
 A-2 

Scheme of Examination B.E. First year ( All Branches of Engineering) 

Second Semester 

Sub  

Code 

Subjects Workload in hrs Credits Marks Minimum Passing 

Marks L T/A P  Theory Practical Total 

Internal Uni Internal Uni Theory Practical 

BSE2-1T Mathematics-II 3 1 - 4 30 70 - - 100 45 - 

BSE2-2T Advanced Engineering Materials 2 2 - 3 30 70 - - 100 45 - 

BSE2-3T Applied Chemistry 3 2 - 4 30 70 - - 100 45 - 

BSE2-4T Computational  Skills 2 - - 2 15 35 - - 50 23 - 

BSE2-6T Basics  of Electrical Engineering 2 - - 2 15 35 - - 50 23 - 

BSE2-7T Engineering Mechanics  2 - - 2 15 35 -  50 23 - 

BSE2-8T Indian  Culture & Constitution 2 - - Audit 50 - - - Audit - - 

BSE1-5P Workshop Practices - - 4 2 - - 50 50 100 - 50 

BSE2-2P Advanced Engineering Materials - - 2 1 - - 25 25 50 - 25 

BSE2-3P Applied Chemistry   3 1.5 - - 25 25 50 - 25 

BSE2-4P Computational  Skills   2 1 - - 25 25 50 - 25 

Three weeks Induction Program     

 Total 16 5 11 22.5 135* 315 125 125 700   

 

 L- Lecture , P-Practical, T- Tutorial, A- Activity (Half Credit per Hour)  

*    Audit course marks are not counted in total marks 

 

Guidelines 

 Energy and Environment shall be taught by faculty of Chemistry and will come under board of Applied Science and Humanities (only by Chemistry Dept) 

 Advance Engineering Materials shall be taught by faculty of Physics and will come under board of Applied Science and Humanities (only by  Physics Dept) 



Faculty of Science and Technology

R.T.M Nagpur University, Nagpur

Syllabus for B. Tech. Second Semester

Mathematics – II
Total Credits: 4 Subject Code: BES2-1
Teaching Scheme Examination Scheme
Lectures: 3 Hours/Week Theory T (U): 70 Marks, T (I): 30 Marks
Tutorial: 1 Hour/Week Duration of University Exam: 3 hours

Course Objectives:
1. The objective of the course is to inculcate and strengthen analytic ability among the
engineering students and to create zeal of working with higher mathematics and its
applications in the extensive field of engineering.
2. The topics covered will serve as basic tools for specialized studies in many fields of
engineering and technology.

Course Outcomes:
After completing the course, students will be able to
1. Analyze real world scenarios to recognize when integrals are appropriate, formulate
problems about the scenarios, creatively model these scenarios (using technology, if
appropriate) in order to solve the problems using multiple approaches, judge if the results are
reasonable, and then interpret and clearly communicate the results.
2. Define and understand the geometry of vector differential operators and line and surface
integrals.
3. Explain and apply principles of study design and data collection.
4. Develop an ability to identify, formulate and/or solve real world problems.
5. Understand the impact of scientific and engineering solutions in a global and societal
context.

Unit 1: Integral Calculus (13 Hours)
Evaluation of Definite and Improper Integrals: Beta and Gamma functions and their
properties, Differentiation of definite integral, Mean value, Mean square value and Root
mean square value.
Curve Tracing: Tracing of curves (Cartesian), Applications of definite integrals to find
length of curve, area, volume and surface area of solids of revolution (Cartesian, Polar and
Parametric curves).

Unit 2: Multivariable Calculus (Integration) (13 Hours)
Multiple Integration: Double integrals (Cartesian and Polar), Change of order of
integration in double integrals, Change of variables (Cartesian to Polar).
Applications: Area, Mass, Volume and Center of Gravity (constant and variable densities),
Elementary triple integrals.



Unit 3: Vector Calculus (10 Hours)
Vector Calculus: Vector triple product, Product of four vectors, Scalar point function,Vector
point function,Vector differentiation, Gradient, Divergence and Curl, Directional derivatives,
Solenoidal and Irrotational motions
Vector Integration: Line integrals and Work done.

Unit 4: Statistics (6 Hours)
Fitting of a Curve by Method of Least Squares: Straight line y = a+bx, Second degree
parabola y = a+bx+cx2 and curves of the type y = aebx , y = abx and y = axb , Coefficient of
correlation and Lines of regression, Rank correlation.

Unit 5: Finite Differences (6 Hours)
Operators E & Delta, Factorial polynomial, Lagrange’s interpolation formula for unequal
intervals of arguments.
Numerical Integration: Trapezoidal rule, Simpson’s 1/3rd rule and Simpson’s 3/8th rule,
Difference equations with constant coefficients.

Text/Reference Books:
(1) Erwin Kreyszig, Advanced Engineering Mathematics, 9th Edition, John Wiley & Sons,
2006.
(2) Ramana B.V., Higher Engineering Mathematics, Tata Mc-Graw Hill, New Delhi, 11th
Reprint, 2010.
(3) N.P. Bali and Manish Goyal, A text book of Engineering Mathematics, Laxmi
Publications, Reprint, 2008.
(4) B.S. Grewal, Higher Engineering Mathematics, Khanna Publishers, 36th Edition, 2010.
(5) P. N. Wartikar and J. N. Wartikar, Applied Mathematics, Volume I and II.
(6) H.K Dass, Rama Verma, Rajnish Verma, V.J. Dagwal, Sajid Anwar and D.F. Shastrakar,
Engineering Mathematics, Volume I and II, S. Chand.



B.Tech. Semester II  Advanced Engineering Materials (Total Credits 3) 

Teaching Scheme Examination Scheme 
 

Lectures: 2 Hours/Week Theory,  T(U): 70 Marks T(I): 30 Marks 

Tutorial/Activity: 2 Hours/week                                   Duration of University Exam: 3 Hours  

  

Unit - 1: Band theory of solids (6 Hrs) 14 Marks 

Basic idea of free electron theory of metals, expression of conductivity of a metal. Formation of 

energy bands in Solids, Fermi energy and Fermi level. 

Classification of solids on the basis of energy band diagram: Conductors, Semiconductors and 

Insulators, concept of Fermi energy. 

Unit-2: Semiconductor Devices (7 Hrs) 14 Marks 

Types of Semiconductor diodes, P-N junction Diode:  Characteristics of P-N junction Diode, 

Tunnel Diode, Zener Diode, LED, Photodiode. 

Transistors . Hall effect, Hall voltage and Hall coefficient; its applications,  

Unit 3: Magnetic and Superconducting Materials (10 Hrs) 14 Marks 

Diamagnetic, Paramagnetic, Ferromagnetic, Ferri-magnetic and anti ferromagnetic materials: 

Explanation on the basis of domain. Hysteresis curve, Characteristics of ferromagnetic, 

diamagnetic and paramagnetic materials and their applications. 

Superconductors: Basics of superconductivity: Zero electrical resistance, Persistent current Effect of 

Temperature, Effect of Magnetic Field, Critical Current; The Meissner Effect.Type-I and type-II 

superconductors, London Equation: The penetration depth, Bardeen-Cooper-Schrieffer (BCS) theory. 

Unit 4: Lasers (7 Hrs) 14 Marks 

Quantum Transitions: Absorption, Spontaneous emission & stimulated Emission, Metastable 

states, Principle of laser, Laser characteristics, Coherence length and coherence time, Pumping 

schemes: Three level and Four level. 

Optical Resonator, Construction & working of Ruby laser and He-Ne laser, Applications of laser. 

 

Unit 5: Nanoscience and Nanomaterials (6 Hrs) 14 Marks 

Introduction to Nanoscience, Classification of nano materials, Types of Synthesis of 

Nanomaterials, Comparison of properties of nanomaterials with bulk materials,  

Some special nanomaterials: 1) Zeolites, 2) Graphine, Application of nanomaterials in 

engineering. 



Course Outcomes 

Students will be able to 
 

CO1. Learn the concept of formation of energy bands and to classify solids on its basis. 
 

CO2. Identify and explain different types of diodes, transistors and its applications 
 

CO3. Learn the concepts of magnetism and superconductivity, classify  and analyze various types of 

magnetic and superconducting materials. 

CO4. Learn and explain quantum transitions and apply it to working of lasers. 
 

CO5. Learn the concept of nano materials and compare its properties with those of bulk materials. 

 

Suggested Text Books &Reference Books 
 

1. Solid state Physics, S. O. Pillai, New Age publications. 

2. Charles Kittel, Introduction to Solid State Physics, Wiley Eastern, 5th edition,(1983). 

3. A.J. Dekker Electrical Engineering Materials, Prentice Hall of India(1971). 

4. Fundamentals of Physics by D. Halliday, R. Resnick and J. Walker, John Wiley and Sons Inc. 

5. K. Thyagarajan and A. K. Ghatak, Lasers Theory and Applications, Mcmillan(1981). 

6. A textbook of Engineering Physics, Dr. M. N. Avdhanulu, Dr. P. G. Kshirsagar, S.  Chand 

Publication 

7.  A text Book of  Advanced Engineering Materials,  Dr. D. S. Hardas, , Dr.S.Shastri, Dr. (Mrs)S.P.     

       Wankhede,  Dr. D. S. Bhoumik, Dr.(Mrs.)S.U.Bhonsule, Dr.Shruti Patle, , Das Ganu  

      Publication         ISBN-978-93-84336-70-7 (2021) 

8. A text Book of  Advanced Physics, Dr. D. S. Hardas, Dr.A. R. Panat , Das Ganu  

      Publication         ISBN-978-93-81660-49-2 (2013) 

9. Advanced physical science for Engineers, Dr. S. Patle, Dr. S. U. Bhonsule, Dr. N. Ugemuge, 

Dr. S. P. Wankhede, DNA publication 

10. Advanced Engineering Materials, M. N. Avdhanulu, Shilpa A.  Pande, Arti R.  Golhar, Mohan 

Giriya, S. CHAND  

11. W. Saslow, Electricity, Magnetism and light. 

12. Solid state Physics by R. L. Singhal, Kedarnath Ramnath & Co.Meerut 

13. Introduction to Lasers Theory and Applications by M. N. Avadhanulu, S. Chand and 

Company 

14. Engineering Physics by P. K. Palaniswamy, Scitech(2005) 

15. Engineering Physics by H. Malik and A. K. Singh,TMH(2010) 

16. Engineering Physics by D. K. Bhattacharya and A. Bhaskaran, Oxford University Press 

(2010) 

17. Materials Science and Engineering- A First course by V. Raghavan, PHILearning 



List of Activities 
 

 

1. Study of band gap of various semiconducting materials. 

2. Variation of Fermi energy with respect to various parameters. 

3. Identification of N-type & P-type semiconductor on virtual lab. 

4. Testing of resistor, transistor, diode, capacitor with the help of multimeter / CRO. 

5. Compare Cut-in-voltages of various LEDs. 

6. Study of lines of force using bar magnet & iron fillings. 

7. Gather information about Maglev train. 

8. Write up on History of superconductivity. 

9. Study of application of superconductor. 

10 Measure the divergence of various sources of light such as torch, laser, tubelight, etc. 

11. Understanding the phenomenon of stimulated emission, absorption & stimulated emission. 

12. Laser applications in day to day life. 

13. Collect information about Holography. 

14. Write short note on Discovery of nano materials 

15. Applications of nano materials. 

16. Industrial Visit 

 
Note : Performance of at least one  activities is compulsory in a semester. 

  



B. E. Semester II    Advanced Engineering Materials (Practical)    

                                             (Total Credits: 1) 

 

Teaching scheme         Examination Scheme 
 

Lectures: 2 hrs/Week P(I): 25 Marks P(U) : 25 Marks 

 

 
List of Experiments 

 

 

1. Energy gap of semiconductor /thermistor 
 

2. Parameter extraction from V-I characteristics of PN junction diode. 
 

3. Parameter extraction from V-I characteristics of Zener diode. 
 

4. Parameter extraction from V-I characteristics of PNP/NPN transistor in CB and CE mode. 
 

5. V-I Characteristics of Tunnel diode. 
 

6. V-I Characteristics of Light Emitting Diodes. 
 

7. Study of Diode rectification. 

 

8. Study of Hall Effect and determination of Hall Voltage of given sample. 
 

9. Variation of Hall coefficient (RH) with temperature. 

 

10. To study B-H curve and to find out the values of coercivity, retentivity and saturation magnetisation of 
experimental material. 

 

11. Laser source: Determination of wavelength by diffraction grating. 

 
 

Note: Performance of at least six experiments is compulsory in a semester.  



Scope of the syllabus 

Second Semester: Advanced Engineering Materials 

 

Unit - 1: Band theory of solids 

Free electron theory in metals; Derivation for expression of conductivity of a metal, drift velocity, Band 

theory of solids, Energy Bands, Energy Gap, classification of solids, Fermi function and its variation with 

temperature; Detailed discussion of relative positions of conduction band and valence band in conductor, 

insulator and semiconductor. 

Concept of effective mass, Semiconductors: Intrinsic and Extrinsic Semiconductors, conduction process 

in Semiconductors, Energy band diagrams of  Intrinsic and Extrinsic Semiconductors at T=0K and T> 

0K, expression for fermi energy in Intrinsic Semiconductors without derivation,  

 

Unit-2: Semiconductor Devices 

P-N junction Diode, Unbiased, forward biased & reversed biased mode,  Transistor action, Hall effect, 

Hall Coefficient , Characteristics of Tunnel Diode, Zener Diode, LED,Photodiode 

Unit 3: Magnetic and Superconducting Materials 

Introduction to magnetic materials, magnetic field, magnetic dipole moment, magnetic induction, 

magnetization, magnetic susceptibility, magnetic permeability, classification of magnetic materials 

(diamagnetic, paramagnetic, ferromagnetic),  domain hypothesis, B-H curve , antiferromagnetic, 

ferrimagnetism, Applications:  Alnico and magnetic storage 

Introduction to superconductivity: Zero electrical resistance, Persistent current Effect of Temperature, 

Effect of Magnetic Field, Critical Current; The Meissner Effect, Type-I and type-II superconductors, 

London Equation: The penetration depth, Bardeen-Cooper-Schrieffer (BCS) theory. 

Unit 4: Lasers 

 Meaning of coherence length of laser, expression for coherence length and coherence time, Laser 

Emission, Lasing action, optical resonant cavity: Construction and its role in LASERS, three and four level 

pumping scheme, Laser characteristics: Directionality, Divergence, Intensity, Coherence, 

Monochromaticity. 

Unit 5: Nanoscience and Nanomaterials 

 Introduction to nanoscience, Classification of nano materials, Types of Synthesis of  

Nanomaterials, Reasons for drastic changes in properties at nanoscale,Comparison of properties 

of nanomaterials with bulk materials, Some special nanomaterials: 1) Zeolites, 2) Graphine, 

Applications of nanomaterials in engineering. 



RTMNU, Nagpur 

SYLLABUS FOR FIRST YEAR (SEMESTER II) BACHELOR OF TECHNOLOGY 

(For All Branches) 

 

Course Code BSE2---3T 

Course Title APPLIED CHEMISTRY 

Scheme & Credits L T/A Credits Semester 

II 
3 2 4 

 

Examination Scheme 

T(U): 70 Marks T (1) 30 Marks Duration of University Exam. : 03 Hours 

 

Course Objectives. 

1) To acquaint the students with the basic concepts of Chemistry, and their applications in the 
Engineering field. 

2) To gain the knowledge on properties of materials, and protection of materials from corrosion. 

3) To impart basic knowledge related to ranges of the electromagnetic spectrum used for exciting 

different molecular energy levels in various spectroscopic techniques 

4) To provide an insight into Green Chemistry and its applications in engineering fields. 
5) To enable the student to upgrade the existing knowledge of water technologies and to enhance the 

thinking capabilities in line with the modern trends in Engineering and technology. 

 

Course Outcomes 

The course will enable the students to 
CO1. Rationalize the periodic properties and analyze the Microscopic Chemistry in terms of atomic and 
molecular orbital. 

CO2. Rationalize bulk properties and processes using thermodynamic processes &understand the causes 

of corrosion, its consequences and methods tominimize corrosion. 

CO3. Distinguish the ranges of the electromagnetic spectrum used for exciting different molecular energy 
levels in various spectroscopic techniques. 

CO4. Apply the principles of green chemistry in designing alternative reaction methodologies to 

minimize hazards and environmental degradation. 

CO5. Know about treatment of water and its applications in industry. 

 

UNIT-1: Periodic Properties and Atomic, Molecular Structure 

( 8 Hours) (Marks 14) 

 Periodic properties :- Effective Nuclear charge, electronegativity and polarizability 

 Numerical on Slater’s Rule 

 Atomic, molecular structure:- Atomic and Molecular orbitals. Molecular Orbital Theory and Energy 
level diagrams of homo diatomic molecules (Hydrogen to Fluorine) and hetero diatomic molecules, 

NO, NO+, NO- and HF. 

 Crystal field theory and the energy level diagrams for transition metal ions and their magnetic 

properties (tetrahedral and Octahedral complexes). 

 

UNIT-2 Thermodynamic & Corrosion 

(8 Hours) (Marks 14) 

 Definition & basic equation of internal energy and enthalpy 

 Numerical on internal energy, enthalpy change (Hess’s Law) 

 Second law of Thermodynamics, reversible and irreversible reactions 

 Role or use of Gibbs free energy in a) chemical equilibrium, b) oxidation reduction 

 Corrosion- Definition, Causes, theories of corrosion- dry, wet and differential aeration 



 Numerical on Pilling Bedworth Rule 

 Types of corrosion- pitting, inter granular, and stress corrosion 

 Prevention and control of corrosion- design and material selection, cathodic protection. 

 

UNIT-3 Applications of Spectroscopic Techniques 

(8 Hours) (Marks 14) 

 Principles of spectroscopy and selection rules (Electronic Spectra of Transition Metal Complexes) 

 Electronic spectroscopy- basic principles, Lambert-Beer's law, Woodward Fisher Rule for conjugated 

dienes. 

 Numerical on Lambert-Beer’s Law 

 Numerical on Woodward Fischer Rule 

 Fluorescence, Phosphorescence, Jablonski Diagram and its applications. 

 Nuclear magnetic resonance - basic principle, chemical shift, spectral interpretation of some simple 
compounds and magnetic resonance imaging. 

 

UNIT-4 Basic Green Chemistry 

(7 Hours) (Marks 14) 

 Green Chemistry:- Introduction, twelve principles of Green chemistry with examples, 

 Numerical based on atom economy 

 Carbon sequestration & Carbon Credits, 

 Green reagents, Dimethyl carbonate and its applications, 

 Supercritical CO2 properties and applications, uses and applications of biopolymers – polyadipic acid 
and polycaprolactum. 

UNIT-5 Water Technology 

(9 Hours) (Marks 14) 

 Importance of Hardness and Alkalinity of water. 

 Industrial Water Treatment: Softening of water-principle, reactions, advantages, limitations and 
comparison of Zeolite process and De mineralization process. 

 Numerical based on Zeolite process. 

 Boiler Troubles - (causes, effect on boiler operation and methods of prevention) -Scales and sludges, 

Caustic embrittlement. 

 Desalination of sea water- Principle methods and advantages of electro dialysis and reverse osmosis 

processes 

 Waste Water Treatment (introduction and importance) - Water treatment from biological waste water 
to clean water production, Membrane bio reactors. 

 

Books Recommended: 
1. Applied Chemistry: Dr. Avinash V. Bharati, Dr. (Mrs.) Seema A. Shrivastava, Dr. (Mrs.) Seema G. 

Rawat, Dr. Indrani B. Das Sarma, Dr. (Mrs.) Jyoti N. Thakre, Dr. Kiran M. Khandalkar. Published by Das 

GanuPrakashan, Nagpur (India) 
2. Text Book of Engineering Chemistry: S.S. Dara, S. S. Umare, Published by S. Chand and Company 
Ltd. New Delhi 

3. Textbook of Engineering Chemistry P.C. Jain and Monica Jain, Published by DhanpatRai and Sons, 
New Delhi. 

 

Reference Books: 

1. A textbook of Engineering Chemistry by RajashreeKhare, Published by S. K. Katariya and sons 
2. University Chemistry, by B. H. Mahan. 
3. Organic Chemistry by Paula Y. Bruice, Published by Pearson 

4. Chemistry: Principles and Applications, by M. J. Sienko and R. A. Plane 

5. Fundamentals of Molecular Spectroscopy, by C. N. BanwellIndia. 



6. Engineering Chemistry (NPTEL Web-book), by B. L. Tembe, Kamaluddin and M.S. Krishnan 
7. Physical Chemistry, by P. W. Atkins 

8. A Text book of Engineering Chemistry: Shashi Chawla; DhanpatRai& Sons, New Delhi. 

9. Engineering Chemistry: A.V. Bharati and Walekar, Tech Max Publications, Pune. 

10. Selected Topics in Inorganic Chemistry: Madan, Malik, Tuli. 
11. Elementry Organic Spectroscopy by Y. R. Sharma, Published by S. Chand and Company Ltd. New 

Delhi 



Course Code BSE2-3P 

Course Title APPLIED CHEMISTRY LABORATORY 

Scheme &  
Credits 

L T P Credits Semester 
II 0 0 3 1.5 

 
Examination Scheme  

P (U): 25 Marks P (I): 25 Marks Duration of University Exam. : 03 Hours 
 

Course Outcomes 

After completion of course students will learn to: 
1) Measure molecular/system properties like, concentrations, surface tension, conductance of solutions 

etc. 
2) Estimate the soluble impurities present in the given water sample. 

3) Handle the different instruments used in chemistry laboratory. 

 

Students should 

 Perform any eight experiments. 

 Study of any one experiment in virtual lab topics based on the syllabus. 

 Study of any one demonstration experiment. 
 

1) Preparation of different solutions molar solution, Normal solution. 

2) Determination of surface tension of a given liquid solution, percent 

3) Determination Hardness of water sample by complexometric method. 
4) Determination of types and extent of alkalinity of water sample 
5) Determination of free chlorine in water sample by lodometry 

6) Determination of cell constant and conductance of a given solution. 

7) Synthesis of a polymer/drug 
8) Estimation of Fe/Fe by redox titrimetry 
9) Determination of capacity of cation exchange resin. 

10) Determination of Dissolve Oxygen. 
11) Demonstration of study of Adsorption of Acetic acid by Charcoal. 
12) Demonstration of Thin layer Chromatography 

13) Demonstration of Potentiometric titration of an unknown weak Monoprotic Acid 
14) Virtual Demonstration of UV-Visible spectrophotometer and FTIR (Fourier transformation infrared 
spectroscopy) 

15) Virtual Demonstration of Lambert-Beer’s Law 

 

ACTIVITY 

Students should perform any one activity 
1) Drinking water quality analysisHardness,Alkalinity, pH, TDS 
2) Titration of Aspirin tablets 

3) Study of commonly used antacid tablets 

4) Interpretation of NMR spectra of 10 compounds 

5) Corrosion of surrounding materials 
6) Application of chromatography in industry 
























