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ME 530: Continuum Mechanics

Course Code ME 530
Course Name Continuum Mechanics
L-T-P-C 3-0-0-3
Prerequisites Engineering Mechanics, Engineering Mathematics or equivalent
Intended for M.Tech./ M.S./ Ph.D./ B.Tech. 3rd and 4th year
Distribution Elective
Mutual Exclusion ME 530; CE 530 and ME 530 are same
Approval 59th BoA (Apr 2025)

Course Contents

• Mathematical Essentials: Scalars, Vectors and Cartesian Tensors; Indicial Notation; Tensor Algebra in
Symbolic Notation: Summation Convention, Kronecker Delta, Permutation Symbol, ϵ - δ Identity, Tensor/
Vector Algebra; Matrices and Determinants; Transformations of Cartesian Tensors; Principal Values and
Principal Directions; Tensor Fields, Tensor Calculus: Gradient and Divergence; Integral Theorems of
Gauss and Stokes. [10 Lectures]

• Kinematics of Deformation and Motion: Particles, Configurations, Deformations and Motion; Material
and Spatial Coordinates; Lagrangian and Eulerian Descriptions; Material Derivative; Displacement Field,
Deformation Gradient, Finite Strain Tensors, Infinitesimal Deformation Theory; Compatibility Equations;
Stretch Ratios; Rotation Tensor, Stretch Tensors; Velocity Gradient, Rate of Deformation, Vorticity, Steady
and Irrotational Flow; Material Derivative of Line Elements, Areas, Volumes. [10 Lectures]

• Stress Principle: Body and Surface Forces, Cauchy Stress Principle, Stress Tensors: Cauchy and Piola-
Kirchhoff Stress Tensors; Stress Transformation Laws; Principal Stresses, Principal Stress Directions,
Mohr’s Circles for Stress, Plane Stress; Deviator and Spherical Stress States; Octahedral Shear Stress. [8
Lectures]

• Balance Laws and Equation: Material Derivatives of Line, Surface and Volume Integrals; Conserva-
tion of Mass, Continuity Equation; Linear Momentum Principle, Equations of Motion in Lagrangian and
Eulerian Descriptions; Moment of Momentum (Angular Momentum) Principle; Law of Conservation of
Energy, The Energy Equation; Entropy and the Clausius-Duhem Equation; Governing Equations of a
Continuum. [7 Lectures]

• Constitutive Equations: Constitutive Equations in Material Description; Linear Elasticity: Hooke’s Law,
Strain Energy, Elastic Symmetry, Hooke’s Law for Anisotropic Media, Hooke’s Law for Isotropic Media,
Hyperelasticity; Nonlinear Elasticity: Strain Energy Theory for Nonlinear Elasticity, Specific Forms of the
Strain Energy; Viscous Fluids: Viscous Stress Tensor, Stokesian, and Newtonian Fluids, Basic Equations
of Viscous Flow. [7 Lectures]

Text Books

1. G. Thomas Mase, Ronald E. Smelser, Jenn Stroud Rossmann, Continuum Mechanics for Engineers,
CRC Press, 2020.
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