Part A - Introduction

Program: Degree Year: III 1 Session: 2023-2024
Subject: Physics
1. Course Code S3-PHYSIG
2 Course Title Elements of Modern Physics (Theory)
3. Course Type (Core/
Discipline Specific Generic Elective
Elective/Generic
Elective/Vocational/...)
4. Pre- requisite (If any) Open for All.
5. Course Learning On completion of the course, the students will be able to
Outcomes (CLO) 1. Understand the necessity of quantum mechanics

and its applications.

2. Understand the molecular spectra such as

electronic, rotational and vibrational.

Explain the Raman effect and spectroscopic

techniques.

4. Understand the structure of nucleus and nuclear
energy.

5. Develop the understanding for fission and fusion
processes, Nuclear power Generation.

6. Develop the understanding elementary particles |
and their properties.
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6. Credit Value 6

7 Total Marks Max. Marks: 30+70 | Min. Passing Marks: 35 B

Part B - Content of the Course

Total number of Lectures (in hours per week): 3 \

Unit Topics i Number of |
Lectures
(1 Hour
Each)
I Quantum mechanics: 18

1. A brief biography of Homi Jehangir Bhabha, Raja
Ramanna, Homi Sethna, Chandrasekhara Venkata Raman
and Kariamanikkam Srinivasa Krishnan and their major
contribution to science.

2. Origin of the Quantum theory: Failure of classical physics
to explain the phenomena such as black body spectrum,
Photoelectric effect and Compton effect.

3. Wave particle duality and Uncertainty principle: De-




Broglie’s hypothesis for matter waves; Experimental
demonstration of matter waves such as Davisson-Germer's
experiment; Thomson experiment; Concept of wave
velocity and group velocity; Heisenberg’s uncertainty
principle for momentum — position and Energy - time.

. Schrodinger wave equation: Schrodinger time Independent

and time dependent Wave Equation and their significance;
Physical and probabilistic interpretation of wave function:
Properties of wave function; Normalization of wave
function.

Keywords/Tags: Photoelectric effect, Wave particle duality.
Schrodinger wave equation.

Il

Atomic Physics

[

(U]

Atomic Structure: Rutherford's model; Drawbacks of
Rutherford's Model; Bohr’s model of the Hydrogen atom:
Drawbacks of Bohr’s atomic model; Somerfield’s atomic
model; Concept of spin; Stern and Gerlach’s Experiment.

Vector atomic model and quantum numbers associated
with an electron: Pauli’s exclusion principle.

X-ray: Nature and production; Properties of x-rays: |

Applications of x-rays.

Keywords/Tags: Atomic Structure, Atomic model, X-ray.

18
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Molecular Physics

Molecular spectra; Discrete set of electronic energies of
molecules; Vibrational spectra; Rotational spectra;
Dissociation limit for the ground and other electronic
States.

Raman effect: Stokes and anti-stokes lines; Properties of
Raman lines; Experimental arrangement for Raman
spectroscopy; Complementary character of Raman and
infrared spectra.

. Spectroscopic techniques for (visible. ultraviolet and

infrared spectra); Absorption spectroscopy.
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Keywords/Tags: Molecular spectra, Rotational spectra, Raman
effect, Absorption spectroscopy.

v

Nuclear Physics

1. Basic properties of Nucleus; Constitutes of nucleus (Proton-
Electron hypothesis, Proton-Neutron hypothesis); Shape and
size of Nucleus.

2. Mass defect; Packing fraction and Binding energy: Stability
of nuclei; General concept of nuclear forces.

3. Nuclear fission; Chain reaction in nuclear fission; Nuclear
fusion; Condition for the maintained fusion reactions;
Production of energy in stars.

Keywords/Tags: Nucleus, Binding energy. Nuclear fission,
Chain reaction.

18

Elementary Particle

|. Concept of Elementary particles; Fundamental properties
of elementary particles; Classification of elementary i
particles; Fundamental Laws of interaction; Conservation
laws of elementary particles.

2. Quantum numbers of elementary particles (Lepton,
Baryon and Muon).

3. Particle and antiparticle; Isospin: Hypercharge:
strangeness; Concept of Quark.

Keywords/Tags: Elementary particles, Antiparticle, Quark.

18

Part C-Learning Resources

Text Books, Reference Books, Other resources

Suggested Readings:
Beiser A., “Concept of Modern Physics”, Mc Graw Hill.
Rajam J.B..,“Modern Physics™, S. Chand.

I N N O e

Schiff L.1., “Quantum Mechanics”, McGraw Hill Education, 4th edition, 2017.

White. H. E.. “Introduction to Atomic spectra”, McGraw Hill Education.

Griffiths D. J.. “Introduction to Quantum Mechanics”, Cambridge University Press.

Waghmare Y. R., “Introductory Nuclear Physics”, Oxford & IBH Oub.
Cohen B. L., “Concepts of Nuclear Physics”, McGraw Hill Education.
Tayal D. C.. “Nuclear Physics”, Himalaya Publishing House.

Books published by Madhya Pradesh Hindi Granth Academy. Bhopal.

M -
i

(Sedlna 9”‘%1‘)




Suggested Web links:

1.
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https://www.eshiksha.mp.gov.in/mpdhe/ Learning Management System,
Department of higher education, Government of Madhya Pradesh (M.P.).
https://youtu.be/THZNfDdt w0?list=PL8g67naApM8hmh2mw1 ONX41P1663Hc9it
Quantum Physics by HC Verma, IIT Kanpur.

https://youtu.be/josqic H79PE?list=PLbMVogVj5nJRvq-w3zway7k3GzmUDte3a
Nuclear Physics: Fundamentals and Applications by Prof. H.C. Verma. Department
of Physics, IIT Kanpur.
https://voutu.be/SCmtERGVhSM?list=PL X Hedlxbyr9VGhbnhw3fNIYyiH140JCD
Course on Atomic and Molecular Physics by Prof. Amal Kumar Das, IIT Kharagpur.

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

Any remarks/ suggestions:
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. Waghmare Y. R., “Introductory Nuclear Physics”, Oxford & IBH Oub.
_ Cohen B. L., “Concepts of Nuclear Physics”, McGraw Hill Education.
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Beiser A., “Concept of Modern Physics”, Mc Graw Hill.

Rajam J.B.,“Modern Physics”, S. Chand.

Schiff L.1., “Quantum Mechanics”, McGraw Hill Education, 4th edition, 2017.
White. H. E., “Introduction to Atomic spectra”, McGraw Hill Education.

Griffiths D. J.. “Introduction to Quantum Mechanics”, Cambridge University

Press. |

Tayal D. C., “Nuclear Physics”, Himalaya Publishing House.
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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/THZNfDdt_wO?Iist=PL8g67naApM8hmh2mw19NX4fP1663

Hcojt Quantum Physics by HC Verma, IIT Kanpur.
3. https://youtu.befjosqjcH79PE?list=PLbMVogVj5SnJRvg-

w3zway7k3GzmUDte3a Nuclear Physics: Fundamentals and Applications by

Prof. H.C. Verma, Department of Physics, IIT Kanpur.
4. https://youtu.befSCmtEhGVhSM?Iist=PLXHedlxbyrQVGhbnhWSfNQYyiH140

JCD Course on Atomic and Molecular Physics by Prof. Amal Kumar Das, IIT

Kharagpur.
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