
COURSE HANDOUTS 
B.Sc (General) Courses in Physics 
Semester II, IV and VI, 2022-2023 



Electricity and Magnetism (PHSGDSE02T/PHSHGEC02T)
2ndsemester, 2022-2023 

About the Course 
• Name of the Course : Electricity and Magnetism 
• Nature of the Course : Core Course/Generic Elective 
• Code of the Course :  PHSGCOR02T and PHSGCOR02P ; PHSHGEC02T and PHSHGEC02P 
• Credit point  : 4 (Theory) + 2 (Practical) 
• Class Hours : 60 (Theory) + 60 (Laboratory)  

Course description 
This is a foundation course on electricity and magnetism to introduce to the students basic ideas of classical 
notion of electric and magnetic fields, fundamental equations governing the behavior of electromagnetism,  
electric circuits and network analysis. 

Course Outcomes 
CO1 :  Revise vector algebra.  Clear understanding of gradient, divergence and curl, Gauss’s theorem and 
Stokes theorem. 
CO2 :  Understanding of the  the electricity and magnetism in vacuum. Familiarity with the fundamental  
equations of electromagnetic theory for static electric configuration and steady current flows. 
CO3 : Understanding of the  the statistical nature of electricity and magnetism in matter, linear response of  
material bodies to external fields. 
CO4 : Understand electromagnetic induction, Faraday’s law, Lenz’s law, self and mutual inductance. 
CO5  :  Understanding  linear  networks,  Thevenin  and  Norton  theorems,  Maximum  power  transfer  and 
superposition  theorem. 
CO6  :  Comprehend  unified  nature  of  electromagnetic  phenomena  embodied  in  the  set  of  Maxwell’s 
equations, displacement current, Poynting vector and conservaton laws in electromagnetic filed.
CO7 : Acquire hands-on experience about the behavior of electric circuits in the laboratory.  

Relationship to other courses  
• Assumed knowledge : Basic understanding of vector calculus and differential equation.  
• Pre-requisite  : PHSGCOR01T and PHSGCOR01P ; PHSHGEC01T and PHSHGEC01P
• Follow up  Course :  None  



Faculty :  Priyanka Chowdhury, Purnendu Chakraborty, Raghunath Bera, Paramita Mallick, Mahuya 
Chakraborty

Course Schedule 
Faculty Timetable Google Classroom Code 

PHSGCOR02T

Priyanka Chowdhury Friday 13:00 – 14:00 Room 116 lja5pb4

Purnendu Chakraborty Tuesday 14:00 – 15:00 Physics Laboratory 4d2ite5

Raghunath Bera Thursday 14:00 – 15:00 Room 111

Paramita Mallick Saturday 13:00 – 14:00 Room 116 n6b4ls4

PHSACOR09P

Mahuya Chakrabarti
Wednesday 14:00 – 16:00 Physics Laboratory

Friday 14:00 – 16:00 Physics Laboratory



Course Outline 

Unit 1 – Vector Analysis                                                                  
Review of  vector  algebra  (Scalar  and Vector  product),  gradient,  divergence,  Curl  and their  significance.  
Vector Integration, Line, surface and volume integrals of Vector fields, Gauss-divergence theorem and Stoke's  
theorem of vectors (statement only).
Unit 2 – Electrostatics                                                                       

Electrostatic Field,  electric flux, Gauss's theorem of electrostatics. Applications of Gauss theorem- Electric 
field due to point charge, infinite line of charge, uniformly charged spherical shell and solid sphere, plane  
charged sheet, charged conductor. Electric potential as line integral of electric field. Electric potential due to 
an electric dipole. Calculation of electric field from potential. Capacitance of an isolated spherical conductor. 
Parallel  plate  condenser.  Energy  per  unit  volume in  electrostatic  field.  Dielectric  medium,  Polarization, 
Displacement vector. Gauss's theorem in dielectrics. Parallel plate capacitor completely filled with dielectric.

Unit 3 – Magnetism                                                                           

Magnetostatics:  Biot-Savart's  law and its  applications-  straight  conductor,  circular  coil,  solenoid carrying 
current. Divergence and curl of magnetic field. Magnetic vector potential. Ampere's circuital law. Magnetic  
properties of materials: Magnetic intensity, magnetic induction, permeability, magnetic susceptibility. Brief 
introduction of diamagnetic, paramagneticand ferromagnetic materials.

Unit 4 – Electromagnetic Induction                                                  

Faraday's laws of electromagnetic induction, Lenz's law, self and mutual inductance, L of single coil, M of two 
coils. Energy stored in magnetic field.

Unit 5 – Linear Network                                                                   

Impedance  of  L,  C,  R  and  their  combinations.  Thevenin  &Norton’s  Theorem.  Maximum power  transfer 
theorem and superposition theorem. Anderson’s bridge.

Unit 6 - Maxwell Equation  and EM wave propagation                   

Equation of continuity of current, Displacement current, Maxwell's equations, Poynting vector, energy density 
in electromagnetic field, electromagnetic wave propagation through vacuum and isotropic dielectric medium, 
transverse nature of EM waves, polarization.

Reference Books 
1.  Foundations of Electromagnetic Theory. J.R. Reitz, F.J. Milford and R.W. Christy, 2010, Pearson.
2.  Electricity and Magnetism, Edward M. Purcell, 1986 McGraw-Hill Education
3.  Introduction to Electrodynamics, D.J. Griffiths, 3rd Edn., 1998, Benjamin Cummings.
4.  Feynman Lectures Vol.2, R.P.Feynman, R.B.Leighton, M. Sands, 2008, Pearson Education
5.  Electromagnetism. I.S. Grant and W.R. Phillips, 2013, Wiley.
6.  Classical Electromagnetism. J. Franklin, 2008, Pearson Education.
7.  Elements of Electromagnetics, M.N.O. Sadiku, 2010, Oxford University Press.
8.  Electricity, Magnetism &Electromagnetic Theory, S. Mahajan and Choudhury, 2012, Tata McGraw



Course Calendar

Priyanka Chowdhury
Unit Topic Class Hour Month

1 Vector Analysis 12

1A Gradient, divergence, Curl and their significance. 5 March
1B Vector Integration, Line, surface and volume integrals of Vector fields, Gauss-

divergence theorem and Stoke's theorem of vectors (statement only).
6 April

May, June
1st Class Test 1 June

2 Electrostatics 3
2F Polarisation, Displacement vector. Gauss's theorem in dielectrics. Parallel 

plate  capacitor completely filled with dielectric
2 June

2nd Class Test 1 June

Purnendu Chakraborty
Unit Topic Class Hour Month

2 Electrostatics 15

2A Electrostatic Field, electric flux, Gauss's theorem of electrostatics. 2 March
2B Applications of Gauss theorem- Electric field due to point charge, infinite line 

of charge, uniformly charged spherical shell and solid sphere, plane charged 
sheet, charged conductor.

4 April

1st Class Test 1 May
2C Electric potential as line integral of electric field. Electric potential due to

an electric dipole.
2 May

2D Calculation of electric field from potential. Capacitance of an isolated spheri-
cal conductor. Parallel plate condenser. Energy per unit volume in electro-
static field.

3 May
June

2E Dielectric medium 2 June
2nd Class Test 1 June

Raghunath Bera
Unit Topic Class Hour Month

3 Magnetism 10

3A Magnetostatics: Biot-Savart's law & its applications –  straight conductor, 
circular coil, solenoid carrying current. 

3 March

3B Divergence and curl of magnetic field. Magnetic vector potential. Ampere's 
circuital law.

3 March
April

3C Magnetic  properties  of  materials:  Magnetic  intensity,  magnetic  induction, 
permeability,  magnetic  susceptibility.  Brief  introduction  of  diamagnetic,4 
para-magnetic and ferro-magnetic materials.

4 April
May



5 Linear Networks 
5A Impedance of L, C, R and their combinations. Thevenin & Norton’s Theorem. 

Maximum power  transfer  theorem and  superposition  theorem.  Anderson’s 
bridge.

4 May
June

Class Test 1 June

Paramita Mallick
Unit Topic Class Hour Month

6 Maxwell`s Equations and Electromagnetic Wave Propagation 9

9A Equation of continuity of current, Displacement current, Maxwell's equations 3 March

9B Poynting vector, energy density in electromagnetic field, 2 March
April

9C Electromagnetic wave propagation through vacuum and isotropic dielectric 
medium, transverse nature of EM waves, polarization

3 April
May

Class Test 1 May

4 Electromagnetic Induction 6
4A Faraday's laws of electromagnetic induction, Lenz's law, self and mutual 

inductance, L of single coil, M of two coils. Energy stored in magnetic field.
5 May

June
Class Test 1 June

Assessment of students 

Internal assessment will be done through Mid semester examination and the dates will be declared ahead of 
time.  



Waves and Optics (PHSHCOR04T/PHSHGEC04T)
4th semester, 2022-2023

About the Course 
• Name of the Course : Waves and Optics
• Nature of the Course : Core Course/Generic Elective 
• Code of the Course :  PHSGCOR04T and PHSGCOR04P ; PHSHGEC04T and PHSHGEC04P 
• Credit point  : 4 (Theory) + 2 (Practical) 
• Class Hours : 60 (Theory) + 60 (Laboratory)  

Course description 
This  aim freshmen  course  is  to  develop  an  understanding  of  wave  motion  in  material  media  and  its 
properties, principles of optics and optical instruments. 

Course outcomes 
CO1 : Understand mathematical structure of oscillator equation and superposition principle. 
CO2 : Understand wave equation and its solutions, superposition of waves, normal modes of a string, group  
velocity and phase velocity. 
CO3 : Acquire basic knowledge about fluid motion, surface tension and shear viscosity. 
CO4 : Understand propagation of sound waves, characteristics of sound, acoustics. 
CO5 :  Understand optics as phenomena involving electromagnetic waves. 
CO6 : Understand polarization, interference and diffraction of light. 
CO7 : Comprehend the working of optical instruments like biprism, interferometer, diffraction grating.
CO8 :  Gain hands on training experience in the laboratory on the use of  optical/mechanical/electrical 
instruments like to study interference or diffraction of waves.  

Relationship to other courses  
• Assumed knowledge : Basic understanding of differential equation.  
• Follow up  Course :  None  



Faculty :  Mahuya Chakrabarti,  Paramita Mallick 

Course Schedule 

Faculty Timetable Google Classroom Code 

PHSGCOR04T/PHSHGEC04T

Mahuya Chakrabarti
Tuesday 12:00  – 13:00 111

Friday 16:00 – 17:00 116

fmdinh5

Paramita Mallick
Wednesday 16:00 –  17:00 111

Saturday 13:00 –  14:00 111
qpt3avh

PHSGCOR04P/PHSHGEC04P

Purnendu Chakraborty
Monday 10:00 –12:00 Physics Laboratory

Thursday 12:00 – 14:00 Physics Laboratory
bzecz6h



Course Outline 
Unit 1 - Superposition of Two Collinear Harmonic oscillations                                                                
Linearity & Superposition Principle. (1) Oscillations having equal frequencies and (2) Oscillations having
different frequencies (Beats).
Unit 2 - Superposition of Two Perpendicular Harmonic Oscillations 
Graphical and Analytical Methods. Lissajous Figures with equal an unequal frequency and their uses.
Unit 3  - Waves Motion- General                                                               
Transverse waves on a string. Travelling and standing waves on a string. Normal Modes of a string. Group
velocity, Phase velocity. Plane waves. Spherical waves, Wave intensity.
Unit 4 -  Fluids                                                 
Surface Tension: Synclastic and anticlastic surface. Excess of pressure. Application to spherical and cylindrical  
drops and bubbles. Variation of surface tension with temperature.
Viscosity. Rate flow of liquid in a capillary tube. Poiseuille’s formula. Determination of coefficient of viscosity 
of a liquid . Variations of viscosity of a liquid with temperature lubrication.
Qualitative discussion on water waves.
Unit 5 - Sound                                                                 
Simple harmonic motion - forced vibrations and resonance - Fourier’s Theorem - Application to saw tooth
wave and square wave - Intensity and loudness of sound - Decibels - Intensity levels - musical notes - musical
scale. Acoustics of buildings: Reverberation and time of reverberation - Absorption coefficient - Sabine’s
formula - measurement of reverberation time - Acoustic aspects of halls and auditoria.
Unit 6 - Wave Optics
Electromagnetic nature of light. Definition and Properties of wave front. Huygens Principle.
Unit 7 - Interference
Interference: Division of amplitude and division of wavefront. Young’s Double Slit experiment. Lloyd’s
Mirror and Fresnel’s Biprism. Phase change on reflection: Stokes’ treatment. Interference in Thin Films:
parallel and wedge-shaped films. Fringes of equal inclination (Haidinger Fringes); Fringes of equal thickness
(Fizeau Fringes). Newton’s Rings: measurement of wavelength and refractive index.
Unit 8 - Michelson’s Interferometer
Idea of form of fringes (no theory needed), Determination of wavelength, Wavelength difference, Refractive
index, and Visibility of fringes.
Unit 9 - Diffraction
Fraunhofer diffraction- Single slit; Double Slit. Multiple slits and Diffraction grating. Fresnel Diffraction:
Half-period zones. Zone plate. Fresnel Diffraction pattern of a straight edge, a slit and a wire using half-
period zone analysis.
Unit 10 – Polarization 
Transverse nature of light waves. Plane polarized light – production and analysis. Circular and elliptical
polarization.
Reference Books 
1. Waves: Berkeley Physics Course, vol. 3, Francis Crawford, 2007, Tata McGraw-Hill.



2. Vibrations and Waves. A.P. French, 2003, CBS.
3. Vibrations & Waves. G.C. King, 2009, Wiley.
4. The Physics of Vibrations and Waves, H. J. Pain, 2013, John Wiley and Sons.
5. General Properties of Matter. B. Brown, 1969, Springer Science.
6. Classical Mechanics and General Properties of Matter. S.N. Maiti and D.P. Raychaudhuri, New Age
7. Optics. E. Hecht, 2003, Pearson Education.
8. Fundamentals of Optics, F.A Jenkins and H.E White, 1976, McGraw-Hill
9. Principles of Optics, B.K. Mathur, 1995, Gopal Printing
10. Fundamentals of Optics, H.R. Gulati and D.R. Khanna, 1991, R. Chand Publications
11. University Physics. F.W. Sears, M.W. Zemansky and H.D. Young. 13/e, 1986. Addison-Wesley



 Course Calendar (PHSHCOR04T/PHSHGEC04T) 
Mahuya Chakrabarti 

Unit Topic Class Hour Month

6 Wave Optics 3

6A Electromagnetic nature of light. 1 January

6B Definition and Properties of wave front, Huygens Principle. 2 February

7 Interference 10

7A Interference:  Division  of  amplitude  and  division  of  wavefront,  Young’s 
Double Slit experiment, Lloyd’s Mirror and Fresnel’s Biprism. 

3 February

7B Phase change on reflection: Stokes’ treatment, Interference in Thin Films: 
parallel  and wedge-shaped films, Fringes of equal inclination (Haidinger 
Fringes), Fringes of equal thickness(Fizeau Fringes).

3 February

7C Newton’s Rings: measurement of wavelength and refractive index. 3 March

Class Test 1 March

8 Michelson’s Interferometer 3

8A Idea of form of fringes (no theory needed), Determination of wavelength, 
Wavelength difference, Refractive index, and visibility of fringes.

3 March

9 Diffracion 14

9A Fraunhofer diffraction- Single slit, Double Slit, Multiple slits and Diffraction 
grating.

7 March
 April

9B Fresnel  Diffraction:  Half-period  zones,  Zone  plate,  Fresnel  Diffraction 
pattern of a straight edge, a slit and a wire using half- period zone analysis.

6 April
May

Class Test 1 May
   

Paramita Mallick

Unit Topic Class Hour Month

1 Superposition of Two Collinear Harmonic oscillations 4

1A Linearity & Superposition Principle. (1) Oscillations having equal 
frequencies and (2) Oscillations having different frequencies (Beats).

4 January
February

2 Superposition of Two Perpendicular Harmonic Oscillations 2

2A Graphical and Analytical Methods. Lissajous Figures with equal an unequal 
frequency and their uses.

2 February

3 Waves Motion- General 7

3A Transverse waves on a string. Travelling and standing waves on a string. 2 February



3B Normal Modes of a string. Group velocity, Phase velocity. Plane waves. 
Spherical waves, Wave intensity.

4 February 
March

Class Test 1 March

4 Fluids 6

4A Surface Tension: Synclastic and anticlastic surface - Excess of pressure- 
Application to spherical and cylindrical drops and bubbles - variation of 
surface tension with temperature.

2 March

4B Viscosity: Viscosity - Rate flow of liquid in a capillary tube - Poiseuille’s 
formula - Determination of coefficient of viscosity of a liquid - Variations of 
viscosity of a liquid with temperature lubrication.
Qualitative discussion on water waves.

4 March
 April

5 Sound 6

5A Simple harmonic motion - forced vibrations and resonance - Fourier’s 
Theorem - Application to saw tooth wave and square wave - Intensity and 
loudness of sound - Decibels - Intensity levels - musical notes - musical 
scale.

3 April

5B Acoustics of buildings: Reverberation and time of reverberation - 
Absorption coefficient - Sabine’s formula - measurement of reverberation 
time - Acoustic aspects of halls and auditoria.

3 April

6 Polarization 5

6A Transverse nature of light waves. Plane polarized light – production and 
analysis.

2 May

6B Circular and elliptical polarization. 2 May

Class Test 1 May

Evaluation of students :
Internal evaluation will be done through Class test examination and assignments. The assignments will be  
given in the classroom after completion of a unit/module. The dates of examinations will be declared ahead 
of time.



Nuclear and Particle Physics (PHSGDSE04T)
6th  semester, 2022-2023

About the Course 
• Name of the course : Nuclear and Particle Physics
• Nature of the course : Core course 
• Code of the course : PHSGDSE04T
• Credit point  : 6  

Course description 
The aim of this course is to inculcate among students a through understanding of nuclear physics and a  
cursory view of particle physics. 

Course outcomes 
CO1 : Learn the ground state properties of a nucleus, nuclear constituents. 
CO2 :  Understand the models of nucleus – liquid drop model, Fermi gas model, shell model and their 
applications in explaining nuclear properties. 
CO3 : Understand nuclear decay, alpha, beta and gamma emission. Comprehend Gammow’s theory of alpha 
decay, Geiger Nuttal law. Learn about beta and gamma emission kinematics. 
CO4 :  Understand nuclear reactions,   their types, conservation laws, kinematics, Q value, cross section. 
Understand compound and direct reaction, Coulomb scattering. 
CO5 : Acquire knowledge about of the interaction of Nuclear Radiation with matter, Bethe-Bloch formula, 
Cerenkov emission, photoelectric effect, Compton effect, neutron interaction with matter. 
CO6 : Acquire basic idea about different types of nuclear detectors. 
CO7 :  Acquire basic idea about different types of particle accelerators. 
CO8 : Understand different types particle interaction, symmetries and conservation laws governing particle 
interactions. Acquire basic idea of quark model and color confinement.

Faculty : Mahuya Chakraborty and Purnendu Chakraborty
Course Schedule 

Faculty Time Table  Google Classroom 

Paramita Mallick

Tuesday 10:00 – 11:00 116 muheqk3

Wednesday 13:00 – 14:00 Physics Laboratory

Thursday 10:00 --- 11:00 AUD-6

Purnendu Chakraborty
Monday 13:00 – 14:00 AUD-6

mlwkltb
Friday 14:00 – 16:00 111



Course Outline - PHSGDSE04T
Unit 1 :  Preliminary Topics                                                                                             
Review  of  mass-energy  equivalence,  quantum  tunnelling.  Qualitative  discussion  on  properties  of 
semiconductors.
Unit 2 : General Properties of Nuclei  
Constituents of nucleus and their Intrinsic properties, quantitative facts about mass, radii, charge density
(matter density), binding energy, average binding energy and its variation with mass number, main features  
of  binding  energy  versus  mass  number  curve,  N/A plot,  angular  momentum,  parity,  magnetic  moment, 
electric moments, nuclear excites states.
Unit 3 : Nuclear Models                
Liquid drop model approach, semi empirical mass formula and significance of its various terms, condition of
nuclear  stability,  two  nucleon  separation  energies,  Fermi  gas  model  (degenerate  fermion  gas,  nuclear 
symmetry  potential  in  Fermi  gas),  evidence  for  nuclear  shell  structure,  nuclear  magic  numbers,  basic  
assumption of shell model, concept of mean field, residual interaction, concept of nuclear force.
Unit 4 : Radioactivity decay       
(a) Alpha decay: basics of α-decay processes, theory of α-emission, Gamow factor, Geiger Nuttall law, α-
decay spectroscopy.  (b) beta decay, positron emission, electron capture,  neutrino hypothesis.  (c)  Gamma 
decay : Gamma rays emission & kinematics, internal conversion.
Unit 5 : Nuclear Reactions                     
Types of Reactions, Conservation Laws, kinematics of reactions, Q-value, reaction rate, reaction cross section,  
Concept of compound and direct reaction, resonance reaction, Coulomb scattering (Rutherford scattering).
Unit 6 : Interaction of Nuclear Radiation with matter   
Energy loss due to ionization (Bethe-Block formula), energy loss of electrons, Cerenkov radiation. Gamma
ray interaction through matter, photoelectric effect, Compton scattering, pair production, neutron interaction 
with matter. 
Unit 7 : Detector for Nuclear Radiations            
Basic  principles  of  ionization  chamber  and  GM  Counter.  Basic  principle  of  Scintillation  Detectors  and 
construction of photo-multiplier tube (PMT). Semiconductor Detectors (Si and Ge) for charge particle and 
photon detection (concept of charge carrier and mobility), neutron detector.
Unit 8 : Particle Accelerators                             
Linear accelerator, Cyclotron, Synchrotrons.
Unit 9 : Particle physics
Particle interactions; basic features, types of particles and its families. Symmetries and Conservation Laws:
energy and momentum, angular momentum, parity, baryon number, Lepton number, Isospin, Strangeness and
charm, concept of quark model, color quantum number and gluons.
References 
1.  Nuclear Physics. J.S. Lilley, John Wiley & Sons.
2.  Nuclear and Particle Physics. B.R. Martin, John Wiley & Sons.
3. Nuclear and Particle Physics, W.F. Burcham and M. Jobes,  Pearson.
4. An Introduction to Nuclear Physics. W. N. Cottingham and D.A. Greenwood,  Cambridge.



5.  Introductory nuclear Physics by Kenneth S. Krane, Wiley India Pvt. Ltd..
6. Concepts of nuclear physics by Bernard L. Cohen, Tata Mcgraw Hill.
7. Introduction to the physics of nuclei and  particles, R.A. Dunlap, Thomson Asia.
8.  Introduction to High Energy Physics, D.H. Perkins, Cambridge Univ. Press.
9. Introduction to Elementary Particles, D. Griffith, John Wiley & Sons.
10. Quarks and Leptons, F. Halzen and A.D. Martin, Wiley India, New Delhi.
11.  Basic ideas and concepts in Nuclear Physics - An Introductory Approach by K. Heyde, Institute of Physics  
Publishing.
12. Radiation detection and measurement, G.F. Knoll, John Wiley & Sons.
13. Physics and Engineering of Radiation Detection, Syed Naeem Ahmed, Academic Press.



COURSE CALENDAR 
Paramita Mallick

Unit Topic Class Hour Month 

1 Preliminary Topics 3

1A Review of mass-energy equivalence, quantum tunnelling 2 February

1B Qualitative discussion on properties of semiconductors. 1 February

2 General Properties of Nuclei 9

2A Constituents  of  nucleus  and  their  Intrinsic  properties,  quantitative  facts 
about mass, radii, charge density (matter density), binding energy, average 
binding energy and its variation with mass number, main features of binding 
energy versus mass number curve

7 February 
March

2B N/A plot, angular momentum, parity, magnetic moment, electric moments, 
nuclear excites states.

2 March

Class test March

3 Nuclear Models 11

3A Liquid drop model approach, semi empirical mass formula and significance 
of its various terms, condition of nuclear stability, two nucleon separation 
energies, Fermi gas model (degenerate fermion gas, nuclear symmetry 
potential in Fermi gas),

6 March 
April

3B Evidence for nuclear shell structure, nuclear magic numbers, basic
assumption of shell model, concept of mean field, residual interaction, 
concept of nuclear force.

5 April

4 Radioactivity decay 10

4A (a) Alpha decay: basics of α-decay processes, theory of α- emission, Gamow 
factor, Geiger Nuttall law, α- decay spectroscopy. (b)  beta-decay, positron 
emission, electron capture, neutrino hypothesis.

8 April

4B (c) Gamma decay: Gamma rays emission & kinematics, internal conversion. 2 May

8 Particle Accelerators 5

7A Accelerator facility available in India: Van-de Graaff generator (Tandem 
accelerator), Linear accelerator, Cyclotron, Synchrotrons.

4 May

Class test 1 May



Purnendu Chakraborty

Unit Topic Class Hour Month 

9 Particle Physics 14

9A Particle interactions; basic features, types of particles and its families. 3 February

9B Symmetries  and  Conservation  Laws  :  energy  and  momentum,  angular 
momentum,  parity,  baryon  number,  Lepton  number,  Isospin,  Strangeness 
and charm.

8 February
March

9C Concept of quark model, color quantum number and gluons. 2 March

Class Test 1 March

5 Nulcear Reactions 8

5A Types of Reactions, Conservation Laws, kinematics of reactions, Q-value. 2 March

5B reaction rate, reaction cross section, 1 March

5C Concept  of  compound  and  direct  reaction,  resonance  reaction,  Coulomb 
scattering (Rutherford scattering).

5 March
April 

6 Interaction of Nuclear Radiation with matter 8

6A Energy loss due to ionization (Bethe – Block formula), energy loss of 
electrons, Cerenkov radiation.

3 April

6B Gamma ray interaction through matter, photoelectric effect, Compton 
scattering, pair production.

4 May

6C Neutron interaction with matter. 1 May

7 Detector for Nuclear Radiations 7

7A Basic principles of ionization chamber and GM Counter. 2 May

7B Basic principle of Scintillation Detectors and construction of photomultiplier 
tube (PMT).

2 May

7C Semiconductor Detectors (Si and Ge) for charge particle and
photon detection (concept of charge carrier and mobility), neutron detector.

2 June

Class Test 1 June

Evaluation methodology 

1. Internal assessment of PHSGDSE04T will be through class tests only. All class tests are mandatory.  

                                                                                                 



Computational Physics Skills (PHSSSEC02M)
4th  and 6th semester, 2022-2023

About the Course 
• Name of the Course : Computational Physics Skills 
• Nature of the Course : Skill Enhancement Course
• Code of the Course : PHSSSEC02M
• Credit point  : 2
• Class Hours : 30 Hours 

Course Description
The objective of this course is to give students an exposure to the use of computational resources as scientific  
problem solving tool.

Course Outcomes 
CO1 : Understand the importance of computer as problem solving tool in science.  
CO2 : Acquire working knowledge of  Linux opertating system. 
CO3 : Understand programming logic. 
CO4 : Learn basics of Fortran 90/95 and exercise some simple programs. 
C05 : Learn basics of LaTeX, the de facto scientific document preparation tool. 
CO6 : Learn basics of Gnuplot and practice some simple examples.  
CO7 : As Hands on training on the use of computational tools, the students are supposed to learn basics of pro -
gramming in Fortran/C and visualization of data using gnuplot. 
    
Course Coordinator : Dr. Priyanka Chowdhury

Course Schedule 
Faculty Time Table Google Classroom Code 

Dr. Priyanka Chowdhury  Tuesday, 13:00 – 15:00 (Computer Laboratory)  mavxp6d



Course Outline 
Unit 1 : Introduction                                                                          
Importance of computers in Physics, paradigm for solving physics problems for solution. Usage of linux as an 
editor. Algorithms and Flowcharts: Algorithm: Definition, properties and development. Flowchart: Concept of 
flowchart, symbols, guidelines, types. Examples: Cartesian to Spherical Polar Coordinates, Roots of
Quadratic Equation, Sum of two matrices, Sum and Product of a finite series, calculation of sin(x) as a series, 
algorithm for plotting (1) Lissajous figures and (2) trajectory of a projectile thrown at an angle with the hori -
zontal.

Unit 2  :   Scientific Programming 

Some fundamental Linux Commands (Internal and External commands). Development of FORTRAN/ C++, 
Basic elements of FORTRAN 90/95 or C++: Character Set, Constants and their types, Variables and their  
types, Keywords, Variable Declaration and concept of instruction and program. Operators: Arithmetic, Rela-
tional, Logical and Assignment Operators. Expressions: Arithmetic, Relational, Logical, Character and Assign-
ment Expressions.  Fortran Statements:  I/O Statements  (unformatted/formatted),  Executable and Non-Exe-
cutable Statements, Layout of Fortran 90/95 or C++ Program, Format of writing Program and concept of 
coding, Initialization and Replacement Logic. Examples from physics problems.
Unit 3 : Control Statements 
Types of Logic (Sequential, Selection, Repetition), Branching Statements, Looping Statements, Jumping state-
ments, Subscripted variables (Arrays: Types of Arrays, DIMENSION Statement, Reading and Writing Arrays), 
Functions and Subroutines (Arithmetic Statement Function, Function Subprogram and Subroutine), RETURN, 
CALL, COMMON and EQUIVALENCE Statements), Structure, Disk I/O Statements, open a file, writing in a 
file, reading from a file. Examples from physics problems.
Unit 4 : Programming
1. Exercises on syntax on usage of FORTRAN 90/95 or C++
2. Usage of GUI Windows, Linux Commands, familiarity with DOS commands and working in an editor to  
write sources codes in FORTRAN 90/95 or C++.
3. To print out all natural even/ odd numbers between given limits.
4. To find maximum, minimum and range of a given set of numbers.
5. Calculating Euler number using exp(x) series evaluated at x=1
Unit 5 : Scientific word processing: Introduction to LaTeX                                              
TeX/LaTeX word processor, preparing a basic LaTeX file, Document classes, Preparing an input file for LaTeX, 
Compiling LaTeX File, LaTeX tags for creating different environments, Defining LaTeX commands and envi-
ronments, Changing the type style, Symbols from other languages. Equation representation: Formulae and 
equations, Figures and other floating bodies, Lining in columns- Tabbing and tabular environment, Generat-
ing table of contents, bibliography and citation, Making an index and glossary, List making environments, 
Fonts, Picture environment and colors, errors.
Unit 6 : Visualization 

Introduction to graphical analysis and its limitations. Introduction to Gnuplot. importance of visualization of 



computational and computational data, basic Gnuplot commands: simple plots, plotting data from a file, sav -
ing and exporting, multiple data sets per file, physics with Gnuplot (equations, building functions, user de-
fined variables and functions), Understanding data with Gnuplot.

Unit 7 : Hands On Exercise 
1. To compile a frequency distribution and evaluate mean, standard deviation etc.
2. To evaluate sum of finite series and the area under a curve.
3. To find the product of two matrices
4. To find a set of prime numbers and Fibonacci series.
5. To write program to open a file and generate data for plotting using Gnuplot.
6. Plotting trajectory of a projectile projected horizontally.
7. Plotting trajectory of a projectile projected making an angle with the horizontal.
8. Creating an input Gnuplot file for plotting a data and saving the output for seeing on the screen. Saving it  
as an eps file and as a pdf file.
9. To find the roots of a quadratic equation.
10. Motion of a projectile using simulation and plot the output for visualization.
11. Numerical solution of equation of motion of simple harmonic oscillator and plot the outputs for visualiza-
tion.
12. Motion of particle in a central force field and plot the output for visualization.
Reference Books 
1. Introduction to Numerical Analysis, S.S. Sastry, 5th Edn., 2012, PHI Learning Pvt. Ltd.
2. Computer Programming in Fortran 90 and 95. V. Rajaraman, 1997 (Publisher: PHI).
3. Object Oriented Programming with C++. E. Balaguruswamy, 2017. McGraw Hill, India.
4. LaTeX–ADocument Preparation System, Leslie Lamport (Second Edition, Addison-Wesley, 1994).
5. Gnuplot in action: understanding data with graphs, Philip K Janert, (Manning 2010)

Course Calendar
Faculty : Dr. Priyanka Chowdhury

Module Module description Class Hour (30) Month

Theory Laboratory

1 Introduction  2 0 February

2 Scientific Programming 2 1 February

3 Control Statements 1 1 February

4 Programming 1 2 February 
March

5 Scientific word processing : Introduction to LaTeX 1 2 March



6 Visualization 1 1 March

7 Hands On Exercise 5 10 March, 
April, May

Note on Hand On Exercise :  Students have to code at least 6 programs from Unit 7 at their own to take on 
end semester examination.    

Mode of End Semester Evaluation  

The end semester evaluation in PHSSSEC02M will be based on hands on exercises, viva-voce and class atten-
dance. 

 Class attendance End Semester Examination  

Hands on exercise Viva-voce 

Relative weight 20% 60% 20%

Marks Equivalent 5 15 5

                                                                                                 


