












B.Sc. (Honours) - Physics 

Semester - I 

Physics Practical Lab (I) 

(DSCP HPHY 111, Credits Practical 06, Practical Hours 180) 

 
 
Max. Practical Marks = 150 Marks 
Internal Marks = 60 Marks 
External Practical Exam = 90 Marks (Duration : 4 hrs.) 
 
Note: Out of the following experiments, 12 experiments must be done by the students in the semester. 

(12 hrs. per week) 
 
 

Semester Code of The Course Title of The Course/Paper 
NHEQF 

Level 
Credits 

I DSCP HPHY 111 Physics Practical Lab (I) 5 6 

Level of 
Course 

Type of The Course Delivery Type of The Course 

Introductory Core 
Practical, One Hundred & Eighty Hours of 
Practicals including diagnostic and formative 
assessment during practical hours. 

Prerequisites 
Physics and Mathematics courses of Central Board of Secondary Education 
or equivalent.  

Objectives of 
The Course :  

1. To provide hands-on experience in conducting experiments related to 
electricity and magnetism. 

2. To develop practical skills in using various electrical components and 
instruments. 

3. To reinforce theoretical concepts learned in the corresponding lecture 
course through practical applications. 

4. To enhance problem-solving and analytical skills by analysing 
experimental data and interpreting results. 

5. To promote scientific inquiry, critical thinking, and the ability to design 
and execute experiments. 

6. To foster teamwork and collaboration in conducting experiments and 
analysing results. 

7. To develop skills in accurately measuring and recording experimental 
data. 

 
DSCP HPHY 111 : Physics Practical Lab (I) 

The inclusion of new experiments should be intimated and approved by the Convenor, Board 
of Studies before the start of the academic session. It is binding to have an experimental set-up 
of at least ten experiments listed below. In case the number of experiments performed by the 
student is less than eight, his marks shall be scaled down in the final examination on a pro-rata 
basis. Laboratory examination paper will be set by the external examiner out of eight or more 
experiments available at the center. 
  

                                                               
 



List of Experiments : Semester - I 
 

1. To study the variation of power transfer to different loads by a D.C. source and to verify 
maximum power transfer theorem. 

2. To determine internal resistance of a D.C. source (source resistance) and to verify the 
maximum power transfer theorem by studying the dependence of power delivered to the 
load on load. 

3. To study the transient behaviour of a RC circuit using a DC source by varying values of 
R and C. 

4. To study the characteristics of a semiconductor junction diode and determine forward and 
reverse resistances. 

5. To determine the specific resistance of the material of a wire using Carey Foster’s bridge. 

6. To determine the difference between two small resistances using Carey Foster’s bridge. 

7. To convert galvanometer into an ammeter of a given range. 

8. To convert galvanometer into a voltmeter of a given range. 

9. To study the resonance of series LCR circuit and hence to determine resonance frequency, 
quality factor & bandwidth. 

10. To study the resonance of parallel LCR circuit and hence to determine resonance 
frequency, quality factor & bandwidth. 

11. To study the rise and decay of current in an L-R circuit with a source of constant EMF and 
to determine the time constant. 

12. To study the behaviour of an RC Circuits with varying resistance and capacitance using 
AC mains as a power source and also to determine the impedance and phase relations. 

13. To study the voltage and current behavior of an LR circuit with an AC power source. Also, 
determine quality factor, impedance and phase relations. 

14. To study the variation of a magnetic field along the axis of a current carrying circular coil, 
drawing the necessary curve and hence find the radius of the circular coil. 

15. To perform experimental studies of OR, AND, NOT logic gates. 

16. To identify various types of circuit boards, learning of circuit symbols and determine 
values of resistances, capacitors & inductors using colour coding.  

17. Study of normal and Zener diode characteristics by making circuit on a breadboard. 

18. To study the designing of electric kettle & electric iron. 

19. Any experiment according to undergraduate level physics theory. 

 
Course Learning Outcomes :  
By the end of the course, students should be able to: 
1. Demonstrate proficiency in using various electrical components and instruments required for conducting 

experiments. 
2. Apply theoretical concepts of electricity and magnetism to design and execute experiments. 
3. Analyze experimental data using appropriate mathematical and statistical techniques. 
4. Interpret experimental results and draw conclusions based on data analysis. 
5. Develop skills in accurately measuring physical quantities and recording experimental observations. 
6. Communicate experimental procedures, results, and conclusions effectively in written reports. 
 

                                                                              



















































 

Bachelor of Science (B.Sc.) - Physics  

Semester - V 

Paper (XIII) - Quantum Mechanics (I) 

(DSC HPHY 501, Credits Theory 03, Lectures 45) 

 
 
Duration of EoSE : 3 hrs.                                                                                                            Max. Marks :  54 
Note: There will be two parts in end-semester theory paper. 
Part A of the paper shall contain ten short answer questions and the candidate is required to attempt any 
seven questions. Each question will carry 2 marks for correct answer.                (7 x 2 mark each = 14 marks) 
Part B of the paper will consist of four questions one question from each unit with internal choice. 
Each question will carry 10 marks.                                                                       (4 x 10 marks each = 40 marks) 
 

Semester 
Code of The 

Course 
Title of The 

Course/Paper 
NHEQF 

Level 
Credits 

V DSC HPHY 501 Quantum Mechanics (I) 7 03 

Level of 
Course 

Type of The 
Course 

Delivery Type of The Course 

Introductory Core 
Lecture, Forty five Lectures including diagnostic 
and formative assessments during lecture hours. 

Prerequisites 
Physics and Mathematics courses of Central Board of Secondary Education 
or equivalent.  

Objectives of 
The Course :  

The objective of this course is to provide students with a comprehensive 
understanding of quantum mechanics, history, origin, Schrodinger’s 
equations & postulates of quantum mechanics. The course aims to 
develop a strong foundation in the principles and concepts of quantum 
mechanics, and its applications for futuristics advancements.  

 
Unit - I : Origin and Experimental Evidence of Quantum Theory 

Development of quantum theory - Historical development & experimental evidence for 
quantum theory, Electromagnetic (EM) radiation, Black body radiation, Qualitative discussion 
of spectral distribution of energy, Limitations of classical theory, Planck’s radiation law, 
Photoelectric effect, Compton effect, Matter waves : de Broglie hypothesis, Davison Germer 
experiment.                                                                                                                  (09 Lectures) 
 
Unit - II : Uncertainty Principle & Schrodinger's Wave Mechanics  

Uncertainty principle and its consequences, Gamma ray microscope, Diffraction from a single 
slit, Its applications, such as, (i) non-existence of electron in nucleus, (ii) ground state energy 
of H-atom, (iii) ground state energy of harmonic oscillator (iv) natural width of spectral lines, 
Schrodinger's equation : Need & justification, Time-dependent & time-independent forms, 
Physical significance of the wave function & its interpretation, Probability current density.                                                                                                                       
                                                                                                                                (09 Lectures) 
Unit - III : Postulates & Operators of Quantum Mechanics  

Operators in quantum mechanics, Definition of a linear operator, Linear & Hermitian operators, 



 

State function, Expectation value of dynamical variable-position, momentum & energy, 
Fundamental postulates of quantum mechanics, Eigen function & eigen values, Degeneracy, 
Orthogonality of eigen function, Commutation relations, Ehrenfest's theorem & 
complementarily wave packet, Group & phase velocities, Principle of superposition, Gaussian 
wave packet.                                                                                                                (13 Lectures) 
 
Unit - IV : Simple Solutions of Schrodinger’s Equations  

Time independent Schrodinger equation & stationary state solution, Boundary & continuity 
conditions on the wave function, Particle in one dimensional (1D) box, Eigen function & eigen 
values, Discrete energy levels, Extension of results for three-dimensional (3D) case & 
degeneracy of levels.                                                                                                 (14 Lectures) 
                                                                                                                                 
 
Reference Books/Text Books : 
1. P. M. Mathews and K. Venkatesan, 2nd Ed., 2010, McGraw Hill. 
2. Quantum Mechanics, Robert Eisberg and Robert Resnick, 2nd Edn., 2002, Wiley. 
3. Quantum Mechanics, Leonard I. Schiff, 3rd Edn. 2010, Tata McGraw Hill.  
4. Introduction to Quantum Mechanics, D.J. Griffith, 2nd Ed. 2005. 
5. Introduction to Modern Physics by H.S Mani, G.K. Mahta, East West Press Pvt., New Delhi (1988). 
6. Introduction To Modern Physics by Richtmeyer, Kennard and Cooper, McGraw Hill,1969, Sixth Edition. 
7. Quantum Mechanics : Theory and Applications by A. K. Ghatak and S. Lokanathan, Macmillan India Ltd. 
8. Perspectives of Modern Physics by A. Beiser, McGraw Hill Inc., US. 

 

Suggested E-Resources : 
1. MIT OpenCourseWare : Introductory Quantum Mechanics - This resource offers lecture notes, assignments, 

and exams for a complete course on introductory quantum mechanics : 
https://ocw.mit.edu/search/?q=introductory%20quantum%20mechanics%20 

2. HyperPhysics - This online resource provides concise explanations and interactive simulations for various 
topics in introductory quantum mechanics : http://hyperphysics.phy-astr.gsu.edu/hbase/quacon.html#quacon 
 

Course Learning Outcomes : 
By the end of the course, students should be able to: 
1. Development of the basic concept of quantum theory, historical evidences and experimental evidences of 

quantum theory, electromagnetic and blackbody radiations & spectral distribution of energy. 
2. Limitations of classical theory explaining what it could not explain which quantum mechanics can explain 

qualitatively. 
3. Planck’s radiation law & Compton effect, Matter waves in reference to de Broglie hypothesis. 
4. Davison-Germer experiment to confirm wave nature of electrons which further proved de Broglie hypothesis. 
5. Schrödinger’s wave mechanics and the uncertainty principle along with its effect, Gamma ray microscope. 
6. Diffraction at a single slit to show non-existence of electron in nucleus, ground state energy of H-atom & 

harmonic oscillator, and natural width of spectral lines. 
7. Concept of wavefunction, interpretation, properties of wavefunction, probability & probability density & 

physical acceptance conditions for wavefunction. 
8. Time-independent Schrödinger wave equation for stationary states. 
9. Concept of postulates & operators in quantum mechanics. 
10. Understanding of the concept of linear & Hermitian operators, state function and expectation value. 
11. Understanding of eigen function & eigen value, degeneracy, orthogonality, commutation relations. 
12. Explanation of Ehrenfest’s theorem, group & phase velocities, principle of superposition & Gaussian wave 

packet, Application of Schrödinger’s wave equation. 
13. Understanding of the concept of particle in one-dimensional box, discrete energy levels. 
14. Explanation of 1D simple harmonic oscillator, zero-point energy.   

 



 

 

Bachelor of Science (B.Sc.) - Physics 

Semester - V 

Paper (XIV) - Nuclear Physics (I) 

(DSC HPHY 502, Credits Theory 03, Lectures  45) 
 
Duration of EoSE : 3 hrs.                                                                                                             Max. Marks :  54 
Note: There will be two parts in end-semester theory paper. 
Part A of the paper shall contain ten short answer questions and the candidate is required to attempt any 
seven questions. Each question will carry 2 marks for correct answer.               (7 x 2 marks each = 14 marks) 
Part B of the paper will consist of four questions one question from each unit with internal choice. 
Each question will carry 10 marks.                                                                       (4 x 10 marks each = 40 marks) 

 

Semester Code of The Course Title of The Course/Paper 
NHEQF 

Level 
Credits 

V DSC HPHY 502 Nuclear Physics (I) 7 03 

Level of 
Course 

Type of The Course Delivery Type of The Course 

Introductory Core 
Lecture, Forty five Lectures including diagnostic 
and formative assessments during lecture hours. 

Prerequisites 
Physics and Mathematics courses of Central Board of Secondary Education 
or equivalent.  

Objectives of 
The Course :  

The objective of this course is to provide students with a comprehensive 
understanding of nuclear physics in form of nuclear properties, radioactive 
decays, detectors & interaction of nuclear radiation with matter. The 
course aims to develop a strong foundation in the principles and concepts 
of nuclear physics, and their applications in describing the nucleus and 
nuclear interactions. 

 
 

Unit - I : Nuclear Properties (I) 

Rutherford’s theory of a particle scattering, Properties of nuclei : Nuclear angular momentum, 
Nuclear magnetic dipole moment, Electric quadrupole moment & Nuclear ellipticity, 
Hofstadter experiment, Nuclear spin, Isospin, Parity & Orbital angular momentum, Parity 
conservation.                                                                                                                (10 Lectures) 
 
Unit - II : Nuclear Properties (II) 

Nuclear mass & Mass spectroscopy, Packing fraction, Nuclear Energy, Discovery of neutron 
& proton-neutron hypothesis, Neutron to proton Ratio (n/z), Nuclear potential, Nuclear mass, 
Mass defect & Binding energy, Theory of nuclear forces, Properties of nuclear forces. 
                                                                                                                                (12 Lectures) 
 
Unit - III : Radioactive Decays  

Basics of α-decay, Theory of β-emission spectrum, Gammow factor, Geiger-Nuttal law, Range 
of α-particles. 



 

 
β-decay : Kinematics of β-decay, β-decay spectrum, Positron emission, Electron capture, 
Pauli’s Neutrino hypothesis. 
 
Gamma decay : Basics of Gamma decay, Kinematics of Gamma decay, Internal conversion, 
Applications of radioactivity.                                                                                       (10 Lectures) 
                                                                                                                      

Unit - IV : Detectors & Interaction of Nuclear Radiation With Matter 

Particle & Radiation Detectors : Ionization chamber, Gas-filled detectors, Current-mode & 
Pulse-mode operation of detector, Proportional counter, Geiger-Muller counter.  

Interaction of Nuclear Radiation with Matter : Energy loss by heavy charge particles in matter, 
Interaction of electrons with matter, Range of charged particles, Bremsstrahlung radiation, 
Cherenkov radiation, Gamma ray interaction with matter.                                         (13 Lectures) 

 
 
Reference Books/Text Books 
1. Nuclear and Particle Physics by W. E. Burcham and M Jobes, Addison-Wesley Longman Inc. 
2. Nuclear and Particle Physics by Brian R Martin, John Wiley & Sons.  
3. Introduction to Nuclear and Particle Physics by Das and Ferbal, World Scientific. 
4. Elements of Nuclear Physics by Walter E. Meyerhof, McGraw-Hill Book Company. 
5. Introductory Nuclear Physics by Kenneth S. Krane, John Wiley & Sons. 
6. Introduction to Elementary Particles by David J. Griffiths, John Wiley & Sons. 
 
Suggested E-Resources : 
1. MIT OpenCourseWare : Nuclear Physics - This resource offers lecture notes, assignments, and exams for a 

complete course on nuclear physics : https://ocw.mit.edu/courses/8-701-introduction-to-nuclear-and-particle-
physics-fall-2020/ 

2. HyperPhysics - This online resource provides concise explanations and interactive simulations for various 
topics in nuclear physics : http://hyperphysics.phy-astr.gsu.edu/hbase/Nuclear/nucstructcon.html 
 

Course Learning Outcomes : 
By the end of the course, students should be able to: 
1. Understanding of the various nuclear properties of nuclei; nuclear magnetic dipole moment & electric 

quadrupole moment. 
2. Rutherford’s theory of particle scattering, applications and inferences.  
3. Explanation of nuclear ellipticity, nuclear spin, isospin, parity, parity conservation, and orbital angular 

momentum. 
4. Explanation of Hofstadter experiment.  
5. Concepts of nuclear mass, nuclear energy, packing fraction.  
6. Discovery of neutron, n-p hypothesis, n/p ratio, nuclear potential, mass defect, binding energy. 
7. Basic understanding of theory of nuclear forces & their properties. 
8. Yukawa-Meson theory. 
9. Concepts of radioactive decays, α-decay, β-decay, γ-decay in detail. 
10. Basic understanding and explanation of nuclear fission, nuclear fusion & nuclear reactions. 
11. Basic understanding of interaction of nuclear radiation with matter, Bremsstrahlung radiation, Cherenkov 

radiation, Gamma ray interaction with matter. 
12. Nuclear models to explain and understand the nucleus. 
13. Liquid-drop model, Fermi gas model. 
14. Conditions of a stable nucleus. 
15. Nuclear-shell structure & assumption of Shell model. 
 
 
 
 



 

 

Bachelor of Science (B.Sc.) - Physics  

Semester - V 

Paper (XV) - Solid State Physics (I) 

(DSE HPHY 503, Credits Theory 03, Lectures 45) 
 
Duration of EoSE : 3 hrs.                                                                                                             Max. Marks :  54 
Note: There will be two parts in end-semester theory paper. 
Part A of the paper shall contain ten short answer questions and the candidate is required to attempt any 
seven questions. Each question will carry 2 marks for correct answer.               (7 x 2 marks each = 14 marks) 
Part B of the paper will consist of four questions one question from each unit with internal choice. 
Each question will carry 10 marks.                                                                       (4 x 10 marks each = 40 marks) 

 

Semester Code of The Course Title of The Course/Paper 
NHEQF 

Level 
Credits 

V DSE HPHY 503 Solid State Physics (I) 7 03 

Level of 
Course 

Type of The Course Delivery Type of The Course 

Introductory Elective 
Lecture, Forty Five Hours of theoretical class 
including diagnostic and formative assessment 
during teaching hours. 

Prerequisites 
Physics and Mathematics courses of Central Board of Secondary Education 
or equivalent.  

Objectives of 
The Course :  

The objective of this course is to provide students with a comprehensive 
understanding of solid state physics. The course aims to develop a strong 
foundation in the principles and concepts of solid state physics, and their 
applications in explaining the materials properties, structural & crystalline 
properties, band theory, magnetic properties, thermal & electrical 
properties. 

 
 
 
Unit - I : Bonding In Solids & Crystal Structure  
 
Crystal Binding : Force between atoms, Various types of bindings, Cohesive energy, Ionic 
bonds, Covalent bonds, Metallic bonds, Van der Waal’s bonding & Hydrogen bonding, 
Compressibility of ionic crystals. 
 
Crystal Structure : Periodicity in lattices, Translation vectors, Basis, Lattice point, Space 
lattices, Crystal structure, Bravais lattice, Unit & primitive cell, Crystal systems, Packing 
fractions for simple cubic (sc), body-centered cubic (bcc) & face-centered cubic (fcc) & 
hexagonal lattice structure.                                                                                     (11 Lectures) 
                                                                             
 
Unit - II : Crystallography & Diffraction  

Direction, Planes, Miller indices & Crystal structure, Spacing of planes in a crystal lattice, 



 

Reciprocal lattice and its significance, Determination of different crystal properties for SC, 
FCC, BCC, HCP & Perovskite structure, Conversion of SC and FCC structures in reciprocal 
lattice frame, Concepts of crystalline, polycrystalline & amorphous materials, X-ray 
Diffraction (XRD) & Bragg’s equation, Laue equation, FWHM, Debye Scherrer formula, 
Electron & neutron diffraction.                                                                                   (10 Lectures) 
                                                                                                                       
 
Unit - III : Band Theory of Solids  

Formation of bands, Periodic potential of a solid, Wavefunction in a periodic lattice & Bloch’s 
theorem, Number of states in the bands, Density of states (DOS), Brillouin zones, Kronig-
Penny model, Velocity of the Bloch electrons & Effective mass, Momentum, Crystal 
momentum & Physical origin of the effective mass, Negative effective mass & Concept of 
holes, Energy dispersion relations : Weak & tight binding.                                        (12 Lectures) 
                                                                                               
 
Unit - IV : Semiconductors 

Energy band structures in insulators, conductors & semiconductors, Distinction between 
metals, insulators & semiconductors, Concept of direct & indirect bandgap in semiconductors, 
Generation & recombination of charge carriers, Mobility, Charge carrier concentration, PN 
diode equation, Capacitance effects, Hall effect in semiconductors & Hall coefficient, 
Conductivity & Hall angle.                                                                                          (12 Lectures) 
 
 
Reference Books/Text Books 
1. Introduction To Solid State Physics by Charles Kittel, Wiley Publications. 
2. Elementary Solid State Physics by M. Ali Omar, Pearsons Education. 
3. Solid State Physics by John Rita, Tata McGraw Hills. 
4. Solid State Physics by S.O. Pillai, New Age International Publishers. 
5. Solid State Physics by V. K. Babbar & R. K. Puri, S. Chand Publishers. 
 
Suggested E-Resources : 
1. MIT OpenCourseWare : Solid State Physics - This resource offers lecture notes, assignments, and exams for 

a complete course on solid state physics : https://ocw.mit.edu/courses/8-231-physics-of-solids-i-fall-
2006/pages/readings/ 

2. HyperPhysics- This online resource provides concise explanations and interactive information for various 
topics in solid state physics : http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html 
 

Course Learning Outcomes : 
By the end of the course, students should be able to: 
1. Understanding of the various concepts of solid-state physics to develop basic understanding of different 

properties of materials. 
2. Knowledge of different types of bonding, metallic bonding, van der Waals bonding, covalent bonding. 
3. Formulation of mathematical theory of compressibility of crystals and derivations. 
4. Introduction to the concept of crystals, space lattices in 3D, lattice constants, unit & primitive cells. 
5. Introduction to various crystal systems, Bravais lattices, Packing fractions, bcc, fcc, sc crystal orderings. 
6. Understanding of basic thermal properties of solids. 
7. Understanding of quantized vibrations in crystals i.e., phonons. 
8. Phonon dispersion relations in monoatomic and diatomic linear lattices with mathematical explanations.  
9. Introduction to specific heat : classical & quantum theories. 
10. Explanations and derivations of The Einstein Model, Debye Model, Dulong-Petit’s law and their 

shortcomings for specific heat. Electronic contribution of the internal Energy hence to the specific heat of 
Metals and thermal conductivity of the lattice. 

11. Understanding of band theory of solids, Brillouin zones & Kronig-Penny model. 
12. Understanding of magnetic properties in detail. 



 

Bachelor of Science (B.Sc.) - Physics 

Semester - V 

Physics Practical Lab (V) 

(DSCP HPHY 511, Credits Practical 06, Practical Hours 180) 

 
 
Max. Practical Exam Marks = 150 Marks 
Internal Practical Exam Marks = 60 Marks 
External Practical Exam Marks = 90 Marks (Duration : 4 hrs.) 
 
Note: Out of the following experiments, 8 experiments must be done by the students in the semester. 

                                                   (12 hrs. per week) 
 

Semester Code of The Course Title of The Course/Paper 
NHEQF 

Level 
Credits 

V DSCP HPHY 511 Physics Practical Lab (V) 7 06 
Level of 
Course 

Type of The Course Delivery Type of The Course 

Introductory Core 
Practical, One Hundred & Eighty Hours of 
Practicals including diagnostic and formative 
assessment during practical hours. 

Prerequisites 
Physics and Mathematics courses of Central Board of Secondary Education 
or equivalent.  

Objectives of 
The Course :  

The objective of this course is to provide students with a comprehensive 
understanding of practical physics. The course aims to develop a strong 
foundation in the principles and concepts of practical physics in special 
reference to electronics & electrical domains.  

 
DSCP HPHY 511 : Physics Practical Lab (V) 

The inclusion of new experiments should be intimated and approved by the Convenor, Board 
of Studies before the start of the academic session. It is binding to have an experimental set-up 
of at least ten experiments listed below. In case the number of experiments performed by the 
student is less than eight, his marks shall be scaled down in the final examination on a pro-rata 
basis. Laboratory examination paper will be set by the external examiner out of eight or more 
experiments available at the center. 
 
List of Experiments : Semester – V 
 
1. To plot & study the characteristic curves of a junction diode & a Zener diode. 

2. To design a Zener regulated power supply and study the regulation with various loads. 

3. To study the LC transmission line at (i) at a fixed frequency and (ii) at variable frequencies. 

4. To determine the bandgap of a semiconductor using a junction diode. 

5. To study the characteristics of a field effect transistor (FET) and design/study amplifier of 
finite gain. 

6. To study the characteristics of operational amplifier (OP-AMP) as unity buffer. 



 

7. To study the characteristics of operational amplifier (OP-AMP) in non-inverting & 
inverting configurations. 

8. Using discrete components, study OR, AND, NOT logic gates and to compare with TTL 
integrated circuits (ICs). 

9. To study the frequency response of a transistor amplifier and obtain the input & output 
impedance of the transistor amplifier. 

10. To determine the Hall coefficient of a semiconductor sample using the Hall effect. 

11. To study the resonance in an LCR circuit at (i) a fixed frequency by varying capacitance 
(C), and (ii) by varying frequency. 

12. To study the RC transmission line at 50 Hz of operational frequency. 

13. To study and verify Thevenin’s and Norton’s theorems. 

14. To study a voltage multiplier circuit to generate high voltage DC from AC. 

15. Any other practical that relates to theory. 

 
 
 
Course Learning Outcomes:  

Through these experiments, students will develop practical skills in experimental techniques, data 
collection, analysis, and interpretation. They will also enhance their understanding of fundamental concepts and 
principles in electronics. The lab experiences will foster critical thinking, problem-solving abilities, and the 
application of theoretical knowledge to real-world scenarios. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 

Bachelor of Science (B.Sc.) - Physics 

Semester - VI 

Paper (XVI) - Quantum Mechanics (II) 

(DSC HPHY 601, Credits Theory 03, Lectures 45) 

 
 
Duration of EoSE : 3 hrs.                                                                                                            Max. Marks :  54 
Note: There will be two parts in end-semester theory paper. 
Part A of the paper shall contain ten short answer questions and the candidate is required to attempt any 
seven questions. Each question will carry 2 marks for correct answer.               (7 x 2 marks each = 14 marks) 
Part B of the paper will consist of four questions one question from each unit with internal choice. 
Each question will carry 10 marks.                                                                       (4 x 10 marks each = 40 marks) 
 

Semester 
Code of The 

Course 
Title of The 

Course/Paper 
NHEQF 

Level 
Credits 

VI DSC HPHY 601 Quantum Mechanics (II) 7 03 

Level of 
Course 

Type of The 
Course 

Delivery Type of The Course 

Introductory Core 
Lecture, Forty five Lectures including diagnostic 
and formative assessments during lecture hours. 

Prerequisites 
Physics and Mathematics courses of Central Board of Secondary Education 
or equivalent.  

Objectives of 
The Course :  

The objective of this course is to provide students with a comprehensive 
understanding of quantum mechanics, history, origin, Schrodinger’s 
equations & postulates of quantum mechanics. The course aims to 
develop a strong foundation in the principles and concepts of quantum 
mechanics, and its applications for futuristics advancements.  

 
 

Unit  - I : Bound State Problems (I)  

Potential step & rectangular potential barrier, Calculation of reflection & transmission 
coefficient, Tunnel effect and its application to alpha decay, Square well potential problem, 
Calculation of transmission coefficient.                                                                   (10 Lectures) 
 
Unit - II : Bound State Problems (II)  

Particle in one dimensional (1D) infinite potential well & finite depth potential well, Eigen 
value & Eigen functions, Simple harmonic oscillator (1D), Eigen function, Energy eigen 
values, Zero-point energy.                                                                                       (10 Lectures) 
 
Unit - III : Applications of Quantum Theory To Atomic Spectroscopy  

Quantum features of spectra of one electron atoms, Frank-Hertz experiment & discrete energy 
states, Schrodinger equation for a spherically symmetric potential, Schrodinger equation for a 
one electron atom in spherically coordinates, Separation of variables, Orbital angular 
momentum & quantization spherical harmonics, Energy levels of H–atom, Shapes of n = 1 & 
n = 2 wavefunctions, Average value of radius of H–atom, Comparison with Bohr model & 



 

Bohr correspondence principle, Stern & Gerlach experiment, Spin & magnetic moments, Spin-
orbit coupling & qualitative explanation of fine structure, Atoms in magnetic field, Zeeman 
splitting.                                                                                                                      (12 Lectures) 
 
Unit - IV : Molecular Spectroscopy  

Qualitative features of molecular spectra : Rigid rotator, Discussion of energy, Eigen values & 
eigen function, Rotational energy levels of diatomic molecules, Rotational spectra, Vibrational 
energy levels of diatomic molecules, Vibrational spectra, Vibrational rotational spectra. 
                                                                                                                                (13 Lectures) 
                                                                                                                                 
 
Reference Books/Text Books : 
1. P. M. Mathews and K. Venkatesan, 2nd Ed., 2010, McGraw Hill. 
2. Quantum Mechanics, Robert Eisberg and Robert Resnick, 2nd Edn., 2002, Wiley. 
3. Quantum Mechanics, Leonard I. Schiff, 3rd Edn. 2010, Tata McGraw Hill.  
4. Introduction to Quantum Mechanics, D.J. Griffith, 2nd Ed. 2005. 
5. Introduction to Modern Physics by H.S Mani, G.K. Mahta, East West Press Pvt., New Delhi (1988). 
6. Introduction To Modern Physics by Richtmeyer, Kennard and Cooper, McGraw Hill,1969, Sixth Edition. 
7. Quantum Mechanics : Theory and Applications by A. K. Ghatak and S. Lokanathan, Macmillan India Ltd. 
8. Perspectives of Modern Physics by A. Beiser, McGraw Hill Inc., US. 

 

Suggested E-Resources : 
1. MIT OpenCourseWare : Introductory Quantum Mechanics - This resource offers lecture notes, assignments, 

and exams for a complete course on introductory quantum mechanics : 
https://ocw.mit.edu/search/?q=introductory%20quantum%20mechanics%20 

2. HyperPhysics - This online resource provides concise explanations and interactive simulations for various 
topics in introductory quantum mechanics : http://hyperphysics.phy-astr.gsu.edu/hbase/quacon.html#quacon 
 

Course Learning Outcomes : 
By the end of the course, students should be able to: 
1. Development of the basic concept of quantum theory, historical evidences and experimental evidences of 

quantum theory, electromagnetic and blackbody radiations & spectral distribution of energy. 
2. Limitations of classical theory explaining what it could not explain which quantum mechanics can explain 

qualitatively. 
3. Planck’s radiation law & Compton effect, Matter waves in reference to de Broglie hypothesis. 
4. Davison-Germer experiment to confirm wave nature of electrons which further proved de Broglie hypothesis. 
5. Schrödinger’s wave mechanics and the uncertainty principle along with its effect, Gamma ray microscope. 
6. Diffraction at a single slit to show non-existence of electron in nucleus, ground state energy of H-atom & 

harmonic oscillator, and natural width of spectral lines. 
7. Concept of wavefunction, interpretation, properties of wavefunction, probability & probability density & 

physical acceptance conditions for wavefunction. 
8. Time-independent Schrödinger wave equation for stationary states. 
9. Concept of postulates & operators in quantum mechanics. 
10. Understanding of the concept of linear & Hermitian operators, state function and expectation value. 
11. Understanding of eigen function & eigen value, degeneracy, orthogonality, commutation relations. 
12. Explanation of Ehrenfest’s theorem, group & phase velocities, principle of superposition & Gaussian wave 

packet, Application of Schrödinger’s wave equation. 
13. Understanding of the concept of particle in one-dimensional box, discrete energy levels. 
14. Explanation of 1D simple harmonic oscillator, zero-point energy.   

 
 

 
 
 
 
 



 

Bachelor of Science (B.Sc.) - Physics 

Semester - VI 

Paper (XVII) - Nuclear Physics (II) 

(DSC HPHY 602, Credits Theory 03, Lectures  45) 
 
Duration of EoSE : 3 hrs.                                                                                                             Max. Marks :  54 
Note: There will be two parts in end-semester theory paper. 
Part A of the paper shall contain ten short answer questions and the candidate is required to attempt any 
seven questions. Each question will carry 2 marks for correct answer.                (7 x 2 mark each = 14 marks) 
Part B of the paper will consist of four questions one question from each unit with internal choice. 
Each question will carry 10 marks.                                                                       (4 x 10 marks each = 40 marks) 

 

Semester Code of The Course Title of The Course/Paper 
NHEQF 

Level 
Credits 

VI DSC HPHY 602 Nuclear Physics (II) 7 03 

Level of 
Course 

Type of The Course Delivery Type of The Course 

Introductory Core 
Lecture, Forty five Lectures including diagnostic 
and formative assessments during lecture hours. 

Prerequisites 
Physics and Mathematics courses of Central Board of Secondary Education 
or equivalent.  

Objectives of 
The Course :  

The objective of this course is to provide students with a comprehensive 
understanding of nuclear physics in form of nuclear properties, radioactive 
decays, detectors & interaction of nuclear radiation with matter. The 
course aims to develop a strong foundation in the principles and concepts 
of nuclear physics, and their applications in describing the nucleus and 
nuclear interactions. 

 
 

Unit - I : Nuclear Models & Nuclear Reactions 

Segre-chart, Liquid-drop model, Semi-empirical mass formula, Condition of stability, Fermi-
gas model, Evidence for nuclear-shell structure, Nuclear magic numbers, Basic assumptions 
of shell model.  
 
Nuclear Reactions : Classification of nuclear reactions, Conservation law, Kinematics of 
nuclear reactions, Q-value, Threshold energy, Reaction-rate and reaction cross-section.  
                                                                                                                             (10 Lectures) 

 
Unit - II : Nuclear Fission & Nuclear Fusion 

Nuclear Fission : Discovery of nuclear fission, Energy release in fission, Fission products, 
Mass distribution of fission products, Charge distribution of fission products, Ionic charge of 
fission products, Fission cross-section & threshold, Neutron emission in fission, Prompt 
neutron & delayed neutrons, Mechanism for the emission of delayed neutrons, Energy of 
fission neutrons, Theory of nuclear fission & liquid drop model, Four factor formula, Barrier 
penetration-Theory of spontaneous fission, Nuclear energy sources, Nuclear fission as a source 



 

of Energy, Nuclear chain reaction, Condition of controlled chain reaction, Classification of 
nuclear reactors & uncontrolled chain reaction.  
Nuclear Fusion : Energy released in nuclear fusion, Fusion reaction in stars.         (10 Lectures) 

 
Unit - III : Accelerators  

Ion sources, Cock-Craft-Walten high voltage generators, Van De-Graff generator, Drift tube 
linear accelerators, Waveguide Accelerator, Magnetic focusing in cyclotron, 
Synchrocyclotron, Betatron, Electromagnetic induction (EMI) accelerator, Electron 
synchrotron, Proton synchrotron.                                                                           (12 Lectures) 
 
Unit - IV : Fundamental Interactions & Quark Model  

Fundamental Interactions : Four fundamental forces, Symmetries & Conservation laws, C, P 
& T conservation, Applications of symmetry arguments to particle reactions, Parity non-
conservation in weak interaction, CP violation. 

Quark Model : Flavour symmetries, Gellmann-Nishijima formula, Eight-fold way, Octet 
diagram for meson & baryon, Concept of quark model, November revolution, Baryon 
decouplet, Color quantum numbers & Gluons.                                                          (13 Lectures) 
 
 
Reference Books/Text Books 
1. Nuclear and Particle Physics by W. E. Burcham and M Jobes, Addison-Wesley Longman Inc. 
2. Nuclear and Particle Physics by Brian R Martin, John Wiley & Sons.  
3. Introduction to Nuclear and Particle Physics by Das and Ferbal, World Scientific. 
4. Elements of Nuclear Physics by Walter E. Meyerhof, McGraw-Hill Book Company. 
5. Introductory Nuclear Physics by Kenneth S. Krane, John Wiley & Sons. 
6. Introduction to Elementary Particles by David J. Griffiths, John Wiley & Sons. 
 
Suggested E-Resources : 
1. MIT OpenCourseWare : Nuclear Physics - This resource offers lecture notes, assignments, and exams for a 

complete course on nuclear physics : https://ocw.mit.edu/courses/8-701-introduction-to-nuclear-and-particle-
physics-fall-2020/ 

2. HyperPhysics - This online resource provides concise explanations and interactive simulations for various 
topics in nuclear physics : http://hyperphysics.phy-astr.gsu.edu/hbase/Nuclear/nucstructcon.html 
 

Course Learning Outcomes : 
By the end of the course, students should be able to: 
1. Understanding of the various nuclear properties of nuclei; nuclear magnetic dipole moment & electric 

quadrupole moment. 
2. Rutherford’s theory of particle scattering, applications and inferences.  
3. Explanation of nuclear ellipticity, nuclear spin, isospin, parity, parity conservation, and orbital angular 

momentum. 
4. Explanation of Hofstadter experiment.  
5. Concepts of nuclear mass, nuclear energy, packing fraction.  
6. Discovery of neutron, n-p hypothesis, n/p ratio, nuclear potential, mass defect, binding energy. 
7. Basic understanding of theory of nuclear forces & their properties. 
8. Yukawa-Meson theory. 
9. Concepts of radioactive decays, α-decay, β-decay, γ-decay in detail. 
10. Basic understanding and explanation of nuclear fission, nuclear fusion & nuclear reactions. 
11. Basic understanding of interaction of nuclear radiation with matter, Bremsstrahlung radiation, Cherenkov 

radiation, Gamma ray interaction with matter. 
12. Nuclear models to explain and understand the nucleus. 
13. Liquid-drop model, Fermi gas model. 
14. Conditions of a stable nucleus. 
15. Nuclear-shell structure & assumption of Shell model. 
 



 

Bachelor of Science (B.Sc.) - Physics 

Semester - VI 

Paper (XVIII) - Solid State Physics (II) 

(DSE HPHY 603, Credits Theory 03, Lectures 45) 
 
Duration of EoSE : 3 hrs.                                                                                                             Max. Marks :  54 
Note: There will be two parts in end-semester theory paper. 
Part A of the paper shall contain ten short answer questions and the candidate is required to attempt any 
seven questions. Each question will carry 2 marks for correct answer.               (7 x 2 marks each = 14 marks) 
Part B of the paper will consist of four questions one question from each unit with internal choice. 
Each question will carry 10 marks.                                                                       (4 x 10 marks each = 40 marks) 

 

Semester Code of The Course Title of The Course/Paper 
NHEQF 

Level 
Credits 

VI DSE HPHY 603 Solid State Physics (II) 7 03 

Level of 
Course 

Type of The Course Delivery Type of The Course 

Introductory Elective 
Lecture, Forty five Hours of theoretical class 
including diagnostic and formative assessment 
during teaching hours. 

Prerequisites 
Physics and Mathematics courses of Central Board of Secondary Education 
or equivalent.  

Objectives of 
The Course :  

The objective of this course is to provide students with a comprehensive 
understanding of solid state physics. The course aims to develop a strong 
foundation in the principles and concepts of solid state physics, 
crystallography & diffraction, electrical properties of solids, 
semiconductors & superconductivity. 

 
Unit - I : Thermal Properties of Solids  

Thermal Properties : Concepts of thermal energy & phonons, Phonon dispersion relations in 
monoatomic & diatomic linear lattices, Lattice heat capacity, Internal energy & specific heat, 
Various theories of specific heat of solids : Dulong-Petit’s law & shortcomings, Einstein model 
& Debye model, and their limitations.                                                                      (12 Lectures) 
 

Unit - II : Electrical Properties of Solids  

Electrical Properties : Electrical conductivity, Drude-Lorentz theory of electrical conductivity, 
Boltzmann transport equation, Sommerfeld theory of electrical conductivity, Matthiessen’s 
rule, Wiedemann-Franz’s law, Hall Effect in metals, Thermionic emission, Escape of electrons 
from metals, Density of states (DOS).                                                                       (12 Lectures) 
 

Unit - III : Magnetic Properties of Materials 

Magnetic Properties : Classification of magnetic materials, Origin of atomic magnetism, 
Classical Langevin theory of diamagnetic & paramagnetic domains, Quantum theory of 
paramagnetism, Curie’s law, Magnetic susceptibility, Weiss’s theory of ferromagnetism, 
Temperature-dependence of saturation of spontaneous magnetization, Paramagnetic region, 



 

Nature of ferromagnetism, Concept of domain wall, Nature & Origin of Weiss molecular field, 
Heisenberg’s exchange interaction, (Quantum Theory of Ferromagnetism).            (12 Lectures) 
                                                              
 
Unit - IV : Superconductivity 

Superconductivity : Experimental features of superconductivity - Critical temperature, Critical 
magnetic field, Meissner effect, Type I & Type II superconductors, London’s equation & 
penetration depth, Isotope effect, Idea of BCS theory (no derivation), Cooper pair & coherence 
length, Josephson effect (no derivation).                                                                    (13 Lectures) 
 
 
Reference Books/Text Books 
1. Introduction To Solid State Physics by Charles Kittel, Wiley Publications. 
2. Elementary Solid State Physics by M. Ali Omar, Pearsons Education. 
3. Solid State Physics by John Rita, Tata McGraw Hills. 
4. Solid State Physics by S.O. Pillai, New Age International Publishers. 
5. Solid State Physics by V. K. Babbar & R. K. Puri, S. Chand Publishers. 
 
Suggested E-Resources : 
1. MIT OpenCourseWare : Solid State Physics - This resource offers lecture notes, assignments, and exams for 

a complete course on solid state physics : https://ocw.mit.edu/courses/8-231-physics-of-solids-i-fall-
2006/pages/readings/ 

2. HyperPhysics- This online resource provides concise explanations and interactive information for various 
topics in solid state physics : http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html 
 

Course Learning Outcomes : 
By the end of the course, students should be able to: 
1. Understanding of the various concepts of solid-state physics to develop basic understanding of different 

properties of materials. 
2. Knowledge of different types of bonding, metallic bonding, van der Waals bonding, covalent bonding. 
3. Formulation of mathematical theory of compressibility of crystals and derivations. 
4. Introduction to the concept of crystals, space lattices in 3D, lattice constants, unit & primitive cells. 
5. Introduction to various crystal systems, Bravais lattices. 
6. Packing fractions, bcc, fcc, sc crystal orderings. 
7. Understanding of basic thermal properties of solids. 
8. Understanding of quantized vibrations in crystals i.e., phonons. 
9. Phonon dispersion relations in monoatomic and diatomic linear lattices with mathematical explanations.  
10. Introduction to specific heat : classical & quantum theories. 
11. Explanations and derivations of The Einstein Model, Debye Model, Dulong-Petit’s law and their 

shortcomings for specific heat.  
12. Electronic contribution of the internal Energy hence to the specific heat of Metals and thermal conductivity 

of the lattice. 
13. Understanding of band theory of solids, Brillouin zones & Kronig-Penny model. 
14. Understanding of magnetic properties in detail. 
 
 
 
 
 
 
 
 
 
 

 

 



 

Bachelor of Science (B.Sc.) - Physics 

Semester - VI 

Physics Practical Lab (VI) 

(DSCP HPHY 611, Credits Practical 06, Practical Hours 180) 

 
 
Max. Practical Exam Marks = 150 Marks 
Internal Practical Exam Marks = 60 Marks 
External Practical Exam Marks = 90 Marks (Duration : 4 hrs.) 
 
Note: Out of the following experiments, 8 experiments must be done by the students in the semester. 

                                                   (12 hrs. per week) 
 

Semester Code of The Course Title of The Course/Paper 
NHEQF 

Level 
Credits 

VI DSCP HPHY 611 Physics Practical Lab (VI) 7 06 
Level of 
Course 

Type of The Course Delivery Type of The Course 

Introductory Core 
Practical, One Hundred & Eighty Hours of 
Practicals including diagnostic and formative 
assessment during practical hours. 

Prerequisites 
Physics and Mathematics courses of Central Board of Secondary Education 
or equivalent.  

Objectives of 
The Course :  

The objective of this course is to provide students with a comprehensive 
understanding of practical physics. The course aims to develop a strong 
foundation in the principles and concepts of practical physics in special 
reference to photoelectric, electronics, thermodynamics & electrical 
domains.  

 
DSCP HPHY 611 : Physics Practical Lab (VI) 

The inclusion of new experiments should be intimated and approved by the Convenor, Board 
of Studies before the start of the academic session. It is binding to have an experimental set-up 
of at least ten experiments listed below. In case the number of experiments performed by the 
student is less than eight, his marks shall be scaled down in the final examination on a pro-rata 
basis. Laboratory examination paper will be set by the external examiner out of eight or more 
experiments available at the center. 
 
List of Experiments : Semester – VI 
 
1. To determine the Stefan’s constant by black body method. 

2. To determine the Stefan’s constant by solar cell method. 

3. To study the temperature dependence of resistivity of a semiconductor sample by four 
probe method. 

4. To study the characteristics of a GM counter and verification of inverse square law for a 
given radioactive source. 

5. To study the absorption coefficient in aluminium (Al) foil of varying thicknesses using GM 



 

counter. 

6. To measure the magnetic field using ballistic galvanometer and search coil.  

7. To measure the value of electric charge by Millikan’s oil drop method.  

8. To study the (1x8)/(1x4) demultiplexer using digital circuit platform. 

9. To determine the Planck’s constant by photocell (retarding potential method using optical 
filters, preferably five different coloured optical filters). 

10. To determine the Planck’s constant using solar cell. 

11. To study the polarization by reflection from a glass plate with the help of Nicol’s prism and 
verify Brewster’s law.  

12. To study and verify law of Malus using Nicol’s prism experimental set-up. 

13. To study the variation of magnetic field of an electromagnet with current. 

14. Any other experiment related to theory. 

 
 
 
Course Learning Outcomes:  

Through these experiments, students will develop practical skills in experimental techniques, data 
collection, analysis, and interpretation. They will also enhance their understanding of fundamental concepts and 
principles in electronics. The lab experiences will foster critical thinking, problem-solving abilities, and the 
application of theoretical knowledge to real-world scenarios. 
 
 


