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= ?Part A - I—mroduztion

Program: Degree

-

Class: B.Sc. Year: Il Session: 2023-2024

Subject: Physics

1. Course Code S3-PHYSID
2 Course Title Quantum, Atomic and Molecular Physics (Theory)
(Group A Paper I)
3. Course Type (Core/
Discipline Specific Discipline Specific Elective
Elective/Generic (DSE) L
Elective/Vocational/...) '
4. Pre- requisite (If any) | To study this course, a student must have had Physics as
a subject in Diploma.
5. Course Learning On successful completion of this course. the students
Outcomes (CLO) will be able to ;
' I 1. Know the quantum mechanics and ifts {
3 i applications. |
‘i ! 2. Explain the atomic structures and X-rays. i
‘ ‘\ 3. Analyse the molecular spectra such as electronic. E
{ rotational and vibrational. I
i 4. Identify the various materials using Raman |
! spectroscopic technigues. |
: _(sm Credit Value 4 _"—_J
r T Total Marks Max. Marks: 30+70 J Min. Passing Marks: 35 |
: Part B - Content of the Course = o
: Total number of Lectures (in hours per week): 2 |
r_ Unit Topics Number of |
! Lecturcs 1
{1 Houi
| each)
I Quantum Mechanics-1 1 12

r2

2

experimental

velocities.

1. Quantum technology in India: National Mission on
Quantum Technologies & Applications (NM-QTA).

|

|

|

i

|

Particle nature of wave: - Limitations of Classical ‘
Mechanics, Blackbody radiation; Photoelectric effect: i
Plank’s radiation law; Compton effect. ,
|

|

\

|

Wave nature of particle: - De-Broglie hypothesis:

concept of wave packet; concept of phase and group

verification of De-Broglie hypothesis:




4. Heisenberg’s uncertainty principle, experiments for the
verification of uncertainty principle, Different forms of
uncertainty principle.

5. The Schrodinger wave equation: - Schrodinger’s time
dependent and time independent equation; Physical
interpretation of wave function; Probability Current
Density; Equation of Continuity and its physical
significance, Normalisation of the wave function.

Keywords/Tags:  Photoelectric  effect, Compton  effect,
Heisenberg uncertainty principle, Schrédinger equation.

II

Quantum Mechanics-II

1. Operators in quantum mechanics: Eigenfunctions and
Eigenvalues; Hermitian operator; Position and Momentum
operator; Total energy (Hamiltonian) operator;
Expectation value; Concept of parity: Parity operator:
Ehrenfest Theorem.

2. Application of Schrédinger equation: Free particle;
Particle in one-dimensional box; Rectangular potential
barrier; Tunnel effect, Applications of tunnel effect in
barrier penetration (u-decay); One dimensional Harmonic
Oscillator and concept of zero-point energy.

Keywords/Tags: Eigenfunction, Hermitian operator, Harmonic
Oscillator.

12

I

Atomic structure:

1. Brief review of Bohr and Sommerfeld model of atom;
Electron orbits; Energy levels and spectra; Vector atom
model; Concepts of space quantization; Electron spin;
Stern-Gerlach experiment; One and two valence electron
systems; Pauli’s exclusion principle and electron
configuration; Spectroscopic notations of energy States,
Multiplicity of energy level state.

2. Spin Orbit interaction; Selection rules; Spectra of alkaline
atom; Fine structure of Sodium D line: Spectral terms of

12




two electron atoms; L-S and j-j coupling: Spectra of
Helium atom: Franck-Hertz experiment.

Keywords/Tags: Electron orbits, Exclusion principle, Spin Orbit
Interaction.

IV Zeeman effect and X-Ray Spectroscopy: 12
1. Zeeman effect: Early Discoveries and developments;
Experimental arrangement; Normal and Anomalous
Zeeman effect; Zeeman shift, Stark effect.
2. Nature and production of X-rays; Discrete and continuous
X-ray spectra; Characteristics X- ray spectrum; Duane and
Hunts rule; X-ray emission spectra; Moseley’s law and its
application; Auger effect; Doublet structure of X-ray
spectra; X-ray absorption spectra.
Keywords/Tags: Zeeman effect, X — Ray, Doublet structure.
A" Molecular Physics: 12

1. Molecular Spectroscopy: Various types of spectra:
Quantization of Vibrational and Rotational energies; Pure
Rotational Spectra; Determination of intermolecular
distance of Diatomic molecules; Pure vibrational Spectra
of Diatomic molecules; Electronic Spectra of Diatomic
molecules.

2. Raman Spectroscopy: Raman effect: Stokes and anti-
stokes lines: Experimental setup of Raman effect;
Classical theory of Raman effect; Quantum theory of
Raman effect; Applications of Raman effect: Electronic
spectrum; Born-Oppenheimer approximation; Franck
Condon principle; Fluorescence and Phosphorescence.

Keywords/Tags: Molecular Spectroscopy, Vibrational Spectra,
Raman effect, Electronic Spectra.

Part C-Learning Resources

Text Books, Reference Books, Other resources

Suggested Readings:
1. Beiser A., “Concept of Modern Physics”, Mc Graw Hill.
2. Ghatak, Loknathan, “Quantum Mechanics”, Mc Milan.
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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.
. Books published by Madhya Pradesh Hindi Granth Academy. Bhopal.
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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. h[zp.s:.-‘;"\'outt;.be.—"’KngRxzhzr()‘?liSt:PLCvarhOPdEX6-GqRL.?3c:‘v'f\f[KScNPéi';ml(ii
Modern Physics by Prof. V. Ravishankar, I[IT Delhi.

3. httpsi/voutu.be/THZNIDdt w0?2list=P1 826 7naApM8hmh2mw IINX4{P 1663 He9jt
Quantum physics by H. C. Verma, IIT Kanpur

4. htips://voutu.be/xlrvel UsKqU?2list=RDCMUCLISI QwKaOnOCtnzdGReQ
Quantum Mechanics by Prof. P. Ramadevi, IIT Bombay.

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 J

Any remarks/ suggestions:
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Part A — Introduction

Program: Degree i

Class: B.Sc. Year: Il { Session: 2023-2024

Subject: Physics

1. Course Code S3-PHYS1Q
2, Course Title Quantum, Atomic and Molecular Physics Lab
(Practical) (Group A Paper I)
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.
= Course Learning On completion of the course, the students will be able to
Outcomes (CLO) 1. Develop practical knowledge for the
determination of Planck’s constant and
Rydberg’s constant using different methods.

2. Understand the working of methods used to
determine electronic charge and specific charge \
of electron. :

3. Determine the first excitation potential of gas l
(argon) by Franck Hertz experiment.

4. Use of Constant deviation spectrograph, |
spectrometer and Fabry Parot Interferometer to |
determine different physical properties.

5. Develop understanding for the use of G. M.
counter for detection of radioactive source and
determination of Stefan’s constants. !

6. Credit Value 2
T Total Marks Max. Marks: 100 i 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)
.| Determination of Rydberg’s constant using hydrogen discharge tube. 30
2. | Determination of Planck’s constants using light emitting diode.
3. | Determination of specific charge e/m by Thomson’s method.
4. | Determination of Plank’s constant using Photo cell.
5. | To determine the first excitation potential of gas (argon) by Franck
Hertz experiment.
6. | To observe the Zeeman splitting of green mercury line using Fabry-

Parot Etalon for normal transverse and longitudinal configuration.
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7. | Measurement of wavelength of mercury source spectrum by constant
deviation spectrograph and calibration of drum.

8. | Determination of wavelength of sodium light source with the help of
plane transmission grating and spectrometer.

9, | Verification of Fresnel’s Law of reflection.

10. | Verify Cauchy’s formula using spectrometer.

11. | Determination of wavelength of monochromatic light source by Febry
- Parot interferometer.

12. | Determination of electronic charge with the help of Millikan’s oil drop
method.

13. | Determination of Stefan’s constant. ‘

14. | To count the number of particles emitting from radioactive source with
the help of G. M. Counter.

15. | Determination of Lande’s G- factor using Zeeman effect.

16. | To study the absorption spectra of iodine vapour.

17. | To draw the characteristic curves of a Photo cell and determine
stopping potential.

18. | Determination of wavelength of monochromatic light source and
thickness of mica sheet with the help of Michelson interferometer.

19, | Determination of thickness of mica sheet with the help of Bi -Prism.
20. | Determination of resolving power of plane transmission grating with

the help of spectrometer.

Part C-Learning Resources

Text Books, Reference Books, Other resources

Suggested Readings:

1.

o .

Prakash 1. & 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
Physics”, New Central Book Agency P. Ltd.

Singh S.P., “Advanced Practical Physics™, Pragati Prakashan.

Tayal D. C., “University Practical Physics”, Himalaya Publishing House

Kumar P. R. Sasi, “ Practical Physics™, PHI Publication

Srivastava Anchal, Shukla R. K., « Practical Physics”, New Age [nternational
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.

( Gadhua Sr‘t‘zj{\)




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.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 Practical Record
File

Assignments (Charts/ Model Seminar / Table work /

Rural Service/ Technology Dissemination/ Experiments

Report of Excursion/ Lab Visits/ Survey /

Industrial visit)

TOTAL Total Marks : 100

Any remarks/ suggestions:
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1. UTHT % S Ud HHRee Tied Al HiH HHTET,
TOFZIA FEAT, Tl TIT AT TUHH; FFL TLHATI A=A,
=TT FTETHLOT T AFLUTI; TAFLIT FT T, F=A-TAF
TART; U FATS UF 3 5 sereeia Har; e’ A7
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AU FT FAHIAF A0
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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.I., “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.
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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/KSgzRxzhzrQ?list=PLCvpYrhOPdiX6GgRU3eVMKScNP4j

2dGi Modern Physics by Prof. V. Ravishankar, 1IT Delhi.

3. https://youtu.be/THZNIDdt w07?list=PL8g67naApM8hmh2mw19NX4fP1663

Hc9jt Quantum physics by H. C. Verma, IIT Kanpur




4. hitps://youtu.be/xIrvgLUsKqU?list=RDCMUCLI5I1QwKgQnOCi4nzdGKeQ

Quantum Mechanics by Prof. P. Ramadevi, IIT Bombay.
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TSR TR T AR/ TS ST/ TS qrA:
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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
Physics”, New Central Book Agency P. Ltd.

Singh S.P., “Advanced Practical Physics”, Pragati Prakashan.

Tayal D. C., “University Practical Physics”, Himalaya Publishing House

Kumar P. R. Sasi, “ Practical Physics”, PHI Publication

Siivastava 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. w7 T TE4T T SThTaey, SATITer g7 TaRTid el
sqeifae a7 i

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.googleapis.com/uniquecourses/online.htm!
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