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On the recommendation of Head, Department of Physics and Astronomical Sciences, Dean.

in the

School of Basic and Applied Sciences, 10th Board of Studies (BoS) held on 15.03.2024
Department of Physics and Astronomical Sciences and School Board of Basic and Applied Sciences and
in anticipation of next Academic Council the Competent Authority has approved. the Course Scheme and
Syllabus Notification as per NEF-2020 of % and 6® Semesters of Integrated B.Sc. (Hons) - M.Sc. in

Physics w.e.f. Academic Session 2022-23 as detailed below:

o
1

SEMESTER V

] 4 3 0 3
i / Mechanics . _
IPHY3C001T ; Elementary Quantum MeC - 1 - . :
s . — T B —
IPHY3C002T | Solid State Physics — R
SPEN ELECTIVE COURSES(SEC/VAC/AECIOEC) or on SWAYAM Phatform -MOOC
. _Courses |
4 | Open Elective Courses 2 - - - I
Total 20 | - | - T

The student has to earn minimum of 20 credits during the Serruster-V. Apart from two core
ure and | of Practical) each. the candidate has 1o earn 12 more credits

courses of 4 credits (3 of Lect e
(minimum 04 credits from AEC) among the Open Elective basket offered by the Department or other

Departments or on SWAYAM Plarform — MOOC Courses etc.

T
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SEMESTER VI
. i R
s e CORE-Q'Q!J'B‘““WB 0" 3 0 0
IPHY 3C003T Introduction to Nuclear Physics g ] 0 0 2
— —— 3 | 0 13 [0 1%
IPHY3C004T | Statistical Mechanics o 1 0 0 | 2
- OPEN ELECTIVE‘,(Z‘Q!JRSES(SECNAC/AEG/OEQ’;MW“"
EoendeING S BB o T L et :
= | Open Elective Courses _ 12 | - = il .
Botal: G e e - o g

The student has to earn minimum of 20 credits during the Semester-V1. Apart from two core
courses of 4 credits (3 of Lecture and 1 of Practical) each, the candidate has to earn 12 more credits
among the Open Elective basket offered by the Department or other Departments or SWAYAM Platform -
MOOC Courses etc.

Open elective Courses Offered by Department of Physics:

"CourseCode | CourseName = | Course [Credit: L [ T P
UPHYO0OO!IT | Plasma Physics OEC 4 4 0 0 !
- UPHV90012T | Electromagnetic Theory OEC 4 4 0 0 ’
UPHY0OO013T | Special Theory of OEC T
Relativity 4 4 0 U
UPHY0O014T | Atomic and Molecular OEC |
Physics 4 4 e 0
UPHYO0OOIST | Nanomaterials and its OEC
applications 4 4 0 0
UPHYO0OOI6T | Energy conversion and OEC — :
| Storage System | ' 4 4 0 1 0
'y/o% °", J
. Fwara (lc)
© reqistrar@cujammu.ac.in
Frammere Head : 57
"‘Tﬁrﬁwmﬁawﬁ-m, D QUHIY: 80821-979
TR Copy to: SParment of Phys;
T Copy to: ysics and Astrg
Tt e/ ¢ : Nomical Sciences

~Ontroller of Examinations‘ _



—in B.Se(H)-M.Se. Physics o

—~ Type: -~ Core
et AL jear | Course Code: e
Course Name: . Introduction 10 Nuc :
Physics : LTP: 3m
Credits: 3+1 —__
COURSE OUTCOMES: g '

' i1l le to:
After the completion of this course, the learner will be able

CO I  Understand the basic properties of atomic nuclei, includi g nuclear size, shape, gnq
_ stability. B e i L ' s
CO2  Describe the different models of the atomic nucleus, sych as the liquid drop mode] and
: the shell model.. St ey f sl P 4
CO3  Explain the processes of nuclear decay, including alpha, heta, and gamma decay, g
well as nuclear reaciions.. g S .
CO4  Analyze experimental data relaied to nuclear phenomenu using appropriate theoreticq]
models.. : e S e 5 : .
CO5  Critically evaluate the current research and advancemen:.: in the Jfield of Nuclear
Physics. -

"UNIT-1I
Mass, radius, angular momentum, magnetic' moment, electric quadrupcle moment, parity,
estimation of mass, basic ‘concepts o mass ' spectrographs, deuble focussing spectrograph,

Coulomb scattering of a charged particle by a nucleus, Electron scattering by a nucleus, variation
of nuclear radius witih mass number A.

Energy release in nuclear fission (using BE cyry
drop model, self-sustaining chain reaction, ney

*1: Energy released in nuclear
§ of controlled fusion.

proton synchrotron, Ny

: clear detectors: Topigar: > SYnchrotrop n,
scintillation counters, 5 : Ionisatjon ch » Electron Synchrotron,

olid stute detectors, Neutron dett::;ir, Prop rtional Counter, GM counter,

ba :
ark TYOns, matter and antimatter,
mode] f, the structyre Ofmaties




Text/R

eference Books:
Nuclear physics by Irving Kaplan, Oxford & IBH Pub., 1962

1.
2. Introduction to experimental Nuclear Physics b i -
: R M. Ltd.
3. Nuclear Physics by S. N. Ghoshal, S. Ch)a,md, 23’06. Singru, Wiley Eastern pvt. Ltd
4. gm-oductort): nuclear Physjcs by Kenneth S. Krane (Wiley India Pvt. Ltd., 2008).
s Concepts of nuclear physics by Bernard L. Cohen. (Tat2 Mcgraw Hill, 1998).
List of Practicals

ol - o

00 NN W

10.
11.
12.

13.
14.
15.

16.
17
18.

Detection of ¥ radiation with a scintillation counter.
Quantitative observation of the Compton effect.
Demonstrating the tracks of o particles in a Wilso
Rutherford scattering: measuring the scattering rat
and the atomic number.

Deflection of beta radiation in a magnetic field.
Recording and calibrating a y spectrum.

Determining the energy loss of o radiation in air.
Study the characteristics of 2 G.M counter Characteristics & Determine the Pleatau

Value.

Study the Absorp
Study Half Life.
Inverse Law using
To determine the en

counter . : -
Study the characteristics of a G.M counter and verify the inverse square law.
Study of B- absorption in aluminium foil using G.M counter.
Study of variation of modulus of rigidity of 2 given specimen as a function of
temperature.

To reproduce the Binding Energy curve for the whole mass range.
Semi empirical mass formula .

Any other experiments of the equ

n cloud chamber.
e as a function of the scattering angle

tion Factors using Different Thickness of Aluminium Sheets.

Distribution Method.
dpoint energy of beta

particle of a given radioactive source using gm

jvalent standard can be set.



tl' 4
Semester : VI '
Course Name: Statistical Mechanics
. Credits: 3+1
COURSE OUTCOMES:

| be able to:

~ After the completion of this course, the learner wil

CO1  Understand the fundamental principles of stat;stlcal ms
.~ probability distributions, and the concept of entropy. .

CO2  Describe ihe behd;iOn, of systems with a large nun?bef’ of I_W.’; ttcl:les uszg‘lg Statisticg]
methods, including the classical, quantum, and classzca'.' statfstz,a ensembles.

CO3  Explain. the concept of equilibrium and the relatz..,»"nshlp between macroscopic
observables and microscopic states. : :

CO4  Discuss the principles of phase transitions and critical phenomena, including the Ising
model and mean field theory. : '

COS5 - Apply statistical mechanics 10 various physical systenis,
liquids. ' : :

schanics, including ensempjyg

including gases, solids, and

~ UNIT-I
Classical statistical mechanibs approach based on kinetic thec:y of particles, Macrostate &
Microstate, Elementary Concept of Ensemble, Phase Space, :ntropy and Thermodynamic
Probability, Maxwell-Boltzmann Distribution Law, Partition Funct:on, Thermodynamic Functions
 of an Ideal Gas, Classical Entropy Expression, Gibbs Paradox, Law of Equipartition of Energy -
Applications to Specific Heat and its Limitations, Negative Tempcerature.
. ' UNIT il
{’ropemfe_s o]f?; Tlhermal I}adl.a’tfl]on. Blackbody Radiation. Pure temperature dependence. Kirchhoff’s
\;\;&;ns,tse a];is u(-)i l:ilt?oa:n Ijl::; 1Sea1;n?dyr11axg1c p'roof.F Radiation Preseure. Wien’s Displacement law.
o1 : a’s lonmzation Formula.” Rayi:igh-Jean’ i
LTy ayluigh-Jean’s Law. Ultraviolet
Quantum Th  of Radiation § e
uan eory of Radiation Spectral Distributi .
Postulates. Planck’s Law of Blapckbody 11:3222311 }(E)iBela‘Ck i Ra.d 1at19n. Planck’s.Quanﬂlm
Wien’s Distribution Law, (2) Rayleigh-Jeans Law I(>3rlnslental Verification. Deduction of (1
Displacement law from Planck’s law. ' > () Stefan Boltzmann Law, (4) Wiet®
e o UNI |
Bose-Einstein Statistics, B-E distribution law ’[htrfnv d -
Bose Gas, Bose Einstein condensation, prope;-ties 0“9 ynamic furcions of a strongly Degeneral®
as a photon gas and Thermodynamic functions of holtquld He (quartative description), Radiati®"
o UNI’II‘)V on gas. Bost. derivation of Planck’s 1aW:




Fermi-Dirac Statistics: Fermi-Dirac Distributi
stribution L .
d strongly Degenerate Fermi ; aw, Thermodynam i
af & ermi Gas, Fermi Energy, Electron gas i;cfm M‘::z:?sszfeiiging:zez

Metals.
Reference Books
1. Statistical Mechanics, R :

Gigersity PRSS . RK. Pathria, Butterworth Heinemann: 2nd Ed.,1996, Oxford
§' 232:222} PhgsT“l’]s’ Berkeley Physics Course, F. Reif, 2008, Tata McGraw-Hill.
- dyxmicserlgliitl;h?ﬁcs’ S. Lgkanathan and R.S. Gambhir. 1991, Prentice Hall.

| ’ tic Theory and Statistical i —ci d

Gerhard L. Salinger, 1986, Narosa. stical Thermodynamics, Fran-C1S W. Sears an
5. Modern ThefI.HOdynamic's with Statistical Mechanics, Carl 8. Helrich, 2009, Springer-

6. An Introduction to Statistical Mechanics & Thermodynamics, R.H. Swendsen, 2012,

Oxford Univ. Press. |

7. Statistical Mechanics - an elementary outline, A. Lahiri, 2008, Universities Press-

List of Practicals:

Use C/C++/Sc

ilab/other numerical simulations for solving the problems based on Statistical

Mechanics.

I,

Computational analysis of the behavior of a collection of particles in a box that satisfy
Newtonian mechanics and interact via the Lennard-Jones potential, varying the total
aumber of particles N and the initial conditions:
al number density in the equilibrium state (i) average; (ii) fluctuations

a. Study ofloc
r of the system (approach to equilibrium)

b. Study of transierit behavio

c. Relationship of large N and the arrow of time

f the velocity distribution of particles for the system and comparison

d. Computation 0 distribu
cll velocity distribution

with the Maxw
e. Computation and study of
mass .

mean molecular speed and its dependence on particle

f Computation of fraction of molecules in an ideal gas having speed near the most

~ probable speed




2. Computation of the partition function Z (b) for examples of'systems with , fin

finite number of . - Uy
: : ], 3 level, etc.) and a . Olinge i
Eﬁi?éfi: e ﬁgigiigﬁozltlz:m, Fermi-Dirac and Bose- Einstein statig ety

2. Study of how Z (b), average energy <E>, energy fzu::tlura::;r; I:E,f "PECfic gy :
constant volume Cv, depend upon the temperature, tota ro Particleg ) g
the spectrum of single particle states.

b. Ratios of dccupation numbers of various states for the systems considereg by

C. Computation of physical quantities at large and small temperatyre 7 ]
- Comparison of various statistics at large and small temperature T |

3. Plot Planck's law for Black Body radiation and compare it with Ralei
temperature and low temperature,

gh-Jeang Law g high
4. Plot Specific Heat of §
Debye distribution func

olids (2) Dulong-Petit law, (b) Einstein distribution function, (¢
for these two cases. |

tion for high temperature and low rzmperature anqd compare thep

5. Plot the following functions with energy at different tempe: atures

a. Maxwell-Boltzmann distribution
b. Fermi-Dirac distribution :
C. Bose-Einstein distribution

Note: Any other experiments of the equivalent Standard can be sy

Reference Books

1. Elementary Numerical Analysis, K.E.Atkinson, 3rdEdn .

2007, Wiley India Edition
2. Statistical Mechanicg

"- RK. P athria, Butterw iReniaimn. ; d
University Press, orworth Heiner:ann, g Ed., 1996, Oxfor

. Iy and Stgt ti
Gerhard L, Salinger, 1986, Narosa, Istica]

Themlod}'namics, Fran-cis W. Sears and




-

7. Simulation of ODE/PDE Models with MATLAB, OCTAVE and SCILAB: Scientific and
Engineering Applications: A. Vande Wouwer, P. Saucez, C.

8. V.Fernandez. 2014 Springer ISBN: 978-3319067896
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: —1-M.Sc. Physics \
Five years Integl'ﬁe_d_l}_'_s_ci—(gl——“" OEC \

' Type:
Semester : .. Czﬂrse Code:
Course Name: | Plasma Physics TP 3-1-0
Credits: 4 |

COURSE OUTCOMES: it

’ i ble to:
After the completion of this course, the learner will be 2

CO1  Define plasma and explain its key properties.
CO2  Describe methods for plasma production and diagnostics in laboratory settings.

CO3  Explain the principles of controlled thermonuclear fusion and differentiate between
open and closed systems (e.g., Tokamak).

- CO4  Analyze the concepts of charge neutrality, Debye length. and plasma frequency.

CO5  Explain fundamental plasma processes like collisions, d ffusion, and basic principles
governing plasma behavior (e.g., Ohm's Law).

Unit-I .
Definition and properties of plasma, plasma production in laboratory and diagnostics,

microscopic description; motion of a charged particle in electric and magnetic fields-curvature,

gradients and external force drift, controlled thermonuclear devices, magnetically confined open |

and closed systems (linear pinch, mirror machine and Tokamak); laser plasmas- inertially

confined system. '

Unit-II :

Plasma definition and genersl properties of charge neutrality anfl collective behavior Debye

length, Plasma frequency concept of equilibrium, plasma temperature and plasma in natu;e' basic

plaats‘ma ;;;ocesses-: Chzlffgfzi_l’aﬁidebiiﬂefaﬂions in plasma, elastic 2nd inelastic collisions, cross-

section, frequencies, 10n, mobility, Einstei i : A1 ey e S

recombination processes, radiation frotx}lll plasmzf1 relatlonshlp, Lnblps Excitation, [oniZSSug

Unit-II1

tatistical ipti :

lslierarch; ofdee;s;?éfsn Bgftzrrr)xl:xi:fi?iasf 0g011ub0v—Bom_Green '

, \% eql.la'tlon, €quivalence

Planck term, solution of Boltzmann equaf; i “theorem, B.G K. model, Fokker-
o : ati : : o :
conductivity, diffusion. A pn (brief outline);
Unit-IV :
Source of ionization, formation of an ioni
a0 ) onize :
the topside ionosphere, magnetic fi dlayer, the 10nospheris; re
moments in the atmospheric plasma concepts of
T and n > Olan
§torm time distribution, motion in the Aueutral‘ atmqsphenc inter
ionosphere ~~ MPPer atmogpher,

gions, distribution of ion i
nospheric dynamo and moto;
. «ction currents in jonospherés
€, Production of irregularities in the




1 -v -
gnit"Y _jiude plasma oscillations, oscillations i
: ) ations in warm fi
Srﬂall, _Penrose y E arm field-free plasma, Land i
NquSt \r?l‘:ltgi/d;:orgsof (:rﬁ:legrrllzgz:fi ;tlzl;::;y ’1 e Stabilityp KCnisae ::21 ﬁs;ﬂ?gﬁ;
; . , loss ili ili
| thﬁory,m stability, non-linear electrostatic waves. cone stability, quasilinear theory of gently

?f:fnooks and References: :
1. FF. Chen, Introduction to Plasma Physics, (Plenum Press).

7. N.A. K;all and Tri.velpiece.:, Principles of Plasma Physics, (San Fransisco Press)-
3. G. Schimdt, Ifhysws of High Temperature Plasmas, (Academic Press).
4. RD. Hazeltine & F.L. Waelbroeck, The framework of Plasma Physics, (Perseus

Books).
5. RJ. Goldston and P.H. Rutherford, Introduction to Plasma Physics, (IOP).



Int. B.Sc.(H)- Type: e
' TOLECULAR PHYSICS | Lourse Lode:
ATOMIC AND
=

Semester :
Course Name:
Credits: 4

COURSE OUTCOMES:

ill be able to:
After the completion of this course, the learner ¥

C S, ectrd
CO 1 Understand about the atoms qnd atomic Sp

CO 2  Understand about the Zeeman's Eﬁect

havi j applied electric
CO 3 explain the change in behavior of atoms lm external ppv O ot
CO 4  explain rotational, vibrational, electronic qnd Ramqn ;pec a o .
|  UNITI
Inadequacy of Bohr atomic madel, correction due to finite mass of the nucleus, Rydt?erg constant
in terms of reduced mass, Excitation and Ionisation potentials, F ranck-Hertz experiment, thr-
Sommerfeld Model of atom, vector model of an atom, Electron spin, space quantisation,

magnetic moment of an electron due to its orbital motion. Stert-Gerlach experiment and it
theory, Spin-orbit interaction and Fine structure of spectral lines

UNIT-II

Quantum numbers and selection rules, Pauli’s exclusion principle
atoms, Pauli Exclusion principle and electron configuration, quant
of quantum states. Spin-Orbit Interaction (Single valence electron

, sodium Doublet. Spectral terms of two electro

electrons, LS and JJ coupling schemes, Singlet Triplet g o
coupling. Lande’s Interval rule, Problems, , Pt Separation

, Electronic configuration of
um states, Spectral notations
atom), Energy levels of Na
I atoms, terms for equivalent
for interaction energy of LS

X-r ay Spectra, Daun,

“troscopy: Nature of X-rays,
cations, Auger eff,

€ and Hunt’g Rule, x

- issi tra
ct, PrOblems ray emission spectra,
UNIT-1v
Molecular formation the H ;
. J mol :
Rotatlon, vibration a eCular lon, H, - m

ole .
tra of mg] Cule. Salie

and rotatjq

: nd electronj
selection rules, Theory of pure rot;tisorzlec

Ot Ieatures of molecular spectré:
simple applications

SOcCiated quantum numbers and
On spectra, Raman and IR spectra

Ccules, a5
- Vibratj




UNIT-v
.-l theory of Raman Effect. Molecular

Class! larizahil;
m ntal set up for Ram T polarizability, fum
Expe a P an Effect, Applications of Raxtr}r,lal(l2 :;:ctrosg::;ry of Raman Effect

pooks Recommended:

Atomic Physics (Modern Physics), S N Ghosal (S. Chand)
, (S. Chan

concepts of Modern Physics 4« editi

Introduction to Atomic Zpecstri i({htlon’ A?nhur Baiser (McGraw Hill International edition)

Introduction to Atomic and M » H. E White. (McGraw Hill International edition)

Molecular Structure And § olecular Spectroscopy , V.K.Jain, Narosa Publication.
pectroscopy, 2nd Edition, G. Aruldhas (PHI Learning).

Physics of Atoms and M ' s
o -y ‘Molecules, 2« edition B H Bransden and C J Joachain, Pearson

o B



' ‘ Int. B, . |
Semester : J‘ Sc. ~M.Sc. Ph Si_cs\_ . J ",
Course Name: | NANOMATERIALS Type: T | A

| XAPPLICATIONS AND Course Code: . 3
| | |
Credits: l 4 _— . JJ
‘ : 3-1-0

pre-Requisites:

di : : _ .
Knowledge of ifferent materials and their basic properties such as crystal structure, band diagram
Course Outcomes:

At the end of the course, the student will be able to:

CO1 Comprehend the unique properties of : : s —
: o nat

different fields. P  of nanomaterials for their applications 1 \

CO2 Solve the Schrddinger equations for 2D, 1D and 0D q:antum confined *\
nanostructures.

CO3 Understand the principles of nanomaterial synthesis aud fabrication techniques. |

CO4 Comprehend different characterization methods used to analyze nanomaterials. |

CO5 Analyze emerging research trends in nanomaterial applications and addressing \

challenges in integrating nanomaterials into various fields B

UNIT-1:

Introduction to Nanostructured materials and their technological §igniﬁcance, Classification of
Low dimensional Systems-2D, 1D, and 0D systems, Quantum dots, Nanowires, Nanorods, Surface
effect and Quantum Confinerent effect, Schrodinger quatiops tor 2D, 1D ?.nd 0D systems,
Density of States in bulk and low dimensional Systems- derivation and explanation.

UNIT-2: ‘ | %1
1
Size dependent Properties of Nanomaterials-Physical, Chemical, Uptical, Electronic, Mechanical ~  §
: |
and Magnetic Propertics.
UNIT-3:

: . formation; Thermal Evaporation and El

Mechanism of thin film and nanostructure ] porati ectron beam
Evaporation, Arc-discharge, Laser Ablation, C}he.mma} Vapor Deposition, Colloidal synthesis,
‘Self-assembly techniques, Spin coating, Dip coating, Spray pyrolysis; Nanofabrication-
photolithography and E,lectron-beam Lithography.

Bottom-up and top-down approaches, Physical and Chemical Techniques, Nucleation and Growth




x-Ray Diffraction, Electron micy

i : 8 OScope S
AFM); Applications of Nap . OPE (SEM, TR
gensing devices. OMaterials M), and Scannin

Carbon-based nanomaterialg

(quantum dots, nanowires) bage earbon nanotubes) and Sem; i

Sd it delivery. ence d FETS, Applications of ) S"jmlc?nductor nanomatep_als
gy and Environmeng] nhanomaterials in the field of medicine

Reference Books:

1. T. Pradeep, Nano: The Essentials; Tata McGraw-Hill, 2008

2. WR. c .
Fahmner, Nanotechnology and Nanoelectronics; Springer,2006.
3. Rechard Booker and Earl Boysen, Nanotechnology, Wiley, 2006.

4. B.S. .Murty, P. Shankar, Baldev Raj, B B Rath and James Murday, Textbook of
nanoscience and Nanotechnology, Universities Press, 2012

5. Charles P. Poole, Frank J. Owens, Introduction to Nanotechnology, Wiley 2012

6. M.A. Shah and Tokeer Ahmad , Principles of Nanoscience and Nanotechnology,
Narosa, 2011.

Raul J. Martin-Palma; Akhlesh Lakhtakia, Nanotechnology, SPIE Press, USA, 2010.

8. Robert Kelsall, Ian Hamley and Mark Geoghegan, Nanoscale Science and Technology,

Wiley, 2005.
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