
 

 

Vidyasagar University 

Curriculum for B.Sc. Honours in Physics [Choice Based Credit System] 

 

Semester-I 

Sl.No. Name of the Subject Nature Code 

Teaching Scheme 

in hour per week Credit 

L T P 

C1 

C1T: Mathematical 

Physics-I 
Core Course-1  4 0 0 

6 
C1P: Mathematical 

Physics –I  Lab 

Core Course1 

[Practical] 
 0 0 4 

C2 

C2T: Mechanics 
Core Course-2 

 
 4 0 0 

6 

C2P:Mechanics Lab 
Core Course-2 

[Practical] 
 0 0 4 

GE-1 
GE-1 GE     4/5 

GE-1 GE     2/1 

AECC English AECC     2 

                         Total Credits =20 

 

 

AECC- Ability Enhancement Compulsory Course: English /Modern Indian Language/Environmental 

Science. 

Interdisciplinary/Generic Elective (GE) from other Department 

[Four papers are to be taken and each paper will be of 6 credits]: 

[Papers are to be taken from any of the following discipline (GE-1 from Mathematics)]: 

Mathematics/Chemistry/Computer Science/Statistics/Geology/Electronics/Bio-technology 

  

 

 

 

 

 



 

Semester -1 

Core Courses 

Core-1 

Core   T1 – Mathematical Physics 

Mathematical Physics 

 4 Credits 

 

Calculus 

Recapitulation: Limits, continuity, average and instantaneous quantities, differentiation. Plotting functions. 

Intuitive ideas of continuous, differentiable, etc. functions and plotting of curves. Approximation: Taylor and 

binomial series (statements only).  

First Order and Second Order Differential equations: First Order Differential Equations and Integrating 

Factor. Homogeneous Equations with constant coefficients. Wronskian and general solution. Statement of 

existence and Uniqueness Theorem for Initial Value Problems. Particular Integral.  

Calculus of functions of more than one variable: Partial derivatives, exact and inexact differentials. 

Integrating factor, with simple illustration. Constrained Maximization using Lagrange Multipliers.  

Vector Calculus 

Recapitulation of vectors: Properties of vectors under rotations. Scalar product and its invariance under 

rotations. Vector product, Scalar triple product and their interpretation in terms of area and volume 

respectively. Scalar and Vector fields.  

Vector Differentiation: Directional derivatives and normal derivative.  Gradient of a scalar field and its 

geometrical interpretation. Divergence and curl of a vector field. Del and Laplacian operators. Vector 

identities.  

Vector Integration: Ordinary Integrals of Vectors. Multiple integrals, Jacobian. Notion of infinitesimal line, 

surface and volume elements.   Line, surface and volume integrals of Vector fields. Flux of a vector field. 

Gauss' divergence theorem, Green's and Stokes Theorems and their applications (no rigorous proofs).  

Orthogonal Curvilinear Coordinates 



Orthogonal Curvilinear Coordinates. Derivation of Gradient, Divergence, Curl and Laplacian in Cartesian, 

Spherical and Cylindrical Coordinate Systems.  

Introduction to probability 

Independent random variables: Probability distribution functions; binomial, Gaussian, and Poisson, with 

examples. Mean and variance. 

Dependent events: Conditional Probability. Bayes' Theorem and the idea of hypothesis testing. 

DiracDeltafunctionanditsproperties 

Definition of Dirac delta function. Representation as limit of a Gaussian function and rectangular function. 

Properties of Dirac delta function.  

Reference Books 

► Mathematical Methods for Physicists, G.B. Arfken, H.J. Weber, F.E. Harris, 2013, 7th Edn., Elsevier. 

► An introduction to ordinary differential equations, E.A. Coddington, 2009, PHI learning 

► Differential Equations, George F. Simmons, 2007, McGraw Hill. 

► Mathematical Tools for Physics, James Nearing, 2010, Dover Publications. 

► Mathematical methods for Scientists and Engineers, D.A. McQuarrie, 2003, Viva Book 

► Advanced Engineering Mathematics, D.G. Zill and W.S. Wright, 5 Ed., 2012, Jones and Bartlett Learning 

► Mathematical Physics, Goswami, 1st edition, Cengage Learning 

► Engineering Mathematics, S.Pal and S.C. Bhunia, 2015, Oxford University Press 

► Advanced Engineering Mathematics, Erwin Kreyszig, 2008, Wiley India. 

► Essential Mathematical Methods, K.F.Riley & M.P.Hobson, 2011, Cambridge Univ. Press 

► Mathematical methods in the Physical Sciences, M. L. Boas, 2005, Wiley. 

Core P1 – Mathematical Physics Lab 

Mathematical Physics 

 2 credits 

 

Introduction and Overview 

Computer architecture and organization, memory and Input/output devices 

Basics of scientific computing 

Binary and decimal arithmetic, Floating point numbers, algorithms, Sequence, Selection and Repetition, 

single and double precision arithmetic, underflow &overflow- emphasize the importance of making 

equations in terms of dimensionless variables, Iterative methods 

Errors and error Analysis 



Truncation and round off errors, Absolute and relative errors, Floating point computations. 

Introduction to plotting graphs with Gnuplot 

Basic 2D and 3D graph plotting - plotting functions and datafiles,  fitting data using gnuplot's fit function, 

polar and parametric plots,  modifying the appearance of graphs, Surface and contour plots, exporting  

plots. 

Introduction to programming in python: 

Introduction to programming, constants, variables and data types,  dynamical typing, operators and 

expressions, modules, I/O statements,  iterables, compound statements, indentation in python, the if-elif-

else  block, for and while loops, nested compound statements, lists, tuples,  dictionaries and strings, basic 

ideas of object oriented programming. 

Programs 

Sum & average of a list of numbers, largest of a given list of numbers and its location in the list, sorting of 

numbers in ascending descending order, Binary search 

Random number generation 

Area of circle, area of square, volume of sphere, value of pi (π) 

Solution of Algebraic and Transcendental equations by Bisection, Newton Raphson and Secant 

methods 

Solution of linear and quadratic equation, solving 𝛼 = 𝑡𝑎𝑛𝛼, ℶ = ℶ {
𝑠𝑖𝑛𝛼

𝛼
}
2

, in optics 

Interpolation by Newton Gregory Forward and Backward difference formula, Error estimation of 

linear interpolation 

Evaluation of trigonometric functions e.g. sin θ, cos θ, tan θ, etc. 

Numerical differentiation (Forward and Backward difference formula) and Integration 

(Trapezoidal and  Simpson rules), Monte Carlo method 

Given Position with equidistant time data to calculate velocity and acceleration and vice versa. Find the area 

of B-H Hysteresis loop 

Solution of Ordinary Differential Equations (ODE) First order Differential equation Euler, 

modified Euler and Runge-Kutta (RK) second  and fourth order methods 

First order differential equation 

► Radioactive decay 

► Current in RC, LC circuits with DC source 



► Newton’s law of cooling 

► Classical equations of motion 

Attempt following problems using RK 4 order method  

Solve the coupled differential equations  

𝑑𝑥

𝑑𝑡
= 𝑦 + 𝑥 −

𝑥3

3
;
𝑑𝑦

𝑑𝑥
= −𝑥 

For four initial conditions x(0) = 0, y(0) = -1, -2, -3, -4. 

Plot x vs y for each of the four initial conditions on the same screen for 0≤ t ≤ 15 

The differential equation describing the motion of a pendulum is 
𝑑2( )

𝑑2 = −𝑠𝑖𝑛⁡(𝛽).The pendulum is 

released from rest at an angular displacement𝛼, i. e. B(0) = 𝛼, and B’(()) = 0. Solve the equation for = 0.1, 

0.5 and 1.0 and plot B as a function of time in the range 0≤t≤ 8 . Also plot the analytic solution valid for 

small B (sin(B) = B 

Reference Books 

► Introduction to Numerical Analysis, S.S. Sastry, 5th Edn. , 2012, PHI Learning Pvt. Ltd. 

► Learning with Python-how to think like a computer scientist, J. Elkner, C. Meyer, and A. Downey, 

2015, Dreamtech Press. 

► Introduction to computation and programming using Python, J. Guttag, 2013, Prentice Hall India. 

► Effective Computation in Physics- Field guide to research with Python, A. Scopatz and K.D. Huff, 

2015, O’Rielly 

► A first course in Numerical Methods, U.M. Ascher & C. Greif, 2012, PHI Learning. 

► Elementary Numerical Analysis, K.E. Atkinson, 3 rd   Edn . , 2007, Wiley India Edition. 

► Numerical Methods for Scientists & Engineers, R.W. Hamming, 1973, Courier Dover Pub. 

► An Introduction to computational Physics, T.Pang, 2nd Edn., 2006,Cambridge Univ. Press 

► Computational Physics, Darren Walker, 1st Edn., 2015, Scientific International Pvt. Ltd. 

 

 



Core-2 Core- T2 – Mechanics 

Mechanics 

 4 Credits 

 

Fundamentals of Dynamics 

Reference frames. Inertial frames; Review of Newton’s Laws of Motion. Galilean transformations; Galilean 

invariance. Momentum of variable- mass system: motion of rocket. Motion of a projectile in Uniform 

gravitational field Dynamics of a system of particles. Centre of Mass. Principle of conservation of 

momentum. Impulse. 

Work and Energy 

Work and Kinetic Energy Theorem. Conservative and non- conservative forces. Potential Energy. Qualitative 

study of one dimensional motion from potential energy curves. Stable and unstable equilibrium. Elastic 

potential energy. Force as gradient of potential energy. Work & Potential energy. Work done by non-

conservative forces. Law of conservation of Energy. 

Collisions 

Elastic and inelastic collisions between particles. Centre of Mass and Laboratory frames. 

Rotational Dynamics 

Angular momentum of a particle and system of particles. Torque. Principle of conservation of angular 

momentum. Rotation about a fixed axis. Moment of Inertia. Calculation of moment of inertia for 

rectangular, cylindrical and spherical bodies. Kinetic energy of rotation. Motion involving both translation 

and rotation. 

Elasticity 

Relation between Elastic constants. Twisting torque on a Cylinder or Wire. 

Fluid Motion 

Kinematics of Moving Fluids: Poiseuille’s Equation for Flow of a Liquid through a Capillary Tube. 

Gravitation and Central Force Motion 

Law of gravitation. Gravitational potential energy. Inertial and gravitational mass. Potential and field due to 

spherical shell and solid sphere.  

Motion of a particle under a central force field. Two-body problem and its reduction to one-body problem 

and its solution. The energy equation and energy diagram. Kepler’s Laws. Satellite in circular orbit and 



applications. Geosynchronous orbits. Weightlessness. Basic idea of global positioning system (GPS).  

Oscillations 

SHM: Simple Harmonic Oscillations. Differential equation of SHM and its solution. Kinetic energy, potential 

energy, total energy and their time-average values. Damped oscillation. Forced oscillations: Transient and 

steady states; Resonance, sharpness of resonance; power dissipation and Quality Factor. 

Non-Inertial Systems: 

Non-inertial frames and fictitious forces. Uniformly rotating frame. Laws of Physics in rotating coordinate 

systems. Centrifugal force. Coriolis force and its applications. Components of Velocity and Acceleration in 

Cylindrical and Spherical Coordinate Systems. 

Special Theory of Relativity 

Michelson-Morley Experiment and its outcome. Postulates of Special Theory of Relativity. Lorentz 

Transformations. Simultaneity and order of events. Lorentz contraction. Time dilation. Relativistic 

transformation of velocity, frequency and wave number. Relativistic addition of velocities. Variation of mass 

with velocity. Massless Particles. Mass-energy Equivalence. Relativistic Doppler effect. Relativistic 

Kinematics. Transformation of Energy and Momentum. 

Reference Books 

► An introduction to mechanics, D. Kleppner, R.J. Kolenkow, 1973, McGraw-Hill. 

► Mechanics, Berkeley Physics, vol.1, C.Kittel, W.Knight, et.al. 2007, Tata McGraw-Hill. 

► Physics, Resnick, Halliday and Walker 8/e. 2008, Wiley. 

► Analytical Mechanics, G.R. Fowles and G.L. Cassiday. 2005, Cengage Learning. 

► Feynman Lectures, Vol. I, R.P.Feynman, R.B.Leighton, M.Sands, 2008, Pearson Education 

► Introduction to Special Relativity, R. Resnick, 2005, John Wiley and Sons. 

► University Physics, Ronald Lane Reese, 2003, Thomson Brooks/Cole. 

Additional Books for Reference 

► Mechanics, D.S. Mathur, S. Chand and Company Limited, 2000 

► University Physics. F.W Sears, M.W Zemansky, H.D Young 13/e, 1986, Addison Wesley 

► Physics for scientists and Engineers with Modern Phys., J.W. Jewett, R.A. Serway, 2010, Cengage 

Learning 

► Theoretical Mechanics, M.R. Spiegel, 2006, Tata McGraw Hill. 

 



Core-2 P2 – Mechanics Lab 

Mechanics 

 2 Credits 

General Topic 

Discussion on random errors in observations. 

List of Practical 

1. Measurements of length (or diameter) using vernier caliper, screw gauge and travelling 

microscope. 

2. To study the random error in observations. 

3. To determine the height of a building using a Sextant. 

4. To study the Motion of Spring and calculate, (a) Spring constant, (b) g and (c) Modulus of rigidity. 

5. To determine the Moment of Inertia of a Flywheel. 

6. To determine g and velocity for a freely falling body using Digital Timing Technique 

7. To determine Coefficient of Viscosity of water by Capillary Flow Method (Poiseuille’s method). 

8. To determine the Young's Modulus of a Wire by Optical Lever Method. 

9. To determine the Modulus of Rigidity of a Wire by Maxwell’s needle. 

10. To determine the elastic Constants of a wire by Searle’s method. 

11. To determine the value of g using Bar Pendulum. 

12. To determine the value of g using Kater’s Pendulum. 

Note: Some of these experiments may be too expensive to set up in all colleges. In particular, the digital 

timing technique is usually too costly, unless use is made of comparatively cheap solutions like the expeyes 

stystem developed by IUAC. It may be more feasible to leave the universities some freedom in chosing 

experiments that are similar in spirit, but more in keeping with equipment that may be already available in 

the labs. 

Reference Books 

► Advanced Practical Physics for students, B. L. Flint and H.T. Worsnop, 1971, Asia Publishing House 

► Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4th Edition, reprinted 1985, 

Heinemann Educational Publishers 

► A Text Book of Practical Physics, I.Prakash & Ramakrishna, 11th Edn, 2011, Kitab Mahal 

► Engineering Practical Physics, S.Panigrahi & B.Mallick, 2015, Cengage Learning India Pvt. Ltd. 

► Practical Physics, G.L. Squires, 2015, 4th Edition, Cambridge University Press. 

 



Generic Elective 

GE-1 [Interdisciplinary for other department] 

GE- 1 T1 - Elements of Modern Physics  

Elements of Modern Physics 

 4 Credits 

 

Planck’s quantum 

Planck’s constant and light as a collection of photons; Photo- electric effect and Compton scattering. De 

Broglie wavelength and matter waves; Davisson-Germer experiment. 

Problems with Rutherford model 

Instability of atoms and observation of discrete atomic spectra; Bohr's quantization rule and atomic 

stability; calculation of energy levels for hydrogen like atoms and their spectra. 

Position measurement 

Gamma ray microscope thought experiment; Wave-particle duality, Heisenberg uncertainty principle- 

impossibility of a particle following a trajectory; Estimating minimum energy of a confined particle using 

uncertainty principle; Energy-time uncertainty principle. 

Two slit interference experiment 

Two slit interference experiment with photons, atoms & particles; linear superposition principle as a 

consequence; Matter waves and wave amplitude; Schrodinger equation for non-relativistic particles; 

Momentum and Energy operators; stationary states; physical interpretation of wavefunction, probabilities 

and normalization; Probability and probability current densities in one dimension. 

One Dimensional infinitely Rigid Box 

Energy eigenvalues and eigenfunctions, normalization; Quantum dot as an example; Quantum mechanical 

scattering and tunnelling in one dimension - across a step potential and across a rectangular potential 

barrier.  

Size and structure of atomic nucleus and its relation with atomic weight 

Impossibility of an electron being in nucleus as a consequence of the uncertainty principle. Nature of 

nuclear force, NZ graph, semi-empirical mass formula and binding energy. 

Radioactivity 



Stability of nucleus; Law of radioactive decay; Mean life and half-life; decay; decay - energy released, 

spectrum and Pauli's prediction of neutrino; -ray emission. 

Fission and fusion 

Mass deficit, relativity and generation of energy; Fission - nature of fragments and emission of neutrons. 

Nuclear reactor: slow neutrons interacting with Uranium 235; Fusion and thermonuclear reactions.  

Reference Books 

► Concepts of Modern Physics, Arthur Beiser, 2009, McGraw-Hill 

► Modern Physics, J.R. Taylor, C.D. Zafiratos, M.A. Dubson,2009,  PHI Learning 

► Six  Ideas  that  Shaped  Physics:Particle  Behave  like  Waves,  Thomas  A.  Moore, 2003, McGraw 

Hill 

► Quantum Physics, Berkeley Physics, Vol.4. E.H.  Wichman, 2008, Tata McGraw- Hill Co. 

► Modern Physics, R.A.  Serway, C.J. Moses,  and  C.A.Moyer,  2005,  Cengage Learning 

► Modern Physics, G. Kaur and G.R. Pickrell, 2014, McGraw Hill 

 



GE-1 P1 – Elements of Modern Physics Lab 

Elements of Modern Physics 

 2 Credits 

 

List of Practical 

1. To determine value of Boltzmann constant using V-I characteristic of PN diode. 

2. To determine work function of material of filament of directly heated vacuum diode. 

3. To determine the ionization potential of mercury. 

4. To determine value of Planck’s constant using LEDs of at least 4 different colours. 

5. To determine the wavelength of H-alpha emission line of Hydrogen atom. 

6. To determine the absorption lines in the rotational spectrum of Iodine vapour. 

7. To study the diffraction patterns of single and double slits using laser and measure its intensity 

variation using Photosensor & compare with incoherent source – Na. 

8. Photo-electric effect: photo current versus intensity and wavelength of light; maximum energy of 

photo-electrons versus frequency of light 

9. To determine the value of e/m by (a) Magnetic focusing or (b) Bar magnet. 

10. To setup the Millikan oil drop apparatus and determine the charge of an electron. 

Reference Books 

► Advanced Practical Physics for students, B.L. Flint and H.T. Worsnop, 1971, Asia Publishing House. 

► Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4th 

► Edition, reprinted 1985, Heinemann Educational Publishers 

► A Text Book of Practical Physics, Indu Prakash and Ramakrishna, 11th Edition, 2011, Kitab Mahal, 

New Delhi. 

 

 

 

 

 

 



 


