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Part A - Introduction

Program: Degree }

Class: B.Sc. Year: 11] l Session: 2023-2024

Subject: Physics

1. Course Code S3-PHYS2T
2. Course Title Quantum Mechanics, Solid State Physics and
Devices (Theory)
3. Course Type (Core/
Discipline Specific Minor/Elective
Elective/Generic ;
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 students will be able to
Outcomes (CLO) 1. Understand the necessity of quantum mechanics
and its applications. |
2. Explain the atomic structures and X-rays. l
3. Identify the molecular spectra such as electronic. |
rotational and vibrational. !
4. Identify the various materials using the Raman |
spectroscopic technique. '
5. Use different types of diodes and transistors i |
various electronic applications. f
6. Analyze the amplifiers and oscillators. __i
6. Credit Value 4 j
7 Total Marks Max. Marks: 30+70 | Min. Passing Marks: 35 |
Part B - Content of the Course e o '
Total number of Lectures (in hours per week): 2 T
Unit Topics | Number of |
| Lectures (1 |
Hour each)
I Introduction to Quantum Mechanics 12

velocity.
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1. A brief biography of Chandrasekhara Venkata Raman and
their major contribution to science.

2. Limitations of classical mechanics and origin of quantum
mechanics, Black body radiation, Photoelectric effect.
Compton effect, De-Broglie hypothesis, Davisson-Germer
experiment, Wave packet, Phase velocity and Group

Heisenberg uncertainty principle, Different forms of
uncertainty principle, Schrodinger wave equation: Time
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dependent and time independent equation, Physical
interpretation of wave function, Equation of Continuity.

Operator in quantum mechanics: Eigenfunctions and
Eigenvalues, Hermitian operator, Position and Momentum
operator, Total energy operator (Hamiltonian),
Expectation value, Parity operator, Ehrenfest Theorem.

Keywords/Tags: Quantum mechanics, Uncertainty principle,
Eigenfunctions.

II Application of quantum Mechanics and Atomic structure 12

1. Application of Schrédinger equation: Free particle,

Particle in one-dimensional box, Rectangular potential
barrier, Tunnel effect, One dimensional Harmonic
Oscillator.

2. Three dimensional Schrodinger equation, The radial and
angular equation, Hydrogen atom, electron probability
density.

3. Bohr’s atomic model, Atomic spectra of Hydrogen,
Sommerfeld model, electron spin, Stern — Gerlach
experiment, Orbital and spin angular momentum, Concept
of space quantization, Quantum numbers.

Keywords/Tags: Tunnel effect, Harmonic Oscillator, Quantum
numbers, Atomic model.
I Many — Electron atom 12
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Pauli’s exclusion principle, Electronic configuration,
Symmetric and antisymmetric wave function (Bosons and
Fermions).

Spin - Orbit interaction, Selection rules, Spectra of alkaline
atom, Fine structure of Sodium D line, Spectral terms of
two electron atoms, L-S and j-j coupling, Multiplicity of
energy levels, Spectra of Helium atom, Zeeman effect:
Types and Experimental arrangement.

Various types of molecular spectra, Electronic. Rotational
and vibrational spectra of diatomic molecule, Raman
effect: Experimental setup and expianation by quantum
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principle, Production of X-rays, Continuous and
characteristics X- ray spectrum, Moseley’s law.

Keywords/Tags: Exclusion principle, Bosons and Fermions, Spin
- Orbit interaction, Molecular spectra, X-rays.

v

Solid State Physics

1. Crystalline and amorphous solids, Space lattice: Basis,
Lattice translational vector, Primitive cell, Bravais lattice,
Seven crystal systems, Symmetry, Miller indices.
Interplanar spacing.

2. Crystal structures: Simple cubic, Face centered cubic
(NaCl), Body centred cubic (CsCl), Hexagonal closed
packed, Diamond structure, Coordination numbers and
atomic packing fraction, Laue’s and Bragg’s equations,
Reciprocal lattice.

3. Dulong and Petit’s theory of Specific heat, Einstein’s
theory of specific heat, Debye’s theory of specific heat,
Lattice vibrations in crystal: Mono-atomic lattice vibration
and dispersion relation, Brillouin Zones, Concept of
phonons, Lorentz Drude theory, Ohm’s Law (J = oE),
Wiedemann Frenz law, Hall effect.

Keywords/Tags: Crystalline solids, Primitive cell, Crystal
structures, Reciprocal lattice, Brillouin Zones.

12

Semiconductor and Devices
1. Energy bands in solids, Intrinsic and extrinsic
semiconductors:  Fermi energy level, Mobility.
Conductivity of semiconductors, Concentration of
electrons and holes in semiconductors.

2. P-N Junction, depletion layer, Potential barrier, Shockley
diode equation (without derivation), Zener diode and its
application, Elementary knowledge of photodiode, Light
Emitting diode and Solar cell, Bipolar Junction Transistors
and its characteristic curves, Current gains (¢, p and v),
Junction Field Effect Transistor.

3. Amplifiers and their classification. Single stage common
emitter amplifier, Q-point, load line and frequency

12
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response curve, Feedback amplifiers, Barkhausen
criterion, Phase shift and Wien bridge oscillator.

Keywords/Tags: Semiconductors, P-N Junction. Amplifiers,
Oscillator.

Part C-Learning Resources

Text Books, Reference Books, Other resources

Suggested Readings:

Do
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10.

11

12.

13.

14.

15.

16.

. Chattopadhyay D., Rakshit P.C., “Electronic Fundamentals and Application”, New A

Beiser A., “Concept of Modern Physics™, Mc Graw Hill.

Ghatak, Loknathan, “Quantum Mechanics”, Mc Milan.

Mani H.S., Mehra G.K., “Introduction to Modern Physics™, East West Press, 1989
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.
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), 6o
Edition. ‘

Singhal R. L., P. A. Alvi. et. Al., “Solid State Physics”, Kedar Nath Ram Nath and Co.,
(2018).

ge
International. (2020).

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

Ashcroft Neil W., Mermin N. David., “Solid State Physics” Harcourt College
Publishing, New York, 2019.

Gupta S. L., Kumar V., “A Hand Book of Electronics”, Pragati Prakashan, India, 2013,
19" Edition.

Malvino Albert Paul, Bates David, “Electronic Principles”, McGraw Hill International
Edition, India, (2006), 7 Edition.

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/KSgzRxzhzrQ?list=PLCvpYrhOPdiX6-GgRU3eVMK ScNP4jedGi

Modern Physics by Prof. V. Ravishankar, IIT Delhi.

3. https://voutu.be/THZNfDdt w0?list=PL8g67naApM8hmh2mw IINX4fP1663Hc9jt

Quantum physics by H. C. Verma, IIT Kanpur

4. https://voutu.be/xlrvel. UsKqU?list=RDCMUCLI511 QwKgOn0Cf4nzdGKeQ

Quantum Mechanics by Prof. P. Ramadevi, lIT Bombay.
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5. https:/voutu.be/RJIOCEz7wd0?list=PLbMV0gVi5nJQ5jqiXDYuE6ETzSF5Kn4dA
Structure of Materials by Prof. Sandeep Sangal & Dr. Anandh Subramaniam, ITT
Kanpur.

6. https://voutu.be/L-eOdZFt9BY Condensed Matter Physics by Prof. G. Rangarajan,
Department of Physics, [I'T Madras.

7. https://youtu.be/Kp-iS6NHsB8?list=PLF178600D851B098F Lecture Series on Solid
State Devices by Dr. S. Karmalkar, IIT Madras.

8. https://voutu.be/g7vYop_46tU2list=PL708EEA8184EA8F53 Electronics by Prof.
D.C. Dube, Department of Physics, IIT Delhi.

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:




Part A — Introduction

Program:Degree | Class: B.Sc. I Year:IlI Session: 2023-2024
Subject: Physics
1. Course Code | S3-PHYS2P
2 Course Title ! Quantum Mechanics,Solid StatePhysics
andDevices Lab (Practical)
3. Course Type
(Core/Discipline Minor/Elective
Specific
Elective/Generic
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 students will be able
Outcomes (CLO) to
1. Determine of Planck’s constant and Rydberg’s
constant using different methods.
2. Determine electronic charge and specific
charge of electron.
! 3. Determine the first excitation potential of gas |
: (argon) by Franck Hertz experiment. :
i i 4. UseConstant deviation spectrometer and
! ;‘ Fabry-Parot Interferometer. ;
} 5. Develop the practical knowledge about solid |
’ state physics and electronic devices.
6. Draw the characteristic curves of different
diodes and transistors.
7. Understand the working principle of
amplifiers and oscillators.
6. Credit Value 2
. Total Marks Max. Marks: 100 \ Min. Passing Marks: 35
Part B - Content of the Course
Total numbers of Lectures - Practical (in hours per week): 2
Sr. List of experiments No. of
No. Lectures
(2 Hours |
Each) !
To determine the Rydberg’s constant using hydrogen discharge 30 ]

tube.

To determine thePlanck’s constants using light emitting diode.

To determine the of specific charge e/m by Thomson’s method.

To determine the of Plank’s constant using Photo cell.

G| gl o b

To determine the first excitation potential of gas (argon) by Franck
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Hertz experiment.
6. To observe the Zeeman splitting of green mercury line using Fabry-
Parot Etalon for normal transverse and longitudinal configuration.
7. To measure the wavelength of a mercury source spectrum by
constant deviation spectrograph and calibration of drum.
8. To determine the electronic charge with the help of Millikan’s oil
drop method.
9. | To study the absorption spectra of iodine vapour.
10. | To draw the characteristic curves of a Photo cell and determine
stopping potential.
11. | To study characteristic curve of a PN Junction diode.
12. | To study characteristics curve ofa Zener diode.
13. | To study characteristicscurve of a light emitting diode (LED).
14. | To determine the energy band gap of a semiconductor using P-N |
diode in reverse bias.
15. | To study characteristics curves of PNP/ NPN transistor in common
emitter mode configuration and determination current gain.
16. | To study characteristics curves of Junction field effect transistor.
17. | To study single stage RC amplifier.
18. | To study Wien bridge oscillator.
19. | To study the characteristic curve of Photodiode.
20. | To studythecharacteristic curve of solar cell.
Part C-Learning Resources
Text Books, Reference Books, Other resources
Suggested Readings:
1. Prakash I. & Ramakrishna, “A Text Book of Practical Physics”, Kitab Mahal,
2011,11/e.
2. Squires G. L., “Practical Physics”, Cambridge University Press. 2015, 4/e.
3. Flint B. L. and Worsnop H. T., “Advanced Practical Physics for students™, Asia
Publishing House, 197.
4. Chattopadhyay D. & Rakshit P. C., “An Advanced Course in Practical Physics”,
New Central Book Agency.
5. Chattopadhyay D., Rakshit P.C. and Saha B., “An Advanced Course in Practical
Physics”, New Central Book Agency P. Ltd.
6. Singh S.P., “Advanced Practical Physics”, Pragati Prakashan.
7. Tayal D. C., “University Practical Physics”, Himalaya Publishing House
8. Kumar P. R. Sasi, = Practical Physics”, PHI Publication
9. Srivastava Anchal, Shukla R. K., * Practical Physics”, New Age International

Publishers.

10. Agarwal D. C.. “Experimental electronics”, Technical Publishing House.
11. Srivastava J. P.. * Elements of Solid state Physics™, PHI Publication,
12. 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://www.vlab.co.in/broad-area-physical-sciences

3. https:/storage.coogleapis.com/uniquecourses/online.html

4. https://www.vlab.co.in/broad-area-physical-sciences

5. https:/storage.googleapis.com/uniquecourses/online.html

Part D-Assessment and Evaluation
Suggested Continuous Evaluation Methods:
Internal Assessment Marks External Marks
Assessment
Class Interaction /Quiz 30 Viva Voce on 70
Practical

Attendance

Assignments (Charts/ Model Seminar /
Rural Service/ Technology Dissemination/
Report of Excursion/ Lab Visits/ Survey /
Industrial visit)

Practical Record
File

Table work /
Experiments

TOTAL

Total Marks : 100

Any remarks/ suggestions:
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Beiser A., “Concept of Madern Physics”, Mc Graw Hill.

Ghatak, Loknathan, “Quantum Mechanics”, Mc Milan.

1989
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.

~ Mani H.S., Mehra G.K., “Introduction to Modern Physics”, East West Press,

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

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

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

10.Singhal R. L., P. A. Alvi, et. Al “Solid State Physics”, Kedar Nath Ram Nath and
Co., (2018), %

11.Chattopadhyay D., Rakshit P.C., “Electronic Fundamentals and Application”,
New Age Ihternational, (2020). ;

12 Srivastava J. P., “Elements of Solid State Physics”, Prentice Hall of India, 2011,
3rd edition. |

43 Ashcroft Neil W., Mermin N. David., “Solid State Phyéics" Harcourt College |
Publishing, New York, 2019.

14.Gupta S. L., Kumar V., “A Hand Book of Electronics”, Pragati Prakashan, India, .

2013, 19" Edition.

15. Malvino Alpert Paul, Bates David, “Electronic Principles’, McGraw Hitl

International Edition, India, (2006), 71 Edition.
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1 ij_t:[ps:/!www.eshiksha.n'lp.gov.in.’mpdhe.’ Learning Management System,

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

2 https://youlu.be/Kngszher?listzPLCvarhOPdi)<.6-

GqRU38VMKSCNP4jedGi Modern Physics by Prof. V. Ravishankar, {T

Delhi. ;
https5Hyoutu.be/THZNfDdt_wO’?IistSPL8967naApM Shmh2mw19NX4fP1663
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Hcgjt Quantum physics by H. C. Verma, IIT Kanpur
4. mgps:f/youtu.befxlrngUquU?listzRDCMUCL!SI1QquQnOCandGKeQ




o https:f/youtu.be/RJOCEszdO’?IistzPLbMVong5nJQ5jinDYuE6ET25F5Kn

4dA Structure of Materials by Prof. Sandeep Sangal & Dr. Anandh
Subramaniam, [IT Kanpur.

6. hitps:/lyoutu.be/L-eOdZFtIBY Condensed Matter Physics by Prof. G.

Rangarajan, Department of Physics, [IT Madras.

7 hltps:/fyoutu.be/Kp-jS6NHsBS?iist=PI-_F178600D851 BO98F Lecture Series
on Solid State Devices by Dr. S. Karmalkar, lIT Madras.

8. https://youtu.be/g?’vYopﬂﬁtU?1ist=PL708EE/—\8184EA8F53 Electronics by

Prof. D.C. Dube, Department of Physics, |IT Delhi.
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. Prakash |. & Ramakrishna, “A Text Book of Practical Physics”, Kitab Mahal,

2011,11/e.

Squires G. L., “Practical Physics”, Cambridge University Press, 2015, 4/e.

Flint B. L. and Worsnop H. T., “Advanced Practical Physics for students”, Asia
Publishing House, 197.

Chattopadhyay D. & Rakshit P. C., “An Advanced Course in Practical Physics”,
New Central Book Agency.

Chattopadhyay D., Rakshit P.C. and Saha B., “An Advanced Course in Practical
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