis loop of a Ferroelectric Crystal. 

5. To study the BH curve of iron using a Solenoid and determine the energy loss. 

6. To study the magnetoresistance in metallic rod with the help of Michelson arrangement. 

7. To determine the (1) Wavelength and (2) Angular Spread of He-Ne Laser using Plane    

     Diffraction Grating. 

8. (a) To determine the numerical aperture of a given multimode optical fiber. 

     (b) To measure the bending loss of the given fibers. 

 

 

 

 

Title of Course:   Physics Lab VI Course Code:  BS1PH671 

Course 

Outcome 

Description 

CO1 Develop the ability to measure the resistance by four probe in a magnetic field. 

CO2 Ability to measure the piezoelectric and dielectric crystals 

CO3 Understanding of PE and BH loop , means the hysteresis loops  

CO4 Learning of measurements and analysis  the angular spread of a laser  

CO5 Understand different type of losses in optical fiber 


