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Course Information:

Class, Semester S.Y. B.Tech, Semester - III Category BS

Course Code, Course Title: ЗАЕРС201, Mathematical Modelling and Problem Solving Type T1

Prerequisites 3AEBS101, Applied Mathematics - I

3AEBS109, Applied Mathematics - II

Teaching Scheme

(Per Week)

Lecture Tutorial Practical Self Study Credits

2 1 3

MSE TA ESE CIA ESE

Examination Scheme (Marks) Theory Practical

40 20 40

Course Outcomes (COs) :

Upon successful completion of this course, the student will be able to:

CO1 Develop mathematical models for simple engineering systems by applying fundamental modelling principles.

CO2 Apply vector calculus concepts to analyse the behaviour of dynamic systems.

CO3
Solve differential equations using analytical and transform-based methods for basic engineering applications.

CO4 Implement numerical methods to approximate solutions for engineering problems and interpret the results.

CO5
Use basic statistical tools to analyse engineering data and support simple design and performance evaluation tasks.

Syllabus:

Module Contents
Lecture

Hours

Introduction to Mathematical Modelling:
I

Mathematical models, variables, formulation of real-world problems, stages of modeling
(formulation, solution, interpretation, and validation), and graphical methods for problem solving.

04

Vector Calculus for Modelling:
II Vectors and vector operations in 3D, Dot and cross product, Gradient, divergence and curl,

Solenoidal and Irrotational vector fields, vector integration- Line and Surface integral.

05

IΠΙ
Differential Equations and Its Applications:

Second-order differential equations, Methods to find Complementary function, Methods to find
Particular Integral, Applications of Differential equations- Spring-Mass Oscillator.

06

Numerical Differentiation and Integration:

IV Numerical differentiation - Newtons forward backward and central difference, Numerical

integration - Trapezoidal rule, Simpson's 1/3rd and 3/8th rule, Numerical root-finding -
Newton-Raphson method, Numerical solution of simple equations of motion,
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Laplace Transform and Its Applications:

Laplace Transform fundamentals, Standard Laplace properties, Laplace Transform of Derivative,
Laplace Transform of Integral, Inverse Laplace Transform, Inverse Laplace Transform by Method

of Partial fraction and Convolution Theorem, Applications of L.T. to Solve ODES

Probability and Statistical Tools For Aeronautics:

Basic probability concepts, Types of random variables, Binomial
Distribution and Normal Distribution.

06

Distribution, Poisson's 04

Total Lecture Hours 30

List of Tutorials with CO Mapping:

S. No. Title of Tutorial
CO

Mapped

1 Formulation of mathematical models from real-world problems. C01

2 Solution and interpretation of models using graphical methods. CO1

3 Vector Differentiation CO2

4 Vector Integration CO2

5 Solutions of differential equations CO3

6 Applications of differential equations CO3

7 Numerical Differentiation techniques CO4

8 Numerical Integration techniques CO4

9 Laplace Transform and its properties CO3

10 Inverse Laplace Transform and its applications CO3

11 Discrete Probability Distributions CO5

12 Continuous Probability Distributions CO5

Total Tutorial Sessions 15 Total Tutorial Hours 15

Text Books:

1. Kapur, J. N. (2015). Mathematical modelling. New Age International.

2. Grewal, B. S. (2022). Higher engineering mathematics. Khanna Publishers.
3. Sastry, S. S. (2023). Introductory methods of numerical analysis (6th ed.). PHI Learning.
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References:

1. Anderson, J. D. (2017). Introduction to flight (9th ed.). McGraw-Hill Education.

2. Devore, J. L. (2019). Probability and statistics for engineering and the sciences (10th ed.). Cengage Learning.
3. Rao, S. S. (2019).  Engineering optimization: Theory and practice (5th ed.). New Age International /Wiley India.
4. Dr. B. S. Grewal, Higher Engineering Mathematics, 45th Khanna Publication, 2022.
5. H. K. Das, Advanced Engineering Mathematics, 24th Edition, S. Chand, 2022.

Online Learning Resources

1. NPTEL - Mathematical Modelling (IIT Guwahati) - https://nptel.ac.in/courses/109103140
2.

MIT OpenCourseWare - Introduction to Modelling and Simulation - https://ocw.mit.edu
3. https://www.youtube.com/watch?v=ZurvUcEPUFA (Unit-III)
4

5.
https://www.youtube.com/watch?v=n9XP6pljtw8&list=PLbRMhDVUMngfsMNuiGSQQuNwPevZukOY_ (Unit: V)
https://www.youtube.com/playlist?list=PLbRMhDVUMngfIrZCNOyPZwHUU1pP66vQW (Unit-II, Lecture No. 36-
43

Experiments that may be performed through virtual labs

1. https://www.geogebra.org/
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Course Information:

Class, Semester

Course Code, Course Title:

Prerequisites

Teaching Scheme

(Per Week)

S.Y. B.Tech, Semester - III

3AEPC202, Solid Mechanics

ЗАЕРС111 - Engineering Mechanics

Category PC

Type LIT1

Lecture Tutorial Practical Self Study Credits

2 1 2 3 4

Examination Scheme (Marks) MSE TA ESE CIA ESE

Theory Practical

40 20 40 50 50

Course Outcomes (COs):
Upon successful completion of  this course, the student will be able to:

CO1 Explain the properties, applications, and microstructures of aerospace materials using observations from
metallographic preparation and hardness testing.

CO2 Interpret stresses, strains, elastic constants, and safety factors under axial and thermal loading by relating them
results from tensile and compression tests.

to

CO3 Construct shear force and bending moment diagrams, and stress distribution in symmetric and composite beam
sections.

CO4 Apply beam deflection methods, torsional analysis, and the principle of superposition to analyze structural
members.

CO5

Syllabus:

Module

Determine principal stresses and predict material failure under different loading conditions using appropriate failure
theories.

Contents
Lecture

Hours

I

Aerospace Materials: Fabrication, Microstructure, and Hardness Testing:
Steel and its types with properties & application - Aluminium and its alloys with properties &

application - Magnesium and its alloys with properties & application - Titanium and its alloys with

properties & application - Material fabrication for microstructure inspection - Introduction to
hardness testing and its types.

04

II
Axial Loading and Material Modulus:

Concept of stress and strain & its types - Elastic constants and its types - Relation between elastic

constants - Stresses in the bars - Thermal stress - Factor of safety.

05

Transverse Loading on Beams and Stresses in Beam:
III Shear force and Bending moment of beams - Theory of pure bending - Bending stress and shear

stress distribution of symmetrical cross sections - Bending & Shear stress on Simple beams
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IV

Bending Deflection and Torsional Twist in Structural Members:

Deflection of beam using Double integration method - Macaulay's method - Strain energy and
Castigliano's theorem. Shear stress and angle of twist in the shaft of uniform and varying cross
section.

05

Stress Transformation in Materials and Pressure Vessels:

V Principal Plane and Stresses - Stresses on oblique sections of the body - Mohr's circle and its
construction for different cases - Stresses in thin-walled pressure vessels.

06

Theories of Failure:

VI Ductile and Brittle materials - Maximum principal stress theory - Maximum principal strain theory -

Maximum Shear stress theory - Maximum strain energy theory - Maximum shear strain energy

theory - Introduction to Fracture Mechanics & Creeр.

04

List of Tutorials with CO Mapping:

Total Lecture Hours 30

S. No. Title of Tutorial CO

Mapped

1. Resolution of forces, moment. Centroid and Moment of Inertia
CO3 &

CO4

2 Application of metallic materials in Aircraft parts or components CO1

3. Stresses in the bars of composite system CO2

4. Thermal stress in composite bar CO2

5. Shear force and bending moments on inclined loads CO3

6. Bending stress on the composite section. CO3

7. Deflection of beam when subjected to moment CO4

8. Solid and Hollow shaft CO4

9. Mohr's circle CO4

10. Stresses in thin Spherical shells CO4

11. Application-Focused Design Problem CO5

12. Fatigue and Stress relaxation CO5

Total Tutorial Sessions 15 Total Tutorial Hours 15
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List of Experiments with CO Mapping:

Ct

S. No. Title/Topic of the Experiment
CO

Mapped

1 Microstructural inspection using a metallurgical microscope CO1

2 Brinell Hardness Testing. CO1

3 Rockwell Hardness Testing CO1

4 Tensile test on Ductile materials CO2

5 Impact Testing CO4

6 Principle of Superposition theorem CO4

7
Deflection of a cantilever beam with a load at the midpoint & eccentric loading CO4

8
Deflection of a Simply Supported beam with load at the midpoint & eccentric loading CO4

9 Torsion test on the shaft CO4.

CO5

10 Tension and Compression test on springs CO2

Total Practical Sessions 15 Total Practical Hours 30

Text Books:

1. Jindal U.C., "Strength of Materials", Asian Books Pvt. Ltd., New Delhi, 2017
2. R.S. Khurmi, "Strength of Materials", S. Chand & Company Ltd., 2021
3. R.K. Rajput, "A Textbook of Strength of Materials", S. Chand & Company Ltd., 2022

References:

1. Subramanian R., "Strength of Materials", Oxford University Press, Oxford Higher Education Series, 2018.
2. THGMegson, "Aircraft Structures for Engineering Students", Elsevier, 6th Edition, 2021.

Online Learning Resources

1. Mechanics of Solids by Prof. Priyanka Ghosh, IIT Kanpur - Swayam

https://nptel.ac.in/courses/105104160

Experiments that may be performed through virtual labs

1. Tensile testing- https://vlae-iitk.vlabs.ac.in/str1/ap.html
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