Part A — Introduction 2
Program: Degree Year: Il % Session: 2023-2024
Subject: Physics
1. Course Code S3-PHYS2G
2. Course Title Thermodynamics and Solid state Physics (Theory)
3 Course Type (Core/
Discipline Specific Generic Elective
Flective/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 basic Physics of heat in relation
to energy, work and matter. |
2. Explain the working principle of vacuum pumps |
and gauges.
3. Understand the structure of solids, space lattices
and bonding of atoms in crystals.
4. Understand the basic concepts and importance of
nano structured materials.
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): 3
| Unit Topics - | Number of
! Lectures
{1 Hour
Each)
I Heat and laws of thermodynamics 18

|. Heat and Temperature; Use of Heat and temperature in daily
life; Temperature of Normal body; Various temperature

scales; Temperature Sensors: Working principle and its
applications: Internal energy: Its forms, Characteristics and
importance.

2. Equilibrium: Laws of Thermodynamics and their
importance: Heat Engine: Working principle, Efficiency |
and some daily life applications: Refrigerator: Working
principle and uses.

3. Types of heat transfer: Conduction, Convection and
Radiation with their applications in daily life: Speiiﬁc heat:
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Latent heat and their application; Physical significance of
Entropy and entropy of universe.

Keywords/Tags: Heat. Temperature Sensors, Heat Engine, Heat
transfer.

II

Kinetic theory of gases and cryogenics

|. Kinetic theory of Gases: Postulate and its importance: Ideal
gas and real gas: Properties and their equations: Black body
radiation.

2. Low Pressure generation and measurement: Importance of
vacuum, Rotary pump, Oil diffusion pump, Turbo molecular
pump, Pirani gauge, Penning gauge, leak detection and
solution.

Newton's law of cooling and its applications; Joule-
Thomson effect: Experiment, Cooling and heating effect,
and application; Production of low temperature by
Adiabatic de-magnetisation.

(¥S)

Keywords/Tags: Ideal gas. Low Pressure. Low temperature,
Adiabatic de-magnetisation.

18

I

Crystal Structure and bonding in solids

1. Crystal Structure: Amorphous and Crystalline Materials,
Translation Vectors, Lattice and Basis, Unit Cell, Types of
Lattices (Bravias Lattice), Simple cubic., Face centered
cubic, Body centered cubic lattice, Miller Indices.

2. Reciprocal Lattice; Diffraction of X-rays by C rystals;
Bragg’s Law and its application; Crystal structure of NaCl
and Diamond.

3. lonic, Covalent, metallic. van der Waals and hydrogen
bonding; Specific heat; Motion of electron in a metal and
electrical resistivity (Free electron theory): Elementary idea
of Gemology.

Keywords/Tags: Crystal Structure, Miller Indices. Reciprocal
Lattice, Bonding.

18
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Magnetic materials, Semiconductors and Superconductors
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1. Magnetic Properties of Matter: Dia-, Para- and
Ferromagnetic Materials; Curie’s law; Discussion of B-H
Curve and Hysteresis.

2. FElementary Energy band theory: Energy Band formation in
Solids; Conductors, semiconductors and insulators; P and N
type Semiconductors; Conductivity of Semiconductors:
Mobility: Hall effect.

3. Superconductivity: ~ Concept of  superconductivity;
Properties of a Superconductor: Critical Temperature,
Persistence current, Critical magnetic field. Meissner effect,
Isotope effect: Type I and type Il Superconductors:
Challenges of superconductivity: Applications: Maglev
trains, Magnetic resonance imaging (MRI).

Keywords/Tags: Magnetic Properties of Matter, Energy Band,
Superconductivity.

Nano Materials and Application: 18

1. Length scales in physics; Historical development of
nanotechnology; Structure and size dependent properties.

2. Nanostructures: 0D, 1D, 2D and 3D Nanostructures
(Nanodots, Thin films, Nanowires, Nanorods); Density of
states: Surface and interface effects.

3. Synthesis of nanoparticles: Bottom Up and Top Down
approach: Wet chemical method and Nanolithography;
Applications: Energy, RBiomedicine, Environment, Food,
Textile: Future of nanotechnology.

Keywords/Tags: Nanostructures,  Density of  states,
Nanolithography.

Part C- Learning Resources

Text Books, Reference Books, Other resources

Suggested Readings:
L,
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Zemansky M. W. & Dittman R., “Heat and Thermodynamics”, Tata McGraw-Hill.
Sears and Salinger, “Thermodynamics, ~Kinetic ~ Theory &  Statistical
Thermodynamics”, Narosa. '

Garg S. C. & Ghosh C. K., “Thermal Physics”, Tata McGraw-Hill.
Subrahmanyam N., Brij Lal, Hemne P.S.. * Heat Thermodynamics and statistical”. S.
Chand, 2012.
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Kittel Charles. “Introduction to Solid State Physics”, Wiley India Pvt. Ltd., India,
(2007), 7™ Edition.

Omar M. Ali, “Elementary Solid State Physics”, Pearson Education, India, (2009).
6™ Edition. |

Srivastava J. P., “Elements of Solid State Physics™, Prentice Hall of India, 2011, 3™
edition.

Kulkammi S.K.. “Nanotechnology: Principles & Practices™, Capital Publishing
Company.

Chattopadhyay K.K., Banerjee A. N, “Introduction to Nanoscience and
Technology”, PHI Learning Private Limited.

10. Books published by Madhya Pradesh Hindi Granth Academy, Bhopal.

Suggested Web links:

1. hitps://www.eshiksha.mp.gov.in/mpdhe/ Learning Management System, Department
of higher education, Government of Madhya Pradesh (M.P.).

2. https:/f’www.edx.org/course/thermodvnamics Thermodynamics course.

3. https://voutu.be/RJ—OCEz'fde?]ist:PLbMVOQVi5nJQSiinDYuE6ETzSFSKn4dA
Structure of Materials by Prof. Sandeep Sangal & Dr. Anandh Subramaniam, HI'T
Kanpur.

4. https://voutu.be/L-eOdZFt9BY Condensed Matter Physics by Prof. G. Rangarajan,
Department of Physics, IIT Madras.

5. https://youtu.be/Kp—iSéNHsBS?list:PLFl78600D85IBO98F Lecture Series on Solid
State Devices by Dr. S. Karmalkar, 11T Madras.

6. https://voutu.be/YaoRYnGz5Aw Nanostructures and Nanomaterials by Dr. Kantesh

Ralani & Dr. Anandh Subramaniam , IIT Kanpur.

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
Univarsity Exam Section Section (B): Short Questions

Time : 03:00 Hours Section (C): Long Questions J

Fny remarks/ suggestions:
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Zemansky M. W. & Dittman R., “Heat and Thermodynamics”, Tata McGraw- l
Hill.

Sears and Salinger, “Thermodynamics, Kinetic Theory & Statistical

Thermodynamics”, Narosa.

Garg S. C. & Ghosh C. K., “Thermal Physics”, Tata McGraw-Hill.

statistical”, S. Chand, 2012.

Kittel Charles, “Introduction to Solid State Physics”, Wiley India Pvt. Ltd.,
India, (2007), 7t Edition.

Omar M. Ali, “Elementary Solid State Physics”, Pearson Education, India,

Subrahmanyam N., Brij Lal, Hemne P.S., “ Heat Thermodynamics and\
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(2009), 6t Edition. l
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Srivastava J. P., “Elements of Solid State Physics”, Prentice Hall of India,j
2011, 319 edition.

Kulkarni S.K., “Nanotechnology: Principles & Practices”, Capital Publishing
Company.

Chattopadhyay K.K., Banerjee A. N., “Introduction to Nanoscience and

Technology”, PHI Learning Private Limited.
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1.

https://www.eshiksha.mp.gov.inlmpdhe/ Learning Management System,

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

2 https://www.edx.org/course/thermodynamics Thermodynamics course.

3. https://youtu.be/RJ-
OCEz7wd0?list=PLbMVogVj5nJQ5jqiXDYUEBETz5F5Kn4dA Structure of
Materials by Prof. Sandeep Sangal & Dr. Anandh Subramaniam, |IT Kanpur.

4. https:.f/youtu.be/L—eOdZFtQBY Condensed Matter Physics by Prof. G.
Rangarajan, Departmert of Physics, [IT Madras.

E. https:h’youtu.be/Kp-jSBNHsBB?Iist=PLF178600D851BOQBF Lecture Series |
on Solid State Devices by Dr. S. Karmalkar, IIT Madras. \

6. https://youtu.be/YaoRYnGz5AwW Nanostructures and Nanomaterials by Dr.
Kantesh Balani & Dr. Anandh Subramaniam , IIT Kanpur.
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