Part A - Intrdﬁuction )

Program: Degree

| Class: B.Sc.

Year: [Il | Session: 2023-2024

Subject: Physics

1. Course Code I S3-PHYS4D
2, Course Title Nuclear and Particle Physics (Theory)
(Group B Paper II)
3. Course Type (Core/
Discipline Specific Discipline Specific Elective
Elective/Generic (DSE)
Elective/Vocational/...)
4. Pre- requisite (If any) | To study this course, the student must have had Physics
as a subject in Diploma.
5: Course Learning On completion of the course the student will be able to
Qutcomes (CLO) 1. Understand the structure of nucleus and nuclear
energy.
2. Understand the different forms of radioactivity
and decay process.
3. Develop the understanding for fission and fusion
processes, Nuclear power Generation.
4. Develop the understanding clementary particles
and their properties.
6. Credit Value 6
7. Total Marks Max. Marks: 30+70 ‘ Min. Passing Marks: 35
Part B - Content of the Course
Total number of Lectures (in hours per week): 2 T
Unit Topics o Number of
Lectures
(1 Hour
Each)
1 Nucleus, Nuclear Forces and Radioactivity 18

1:

2

Introduction to Bhabha Atomic Research Centre, Defence
Research and Development Organisation and India Space
Research Organisation, Raja Ramanna Centre for

Advanced Technology, Indus-1 and Indus-2 synchrotron.

Composition, charge, size, shape, mass and density of the
nucleus; Nuclear angular momentum:; Nuclear magnetic
dipole moment: Electric quadrupole moment; Mass defect:
Packing fraction and Binding energy: Binding energy of
Deuteron; Stability of nuclei (N vs Z curve), Binding
energy curve.




w
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Nuclear Forces: General concept of Nuclear force:
Yukawa Meson field theory of Nuclear forces: Properties
of Nuclear forces.

Radioactive disintegration; Properties of alpha. beta,
gamma rays; law of radioactive decay: successive
radioactive decay: radioactive equilibrium; Radioisotopes;
application of radioactivity (Agriculture, Medicinal,
Industrial and Archaeological).

Keywords/Tags: Nuclear Forces, Binding energy, Deuteron.
Radioactive disintegration.

II

Nuclear models and Nuclear Decay

1.

L2

Nuclear models: Shell model; magic number; Square well
potential; Harmonic oscillator potential well; Spin-Orbit
potential; Unified (collective) model; Liquid Drop model:
Semi-empirical mass formula.

Two Body system: The ground state properties of the
Deuteron; Deuteron in Central potential (Square well):
Excited state of the deuteron; Neutron-Proton scattering at
low energies: Scattering length.

Alpha decay: Alpha particles spectra: Gamow’s theory of
Alpha decay: Beta decay: Shape of Beta ray spectrum:
Explanation of Beta decay on the basis of Neutrino and
Antineutrino hypothesis; Fermi theory of Beta decay:
Selection rules: Conservation of P-decay: Gamma ray
emission: Multipole radiation.

Keywords/Tags: Shell model, Liquid Drop model. Scattering,
Alpha decay, Beta decay, Radioisotopes.

18

I

Nuclear reactions and Nuclear Energy

]

. Nuclear reactions: Kinds of Nuclear reactions; Nuclear

reaction kinematics; Q-value; Compound Nucleus and
concept of direct reactions; Conservation laws; Nuclear
reaction cross- sections.

Nuclear energy: Nuclear Fission; Chain reaction and
Critical Mass; Nuclear Reactors and its basic components;
Nuclear Fusion: Condition for the maintained Fusion

18




reactions; Energy production in stars; Fusion reaction in
Sun, Principle of atomic bomb and hydrogen bomb.

Keywords/Tags: Nuclear reactions, Nuclear Fission, Q-value.

v

Nuclear counters and detectors

3]

(V8]

Ionization Chamber; Proportional counter: Geiger—Miiller
counter; Scintillation counter; semiconductor detectors; P-
N junction detector; Lithium drifted: High purity Ge
Detector; Gamma ray interactions Nal (TI) Scintillation.

Detector electronics and Pulse processing: Pulse counting
systems; Pulse height analysis systems: Pulse timing:

Pulse shape discrimination.

Accelerators: Cyclotron, Betatron, synchrotron.

Keywords/Tags:lonization Chamber, Detector, Pulse processing.

18

Fundamental particle

1.

]

Fundamental particles: Classification of particles —
antiparticles and their interactions; Conservation laws;
Charges: Isospin; Baryon number; Strangeness: Parity:
Charge conjugation; CPT theorem; CP violation and
natural K-decay.

Fundamental particle symmetry: SU(2) and SU(3)
symmetry and their application to Multiplet Meson and
Baryon state: Quark as the building blocks of Hadrons;
Quark Model; Colour degree of freedom, Ghost particles,
Higgs Boson Particle (God particle). Large Hadron
collider(LHC).

Keywords/Tags: Fundamental particles, Isospin, Baryon, Quark.

18

Part C-Learning Resources

Text Books, Reference Books, Other resources

Suggested Readings:
Waghmare Y. R.. “Introductory Nuclear Physics”, Cxford & IBH Oub.

1.
2.

o

Kapoor S. S., Ramamurthy V. S., “Nuclear Radiation Detectors™, New Age

International Publishers.
Cohen B. L., “Concepts of Nuclear Physics”, McGraw Hill Education.
Tayal D. C.. “Nuclear Physics”, Himalaya Publishing House.

Patel S. B.. “Nuclear Physics: An Introduction”, New Age International Publishers.

®




6. Singh Jahan, “Fundamental of Nuclear Physics”, Pragati Publications.
7. Books published by Madhya Pradesh Hindi Granth Academy, Bhopal.

Suggested "Web links:

1. https://www.eshiksha.mp.gov.in/mpdhe/ Learning Management System. Department

of higher education, Government of Madhya Pradesh (M.P.).

2. https://voutu.be/josqicH79PElist=PLbMVogVj5nJRvg-w3zway 7k3GzmUDte3a

Nuclear Physics: Fundamentals and Applications by Prof. H.C. Verma, Department

of Physics, IIT Kanpur.

3. https://youtu.be/H70ipY 8RzX0?list=PLOb6maW-5d1fvnUXvkaaDOJPJEBOpTDF9

Lecture Series on Nuclear and Particle Physics by Prof. Poulose Poulos
Department of Physics, IIT Guwahati.

<,

Part D-Assessment and Evaluation

Suggested Continuous Evaluation Methods:

Maximum Marks : 100

Continuous Comprehensive Evaluation (CCE) : 30 Marks
University Exam (UE) : 70 Marks

Internal Assessment : Class Test/ 30 Marks

Continuous Comprehensive Assignment/Presentation

Evaluation (CCE)

External Assessment : Section (A): Very Short Questions | 70 Marks

University Exam Section Section (B): Short Questions

Time : 03:00 Hours Section (C): Long Questions I
Any remarks/ suggestions: J
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6.
7

. Waghmare Y. R., “Introductory Nuclear Physics”, Oxford & IBH Oub.

Kapoor S. S., Ramamurthy V. S., “Nuclear Radiation Detectors”, New Age
International Publishers.

Cohen B. L., “Concepts of Nuclear Physics”, McGraw Hill Education.
Tayal D. C., “Nuclear Physics”, Himalaya Publishing House.

Patel S. B., “Nuclear Physics: An Introduction”, New Age International
Publishers.

Singh Jahan, “Fundamental of Nuclear Physics”, Pragati Publications.
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1. https://www.eshiksha.mp.gov.in/mpdhe/ Learning Management System,!

Department of higher education, Government of Madhya Pradesh (M.P.).

2. https://youtu.be/josgjcH79PE?list=PLbMVogVj5nJRvqw3zway7k3GzmUDte

3a Nuclear Physics: Fundamentals and Applications by Prof. H.C. Verma, |

Department of Physics, |IT Kanpur.

3. https://youtu.be/H7OipY8RzX0?list=PLOb6maW5d1fvnUXykaaDOJPJEBOPT

DF9 Lecture Series on Nuclear and Particle Physics by Prof. Poulose

Poulose, Department of Physics, IIT Guwahati.
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