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Ref No.: IKcrru/ps48f Dare: 12 o <1 , I B

Subjset Procaedinls of the Boa.d of Studies (BoS), physlcal SciencEs
(Iuaterial Sci6me/l{ano Scionea and Tecirnologyl meeting held on
27.O3.201a.

A meeting of memb€rs of Board of Sfudiss (BoS), phys,cal Sciences (Material
Science/l.lano Sciencs and Teehnol€y) was hed on 27.03.20.18 in the Depanment
of Physical Scierces, I K cujral puniab Technical University, Kapurthata. The
agenda of the mee:ing was discussod in detail and recommendations were maoe
on point. The proceedings of the meetings were recofded in the minutes ot the
meeting as enclosed as an Annexurc-A.

In the meeling, the syllabus of the Fngineoring physics for B. Tech. lsryear and
M.Sc.(Physics) was approved for adoption f.om 2018-19 which is encloseo as an
Annexure-B and Annexure-C.

Submitted ior necessary action.

$'fi,"
Cbnvener- BoS
Dr. Hitesh Sharma

Chai
Head, Physical Sciences.
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Dcplrtmc of Phylicd Scieaclr

MlDtt ! of M.cdrg
A mceting of mdilb63 of Bosd sf Ssrd.s (BoS), t'bri.rl Sci€nc.r (litr..rtrl Scicaci'l|lso
S.i.nc. and T.chnolo$/] v.t lFld o 27.03.2018 i!.h. D!p.rh6r of lhFicd Sst re.r t K
Cuid Pujab T.clni6l Unlv.nily, kguihala.

Trl. folirwing ftt. p..!.nt i! rlc ftering:
I Dr. Anit Slris (Chsilpcron)
2. Dr. Rwi Kund, M.!lb.r
3. )r R*€eh Do8ra. M€.nber
4. Dr. Arrird Krhit, M.lrbd
5. Dr. R3ds! Kunu, M{rb.r
6. Dr. K3 chd L. Singn, MeDbs
7- Dr. Eitdr Sha!|m. McEtb.r
8. Di. M,,lildcr Xaa. M.mba
9. D.. Y S Brsr, CArirp.dlon(EE) ar Spncirl invllr.
10. Dr. Rrjjv Chidr&! Clrirp..lor (Ci!{ Eld !r Sp.clrl irvircc
I I . Ih. Vikr! Chswlr ChdrpGno!0et9 ,, S!.dd Invli..
12. Dr. A S Bh'46!, Ct&p.moi(ECD $ SFid llvlb.
t 3. D.. v.rid.rjir Sinsh (8Fci6l inait .)
14. Dr. Nccrfu (Sp.chl ir1|iilc)
rJ. MsJalkellp|lct M.Scd2c Y..rlstrdarr.p.!$na.!iv.
15. Mr.Ni}liI M.Sc.(l' Y!6rlstud.at lrDr.*rd.livc
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{. Dr.B Dolptr, tv{.mb.r
5. Dr. R4iiv lrrlhona Mcnb.r
6. D.. P. Arlm1ugar! Mdb.r
?. S. Ndd..prl S.nft! M.$b.t
8. Dr. Hrli.iEl Sirgb, (Sp..isl invirlc)
9. Dr. Monika s&tdlva , (Spsid iovi!.c)
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b.€n cat gorized h sev.tr (07) t!ot43. Accordingly, 3cvo (07) thmrt dd scvdt (o?) Felicd
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M.Sc. Physics

Course Structure and Syllabus

(Based on Choice Based Credit System)

2018 onwards
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I. K Gujnt Pasjab Tehticrt a"iretsit , t'pudhalo

IK Gujral Punjab Technical University

VISION

To be an institution ofexcellence in the domaia ofhigher technical education that seffes as the

fountainhead for nurturing the fufure leaders oftechnology and techno- innovation responsible

for the techno-economic, social, cultural and environmental prosperity ofthe people ofthe State

of Punjab, the Nation and the world

MISSION

To provide seamless education through the pioneering use oftechnology, in partnership with

industry and society with a view to promote research, discovery and entrepreneuship and

To prcpare its students to be responsible citizens ofthe world and the leaders oftechnology

and techno-innovation ofthe 2lst Century by developing in them the desirable knowledge,

skill and attitudes base for the world of work and bv instilline in them a culhne for

seamlessness il1 all facets oflife.

OBJECTIVES

To offer globally-relevant, industrylinked, research-focused, technology- enabled

seamlcss education at tle graduate, postgBduate and research levels in various arcas of

engineering & technology and applied sciences keeping in mind that the manpowel so

spawned is cxcellent in quality, is relevant to the global technological needs, is motivated

to give its best and is committed to the gtowlh of the Nation;

To foster the creation ofnew and relevant technologies ard to transfel them to industry for

effective utilization;
To participate in the planning and solving of engineering and managerial problems of

relevance !o global industry and to society at large by conducting basic and applied

research in thc ateas oftechnologies;
To develop and conduct continuiog education pmgrammes for practiciog engineers and

manageG with a view to update their fundamental knowledge base and problem-solving

2of71S.hen" & S labustM.Sc. Phtsics, Bat.h 20t8 & O,eards
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Q.

zzz
To develop shong collaborarive and cooperative links with private and public sector

industries and govemment user departments through various avenues such as

undertaking of consultancy projects, conducting of collaborative applied researcn pro_Jects,

manpower development programmes in cutting-edge areas of technology, etc;
To develop comprehensive linkages with premier acaden,tic -a i"r"-"t ins'ru'ons
within the counfy and abroad for mutual benefrt;
To provide leadership in laboratory planning and in the development of instructlonal

resource material in the conventional as well as in the audio_ visual, the video and
computer-based modes;
To develop programmes for faculq/ growth and development both for ils own faculty as

well as for the faculty of other engineering and technology institutions;
To anticipate the global technological rceds and to plan and prepare to cater to them;
To interact and parricipate with the comrnunity/society at large with a view to inculcate in
them a feel for scientific and technological thought and endeavour; aud
To actively participate in the technological development ofthe State ofpunjab through the

undertaking of community dev€lopm€nt programmes including training and education

progmmmes catering to the needs of the unorganized sector as well as that of the

economically and socially wea-ker sections of society.

ACADEMIC PHILOSOPHY

The philosophy of the educatiol to be imparted at the University is to awaken the

"deepest potential" of its students as holistic human beings by nurturing qualities of self_

confidence, courage, integ ty, mahrriq,, versatility of mind as.irell as a capacity to face the

challenges of tomorrow so as to enable them to serve humanity and its highest values in
the best possible way.

fl-'"
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I. & Gtjtd tusiab T$tuiaat Univ8itr, Xopuflhatd

DEPARTMENT OF PITYSICAL SCIENCES

l'ISrON

To be a knowledge nerve centre in Physical Sciences, Pure and Applied Research and industry

requircments for creating sustainable infrastruchfe ard enhancing quality of life

MISSION

To olfer globally-relevant, industrylinke4 research-focused, technology-enabled

searnless education at the graduate, postgraduate and research levels in various areas of

Physical sciences keeping in mhd that the manpower so spawned is excelleflt in

quality, is relevant to the global scientific and bchnological needs, is motivated to give

its best and is committed to the g.o\,th ofthe Nation;

To develop and conduct continuing education plogrammes for Science gnduat€s \rith a

view to update their frrndamental knowledge base and problem-solving capabilities rn

the va ous areas of core specialization ofihe University;

l

3. To develop comprehensive linkages with premier academic and research institutions

within the country and abroad for mutual b€nefit.

Sch6e &. Sylabus (LLSg Physics) Bo.ch 2018 & On*a s Page 4 of 71
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M.Sc. (Physics) Program

Dumtlotr: 2 Y€ars (Semester System)

This M.Sc. (Ph'sics) Program inchdes various core, electives, ard other interdisciplinary courses.

The diverse lab experirnents allow students to unde$taDd the irndamental aspects ofthe subject. A
choice of advanced elective courses offers a glirnpse in the fiontier areas of rcsearch and allow

studeots to work on otre-year re.search project as atr il]iegml part of tbeir M.Sc. progranne. The

progra{Ere also provid€ adequate exposrue to lhe studeots for pu$uing higher education in the

field oftechdology (M. Tech.), Physics (M.Phil./ph.D.) atrd otlrcrjob opporrmiti€s in acaderia aud

industry.

f,ligibility:

Pass B.Sc, witl 50% mark having Physics as one of lhe subjeat. A Elaxation of 5yo is given in
case ofcandidates belonging to SC/ST category

Sch.re A. SyUahE (M-Sa PhysLe) Botdt 201E & Orrwards Poge 5 o! 7I
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PROCRAM EDUCATIONAI OBJECTMS: The ProgBm Educational Objectives are the

knowledge skills and attih.rdes which the students have at the time ofpost-graduation At the end

of the program, the student will be able to:

PEOl Apply the scicntific knowledge of Physics, Mathematics, Chemistry and Physics

specialization for deeper understanding of th€ naflre.

PEO2 Identify, formulate, research literature, and analyze advanced scientific problems

reaching substantiated conclusions using first principles of mathemotlcs, natual
sciences, and engineering sciences,

PEO3 Design solutions for advanced sci€ntific problems and design system components or
processes_

PE04 Use research-based knowledge and research methods including design oL

experiments, analysis atrd inlerpretation of data, and s',nthesis of the information to
Drovide valid conclusions.

PEO5 Create, select, and apply apFopriate techniqr.res, resouces, and modem scientific and

IT tools including prediction and modelling to complex engineering activities with ar
understanding of the limitations.

PEO6 Apply reasoning informed by the contextual knowledge to assess societal, health,
safety, Iegal and cultural issues and the consequent responsibilities relevant to the
Drofessional scientifi c Dractice.

PEOT Communicate effectively on complex Scientific activities with the
Scientific/engineering commwity and with socjery at large, such as, being able to
comprehend and write effective reports and design do.umcntation, make effective
presentations, and give and receive clear instructions.

PEO8 Recognize the need for, and have the prepmation and ability to engage in
indcpendent and lifelong leaming in the broadest context of scientific and

technological change.

Schzne & Sy ahus (MSe Physics) aaki 2018 & Oneeds Page 6 of 71
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PROGRAM SPECIFIC OUTCOMES: At rhe end of the program, the srudent will be able to:

SEMESTER FIRST

PROGRAM OUTCOMES: At rhe end ofthe prognm, the student will be able to:

PO1 Applyprinciples ofbasic science concepts in understanding, analysis ana preaiction

ofphysical systems.

PO2 To introducc interdisciplinary subjects/concepts/ideas for interdiscipiinary

application of Physics concepts.
PO3 To inboduce advanced ideas and tcchniques r€quired in emergent area ofphyJics,

PO4 To develop human rcsource with specialization in theoretical and expcrimental

teclniques r€quired for career in academia and industry.
PO5 Engage in lifelong teaming and adapt to changing professional and societal needs.

PSOI Understand and apply principles ofphysics for understanding the scil:rtifrc
phenomenon in classical domain.

PS02 UDderstand and apply mathematical techniques for describing anddeeper

understanding of physical systems_
PSO3 Understand and apply statistical methods for describing the classical and quantnm

Darticles in various physical systems and processes.
PS04 Understand a$d apply inrer-disciplinary concepts and computationil 

"kilts 
for

unde$tanding and describing the natural phenomenon.
PS05 Understand and apply principles of Quantum mechanics for understanditrg the

physical svstems in quantum realm_
P506 Provide exposure in various specializarion ofPhysics (Sotid State physics/,I.,hrclear

Physics/Particle Physics).
PSOT Provide exposure to advanced €xperimentaytheoretical mcthods for m"usurem.nl

obseffation, and fundarnental understandinq of phvsical ohenomenon/svstems
PS08 Engage in rcsearch and lifeJong leaming to adapt to changing environnre..,t

Course Cod€

schde & Slllabus (M.Stt Phtsks) Batch 2018 & Onydt.ls



MSPH4l l-18 Mathematical Physics-l 30 70 100

MSPH412-18 Classical Mechanics 1 30 10 100 4

MSPH4I3-I8 Quantum Mechanics-I 30 10 r00 4

MSPH4I4-18 Electronics I 30 10 100 4

MSPH415-I8 Computational Physics 3 I 30 7n 100 4

MSPH4I6-18 Electronics Lab 50 75

MSPH417-I8 lomputational Physics Lab-I 6 50 1S

TOTAI 15 12 250 400 650 26

SEMESTER SECOND

I X. Gtjtul Putjtb Tdhni.at azr'et*r, rapsnharo

L: Lectur€s T: Tutorial P: Practical

SEMESTER THIRD

;l'$*J"Y"-"

Course Code Course Titl€ Load
Allocatiou

Marks
Distrlbution

Total
Marks

redits

L T P tnternal External

\4SPH42l- 18 Mathematical Physics-II 30 10 100 4

\4SPH422-18 Statistical Mechanics 1 30 70 100

\,ISPH423-I8 Quantum Mechanicsll I 30 10 100 4

MSPH424-I8 Classical Electrodynamics I 30 1n 100 4

\4SPH425-18 Atomic and Mol€cular
Physics

I 30 70 100 4

\4SPH426-18 Atomic, Nucl€ar, and Pa.rticle

Physics Lab
6 50 25 75 3

\4SPH427-18 Computational Physics Lab-IT 6 50 75

TOTAL 15 5 t2 250 400 650 26

coulsc Code Course Tide Load
Allocatiotr

Marks Distribution Totel
\{arks

Credits

L T P lnternal External

\4SPH531-18 Condensed Mattet Physics 3 I 30 70 r00 4

VSPH532-I8 NuclearPhysics I 30 h/ 100 .l

iglezi
IScheme & Sfllabus 04.5c. PhJ)si.s) Batch 20IE & Onflads
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SEMESTER FOURTH

TOTAL NUMBER OF CREDITS = 95

LIST Of,' DEPARTMENTAL/TNTERDISCIPLINARY ELECTIVES

\4SPH533- 18 Particle Physics J 30 70 100 4

MSPH534-I8
\4SPH535-18
VSPH536-I8

Elective Subjecr-I f 30 70 100 4

MSPH537,l8
VSPH538- I8
\4SPH539-r 8

Elective Subject-Il 3 I 30 70 100 4

MSPH54O.I8 Condensed Matter Physics
Lab

5U 3

TOTAL l5 5 6 200

Course Code Course Titl€ Load
Allocation

Marks
Distribution

Total
Marks

Credits

L T P lnternal Sxternal

MSPH541.18
MSPH542-18
MSPH543-18

Elective Subject-ll 3 I 30 70 t00 4

MSPH544-I8
MSPH545-I8

Elective Subject-Iv I 30 70 100 4

MSPH546-18 M-Sc. Rcsearch Project l2 Satisfactory/Unsati 5factory 12

TOTAL l4 60 r40 200 20

El€ctiv€ Subject-I

l. No. \ame of the Subject ode

iibre optics and nonlinear optics VSPH534-I8

2 Plasma Physics \4SPH535-18

3 \,lonlinear D),namics {sPH536-18x



nl€ctive Subje.t -II

I tadiation Phlsics !,ISPH53?-18

2 Itructures, Specha and Properties of Biomolecules \dsPH538-18

3 icience of Renewable source of En€rgy !,tsPHs39-18

I K Gtint Paniab Tehni.al hiwit!, Kopwthala

Elective-Ill

El€ctive-IV

A.dvanced Condensed Matter Physics VSPH5,l4-18

A.dvanced Particle Physics lISPHs45-18

S.No, \ame of the Subject 3ode

lhysics of Nanonaterials \,ISPH541- I 8

z lxperimental tecbniques in Nuclear and Particle Physics vsPH542-18

luperconductivity and Low Temperature Physics vsPH543-18

Schene & Srabus MSc. Phtxics) Batch 2018 & Onvads Page I0 of 7I
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Exarnln{tion and Evaluation

Theory

s. No. valuation criteria Weightsge
in Marks

arks

l tenY/sessioual Tests 20 mal €valuatiotr (30 Marks)

Is, Quizzes, assignments,
ldimcej etc. constitute intemal
uation. B€st oftwo mid semester
will be considered for evaluation.

2 5

3 5

4 End semester examination '70 Extemal evaluation (70 Marks)

Conduct and checking of the answer
sheets will at the Department level in
case of University teaching
Department or Autonomous
institutioos.

For other colleges exanination will
le conducted at th€ university level.

5 Iotal 100 Marks may be rounded off to nearest
integer.

Practic.l

Daily evaluation of practicat
.ecord/Viva Voice

30 Intemal evaluation (50 Marks)

2 5

3 leminar,?resertation IJ

4 rinal Practical Performance +
y'iva Voice

lxtemal evaluation (25 Marks)

5 Iotal Varks may be rounded off to nearest
nteger,

MSPH4lr-r8 MATIIEMATICAL PHYSICS-I L-3, T-1, P-0 , 4 Credits

schene & syuobus (M.sc. ph!'ics) Batch zDtE & o,wa ls +y pageltof7j



Pr€-reouisite: Non€

Cou"r" Obj""tives: The objective of the coursp on Mathemttical Physics-I is to equip the M.Sc-

students with the mathematical techniques that he/she needs for understanding theoretical teatment

in different courses taught in this class and for developing a strong backgound ifhe/she chooses to

pursue research in physics as a careet

Course Outcomes: At the end of the course, the studentwill be able to

col Understand the use ofcomplex vanablcs for solving definite integral.

c()2 Understand and use the Delta and Gamma functions for describing physical systems.

co3 Solve partial differential equations usi[g boundary value problems.

co4 Understand special functions to solve the physics problems.

cos Use statistical melhods to analysis the experimental data.

Mapping ofcourse outcomes with the program sp€cific outcomes

PSOl PSO2 PSO3 PS04 PSO5 PS06 PSOT PSO8

col 3 l l l 3 3 3

coz 3 3 3 3 3 3 3 2

c()3 3 l 3 3 3 3 2

c04 3 .l l 3 2 l 3 2

cos 3 J 3 3 2 2 2

L K. Gujrot Punjab Tuhn|al abivedtt, Kapsnholo
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l. Complex Variables: lntroduction, Cauchy-Ricmann conditions, Cauchy's Integ.al tbmula,
Laurent expansion, singularities, calculus of residues, evaluation of definite inteerals.
Dispersion relarion. 

r Le,turi tUl

2. D€lti lnd Gamma Function|: Dirac d€lta function, Delta scquences for one dimensional
lilnction, properties ofdelta fijnction, Camma firnction. factorial notation and applications, Betatunction Qectures 7)

3. Diff€rential Equations: Partial differential equations of theorericai physics, boundary value,
problerrs, Neumann & Dirichlet Boundary conditions, separation ofvariables, si[gular points,
sedes solutions, second solution. (Lectures g)

4. Sp€cirl Functions: Bessel functions of first and second kind, Generating function, integral
representation and recrmence relations for Bessel's functions of first kind, orthogonality.
Legendre functions: generating function, recurence relations and speoial propentes,
orthogonality, various definitions of Legendre pol;,nomials, Associated Legendre functions:
recurrence relations, parity and orthogonality, Hermiae functions, Lagu"rr. tun ttoE""rrr^ 

,0)

Detailed Svlhbus:

5. Elementrry Statistics:
and Normal distriburion-

Introduction to ptobability theory, random variables, Binomial, poisson

(Leltules 5)

Text Books:
1. Mathemarical Methods for Physicists: G. Arfken and H.J. Weber (Academic press, SanDiego)

7th cdition, 2012.

R€fer€nce Books:

Mathematical Physics: P.K. Chattopadhyay (Wey Eastern, New Delhi), 2004.
Math€matical Physicsr A.K. Ghatak, I.C. Goyal and S.J. Chua (MacMillan, India, Delhi),1986.
Mathematical Methods in the Physical Sciences M.L. Boas fll/iley, New york) 3rd
edilion,2007.
Sp€cial Functions: tD. Rainville (MacMillatt, New york), 1960.
Maftematical Methods for Physics and Engineering: K.F. Ritey, M.P. Hobso and S.J. Bence
(Canbridge University Press, Cambridge) 3rd ed., 2006.

1.

2.
3.

4.
5.

MSPII412-18 I CLASSTCAL MECHANICS I L-3. T-t. p-0 4 Credits

Scheme & Sylabts (M.Sa Phjsicr) Bttch 20tE & Onwsh Prye 13 of 71



Pre-requisit€: None

Course Obj€ctives: The aim and objective of the cou$e on Classical Mech|nics is to train the

shidents of M.Sc. students in the Lagnngian and Hamiltonian formalisms so that they can use these

in the modem bmnches ofph'sics such as Quatrtum Mechanics, Quantum Field Theory Condensed

Matter Physics, Astrophysics, etc.

Course Outcomes: At the md ofthe couse. the student will be able to

col Understand the necessity ofAction, Lagangian, and Hardltonian formalism.

c02 Describe the motion of a mechanical system using Lagrange-Hamilton formalism.

co3 Use d'Alambert principle and calculus of variations to derive the tagrange equations

ofmotion.

co4 Understand essential featur€s of a classical problem (like motion under cental force,
periodic motions), use them to set up and solve the appropriate physics problems.

c05 Understand the theory of rigid body motion which is important in several areas of
physics e.g., molecular spectra, acoustics, vibmtions of atoms in solids, coupled

mechanical oscillators. electrical circuits, etc..

Mapping ofcourse outcomes with lhe program specilic outcomes

PSOl PS02 PSO.] PS04 PS05 PSO6 PSOT PSOS

cor 3 3 3 3 2 2 3

co2 3 3 3 3 2 2 2 3

c03 3 3 3 3 2 z 2 3

c04 3 l -1 3 2 2 2 l

c(}5 3 3 l 3 2 3

I K cujrut Pthjab Techricol Aiieedtt, Xaponh,tt

r,."0?c*flli\fr
\i'#;;tt-**'
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De(ailed Syllrbus:

L Lagrangian Formulation: Mechanics of a system of particles; constraints of motion.
generalized coordinates, d'Alembert pdnciple and Lagrange's vclocity-dependent lbrces and
the dissipation firnction, Applications of Lagangian fomulation.

2. Hamilton's Prlnciplesi Calculus of variations, Hamilton,s principn, ,"*.-*J'dffiJl U.-
Hamilton's principle, extension to nonholonomic systems, advantages of variational principle
formulation, s,'rnmetry properties of space and time and conserwation theorems.

(Lectures 7)

3. Hamilton's Equations: Legendre Tmnsformation, Hamilton,s equations of motion, Cyclic
coordinates, Hamilton's equations fiom variational principle, prhciple ofleast aciion_

4. Canonicat Transformation and HamittonJacobi Theory: canonical *"*L'i;*|:"" 
tl"o 

n,
examples, Poisson's bmckets, Equations of motion, Allgrlar momentuln, poisson,s Bracket
relations, infinitesimal canonical transformation, Conservation Theorems. Hamilton- Jacobi
equations for principal and characteristic functions, Action-angle variables ibr systems with
one-degree offieedom. (Lectures l0)

5, Rigid Body Motion: Ind€pendent co-ordinates of rigid body, ofihogonal transformations,
Eulerian Angles and Euler's theorem, infinitosimal rotation, Rate ofchange ofa vector, Coriolis
force, angular momentum and kinetic energy of a rigid body, ihe inertia tensor, principal axis
tEnsformation, Euler equations of motion, Torque fiee motion of rigid body, molion of a
synmet cal top.

Text Books:
l. Classical Mechanics by H. Goldsrein (Narosa), 2001.
2. Mechanics by L.D. Landau & E.M. Lifschz (pergamon), 1976.

(Lectures l0)

Reference Books:
1. Classical Mechanics: H. Goldstein, C.poote an.l J.SaJko (pearson Education Asia, New Delh .

J d ed 2002.
2- Classical Mechanics of Particles and Rigid Bodies: K.C. Gapta (Witq, Eastem, Nt:,o Delhi),

1988.
3. Classical Mechanics- J. W Muller- Kirsten (World Scienrific) 2008.
4. Advanced Classical & Quantum Dlaumics by W. Dittich, W. And M Reuter, M. (Springer)

t9s2.
5. Classical meclEnics by T.WB. Kibbt€ and Frank H. Berkshire (lmperial Coll€gc press) 2004.
6. Mathematical Methods ofClassical Mechanics by V I. Amold, (Springer) l9?8.

MSPH413-18 Quantum Mechanics-I L-3, T-1, P-0 K2*
Schehe & SlUabus (M.Sc PhJ,si.s) Batch 20t6 & On|9alts



Pre.requisite: basic knowledge ofwave mechanical quantum mechanics

Course Obj€ctives: The aim and objective ofthe course on Quantum Mechanics_I is to int-roduce

the students of M.Sc. class to the formal stucture of the subject and to equip them with the
techniques of vector spaces, angular momentum, perturbatlon theory, and scattering theory so that
they can use these in various branches ofphysics as per their rcquirement-

Course Outcom€s: At the end of the course, the student will be able to

Undcrstand the need for quantum mechanical fotmalism and basic principles.

Appreciate the importance and implicatioD of vector spaces, dirac ket bra

notations, eigen value problems, generalized uncertainty priociple in quantum

mechanics.

Better understanding of the mathematical fomdations of angular momentum of a
svstem ofoarticlcs,

Applications of various approximation methods in solving the Schrodinger

equation.

Apply th€ perturbation theory to scattering matrix and partial wave analysis

Mapping ofcourse outcom€s with the progrrm specilic outcomes

L K Gaizt tuhjab Tehnical Uiiw^ilt, K.ptnhala
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D€tailed Svllabus:

coelficients.

oscillator and other sample syst€ms.

Linear Vector Space and Matrix Mechauics: Vector spaces, Schwarz incquality, Orthonormal
basis, Operators: Projection operator, Hermitian atrd Unitary operators, change of basjs,
Eigenrr'alue ard Eigenvectors of operators, Dirac's bra and kit notation, i--ututor.,
Simultaneous eigenvectors, Posfulates of quantum mechanics, uncertainty relation. Harmonic
oscillator in matrix mechanics, Timc developmcnt of states and opcrators, Heisenberg,
Schroedinger alld Interaction repr€sentations, Exchange opemtof and identical particles,
Density Matrix and Mixed Ensemble. (ectures 12)

Angular Momentum: Angular part of the Schrtidinger equation for a spherically synmcric
potential, orbital algular momentum operator. Eigen values and eigenvectors of L2 and Lz.
Spin angular momentum, General angular momentum, Eigen values and eigenvectors ofJ2 and
Jz- Representation of general angular momentum operator, Addition of angular momenta, C_G.

(Lecturcs 7)

3. Stationary State Approximat€ Methods: Non-Degenerate and degenerate perh[bation theory
and its applications, Variational method with applications to the ground states of harmonic

(Lectures 7)

4. Time Dep€ndent Perturbatlol: General expression for the probability of transition from one
state to another, constant and halmonic perturbations, Femi,s golden rule and its application to
radiatjve tmnsition in atoms, Selection rules for cmission and absorDtion oflieht.

(Lectares 7)

5. Scatt€ring Th€ory: Scattering Cross-section and scattering amplitude, partial wave analysis!
Low energy scattering, Grccn's functions in scattering thcory Born approximation and its
application n) Yukawa potential and other simple potentials_ Optical theorem, Scatteing of
identical pa.rticles. &ectures Z)

Text Books:
l. A Text book of Quantum Mechanicst P.M. Mathews al1d K. Veilkatesan (Tata Mccraw Hill,

New Delhi) 2nd edition. 2004.
2. Quantum Mechanics: VK. Thankappan (New Age, New Delhi), 2004.

Reference Books:
1. Quantum Mechanics: M.P. Khanna, (Har Anand, New Delhi),2006_
2. Modem Quantum Mechanics: J.J. Sakurai (Addison Wesley, Reading), 2004.
3. Quanturn Mechanics: J.L. Powcll and B. Crasemann (Narosa! New Delhi), 1995.
4. Quanturn Physics: S. Gasiorowicz (Wiley, New York),3rd ed. 2003.
5. Quantum Physics: Concepts and Applcationsi Nouredine Zenili (Wiley, New york), 2nd ed.

2009.

Schehe & S labus (M.Sc PhJ,sics) Batch 2018 & on-ar.ts
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Pre-requisite: Basic knowledge about elecffonics

Course Objectives: The aim and objective of the cowse on Electronics is !o intoduce the

students of M.Sc. class to the fonnal structure of the subject and to equip thern with the knowledge
of semiconductor physics, basic circuit analysis, first-order nonlinear cilcuits, OPAMP based

analog circuits and inffoduction to digital electronics so that they can use these in various bEnches
ofDhvsics as Der their requirement.
Course Outcomes: At the end of the course, the student will be able to

col UndeNtand working of Different Semiconductor devices (Construction,

Working Principtes and V-I characteristics) and thei applications.

co2 I-eam about the conshuction and working ofThlristors and various applications

of Thlristors.

c03 Understand Analog and Digital Instruments and the applications.

c04 Enable them for using Bool€an algebm ahd Kamaugh maps.

c05 Introduc€ them to the Sequential and Integrated circuits.

Mapping ofcourse outcom€s with the program specific outcomes

PS

ol
PSO2 PSO3 PS04 PSO5 P306 PSOT PSO8

col 3 2 2 2 3 3 3

co2 2 2 t I I 3 2

co3 1 1 I 2 3 3

co4 3 3 2

co5 2 2 2 I 3 3

Schene & Stlahus (M.SL Phlsics) Batch 2018 & Otn 'ards
Page lE ofTl
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Detailed Syllabus:
l. Semiconductor Devices and applications: Direct and indirect semiconductors. Drift and

diffusion of carriers, Photoconductors, Semiconductor junctions, Metal-semiconductor
junctions - Ohmio and rectifying contacts, Zcner diode, Schottky diode, Switching diodcs,
Tunnel diode, Light emitting diodes, Photodiodes, Solar cell, Liquid crystal displays.

(Lectures 7)
2. UJTS and Thyristorsi Ope.ational Principle ofUJT: UJT Relaxation Oscillator circuit; pNpN

Diode: Characteristics- As a Relaxation Oscillator Rate _Effect; SCR: V-l Characteristics-Gate
Triggering Characteistics; DIAC and TRIAC; Thlriston: Basic pammeters- As Currenr
Conhollable Devices- Thy.istors in Series and in parallel; Applications of Thynistors as a
Pulse Cene.ator, Bistablc Multivibrator, tlalf and Full Wave Confiolled Rccrifier, TRIAC
based AC power contol, SCR based Crowbar Protection; Gate Tum-Off Thlaistors;
Programmable UJT. (Lectures l0)

3. Analog and Digital Instruments: OPAMP and its applicarions, Time Base; 555 Timer, Basic
Digitdl Frequency M€t€r System; Reciprocal Counting Technique; Digital Volrmet€r Syslem.

(Lectures d)
4. Digital circuits: Boolcan algebm, de Morgans theorem, Kamaugh maps. (Lectures 5)

5. Sequ€ntial circuitsl Flip-Flops RS, JK, D, Cock€d, preset and clear operation! race around
conditions in JK Flip-flops, inaster-slave JK flip-flops, Switch contacr bounce circuit. Shift
rcgisters, Asynchronous and S),nchronous countcrs, Counter design and applications.

(Lectures8)
6. Integrated Circuits as Digital Syst€m Building Btocks: Binary Adders: Half Adder-parallel

Operation-Full Adder-MSI Adder-Serial Operation; Decoder/Demultiplexefl BCD to Decimal
Decoder-4-to-16 line Demultiplexer; Dara Selector/Multiplexer:16-io-l Multiplexer; Encoder;
ROM: Code Converte$-Prograhming the RoM-Applications; RAM:Linear Selection-
Coincident Selection-Basic R{M Elements Bipolar LAM-Static and D}nanlic MOS RAM;
Digital to Analog Converters: Ladder Type D/A Converter-Mulriplying D/A Con\,encr; Analog
to Digital Converters: Successive Approximation A,fD Converter.

'l.ert Books: 
(LeLlures 8)

I. Text Book ofElectsonics: S. Chuttopadhyay, New Centoal BookAgency p.Lrd.. Kolkara,2006.
2. Digitaf Principles and Applications: A.P. Malvino and D.P. Leach, Tata Mccraw-Hill.

Publishing Co., New Delhi.

R€ference Books:
1. Electronics Principles and Applications: LB. Bhattacharya,New Central Book Agency p_Ltd.,

Kolkata,2007.
2. Integrated Electronics Analog and Digital Circuits and Syst€ms: J. Millman, C.C Halkns and

C. Parikh,2"d EAttion, Tata Mccraw Hill Education Private Limired, New D€lhi, 2010.

MSPH415-18 Computational Physics L-3, T-1, P-0 69hedits
LiPase t9 of 71Scheme & Sraabt s /n4.5c Phrsi.s) BatLh 201E & Onbadr



Pr€-reouislte: None

Course Objectives: The aim and objective of the coune on Computational Physics is to
familiarize the of M.Sc. shrdents with the numerical methods used in computation and

progmrnming using any high level language such as Fortran, C#, etc., so that they can use these

in solving simple physics prcblems.

Course Outcomes: At the end ofthe course. the studentwill be able to

col Apply basics lorowledge of computational physics in solving the physics
nroblems-

c()2 Pro$amme with the C++ or any other high level language.

c()3 Use various numerical methods in solving physics problems.

c()4
Analyze the outcome ofth€ algorithrvprogam using graphic plots.

cos
Apply physics knowledge in undeBtanding interdisciplina4/ problem/concepts.

Mapping ofcourse outcomes with the program specific outcomes

PSOl PS02 PSO3 PS04 PSO5 P306 PSOT PSO8

col 3 l I I 2 3 l 3

co2 2 I

c03 3 3 2 2 2 2 3 3

co4 2 3 2 I 2 t 2 3

c05 2 l .l 2 3 2 3 3

I K Gri.l Punjob Tar^i.ot aatu*siy, Kaprih.I4
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MSPH4r6-r8 Electronics Lab L-3, T-r, P-0 4 Cr€dits

Page 21 ofTI

Detailed Syllabusl

l. Introduction to Computational Physics: Need and advantages of high level language in
physics, progamming in a suitable high level language (Matlab,Math€matica./Scilab/Octrave),
inputoutput, inteaactive input, loading and saving data, loops branches and control flow,
Matrices and Vectors, Matrix and array operations, Graphic tools: Gnuplots, Origin, Sigmaplot,
Visual Molecular Dwamics. Mathematica. ctc. (Ledures 12)

2. Progtamming with C.*: lntroduction to the Concept of Object Odented Prograrnming;
Advantages of C++ over conventional programmihg languages; Introduction to Classes,
Objects; C++ progmmming s),ntax for lnput/Output, Operators, Loops, Decisions, simple and
inline functions, arrays, stings, pointers; some basic ideas about memory management in C+.

(Lectures 1s)

3. Numerical methods: Computer algorithms, interpolations-cubic spline fltting, Numerical
differcntiation - Lagrange interyolation, Numerical integmtion by Simpson and Weddte's rules,
Random number generators, Numerical solution of differential equations by Euler, predictor-
corrector and Runge-Kutta methods, eigenvalue problems, Monte Carlo simulations.

(Lectures I 5)

Text Books:

l. Numerical Mathematical Analysis, J.B. Sca$orough (Oxford & IBH Book Co.) 6th ed., 1979.
2. A first course in Computational Physicsi P.L. Devries (Wiley) 2nd edition, 201 l.

Refer€nce Books:

l Compuier Applications in Physics: S. Chandra (Narosa) 2nd editiod, 2005.
2. Computatronal Physics: R-C. Verlna, P.K. Ahluwalia and K.C. Sharma (New Age) 2000.
3. Object Oriented Programming with C++: Balagurusamy, (Tala MccrawHill) 4th edition 2008.

Schene & Stuabus (LLS| PhJtslcs) Batch 2018 & O't|9otds



Pre-r€quisite: None

Course Objectives: The aim and objective ofthe laboratory on Dlectronics Lrb is to expose the
students of M.Sc. class to expe mental techiiques in electonics so that they can verify some of
the things read in theory here or iu earlier classes and develop confidence to handle sophisticated
eouiDment.

Course Outcomes: At the end of the cowse. the sfudent will

col Acquire hands on experience of handling and building electronics circuits.

co2 Be l'amiliar with the various components such as resisto$, capacitor, inductor, IC
chips and how to use these comDonents in c[curL\.

c03 Be able to understand the construction, working principles and V-I characteristics
of various devices such as PN junction diodes, UJT, TRIAC etc.

c04
Capable ofusing components of digital electronics for various applications.

c()5
Able to design and p€rform scientific experimeDts as well as accuately record
and analyze the results of experiments.

Mapping of cours€ outcomes with the progrrm sp€cific outcom€s

PSOI PSO2 PSO3 PS04 PSO5 P506 PSOT PSO8

col I 2 2 2 2 3 3

co2 2 2 2 2 3

c()3 3 3 2 3 l 2

c04 3 2 3 3 2

co5 2 2 3 3 2 3 3 3

L X, Gujnt Patjan rehii<:al Artuai$, Kap.nhat
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D€tail€d Syllabus:

Note: Students are expected to perform atleast 10 experiments out of following list.

L Study the forward and reverse characteristics ofa Semiconctor/Zener diodc.
2. Construction ofadd€r, subtracter, differentiator and integrator circuits using the given OP-

Amp.
3 , Study the static and drain charactcristics of a JFET.
4. Construction ofan Astable multivibrator circuit using transistor.
5. Construction of a single FET amplifier with common source configuration.
6. To study the operation ofAnalog to Digital convertor.
7. To study thc operation of Digital to Analog converior.
8. Consffuction of a low-pass filter circuit and study its output performance.
9. Consfuction ofa high-pass filter circuit and study its output performance.
10. To verify the Dmorgan's law using Logic Gates crrcuit.
I l. To study the Characteristics ofTunnel Diode.
12. To shrdy Amplitude Modulation.
13. To study Frequency Modulation.
14. To study the Charactedstics ofSCR.
15- To study the Characteristics ofMOSFET.
16. To study the Characteristics ofUJT.
17. To srudy lhe CbaracLerisric5 ofTRIAC.
18. To verify the different Logic and Arithmetic operations on AIU system.
19. To study the opemtion ofEncoders and Decoders.
20. To study the operation of Lefr and right shift registers.
2 l To study the operation of Counters, Ring count€rs.
22. To determine the tiermal coefficieot ofa thermistor.
23 . To study the operation of an Integated Circuit Timer.

Text Books:
L Text Book of Electronics: S. Chattopadhlay. New Central Book Agenoy PJ-td., Kolkara, 2006.
2. Digital Pdnciples and Applications: A.P. Malvino and D.P. Leach, Tata Mccraw-Hill,

Publishing Co., New Delhi.

Reference Books;
1. Electronics Principles and Applications: l.B. Bhattacharya, New Central Book Agency P.Ltd.,

Kolkata. 2007.
2. Inte$ated Efectrohics Analog and Digital Circuits and Systcms: I Millma , C.C Halhns and

C. Paikh,2dE/Jjti-c,llr, TaJ.a Mccraw Hill Education Private Limited, New Delhi, 20/ 0.

/ 
^o,'/MSPH417-18 Computational Physics Lab-I L-3, T.lllh{lrr

ill'ir,r.r
Pre.rcquisite: None
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Course Objectives: The aim and objective of the couse on Compntationrl physics Lab-I is !o
familiarize the of M.Sc. students with the numerical methods used in computation and
programming using C# language so that they can use these in solving simple problems pertaining
to physics.

Course Outcom€s: At the end ofthe course. the student will be able to

col Apply basics knowledge of computational Physics in solving various physical
proDlems.

co2 hograffine with the C+ or any other hieh level lanzuaee.
c03 lqqyarious numerical methods in describing/solving physics problems.
c()4 Solve problem, cdtical thirking and analyical reasoning as applied to scientific

proDrems,

co5 Explore new areas of research in physics and allied fields of science atrd
technoloqy.

Mapping ofcourse outcomes with the program specilic outcomes

PSOI PS02 PS03 PSO4 PSO5 PSO6 PSOT PSOS

co1 l 2 l I 2 3 3 3

c()2 3 2 I 2 2

c()3 3 2 3 2 2 2 3 3

c04 3 2 2 2 2 3

co5 2 2 3 2 3 2 3 3

I K GaJtut PunJab reh,n d Anive^ r,rapwthato

Schde & St'Uabas (M.Se PhJlsi.s) Bdt h 2018 & Otwa4ls tutge 24 of 71



(a3

L ,L Arjnt Hnjab rahaic.l I ni@$iry, Kdptnhatd

D€tailed Syllabusi

Note: Students ar€ expected to perlorm adeasl l0 experiments out offollowing list.

1. To find the standard deviation, mean, variance, momcnts etc. ofat least 25 entries.
2. To choose a set of l0 values and find the least squared fitted curve.
3. Find y for a given x by fitting a set ofvdlues with the help ofcubic spline fitting technique.
4. To find the Roots of an Algebraic Equation by Bisection method and secant merhod
5. To find the Roots of an Algebraic Equation by Ne$ton-Raphson Method.
6. To find the Roots oflinear Equafions by Gauss Elimination Method.
7. To find the Roots oflinear F4uations by Gauss-Seidal Iterative Method.
8. Find first order derivative at given x for a sct ofvalucs with the help of Lagrange interpolation.
9. To pedorm nunerical integration ofa function by Trapezoidal Rule.
10. To pedorm numedcal integmtion ofa function by Simpson's Rule.
I L To pedorm numedcal integration ofa function by W€ddle's rule.
12. To solve a Differential Equation by Euler's method and Modified Euler's Method.
13. To solve a Differcntial Equation by Runge Kutta method.
14. To find fte determinant ofa matrix and its eigenvalues and eigenvectors.
15. To genemte random nunbers between (i) I and 0, (ii) I and 100.

Text Books:
l Numerical Mathematical Analysis, J.B. Scarborough (Oxford & IBH Book Co.) 6lh ed., I979.
2. A first course in Computational Physics: P.L. Devries (Wiley) 2nd edition,20l l.

Ref€renc€ Books:

l. Computer Applications in Physics: S. Chandra (Narosa) 2nd edition,2005.
2. Computational Physics: R.C. Verm4 PK. Ahluwalia and K.C. Sharma Qrlew Age) 2000.
3. Object Oriented Programming with C+f: Balagurusamy, (Tata MccrawHill) 4th edition 2008_

schde & Srttdbns (M.Sc Phlsics) Bakh 2018 & On||arh Page 25 of 71



MSPH421-18 Mathematical Phvsics-II L-3, T-1, P-0 4 Cr€dits

Pre-r€quisite: None

Course Objectiv€s: The aim and obj€crive ofthe course on Mathematical physics-Il is to equip
the M.Sc. Students with the mathematical teohniques that he/she needs for understanding
theor€tical Eeatinent in different coutses taught in this class and for developing a stroDg
background ifhe/she chooses to pursue research in physics as a career

Course Outcomes: At the end ofthe course, ihe shrdent will able to

co1 Understand the aplications ofgroup theory in all the branches ofPhysics
Droblems.

coz Use Fourier series and trallsformations as an aid for analyzing expe mental data.

c03 Use integml transform to solve mathematical problems ofinterest in Physics.

c04 Fomulate and express a physical law in terms oftensors and simplify it by use of
coordinat€ transforms-

co5 Derelop mathematical skills lo solve quanliElive problems in physics.

Mrpping ofcourue outcomes with the program specific outcomes

PSOr PS02 PSO3 PS04 PSO5 PSO6 PSOT PSO8

co1 t l I l 3 2 3

co2 I 3 2 2 2 2 2 3

c()3 I 3 2 2 2 2 2 3

c()4 I 3 2 3 2 2 3

c()5 3 3 2 2 3

L Ii- Guiat Pkn|ab T*hni.at U"ir.tsi!, Kapt hola
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Detailed Syllrbus:

l. Group Th€ory: What is a goup? Mukiplication table, conjugate elements and classes,
subgroups, Isomorphism and Homomorphism, Defrnition of representation and its properties,
Reducible and irreducible repr€sentations, Schufs lemrnas (only statements), characters of a
representation. Example of C4v, Topological groups and Lie groups, three dimensional
rotation group, special unitary groLrps SU(2) and SU(3). (Lectures 10)

2. Tensors: Introduction, definitions, contraction, direct product. Quotient rule, Levi-Civita
symbol, Noncanesian tensors, metric tersor, Covariant differentiation.

(Lectwes 7)

3. Fourier S€des and lntegral Transformsi Foudet se es, Dirichlet conditions, General
propenies, Advantages and applications, Cibbs phenomeDon, Fouder transfoms,
Development of the Fourier integral, Invcrsion theorem, Fouder ffansfo.ms of derivatives;
Momenhrm representation. Laplace traosforms, Laplace transfoms of derivatives, Properties
of Laplace transform, lnverse Laplace uansformatiotr. (Lectutat 15)

4. Integral Dquations: Dcfinitions and classitications, integral transforms and generating
functions. Neumann series, Separable Kernels, Hilbert-Schmidt theory, Green's functions in
one dimension. lLectares 10)

Text Booksi
l Group Theory for Physicists: A.W. Joshi (Wiley Eastem, New Delhi) 20I I.
2. Mathematical Methods for Phlsicists: G. Arfken and H.J. Weber, (Academic Pr€ss, San

Diego) 7th edition, 2012.

Reference Books:
l. Matrices and Tensors in Physics: A.W. Josbi (Wiley Eastem, New Delhi) 2005.
2. Numerical Mathematical Analysis: J.B. Scarborough (Oxford Book Co., Kolkata) 4th edition.
3. A First Course in Computational Physics: P.L. Dewies (Wiley, New York) 1994.
4. Mathernatical Ph)sics: P.K. Chatopadhyay (Wiley Eastem, New Delhi) 201 1.

5. Inhoduction to Mathematical Physics: C. Harper (Prentic€ Hall oflndia, New Delhi) 2006.
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Mechan
ics-Il

Pre-requisite: Preliminary course of Quantum Mechanics

Course Objectives: The aim and objective of the couse on Quantum Mechanics-Il is to
introduce the M.Sc- shrdents to fhe formal structure of the subject and to equip him,&er with the
techniqucs of Relativistic quantum mechanics and Quantum field theory so that he/she can use

these in various branches ofphysics as per his/her requirement.

Course Oulcomes: Al lhe end oflhe course, lbe student will be able to

co1 Understand relativistic effects in quantum mechanics and need for quantum field
rheory

co2 Demonshaie the Lorentz cova ant form of I-agangian and Hamiltonian for
scalar, vector fields, electromagnetic fields and their second quantisation.

c03 Understand the slanmetries and the implications ofNoether's Theorem in
conserved currents and charses,

c()4 Understand the interaction pichue, S-matfix, and Wick's Theorem.

co5 Explain the origin of Fe'.nman diagrams and apply the Felalman rules to derive
the amplitudes for elernentary processes in QED.

Mrpping of course outcomes with th€ program sp€cific outcom€s

PSOI PS02 PS03 PSO4 PSO5 PSO6 PSOT PSOS

col 2 2 2 2 2 3

co2 2 2 2 2 2 3 I

c()3 2 3 3 2 I 2 2

co4 3 3 3 2 I 2 3

co5 2 3 2 2 3 3
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D€talled syllabus:

1. Relativistic Quantum Mechanics-I: Klein-Gordon equation, Dirac equation and its plane

wave solutions, significance of negative energy soluhons, spin angular momentum of the
Dirac particle, the non-relativistic limit ofDirac equatiotr.

(Lecturcs 10)
2. Reletivistic Qurntum Mechanics-Ili Electron in elechomagn€tic fields, spin rnagnetic

moment, spin-orbit interaction, Dirac equation for a particle in a central field, fine structure
ofhydrogen atom, Lamb shift.

(Lectures l0)
3. Quantum Field Theory: Resume of Lagrangiar and Hamiltonian formalism of a classical

field, Noether theorem, Quantization of real scalar field, complex scalar field, Dirac field
and electromagnetic field, Covariant perturbation theory Wick's theorem, Scattering
matrix. (Lectures 10)

4. Feynman dirgrams: Feynman ruies, Feynman diagrams and their applications, Yukawa
field theory calculations of scattering cross-sections, decay mtes with examples, Quantum
Electrodlnamics, calculations of matrix elements - for first order and second order.

(Lectures I 2)

Text Books:
1. Relalivistic quantum Mechanics, J D Bjork€n and S D Drell, (Tata Mccraw Hill, New

Delhi) 2013.
2. A first book of Quantum Field Theory, A. Lahiri & P. Pal, (Narosa Publishers, New Delhi),

2"d ed. 2005.
3. [ntroduction to Quantum Field Theory, M. Peskin & D.V. Schroeder. (Levant Books).

RefereDce Books:
f. Quantum Field Theory in a nutshell: A Zee (University Press), 2013.Lecture on Quantum

Field Theory, A. Das (Wolld Scientific), 2008.
2. Text Book of Quantum Mechanics-P-ll Mathews & K. Ve katesan (Tata McGraw Hill,

New Delhr, 2004.
3. Quantum Field Theory: H. Mandl and c. Shaw (Wiley, New York), 2010.
4. Advance Quantum Mechanics: J.J. Sakurai (Addison- Weslay, Reading), 2004.

$^
MSPH424-18 Classicrl Electrodvnamics L-3. T-1. P-0 4 Credits
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Pre.requisit€: None

Course Objectlves: The Classical Electrodynamics course covers Electostatics and
Magnetostatics including Maxwell equations, and thei applications Co propagation of
electromagnetic waves in dielectrics; EM waves in bounded media, waveguides, Radiation fiom
time varying sorllces.

Course Outcomesi At the end ofthe course, the student will be able to

col Understand and apply the laws of elechornagnetism and Maxwell's equ6tions in
different forns and differctrt media.

c()2 Solve the electric and magnetic fields problems for different conflgurations.

c03 Provide solution to real life plane wave problems for various boundary
conditions.

c04 Calculate rcflection and &ansmission ofwaves at Dlane intedace.

co5 Analyze propagation of electromagnetic waves through different waveguides.

Mrpping ofcourse outcomes with the program spectflc outcomes

PSOI PS02 PS03 PSO4 PS05 P306 PSOT PSO8

cor l 3 I 2 I 2 I 2

co2 3 3 I 2 2 2 2 2

c03 3 3 I 3 2 2 2

c(x 3 3 2 3 2 2 2

cos 3 3 I 3 2 2 2 2

L L Gtlol hujab lettht.at a',iwaity, Xapu,thola
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D€tailed Svllabus:

Electrostatics: Laplace and Poisson's cquations, Electrostatic potential and energy density
of the electromagnetic field, Multipole expansion of the scalar potential of a charge
distribution, dipole moment, quadrupole momen! Multipole expansion of the energy of a

cha.rge distribution in an extemal field, Static fields in material media, Pola.rization vector.
macroscopic equations, classification of dielectric media, Molecular polarizability and
electrical susceptibility, Clausius-Mossetti relation, Models of Molecular polarizability,
energy of charges in dielectric m€dia (Maxw€ll stress tensor).

(LeLture! I0)
Magnelostatics: The differential equations of magnetostatics, vector potential, rnagnetic
fields of a localized current distribution, Singularity in dipole field. Fermi-contact tem,
Force and torque on a localized cunent distribution. (Magnetic shess tensor)

(Lectures 8)
Boundary velu€ problems: Uniqueness theorem, Dirichlet and Neumann Boundary
conditions, Eamshaw theorem, Creen's (reciprocity) theorem, Formai soluiion of
elechostatic boundary value problem with Green fimction, Method of images wrth
examples, Magnetostatic boundary value problems. (Lectures 8)

4. Time va.ying fi€lds and Maxwell equations: Faraday's law of induction, displacement
current, Maxwell equations, scalar and vector potential, Gauge transformalion, Lorentz and
Coulomb gauges, Hertz potential, Geneml €xpressioh foi the electrohagnetic lields energy,
consefiation ofenergy, Poynting Theorem, Conservation of momentum.

(Lect rat 8)
5. Electromagtretic Waves: wave equation, plane waves in fiee space and isotropic

dielecffics, polarization, energy transmitted by a plane wave, Po)'nting theorem for a

complex vector freld, waves in conducting media, skin depth, Reflection and refraction of
e.m. waves at plane interface, Fresnel's amplitude relations, Reflectioo and Transmlsslon
coefficients, polarization by reflection, Brewster's angle, Total intemal reflection, Stoke's
pammeters, EM wave guides, Cavity resonators, Dielectric waveguide, optical fibre
wavegu'de. (Lectures l0)

Text Books:
l. Classical Efectrodlnafilcs: S.P. Puli (Ndrosa Publishing Ho se)2011.
2. Classical Efectrod',ramics: J.D. J.JcL,son, (New Age, New Delhi) 2009.
J. Introduction to Electrod)namicst D.J. Gril./iths (Prentice Hall India, New Delhi) lth ed.,

2012.

Reference Books:
1. Classical Electromagnetic Radiation: lB. Marion and M.A. Heald(Saunders College

Publishine Hou\c) 3dcdition. I9e5
2. Electromagnctic Fields, Ronald K llangsness (John Wiley and Sons) 2nd edition,1936.
3- Electromagnetic Field Theory Fundamcntals: Bhag Singh Guru and H.R. Iliziroglu

2.

3.

1.

MSPH424.IE
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Pre-requisite: Node

Course Objectives: The aim atrd objective of the course on Atomic atrd Molecular physics for
the students of M.Sc. Physics is to equip them v/ith the knowledge of Atomic, Rotational,
Vibmtional, Raman, and Electronic specha.

Course Outcomes: At the end of the course. the student will be able to

cor Understand basic elements of atomic and molecular spectroscopy

co2 Understand classicayQuantum description of electronic, vibmtional and
rotational spectra

c()3 Correlate spectroscopic infonhation ofknown and unlnown molecules with their
physical description

c04 Understand and use Rarnan Spectroscopy for analysis of molecules

cos Understand Spin Resonance Spectroscopy with focus on NMR for molecular
anal'sis

Mapping ofcourse outcom€s with the program specilic outcomes

PSOI PSO2 PSO3 PS04 PSO5 PSO6 PSOT PSO8

col 3 3 3 2 3 2 2 3

co2 3 3 3 3 3 3 3 3

c()3 3 -1 3 l 3 l 3 l

c()4 3 3 3 2 l 3 3 l

cos .l 3 l 2 3 l 3 3

I K Gujnl tudjab Tahricol UDiv.tsit . f,apunhdt
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Detailed Syllabusl

L El€ctronic Sp€ctroscopy of Atoms: Bohr-Sommerfeld model of atomic stluctule,
Electronic wave function and atomic quantum numbers hydrogen spectrum - orbital, spin
and total angular momenfum - fine sh-uchrr€ ofhydrogen atom many electron spectnrm:
Lithium atom specbum, angular momentum of many electrons term synbols - the
spectrum of helium and alkaline earths - equivalent and non-equivalcnt clectrons X-ray
photoel€ct.on spectroscopy- (Lectures 8)

2. Electronic Spectroscopy of Molecules: Diatomic molecular spectra: Bom-Oppenheimer
approximation vibrational spectra and their progr€ssions - Franck-Condon principle -
dissociation energy and their products -rotational fin€ structurc of clectronic-vibration
ftansition molecular orbital theory - the spectrum of molecular hydrogen change of
shape oD excitation chemical analysis by electronic specroscopy - reemission of energy

fiudamentalsoflryphotoelectronspectroscopy. (Lectures9)
3. Microwave Nnd Raman Sp€ctroscopy: Rotation ofmolecules and thcir spcctm diatomic

molecules intensity ofline spectra the effect ofisotropic substitution non-rigid rotator
and their specta polyatomic molecules (linear and slanmetric top molecules) Classical
theory of Raman effect - pure rotational Raman spectra (linear and slmmclIic top
molecules).

4. Infra-red atrd Ramfln Spectroscopy: The energy of diatomic molecules Simple
Harmonic Oscillator -the Anharmonic oscillator the diatomic vibrating rotator
vibration-rotation spectrum of carbon monoxide breakdown of Bom-Oppcnheimer
approximation the vibrations of polyatomic molecules influence of rotation on the
spectra ofpolyalomic molecules (linear and symmetric top molecules) Raman activity of
vibntions vibrational Raman specfia vibrations ofspherical top molecules.

(Lectures 8)
5. Spin Resonance Spectroscopy Spin and magnetic field interaction Larmor precession -

relaxation time - spir-spin relaxation - spin lattice relaxation - NMR chemical shift -
coupling constants coupling between nuclei chemical analysis by NMR NMR for
nuclei other than hyd.ogen - ESR sp€ctroscopy fine structure in ESR. (l,ecturcs 8)

T€xt Books:
1, Fundam€ntals of Molecular Speotioscopy by Colin N. Banwell and Elaine M. Mccash

(Tata Mccraw-Hill Publishing Company limited).
2. Physics ofAtoms and Molecules by B. H. Bransden and C. J. Joachain.

Reference Books:
L Physical method for Chemists (Second Edition) by Russell S. Drago (Saunders College

Publishing).

/LeLturcs 8)

Introduction to Atomic Spectra: 11.8 Wite-Auckland Mccraw HiI, 1934.
Spectroscopy Vol. T. II & lll llalAt & Straughen
Introduction lo Molecular spcct oscopyi G.M: Bar,'o*-Tokyo Mccraw Hill,)fi: //
Speclra ofdiaromic molecules'. Herzb?rg-N?w york. 1914. . W

2.
3.
4.
5.

:li ..'
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MSPrr426-18 Atomic. Nuclear. and Particle
Physics Lab

I-3, T-r, P4 4 Credits

Pre-requisite: None

Course Objectiv€s: The aim and objective of the lab oo Atomic and Nuclear Physics is to
expose the students of M.Sc. students to experimental techniques in atomic and nuclear physics so
that they can verify some of the results obtained in theory and develop confidence to handle
sophisticated equipment.

Course Outcomesi At the end ofthe course. the stud€nt will be able to

co1 Acqute hands on experience of using particle detectors such as GM counter and
Scintillation counter

co2 handle oscilloscope fo. visualisation of various input and output signals.

c()3 Undersland the basic ofnuclear sal'ely managemmt.

c04
Pedorm scientific experiments as well as accumt€ly record and 

^nalyze 
the

results of nuclear expedments.

cos
Solve applied nuclearproblems \rilh critical $inking and analltical reasoning.

Mapping ofcourse oulcomes with the prognm specilic oulcomes

PSOI PS02 PS03 PSO4 PS05 PS06 PSOT PSO8

co1 2 2 I 3 l 3

co2 1 3 I 3 l 3

c()3 I 3 I l I 2

c()4 3 3 l I 3 3 3

c05 3 3 3 I 3 3 3

/>{/r- V)
'r ..'rr,er616'rs,at Srren*,

I K. Cuinl Punjob Tuhticol Atiwtiet, Ktpunhala
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Detailed Syllabus:

Note: Students are €xpected to perform atleest l0 experiments out of following lisf.

1 . Determination of e/m of electron by Normal Z€eman Eflbct using Febry Perot interl-eromctcr.
2. To vedfy the existence ofBoh/s energy levels witb l'rank-Henz experiments.
3. Determiuation ofLande's factor ofDPPH using Electron-spin resonance (E.S.R.) spectrometer_
4. Dctermination of ionization Potential of Lirhium.
5. Analysis ofpulse height ofgamma ray spectra.
6. To study th€ characteristics of G.M. nrbe.
7. To verify the inverse square law using GM counter.
8. To determine th€ dead time ofC.M. counter.
9. To study absorption of beta particles is matter using GM counter.
10. To study Gaussian distribuiion using c.M. counter.
I l- To estinute the effici€ncy ofGM detector for Gamma and Beta soui:ce.
12. Dctcrmination ofPlanck's constant using Photocell and interfcrcncc filters.
13. Verification of [nverse square law using Photocell.
14. To study Gaussian distribution using scintillation counter.
15. To study absorption of gafirna radiation by scintillation counler.
16. To estimate the cfficienoy ofScintillator counter.

Text Books:
1. Fundamentals of Molecular Spectroscopy: Colin N. Banv,ell c01d Elai e M- McCash (Ta1a

Mc G raw - I lil I Pub I is hi ng C omp a ny I i n it ed ).
2- Physics ofAtoms and Mofecules: B. H. Brunsden and C. J. Joachain.

Referenc€ Books:
l. Physical mcthod for Chemists (Sccond Edition) b Russell S. Drago (Saunders College

Publishing) .

2. Inroduction to Atomic Spectra: l1.'' Wite-Auckland Mccraw Hill, 1931.
3. Spectroscopy Vol. I,ll &IItt Walker & Strauehen
4. Introduction to Molecular spechosoopy: G.M. Baftow Tokyo McGraw Hill, 1962.
5. Spectra ofdiaiomic n\oleajules: Herzbery-Nev, York, I944.

Page 37 of71

MSPH427-18 Computrtional Physics Lab-II L-3, T-1, P-0 4 Credits

Pre-requisite: None

Cours€ Objectiv€s: The aim and objective ofthe lab on Computational s-II is to train the
sudents of \,4.Sc. class in undcr.randing numcdcal mcthods. lhc us

for simulation of r€sults fbr dilferent oAvsics
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physical data, so that they are well equipped in the use of computer for solving physics rclated
Droblem\.

CouNe Outcomes: At the end of the course. the student will be able to

col Unde6taDd and apply basics knowledge of numerical methods in solving the

DbYsics problems.

c()2 Write Fogramme with the C+t or any other high level language.

c()3 I€am use ofgmphical methods in data analysis ard solving physics problems.

c04
Solve physical problem, enabling developme of critical thinking and analyical
rcasonins.

c05
€xplore application of computational physics in fiontier areas of puro and applied
research in bhvsics and allied fields.

Mapping ofcourse outcomes wilh lhe program specitic outcomes

PSOl PSO2 PSO3 PS04 PSO5 P506 PSOT PSO8

co1 2 I 3 3 I 3 3

co2 2 2 I 3 3 2 3 3

co3 2 2 2 3 3 1 2 3

co4 3 2 2 3 2 3 2

co5 2 I 3 3 2 2 3

L E Gaj.al Pthjab Teh6i.al AaiE6ir!, Kryaflhala

11r;;SlifftrLll'''rr.
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Detailed Syll.bus:

l. Wflte a progam to study gaphically the EM oscillations in a LCR circuit (use Runge-Kutta

Method). Show the variation of(i) Chargc vs Time and (ii) Current vs Time.

2. Study $aphically de motion of falling spherical body under various effects of medium

(viscous drag, buoyancy and af drag) using Euler method.

3. Study graphically the path ofa projecrile with ard without air drag using FN method. Find rhe

horizontal and maximum height in either case. Write your cominents on the findings.

4. Study the motion of an artificial sat€llite.

5. Study the motion of (a) l-D harmonic osciltator (without and with damping effocts).(b) two

coupled harmonic oscillators. Draw graphs showing the rclations: i) Velocity vs Time, ii)
Acceleration vs Time iii) Position vs Time, also compare the numerical and analt'tical results.

6. To obtain the energy eigenvalues of a quantum oscillator using the Runge-Kutta method.

7. Study the motion of a charged particle in: (a) Uniform electric field, (b) Uniform Magnetic

field, (c) in combined uniform electric a:rd magnetic fields. Draw graphs in each case.

8. Use Monte Carlo techniques ro simulate phenomenon of (i) Nuclear Radioactivity. Do the

cases in which the daughter nuclei are also unstable with half life greater/lesser than the parent

nucleus. (ii) to determine solid angle in a given geomeay. (iii) simulate anenuation of gamma

mys/neutron in an absorber and (iv) solve multiple integrals and compale results with

Simpson's method.

9. Ta snrdy phase hajectory of a Chaotic Pendulum.

I 0. To study convection in fluids using Lorenz system-

Text Books:
1. Numerical Recipes in C++ The AIt of Scientific Computing, William H. press, Saul,

A.Teukolsky, William T. Vetterling, and Brian P Flannery, (Cambridge), 2nd ed. 2002.
2. A First Course in Computational Physics: P.L. DeVries (John Wiley) 2000.

Refercnce Books:
1. An introduotion to Computarional Physics: Tao Pang (Cambridg€), 2nd ed. 2006.
2. Computer Applications in Physics: S. Chandra (Narosa), 2006.
3. Computational Physics: R.C. Verma, PJ<.AI uwalia and K.C. Sharma (New Age), 2005.
4. Object Oriented Programming with C++: Balagurusamy, (Tata MccrawHill), 5lh ed. 2011.

MSPH53r-18 L-3, T-1, P-0Condensed Matter Phvsics
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Pre-r€quisitei None

Course Objectives: The aim and objective of the course on Condensed Matter Physics is to
expose the students of M.Sc. class to the topics like elastic coNtants, lattice vibrations, dielectric
propertiesr energy band theory and transport theory so that they arc equipped with the techniques
used in investigating these aspects of the matter in condensed phase.

Course Outcomesi At the end ofthe course. the student will be able to

co1 Underctand basic elements of crystal shuctule of condensed matter.

co2 Understand accurate description of lattice d).namics and thennal properties of
crystalline solids.

c03 Understand origi! of energy bands in solids with focus on semiconductors.

co4 Descnbe and undentand basics oftransport propeties acmss solids.

co5 Describe and undeNtand masnetic and dielectdc behavior of solids.

Mapping ofcours€ outcomes with the program sp€cilic outcom€s

PSOl PS02 PSO3 PS04 PSO5 P506 PSOT PSO8

co1 3 3 3 3 2 3 2

c()2 l l 3 3 3 3 3 3

c03 3 3 3 3 3 3 3 3

co4 3 3 l 3 3 l 3 l

co5 3 3 3 3 3 3 3 3

L K Gajnt PBjab TehDictl Ani6itj\ K.wrth4L
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Detailed Syllabus:

l. Crystal binding and Elastic constants: Binding in solids: Cohesive energy, Crystals of lnert
gases, ionic crystal, Covalent Crystals, Analysis ofelastic strains: dilation, stress components;
Elastic Compliance and Stiffn€ss: elastic constants, elastic waves in cubic crystals.

(Lectues 6)
2. L^ttice Dyn|mics rnd Thermal Prop€rties: Vibrations of crystal with monatomrc and two

atom per pnmitive Basis; Quantization of Elastic waves, Phonon momentum; lnelastic

scattering by phonons, Phonon Heat Capacity, Planck Distribution, normal modes; Density of
states, Debye T3 model; Einshin Model; anharmonic crystal interactions; thermal

conductivity expansion. (Lectures 9)

3. Enerry Band TheorJ: Elecftons in a periodic potential: Bloch theorem, Nearly free electron
model; Kronig Penney Model; Electroh in a periodic potential; tight binding method; Wigner-
Seitz Method Semiconductor Crystals, Band theory of pure and doped semiconducto$;
effective mass elementary idea of semiconductor superlattices.

(Leotures 9)
4. Trancport Theory: Elecftonic transport from classical kiDetic theory; Introduction to

Boltzmann transport equaton; electrical and thermal conductivity of metals; thermoelectric
elfecft; Hall effect and magn€to resistance.

(Lectures 8)

5. Dielectrics and F€rro El€ctrics: Polarization mechanisms, Dielcctric function from oscillator
strength, Clausius-Mosotti relation: piezo, pJ'ro- and ferro-electdcity; Dipole theory of
fenoelectricity; thermodynamics of feroelect io transition.

(Lectures 8)

Text Books:
l. lDtroduction to Solid State Physics: C fittel Ailey, New York), Slh ed. 2005.
2. Quantum Theory of Solids: C. Kittel (Wile],, New York) 1987.

R€ference Books:
f. Principles oflhe Thcory ofsohds: J. /rzan (Canbn.lge l/niver.ity Pre\s) Iq-2
2. Solid State Theoryt llraher A. Haftison (Tata McGraw-Hill, New Delhi) 1970.

3. Liquid Crystals: S. Chandrasekhar (Cambridge Univecity), 2nd ed. 1992.

S.hde & Sjlabus (M.Se Phrsic, Bat h 2018 & Owar.ls Page 1I of 71



Pre-requisit€: None

Lourse uDJecnves: lhe arm and objectiv€ of the course on Nuclear physics is to familiarize the
students. of M.Sc. class kr the basic aspects of Nuclear physics like static properties of nuclei,
raoloact|ve oecays. nucleal forces, nuclear models, and nuclear reactioDs so that they are equipped
with the techniques used in studying these things.

Course Outcomes: At the end ofthe course, th" 
"t 

d*i*itib" uble to

co1 Undentand stmcture and properties of nuclei, mdio;ctiu" d-av.;;Aam;;
ttpes of nuclear reactions.

co2 Understand Quantum behavior of atoms in extemal electric and mametic fielcls,

co3 Compare various nuclear models and pioperties of the nucleus.

c()4 Unde6tand about nuclcar forces and their dependence on various parameters.

c05 Describe various tlpes of nuclear reactions and their DroDerties.

Mapping ofcourse outcom€s with the program specific outcomes

PSOI PS02 PSO3 PSO4 PSO5 PSO6 PSOT PS08

co1 2 l 3 3 3 3 3

co2 3 I 3 l 3 3 3

co3 I 3 l 3 3 3 3 3

c()4 I 3 I 3 3 3 3 3

co5 I l 2 3 2 3 3 3

L K Cajal Ptniab fah,K.t UntteryIr, ropu hata
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MSPH533-18 Particle Physics L-3, r-[-P-4 . f '\,t creoits

D€tailed Sylhbus:

l. Nuclear Models: Liquid drop model, Binding energyi fission and fusion, Experimental

evidence for shell effects, Shell Model, Spin-Orbit coupling, Magic numbers, Application of
Shell Model like Angular momenta and parities of [uclear ground states, Collective model-

nuclear vibrations soectra and rotational sDectra. (Lectures 8)

2. Static propefti$ of nucleus: Nuclear |adii and measureftents, nuclear binding energy
(review), nuclear moments and systematic, wave-mechanical properties of nuclei, hlperfine
structure, effect of extemal magnetic field. (Lecturet 5)

3. Nucl€ar decay: Review of barrier penen-ation of alpha decay & G€iger-Nuttal law. Beta
decays, Fermi rheory Kurie plots and comparative halflives, Allowed and forbidden
transitions, Experimental evidence for Parity-violation in beta decay, Electron capture

probabilities, Neutrino, detection of neutrinos, Multipolarity of gamma transitions, intemal
conversion processj transition rates. (Ledurur 10)

4. Nuclear forces: Evidence for saturation of nuclear density and binding energies (review),
types of nuclear potential, Ground and cxcited states of deutercn, dipole and quadrupole
moment of deuteron, n-p scattering at low energies, spin-dependence of n-p scattering, p-p
scatiering, exchange forces & single and triplet potentials, meson theory ofnuclear forces.

(Lectures 10)

5. Nuclear reactionsi Nuclear reactions and cross-sections, Resonance, Breit- Wigner dispeNion
fomula for l=0 and higher values, compound nucleus, Direct reactions, Tmnsfer reactrons.

(Lectures 7)

TeIt Books:
1. Nuclear Physics. l'"ving Kaplan (Narosa), 2002.
2. Theory ofNuclear Structurer R.-R. Ro]] drrd B.P. Nigam (New Age, New Delhi) 2005.

Reference Books:
1. Basic Ideas and Concepts in Nuclear Physics : K. Hyde (Institute ofPhysics) 2004.
2. Nuclear physics: Experimental and Theoretical, H.S. Hans (New Acadenic Science) 2d ed

Q011).
3. Nuclear Physics and its appllcations by Joh Lile
4. Nuclear Physics by V Devnathan

Schene & Sylldus (M-Sc- PhFics) Botch 2018 & Onwads Poge 13 oJ 71



Pr€-requisite! course on euantummechanics andQrrr"dtfit;1i;ory

r!€ axn ano oDlecDve or me coune on particle physics is to introduce the M.Sc. students to the
invariance principles and conservation raws, hadron-hadron interactions, rerativistic kinematics,
static quark inodel of hadrons and weak intetactions so that they grasp the basics of firDdamental
particles in proper perspective.

Course Outcomes: At the end ofthe cours€, the snrdeniGtt bi aUte to understand

col Overview of particle specffum, the interaction ana maior tristorical ma tat"st
develoDments.

coz Vaious invadance principles and slmmetry properties in particle physics

c03 Basic rules of Feynman diagrams and the quark model for hadronr

c04 Ploperties of neutrons and proto,ts in term" of--Gpl" oo ti.ri"tic o *k
model.

c()5 W€ak intemction between quarks and how that this is responsible for p decay.

Mipping ofcourse outcomes wilh the program specilic outcomes

PSOl PS02 PSO3 PS04 PSOs P306 PSOT PSO8

cot 2 2 2 l 3 2 3

co2 2 2 2 3 3 I 2 3

c()3 2 2 3 l I 2 3

co4 3 3 2 3 3

c()5 2 .l 3 2 3 2

L K Gtjnl Punjob Te.hni.a! a,iresttr, Kapu,thota
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Detriled syllabus:

l. Introduction: Femions and bosons, particles and antipMicles, quarks and leptons,

intemctions and fields in pafticle physics, classical and quantum pictures, Yukawa pictue,
tlpes of interactions - el€ctromagnetic, weak, strong and giavitational, units.

(Lectures 7)

2. lnvarirnce Principl€s rnd Cons€rvstion Laws: Invariance in classical mcchanics and
quantum mechanics, Parity, Pion parity, Charge conjugation, Posihoniun decay, Timc reve$al
invariance, CPT theorem.

3. Hadron-Hadron Int€ractions: Cross section and decay rates, Pion spin, Isospin, Two
nucleon system, Pion-nucl€on system, Strangeness and Isospin, G-parity, Total and Elastic
cross section, Particle production at high energy. lLectures 7)

4. Relativistic Kin€matics rnd Phase Space: Inftoduction to relativistic kinematics, particle
reactions, Lorentz invariant phase space, two-body al1d three-body phase space, recursion
relation, effective mass, dalitz, K-3 p-decay, te p\zzle, dalitz plots for dissimilar particles,
Brcit-Wigner resonance formula, Mandelstem variables. (Lecturcs 7)

5. Static Quark Model of Hadrons: The Baryon decuplet, quark spin and color, baryon octer,
quark-antiquark combination. (Lectures 7)

6. weak Interactions: Classification ofweak interactions, Fermi theory Parity non conseryation
in B-decay, experimental determination of padty violation, helicity of neuffino, K-decay, CP
violation in K- decay aDd its experimental determination.

lLectures 7 )

Text Books:
L lnhoduction to High Energy Physics : D.H. Perkins (Camb dge University Pr€ss), 42000.
2. Gaugc Thcory ofElcmcntary Particle Physics, T.P Cheng & L.F. Li (Oxford).
3. An Introductory Coulse ofParticle Physics. Palash Pal (CRC Press).

Relerence Books:
L Elementary Particles : l.S. Hughes (Cambridgc University Press), 3-ed. 1991.
2. Intoduction to Quarks and Pafions : F.E. Closc (Academic Press, London), 1979.
3. lntroduction to Particle Physics ; M.P. Khanna (Prentice Hall oflndia, New Delhi), 2004.
4. Dyramics ofthe Standard Model: J.F. Donoghue (Cambridge University Press)-
5. First Book ofQuantum Field Theory: A. Lahiri & P. Pal, Narosa, New Delhi.
6. Introduction to Quantum Field Theory: M. Peskin & D-V. Schroeder. (Lcvant Books).

llectures 7)
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MSPH534-18 Flbre Optlcs rnd Not-linear optics I-3, T-1, P-0 4 Credits

Pre.requisite: None

Course Objectives: Course Objecdv€s: Th" dmffi
and Nonlinear Optics is to expose the M.Sc. students to the basics of the challenging research
field ofoptical fibres and dreir use in nonlinear optics.

Cours€ Outcomes: At th€ elrd ofthe course, the student will be abie to

co1 Understand the structue of optical fib€r and describe propenies of optical fibers,

co2 Understand and compare the various processes of fibers fabrication

c03 Understand dle principles of fib€r optics communication in different media

co4 Anal)ze the electro-optic and acousto-optic effects in fibers

cos Understand non-linear elfecls in oprical fibers.

Mapping ofcourse outcom€s with the program speciflc outcomes

PSOl PSO2 PSO3 PS04 PSO5 PSO6 PSOT PSO8

col 2 2 2 3

co2 2 2 3

co3 I 2 3

co4 2 2 3

c()5 2 2 3

L K. cujnt Ptnlab Tehnicat anipe{t9, Kaptnhat4
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_ blectrve subtect -l

D€t.ll€d Syllabusi

L Optical flbre and its propenies: Introduction, basic fibre construction, propagation of light,
modes and the fibre, refractive index profile, twes of fibr€, dispersion, data rate and band
width, attenuation, leaky modes, bending losses, cut-off wavelength, mode field diameter,
other fibrc tlpes. (Lectures 7)

2. Fiber fabrication and cabl€ design: Fibre fabrication, mass production of liber, comparison
of the processes, fiber drawing process, coatingsr cable design requirements, tlpical cable
design, testing. (Lectures 5)

3. Optics of anisotropic medir: Introduction, the dielectric tensorj stored el€ctromagnetic
energy in anisohopic media, propagation of monoclfomatic plane waves in anisotropic
media, directior$ of D for a given wave vector, angular relationships between D, E. H, k and
Po)'nting vector S, the indicatrix, uniaxial crystals, index surfaces, other surfaces related to the
uniaxial indicatrix, Huygenian constructions! retiardationj biaxial crystals, intensity through
polariTer/waveplate polarizer combination:. (Le.turcs I0)

4. El€ctro-optic and acousto-otpic €ff€cts and modulation of light beams: Introduction to
the electro-optic effects, linear electro-optic effect, quadratic el€ctro-optic effects,
longitudinal electro-optic modulation, hansverse electro optic modulation, electro optic
amplitude modulation, electo-optic phase modulation, high frequency wave guide!
elecho-optic modulator, strain optic tensot calculation of LM for a logitudinal acoustic wavc
in isoffopic medium, Raman Nath diffraction, Raman-Nath acousto-optic modulator.

(Lecture.s 10)

5. Nonlinear optics/proc€sses: Introduction, anharmonic potentials and nonlinear polarization,
nonJinear susceptibilities and mixing coefficients, parametric and other nonlinear processes,
macroscopic and midoscopic susceptibilities.

Text Books:

1. The Elements of Frbte Opti.st S.L.WWer and Meardon (Regents/Prmtice Hall), 1993

Reference Books:
1- Lasers and Electro-Optics. C.C. Davis (Cambridge UniversiO, Ptess), 1996-
2. Optical Electronic! Gathak & Thyagarajan (Cambridge Univ. Press), 1989.
3. The ElemeDts of Nonlinear Optics: PrV. Butcher & D. Cotter (Cambridge

(Lectures 8)

' i l''l:l
t. r::
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MSPHs35-18 Plasma Physics I-3, T-1, P-0 4 Credits

Pre-requisite: Course on Elechod',namics

Course Objectives: The aim and objective of the course on Plasma Physics is to expose the
M.Sc. students to the basics of the challenging research field Plasma physics.

Cours€ Outcomes: At the €nd ofthe cours€, the snrdent will be able to

cor Understand the origin of plasma, conditions of plasma formation and properties
ofplasma.

c()2 Distinguish between the single particle approach, fluid approach and kinetic
statistical approach to describe different plasma phenomena.

c()3 CIassiS, propagation of electrostatic and electromagnetic \raves in magnetized
and non-magnetized plasmas

c04 Descdbe the basic transport phenomena such as plasma resistivity, diffusion and
mobility for both magnetized and non-magnetized plasmas.

co5 Formulate the conditions fbr describing a plasma to be in a state of
thermod',namic equilibrium, or non-equilibrium, and anallze the stability of this
equilibdum.

Mapping ofcourse outcomes with the program sp€ciIic outcom€s

PSOI PS02 PSO-] PSO4 PS05 P306 PSOT PSO8

col 3 2 2 3 .l I

co2 3 3 3 3 3 3 l

co3 3 l 3 3 3 3 2

c()4 3 3 3 3 3 l I I

c()5 3 l l 3 3 3 2 I

L K Gujrdt ?tnlob tdrni.ot Uniwtsiry, Kapanhata
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Elective Subject -I
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1. Introduction: Plasma Stat€, elementary concepts and definitjons of temperafure and other
paftErcters, occurrence and importance of plasma for various applications, ploduction of
Plasma in the laboratory Physics ofglow discharge, elechon emission, ionization, breakdown
ol gases, Paschen's laws and different rcgitnes of E/p in a discharge, Townsend discharge and
the evolution ofdischarge. (Lectures trt

2. Plisma diagDostics: Probes, energy analyzers, magnetic prob€s and optical diagnostics,
prelimirarl conceprs. lLecrures 51

3. Single particle orbit theory: Drifts of charged particles under the effect of different
combinations of €lectric and magnetic fieldsj Crossed electdc and magnetic fields,
Homogenous electric and magnetic fields, spatially varying electric and magnetic fields, time
varying electric and magnetic fields, particle motion in large amplitude waves.

(Lectures 8)4. Fluid descrlption of plasmas: distribution fltnotions and Liouville's €quation, macroscopic
parameteN of plasma, two and one fluid equations for plasma, MHD approximations
commonly used in one fluid equations and simplified one fluid and MHD cquations. dielectric
constant of freld fiee plasma, plasma oscillations, space charge waves of warm plasma,
dielectric constant of a cold magnetized plasma, ion- acoustic waves, Alfven waves,

D€tail€d Svllabus:

Magnetosonic \taves.

Reference Books:
l. Principles ofPlasmaPhysics, Krall and Trievetpice
2. Introduction to Plasma Theory D.n. Nlc&o1ro,
3. The Plasma State,lZ. ,Srorel
4. Inftoduction to Plasma Physics, M. Umd'
5. Principles ofPlasma Diagt\ostic, I.H. Hutchitlson

5. Stability of fluid plasrna: The equilibrium ofplasma, plasma instabilities, stabiliry analysis,
two sfteam idstability, instability of Alfven waves, plasma supported against gravity by
magnetic field, energy principl€. microscopic equations for my body system: Statistical
equations for many body systerhs, Vlasov equation and its prop€rties, drift kinetic €quation
and its propefties. &ectures 7)

Text Books:
L Introduction to Plasma Physics, Efl Cre,

(Lectures 10)
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MSPH53G18 Nonlinear Dynamics L-3, T-1, P-0 4 Cr€dlts

Pre-requisite: None

Course Obj€ctives: The aim and objective of the course on Nonlinear Dynamics is to familiarize
the M.Sc- shrdents with the basics ofthe recently emerging research field ofdlnamics ofnonlinear
Hamiltonian systems.

Cours€ Outcomes: At the end ofthe course. the student will be able to

cot Understand basic knowl€dge ofnonlinear dFamics and phenomenology of
chaos.

coz Apply the tools ofd),namical systems theory in context to models.

c03 Leam skills by solving problems on solving nonlinear problems using numerical
methods.

c()4 Understand Hamilton apFoach for describing various physical system.

cos Quantify classical chaos and Quantum chaos.

Mapping ofcours€ outcomes wlth the program sp€clflc outcom€s

PSOl PSO2 PSO3 PS04 PSO5 PSO6 PSOT PSOS

co1 2 l l 3 3 2 3 I

co2 3 3 3 l 2 3 I

c03 I 3 l l l 1 3 I

co4 3 3 3 3 3 t l 2

c()5 3 l l -l l 2 3 2

I K Gajdl Purjab reh'nat Univ^itr, Kdpa hala
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Elective Subject -II
Page 5I of71

l Ph€nomenology of Chaosi Linear and nonlinear systems, A nonlinear electrical system,
Biological population growth model, Lorenz modeli determinism. unDredicrabilitv and
divergence of rajecrories. Feigenbaum numbers and stze scaling. self simiiarirl. modeis and

Detail.d Svllrbus:

universality ofchaos.

U-sequence,

2. Dynemics in State Space: State space, autonomous and nonautonomous systems, dissipative
systems, one dimensional state space, Linearization near fixed points, two dimensional state
space, dissipation and divetg€nce theorcm. Limit cycles and th€ir stability, Bifurcation theory,
Heuristics, Routes to chaos. Three-dimensional d',namical systems, fixed points and limit
cyclgs in three dimensions, Lyapunov exponents and chaos. Three dimensionat iterated maps.

(Lectures 8)

{Lectures 10)

3. Hrmiltonian System: Non integrable systems, KAM theorem and period doubling, standard
map. Applications ofHamiltonian D)namicq chaos and stochasticity.

(Lectures 8)

4. Quantit'ing Chaost Time series, Lyapunov exponents. Invariant measure, Kolmogorov -
Sinai entropy. Fractal dimension, Statistical mechanics and thermodynaftic formalism.

(Lectures 7)
5. Quantum Chaos: Quantum Mechanical analogies of chaotic behaviour, Distibution of

energy eigenvalue spacing, chaos and semiclassical approach to quantum mcchanics.

lLectures 7)

T€xt Books:
l. Chaos and Non Linear Dlnamics: R.C. Hilbom (Oxford Univ. Press),2001.

R€ference Books:
1. Chaos in Dymamical Systems: E. Ott (Cambddge Univ. Press), 2002.
2. Applied Nonlinear Dlnamics: A.H. Nalfeh and B. Balachandran (Wiley), 1995.
3. Chaos in Classical and Quantum Mechanics: M.C. cutzwiller (Springer-Verlag), 1990.

Schede & Syllabus (M.SE Physics) Batch 2018 & oatuants



MSPH537-TE Radietion Physics L-3, T-1, P-o 4 Credits

Pre-requisite: None

Course Objectives: The aim and objective of the course on Radiation Physlcs is to expose the
students of M.Sc. class to the relatively advanced topics Radiation Physics and nuclear reactions so
that they understand the details ofthe underlying aspects and can use the techniques if they decide
to be radiation or nuclear ohvsicists in their career.

Course Outcomes: At the end of the course. the student rvill be able to

cor Understand va ous modes of interaction of electromasnetic radiations and

charged particles with matter.

co2 Distinguish various tlpes of mdiations based on their interaction with matter.

c03 Leam and undedtand about different detectofi and their use for soectroscoov

c()4 Us€ different anallical technique such as XRF, PIXE, neutron activation analysis

and electron spin resonance spectoscopy.

Mapping ofcourse oulcomes wilb tbe program specific oulcomes

PSOI PS02 PS03 PSO4 PS05 P306 PSOT PSO8

co1 3 I 3 3 3 3 3

co2 3 I 2 2 3 3 3

c()3 I 3 3 3 3 3

c()4 I 3 3 3 3 3

c05 I 2 I I 2

L IL GujrolPu44b T4L^icdl An nitt, Kapdhol4
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Detailed Syllabus:

and h'?erfine fields.

4.

2.

3.

l. Interaction of electromagnetic radiations with Matter: Different photon intc.actron
processes viz. photoelectric effect, Compton scattering and pair production. Minor
interaction processes, Energy and Z dependence of partial photon interaction processes.
Attenuation coellicients, Broad and narrow beam geometries. Multiple scattering.

ILectures 8)

Interaction of charged particles with Matter: Elastic and inelastic collisions wu
elecffons and atomic nucleus. Energy loss of heavy charged particles. Range-energy
relationships, Straggling. Radiative collisions ofelectrons with atomic nucleus.

(Lectures 8)
Nuclear Det€ctors and Spectroscopy: Geneml characteristics of detectors, Cas filled
detectors, Organic and inorganic scintillation detectors, Semiconductor detectors [Si(Li),
Ge(Li) HPGo]. Room temperahle dctccton, Gamma ray spectromcte$. Camma ray
spectromehy with NaI(Tl) scintillation and semiconductor detectors_

(Lectutes B)
Nuclear sp€ctrom€lry and applications: Analysis of nuclear spectrometric data,
Mcasurements of nuclear €nergy levels, spins, parities, moments, intcmal conversion
coefficients, Angular correlation, Perhlbed angular correlation, Measurement of g-factors

(Lectures 8)

5. Analytical Techniques: Principle, instrumentation and specrmm analysis of XRF, plXE
and neuton activation analysis (NAA) techniques. Theory, instrumentalion and
applications of elechon spin resonance spectroscopy (ESR). Experimental techniques and
applications of Mossbauer cffect, Rulherford backscattering. Applications of elemental
analysis, Diagnostic nuclear medicine, Therapeutic nuclear medicine.

Text Books: 
lLeclur$ 8)

l. The Atomic Nucleus: R.D. Evans, Tata Mc Graw Hill, New Delhi.
2. Nuclear Radiation Detectors: S. S. Kapoor and V S. Ramamurthy, New Age, Intemational,

New Delhi.

R€ference Books:
1. Radiation Det€ction and Measuremcnts: G. F. Knoll, Wiley & Sons, New fJelhl.
2. Inftoductory Nuclear Physics: K. S. Krane, Wiley & Sons, New Delhi.
3. An Introduction to X-my Spectromerryi Rorl Jenkin, Wiley.
4. Techniques for Nuclear and Particlc Physics Experiments: W. R. I-eo, Narosa publis

House, New Delhi.
5. Intoduction to €xperimental Nuclear Physics: R.M. Singru, Wil€y & Sons,

Schene & Srlabus (M-Sc PhJ)sics) Batch 201 I & Onj9ar.ls



MSPII538.IE Structures, Spectra and Propertles
ofBiomolecules

I-3, T-1, P-0 4 Credits

Pre.r€quisite: None

Course Objectiv€s: The aim and objective of dre cours€ on Structur€s, Spectra and properties
of Biomolecules is to familiarize the M.Sc. students with the basics of the recently emerging
research field of dynamics of Structur€s, Spcctra and propefties ofBiomolecules.

Course Outcomes: At the end of the course. the student will be able to

cor Describe various sEuctual and chemical bondine asDects ofBiomolecules.

coz Understand structure and theoretical techniques and their application to
Biomolecules.

c()3 Understand use of various spectroscopic techniques and thet application to the
Biomolecules.

c04 UndeNtand the strucfurc-Function relationship and modeling of biomolecules.

co5
Outline and corelate for providing solution to interdisciplinary problem.

\4apping ofcourse outcomes with the progrrm specilic outcom€s

PSOI PS02 PSO3 PSO4 PSO5 PSO6 PSOT PS08

cor 3 l 3 3 .l 2 3 2

co2 3 3 3 3 3 3 3 3

c03 3 3 3 l 3 3 3 3

c04 3 3 3 3 3 3 3 3

cos l l 3 3 3 2 3 2

L K, Gujtzt Pujab Tehnlcal Uni14 !, ropwthalo
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Detailed Syllabus:

L Structure Aspects of Biomolecule: Conformational Principles, Conlbrmauon ano
Configuration Isomers and Derivati\,es, Struchre of Polynucleotides, Structure of
Pol'peptides, Primary, Secondary, Tertiary and Quatemary Structure of proteins, Structure
ofPolysaccharides. (Lecturcs l0)

2. Theoretical Techniques and Their ApplicatioD to Biomolecules: Hard Spher€
Approximation, Ramachandran Plot, Potential Energy Sudace, Outline of Molecular
Mechanics Method, Brief ideas about Semi-empirical aDd Ab initio Quantum Theorcrical
Methods, Molecular Charge Distribution, Molecular Electrostatic Potential and Field and
their uses. (Lectures | 0)

3- Spectroscopic Techniques and their Application to Biomolecules: Use of NMR in
Elucidation of Molecular Structure, Absorption and Fluorescence Spechoscopy, Circular
DichroisnL Laser Raman Spectroscopy, IR spectroscopy, Photoacoustic Spectroscopy,
Photo-biological Aspects of Nucleic Acids. (Lectures 10

4. Structure-Function Relationship and Mod€ling: Molecular Recognition, Hydrogen
Bonding, Lipophilic Pockets on Receprors, Drugs and Their Principles ofAction, Lock and
Key Model and Induced fit Model. (Lectures 10)

Text Books:
l. Srinivasan & Pattarrir Structue Aspects ofBiomolecules.

Reference Booksl
|. Govil & Hosur: Confomations of Biological Molecules
2. P/ice-' Basic Molecular Biology
3. Pullman: Quaatwn Mechanics of Molecular Conformations
4. Lehninger: Biochemisty
5. Mehler&Cordes: Biological Chemistry
6. Smith and Hdnawailr molecular Phoiobiology, Inactivation and Recovery
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MSPIr539-18 Sci€nce ofRen€wable sourc€ of
EnerS/

L-1, T-1, P-0 4 Credits

Pre-requisite: None

course Objectives: The aim
Sources is to expose the M.Sc.
energy, hydrogen energy, etc..

and objective of dre course on Science of r€newabl€ En€rg/
students to the basics of the altemative eneruv souces like solar

Course Outcomes: At the end ofthe course. the student will be able to

col Know the energy demand ofworld and Indla.

co2 Understand traditional and alternative form ofenersv.

c03 Understand concept of solar energy radiation, making of solar cell and its tlpes.

co.l ldentrfy hydrogen as encrgy ,iorrcc. its srorage and lransportauon methods.

co5 Compare wind energy, wave energy and ocean themal energy conveGion,

Mapplng of cours€ outcomes with the program sp€clIlc outcom€s

PSOl PSO2 PSO3 PS04 PSO5 PSO6 PSOT PS08

col .l 3 I 2 2 3

co2 2 3 2 2 3

co3 3 3 2 I 3 3

co4 3 3 2 I 3 3

co5 .l 3 1 l l

L K Gujnl hnjab tuh"i.al U^ieait!, Xtpudhalt

Elective Subject - TI
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Detqil€d Syllabus:

l. Introduction: Production and reserv€s of energy sources in the world and in India, need
for altematives, renewable energy sources. lLectures g)

2. Solar ED€rgy: Th€mal applications, solar radiation outside the earth,s atrnosphere and at
the earth's surface, fundanentals of photovoltaic enqgy conversion. Direct and indirect
tmnsition semi-conductors, interrelationship between abso4'tiod coefficients and band gap
recombination of carriers. Types of solar cells, p-n junction solar cell, Tmnsport equation,
current density, open circuit voltage and short circuit cunent, description and principle of
wo*ing of single crystal, polycrystalljne and amorphous silicon solar cells, conversion
efficiency. Elementary ideas of Tandem solar cells, solid-liquid jurcrion solar cells and
semiconductor-electrol'te junction solar cells. principles of photo electrochemical solar
cells. Applications. (Lectures 12)

3. Ilydrogen Energy: Environmental considerations, solar hydrogen througn pnoro
electrolysis and photocatalttic process, physics ofmaterial characteristics for production of
solar hydrog€n. Storage processes, solid state hydrogen storage rraterials, stmcfural and
electronic properties of stomge materials, new storage modes, safety factors, use of
hydrogen as fuel; use in vehicles and electric generation, fuel cells, hydride batteries.

lLecturcs 10)

4. Other sources: Nahrre ofwind, classilication and descriptions of wind machines, power
coefficient, energy in th€ wind, wave energy, ocean thefinal energy converuion
(OTEC), system designs for OTEC. (Lecture: 8)

Te\t Books:
l. Solar Energy: S.P .t khatme (Tata McGMw-Hitl, New Delhi), 2008.

Reference Books:
L Solar Cell Devices: Fonash (Acatlemic Press, Netv York),2010.
2. Fundamentals of Solar Cells, Photovoltaic Solar Energy: Fahrenbruch and Bube

(Springer, Ber lin), I 9 3 3.

3. Photoelectrochemic al So1^r Celf,s Chandra (Ne )Age,New Delhi).
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MSPH540-18 CondeN€d Matter Phvsics Lab L-3, T-1, P-.0 4 Credits

Pre.r€quisit€: None

Course Objectives: The aim and objective ofthe courses on Condensed Matter Physics Lab is
to tmin the students of M.Sc. class to advanced experimental techniques in cond€nsed matter
physics so that they can investigate various relevaDt aspects and are confident to handle
sophisticated equipment and analyze the data.

course Outcomes: At the end ofthe course. the shrdent will be able to

co1 Measure conductivity, resistivity and thermo-dlqtamical properties of solids.

c02 Measue magnetic properties and magnetic behavior of mag4etic materials.

c03 Describe the lattice d),namics of simple lattice structues in terms of dispe$ion
relations.

co4
Design and carry out scientific experiments as well as accurately record and

analvze the resufts of exberiments.

cos
Solve problem with critical thinking and analltical reasoning.

vapping ofcourse oulcomes $ith lhe program specific outcomes

PSOl PS02 PS03 PSO4 PSO5 PSO6 PSOT PSO8

col 3 -l .l -] 2 2 l
co2 3 3 3 3 3 2 3

c03 l 3 2 3 3 2 2 3

c()4 3 3 2 3 3 3 2 3

cos 3 3 2 3 3 3 2 3

L K Gajnl tusjob Tehni.zt Unlr.ttlt, Kdptdhtla
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D€tailed Syllabusi

Notei Students are exp€cted to perform adeast ten experiments out offollowing list.

1. To study temperatwe dependence of conductivity ofa given semiconductor crystal using four
probe method.

2. V€rificatio[ ofcurie-weiss law for the electrical susceptibility ofa ferroelectric material.

3. To determine charge carrier density and Hall coefficient by Hall effect.

4. To determine magnetic susceptibiliry offtatedal using euink 's tube method.

5. To detemine energy gap and resistivity of th€ semiconductor using four probe method.

6. To study the B-H loop characteristics.

7. To determine dielectric constant of a rnat€rial with Microwave set up.

8. To measure the Curie tempemtule of a given pZT sample.

9. To measue the velocity ofulhasonic wave in liquids.

10. To study dispersion relation for Mono-atodric and Diatomic lattices using Lattice dynamic kit.

I L To shrdy the properties of crystals using X-Ray Apparatus.

T€xt Books:
L Introduction to Solid State Physics: c' K,#e1 (fr4ley, New york), 8th ed. 2005.
2. Quantum Theory of Solids: C. Kittel (ry ey, Neu,, york) jgBT.

Reference Books:
1. Principles ofthe Theory ofsohdst J. Ziman (Cambridge Ilniversity press) jg72
2. Solid State Theory: Walter A. Harrison (Tata Mccrtw Hill. Ne\a Deth 1970.
3. Liquid Crystals: S. ChandraseAhar tCambnJge Ilniversiry), 2nd cd. t992.
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Elective Subj€ct -III

MSPII541-18 Physics of Nanomaterials L-3, T-r, P-.0 .l Credits

Pre-requisite: Condensed matterphysics

Course Objectives: The aim and objective of the cou$e on Physics of Nano-materiels is to
familiarize the students of M.Sc. to the various aspects related to prepalatioo, characterization and

study of different properties of the nanomaterials so that they can pusue this emerging research

field aq career.

Course Outcomes: At the end ofthe course, the shrdent will be able to

co1 Demonstrate tecbniques of microscopy for investigations on the nanometer and

aromtc scales

co2 Acquire knowledgc of basic approaches to srmthesize inorganic colloidal
nanoDarticles and their self-assemblv in solution and sudaces

c03 Undeista$d arld describe the use of unique optical properti€s of nanoscale

metallic structures for anal)'tical and biological applications

c()4 Understand the physical and chemical properties of carbon nanotubes and

nanostirctured mesoporous materials.

c()5 the shuctue-property .elatioNhips in nanomaterials as well as the concepts,
not applicable at larger length scales.

Mapping ofcourse outcomes with th€ program speci{ic outcom€s

PSOl PSO2 PSO3 PSO4 PSO5 PSO6 PSOT PSO8

coI 3 3 3 3 3 3 3

co2 2 l l 3 3 3 l 3

co3 2 3 3 3 3 3 3 3

c04 3 3 3 3 3 3 3

cos 3 3 3 3 3 3 3

'*ffi
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1. Introductory Aspects: Free electron theory and its featurcs, Ialea of band structurc_metals,
insulatoas and semiconductors. Density ofstate in one, two and three dimensional bands and its
variation with energy, Effect of crystal size on density of states ,.d b;t ta;. bxamples ofnanomaterials. (Lectures g)

2. Preparation of NanomNterials: Bottom up: Cluster beam evaporation, ion beam deposition,
chemicalbath deposi.ion wirh capping techniques and Top downj Ball Milling.

(Lectures 8)

3. General Characterization T€chniques: Determination of particle size, study of texture and
mrqostructure, lnc.ease in x-ray diffraction peaks of nanopanicles, shift in photo luninescence
peaks, variation in Raman spectra of nanomaterials, photoemission microscopy, scanning forcemrcroscopy. 

lLecturcs g)

4. Quantum Dotst Electron confinement in infinitely deep square well. confingment in one and
two-dimensional wells, idea of quantun well stluctule, Examples of quantum dors!
spectroscopy ofquantum dots. lLectures g)

carbon nanotubes and nanofibres,
Nanosffuctured films and Nano

(Lectures 8)

Detalled Svllabus:

5. Oth€r Nanomaterials: Propenies and applications of
Nanosized metal particles, Nanoshuctugd Dolwners.
structured semiconductors.

TeIt Booksi
l. Nanotechnology-Molccularly Designed M^t ials: G.M. Chow & K.E. Gonsalvet

Che ical Society), 1996.

Ref€rence Books:

J.H.Fendler (Wiley), I 998.
3. Nanofabrication and Bio-systemt H.C. Hoch, H.G. Craishead and L. Jelinsh

Univ. Press), 1996.
Physics of Semiconductor Nanostructures.- f.p Jttin (Na/osa), I gg7.

2. Nanotechnology Molccular Speculations on Clobal Abundance: B.C. Cr(lnda lMIT pres .

1996.

(American

(Canbridge

l. Quantum Dot Hetcrostructures: D. Bimery, M Grundmann and N.N. LedentsDv (Mley),199g.
2. Nanoparticles atrd Nalostructued Films-preparation, Characterizatio! and Application:

4.
5. Physics ofLow-Dimension Semiconductonr I H. Davies (Cambridse lJntv. presst lbg.

Advances in Sofid Slate Physics rVo4lt: B Krdner tEd.t tspri Eerl. ZuUt/a /
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Elective Subject JII

MSPH542-18 Experimental Techniqu$ in
Nuclear and Psrticle Phvsics

L-3, T-1, P-0 4 Credits

Pr€-requisite: Course on Nuclear and Particl€ Physics

Course Objectives: The aim and objective of the cou$e otr f,xperimental Techniques in
Nuclear and Particle Physict is io cxposc the students of M.Sc. students io experimental aspects

of different equipment and mcthods used in the fields of nuclear physics and pallicle physics-

Cours€ Outcomes! At the end ofthe corme. the snrdent will be able to

cor Understand various experimental techniques for desctibing interaction of
radiations with matter.

coz Use various statistical methods for experimental data.

c()3 Knowledge about the different ttTes of the ftdiation detectors and their
applications.

c04 lntroduc€d to neutron physics, m€thods to detector slow and fast neutrons.

c()5 Equipped with the basic knowledge about the experimental methods used in the

various laboratories across the world.

Mrpping ofcou$e outcomes with the program sp€cific outcomes

PSOl PSO2 PSO3 PS04 PSO5 PSO6 PSOT PSO8

col I 2 2 3 3 3 3

co2 I 3 -l 2 3 3 3

c03 I 1 I 3 3 3 l

c(}4 t 3 I 3 3 3 l 3

co5 I 3 I 3 I 3 3 3

oesT'"iiipu.\ab..\K e"l':" , .
'4. 

\F{\ tJ
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Detailed Syllabus:

1. Detection of radistions: Interaction of gamma-mys, electrons, heavy charged partictes,
neutrons, leutri[os and other particles with matter. General properties ofRadiation detectors,
energy rcsolution, detection efficiency and dead time. Statistics and treatment of experimentaidatA. (Lecturcs g)

2. Detectors: Gas-filled detectors, proportional counters, space charge eff€cts, energy
resolution, time characteristics of signal pulse, position-sensitive prop-ortional counters,
Multiwire proportional chambe$, Drift chamber, time projection chamber. Organic and
inorganic scintillators and thek characrerrsrics, light collecrion and coupling ro photomultiplier
tubes and photodiodes, description of electron and garnma .uy .pa.tirr'from deteitor,
Cherenkov detector Semiconductor detecrors, Ce ana SilLi; aeteclorq Charge production and
collection processes, semiconductor detectoN in X- and garnma_ray spectrosJopy, pulse height
speltrum, Compton-suppressed, Semiconductor detectors for chargd particie specuoscopy
and particle identification. General backgiound and detector shielding.

(Lectures j 5)

3. Neutron Physics: Interaction ofneutrons with filattet Neutron detectors, Detectton ot last and
slow neutrons-tuclear reactions for neutron detection. (Lectutes 6)

4. Experimetrtal methods: Large gamma and charge particle detector armys, hea,"y-ron reactron
analysers, production of radioactivc ion beams. Detector systems for high energy expenmems:
Collider physics Orief accorut), particle Accel€rators lbrief accorut), tioa.- Uprla
expenments- CMS and ALICE. (Lectures 8)

Text Books:
l. Techniques in Nuclear and particle Experimeats by W.R. Leo (Springer), 1994.

R€fer€nce Books:
L Radiation deteclion and measuremenr by Clenn F. Knoll {Wileyt. 2010.
2. Inhoduction to Experimental Particle physics by Richard Femow (Cambridge University

Press),2001.
3. Detectors for particle radiation by Konrad Kleinknecht (Cambddge Universiry press), 1999.

F
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MSPH543-18 Superconductivity and Low
Temp€rature Physics

L-3, T-1, P-0 4 Credits

Pre-requisit€: Condensed Matter Ph,sics

course Objectives: The objective of the course on Superconductivity and Low Temperatue

Physics is to build fundamental as well as advanced understanding in *re field of
superconductivity. Students will not only leam theoretical aspects but also acquainted with latest

trends in the experimental t€chniques as well. Low temperature is one of the most versatile and

important tool to explore rich physics of superconductivity. With latest technology the lowest

achievablc temperature now is close to few pK. Students will also be introduced to the theorctical

background oflow temperaturc techniques as well as the high_Tc supetconductors.

Course Outcomes: At the end of the coutse, the student $ill be able to

cot Theoretical understanding of the concept of superconductivity.

c02 Correlat€ observed experimental propcrties of superconductors with origin of
superconductivity.

co3 Describe appropriate theoretical model for desctibing behavior of
superconductots.

c()4 Provide exposure to High Tc class of superconductors and theoretical

understanding of low temperafure techniques-

co5 Provide exposure about the expeiimental teclmiques for measurement of
suDerconductivitv,

Mapping ofcou$e outcomes with the program specific outcomes

PSOl PSO2 PSO3 PS04 PSO5 PS06 PSOT PSO8

co1 3 l 3 3 3 -l I

coz 2 l l 3 3 3 3 I

c()3 2 3 3 3 3 3 3

co4 2 3 3 l 3 3 3

cos 2 3 3 3 3 3 3-:

il,:,$t$i$[:1""!'.,,,.f'::#ds.hene & Srlabus (M.Sc. Phrsics) Ba,ch 2oI8 & oaeards
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Elective Subject JV
Page 65 of 71

l. Superconductivity: Inhoduction, Thermodynamics, The London Equations, penetration
depth, Superconductors in magnetic field, cinzberg-Landau Theory, T).pe I aDd Il
superconductors, BCS theory second quaitization, Cooper pairing, 

"n.igy 
gup TLurnelling,

Josephson effects and SIS tunneling. [Lectures l0)

2. Pr€psration and measurement techniques: Single crystal groMh: Optical image fumace,
seeded melt growlh, Thin film deposirion: pulsed laser deposition, sputrering, Resistivity
measurements, magnetic measurements, point contact spectroscopy, scanning trmneling
mrcroscopy and spectroscopy. (Lectures l0)

electrical properties of diffetent materials at low temDeratures.
lK. Joule-Thompson. Cifford-McMohan. Eraporalioo cooling.
Cooling rnethods below lK, dilurion refrigeEtion, adiabadc

LLectures I 0)

4. Idtroduction to high-Tc superconductors: Discovery of high Tc superconducto^,
Mechanisms of superconductivity in high-Tc superconduclors, Introduction to hiqh_Tc
supercotrducting compound like YBCO, Synthesis, Structure and properties, Elecrronici andappucarrons. (Lectures l0)

Text Books:
L Intloduction to superconductivity: Michael Tinllam, Courier CorpoEtion. 2004.

Detailed Svllrbus:

3. Cryogenics: Thermal and
Cooling rnethods above
Liquefication of Helium,
dernagnetisation.

Referenc€ Books:
L lntoduction to superconductivity: A.C. Rose-Innes and E.H. Rhoderick,

2004.
Pergamon Press,

2. Experimental techniques in low temperatue physics: G.,( tyhite and pJ. Mees.,n, Oxford
Univ. Press. 2002.
Experimental low temperature physics:,4. l(enl, MacMillan press, 1993.
The theory of superconductivity in high-Tc Cuprates: pll ,4nderso,r, princeton Seri€s
Publicatioos.

3.
4.
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MSPH544-18 Advanced Condensed Matter
Physics

I-3, T-1, P-0 4 Credits

Pre.r€quisite: course on Condensed Matter Physics

Course Objectives: The objective of the course on Advenced Condensed Matt€r Physics is to
familiarize the M.Sc. students with relatively advanced topics like optical properties, magnetism,

supcrconductivity, magnetic resonance techniques and disordered solids so that they are conlident

to use the relevant techniques in their later career.

course Outcomes: At the end ofthe course, the student will be able to

col Understand and describe Optical propedies of solids

co2 Understand and descdbe magnetic properties of solids

c03 UndeNtand use of NMR methods for desclibing solids

c04 Unde6tand and explain the behavior of superconductors

co5 Understand the etfect of defects and defomEtion on the behavior of solids

Mapping of course ouicomes with th€ program sp€cmc outcomes

PSOI PS02 PS03 PSO4 PSOs P306 PSOT PSO8

col 3 3 3 3 3 l 2 3

co2 3 3 3 3 3 2 3

co3 3 3 3 3 3 3 3

c(x 3 3 3 3 J 2 I

c()5 2 3 3 3 3 3 3 3

L K Gtial PunJab Tahfi.d Atbenlty, Kaparthtto
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Detailed Svllabus:

crystals; interband transitions.

superconductivity.

l- Optical Prop€rties: Macroscopic theory; Reflectancc and Transmittance of a slab:
generalized susccptibility, Kramers- Kronig rclations, Bdllouin scattering, Raman effect in

2. Magnetism: Dia and para-magltetism in materialsi Langevin theory of diamagnetism,
quantum theory of diamagnetism and pmamagnetism, Exchange interaction. Heisenberg
Hamiltonian; Hubbard model; mean field theory; Ferro-, fcrri- and antifenomagnerNm:
Magnons: spin waves, thermal excitation ofmagnons; Bloch T3l2 law. (Lecfures l0)

3. Nuclear Magnetic Resonance in Solids: Origin of NMR in solidF equations of motion,
line width, motional nanowhg, Knighi shift.

(Lectures l0)

4. Superconductivit'y: Expeimental Survey; Basic phenomerology; Vortex state ofa TlT,e II
superconductors; BCS pairing mechanism and nature of BCS ground state; Flux
quantization; Tunneling Experiments; High Tc superconductom; Ginzburg-I_andau theory;
Greens functions at zero temperature; Applications of Grecns funcdons to

(Lechres 10)

(Lectuos 10)

5. Disordered Solids: Basic concepts in point defects and dislocations; Noncrystalline solids:
difftaction pattem, Glasses, Amotphous semiconductors and Feromagrets, Heat capacity
and Therlnal conductiviry ofamorphous solids; euasicrystals. (Lech[es l0)

Text Books:
L lntroducrion to Solid State physics: C. Kittel (Wilex New yok) 2005.
2. Quantum Theory of Solidsi C. Kitbet (Wiley, New york) 1981.

R€fer€nce Books:
l. Principles ofthe Theory of Solids: I Zin d n (Cambrittge Iiniversity press) l 97 2.
2. Solid Staie Physics: H. Ibach and H. Luth (Springer, Be in), 3nl. ed. 2002.
3. A Quantum Approach to Solids: pJ. Tallor (prettice-Hall, E\glerr)ood CIilIs), t970.
4- Intermediate Quantum Theory of Solids: ,4 .O.E. Animalu (East-West prcss, New

Delhi), t 991.
5. Solid State Physics I Ashcro|l emd Mernin (Reinhert& Winston, Berli , 1976.
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MSPH54s-r8 Advanced Particle Physics r-3, T-1, P{ 4 Credlts

Prc-requisit€: Knowledge of particle physrcs

Course Objectiyes: The objective of the course on Advanced Particle Physics is to oxpos€ the
students of M.Sc. class to the relatively advanced topics related to strnmetry bleaking in quantum
field theory, standard model of particle physics, QCD and quark model, and various unification
schemes so that they understand these aspeots prcperly and are well equipped to pursue a career in
high energy physics.

Cource Outcomes: At the end of the course, the student will have understanding of

col Vaious global and local gaug€ symmetrics of system, invariance of action,

symmetry breaking, and Higgs mechanisfi

co2 Need for standard model ofparticle phlsics and its limitations and lhe properties

ofQCD.

c03 The problem of divergencies in quantum field theories and the renormalisation
methods.

col Asynptotic freedom and inftared slavery of the tunning coupling constant in
non-abelian gauge theory of strong interactions -QCD.

c05 Physics beyond the SEndard Vodel Physics.

M|pping ofcourse outcom€s with the program speclllc outcom€s

PSOI PSO2 PSO3 PS04 PSO5 P506 PSOT PSO8

col 3 3 3 3 l l 3 3

co2 3 2 I 3 3 3 3 l

co3 2 3 2 3 3 3 3 3

c04 2 2 3 2 3 3 3 3

c05 I 3 3 2 3 3 3 3

. -.(
"'i:;,;*ffi#*'.t
litlirilP"o
".i'rr cr' 

'
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Detailed Svllabus:

l. Symmetries and Symmetry Breaking in eFT: Continuous groups: Loren.z group
SO(1,3) and its represeDtations, Dirac, Weyl and Majorana fermions, Unitary goups and
grthogonal groups and their representations, Discrete s],,nmetries: pariiy, Charge
Conjugation and Time reversal Invariance, Cp, CpT. (Lectues g)

2. Global and Local invariances of the Action: Approximate synmetries, Noethers
th€orcm, Spontaneous breaking of s),lnrnef]/ and Goldstone theorem, Higgs mechanism,
Ab€lian and Non-Abelian gauge fields, Lagrangian and gauge inva.iant coupling ro manerfields- (Lectures 8)

3. Standerd Model of Psrticle Physics: SU(3) x SU(2) x U(l) gauge theory, Coupling ro
Higgs and Matter fields of 3 generations, Gauge boson and fermion mass generatlon vra
spontaneous s',rnmetly breakingj CKM rnatrix, Low energy Electroweak effective theory
and Decoupling, Elementary electrow€ak scattedng piocesses. (Lechrres g)

4. QCD and quark model: As),rnptoric freedom and Inftared slavery confinement
h'?othesis, Approximate flavor symmetries of the QCD lagrangian, Classification of
hadrons by flavor symmetry: SU(2) and SU(3) mulriplets of Mesons and Baryons, Chiral
s},'rhmetry and chi&l slmmetry breaking, Sigma model, parton model and Deep inelastic
scattering structue functions. (Lectures 8)

5. Beyotrd The Standard Modelt Neulrino mass and neutrino oscillations. Models of
Neutrino mass, Left fught stbmerric models, pati-Salam, SU(5) and SO(10) crand
Unification, Unification ofgauge and Yukawa couplings via RG flows, Supersymrneny ano
Supersymmetric Unification, Exotic processes and their phenomenology, Higgs physics,
Collider Physics, Dark matter, Baryon asymmetry generation, Leptogenesis.

(Lectures 8)

Text Books:
l. Gauge Theory ofElementary Particle Physics: T.P Cheng & L.F. Li (Oxford).
2. An Introductory Course ofParticle Physics: Palash Pal(CRC press).

R€fer€nc€ Books:
L First Book of Quantum Field Theory: A. Lahiri & P. Pal, Narosa, New Delhi.
2. Introduction to Quanrum Field Theory: M. peskin & D.V Schroeder. (Levant Books)_
3. D)mamics ofthe Standard Model: J.F. Donoghue (Cambridge University press)_
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MSPH54GI8 Research Proiect work L-0, T-12, P-0 12 Credits

Pre-requisile: Knowledge of specifi c branch of physics

Course tinlectives: The aim of the M.Sc' Research project work is to expose the shrdents to

preliminaries and methodology of research in Theor€tical Physics aod Experimental Physics.

Students get the opportwrity to pafiicipate in some ongoing research activity and development of a

laborarorv experiment.
Course Outcomes: At the end ofthe course, the student will be able to

co1 Explain the significance and value of prcblem in physics, both scientifically and

itr the wider community.

co2 Design and carry out scientific expenments as well as accurately record the

results of exDerimcnts.

c()3 Citically anal)€e and evaluate experimental stategies, and decide which is most

appropriate for answering speciflc questions-

co4 Research and communicate scientific knowledge in the context ofa topic relatcd

to condensed ma$er physicsNuclear/High Energy Physics, in oral, written and

electronic fomnts to both scientists and the public at large.

c()5 Explore new areas of research in physics and allied fields of science and

technology.

Mapping ofcourse outcom€s with the program specilic outcomes

PSOl PS02 PSO3 PS04 PSO5 PSO6 PSOT PSO8

cor 3 3 3 3 3 3 3 .l

c02 3 2 3 3 l 3 3 3

co3 3 3 3 3 3 3 3 3

c()4 2 3 2 3 3 l 3 3

c()5 2 3 3 l 3 3 3 3

t. K Gujrot Punjab Tah'icol Atieed$, Kapadhato
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Guid€llnes for the Project:

The aim of projeat work in M.Sc. 4th semesters is to expose the sfudents to preliminaries and
methodology of research and as such it may consist of review of some research papers,
development of a laboratory experiment, fabrication of a device, working out some problerq
paficipation in some ongoing research activity, analysis ofdata, etc.. proiect work can be in
Experimental or Theoretical Physics in the rhrust as we as non-thrus! research areas of the
qepanment.

A student opting for this course will be attached to one teacher ofth€ deparhnent before the end of
the 3rd semester. A report about the work done in the project (ryped on Lth rhe sjdes of the paper
and properly bound) will be submitted by a date to be announced by the Head of Department.

Assessment ofthe work done under the project will be carried out by a cornmittee on the basis
of effort put in the execution of the project, interest shown in leaming the methodology, report
prepared, grasp ofthe problem assigned and viva-voce/seminar, eic_ as per course guidelines.

I K Cujnl Punjab Ta,ti.dt Uni%i !. thprnnata
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l.K, Gujrel Punjab Technical Universiry, Kaprrthal,
Department ol Phl sical Sciences

Mioite$ of Meeiing
A meeling of memb€rl qf Board ol Studics aBos)- phvsiLa' Scienccs {Mnlerial Sclence\ano
Seience ard Tech{ology) wsr leld on :3.(!1..:0iE in the Dcpanmc$l of physical !sterrc!_s. I K
Ottrai Pudrb Technjcal Unirersir).'. Kapunhala.

I he lbllrrr ing uere prcscnr in rhc mcering

l. Dr. Amir Sa.in (Cheirperson)

?. Df. Karchan !.. Singlr Men._*r

3. Dr. Hitesh Sherrna. Membcr

4. |)r. Madnder Kaur, Mernbs

5. Dr. A. S. Shuttar. {Chairyerson. UCE. tKCpIL: main campu.s) as SF}cial invilce

6. Dr. eazal Shama (food Scrcrce,IKCPIL nuin campus) as Special invitcc
7. Dr. Jagmesr Barr€ {IKCPTI:,rrin c&nrpus) ar Special invitee

t.l)r Priyanla Mahaian(lKGp I l.J rnair.ampus) as Spccial invilee

9. Dr, Crurav l]lragava (Chenlistr,. IKOpfLt maio caftpls) a! SF€rial jnrile{:

10. Dr. Chander Pcrkash tlhcBistr) . lKCpTt! ntain ca.lpus) as Special invrle{
I L Dr. larinderjir Singh. tlarnhc" (Sfrj.iel :r,!itc.c]

l?. Dr. !i6ri(irat S,ngi. Member(Speciaj ir\ itee\

l-1. Dr Nceaika Sh$$a. Mrmber {speciri inr,itee)

14. S. Nalderpal Sandhu. Me{ret
The fbllo$ing mcmbcr3 could not altend tbe ,nee.,:ng:

l. nr. l)avinder Mehla. Vember

2. Dr. Rali Kunlar- Member

3. Dr. Rakesh Dogra, iileinber

4. Dr. Anind Kumar. i,"'lemhcr

5. Dr. RsDian K|!.11ar &leri5et

6. Dr. R. K. lledi. l{embdi

7. Dr. Hlrrtrscr KaI|r (ire*$i. Memb€r

E, Dr A D Cuptn Mcmbrr

9. Dr. Rs]i\ Ivalhofa \,tellJLr

l0 Dr. P. A.urnugam, MeFtrr
The Board of Studies dircussed od nll the sgenda pojn$ and lbllolring rer{rmmenddliorls rrcre

male:
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DEPARTMENT OF PI{YSICAL SCIENCES

!'tsroN

To be a knowledge nelve cente in Physical Sciences, Pure and Applied Research and industry

requirements for creating sustainable infrastructu€ and enhancing quality oflife

MISSION

To offer globally-relevant, industryJinked, research-focused, technology-enabled

sealnless education at the graduate, postgaduate and research levels in various areas of

Physical sciences keeping in mind that the manpowet so spas'ned is excellent in

qualiry, is relevant to the global scientific and teohnological needs, is motivated to give

its best and is committed to the $owth of the Nation;

To develop and conduct continuing education ptogtammes for Science graduates with a

view to update their fundamental knowledge base and Foblem-solving capabilities in

dre vadous areas of core specialization of the Unive6ity;

To develop comprehensive linkages with prcmier academic and rcsearch instihrtions

within the country and abroad for muhral benefit:

l.

3.
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M.Sc. @hysics) Program

Duration: 2 Yeers (Semester System)

This M.Sc. (Physics) Program includes various core, electives, and other inbrdisciplinary courses.

The dive$e lab experiments allow students to underctand the fundamental aspects ofthe subject. A

choice of advanced elective courses offers a glimpse in the fiontier areas of research and allow

students to work on one-year research project as atr integal part of their M.Sc. programme. The

progriunme also provide adequate exposure to the students for pursuing higher education in the

field of technology (M. Tech-), Physics (M.Phil./Ph.D.) and other job opportunities in academia and

industry.

Eligibility:

Pass B.Sc. with 50% marks haviog Physics as one of the subject. A relaxation of 5% is given in

case ofcandidates belonging to SC/ST category.

Schn. & Syllobts M.Sc Phrsi6) Bath 2016 & ar$|9uds
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PROGRAM XDUCATIONAL OBJECTMS| The Program Educational Objectives are the

knowledge skills and attitudes which the students have at the time ofpost-graduation. At the end

ofthe program, the student will be abl€ to:

PEOI Apply the scientific knowledge of Physics, Mathemarics, Chemistry and Physics
specialization for deeper understanding ofthe nature.

PEO2 Id€ntii', formulate, research literatue, and analyze advanced scientific problems
rcaching substantiated conclusions using first principles of mathematics, natural
scienccs, and engineering scienccs.

PEO3 Design solutions for advanced scientific problems and desigt system components or
Drocesses.

PEO4 Use research-based knowledge and research methods including design of
experiments, analysis and interpretation of data, and s)mthesis of the iofomation to
Drovide valid conclusions.

PEO5 Create, select, and apply appropriate techniques, rcsources, and modem scientific and
IT tools including prcdiction and modelling ro complex engineering activiries with an
understandins of tle limitations.

PEO6 Apply reasoning informed by the contextual knowledge to assess societal, health,
safety, legal and cultural issues and the consequent responsibilities televant to the
Drofessional scientifi c Dmctice-

PEOT Communicate effectively on complex Scientific activities with the
Scientific/engineering commrmity and with society at large, such as, being able to
comprehend and write effective reports and desig! documentation, make effective
presentations, and give and receive clear inshuctions.

PEO8 Recognize the need for, and have the preparation and ability to engage in
independent and lifelong leaming in the broadest context of scientific and
technological change.

Schene & Strllabus (M,Sc, Phlsics) Batch 2016 & On$'a t Page 4 of 64
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PROGRAM OUTCOMES: At the end ofthe progran! the student will be able to:

POI Apply principles ofbasic science concepts in understanding, analysis and prediction

ofphysical systems.

PO2 To introduce interdisciplinary subjects/concepts/ideas for interdisciplinary

aDDlication of Phvsics conceDts.
PO3 To introduce advanced ideas and techniques required in emergent area ofPhysics.

PO4 To develop human resource with specialization in theoredcal and experimental

techniques requjred for carcer in academia and industrv.
PO5 Engage in lif€long leaming and adapt to changing professional and societal needs.

PROGRAM SPECIFIC OUTCOMES: At the end ofthe program, the student will b€ able ro:

PSOI Understand and apply principles ofphysics for understanding the scientific

phenomenon in classical domain.
PS02 Understand and apply mathematical techniques for describing and deeper

undentanding of Dhysical systems-
PS03 Undentand and apply statistical methods for describiog the classical and quantum

particles in various physical svstems and oroscsscs.
PS04 Understand and apply inter-disciplinary concepts and computatioMl skills for

unde$tanding and descdbins the natrrlal Dhenomenon.
PSO5 Understand and applyprinciples ofQuanfum mechanics for understanding thc

Dhvsical svstems in ouantum realm,
PS06 Provide cxposure in various specialization ofPh]sics (Solid State Physics,Nuclear

PhvsicsDarticle Phvsics).
PSOT Provid€ exposure to advanced experimental/theoretical methods for measurement,

obseNation, and fundamental understanding of physical Dhenomenon/svstems.
PSO8 Engage in rcsearch and lifelong leaming to adapt to changing environment.

. -:i
-1
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SEMESTER FIRST

Course
Code

Course Title Load
Allocation

Marks
Distribution

Tota},
\{arks:

L T P lnternal External I
eale s o7Schqe & Silabps (M.Sc. Physics) Ba,ch Z016 & Onwoh



PHS4 r l Mathematical Physics-I I 30 70 100 4

PH54I2 Classical MeclEnics I 30 70 r00

PHS4l3 Quantum Mechanics-I I 30 70 r00

PHS4I4 Statistical Mechanics I 30 10 100 4

PHS4I5 Atomic and Moleaular
lhysics

1 30 10 100 4

PHS416 lhysics Labl 50

TOTAI, 15 5 175 400 23

SEMESTER SECOND

I K GUJN| Punhb lxr^iel Anir.a r, KaDtnhata

Course
Code

Course fitle Losd
Allocatior

Mrrks
Distribution

Total
Marks

Credits

L T P tnternal Dxt€rnal

PHS421 Mathematical Physics-ll I 30 70 100 4

PHS422 Nuclear Physics 3 I 30 70 100 4

PHS423 Quantum Mechanics-Il 3 I 30 70 100 4

PH5424 Computational Physics I 30 70 100 4

PH5425 Condensed matter Physics-I I 30 7n 100 4

PHS426 Physics Lab-II 25

PHS427 Computational Lab t< 3

TOTAL 15 6 200 450 650 26

L: L€ctutes T: Tutorial P: Practical

s.hene & Sluab6 (M.Sc Phlrsici) aakh 2016 & Onwds Page 6 of64



SEMESTER THIRD

SEMESTER FOURTH

t3)
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CI\
I

Course
Code

Course Title Load
Allocation

Marks Distributiotr Total
VIarks

redits

L T P lnternal External

PHS531 Condensed Matter Physicsll I 30 70 t00 4

PHS532 Classical Electrod)mamics 3 I 30 10 100 4

PHS533 Palticle Physics 3 30 ?0 100 4

PHS534 Electronics 3 I 30 70 100 4

PHS535
PHS536
PHS537
PHS538

Elective Subject-l 3 70 t00 4

PHS539 leminar Satis{actory/Unsatisfactory

PHS54O Phlsics Lab-lll 3 25 3

TOTAL 15 5 175 400

Cours€
Cod€

Course Tide Load
Allocation

Marks
Distribution

Total
Marks

Credits

L T P ldternal External

PHS54I
PHS542

Elective SubjectJl I 30 70 r00 4

PHS543
PHS544

Elective Subject-III I 30 70 100

PHS545 M.Sc. Research Project t2 Srtisfsctory/U nsatisfactory

TOTAL l5 5 3 60 t40 200 20

S.hde & Syudbus (M.Sc. Phrsics) Ba,ch 2016 & Oneoth Pdge 7 of64



Elective Sulrjectsi

i.No. \ame ofthe Subject lod€
I Fibre optics and nonlihear optics rHs535

2 Plasma Physics )HS536

3 \lonlinear D)mamics ,HS537

4 Itructues, Specha and Properties of Biomolecules ,HS538

5 3xperimental techniques in Nuclear and Parricle Physics 'HS54l
6 Jhysics of Nanomat€rials 'HS542
7 lnvironmental Physics 'HS543
8 icience of Renewable source of Energy ,HS544

r K cq,at Punjat ret^i.dt a6be^iry, xap'dh'to

Examination atrd Evalurtion

L No. Weigbtage lemarks

Vid teffr/sessional Tests 254/o lest oftwo mid semest€r test will be
:onsidered for evaluation.

2 A.ttendance/Seminar/
A.ssidments

50/.

3 ind semester
:xamtnatton

70% londuct and checking of the answei sheets
rill at the Deparftrent level in case of
Jniversity teachbg Department or
\utonomous institutions. For other colleges
:xamination will be conducted at the university
evel.

4 Iotal 100% \4arks mav be rounded off to nearest inteser.
Pr*ctic,

)aily evaluation of

'ractical 
recordNiva

Yoice/Attenalance etc.

t0% ntemal evaluation

2 linal Practical
)erformance + Viva
y'oice

t0% Extemal evaluation

3 total t000/0 \4arks rnav be rounded offlo nearest inteag.

PHS4ll MATHEMATIC{ PI 'SICS-I L-3, T-1, P-t)
.1

Wot,.
\)n :e{s'l
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Pre-requlslte: None

Course Objectives: The objective of the course on Mathematical Physics-I is to equip the M.Sc.
students with the mathematical techniques that he/she needs for understanding theoretical fteatment
in different courses taught in this class and lbr developing a strong background ifhe/she chooses to
pusue resealch in physics as a career.

Course Outcomesi At the end of the course. the student will be able to

col Formulate and express a physical law in t€rms oftensors and simplify it by use of
coordinat€ transfoms.

co2 Understand the use of complex variables for solving definite i]1tegral.

co3 Solve patial differential equations using boundary value prcblems.

c04 Understand lhe integral equations ro solve the physics problens.

c()5 Use statistical methods to aflalvsis the exoerimental data.

Mtpping ofcourse outcomes with the program specilic outcomes

PSOl PS02 PSO3 PS04 PS05 PSO6 PSOT PSO8

col 3 3 3 3 3 3 3 3

coz 3 3 3 3 3 3 3 2

c03 3 3 l 3 3 3 3 2

c04 3 3 3 3 2 3 3 2

co5 l 3 3 3 2 2 2

S.hene & Stlobus MSc. Phrsics) Bstch 2016 & OaN,aftts Page 9 of64



Det.iled Syllabusl

l. Vector fields and Tensors: Scalar and Vector fields, Scalar and V€ctor products: Curl,
Divergent and Introduction to tensors and definitions, contaction, direct product. euotient
rule, Levi-Civita syrnbol, Non-Cattesian tensots, metric tensor. Covariant differentiation.

2. Complex V{riabl€s: Infioduction, Cauchy-Riemann conditions, Cauchy,s Integal formula,
Laurent expansion, singularities, calculus of residues, evaluation of definite intecrals.
Dispersion rclation.

3. Differential Equationsi Partial differential equations of theoretical physics, boundary value
problems, Neumann & Dirichlet Boundary conditions, separation of variables, singular
points, seri€s solutions, second solution.

4. Integral Equations: Definitions and classifications, integnl fiansforms altd generating
filrctions. Neumann series, Separable Kemels, Hilbert-schmidt theory Green,s functioos il
one dimension.

5. Numerical Techniques: Roots of functions, Interpolation, Extrapolation, Differentiation,
integration by tapezoid and Simpson's rule, RungeKutta method and finite difference
method.

6. El€mentary Statistics: Introduction to probability theory random variables, Binomial,
Poisson and Normal distribution

Text Books:
l Mathematical Methods for Physicists: c. Arfken and H.J. Weber (Academic press,

SanDiego) 7th edition, 2012.

Reference Books:
1. Mathematical Physrcs: PK, Chattopadhyay (mey Eastem, New Delhi), 2004.
2- Mathematical Phys\cs : A.K. Ghotak, I.C. coyol and S.J. Chua (MacMillan, India,

Delhi),1986.
3. Mathematicaf Methods in the Physical Scien es M.L. Boas (Wilq), New York) 3rd

edilion.2007.
4. Special Functions : E.D. Rainville ( MacMilht , New york), 1960.
5. Mathematicaf Methods for Physics and Engineeing. KF-Rile), M.P.Hobson and S.J. Bence

(Cambridge University Prcss, C.anbndge) 3rd ed., 2006.

I. K Gtjrol Panjdb Tehiical UntueE r, Ktprtthdto
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PH5412 CLASSICAL MECHAMCS L-3, T-1, P-o 4 Credits

Pre-requisite: None

Course Objectivesi The aim and objcctive of the couse on Classical Mechanics is to train the
students ofM.Sc. students in the Lagrargian and Hamiltonian fomalisms so that they can use these
in the modem bmnches ofphysics such as Quantum Mechanics, Quantum Field Theory Condensed
Matter Physics, Astrophysics, etc.

cor Understand the oecessity ofAction, Lagangian, and Hamiltonian formalism.

co2 Describe the motion ofa mechanical system using Lagrange-Hamilton fomalism.

c()3 Use d'Alambert principle and calculus ofva ations to derive the Lagrange equations
of motion.

c04 Understand essential features of a classical problem (like motion undcr central force,
pedodic motions), use them lo set up and solve the appropriate physics problems.

co5 Understand the theory of rigid body motion which is important in several areas of
physics e.g-, molecular spectra, acoustics, vibrations of atoms in solids, coupled
mechanical oscillators. electrical circuits. etc..

Mapping ofcourse outcomes with the program specific outcomes

PSOI PS02 PS03 PS04 PS05 PS06 PSO? PSO8

col 3 3 3 3 I 2 2 3

co2 3 l 3 3 2 2 2 3

c()3 3 3 3 3 2 2 2 3

c()4 3 3 3 3 2 2 2 l

c05 3 l 3 3 I 2

^/

3
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Detailed Syllabus:

1. Lagrrngian Formulation: Mechanics of a system of particles; constmints of motion,
genemlized coordinaics, d'Alembert Principle and Lagrange's velocity-dependent forces and
the dissipation firnction, Applications of Lagrangian formulation.

(Lecturet 7)
2. Hamilton's Principles: Calculus of variations, Hamilton_'s principle, Lagmnge's equation from

Hamilton's principle, extension to nonholonomic systems, advantages of variational principle
formulation, slmnetry properties of space and time and conservation theorefirs.

(Lecturut 7)
3. Hamilton's Equ.tions: L€gendre Transformation, Hamilton's equations of motionj Cyclic

coordinat€s, Hamilton's equations ftom variational principle, Principle of least action.
(Lectures 7)

4. Canonical Transformation and Hamilton-Jacobi Th€ory: Canonical transformation and its
examples, Poisson's bmckets, Equations of moion, Angular momcntum, Poisson's Bracket
relations, infinitesimal canonical transformation, Conservation Thcorems. Hahilton- Jacobi
equations for principal and characteristic functions, Action-angle vadables for systems with
one-degree oflieedom. (Leclura 10)

5. Rigid Body Motion: Indcpendent co-ordinates of tigid body, orthogonal transformations,
Eulerian Angles and Eulcr's theorem, infinitesimal rotation, Rate ofchange ofa vector, Coriolis
forcc, angular momentum and kinetic energy of a rigid body, th€ inertia tcnsol pdncipal axis
trMsfomation, Euler equations of motion, Torque free motion of rigid body, motion of a

s)mmetrical !op. (Lecturei I 0)

TUTORIALS: Relevant problems giveo at the end of each chapter in different books.

T€xt Books:
l. Cfassical Mechanics: H. Goldstein, C.Poole and J Salko (Pearson Education Asia, Neu Delhr,

3d ed 2002.
2. Classical Mechanics of Particles and fugid Bodies: K.C. Gupta (Wiley Eastern, New Delhi),

1988.

Schene & S)'Aabus (M.Sc. Physits) Batch 2016 & Onwa s
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PH54l3 Qurntum Mechanics-I L-3, T-1, P-0 4 Credits

Pre.requisite: wave meohanics,

Cours€ Obj€ctives: The aim and objective ofthe course on Quantum Mechanics-I is to introduce
the students of M.Sc. class to the fomal structure of the subject and to equip them with thc
iechniques of vector spaces, angular momentum, perhfbation theory and scattedng theory so that
they can use these in various branches ofphysics as per their requirement.

Course Outcomes: At the end ofthe course. th€ student will be able to

col Understand the need for quantum mechanical formalism and basic principles.

c02 Appreciate the importance and implication of vector spacesr dirac ket bra
notations, eigen value probiems, generalized uncertainty principle in quantum
mechanlcs.

co3
Better unde$tanding of the mathematical fbundations of angular momentum of a
system ofparticles.

c()4 Applications of various approximation methods in solving the Schrodinger
equatron,

co5 Apply &e perturbation theory to scattedng rnatrix and partial wave analysis.

Mapping ofcourse outcomes withlhe program specific outcomes

PSOl PS02 PS03 PSO{ PS05 PS06 PSOT PSO8

col 2 l 3 3 3 3 2 2

co2 2 3 3 3 3 3 2 I

c03 I 3 3 3 3 3 2 3

co4 3 3 -l 3 3 3 3

co5 3 l ,,; 3 l I
/1 /

2

. /)a:.
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Detail€d Syllabus:

1 . Linear V€ctor Space rnd Matrix Mechanics: Vector spaces, Schwarz inequaliq', Orthonormal
basis, Operators: Projection operator, Hemitian and Unitary operators, change of basis,
Eigenvalue and Eigenvectors of operators, Dirac's bm and ket notation, commutaton,
Simultaneous eigenvecto$, Postulates of quantum mechanics, uncertainty relation, Hannonic
oscillator in matrix mechanics, Time development of states and operato$, Heisenberg!
Schroedinger and Interaction representations, Exchange operator and identical particles,
Density Matix and Mixed Ensemble. (Lectura 12)

2. Angular Momentum: Angular part of the Schriidinger equation for a spherically symmetric
potential, orbital angular domentum operator. Eigen values and eigenvecto$ of L2 and Lz.
Spin angular momentum, General angulai momentum, Eigen values and eigenvectors ofJ2 and
Jz. Representation of g€nenl angulE momennun operator, Addition of angular momenta, C.G.
coefflcients. (Lectures 7)

3. Stationery State Approxlrnate Methods: Non-Degenerate and degenerate perturbation theory
and i1s applications, Variational method with applicatiom to thc groud states of harmonic
oscillator and othcr sample systems. (Lectures 7)

4. Time Dependent Perturbation: G€neral expression for the probability of aansition flom one
state to another, constant and hannonic pemrbations, Fermi's golden nrle and its application to
radiative transition in atoms, Selection rules for emission and absorption oflight.

(Lechtres 7)

5. Scattering Theory: Scattering Cross-section and scattering amplitude, pafiial wave analysis,
Low energy scattering, Gre€n's functions in scattering theory, Bom approximation and its
application to Yukawa potential and other simple potentials. Optical theorem, Scattering of
identical palticles- (Lectures 7)

T€xt Books:
1. A Text book of Quanhrm Mechanics: PI4. Mathews and K. Venkatesan (Tata Mccraw Hill,

New Delhi) 2nd edition, 2004.
2. Quantum Mechanics: VK Thankappan (New Age, New Delhi), 2004.

Reference Books:
L Quanhrm Mechanics: M.P. Khanna, (Har Anand, New Delhi), 2006.
2. Modem Quantum Mechanics: J.J. Sakurai (Addison Weslcy, Reading), 2004.
3. Quantum Mechanics: J.L. Powcll and B. Cmsemann (Nirosa, New Delhi), 1995.
4. Quantum Physics: S. Gasiorowicz (Wiley, New YorD,3rd ed. 2003.

Schene & Syuab"s (M.5.. Phli,sics) Batch 2016 & Ontuo s
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PHS414 Siatistical Mechanics L-3, T-l, P-0 4 Credits

Pre-requisite: None

Course Obj€ctiyes: The aim and objective of rhe course on Statistical Mechanics is to equip the
M.Sc. student with tbe techniques of Ensembte theory so that he/she can use these to unde$tand
the macroscopic properties of the matter in bulk in terms of its microscopic constituents.

Course Outcomes: At the €nd ofth€ course. the student will be able !o

col Undentand Equations of state and thermodynamic potentials for elementary
systems of particles.

co2 Leam Modem aspects ofequilibrium and non-equilibrium statistical Physics.

co3 Describe the features and examples of Maxwell-Boltzmann, Bose-Einstein, and
Fermi-Dirac statistics.

c()4 Work with vadous models of phase transitions and thermo-dlnamical
fluctuations.

co5 Describe physical quantities in quantum systems.

Mrpping ofcours€ outcomes with the program sp€cific outcomes

PSOl PS02 PSO3 PSO4 PS05 PSO6 PSOT PSO8

col l 3 2 3 3 3

co2 2

co3 3 3 2 2 2 2 3 3

co4 2 3 2 2 I 2 3

c()5 2 3 3 2 3 2 3 3
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D€tailed Syllabus:

1. The Statistical Basis of ThermodJmamics: The macroscopic and microscopic states,
contact between statistics and thermodynamics, classical ideal gas, Gibbs paradox and itl
solution. (Lecturcs 8)

2. Ensemble Th€ory: Phase space and Liouville's theorem, the microcanonical ensemble
theory and its applicatiol to ideal gas of monatomic particles; The canonical ensemble and
its themrodFamics, partition function, classical ideal gas in canonical ensemble theory!
energy fluctuations, equipartition and virial th€orems, a system of quanfum harmonic
oscillatorc as canonical ensemble, statistics of paramagnetism; The grand canonical
ensemble and significance of statistical quantities, classical ideal gas in gland canonical
€nsemble theory density and enetgy fluctuations. (Lectura 8)

3. Qurntum Statistics of Ideal Systems: Quantum states and phase space, an ideal gas in
quantum mechanical ensembles, statistics of occupation numbers; Ideal Bose systems:
basic concepts and thermod5mamic behaviour of an ideal Bose gas, Bose-Einstein
condcnsation, discussion of gas of photons (the radiaiion fields) and phonons (the Debye
ficld); Idcal Fermi systems: thermodyumic behaviour ofan ideal Fermi gas, discussion of
heat capaciry ofa free electron gas at low temperatures, Pauli paramagnetism.

(Lectures l0)
4. El€ments of Phase Tmnsitionst Introduction, a dyramical model of phase transitions,

lsing model in zeroth approximation. (Lectures 4)

5. Fluctuations: Themod,,namic fluctuations, random walk and Bruwnian motion,
introduction to nonequilibrium proc€sses, diffusion equation. (Lectures 3)

TUTORIALS: Relevart problems given in the end of each chapter in the text book-

Tcxt Books :

1. Statistical Mechanics: R.K. Pathfia and P.D. Beale (Butterwofih-Heinemann, Oxford), 3rd
edition,201l.

R€ference Books :

l. Statistical Mechanics: K. Huang (Wiley Eastern, New Delhi), 1987.
2. Statistical Mechanics: B.K. Aganaal and M. Eisner (Wiley Eastern, New Delhi) 2nd

editiotr, 201L
3. Elementary StatisticalPhysics: C. Kittel (wiley, New York), 2001.
4. Statistical Mechanicst S.K Sinha (Tata Mccraw Hill, New Delhi), 1990.
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PHS415 Atomic rtrd Molecular Physics I-3, T-1, P4 4 Cr€dits

Pre.requisite: None

Course Objective$: The aim and objective of the cours€ on Atomic and Molecular Physics for
the students of M.Sc. Physics is to equip them with the knowledge of Atomic, Rotational,
Vib@tional, Raman, and Elechonic spectra.

Coulse Outcomes: At the end ofthe course. the student will be able to

co1 UndeNtand basic elemelts of atomic and molecular spectroscopy

co2 Understand classical/Quantum desffiption of electronic, vibrational and
rotational specha

c03 Coffelate spectroscopic infomlation ofknown and unknown molecules with their
physical description

c()4 Understand and use Rarnan Spectroscopy for analysis ofmolecules

c05 Understand Spin Resonance Spectroscopy with focus on NMR for molecular
analysis

Mapping ofcourse outcomes with the proglam sp€cific outcomes

PSOl PSO2 PSO-] PSO4 PS05 PSO6 PSOT PSO8

cot l 3 3 2 3 2 2 3

c02 3 3 3 3 3 3 3 3

c()3 3 3 3 l 3 3 l 3

c04 3 3 3 2 3 3 3 3

c()5 3 3 3 2 3 3 3 3

p
77
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Detailed Syll.bus:

l. Electronic Sp€ctroscopy of Atoms: Bohr-Sommerfeld model of atomic structure,
Electronic wave function and atomic quantum numbers - hydrogen specmm - orbital, spin
and total angular momentum - fine sftuchre of hyalrogen atom - many el€ctron spectnrm:
Lithium atom spechum, angular momentum of many elecfons - telm s),rnbols - the
spectrum of hclium and alkaline earths equivalent and non-equivalent electrons -X-ray
photoelectron spectroscopy. (Lectures 8)

2. Electronic Spectroscopy of Molecules: Didtomic molecular spectra: Bom-Oppenheimer
approximation - vibratiotral spectra and their progressions Franck-Condon pdnciple
dissociation energy and their products rotational fihe structure of electronic-vibration
transition - molecular orbital theory the spectrum of molecular hydrogen - change of
shape on excitation - chemical analysis by electronic spectroscopy - reemission of energy

findamentals of Iw photoelectron spechoscopy- (Lectures 9)
3. Microwav€ and Raman Spectroscopy: Rotation of molecules and their spectra - diatomic

molecules - intensity of line spectra the effect of isotlopic substitution non-rigid totator
arld their spectra polyatomic molecules (linear aDd syfinetic top molecules) Classical
theory of Raman €ffect - pule rotational Radan spectra (linear and s!'rnmetric top
mol€cules). (Lectures 8)

4. Infra-red and Raman Spectrosropy: The energy of diatomic molecules Simple
Harmonic Oscillator -the Anhannonic oscillator- the diatomic vibGting rotator
vibmtion-rotalion spectrum of carbon monoxide brcakdown of Bom-Oppenheimer
approximation the vibrations of polyatomic molecules -influence of rotation on the
spectra of polyatomic molecules (linear and slmrnetric top molecul€s) - Rarran activity of
vibrations vibrational Raman spectra - vibrations of Spherical top molecules.

(Lectures 8)
5. Spin Resonance Spectroscopy Spin and rnagnetic field interaction - Larmor precession -

relaxation time spin-spin rela{ation - spin-lattice rela-xation - NMR chemical shift -
coupling constants coupling between nuclei - chemical analysis by NMR - NMR for
nuclei other than hydrogen - ESR specfoscopy - fine structure in ESP'. (Lectures 8)

T€xt Books:
1. Futrdamentals of Molecular Spectroscopy by Colin N- Banwell and Elaine M. McCash

(Tata Mccraw-Hill Publishing Company limited).

R€feretrce Books:
l. Physical method for Chehists (Second Edition) ,) Rtatsell S. Drago (Saunden College

Publishing).
2. Introduction to Atomic Spectra: lI.E Wite-Auckland McGruw Hill, 1934.
3. Spectroscopy Vol. I, &lll: Walker & Straughen
4. Introduction to Molecular spectroscopy: 6. M. Baftow-Tokyo Mccraw Hill, 1962.
5. Spectra ofdiatomic moleculcst Herzberg New York, 1914-
6. Molecular spectroscopy: Jcanne L. McHale

L K. Cujnl Pnjab Iahni.zt aniveBirJ. Rdpunhdla
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Pre-r€quisite: None

Course Objectiv€s: The aim and objective of the laboraiory on Physica Lab is to expose the
snrdents of M.Sc. class to experimental setups in electronics so that they can verify some of the
things read in theory here or in earlier classcs and dcvelop confidence to handle sophisticated
equrDmenl,

Course Outcomes: At the end ofthe course. the student will

co1 Acquire hands on experience ofhandling and building electronics circuits.

co2 Be familiar with the various components such as resisto6, capacitor, inductor, IC
chips and how to use these comDonents in circuits.

c03 Be able to understand the construction, working principles and V-I characteristics
ofvarious devices such as PNjunction diodes, UJT, TRIAC etc.

c()4
Capable of using components of digital elecfonics for various applications.

c05
Able to design and perfom scientific experiments as well as accuately record
and analvze the results of exDeriments.

Mapping ofcourse outcomes uith fhe progrrm sp€cific outcomes

PSOI PS02 PSO3 PSO4 PS05 PSO6 PSOT PSO8

col I 2 2 2 2 3 -1

co2 1 2 2 I 2 2 3

co3 I 3 3 2 3 3 2

co4 3 2 3 3 2

c()5 2 2 3 3 2 3 l 3

Schde & Syllabw (M.Sa Phlsi.s) Batch 2016 & Onwads



L K G.jnl Pnhb TahnLrt antuBily tap.nhdla

List of exp€riments:

l. Sfirdy the forward and reverse chamcteristics ofa Zener diode.

2. Construction ofadder, subtracter, differentiator and itergmtor circuits using the given OP-

Arnp.

3. Study the static and drain characteristics ofa JFET

4. Construction ofan Astable multivibrator circuit using transistor

5. Construction ofa sirgle FET amplifier with common source configuration

6- Construction of an A,{D cotrverter circuit and study its perforrnauce

7. Construction ofan D/A coflverter circuit and study its perfon]laoce

8. Construction of a low-pass Iilter circuit and sh.rdy its output performance

9. Constuction of a high-pass filter circuit and study its output pedomance

10. Blectron Spin Resonance Spechometer Experiment

11. Four Probe Method- Determination ofresistivity ofsemiconducior at different temperafure

12. To study pulse amplitude, Pulse widrh and Pulse position modulatioo

13. To study the ftequency respons€ of an operational amplifier

14. To study the characteristics of multivibrators- bistable, Astabl€, monostable

15. To find the wavelength of sodium light using Michelson interferometer.

Schene & ErAobus (lr{,Sc Phrsics) Bdch 2016 & Ow'anls
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PHS42l Mathematical Physics-II L-3, T-r, P-0 4 Credirs

Pre-r€quisite: None

Course Objectives: The aim and objective ofthe course on Mathematical Physics-Il is to equip
the M.Sc. Snrdents with the mathematical rechniques that he/she needs for understanding
theoretical reatrnent in different couses taugh! in this class and for developing a strong
background ifhe/she chooses to pursue research in physics as a career.

Couls€ Outcomes: At the end ofthe course. the snrdent will able to

col Apply ol'group theory in all the bran!hes ofPhysics.

co2 Use Fourier series and transformations as an aid for anal\,zina exDerim€ntal data.

c()3 Use integral transform to solve mathematical problems ofinter€st in Physics.

c()4 Understand the applications ofDelta and gamrra functions in all tle branches ol
Physics.

c05 Develop mathematical skills to solve quantitative Foblems in physics.

Mapping ofcourse outcomes with the program specilic outcomes

PSOI PS02 PS03 PSO4 PS05 PSO6 PSOT PSOS

co1 1 3 3 3 2 3

co2 I 3 2 2 2 2 2 3

c()3 I
-:1 2 2 2 2 2 .l

c04 1 l 2 3 2 2 3

c05 I 3 3 2 2 3
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Detailed syllabus:

1. Group Theory :What is a group ? Muftiplication table, conjugate elements and classes,
subgroups, Isomo4rhism and Homomorphism, Delinition ofrepresentation and its
properties, Reducible and irreducible represebtations, Schu/s lemmas (only
statemeflts), characters of a representation. Example of C4v, Topological groups and
Lie groups, three dimensional rotation group, special unitary groups SU(2) and SU(3).

2. Delta and Gamma Functions :Dirac delta function, Delta sequences for one
dimensional flmction, properties of delta fimction, Garnma futrction, factorial notation
and applications, Beta function,

3. Sp€cial FunctioDs iBessel imctions of fust and second kind, Generating frmction,
integral representation and recurrence relations fo! Bessel's fiructions of first kind,
orthogonality. L€g€ndre functions : genera[ing function, rccurence relations and
special properties, orthogonality, various definitions of Legendre pollnominals.
Associated Legendre firnctions: recurence relations, parity and orthogomlity, Hemite
finctions, Laguerre fu nctions.

4. Fourier Series {nd lntegral Transforms :Fourier serigs, Didchl€t conditions. General
properties. Advantages and applications, Gibbs phenomenon. Fouder tlansforms,
Development of the Fourier integml, Invercion theorem, Fourier transfoms of
derivatives; Momentum representation, Laplace transforms, Laplace transforms of
derivatives, Pmp€rties oflaplace transform, Inverse Laplace transfonnation.

Text Books :
L Group Theory for Physictsts I A.W Joshi (Wiley Eastern, New Delhi) 2011.
2. Mathematical M€thods for Physicists : G. ,4rJkzn and H.J. Weber, (Academic Press, San
Diego) 7th edition, 2012.

Reference Books :

L Matrices and Tensors in Physics : ,,1.12 "/os,i (l$iley Easten, New Delhi) 2005.
2. Numerical Mathematical Analysis, "/.8. Scdrrorough (Oxford Book Co., Kolkata) 4th

3. A First Course in Computational Physics: PL. Devries (Wile!, New york) 1994.
4. Mathematical Physics, PK. Chatopadhyay (mley Eastern, New Delhi) 2011.
5. Infoduction to Mathematical Physics : C l1dlper (Prcnkce Hall oflndia, New Delhi) 2006.

t. K. Gujrot Punjah rur^i.ot Unie.rfit, taapanh.la
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PHS422 Nuclear Physics I-3, T-1, P-0 4 Credits

Pre.r€quisite: None

Course Obj€ctivesi The aim and objective ofthe course on Nuclear physics is to familiadze the
students of M-So. class to the basic aspects of Nuclear Physics like static properties of nuclei,
radioactive d€cays, nuclear forces, nuclear models, and nuclear reactions so that they are equipped
with the techniques used in studying these things.

( ours€ Outcomes; At fte end of the course, lhr studenl will be able Lo

col Understand stnrcture and properties ofnuclei, radioactive decay, and different
q.pes of nuclear reactions.

co2 Understand Quanhrm behavior ofatoms in external electric and maenetic fields.

c03 Comparc various nuclear models and properties ofthe nucleus.

co4 Understand about nucleat forces and their dependencc on various Darametqs.

co5 Describe various tlpes of nuclear reactions and their ptoperties.

Mapping ofcour$e outcomes with the program speclllc outcomes

PSOl PSO2 PSO3 PS04 PSO5 PS06 PSOT PSOS

col I 2 3 3 3 3 3 3

coz I .l I l 3 3 3 l

c03 I 3 I 3 3 3 3 3

c()4 I l I 3 3 3 3 3

cos I 3 2 3 2 3 3 l
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Detailed Syllabus:

1- Nuclear Models: Liquid drop model, Binding energy; fission and fusion, Experimental
evidonce for shell effects, Shell Model, Spin-Orbit coupling, Magic numbers, Application of
Shell Model like Angular momenta and parities of nuclear gromd states, Collective model-
nuclear vibrations spectra and rotational specua. (Zect res 8/

2. Static properties of nucl€us: Nuclear radii and measurements, nuclear binding energy
(review), nuclear moments and systematic, wave-mechanical properties of nuclei,
hyperfinestructue, effect ofextemal magnetic field, Nuclear magnetic teso0 ace. (Lectures 5)

3. Nucl€sr decay: Review of barrier penetration of alpha decay & Geiger-Nuttal law. Beta
decays, Fermi theory, Kude plots and compantive halfJives, Allowed and forbidden
transitiom, Experimental evidence for Parity-violation in beta decay, Electron capture
probabililics, Double beta decay, Neutdnodetection ofneutrinos, mcasurement ofthe neutrino
helicity. Multipolarity of garlllla transitions, intemal conversion pmcessJ transition rates.

lLectures 6)
.1. Nucle forces: Evidence for saluration of nuclear density and binding energies (review)!

\pes of nuclcar potcntial, Ground and cxcitcd states of deuteron, dipole and quadrupolc
moment of deuteron, n-p scattering at low energies, parlial wave analysis, scattering length,
spin-dependence of n-p scattering, effective-range theory, coherent and incoherent scattering,
central and tensor forces, p-p scattering, exchange forces & single and triplet potentials,
meson thcory ofnuclea. forces. (Leclurcs 8)

5. Neutron physics: Neutron production, slowing down power and moderating mtio, neutron
detection. (Lectures j )

6, Nuclear reactions: Nuclear reactions and cross-sections, Resonance, Breit Wigner dispersion
formula for l:0 and higher values, compound nucleus, Coulomb excitation,nuclear kinematics
and radioactive nucleat beams. (Lectures 4)

T€xt Books :

l.Nuclear Physics : Iffing Kaplan lNarosa), 2002.
2.Theory of Nuclear Structure : R.R. Roy and B.P. Nigam (New Age, New Delhi) 2005.

Reference Books :

l.Basic Ideas and Concepts in Nuclear Physics : K. Hyde (lnstitute ofPhysics) 2004.
2.Nuclea. physics: Experimental and Theoretical, H.S. Hans (NewAcademic Science) 2nded
(2011).
S.Nuclear Physics and its applications by John Liley
4.Nuclcar Physics V Devnathan

PHS423 Ouantum Mechanics-lI L-3. T-1. P-0 4 Cr€dits
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Pre-r€quisite: Preliminary course of Quantum Mechimics

Cours€ Objectiv€s: The aim and objective of the couse on euantum Mechanics-Il is to
i[troduce the M.Sc. shrdents to the formal sftucture of the subject and [o equip him,her with the
techniques of Relativistic quantum mechanics and Quantum field theory so that he/sh€ can use
these in vadous branches ofphysics as per his/her requirement.

Cours€ Outcom€s: At the end ofthe course, the student will be able to

co1 Understand relativistic effects in quantum mechanics and need fot quantum field
theory.

co2 Demonstrate the Lorentz covariant form of Lagratrgian and Hamiltonian for
scalar, vector fields, electromagnetic fields and their second quantisatio[.

c03 Understand the s)mmetdes aIId the implications ofNoether's Theorem in
conserved curents and charses.

co4 Understand the interactiotr pictue, S-matrix, and Wick's Theorem.

c05 Explain the origin of FeJmman diagmms and apply the Fe),nman rules to derive
the amplitudes for eleme ary processes in QED.

Mapping ofcourse outcomes with the program specilic outcomes

PSOl PS02 PSO3 PSO4 PS05 PSO6 PSOT PSOS

col I 2 2 2 2 2 l
co2 I 2 2 2 2 2 3

c03 I 2 3 -l 2 2 2

c04 I l 3 3 2 2 3

c()5 I 2 3 2 2 3 3

tu,/,-"
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D€tailed Syllabus:

L Relativistic Quantum Mechanics-l: Klein-Gordon equation, Dirac equation and its plane

wave solutions, significance of negative energy solutions, spin angular momentum of the

Dirac pzrticle, the non-relativistic limit of Dirac equation-

Oectures 12)
2. Relativistic Qurntum Mechrnics-ll: Electron in elechonugnetic fields, spin magnetic

moment, spin-orbit idtelaction, Dirac equation for a particle in a central field, fine sfiLlcture

of hydrogen atom, Lamb shift.
(Lecturet l0)

3. Qusntum Field Theory: Resume of Lagrangian and Hamiltonian formalism of a classical
field, Quantization of real scalar field, complex scalar fleld, Dirac field and e.m. field,
Cova ant perturbation theory, Wick's theorem, Scattering matrix.

(Lectures 12)
4. Feynman diagrams:Feynman diagrarns and thejt applications, Wick's tbeorem, Scattering

mattix, QBD.
(Lectura 8)

Text Books:
l. Text Book of Quantum Mechanics -PM. Mathews & K. Venkatgsan-Tata Mccmw Hill

20r0
2. Ouantum Mechanics CAn dhas - Prentice Hall oflddia 2006
3. lntroduction to Quantum Mechanics - David J.Griffiths Pearson Prentice Hall,2005
4. Quantum Mechanics - A Devanathan - Narosa Publishing-New Delhi
5. Quantum Mechanics L.I Schiff- Mccraw Hill 1968

6. Quantum Mechanics - A.K. Ghatak a1ld S. Loganathan-McMillan India
7. Principles of Quantum Mechanics - R.Shankar, Springer 2005
8. Quantum Mechanics - Satya Prakash- KatharNathRamnath Meerut

t:.
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MSPII424 Computational Physics L-3, T-1, P-0 4 Credits

Prerequisit€: None

Course Oblectives: The aim aod objective of the course on Computational Physics is to
familiarize the of M.Sc. shrdents with the numerical methods used in computation and
progmmming using any high level lMguage such as Forhan C++, etc., so that they can use these
in solving simple physics problems.

Course Outcom€s: At the end ofthe cowse. the shrdent will be able to

co1 Apply basics knowledge ol computational physics in solving the physics
Droblems.

co2 Programme with the C++ or any other high level language.

c()3 Use various numerical methods in solving physics problems.

c04
Analyze the outcome ofthe algorithrn/program using gEphic plots.

c()5
Apply physics knowledge in understanding interdisciplinary problem/concepts.

Mapping of course outcomes with th€ program specilic outcomes

PSOI PSO2 PSO] PS04 PSO5 PS06 PSOT PSO8

co1 .l 3 I I 2 3 3 3

co2 I 2 I

c()3 3 3 2 2 2 2 3 3

c(x 2 3 2 I 2 I 2 l

c05 2 l 3 2 3 2 3 3
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Detailed Syllabus:

l.Introduction to high level languege: Need and advantages of high level language in physics,
prograruning in a suitable high level language (Marlab^,lath€matictscilab/ Octave), inputoutput,
interactive input, loading and saving data, loops bmnches and control flow. Matiices and Vectors,
Matdx and array operations, eigenvalues and eigen vectors. (LeLtares | 2)

2.Sub prograrns: Advantages of modular programming, built-in functions, scripts, fulctions,
sharing ofvariablos between modules. &ectures 8)

3.Graphics: 2D plots, style options, axis control, overlay plots, subplor, histogiam, 3D plots, mesh
and surface plots, contou plots. (Lectures 8)

4.Numerical computation: Compukr prognms for: solving lincar system of simultaneous
equations, nonlinear algebraic equation, roots of polynomials, curve fitting, polynomial curve
fitting, least square ourve fittingj interpolation, data analysis and statistics, numerical integntion,
Monte-Carlo simulation, ordinary differential equation, first order and s€cond order ODES, ev€nt
focatron. (Lectures 15)

S. List of experiments:
l.Black body radiation (computatiotr and gaphical representation)
2.Reflection and transmission ofan electromagnetic wave
3.Statistical distributions at different tempemtues
4.Binding energy curve for nuclei using liquid drop model
5.Eigen-valuc problem: 1-D square potential well
6.Eigen-values and wavc-firnctions ofa simplc harmonic oscillator
T.Monte-Carlo simulation
8.Linear/Projectile motion (simulation and solutions)

Text Booksl
l. Pratap R, "Cetting started with MATLAB 7", Oxford Univ. Press, 2006
2. Gilat A, "Matlab: An introduction with applications", Wiley, 2008
3. Eaton J W Batchman D and Hauberg S "GNU Octave Manual Version 3", Network Theory

Ltd.2008
.{. Campbell S, Chancelier J P and Nikoukhah R, "Modeling and simulation in Scilab", Springer

2005
5. "Mathematica Information Center ('Mathsource')": http://library.wolfram.corn/infocenter/

2009
6. Cerald C F atrd Wheatley P O, "Apptied Numerical Analysis", 7th Ed, Additon Wesley2003

(-h 
-. u,'"'e:|f'.^,'tr' !f-1r,'r1-3ii[irt'' 
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PIIS425 Condensed Matler Phvsics-I L-3, T-r, P-0 4 Credits

Pr€-requisite: None

Course Objectives: The aim and ob.jective of the course on Condensed Matter Physics-I is to
expose the shrdents of M.Sc. class to the topics like elastic constants, lattice vibrations, dielectric
properties, energy band theory and transpori theory so that they are equipped with the techniques
used in investigating these aspects ofthe matter in condcnsed phase.

Cours€ Outcom€s: At the end ofth€ course- the student will be able to
co1 Understand basic elements of crystal shucture of condensed matte.

co2 Understand accurate description of lattice d),namics and thermal properties of
crystalline solids.

c(}3 Understand origin ofenergy bands in solids with focus on semiconductors.

co4 Describe and ur erstand basics of nanspon propenies across solids.

co5 Describe and underctand maenetic and diel€ctric behavior ofsolids.

Mapping ofcours€ outcomes with th€ program specific outcomes

PSOl PSO2 PS03 PS04 PSO5 P306 PSOT PSO8

col .l l l 3 2 I 3 2

c()2 3 3 3 3 3 3 3 3

co3 l 3 3 3 3 3 3 3

co4 3 3 3 .l 3 3 3 3

c()5 l 3 -1 3 3 3 3 3
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D€triled Syllabus:

l.Elastic constants :

Binding in solids; Stress components, stiffuess constant, elastic consEnts, elastic waves in crystals.

2.Lattice Dynamics and Th€rmal Properties i
Rigorous fteatment of lattice vibmtions, normal modes; Density of states, themodJmamic
properties of crystal! anharmonic effects, thermal expansion.

3.Energy Band Theory:
Electrons in a periodic potential: Bloch theorem, Nearly free electron model; tight binding method;
Semiconductor Crystals, Band theory of pure and doped semiconductois; elementary idea of
semiconductor superlattices.

4.Transport Theory:
Elechonic transpofi fiom classical kinetic theory; Introduction to Boltzmann transport equation;
€lect cal and thermal conductivity of metals; thermoelechic effects; Hall effect and numeto
reslstance.

s.Diel€ctric Propertier of Materialsi
Polarization mechanisms, Dielectric imction from oscillator strength, Clausius-Mosotti relation:
piezo, p1'ro- and ferro-electricity.

6.Liquid Crystals :

Thermohopic liquid crt€tals, Lyotropic liquid crystals, long ritnge order and order parameter,
Various phases ofliquid crystals, Effects of elecaic and magnetic field and applications, Physics of
liquid crystal devices.

TUTORJALS :Relevant problems given in the books listed below.

Text Books:
L lnhoduction to Solid State Physics: C. Ki el (Wley, New York), 8th ed. 2005.
2. Quantum Theory ofsolids: C. Kittel (Wiler, New fttrk) 1987.

Reference Books:
l. Principles ofthe Theory ofsolids: J Zinr an (Cambridge Universit] Press) 1972
2. Solid State Theoryt Walter A. Haftison (Tata McGraw-Hill, New Delhi) 1970.
3. Liquid Crystafs: .t Chandrasekhar (Cambndge University), 2nd ed. 1992.

I x. Aujnt Punjab fahnilat Univ^itr, Itdrttthdta
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PH5426 Physics Lab-ll L-3, T-1, P-0 4 Credits

Pre-requisite: None

Course Objectivesl The aim and objective of the Physics LAB -II is to expose the students of
M.Sc. students to experimental techniques in atomic and nuclear physics so that they can verify
some ofthe results obtained in theory and develop confidence to handle sophisticated equipment.

Course Outcomesr At the end ofthe course. th,3 student will be able to

co1 Acquire hands on experience of using panicle detectors such as GM counter and
a Scintillation counter.

c02 handlc oscilloscope for visualisation of various input and output signals.

co3 Understand the basic ofnuclear safely managem€nt.

c()4
Pedorm scientifrc experiments as well as accurately record and analyze the
rcsults of nuclear experiments.

c()5
Solve applied nuclear problems with critical thinking and analltical reasoning.

Mapping ofcourse oulcomes nith th€ program specific outcomes

PSOI PS02 PS03 PS04 PSO5 P306 PSOT PSO8

co1 2 2 I 3 3 3

co2 l 3 I 3 I l

c()3 I I l I l I 2

c04 I l 3 3 I 3 3 3

co5 I l l 3 1 l 3 3
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Detalled Syllabus:

Not€: Students are exp€ct€d to perform atlesst l0 expefiments out of following list.

| . Dctermination of e/m of electron by Normal Zeeman Effect using Febry perot interferometer.

2. To veriS/ the €xistence ofBoh/s energy levels with Frank-Hertz experiments.

3 . Detemination ol Lande's factor of DPPH using Electron-spin resonance (E.S.R.) spectrometer

4. Determinationof ionizationPotential of Lithium

5. Analysis ofpulse height ofganrma lay spectra

6. To sfudy the characteristics ofG.M. counter

7. To determine the dead tifte ofG.M. counr€r

8. To study absorption ofbeta particles is matter

9. To study Gaussian dishibution using G.M. counter

10. Source strength ofa beta source using G.M counter

I 1 . Determination of Planck's constant using Photocell and interference filters.

12. Recording and calibrating a gamma ray spectrum by scintillation counter

13. Detecting gamma mdiation with a scintillation counter

14- To study absorption of ganrna radiation by scintillation counter

15. Identifying and det€rmining the activity of weakly mdioactive samples

Text Books:
1. Fundamentals of Molecular Spechoscopy by Colin N, Banwell and Elaine M. Mccash (Tala

Mccraw-Hill Publishing Company limited).
2. Physics ofAtoms and Molecules by B. H. Bransden and C. J. Joachain.

Reference Books:
L Physical method for Chemists (Second Edition) by Russell S. Drago (Saunders College

Publishing) .

2. Introduction to Atomic Spectra: I1.E Wite-Auckland Mccraw Hill, 1934.
3. Spectroscopy Vol. I, & III: Walker & Straughen
4. Introduction to Mofecular spectroscopy: G.M. Barrow Tobo Mcc/aw Hill, 1962.
5. Spectra ofdiaiomic rnoleatles: Herzberg-New Yotk, 1944. , 

.... ..;
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PHS42? Computational Lab L-3, T-1, P-0 4 Credits

Pre-r€quisite: Non€

Course Objectivesi The aim and objective oflhe lab on Computatioml Physics-Il is to tlain the
students ol M.Sc. class in understanding numerical methods, the usage ofhigh level language such
as C++ language for simulation ofresults for different physics problems and graphic analysis of
physical data, so that they are well equipped in the use of computer for solving physics related
Droblems,

Course Outcomes: At the end ofthe cowse. the student will be able to

col Unde6t rd and apply basics knowledge of numerical methods in solving the
phvsics Droblems.

co2 Write proganrme wift Lhe C+' or any other high le\el language.

c()3 Iram use of graphical methods in data analysis and solving physics problems.

c()4
Solve physical problem, enabling development of critical thinking and anal!'tical
rcasonine,

c05
explore application ofcomputational physics in frontier areas ofpure and applied
research in ohvsics and allied fields.

Mapping ofcourse outcomes lrith the program specific outcomes

PSOI PS02 PS03 PSO4 PS05 PSO6 PSOT PS08

co1 I 2 I 3 3 I 3 l
co2 2 2 I 3 3 2 3 3

c03 2 2 2 l 3 2 3

c04 I 3 2 2 3 2 3 2

c()5 I 2 3 3 2 2 3

(>./
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PIIS53I Condensed Matter Phvsics-Il L-3, T-1, P-0 4 Credits

Pr€-requisit€: None

Course Objectives: The aim and objective of the cou$e on Cotrdensed Mstter Physics is to
expose the students of M.Sc. class to the topics like elastic constants, lattice vibradons, dielectric
properties, energy band theory and ffansport theory so thai they are equipped with the techniques
used in investigating these aspects ofthe matter in condensed phase.

Course Outcomes: At the end ofthe course. thc student will be able to
cor Unde$tand and describe Optiral properties of solids

coz Understand and describe magnetic propenies of solids

c03 Understand use of NMR mcthods for describins solids

c04 Understand and explain the behavior of superconductors

co5 UnderstaDd the effect of defects and deformation on the behavior of solids

Mapping ofcourse outcomes h_ilh lhe program specific outcomes

PSOl PS02 PSO3 PS04 PSO5 PSO6 PSOT PSOS

co1 3 l 3 2 3 2

coz l 3 3 3 3 3 3 3

c03 3 3 3 3 l 3 l 3

c()4 3 3 l 3 3 3 3 3

co5 l 3 3 3 l 3 3 3
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Detailed syllabus:

l. Optic&l Prop€rties :Macroscopic theory - generalizf,d. susceptibility, Kramers- Kronig
relations, Brillouin scattering, Raman effecl interband hansitions_ (Lectures 8)

2. Magnetism:Dia- and pan-magnetism in materials, Pauli paramagnetism, Exchange
intelaction. Heisenberg Hamiltonian mean field theory; Ferro-, f€.ri-and
iultiferromagnetism: spin waves, Bloch T3/2 law (Lectures 8)

3. Principles of Mrgnetic Resonrnc€: ESR and NMR - equations of motion, line width,
motioml narrowing, Knight shift. (Lectures 8)

4. Superconductivity :Experimental Survey: Basic phenomenology; BCS pairing mechanism
and natue of BCS ground state; Flux quantization; Vdtex state of a Tlpe Il
superconductors; Tunneling Experimen8; High Tc superconductors. (Lectures B)

5. Disorder€d Solids : Basic concepts in point defects and dislocations; Nolcrystalline
solids: diffiaction pattem, glasses, arnorphous semiconductors aDd ferromagnets, heat
capacity and thennal conductivity of amorphous solids, nanostructures - shoft expose;
Quasicrystals. (Lectutes 8)

Text Booksi
1. Introduction to Solid State Physics : C r(i/rel (wiley, NeN york) 2005.
?. Quantum Theory ofsolids : C. Kittel (mley, New york) 1987.

Reference Books:
L Principles of the Theory of Solids : J. Ziman (Cambidge uni|e/sity Press) 1972.
2. Solid State Physics : H. Ibach and H. Luth (Springer, Berlin), 3rd. ed. 2002.
3. A Quantum Approach to Solids : PJ- Ttrylor (Prentice-Hall, Englewood Cliffs), 1970.
4 Intermediate Quantum Theory ofSolids : ,4.a E. Animalu (E.tst-West press, New Delhi),1991.
J. Solid State Physics : Ashcroft and Metmin (Reinhert& Witlston, Berlin), 1976.

t K Gujmt Punjat fahnk.t unt,^itr, X.pwthdla
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Pre.requisite: None

Course Objectiv€s: The Classical Electrodynamics course covers Elechostatics and
Magnetostatics including Maxwell equations, and their applications to propagation of
elecftomagnetic waves in dielectrics; EM waves in bounded media, waveguides, Radiation from
time vorying sources.

Course Outcomes: At the end ofthe cours€. the stud€nt will be able to

col Understald and apply the laws of electroFagnetism and Maxwell's equations in
different forhs and different media.

co2 Solve the electric and magnetic fields Foblems for different configuations.

c()3 Provide solution to r€a1 lil'e plane wave problems for various boundary
conditions.

c04 Calculate reflection and transmission ofwaves at plane interface.

c05 Analyze propagation of electromagnetic waves through different waveguides.

Mrpping ofcourse outcomes $itb lbe program specific outcomes

PSOI PSO2 PS03 PS04 PSO5 PS06 PSOT PSO8

co1 l 3 I 2 I 2 I 2

c02 3 3 I 2 2 2 2 2

c()3 3 3 I 3 2 2 2

co4 3 3 2 -l 2 2 I 2

cos 3 3 I .l 2 2 2 2
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Detailed Syllabus:
l. Electrostatics: Laplace and Poisson's equations, Elechostatic potential and energy density

of the electromagnetic field, Multipole expansion of the scalar potential of a charge
distribution, dipole moment, quadrupole moment, Multipole expansion of the energy ofa
chargc distribution in an extemal field, Static fi€lds in material media, Polarization vector,
macroscopic equations, classification of dielectric media, Molecular polarizability and
electrical susceptibility, Clausius-Mossetti relation, Models of Molecular polarizability,
energy of charges in dielectric media (Maxwell stress tensor). (Lectures l0)

2. Magnetostatics: The diflerential equations of magnetostatics, vector potential, magnetic
fields of a localized curent distribution, Singularity in dipole field, Fenni-contact term,
Force and torque on a localized current distribution. (Magnetic stress tensor)

(Lectures 8)
3. Boundary value problems: Uniqueness theorem, Dirichlet and Neumann Boundary

conditions, Eamshaw th€orem, Green's (r€ciprocity) theorem, Formal solution of
electrostatic boundary value problem with Grecn function, Method of images with
examples, Magn€tostatic boundary value problems. (Lectures 8)

4. Time vsrying fields and Mexwell equations: Fataday's law of induction, displacement
currenl Maxwell equations, scalar and vector potential, Gauge uansformation, Lorentz and
Coulomb gauges, Hertz potential, Ceneral expressiod for the elechomagnetic fields energy,
conservalion of energy, Poy[ting Theorem, Cons€nation of momenfum.

(Lectures 8)
5. El€ctromagnetic lvav€s: wave equation, plane waves in free space and isotropic

dielectrics, polarization, energy transmitted by a plane wave, poynting theor€m for a
complex vector field, waves in conduoting media, skin depth, Reflection and refraction of
e.m. waves at plane interface, Frcsnel's amplitude relations, Reflection and Tlansmisslon
coelTicients, polarization by reflection, Brcwster's angle, Total intemal reflection, Stoke's
parameters, EM wav€ guidcs, Cavity resonators, Dielectric waveguide, optical fibre
waveguide, Waves in rarefied plasma (ionosph€r€) and cold nagneto-plasma, Frequency
dispersive characteristics of dielectrics, conducton and plasmas. (Lectures 8)

6. Radiation from Locrlized Timc varying sources: Solution of the inhomogeneous wave
equation in the absence ofboundaries, Fields and mdiation ofa localizcd oscillating source,
electric dipole and electric quadrupole fields, center f€d antenna. (Lectures 4)

Tett Books:
L Classical Efectrod),iamics: S.P. Puri (Narosa Publishing House) 2011.
2. Classical ElectrodFamics: J.D. Jackson, (New Age, New Delhi) 2009.
3. Introduction to Elecirod)'namics: D..L Gilfiths (Prentice Hatl In.|ia, New Delhi) 4th et|.,

201).
Referenc€ Books:

L Classical Electromagnetic Radiationt lB. Marion and M.A. Heald(Saunders College
Puhlishing Huusel 3rd edition. 1995. ,,^t/

2- Elechomagnetic Fields, Ronald K. llangsne$ (John Wiley and Sons) 2ny'$io ,lf,&9Li3. Electromagnctic Field Theory Fundamentals: Bheg Singh G lu and H.-iJ /xdl4$?dsi'ri'"
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PHS533 Partlcle Pbysi{s r-3, T-1, P-0 4 Credits

Pre-requisite: course on Quantum mechanics abd Quantum field Theory

The aim and objective ofthe course on Particle Physics is to introduce the M.Sc. students to the
invariance principles and conservation laws, haalion-hadron interactions, rclativistic kinematics,
st4tic quark model of hadrons and weak interactions so that they grasp the basics of fundamental
particles in proper perspective.

Course Outcomes: At the end ofthe couse, the student will be able to understand

col Overview of particle sp€ctrum, their inte€ction and dajor histodcal and latest

develoDments.

co2 Vaious invariance principles and s).rnmetry properties in particle phlsics.

c03 Basic rules of Fe)mrnan diagrams and the quark model for hadrons.

c04 Properties of neuftons and protons in terms of a simple nonreltivistic quark
model.

c05 Weak interaction between quarks and how that this is responsible for p decay.

Mapping of course outcomes with the program specific outcomes

PSOI PSO2 PS03 PS04 PSO5 P306 PSOT PSO8

co1 ) 2 2 3 3 2 3

co2 2 2 2 3 3 2 3

c()3 2 2 3 3 2 3

c04 I I 3 3 2 3 3

c05 I I 2 3 3 2 2
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Detailed Syllabus:

l. Introduction: Fermions and bosons, pafiiclcs and antiparticles, quarks and leptons,
interactions and fields in particle physics, classical and quantum pictures, Ywawa prcrure,
tlpes ofinteractions electromagnetic, weak, strong and gravitational, units.

(Lectures 7)
2. Invariance Principles rr|d Cons€rvrtion Lawsi Invarianc€ in classical mechanics and

quantum mechanics, Pariqi, Pion parity, Charge conjugation, Positonium decat Time reversal
(Lechtres 7)

3. Hadron-Hadron Interactions: Cross section and decay rates, Pion spin, Isospin, Two
nucleon system, Pion-nucleon system, Stmngeness and Isospin, G-parity, Total and Elastic
cross section, Particle production at ligh energy. lLectures 7)

4. Relativistic Kinematics and Phase Spsce: lnffoduction to relativistic kinematics, particle
reactions, Lorentz invariant phase space, two-body and three body phase space, recrfsion
relation, effective mass, dalitz, K-3 p-decay, t-0 puzzle, dalitz plots for dissimilar particles,
BreiFwigner resonance fomula, Mandelstem variables. (Lectures 7)

5, Static Quark Model of Hadrons: The Baryon decuplet, quark spin and color, baryon octet
quark-antiquark combination. (Lectutes 7)

6. Weak Interactions: Classification ofweak interactions, Fermi theory Parity non conseffation
in B-decay, experimental determination of parity violation, h€licity of neutrino, K-decay, CP
violation in K- decay and its experimental determination.

(Lectures 7J

Text Books:
1. Inhoduction to High Energy Physics : D.H. Perkins (Cambridg€ University Press), 42000.

Reference Books:
L Elementary Particles : I.S. Hughes (Cambridge University Press). 3 

ded. 1991.
2. Infoduction lo Quarks and Padons : F.E. COse (Academic Press, London), l9?9.
3. Introduction to Particle Physics : M.P. Khanna (P.cntice Hall oflndia, New Delhi), 2004.

invariance, CPT theorem.

L r, Galtut Panjab Tehni.zl U^i@^itJ, Kopufiolt
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Pre.requisite: Basic knowledge about electronics

Course Objectives: The aim aDd objective of the course on Electronics is to introduce the
students of M.Sc. class to the formal sfucturc ofthe subject and to equip them with the knowledge
of semiconductor physics, basic circuit analysis, first-order nonlinear circuits, OpAMp based
analog circuits and introduction to digital elecffonics so that they can use these in various branches
ofphysics as per their rcquirement.

Course Outcomes: At the end ofthe course. th(j student will be able to

col Understand working of Different Sefticonductor devices (Construction, Working
Principles and V-l characteristics) and their applications.

c02 Leam about the consfuction and working of Th'.ristors and various applications of
Thydstols.

co3 Understand Analog and Digital Inshuments and th€ir applications.

c()4 Enable them for using Boolean algebra and Kamaugh maps.

c05 lntroduce them to the Seou€ntial and lntesrated circuits.

Mapping ofcours€ outcom€s with the program specific outcomes

PSOl PS02 PSO3 PSO4 PSO5 PSO6 PSOT PS08

col 3 2 2 2 3 I 3 l
coz 2 2 1 l I I 3 2

c03 I I I 2 3 3

co4 3 3 2

c05 2 2 2 -l 3 I

Schene & Srllabus (MSe Ph$ics) Balch 2016 & Onwarats Page 4I of64



D€tsil€d Syllabus:
l. Analog and Digital Instruments: lntroduction-Basic Emitter Follower Volhneter; FET Input

Voltmeter: Voltage Follower Voltmeter; Amplifrer Ttpe OP AMP Voltmeter; Voltag€ to Current
Conveter; Curent Measurement with Analog Electronic Instrumenti Time Base; Basic Digital
Frequency Meter System: Reciprocal Counting Technique; Digital Volmeter System; Digital
LCR Measurements. (Lectures 8)

2. UJTS and Thyristors: Operational Principle ofUJT: UJT Relaxation Oscillator circuit; PNPN
Diode: Characteristics- As a Relaxation Oscillator-Rate Effect; SCR: V-I Characteristics - Gate
Triggering Characteristics; DIAC and TRIAC; Thyristors: Basic Paramete$- As Current
Controllable Devices- Thyristors in Series and in Parallel; Applications of Thlristors-As a
Pulse Generator, BistzbleMultivibrator, HaIf and Full Wavc Controlled R€ctifier, TRIAC based
AC power control, SCR based Crowbar Protection; Cate Tum-Off Th'..istors; Progmmmable
UJT. (Lectura 10)

3. Digital Integrrted Circuits: 7400 TTL: TTL Paramet€rsj T'IL-MOSFET'S; CMOS
FET'qThree State TTL Devices: Extemal drive for TTL Loads; TTL Driving Extemal Loads;
74C00 CMOS; CMOS Characteristicsj TTL to CMOS Interface; CMOS to TTL intefacc;
Current Tmcers. (Lectures 7)

4.

S.

Integrat€d Circuits as Analog System Building Blocks: Electron'c Analog Computation;
Active Filters: Butterworth Filter-Practical Realization-High Pass lilkr-Band Pass Filter-Bard
Reject Filter; Delay Equalizer; Switched Capacitor Filters; Comparators; Sample and Hold
Circuits; Waveform Genemtols: Square Wave Generator Pulse Generator-Triangle wave
Generator-Sawtooth Genemtol Regenerative Compamtor: Schmitt Trigger
Integrated Circuits as Digital System Building Blocks: Binary Adders: HalfAdder-Parallel
Operation-Full Adder-MSl Adder-Serial Operation; Decoder/Demultiplexeri BCD to Decimal
Decoder-.1-to-16 line Demultiplexer; Data Selector^\dultiplexer: l6-to- I Multiplexer; Encoder;
ROM:Code Converters-Progranming rhe RoM-Applications; RAM:Linear Selection-
Coincident Selection-Basic RAM ElementsBipolar RAM-Static and D],namic MOS RAM;
Digital to A-nalog Converiersr Ladder Twe D/A Converter-Multipling D/A Converter; Analog
to Digital Converters: Successive Approximation A,lD Converter. (Lectures 8)

Text Books:
l- Text Book of Electroncs: S. Chattopadhyay, New Cenhal Book Agency Pl-td., Kolkata, 2006.
2. Digital Principles and Applications: A.P. Mabino a d D.P. Leach, Tata Mccraw-Hill,

Publishing Co., Ncw Delhi.

R€ference Books:
L Elcctronics Principles and Applications: l.B. Btu tacharya,New Central Book Agency P.Ltd.,

Kolkata- 2007.
2. Integrated Electronics Analog and Digital Circuits ard Systems: I Millman, C.C Halhns and

C. Parikh,2"d Editio\Tat^ Mccraw Hill Education Private Limited, New Delhi, 2010.

t, K Gujtd Punjob Tuhri.ot Uni}eriry, rdpa ratd
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PHS53s Fibre Optics and Non-linear optics L-3, T-1, P-0 4 Credits

Pre-r€quisite: Non€

Course Objectives: Course Objectives: The aim and objective of the course on Fibr€ Optics
and Nonlinear Optics is to expose the M-Sc. students to the basics of the challenging research
field of optical fibres and their use in nonlhear optios.

Course Outcomes: At the end ofthe course. the student will be able to

col Understand the structure of optical fiber and descdbe properties of optical fibers.

co2 Understand and comDare the various orocesses offibers fabdcation

c()3 Understand tbe pinciples of fiber optics communication in different media

c()4 Analyze the electro-optic and acousto-optic effects in fibers

c()5 Understand nonlinear effects in optical fibers.

Mapping ofcourse outcomes $lth the prograit specilic outcomes

PSOI PSO2 PS03 PS04 PSO5 P306 PSOT PSO8

co1 2 2 2 3

c()2 2 2 3

c()3 2 3

co4 2 2 3

cos 2 2 3
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Detailed Syllabus:

1. Optical fibr€ and its properties: Introduction, basic fibre construction, propagation of light,
modes and the fibre, refractive index profile, tlpes of fibre, dispersion, data mte and band
width, attenuation, leaky modes, bending losses, cut-off wavelengih, mode field diameter,
other fibre fy?es. (Lectures 7)

2. Fiber fabricrtion and cable design: Fibre fabrication, mass production offiber, comparison
of the processes, fiber drawing process, coatings, cable design requiremmts, typicat cable
design, testing. (Lectures 5)

3. Optics of snisotropic m€diai Introduction, the dielechic tensor, stored electromagnetic
energy in anisotropic media, propagation of monochromatic plane waves in anisotropic
media, directions ofD for a given wave vectot angular relationships between D, E, H, k and
Po)'nting vector S, the indicatrix, uniaxial crystals, index surfaces, other surfaces related to the
uniaxial indicatrix, Huygenian conshuctions, tetardation, biaxial crystals, intensity through
polarizer/waveplate/ polarizer combinations. (Lectura 10)

4. ElectrGoptic and acousto-otpic effects and modulation of light beams: lntroduction to
the electro-opiic affects, linear elecho-optic effect, quadratic elec[o-optic effects,
longitudinal electio-optic modulation, transvetse elecEo optic modulation, elecho optic
amplitude modulation, elecao-optic phase modulation, high ftequency wave guide,
electro-optic modulator, strain optic tensot calculation ofLM for a logitudinal acoustic wave
in isotropic medium, Raman-Nath dilTraction, Raman-Nath acousto-optic modulator.

(Lectures 1 0)

5. Non-linear optics/process€s: Introduction, anharmonic potentials and nonlinear polarization,
nonlinear susceptibilities and mixing coefficients, parametric and other nonlinear prccesses,

(Lectures 8)

Text Books:

L The Elements of Flbre Optics: S.L.W1mer and Meardon (Regents/Prentice Hall), 1993.

Refercncc Books:
./. Lasers and Electro-Optics: C.C. Daris (Cambridge University Press), 1996.
2. Optical Electronics. Gathak & Thragarajan (Cambridge Univ. Press), i,989.
3. The Elements ofNonJinear Optics: Pll Butcher &D. Cotter (CanbrfigelUniversity Prcss),

L X. Gajnl Pasjab Tuhni.al Utit.ts/'!, Kapttlhata
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PHS536 Plasmr Physlcs L-3, T-1, P-0 4 Credlts

Pre-requisite: Course orl Elechod]hamics

Course Objectives: The aim and objective of the couse on plasma physics is ro expose the
M.Sc. studeuts to the basics of the challengi[g research field plasma physics.

Cours€ Outcom€s: At the end ofthe coulse. the snrdent will bc able to

co1 Understand the origin ofplasma, conditions ofplasma formation and properties
ofplasma.

c()2 Distinguish between the single particle approach, fluid approach and kinetic
statistical approach to desc.ibe different plasma phenomena.

c03 Classifl' propagation of electrostatic and elechomagnetic waves in magnetized
and notr-magnetized plasmas

c()4 Descdbe the basic transport phenomena such as plasma resistivity, diffIsion and
mobility for boft magnetized and non-magnetized plasmas.

cos Formulate the conditions for describing a plasma to be in a state of
thermodlnamic equilibrium, or non-equilibrium, atrd analyze the stability of this
equilibdwn.

Mrpping ofcours€ outcomes with lhe program specific outcomes

PSOI PSO2 PS03 PS04 PS05 PSO6 PSOT PSO8

col 3 2 2 3 3 I

co2 l 3 3 3 l 3 I

co3 3 3 l 3 3 3 2

c04 3 3 3 3 3 3 I I

cos 3 3 -l 3 3 3 2 t
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Detailed Syllabus:

1. lntroduction: Plasma Statc, clcmentary concepts and definitions of tempemture and othcr
parameters, occurence and importanc€ of plasma for various applications, Ptoduction of
Plasma in the laboratory Physics ofglow discharge, elechon emission, ionization, breakdo&'n

ofgases, Paschen's laws and different regimes ofE/p in a discharge, Townsend discharge ald
the evolution of discharge . (Lectwe.s 8)

2. Phsma dirgnostics: Probes, energy analyze$, magnetic probes and optical diagnostics,
preliminary concepts. (Leclures 5)

3. Single particle orbit theory: Drifts of charged partioles under the effect of different
combinations of electric and magnetic fields, Crossed electric and magnetic fields,
Homogenous electric and magnetic fields, spatially varying electric and magnetic fields, time
varying elect c and magnetic tields, pafiicle motion in large amplitude waves.

(Lecturcs 8)

4. Fluid d€scription of plasmas: distribution functions and Liouville's equation, macroscopic
piramete$ of plasma, two and one fluid equatrons for plasma, MHD approximations
commonly uscd in one fluid equations and simplified one lluid and MHD equations. dielectric
constant of field liee plasma, plasma oscillations, space cha.rge waves of warm plzrsrn\
dielectric constant of a cold magnetized plasma, ion- acoustic waves, Alilen waves,
Magnetoronic $aves. (Lectures | 0)

5. Stabilify of fluid plasma: The equilibrium of plasma, plasma instabilities, stability analysis,
two stream instability, instability of Alfuen waves, plasma supported against gravity by
magnetic field, energy principle. microscopic equations for my body systcm: Statistical
equations for many body systems, Vlasov equation and its properties, drift kinetic equation
and its properties.

T€xt Books:
l. Introduction to Plasma Phlsics, flR C?e/,

Referenc€ Books:
l. Principlcs ofPlasm^Physics, Krall and Triewlpice
2. lntroduction to Plasma Theory, D.R. Mclol,ran
3. The Plasma Stare, ",1.2. Sro,iret
4. Introduction to Plasma Phystas, M. Unan
5. Principles ofPlasma Diagnostic, LH. Hutchinsoa

(LectureJ 7)

L K. Guhtl Pujob Tahnilal Unite/sit!, Xaryrrrala
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PHS537 Nonlin€ar Dynamlcs L-3, T-1, P-0 4 Credits

Pre-rcquisite: None

Course Objectives: The aim atrd objective ofthe course on Nonlinear Dynamics rs to familiurize
the M.Sc. students with the basics of the recently emerging research field ofdynamics ofnonlinear
Hamiltonian sysfems.

Course Outcomes: At the end ofthe course, the student will be able to

cor Understand basic knowledge of nonlinear d)'namics and phenomenology of
chaos

co2 Apply the tools ofdynamical systems theory in cont€xt to models

c03 Leam skills by solving problems on solving nonlinear problems using numeric-
methods-

c04 Understand Hamilton approach for describing various physical system

cos Quantify classical chaos and Quantum chaos

Mapping ofcourse outcomes r4ith the program specilic outcom€s

PSOl PSO2 PSO3 PSO4 PSO5 PSO6 PSOT PSO8

co1 2 3 l 3 3 z 3 I
co2 3 3 3 3 2 3

c03 3 3 3 3 3

c()4 3 3 3 3 3 3 2

c05 3 -l .l l 3 2 3 2
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Detailed SyllNbus:

l. Phenomenology of Chao6: Linear and nonlinear systems, A nonlinear electrical system,

Biological population grouth model, Lorenz model; determinism, unpredictability and
divergence of ffajectories, Feigenbaum numbers and size scaling, self similarity, models and

universality ofchaos. (Lectura 8)

2. Dynamics in State Space: State space, autonomous and nonautonomous systems, dissipative
systems, one dimensional state space, Linearization near fixed points, two dimensional state

space, dissipation and divergence theor€m. Limit cycles and their stability, Bifurcation theory
Heuristics, Rout€s to chaos. Threc-dimensional dynamical systems, fixed points and limit
cyoles in tluee dimensions, Lyapunov exponents and chaos. Tkee dimensional iterated maps,

U-sequence. (Lectura 10)

3. Hamiltonian Syst€m: Non-integable systems, KAM theorem and period doubling, standard

map. Applications of Hamiltonian Dlaramics, chaos atrd stochaslicity.
(Lectures 8)

4. Quantifying Chaos: Time series, Lyapunov exponents. Invariant measure, Kolmogorov _

Sinai entropy. Fractal dimension, Statistical mechanics and thennod',namic lbrmalism-
(Lectures 7)

5. Quantum Chaos: Quanhrm Mechanical analogies of chaotic behaviour, Distribution of
cnergy eigenvalue spacing, chaos and semi-classical approach to quantum mechanics.

{Lectures 7)

Text Books:
L Chaos andNon Linear Dynamicsr R.C, Hilbom (Oxford Univ, Press),2001.

Reference Books:
1. Chaos in D).namical Systems: E. Ott (Cambridge Univ. Press), 2002.

2. Apptied Nonlinear Dynamics: A.H. Nalfeh and B. Balachandran (Wiley), 1995.

3. Chaos in Classical and Quantum Mechanics: M.C. Gutzwiller (Springer-Verlag), 1990.

L tr.Gulrut Puajtt feh"icot udi|e6iry, E.ptflhota
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PHS538 Structures, Spectrs and Properties
ofBiomolecules

L-3, T-1, P-0 4 Credits

Pre.requisite: None

C-ourse Objectives: The aim and objective of the course on Structures, Spectrs and properties
of Biomolecules is to familiarize the M.Sc. students with the basics of the rec€ntly emerging
research field ofdynamics of Structures, Specha and DroDerties ofBiomolccules_

Course Outcomes: At the end ofthe course. the stude[t will be able to

col Describe various structual and chemical bonding aspects ofBiomolecules.

co2 Understand structure and theoretical techniques and their application to
Biomolecules.

c03 Understand use of vfiious spectroscopic techniques and their application to the
Biomolecules.

c04 UndeNtand the shucture-Function relationship and modeling of biomolecules.

c05
Outline and correlate for providing solution to interdisciptinary problem

Mrpping ofcourse outcomes with the progmm specific outcomes

PSOI PSO2 PSO3 PSO4 PS05 PSO6 PSOT PSOS

co1 3 3 3 l 3 2 3 2

co2 3 3 3 3 3 3 3 3

c03 3 3 3 3 3 3 3 l
c04 3 3 3 3 3 3 3 3

cos 3 3 3 3 3 2 3 2
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D€trlled Sylltbus:

L structure Aspects of Biomolecule: Conformational Principles, Conformation and

Co[figuation Isomers and Derivatives, Structure of PolFucleotides, Structure of
Pol)?eptides, Primary, Secondary Tertiary and Quatemary Sftucture of Proteins, Structure

ofPolysaccharides. (Lectures 10)

2. Theoretical T€chniqu€s rnd Th€ir Applicrtion to Biomoleculesl Hard Sphere

ApFoximation, Ramachandran Plot, Potential Energy Surface, Outline of Molecdar
Mechanics Method, Brief ideas about Semi-empirical atrd Ab initjo Quantum Theoretical
Methods, Molecular Charge Distribution, Molecular Elechostatic Potential and Field and

theiruses, (Lectures l0)

3. Sp€ctroscopic T€chDiques and their Applicrtion to Biomolecul€s: Use of NMR in

Elucidation of Molecular Structue, Absorption and Fluorescence Spectroscopy, Circular
Dichroism, Laser Raman Spectroscopy, IR spechoscopy, Photoacoustic Spectroscopy,

Photo-biolosical AsDects of Nucleic Acids. Qecnres I0)

4, Structure-Function R€lstionship and Mod€ling! Molecular Recognition, Hydrogen
Bonding, Lipophilic Pockets on Recepto$, Drugs and Their Principles ofAction, I-ock and

Key Model and Inducei fit Model. (Lectures 10)

T€xt Booksi
| . Sri ivasan & Pattarli. Shucture AsDects of Biomolecules.

Reference Books:
l. Go|il & Hosura Conformations ofBiological Molecules
2. Pn?er Basic Molecular Biology
3- Pullman: Qu nt.rf]' Mechanics of Molecular Confomations
4. Lehninger : Blochemlstry
5. Mehler&Cordes: Biological Chemistry
6. Snilh and Hanawaitr molecular Photobiology, Inactivation and Recovery

I r. eahzl Pnlab Tehni.al Uiiwnxr' Kapunhdta
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Pr{s539 Seminar L-0, T-2, P-0 2 Credits

Pre-requisit€: Knowledge of specifi c brarrch onrhlsics

Course Objectlves: The aim of the seminer i. to@
methodology of research in Theoretical physics and Experimental physics.

Lourse uuacom€s: A1 tie end ol rhe course, rhe srudmr wilj be able to

col Explain the significance and value ofprobtem in physics.

co2 Design and carry our scientific experiments as well as accurately recordTi-liii
of experiments.

c03 Critically anallse the experimental shategies, and decide which one is most
appropriate for answering spei ific quesrioos.

c04 Communicate the scientific knowledge in the context ofa topic related to
Physics, in oral, written and electronic forma$.

cos Explore new areas of research in physics and allied fields of science and
technolosv.

Mrpping of course outcomes with the program specifrc outcomes

PSOl PS02 PSO3 PSO4 PSOs PSO6 PSOT PSOS

co1 3 3 3 l 3 3 3 l
co2 l 2 3 3 l 3 3 3

c03 3 3 3 3 3 3 l 3

c04 2 3 2 3 3 3 3 3

c05 2 3 3 l 3 3 3 3
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Guidelin€s for the s€mfulr:

The aim of Semina! in M.Sc.3lh semesters is to expose some oflh€ Studeats to preliminaries and

methodology of research and as such it may consist of rcvicw of some research pqpeis'

developmert of a laboratory e.raperiment, fabrication of a device, worldng out som€ probl€rq

analysir of dala, etc. related to rcsearch Project wort which catr be in Experimental Physics or
Theoretical Physics io lhe thnrst as well as aon-tblust research areas ofthe deparnnent.

A student opting fof this cours€ will b€ attached to one teacher of the deparhent il1 lhe start of the

3rd semester. These seminars are aimed to develop in-deptl subject knowledge and skill. Besides

subject expertise, they help train students in the prcsentation and cornmuoication skill-

I {, Gr4dl Panjab Tctni.dl Atit6i$, rq@thal4
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PHS540 Physics Lab-m L-3, T-1, P-0 4 Credits

Pre-requisite: Nor€

students of M.Sc. class to advanced experimental techniques in condensed matber physics so that
they can investigate various relevant aspects and are confident to handle sophisticafcu cqurpmenr
and analyze rhe dara.

Course Outcomes: At the end of the course. dre student will be able 6

col Measure conductivity, resistivity and thermo-d),namical propenies ofsolids

co2 Measue magnetic properties and magnetic behavior of magnetic materials.

c()3 Describe the lattice dynarnics of simple lattice shuctures in terms of dispersion
relations.

c04
Design and carry out scientific experiments as well as accurately record and
analyze the results of experiments.

c05
Solve problem with critical thinking and analltical reasoning.

Mapping of course outcomes with the progrem specltic outcom€s

PSOI PS02 PSO3 PS04 PSO5 PS06 PSOT PSO8

col 3 l 3 3 2 2 3

c()2 3 l 3 3 3 2 l
co3 3 3 2 l 3 2 2 3

c()4 3 3 2 3 3 3 2 3

co5 l -l 2 3 l 3 2 3

( \,)/
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D€tailed Syllabus:

Note: Students are expected to perform rtleast ten experiments out of following list.

1. To study temperahfe dependence of conductivity of a given semiconductor crystal usi[g four

probe method.

2. Tempenture dependence of a ceomic capacitor-verification of curie-weiss law for the

electrical susceptibility of a ferroelectric material.

3. To determine charge carrier density and Hall coefricient by Hall effect

4. To determine energy gap and resistivity ofthe semiconductor using four probe method.

5. To determine magnetic susceptibility ofmate al using Quink 's tube method.

6. To determine energy gap and resistivify ofthe semicotrductor using four probe method.

7. To trac€ hysteiesis loop and calculate retentivity, coercivity and sanration magletization.

8 To study fie series and parallelcharacrcristics ofphouovoltaic cell

9. To study the spectral characteristics ofphotovoltaic cell.

10. To determine the g-facior using ESR spectometer

Text Book$:
L lntroduction to Solid State Physics: c. ,Kttlel (Wiley, New York),8th ed. 2005.

2. Quartum Theory ofSolidst C. Kittel (Wiley, NeN York) 1967.

Reference Booksi
1. Principles ofthe Theory ofSolids:1 Zirran (Cambridge University Press) 1972

2. Solid Stat€ Theory: Walter A. Haftison (Tata McGraw-Hill, New Delhi) 1970.

3. Liquid Crystals: S. Chandrasekhar (Cambridge Universitt), 2nd ed. 1992.
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Elective Subject -II
PHS54t Experimental Techniques in

Nuclear and Perticle Phvsics
L-3, T-1, P{ 4 Credits

Pr€-requisit€: Cou6e on Nuclear and particle phvsics

Lourse uDjernves: the alm alod objective of the course on Experimental Techniques in
Nuclear and Particle Physics is to expose the students of M.Sc. studints to experimental ispects
of d;fi_erent equipment and methods used in the fields ofnuclear physics and particle pnysrcs.

Course Outcomesi At the end ofthe course, th" 
"tudenl 

will bi ubGi

co1 Understand various experimenfal bchniques for describing interaction of
radiations with matter.

co2 Use various sratisrical melhods for experimental dara.

c03 Knowicdge abour rhe different r5pes of rhe rudErion diG"ror, "nd ir.

aoblications.

c04 Intoduced to neutron physics, mcthods to detector slow and fast neutrons.

c()5 Equipped with the basic knowledge abour the experimental methods used in ttle
various laboratories across the world.

Mapping ofcourse outcomes with the progrtm specific outcomes

PSOl PS02 PSO3 PSO4 PS05 PSO6 PSOT PSO8

coI 2 2 3 3 3 3

co2 l 3 2 .l l 3

c()3 3 l 3 3

c()4 l 3 3 3 3 3

co5 3 3 I 3 3 3

:
,
i

':
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Detalled Syllrbus:

l. Detection of radiationsi Interaction of gamma_rays, elechons, hcavy charged pafiicles,

neutrons, neutrinos and other pafiicles with matter' General prop€rties of Radiation detectors,

energy resolution, detection efficiency and dead time. Statistics and treatment of experimental

data. Gas-filled detectors, Proportional counters, spaae charge effects' energy resolution,

time charactenstics of signal puls€, position-sensitive Foportional counters' Multiwire
propoftioml chambe6, Drift chamber, Time pmiection chamber' Organic and inorganic

scintillators and their chamcteristics, light collection and coupling to photomultiplier tubes

and photodiodes, description of electron and gamma lay spectum fiom detector,

Cherenkov detector. Semiconductor detectors, Ge and Si(Li) detectors, Charge ptoduction

and colleotion processes, semiconductor detectors in X- and gamma-ray spectroscopy, Pulse

height spectrum, Compton-suppressed, Sefticonductor detecton for charged particle

spechoscopy and particle identification. (Letnres 18)

2. Electromagnetic and Hadron calorimeters: Motion of charged particles in magnetic field,
Magnetic dipole and quadnrpole lenses, beta Iay spectometer. Detection of fast and slow
neuhons - nuclear reactions for neuffon d€tection. General background and detector
shielding. (Lectures 10)

3. Experimental m€thods: Detector systers for heavy-ion reactions : Large ganrna and

charge particle detector arrays, multiplicity filteG, electron spectrometer, hear,y-ion reaction

analysers, nuclear lifetime measurements (DSAM and RDM techniques), production of
radioactive ion beams. Detector systems lbr high energy experiments :Collider physics (brief
account), Particle Accelerators (brief account), Secondary beams, Beam transport
Modern Hybdd cxpcriments- CMS and ALICE. (Lectures 15)

Text Books:
l. Techniques in Nucleat and parlicle Experiments by WR. Leo (Springer), 1994.

Reference Books:
L Radiation detection and m€asurement by Glenn F. Knoll (Wiley), 2010.

2. Introduction to Experimental Particl€ Physics by Richard Femow (Cambridge University
Press),2001.

3. Detectors for particle radiation by Konrad Kleinkn€cht (Cambridge University Press), 1999.

S.hene & S hbus (M.Sc- Phlsics) Batch 2016 & Orwsrds
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Eleotive Subject -ll
PHS542 Pbysics of Nanomaterials L-3, T-1, P-0 4 Credits

Pre-requisitei Condens€d matter physics

Cou$e Obj€ctives: The aim and objective of the cou."" on F[ysiciiT-Niiii.terials is to
familiarize the sfudents of M.Sc. to the va-rious aspects related io prepamtion, characterization and
shrdy of different propefties ofihe nanomat€rials so that they can pusue this emcrging researoh
field as career.

Cours€ Outcomes: At the elrd ofthe cours€, the student will be able to

cor Demonstrate techniques of microscopy for investigations on the nanoneter an,l
atomic scales

co2 Acquire knowledge of basic approaches to slarthesize inorganic colloitlal
nanopanicles and their self-assembly in solution and surfaces

c03 Understand and describe the use of unique optical propenies of nanoscale
metallic structures for analltical and biological applications

c04 Understald the physical and chemical properties of carbon nanoiubes and
nanostructuted mesoporous materials.

co5 the structure-propety relationships in nanomaterials as well as the concepts.
not applicable at larger length scales.

Mapping ofcourse outcomes with the pmgram specific ou-iom6

PSOI PS02 PSO3 PS04 PSO5 P506 PSOT PSO8

col .l 3 3 3 3 3 3

coz 2 3 3 3 3 3 l 3

c()3 2 3 3 3 3 3 3 3

c04 3 3 3 3 3 3 l
cos 3 l 3 3 3 3

.,'-\ ,/
3| .w'"
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D€talled Syllabus:

l. Introductory Aspects: Free elecfion theory and its features, Idea of band structure-metals,
insulators and semiconductors. DeDsiry ofstate io one, two and three dimensional bands and its
variation with energy, Effect of crystal size on density of states and band gap. Examples of
nanomaterials, (Lectures 8)

Preparatiotr of Nanomaterials: Bottom up: Cluster beam evaporation, ion beam deposition,
chemical bath deposition with capping techniques and Top down: Ball Milling.

(Lectures 8)

General Charrcterization T€chniques: Determination of particle size, study of texture and

microstructure, Increase in x-ray diflaction peaks of nanoparticles, shift in photo luminescence
peaks, variation in Raman spectra ofnanomaterials, photoemission microscopy, scaDnilg force

).

microscopy. (Lectures 8)

4. Quatrtum Dotsi Electron confinement in infinitely deep square well, confurement in one and

two-dimensional wells, idea of quantum well structule, Examples of quantum dots,

spectroscopy of quantum dots. {Lectures 8)

5. Other Nanomaterials: Properties and applications of carbon natrotubes and nanofibres, Nano-
siz€d metal particles, Nanostruchled pollaners, Nanoshuctured films and Nano sftuctuled
semrconductors. (Lectures 8)

Booksi
L Nanotechnology-Molecularly Designed Mateials: G.M. Chow & K.E. Gonsalves (American

Che icel Society), 1996.
2. Nanotechnology Molecular Speculations on Global Abundance: B C. Crandall (MIT Prcss),

1996.

Quantum Dot Heterostructrres: D. Bimerg, M. Gtu dmannandN.N. Ledentsov (Wilq)),1998.

Nanoparticles and Nanosmrctured FilmFPreparation, Cha.acterization and Application:

J.H.Fendler A ey), I998.
5. Nanofabdcation and Bio-system: H.C. Hoch, H.G. Craighead arul L. Jelinski (Cambndge

Univ. Press), 1996.
Physics ofSemiconductor Nanostruchres. KP Jain (Narosa), 1997.
Physics oflow-Dimension Semiconductorsr lH. Davies (Combridge Utliv. Press) 1998.

Advanc€s in Solid Stale Physics (Vo4l): R K/dmer (Ed.) (Springet), 2001

3.

1.

6.
7.
E,

l, K. Gujtul Punjtb Tarnirdl AiiE6it , Lopwthalo
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Elective Subject -III

PHS543 Envlronmental Physics L-3, T-1, P-0 4 Credits

Pre-requisite: none

Course Objectives: The objective ofthe couse on Environmentral physics is to build fi.rndamental
understanding of envoronmental physics and related effects.

Course Outcomes: At the end ofthe course. the student will be able to

co1 Unde$tand the essential of the environrnental ohvsics

coz Apply the solar and terrestdal radiations to th€ earth atrnosDhere svstem.

c03 Describe the factors responsible for envimmental pollution and degradation.

c04 Provide exposurc to envoronmental changes and understand the idea ofremote
sensing.

cos Providc exposure to the studenst about the global and regional envitonmental
chang€s.

Mapping ofcourse outcomes $ith the program specific outcomes

PSOl PSO2 PSO3 PS04 PSO5 PS06 PSOT PSO8

col 3 3 3 3 3 l
c02 2 l 3 3 l 3 3

c03 2 3 3 l 3 3 3

co4 2 3 3 3 3 3 3

c05 2 3 l l 3 3 3 t
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Detailed Syllabus:

l. Essentials of Environftental Physicsi Structure and thermodynamics of the atmosphere,

Composition of air, Greenlouse effect, Transport of matter, energy and momentum in natue,
silatification and stability of atmosphere, Lass of motion, hydrostatic equilibrium, Genenl
circulation ofthe tooics. Elements of \reather and climate of India. (Lectures 10)

2, Solar and Terrestdal Radi.tion :Physics of radiation, Interaction of light with mattef
tayleigh and Mie scattering, Laws of radiation (Kirchoffs law, Planck's law, Beer's law,
Wien's displacement law, etc.), Solar and tenestrial spectra, uV radiation, Ozone depletion
problem, IR absorption energy balance ofthe earth atmosphere system (Lectures 8)

3. Environm€ntal Pollution and degradation: Elementary fluid dynarnics, Difftsion,
Turbulence and turbulent diffirsion, Factors goveming air, water ajtd noise pollution, Air and

watcr quality standards, Waste disposal, Heat island effect, Land and sea breezc, Puffs and
plumes, Gaseous and particulate matters, Wet and dry deposition. (Lectu,es 8)

4. Environmental Changes and remote sensing: Energy sources and combustion processes,

Renewable sources of energy, Solar energy, Wind energy, bioenergy, hydropower, fuel cells,
nuclear energy, Forestry and bioenergy. (Lectures 7)

5. Global and Regional Climate: Elements of weather and climate, Stability and v€rtical
motion of air, Horizontal motion of air and watcr, hessure gradient forces, Viscous forccs,
Re;,nolds number, Enhanced Greenhouse Effeci, Energy balance-a Zero-dimensional
Greenhouse model, Global climat€ mod€ls. (Lectures 10)

T€xt and Ref€rence Books
1. Egben Boeker &Rienk VaD Groundelle: Environmental Physics (John Wiley).
2. J. T Hougtion: The Phtsics ofatmosphere (Cambrige University Press, 1977).

3. J Twidell and J Weir: Renewable energy Resources (Elbs, 1988).
4. Sol Wieder: An introduction t solar energy for scientists and Engineers (John Wiley, 1982)

5. R. N- Keshavamurlhy and M. Shanker Rao: The Phlsics of Monsoons (Allied Publishers,

1992).
6. G.J. Haltiner and R.T. Williams: Numerical Weather Prediction (John Wiley, 1980).

l, t{. G4nl Puj.b Tehni.al Vhbe8itr, Kaprtrhalo
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Elective Subject -III
PHS544 Sclence ofR€newable source of

En€rS/
L-3, T-1, P-0 4 Credits

Pre-r€quisite: NoDe

Course Ob;ectives: The aim and.@
Sourc€s is to expose the M.Sc. students to thc basics of the altemative energy sources like solar
energy, hydrogen energy, etc.

Course Outcomes: At ahe end ofthe course, the stud.ot *ill be abl" to

col Know rhe encrg) demand ofworld and India.

co2 Understand traditional and altemative form of€nergy.

c()3 Understand concept of solar energy radiation, making of sotar cell and its types

co4 Identify hy&ogen as energy source, its stomge and transportation methoda

c05 Compare wind energy, wave e[etgy and ocean thermal energy conversion.

Mapping ofcourse outcornes with th€ program specific outcomes

PSOI PSO2 PS03 PSO4 PS05 PSO6 PSOT PSO8

co1 3 3 2 2 3

c02 2 3 2 2 3

co3 3 3 2 l 3

c()4 l 3 2 3 3

co5 3 3 3 3
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D€tailed Syllabusi

1. Introduction: Production and rese es of energy sources in the world and in India, necd

for altematives, renewable energy soulces. Oectures 8)

2. Solar Energy: Thennal applications, solar radiation outside the earth's atmosphere and at

the earth's surface, fuddamentals of photovoltaic energy convetsion. Direct and indirect
transition semi-conductoA, interrelationship between absorption coeflicients and band gap

recombirution of carriers. Types of solar cells, p-n junction solar cell, TEnsport equation,

current density, open circuit voltage and shora circuit current, description and principle of
working of single crystal, polycrystalline and amorphous silicon solar cells, conversion

efficiency. Elementary ideas of Tandem solar cells, solidliquid junction solar cells and

semiconductor-electrollte junction solar cells. Principles of photo electrochemical solar

cells. Applications. (Lectures 12)

3. Hydrog€n Energ/: Environmental considemtions, solar hydrogen through photo

electrolysis and photocatalltic process, physics of material chamcteristics for production of
solar hydrogen. Storage processes, solid state hydrogen stonge materials, structural and
clectronic properties of storage materials, new storag€ modes, safety factors, use of
hydrogen as fuel; use in vehicles and electric genention, fuel cells, hydride batieries.

(Lectures 1 0)

4. Other sources: Natue ofwind, classification and descriptions of wind machines, power
coefficient, energy in the wind, wave energy, ocean therrnal energy conversion
(OTEC), syst€m designs for OTEC. (Lectures E)

Text Books:
t. Solar Energy: S.P Srkhatme (Tata Mccraw-Hi , New Delhi), 2008.

R€ference Books:
1. Sofar Ccll Devic€s: Fonash (Academic Press, Nere York),2q10.

2. Fundamentals of Solar Cells, Photovoltaic Solar Energy: Fahrenbluch and Bube
(Sp ringer, B er lin), I 98 3.

3. Photoefectrochemical Solar Cells : Cftdfldr"a Uew Age,Neu) Delhi).

t. K ctjtdt Pujtb fdrnbal Anie4l\, rapu teto
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PHS545 Research Project work L-0, T-12, P-0 t2 Cr€dits

Pre-requtuit€: Knowledge of specific branch of physics

Course Objectives: The aim of the M.Sc. Research project work is to 
"*p"." 

th. ,tudetrts to
preliminaries and methodology of research in Theoretical pbysics and Eiperimental physics.
Students get the opportunity to participate in some ongoing tesearch activity and development of a
laboratory experiment.
Course Outcomes: At the end ofthe coursg. the student will be abl€ 6

co1 Explain the significance and value ofproblem in physics, both scientifically and
in the wider community.

co2 Design and carry out scienti{ic experiments as well as accurately record th;
rcsults ofexpcriments.

co3 Critically anallse and evaluatc experimental stategies, and decide which is most
appropriate for answering speciflc questions.

c04 Research and communicatc scientific knowledge in the context ofa topic related
to condensed mattcr physics^iuclear/High Energy Physics, in oral, wdtten and
electlonic formats to both scientists and the public at larqe.

c05 Explore new areas of research in physics and allied fields of science and
technology-

Mapping ofcourse outcomes Bith the program specilic outcomes

PSOl PS02 PSO3 PS04 PSO5 PS06 PSOT PSO8

col 3 3 3 3 3 3 l 3

co2 l 2 3 l l 3

c03 3 3 3 l l 3 3 3

co4 2 3 2 3 3 3 3 3

c05 2 3 3 3 3 l 3 3
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Guidelines for the ProJect:

The aim of project work in M.Sc. 4th semesters is to expose the students to pieliminaries and

methodology of research and as such it may consist of review of som€ research papeni)

development of a laboratory experimed, fabrication of a device, working out some problenr,

participation in some ongoi[g research activity, anal]sis ofdat4 etc.. Project work can be in
Experimental or Theoretical Physics in the thrust as well as non-thlust resealch areaui of the

depafinent.

A student opting for this course v/ill be attached to one teacher ofthe departnent before the end of
the 3rd semester. A report about the work done in the project (typed on both lhe sides ofthe paper

ard Foperly bound) will b€ submitted by a date to be announced by the Head ofD€paftnent.

Assessment ofthe work done undet the project will be carried out by a cormittee on the

basis of effort put in the execution of the project, interest shown in leaming the methodology, ftport
prepared, gasp of th€ problem assigned and viva-voce/seminaa, etc. as pei course guidelines.
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Code CouEe Title Load
Allocatlon

Total
iiiarks

Cr€ditg

T P

PH5411 lvathematical Physics-l I 100 4

PH3412 Classic€l l,lecfiahics I 't00

PH5413 Quantum Mechanics-l I 100 I
PH5414 Statislic€l Physics 1 100 4

PHS4 t5 Atomb and Molecular Physics 3 1 100 4
PH5416 Physbs Lab-l 3

TOTAL ,t5

FIRST SET'ESTER

SECOND SEMESTER

I r, erhnl Pt^jtb Tdhri.d Afiai9, rapudhota

Conbct llous: 2:t Hrs.

Confact Hottrs: 26 Hrs.

i*,ffiiunitlt'On"tt' '

Cod€ Course Title Load
Allocatlon

Total
triarks

Gredits

T P

PHS421 Malhematical Physics-ll 3 100 4

PHS422 Nuclear Physics r00 4

PHS423 Quantum Mechanics-ll 100 4

PH5424 Compublional Physics 3 100 4

PHS425 Condensed Matter PhysicsJ 3 r00 4

PHS426 Physics Lab - ll 75

PHS427 CompubdonalLab

TOTAL 650

S.hene & Sy obus (M. Sc, Phy.) aokh 2076 & Onwads PaSe 1of31



THIRD SEMESTER

FOURTH SEMESTER

ELECTIVE SUAIECTS:

S.No. Nam€ ofthe Subjecl
1 Fiberoptics and non-linear oplics
2 Plasma Physics

3 Nonlinear Dynamds

4 Struclures, Speclra and Prcpertjes of Biomolecules
5 E&erimental techniques in Nuclear Physics and particte physics

6 Physics ot Nanomaterials

7 EnvronmentalPhysics

I Science ofRenewable sourc€ of Energy

I K Cujrol Putjob Tehsi.at Lhiw'ilr, Kapurrtar,

Conbct Hours: 23 Hrs

Conbct Hours: 08 Hrs.

Code

PHS-535

PHS-536

PHS-537

PH5-538

PHS 541

PHS 542

PHS 543

PHS 544

Cod€ Courae Title Load Allocation Tolal
Marks

CIedits

L P
PHS531 Condensed Matter Physics-ll '| 100 1
PHS532 Classacal Electrodynamirs 1 100 4
PH3533 Particle Physics 1 100 I
PH5534 Electronics

1 r00
PHS535
PH5536
PH5537
PHS538

Elective Subjecl-l 1 100

PHS 539 Seminar Satisfactory/
unsatlsfactorv

PHS540 Physics tab-lll

TOTAL l5 25

Codo Cour3e Title Load Allocatlon
Mar*s

Credits

T P
PHS541
PH5542

Eleclive Subj€cFll .l 100 4

PH5543
PH5544

Eleclive Subjectll 3 1 100 4

PHS545 Research Pmject Salisfactory/
L,nsatisfactorv

TOTAL 200 20

S.hente & Syliobus (M. Sc. Phy,) Eot h 2076 & Onwads PaBe 2 of 31



S.No. Weighlage Romark3

Theory
1. MU bm s€ssional T6st (l/ll/lll) 25% Bs6t oI tv/o test will bo considered for

€valuafbn and ouizzes eb constitrle
intemai evaluaton

2 Attendance
/Seminars/Assionmenb

50

3 End sgnester e)6m hation 70% Conductgnd ch€cking otthe ans!rer
sheet6 will at the Deparfnent l€v€l in
cese of lJnive6ity teaching Departnent
or Autonomous insttJlions.
For olh6r colleges e)€mln€tion wll be
conducied at the unh/e6ily lev€l

I oEtl 1000/o ,arks may be rcunded off to ne€rcst

Practical

'| Daily svaluelion of prectical recod
Assignmenwila Vobe/
Attendance eb

50% lntemal evaluatbn

2 Final Preclical Perfomance + 50% E)(bm6l evaluatlon

I oLtl 100% Marks may be munded otr to n€atest
integer

Examlnatlon and Evaluatlon :

t & Ga|at P"j'b Tehabot ani'astfl, Kq'd'&b

s('h.nE & Syltdbus (M. 5c. Phy.t Eo'Eh m$ & OntNords Page 3 of31
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I K Gujnl Prajdb Tdh"iat Unied.i|, rapuihota

PHS4,I 1. MATHEMATICAL PHYSICS.I

Total
Marks

3.

'1.

2.

Vector fields and TensoE :Scalar and Vector fields, Scalar ahd Vectcr products: Curl, Divergent
and Introduclion to lensors and definitions, conlraction, djrecl product. Quotient rule. Levi€ivita
symbol, Non€artesian tensors, melric lensor. Covadant differentiation.

Complex Variabl€s : Introduction, Cauchy-Riemann conditions, Cauchys thtegral fomula, Laurcnt
expansion, singuladties, calculus of residues, evaluation ofdefinite inlegraJs, Dispersion relation_

Oitfu lentlal Equations : Partial differenlial eq ualions of theoretical physics, bounda ry value,
problems, Neumann &Dirichlet Boundary conditions, separation of yadabtes, singutar points, senes
solutions, s€cond solution.

Int.gral Equations :Definitions and classifications, inlegral transfoms and generating funcljons.
Neumann sedes, Separeble Kemels, Hilbert-Schmidt heory. Green,sfunctions in one dimension.

5. Numerlcal Techhiques: Roots of functions, Interpolation, Efrapolatjon, Differentialion, integ€tion
by Itapezoid and Simpson's rule. RungeKutta method and finite difierence method.

6. Elem€niary Statistics: Introdlclbn tic probabilily theory, random vanabbs, Binomial, poisson and
No fina I distribution

Suggesfed Readrngs/Books :

. Mathemalical Mehods for Physicists: c. Arfken and H.J. Weber (Academic press, SanDiego)7lh
edition,2012.

. Mathematical Physics : P.K. Chattopadhyay (Witey Easlern, New Delhi),2004.. Mathematical Physics :A.K. Ghaisk, LC. coyaland S.J. Chua (t\4acMi an,Indie, Dethi),1986.

. Mathematical l\,,lelhods h the Physical Scionc€s - [,{.1. Boas {Witey, NewYork) 3rd edition,2oo7.. Special Functons : E.D. Rainv le { l.|acMillan, NewYork), 1960.. Mathematical Methods icr Physics and Engineering :K.F.Ril€y, l,4.p.Hobson and S.J. Bence
(Cambridge Universi9 Press, Cambridge) 3rd ed.,2006.

w-

S.hene & Sy obus (M, 5., Phy.) Botch 2076 & Onwads Page 4 of31



I X. Guiol P$jab Teh,i.al A,b6siy, Kapudr'ala

PHS41 2 CLASSICAL MECHANICS

Total
Marks

Credits

'1- Lagrangian Formulation: Mechanics of a syslem of partirles; conslrainls of mofon, generdlzed
coordinates, D'Alembert's Pdnciple and Lagrange's velocity - dependent forces and the dissipation
functbn, Applications of Lagrangian form ulation .

2. Hamilton's Prlnclples: Calculus of variations, Hamillon's pfinciple, Lag€nge's equalion from
Hamilton's principle, extension lo nonholonomic syslems, advantages of vafiationrl pnnciple
formulalion, symmetry properlies of space and time and conservation $eorems,

3. Hamilton's Equations: Legehdre Transfomalion, Hamilton's equations of mofbn, Cyclicco-
o.dinates, Hamilton's equalbnsfrom variational principle, Pdnciple of least action.

4, Canonical Transfomation and Hamiltonaracobi Theory: Canonic€l transfomaiion and its
examples, Poasson's b|.ackets, Equations of motion, Angular momenfum, Poisson's Bracket
relations, infinilesimal canonical tEnsfcmalion, Conservalion Theorems. Hamilion- Jacobiequalions
for principal and charactiefstic funclions, Aclbn-angle variables for systems with one{egree of

5. Rigid Body Motion: Independent co-ordinates of rigid body, orlhogonal transformalions, Eulerian
Angles and Eulels theorem, infinitesimal rotation, Rate of change of a vector, Coriolis force, angular
momentum and kinetic energy of a riqid body, the inenia tensor, principal axis fansformalion, Euler
equalions ofmotion, Torque free motion of rigid body, motioh ofa slmmehicaltop,

TUTORIALS :Relevant ploblems given allhe end ofeach chapter in diffe€nt books.

suggesled Readings/Books .'

. Classical l\rechanics: H. Goldstein, C.Poole and J.Satko (Pearson Education Asia, New Delhi),
3rded 2002.

. Classical lvlechanics of Particles and Rigid Bodiesr K.C. Gupta (Wiley Easlem, NewDelhi), 1988.

Seheme & Syllabus lM. Sc. Phy,l Bdtch 2076 & Onwddt Page 5 of31



l(v

I X. Gaiot pujzb rehii.at Univqsiq, Kryurlt at

PHS4,I 3 QUANTUM MECHANICS-I

1. Llnear Vector Space and Matdx Mechanics: Vector spaces, Schwaz inequality, Orthonomal
basis,_OpeElors: Projection operalof, Hemitian and Unitary ope€tors, change of ba;is, Eigenvatue
and Eigenvectors of operators, Dirac.s bra and ket nolalion, comm-utatorc, Simultaneous
eigenvectors, Postulates of quantjm mechanics, unc€rtainty relation. Harmonic oscillator in matrix
mechanics, Time development of shtes and operabrs, Heisenberg and Schroedinger
representations, Exchange operatorand identicat particles. Densily Matrlxand Mixed Ensembte

2. An 
-gular 

Momentu m: Angular part of the Sch r6d inge. equaton for a spherica y symm et c potentia t,
obital angular momenlum operator. Eigen values and eigenvectors of L2 and Lz. Spin angula;
momentum, General angutar momentum, Eigen vatues and eigenvectors of Ji and Jz.
Rep-resenlalion of general angular momenlum operator, Addilion 

-of 
angular momenta, c.c.

coefficienb.

3. Stationary State Approximate It ethods: Non-Degenerate and degenerate perturbation fleory and
its applications, Variational mehod with applicat,ons b the ground atates of harmonic osci ator and
olher sample systems.

4. Time Dependent Perturbation: cenerat e&ression for lhe pmbabitity of lransjtion from one state to
anolher, conslant and harmonic perturbations, Femi's golden rule and its application to radiative
lransition in aloms, Selection rules foremission and absorption oflight.

5. Scatiering Thoory : Scattering Cross sectbn and scattering amplitude, partial wave analysis, Low
energy sc€ttering, Green's functions in scatterjng theory, Bom approximation and its applic€tion to
Yukawa potential and other simple potentials. Optical theorem, Scattedng of identical particles.

Suggested Re3dingls/Boots i
. A Text book of Quentum l\,4echanics, p.[r. Mathews and K. Venkates€n (Tab [,4cc|aw Hilt,New

Delhi) 2nd edition. 2004.
. Quantum lrechan]cs : V.K. Thankappan (New Age, New Delhi), 2004.. Quahlum l\,,lechanics : l\r.P. Khanna, (HarAnand, New Delhi). 2006.. I\,lodem Quantum l,iechanics : J.J. Sakurai(Addison Wesley, R6ading), 2004.. Quantum l,,lechanics : J.L. Powettand B. Crasemann (Na.osa, New Delhi), 1995.. Quantum Physics:S. Gasiorowicz (Witey Newyork),3d ed.2003.

Total
Marks

Credits

100

kheme & Syldbus (M. Sc. plty.) Bdtch 2016 & Onwods Page 6 of 31



t X. cujrul Pr^j,b Tehrirrt Unirasiry' Kapulh.L'

PHS 414 STATISTICAL PHYSICS

1. The Statisticel Basb of Thermodynamics: The macrcscopic and microscopic states, conlact
between statistics and thermodynamics, classicalidealgas, Gibbs paradoxand iS solution.

2. Ensemble Theory: Phas€ spac€ and Liouville's lheorem, the microcanonic€l ensemble t|eory and
its applcation to ideal gas of monatomic particles; The c€nonical €nsemble and its themodynamics,
partition function, classical ideal gas in canonicalensemble theory, ene Ey fluctuations, equipartition
and virial theo€ms, a system of quantum harmonic oscillators as canonical ensemble, statislics of
paEmagnetism; The g|and canonic€l ensemble and significance of statistical quantities, classical
idealgas in grand canonical ensemble theory, densfiy and energy fluctuations.

3. Quanlum Statistics of ldeal Systems: Quanhm stales and phes€ space, an ideal gas in quantum
mechanical ensembles, stratistics of occupatbn numbers; ldeal Bos€ systems: basic concepls and
themodlnamrc behaviour of an ideal Bose gas, Bose-Einstein condensation, discussion of gas of
photons (the radiation ields) and phonons (lhe Debye field); ldeal Fefini systems: themodynamic
behaviour of an ideal Fermi gas, discussion of heat capacily of a free eleclron gas at low
lemperaturcs, Pauli pa€magnetism.

4. Elements ot Phsse Trarcitions: Inlroduclion, a dynaml:al model ol phase ransitions, lsing model
in zerclh aDDmximation,

5. Fluctuations: Thermodynamic fluctuations, random w€lk and Brownian molion, introduction
tononequilibrium proc€sses, diffusion equation.

TUTORIAIS: Relevant problems given in the end of each chapterin lhe ten book-

Suggesied ReadirgslBoor(s ;

. Statistical Mechanics: R.K. Pathria and P.D. Beale (Butterworh-Heinemann, Ot'ord), 36edition,
2011.

. Stalistical l,lechanics: K. Huang (Wiley Eastem, New Delhi), 1987.

. Statistical Mechanics: 8.K. Aga al and M. Eisner {wiley Eastem, New Delhi) 2nd edilion, 201'1.

. Elementary Statistical Physics: C. Kittel(wiley, NewYork), 2004.

. Staiistical l\,4echanics: S.K. Sinha (Tata Mccraw Hill, New Delhi), 1990.

^ _ ir i't'5r'aliu-i'
..li'li i,*iattecttncat'

:r"-

Total
Ma.ks

Cr€dits

'100 4

I
l'

scheme & Syllobls (M. sc. Phy.) Botch 20 6 & Onwords Page7of31



'1. Electronic Spectroscopy of Atoms: Electronic wave funclion and atomic quantum numbers _
hydrogen speclrum -orbital, spin and blal angular momentrm - llne structurc ofhydmgen atoh _ many
elecbon speclrum: Lithium atom spectrum, angular momentum of many eleclrons term s\,Tnbots _ the
speclrum of helium and alkaline earths - equivalenl and non equi\,alent eleclrons _ baaics of X_ray
phobeleciron spectroscopy.

2, Electronic Spectroscopy ot Molecules Oiatomb motecular spectra: Bom-Oppenheimer approxmaron
- vibrational spectra and their progressions - Franck-Condon principle dis;ciation energy and their
products -rotatbnal fine struclure ot electronic vibration transition - molecular orbital theorv the
spectrum of molecular hydrogen - change of shape on ercitation chembal analysrs by electronic
spectroscopy reemission ofenergy- fundamenbls of UV pholoetectron speclroscopy.

3. Microwave and Raman Spectroscopy: Rotation of molecujes and lheir speclra _diatomic molecules _
intensity of line spectra - the effecl of jsotopic subsiitution - non-rigid rotrator and their spectra _
polyatomic molecules (linear and synmetric top motecutes) - Classicat th€ory of Raman effect _ pure
mtalional Raman speclra (linear and synmetric lop molecules).

4. Infra.red and Raman Spectroscopy: The energy of diatomic molecules Simpte Hamonic Osci ator
-the Anharmonb oscillator- the diatomic vibraling rotator - vibralion-rolation specirum of cabon
monoxide -breakdown ol Bom-Oppenheimer apprcximalion - the Vbrations of polyatomic molecutes _
influence of rotration on the specta of polyatomtc motecutes (linear and symmetiic top motecules)
Raman activity ofvibrations - vibfational Raman spectra - vibfations ofsphericattop morecures.

5. Spin Resonance Spectroscopy Spin and magnetic field jnteraclion - Larmor precessbn - rcExalton
time - spin-spin rela).alion - spin-lattice rctaxation - NMR chemical shin - coupling consienls , coupting
belween n uclei - chem ica I analysis by N[.4R - NMR for nucleiother than h]drogen ESR spectioscopt
- fine structure in ESR.

Suggesaed ReadrhgslBoo*s j

It)

t K Gujtot pujab Tah"iat antuqsitr, Kopu tatd

PHS415 ATOMIC AND MOLECULAR PHYSICS

Fundamenbls of l olecular Specloscopy by Colin N. Banwell and Elaine M. t\rcoash (Tara
Mccraw - Hill Publishing Company timited)
Physical mehod fo. Chemists (Second Edition) by Russelt S. Drago (Saunders Corcge
Publishing)

. Introduction lo Alomic Spectra: H.E. White-Auckland [rccraw Hill, 1934.. Speclroscopy Vol. l, ll& lll:Walker &Straughen

.Introducliontolrolecularspectroscopy:G.M.Barrow-TokyolrccrawHilt,j962

. Spectra of diatomic molecules: Herzbefg-New York, 1944.

T P

1
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2

3

4

5

6

7

8

I
'10

'11

12

13

15

16

L K Gujmt Ptrfub T{hni.al U"iwsitr.Xoputtholr

PHS41o-Physics Lab-l

Total
Marks

Credits

S.No. Name of the Expe.lmont

Study the forwErd and reverse characl€rislics of a Zener diode.

construction of adder, subtracter, difierentator and ltergrator cicuits using the given oP_Amp.

StJdy the st€tic and dra in c'haractedstics of a J F ET

conslruction of an Aslablemulti-vibrator chcuit using lransisto.

Constructbn ofa single FET amplfierwith common source corfiguralbn

Constructron of an A,/D converter circuit and study ils perbmance

Construction of an D/A con\,/eder circuit and study its pedomance

Construction ofa low-p6ss lilter circuitand study its outsut perfolmance

construction ofa high-pass filter circuit and 6tudy hs output performance

Electron Spin Resonanc€ Spectometer Experiment

Four Pmb€ Method- D€temhation of r€sistivity of semiconducbr at differenl temperature

To studypulse amplitude, Pulse wdth and Puls€ position modulation

To studyth€ frequsncy response ofan operational am plifier

To studythe ciaractedslics of multivibrators- bistable, Astable, monostablo

To find the wavelength of sodium lbhl using Mbhelson inlerferomebr

Schen'€ & Sytlabus lM. Sc. Phy.) Eatch 20 6 & Onwads Page 9of31
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r. r<. Gujtut pt"jab Tqrh i.at Univasilj,, Ka!turt\ata

PH5421 MATHEMATICAL PHYSICS.II

1. Group Theory :What is a group ? lftrltiplication table, conjugate elements and classes,
subgroups, lsomorphism and Homomorphism, Definition ot represefltation and its propernes,
Reducible and irreducible representalions, Schu/s lemmas (only stalements), characlers ofa
representalion. El€mple ofC4v, Topotogicalgroups and Lie qroups, three dimensionalrotation
group, speciat unitarygroups SU(2) and SU(3).

2. Delta and camma Functions:Dirac della funclion, Delta sequences forone djmens|onal
function, properties ofdetta function, camma function, facbrial noElion and apptications, Beta
function.

3. Special Functions :Bessel functions of first and second kind, Generating function, integral
repr€s€ntation and recurrence retations for Bessel,s functions of frst kind, orthogonaiity.
Legendre functions : generating funclion, recurrence relations and special properlies,
orthogonality, various definitions of Legendre potynominals. Associaled Legendre functions:
recu.rence relatons, parity and orthogonality, Hermile funciions, Laguerre functions.

4. Fourier Series and Integral Transfoms :Fourier serjes, Dirichlet condiiions. ceneral
properlies. Advanlages and apptic€tions, cibbs phenomenon. Fourier transforms, Devetopment
oflhe Fourier integral, Inversion theorem, Fourier lransforms of derivativesi l\,4omentum
rcpresentalion. Laplac€ transforms, Laplace transfoms ofderivati,!es, properties of Laplace
transform, Inverse Laplace bansformation,

S u g gested R e e d i n gs/Book s :

. Group Theoryfor Physicists : A.W. Joshi(Witey Easlem, New Dethi) 2011.. Mathemalical Methods for Physicists I c. Arf(en and H.J. Weber, (Academic press, San Di6go)7th
edition,2012.

. l\4alric€s and Tensors in Physics :A.W. Joshi (Wil€y Easrern, New Dethi) 2005.. Numerical l\rathematical Analysis, J.B. Scarborough (Oxford Book Co., Kotkata) 4th edition.. A First Course in Computational Physics: P.L. Dewies (Wiley, New yo*) 1994.. I\,,lathematical Phlsics: P.K. Chatopadhyay (Witey Eastem, New Dethi) 2011.. Introduction io l\,4alhematical Physics : C. Harper (Prentice Hall of India, New Delhi) 2006.

&vt
.sF

Page 10 of 3L
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I. K. Guiol tuaiob Tehsicql U"i'asi|r. KdPutthata

PH5422NUCLEAR PHYSICS

1- Nuclsar Models: Liquid drop model, Einding energy;fission and fusion, Epedmental evidence for
shell effects, Shell [,lodel, Spin-Orbit coupling, l agic numbers, Application of Shell Model like
Anguiar momenla and padties of nuclearground stiates, Colleclive model- nuclear vibrations spectra
and rotational speclfa.

2 Static prcperti€s of nucleus: Nuclear radii and measurements, nuclear binding energy (review),
nuclear moments and slstematic, wave-mechanical propsrties of nuclei, hyperfinestructure, effecl of
externar rfagnetic field, Nuclear magnetic resonance.

3. Nuclear decay: R€vi€w of banier penetration of alpha decay & GeigeFNuttal law. Beta decays,
Femitheory, Kurie plols and comparative half-lives, Allowed and forbidden tfansitbns, Experimenldl
evidence for Parity-violation in beb decay, Eleclron caplure probabilities, Double beta dec€y,
Neutrino,delection of neutrinos, measurement of the neulrino helicity. I\,lullipoladty of gamma
lmnsitions, intemal conversion process, transilion rates,

4. Nuclear forceB: EMdence for sauration of nuclear density and binding energies (leview), types of
nuclear potentiai, Ground and ercited states of deuleron, dipole and quadrupole momenl of
deuleron, n-p scattering at low energies, padial wave analysis, scattering length, spindependence of
n-p scatleing. effecti\€-range theory, coherent and incoherent scattering, central and lensor forc€s,
p-p scattedng, €xchange forces & single and fiplet potentials, m€son theo ry of nuclear forces.

5. N€utron physics: Neutron pmduction, slowing down powerand moderating rati6, neutron delection.
6. Nuclear ieactions: Nuclear reactjons and closs-sections, Resonance, B€it-Wigner dispersion

fomula for l=0 and higher values, compound nucleus, coulomb ercitatbn,nuclear kinemalics and
radioactive nuclear beams.

Suggesled Readirgs/Boofts :

. Nuclear Physics : lrving Kaplan (Narosa), 2002.

. Theo.yofNucl€ar Structure : R.R. Roy and B.P. Nigafi (NewAge, New Delhi) 2005.

. Basic ldeas and Concepts in Nuclear Physics : K. Hyde (lnstitule of Physics) 2004.

. Nuclear physics: Eperimentaland Theo;etical, H.s. Hans (NewAcademic Sciencs)2ded
(2011).

. Nuclear Physics and its applicadons by John Liley

. Nuclear Physics V. Devnathan

,1/
' v '' n'^'""' '
,\: i,;\P'"Ph1'*'*
i ii'1"

kheme & sy obus lM. Sc. Phy,) gdtch m76 & Onwods Page 11of 31



Total
Marks

Cr€dits

100 1

PHS423 QUANTUM

l(')

I K. Cajnl Panjab Tebi.al Abi@sity, Kaptdhala

MECHANICS -II

T P

'|

Relativi€tic Quantuh Mechanicsl : Kl€in-cordon equaton, Dirac equalion and its plane
wave solulions, significance of negative energy solutions, spin angular momenlum ofthe Dirac
parlicle. The non-relatMstic limitof Dirac equation,

Ralatlvistic Ouantum MechanicB-tl Eleclron in electromagnetic felds, spjn magnetic momenl,
spln-orbit interaclion, Dirac equation for a particle in a cent|al fietd, fine structure of hydrogen atom,
Lambshifl.

3. Quantum Field Theory: Resume of Lagrangian and Hamittonian foftalism of a ctassical
field, Quentization of real scatar field, comptex sc€lar field, Dirac i€ld and e.m. fietd,
Covariant pertuhation theory,

4. Feynman diagrams: Feynman diagrams and their applicatbns, Wick's Theorem. Scattering matrix.

Suggesbd Rea.llngslBooks :
. Texl BookofQuantum Mechanics -P.M. Math€ws & K_ Venkatesan-Tata Mccraw Hill2010
. QLrantum Mechanics c Aruldhas - Prentice Halloflndia 2006
. Inlroduction to Quanlum ldechanics- David J.criffiths P€arson prentice Hall,2005
. Quantum l\,4echanics - A Dovanahan - Narosa publishing-filew Delhi
. Quantum l\rechahics - L.l Schiff- Mccraw Hi 1968
. Quanlum lrechanics -A.K. Ghatak and S. Loganathan-l\,,lcl\rillan lndia
. Pinciples of Quantum lrechanics - R.Shankar, Springer 2005
. Quantum Mechanics - Salya Prakash- Katha athRamnath - l\,{eerut

2.

1.
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Total
Marks

I K Gujtrt Pu^jab rah^i.ot Uni@siq, Kapanhatd

PH5424 COMPUTATIONAL PHYSICS

1. Introduction to high level language: Need and advantages of high level language in physics,
progc|mming in a suitable hilh level language (Matlab/l,lathematica/Scilab/ Octa\€), inpuuouFul,
interaclive input, loading and saving daia, loops branches and contrcl fow. I\ratrices and Vecbrs,
I\,,latrix and array operalions, eqenvalues and ergen veclors.

2. Sub programs: Advanbges ofmodular programming, builtin functions, scripts, functions, shanng of
vaiables behi,een modules.

3. Graphics: 2D plots, style options, axis contol, ov€day plots, subplot, histogram, 3D plots, mesh and
surface plots, contour plots.

4, Numerical compulatlon: Compubr programs fol solving linear system of simultianeous equations,
nonlinear algebraic oquation, roob ofpolynomials, cuNe fitting, pol)'nomialculve ftting, least square
curve fitting, interpolation, data analysis and slatistics, numerical integrafon, Monte-Cado simulation,
ordinary differentialequafon, firstorderand second order ODES, event location.

5. List of ExDerimenls

a) Black body radiation (computation and graphical repesentation)
b) Relleclion and transrnission ofan electromagnetic wave
c) Stalistical distributions at different lemperatures
d) Binding energy cutue fornucleiusing liquid drop model
e) Eigen-value problem: 1-D square polentialwell
f) Eigen-values and wave functions of a sinple hamonic oscillalor
g) Monte-Cadosimulaton
h) Linear/Proleclile motion (simulaton and solutions)

Suggesbd Readrhgs,/Books .'

. Pralap R,'Gelting sta ed with MATLAB 7", Oxford Univ. Press, 2006

. GilatA, "Mallab:An introduction wilh appli:ations", Wiley. 2008

. Eaton J W, Batchman D and Hauberg S "GNU Octave ManualVersion 3", NetworkTheory Ltd.2008

. CampbellS, ChancelierJ P and Nikoukhah R, "Modeling and simulation in Scilab", Springer2005

. Mathemataca Information Center ( MathSource'): http:/,4ibrary.wolfram.com/infocenbr/ 2009

. cerald C F and Wheatley P O, 'Applied Numerical Analysis", 7th Ed, Addison wesley,2003
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Total
Marks

Credit8

t00 4

1. Elastlc constants :

Binding in solids;Stsess componenls, sliffness constant, elaslic constants, elastic waves in crystals.

2. Lattice Dynamica and lheftal Properties :
Rigorous lreafnent of lattice vibrations, normal modes; Density of states, themodynamic pmperties
o[cryslrl, anharmonic eflects, thermal exransbn,

3. Energy Band Theory:
Electrons in a periodic potenlial: Bloch theorem, Neady fiee electron model; tight binding melhod;
Semiconductor Crystals, Band theory of pure and doped semiconductors; elementary idea of
semiconduclor superlatlices,

4. TransportTheory:
Electmnic transport from classical kinetic theory; Introductbn to Boltzmann transporl equation;
electrical and themal conductivity of melals; thermoelectric effects; Hall effect and magnelo
rcs|slance.

5. Di6l6ctrlc ProDertles of Materiab:
Polarizatjon mechanisms, Dielectric function from oscillator stsength, Clausius-Mosotti relationl
piezo. pyro- and feno-electricity.

6. Liquid Crystals :

Themotropic liquid crystals, Lyotropic liquid crystals, long rang€ order and order parameter, Varjous
phases of liquid crystals, Effects of electric and magnetic field and applications, Physics of liquid
crystaldevices.

Srgg€sled Rerdtrgs8ooks i
. Inlroduclion lo Solid State Phtsics: C. Kiflel (Wiley, New York), 8th ed.2005.
. Quantum Theory of Solids : C. Kittel (Wiley, New York) 1987.
. Principlesofthe Theoryof Solids: J. Ziman (Cambridge University Press) 1972. Solid State Theory tWallerA. Harison ffata Mccraw-Hill, NewDelhi) 1970.
. Liquid Crystals : S. Chandrasekhaf (Cambridge University), 2nd ed. 1992.

PH3425 CONOENSED

l(?

L K. Gujtul Panjab Teh"icol ati'ercitr, Kaprflt4b

MATTER PHYSICS.I

N

!
i i':,

L T P

'|
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t K. cujnl Pr^jab Tahni.tl Unitdtit, Kaprdh.la

PHS426.PHYSICS LAB.II

Totel
Marks

Cr€ditg

75

S,No. Name ofthe Experiment

r Determinalion ofe/m of sl6ctron by Normal Zeernan Effect using Febry Porot
inlefelomeler

2

5

7

10

11

12

13

14

15

To verify the existence of Bohds energy levsls wift FrenkNsrts €p€rinents.

Determinaton of Lande's factor of DPPH using El€ctron-spln r€sonancs (E.S.R.)
specromeler

Deleminalion of ionization Potenlial of Lilhirrm

Analysis of pulse height of g€mma ray sp€ctra

To study the ch€racterbtics of G.M. counter

To del,emhe the dead time of G.M. counter

To stJdyabsorplion of bela particles is matter

To strdy Gaussian disfibution uslng c.l\r. counter

Source shength of a beta source using G.M counter

Detennh€tion of Planck's conslanl using Photocell and interference filters-

Recording and calibrathg a gamma ray spectum by scintillalbn counter

Detecting gamma |adiatbn wilh a scintillstion counbr

f o study absorpton otgamma radiatbn by scintillaton counter ,<.1/q
tdentitying and detemining the activity of weakty radioactive samptes .#t,:*L$L*

' : 'i"i'aro'iPo ""
\\ vi"rLjt
t1-:1\'"
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Tot l
lre.ks

C|ldits

75

List of Experihents

1. Black body rediation (cornpubtion end graphicat repres€ntation)
2. Refectioh and fansrnission of an electromagnetib wEve
3. SLatistical distributions at difrer€nt tsmperatur€s
4. Binding energy curve for nucteiusing liquid drop model
5. Elten-value prcblem:1O square pot€nualwell
6. EigerFvalues and wave-funcfions of € simpl€ hamonic oscillator
7. I\ronteCado simulalion

' 8. LineariProjeclile molion (simul€tion end solutibns)

l(\

t K Ctjmt pujab rehti.rt aDiwsiry, Kapsdhsta

PH342T.COMPUTATIONAL LAB

T P

3

thene &Sy obus (M. Sc, Phy.) Botch m16 & Onwdrds PaSe 16 of 31



PHS531 CONDENSED

L K Gujtot Punjdb Tebiast U"iwtsit!, KaPudh.I'

MATTER PHYSICS.II

Optical Properties :Macroscopic theory - generalized suscepdbility, KrameF- Kronig relations,
Brillouin scatt\ering, Raman efiect; interband t|z|nsitions.

Magnetbm:Dia- and para-magnetism in mabrials, Pauli paramagnetism, Erchange interaction
Heisenbee Hamiltonian - mean field theory; F€no-, ferri- and antifenomagnetism; spin waves,
Bloch T32 law.

3- Principle3 of Magnetic Resonance: ESR and NMR - equalions of motion, line width, motional
nanowing, Knight shifr.

4.

5.

Superconducttuity :Epeimental Survey; Basic phenomenologf BcS pairing mechanism and
nature of BCS ground state; Flux q uanlization; Vortex state of a Type llsuperconductors;Tunneling
Experiments; High Tc superconductors.

Dbordered Solids : Basic concepts in point debcts and dislocalions; Noncrystalline solidsi
diffraction pattem, glasses, amorphous s€miconductors and ferrcmagneb, heat c€pecity and hemal
conduclivityof amorphous solids, nanoslructures - short e{pose; Quasicrystals.

Suggesled Readrhgs8oofts i
. Introduction lc Solid Staie PhFics: C. Kitlel(Wiley, NewYork) 2005.
. Quanlum Theory of Solils : C. Kittel (Wiley, New York) 1987.
. Principles of the Theory of Solids : J. Ziman (Cambrhge Univelsity Press) 1972.
. Solid Sbie Physics : H. lbach and H. Luth (Springer, Beriin),3rd. ed- 2002.
. AOuantum Approach to Solids: P.L. Taylor (Prentic€+1all, Englewood Cliffs), 1970.
. Inlemediale Quantum Theoryof Solids: A.O.E. Animalu (East-West Press, New Delhi),1991.
. Solid State Physics: Ashcroft and Memin (Reinhert& Winston, Bedin), 1976.

theme & sy cbus (M. Sc. Phy,) Botch m76 & Onwods Page 17 of 31
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I K. Ctiol Pujtb Tqhni.4l Lhi@sit , Kapudtala

PHS532 CLASSICAL ELECTRODYNAMICS

T P

3

1. Electrostatic8: Laplac€ and Poisson's equations, Eleclrcstatic potential and eneEy densityof the
electrcmagnetic lield, l\,{ultipole expansion of lhe scalar polenlial of a charge distribulion, dipole
6oment, quadrupole moment, Mulllpote expansion of lhe energy of a charge distribution in an
external neld, Stalic fields in material media, Polarizalion vector, macroscopic equations,
classlfication of dieleclric media, lrolecular poladzability and electrical suscepl]bility, Clausius-
Mossetti relaton, Models of Molecular polarizability, energy of charges in dielectric media (l\raxwell
stresstensor),

2. MagnetGtatics :The differential equations of magnetostatics, vector polential, magnetb fields of a
localized cunent distribution, Singularity in dipole field, Femi-contact term, Fo.ce and torque on a
localized cureni distribution. (Magnetic stress tensor)

3. Boundary value probl€ms : Uniquen€ss theorem. Dirichlei and Neumann Boundary conditions,
Eamshaw heorem, Green s (reciprocily) theorem, Formal solution of electrostatic boundary value
problem with Green function, Method of images with e)€mples, I\ragnetostatic boundary value

4. Time varying fields and Maxwell €qualions : Faradays law of induction, displacement cufrent,
l,,laxwell equations, scalar and veclor polential, Gauge transformation, Lorenz and Coulomb gauges,
He.tz patential, General e&ression for the eleclromagnetic fields ene€y, conserualion of energy,
PoJ,nting Theorem, ConseNalion of momentum.

5, Electromagnetlc Waves : wave equalion, plane waves in frc€ space and isotropic dielectrics,
polarization, ene€y transm itled by a plane wave, Poynling lheorem for a complex veclor field, waves
in conducting media, skin dep$, Reflection and refraction of e.m. waves at plane interlace, Fresnel's
amplitude felations, Refleclion and Transmission coefficients, polarizaiion by retlection, Brewsbts
angle, Total inlernal refeclion, Stroke's parameters, El\,l wave guides, Cavity resonalors, Dielectric
waveguide, optjcal fibre waveguide, Waves in rarefied plasma (ionosphere) and cold magneto-
plasma, Frequency d ispe rsive characteristics ofdielectdcs, conductors and plasmas.

Sugges&d Readrhgs8ooks .'

. Classical Electrodynahics : S.P. Puri(Na|osa Publishing House)2011.

. Classical Elechodynafiics : J.D. Jackson, (New Age, New Delhi) 2009.

. Introduction !o Electrodynamics: D.J. crifiths (Prenlice Hall India, New Delhi)4th ed., 2012.

. Classical Electromagnetic Radialion :J.B I\,4arion and I\,l|.A. Heald, (Saunders CollegePublishing
House) 3rd edition, 1995.

. Electromagnetic Fields, Ronald K. Wangsness (John Wiley and Sons)2nd edition,1986 -

. Eleclfomagnelc Field Theory Fundamentals :Bhag Singh Guru and H.R. Hiziroglu
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I K. Gujnl Pmjab Tehhal hiwsny, Kapaflhata

PH5533 PARTICLE PHYSICS

Total
Marks

CredlG

t00 4

Introduction : Fermbns and bosons, parlicles and antiparticles, quarks and leptons, inleraclions
and ields in particle physics, classical and quantum pictures, Yukawa piclure,typ€s of interacnons -
electrcmagnetic, weak, strong and gravitational, unils.

Invariance Principl€s and Consorvation Lews : Invariance in classical mechanics and in quanfum
mechanics, Padty, Pion parity, Charge conjugation, Posilronium decay. Time reversal invariance,
CPT theorem.

Hadron+ladroh Inteaactions : Cmss sectbn and decay rates, Pion sph, lsospin, Twonucleon
system, Pion-nucleon system, Strangeness and lsospin, G-parity, Totai and Elastic cross section,
Particle production at hbh energy.

Relativistic Kinematlcs and Phase Space : lntoduction to relativistic kinematics, particlereactions,
LorenL invarianl phase space, two-body and three-body phase space, recllrcion relation, effeclive
mass, daliE, K-3 p-dec€y, t-0 puzzle, dalitz plols for dissimilar particles,Beit-WiJner resonance
fomula, Mandelstem variables-

Static Quark Model of Hadrone : The Baryon decuplet, quark spin and color, baryon ocler,quark-
antrquark combination.

Weak lnteractlohs : Classification of weak interaclions, Femi theory, Parity honcohservatonin B-
dec€y, expedmentd determinalion of parity vblation, helicity of neutino, K{ec€y, CP violation in K-
decay and its eperimental determhation.

Suggesled Rerdrhgsl8ooks r

. Iniroduction to High Energy Physics : D.H. Pe*ins (Cambridg€ University Press).

. Elemenbry Particles: l.S. Hughes (Cambrjdge University Press), 3'ed. 1991 .

. Introduction to Quafts and Partons : F.E. Close (Acodemic Press, London), 1979.

. Inlroduction to Particle Physics : M.P. Khanna (Prentice Hall of India, New Delhi), 20M.

1.

2.

4.

6.
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I I( Gujnt Purjab Tqhbi.al Uabetiry, K'putltatt

PH5534 ELECTRONICS

l. Analog and Digital Instruments: Introduction-Basic Emitter Fo ower Voltmeter; FET Input
Vollmeter; Vollage Follower Vonmebr; Amplifier Type Op At\rp Voltmeter; Volhge to Cufient
Converter; Cunenl lJ4easurement with Analog Electonic Instrumenl; Time Base; Basic Digital
Ffequency Meter Syslem; Reciprocal Counting Technique; Digitat Vohmeter System; Digital LCR
Measurements.

2. UJTS and Thyristors: Operational Princ ple of IJJT| llJT Rela)€lion Oscillator circuiti pNpN Diode:
Characteristics- As a Rela)€tion Oscillator-Rate Effect; SCR: Vi Characteristics Gaie Triggering
Characlerislics; DIAC and TRIAC; Thydslors: Basic parameters- As Cunenl Controljabte Devices
Thyristors in Series and in Parallet; Apptic€lions of Thyristors As a pulse ceneralor,
Bistablel,{ultivibrator, Haif and Futt Wave Controlled Reclifi€r, TRTAC based AC power control, SCR
bas€d Crowbar Protection; Gate Tum-Off Thyristors; programmabte IJJT.

3. Oigital Integrated Circults: 7400 TTL;TTL Parameters; TTL-MOSFET's; CMOS FET's;Three Stale
TTL Devices; External drive for TTL Loads; TTL Driving Externat Loads; 74C00 CMOS; CMOS
Characteristics;TTL to CI,|OS Interface;CMOS to TTL interface; Cunent Tracers.

4. Integrat€d Circuits as Analog System Buitding Btocks: Etectronic Analog Cornputation; Active
Filters: ButteMorh Filter-Practical Realization-High pass FitteFBand pass Fifter-Band Reiect Filter:
Delay Equalizer; Switched Capacitor FilteF; Comparators; Sample and Hold Circuils; Waveform
Genetalors: Square Wave Generator Pulse Generator-Triangte wave Generator SaMoolh
Generator; Regenerative Comparator Schmitt Trigger.

5. Integrated Circults as Digital System Building Blocks: Binary Adders: Half AddeFpara el
Operation-Full AddeF[rSl Adder-Seriat Operation; Decoder/Demultipte)€r: BCD to Decimal
Decoder-4{o-16 line Demultiple)€( Data Selector/t ulliptexer:1 6-to 1 Muttipte)@[ Encoder;
ROI\riCode Converters-Programming the ROM-Applicaibnst RAI\r:Linear Setection-Coincjdenl
Sel€ction-Basic RAM ElemenbBipolar RAM-Static and Dynamic [.,lOS RAt\,4; Digitat to Analog
Converlers: Laddef Type D/A ConverteFMultipting D/A Convener; Anatog to Digital Converters:
Successive Approximaton IJD Converter.

Saggested Readi,ags/Boo*s i
. Text Book of Electronics by S. Chattopadhyay, New Centrat Book Agency p.Ltd., Kolkal,a,2006.. Digilal Prinoiples and Applbations by A.P. Malvino and D.p. Leach, Tata Mccraw-Hill, publishing

Co., New Delhi.
. Electronics Principles and Apptications by A.B. Bhaflacharya, New Central Book Agency p.Lld.,

Kolkata,2007.
. Inlegrated Electronics Analog and Digital Circuits and Systems byJacob Mi man, Christos C Halkins

and Chel€n Pankh, 2EEdtron, Tata Mccraw Hill Educ€iion private Limited, New Dethi, 2010.
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PH5-535 FIBRE OPTICS AND

I x. Griot P.njd Tehakal aniwsir, Kaputhdla

NON.LINEAR OPTICS

Total
Marks

Credits

100

1. Optical fibre and lts properties: Introduction, basic fibre construclion, pmpagalion of tight, modes
and the fibre, refractive indexprofrle, types of fibre, dispersion, data rate and band willh, attenuation,
leakymodes, bending losses, cut-off wavelength, mode fietd diameler, oherfibre types.

2. Fib6r fabrlcalion and cable design:Fibre fabrjcalion, mess produclion of fber, comparison of
the processes, fiber drawing process, coatings, cable deEign requirements, typical cable design,
testing.

3. Optica of anisotropic medla: Introduction, the dieleciric tensor, storcd electromagnetic
energy in anisotropic media, popagation of monochromrtic plane u€ves in anisotropic media,
directions of D fora given wave veclor, angular relationships between D, E, H, k and
Poynting vector S, the indicatrix, uniaxial c46tals, index surfaces, other surfaces related to he
uniaxial indicatrix, Huygenian constsuctions, retardation, biaxial crystats, int6n6ity through
pola teri^/aveplate/ pola rizer com binations.

4. Elect.o-optlc and acousto-otpic effects and modulatlon of llght beams: Introduction to the
electro-optic effects, linear eleclro optic effecl, quadratic electro-optic
effecb, longitudinal electro-oplic modulation, transvers€ electro optic modulation, eleciro optic
amplitude modulation, electm-oplic phas€ modulation, high frequency wavs guile, electro-oplic
modulator, strain optic tensor, calculation of LMor a logitudinal acoustic wave
in botropic medium, Raman-Nah diffractbn, RamaFNalh acousto-optic modulabr,

5. Non-linear optics/processes: Inlroduclion, anharmonic potentials and nonlineer polarization,
non-linear susceplibilities and mixing coemcients, parametic and other nonlinear processes,
macroscopic and mcloscopic susceptibilities.

Suggeate.I Red.tlngs/Books :

. The Elemenls of Fibre Optics: S.L.Wlrnerand Meardon (Regents/Prentice Hall),1993.

. Lasers and Electro-Optics: C.C. Davis (Cambridge University Press), 1996.

. Oplic€l Electmnics :Gatrak&Thyagarajan (Cambridge Univ. Press), 1989.

. The Elements of Non.linear Optics: P.N. Bulcher & D. Colter (Cambridge University Press), 1991.
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Marks

Credits

100 1
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L K Giiot P0tjab Tehri.at Uniwsb, raputuatn

PH3-536 PLASMA PHYSICS

P

3 '|

2.

3.

5.

'1. Introduction 10 the Plasma State, elementary concepts and d€finitions of lemperattire and other
pa€meters, occurence and inportance of plasrna for various applications, Producibn of Plasma in
the labo€1ory, Physics of glow dascharge, eleclron emission, ionizalron, breakdown of gases,
Paschen's laws and different regines of E/p in a dbcharge, Townsend discharge and the evolution
ofdischarge.
Plasma diagnoatics: Probes, energy analyzers, magnelic probes and optical diagnostics,
preliminary concepts.
Single partlcle orbit theory: Drifts of charged particles under the effect of differenl comblnations of
eleclric and magn€tic fields, Crossed electric and magnetic fields, Homogenous electric and
magnelic ields, spatially varying electric and magnelic flelds, lime varying electric and magnelc
fields, parlicle motion n larqe amplitude waves.
Fluld description of plasmas: dislribulion functions and LiouMlle's eqlalion, macroscopi.
parameters of plasma,lwo and one fluid equalions forplasma, MHD approximations commonly used
in one iuid equations and shplified one flull and [.lHD equaiions.dielectric conslant of field frce
plasma, plasma oscillations, space charge waves of warm plas,na, dielectric constiani of a cold
magnelized plasma, ion- acouslic waves, Alfuen waves, Magneio sonrc waves.
Stablllty of fluid plasma: The equilibrium of plasma, plasma instabilities, siability analysis, two
stream instability, instability of Atfuen waves, plasma supported against gravity by magnetic feld,
energy principle.microscopic equations for my body system: Statistical squalions for many body
systems, Vlasov equation and its properties, ddft kinelic equalbn and its properties.

Suggested Readings/Books ;

. Introduction tio Plasma Physics, F.F. Chen

. Pfinciples of Plasma Physics, Krall and Trievelpice

. Inlroduclion lo Plasma Theory, D.R. Nicholson

. The Plasma State, J.L.Shohet

. Introduclion lo Plas,Ia Physics, M.Uman

. Principlesof Plasma Diagnostc, l.H. Hutchinson
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PHS-537 NONLINEAR DYNAMICS

l. Phenomenology of Cheos :Linear and nonlinear systems, A nonlinear eteclrical syst€m, Biologic€l
populalion growth model, Loenz model; deteminism, unpredictability and divergence of trajectodes,
Febenbaum numbers and sizescaling, selfsimilarity, models and universatity ofchaos.

2. Dynamics in Stale Space: State space, aut)nornous and nonautonomous systems, dissipative
syst€ms, one dinensional stat6 space, Linearizalion hear fixed points, two dimensional state space,
dissipation and divergence theorem. Limit cycles and lheir stability, Bifurcation theory, Heuristics, Routes to
chaos- Thrceiimensional dynamic€l systems, fxed poinb and limit cycles in three dim€nsions,
Lyapunov e4ronents and chaos. Three dinensional iterated maps,lj-sequence.

3. Hamiltonian System tNon-integrable systems, KAM theorem and period doubling, siandard map.
Applacations of Hamiltonian Dynamics, chaosand stochasticity.

4. Quantitying Chaos :Time series, L,€punov eponenls- Invariant measure, Kotmogorov - Sinai entropy.
Fractal djmension, Siatislical mechanics and hermodynamic fomalism.

5. Quantum Chaos :Quanbm Mechanical analogi€s of chaotic behaviour- Distribution of energy
eigenvalue spacing, chaos and sem i-classjcal approachto quantum mechanics,

S.rgg€sted Rerdirngs/Books :

. Chaos and Non Lineaf Oynamics : R.C. Hilbom (Oxford Univ. Press),2001.

. Chaos in Dynamic€l Systems : E. Oll (Cembridge Univ. Press),2002.

. Applied Nonlinear Dynamics :A.H. Nayfeh and B. Balachandran (Wiley), 1995.

. Chaos in Classicaland Quanhim l\,4echanics : M.C. culzwill€r (SpringeFverlag), 1990.

K/
Q . ^,-"r"
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'
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PHS.538 STRUCTURES. SPECTRA AND PROPERTIES OF BIOMOLECULES

T P

I

'1. Structurs Aspects of Biomobcule: Conformational Principles, Confomation and Configu€tion
lsomers and Dedvatives, Structure of Polynucleotides, Slructure of Polypeptides, Primary,
Secondary, Tediaryand Quatehary Structure ofProteins, Structure of Polysaccha ddes.

2. Th€oretical Techniquos and Thelr Application to Biomolecules: Hard Sphere Approximation,
Ramachandran Plot, Potential Energy Surface, Oulline of Molecular l/echanics Mehod, Brief ideas
about Semi-emphical and Ab initio Quanttm Theorellcal Methods, I\rolecular Charge Distribution,
I\,4olecula r Elecirostalb Potentialand Field and their uses.

3. Spectroscopic Technlques and their Application to Biomolecul€s: LJse of NI\rR in Elucidallon of
lrolecular Struclure, Absorption and Fluorescence Speciroscopy, Cifcular Dichroism, Laser Raman
Spectroscopy, lR spectroscopy, Pholoacoustc Specfoscopy, Photo-biological Aspects of Nucleic

{. Slructure- Funclion RelatioNhip and Modelingi Molecular Recognilion, Hydrogen Bondng,
Lipophilic Pockets on Receptofs, Drugs and Their Principles of Aclion, Lock and Key l odel and
lnduced fl l\rodel.

Suggesbd Readings/Boo*s .'

. Srinivasan &Pattabhii Structure Aspects of Biomolecules.

. Govil&Hosur: Conformationsof Biological Molecules

. Prace: Basic Molecular Baology

. Pullman: Quantum lvlechanics of l\,4dlecular Confomations

. Lehninger:Eiochemistry

. l\,4ehler&Cordes BiologicalChemislry

. Smith and Hsnawait: molecular Photrobiology, Inactivalion and Recovery

kheme & E dbus lM. Sc. Phy.) Bdtch m76 & Onwdds
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PHS539€EMINAR

Totalirarks Cradits
Sattrfactoiy/

unEetbftctol 2

The aim of Ssminar in M.Sc. 3tn s6m66iers is to e)@ose some of the students to D.€liminaries and
methodology of esearch and as sudl it m6y consist of review of som6 Gs€arch papers,
d€\€topm€nt of a laboElory eperh€nt, fabdcatbn of a de\,ice, ,,!/oftir€ out some problem, analysis of
data, eb. related to research PEjecl work which c€n be in Ep€rin€ntal Phjrsics or Th€o€licsl Physbs in
the thrust as well as non-hrust research aEas of the department.

A student opting for this couFe will be aitadled to one te€dter ot ule departnent in the stad of fie 3rd
s€m€st€r. Thes€ s€minars arG aim€d lo develop inaepth $bject knowledge and skill. Besides subiect
epedi!€, they help train sludents in the presentalion and communic€lion skill.
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PHSs40-PHYStCS LAB- l

S.No.

I

2

3

4

5

6

7

8

I

10

11

Name ofthe Expedment

To sirdytempelaturc dependence of conductivity ot a given sem iconduclor crystal using four
probe melhod

T€rnperatrre dependence of a ceramic capacitor-verificatbn of curie-weiss law for the
elocfical susc€ptibility of a ferroelectric materiat

To determine charge canier densityand Hall coefficient by Halleffect

To detennine the band gap ofa semiconductor using p-n junciion diode

To detemhe magnetic susceptibility ofmabrialusing Quink's tube mehod

Todet€rmine energy gap and resistivity of the semiconductor using lour probe melhod

To trac€ hysbesis loop and calculate retentivity, coercivity and saiuration magnetzalion

To detemhe dielectric constanl of a malerialwith Microwtsve set up

To studythe serGs and parallel characEdstics of photo\oltaic cell

To study the spectral charactedstics of photcvoltiaic cell

To detemhe the gJactor using ESR speclromele.

T P
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Total
Marks

Credlts

100

l.Datection ot radialions: Inleraction of gamma-rays, electrons, heavy cha€ed particles, neutrons,
neutrinos and olher panicles with malter. General properties of Radiation detectors, eneqy resolution,
detection etficiency and dead iime. Stalistics and treabnent of epedmentat data. cas-flled detecbN,
Proportional counters, space charge effects, energy resolution, lime characteristics of signal pulse,
position-sensilive pfoportional counlers, Multiwire pfoportional chambers, Drift chamber. Time pmjection
cbamber. Organic and inorganic scinlillators and their characteristics, tight collection and coupling to
pholomulliplier tubes and pholodiodes, descriplion of elecbon and gamma ray speclrum frcm detector,
Cherenkov delector. Semiconductor detectors, ce and Si(Li) detectors, Charge produclion and
collection processes, sem icond ucior det\gclors in X- and gamma-€y spectroscopy, Pulse he ighl spectru m,
Complon-suppressed, Sem iconducbr deteclors for cherged particle spectroscopy and particte identification.

2. ElectEmagnetic and Hadron calorlmeters: Motion of charged particles in magnetic field, lragnelic
dipole and quadrupole lenses, bela €y spectromebr. Detection of fast and slow neutrons - nuclear
reactions for neutron deiection. General background and deteclor sh ielding.

3. Experimental methods : Detector slstems for heavy'ion reactions : Large gamma and charge
panicb detector anays, multiplicity fillers, electron spectrometer, hea\,y-ion reaclion analysels, nuclear
lilelime measurcments (DSAI\,| and RDM techniques), production of radioactive bn beams. Detector
systems for high energy eperimenb :Collider phlsics (brief accounl). Particle Accelerato6 (brief account),
Secondary beams, Beam transporl, Modem Hybrid eperiments-CMS and ALICE.

Suggesbd Readings/Books :

. Inlroduction to Eperimental Particle Physics by Richard Femow (Cambridge University Press),
2001.

. Radialion delection and measurement byctenn F. Knoll (Wiley), 2010.

. Techniques in Nuclear and particle Eperiments byW.R. Leo (Springer), 1994.

. Detectors for particle radiatbn by Konrad Kleinknechl(Cambridge UnMersity Press), 1S99.

I K GUjNI Pxtjab Tuhnbat Utiwtitt, Kopailala

PHS.54,I EXPERIMENTAL TECHNIQUES IN NUCLEAR PHYSICSAND PARTICLE
PHYSICS

i,',)-1*$t'
K"ll;$'*ti li'' 
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OF NANOMATERIALSPHS 542 PHYSICS

1. Introductory Aspecb :Free electron theory and its features, ldea of band structure--{etats.
insulators and semiconductors, Density of state in one, two and three dimensbnal bands and its
varialjon with eneryy, Effect of crystat size on density of states and band gap. Examples of
nanomalerials.

2. Preparetion of Nanomaterials :Bottom up: Cluster beam e!€poration, ion be€m deposiljon,
chemical balh deposition wilh capping techniquas and Top down: Ball lvlilling.

3. General Charactedzation Techniques: Detemination ofparticle size, study of texture and
microstructure, Increase in x-ray diffraction peaks of nanoparticles, shift in pholo luminescence
peaks, variation in Raman spectra of nanomaterials, photoemissLon microscopy, scanning force
microscoov,

4, Quanlum Oots : Eleclmn confinement in infnitely deep square well, confinement in one and
two-dimensional wells, idea of quantum well slructure, Examples of quantum dots, spectroscopy of
quanirm dots-

5. Other Nanomaterials :Properties and applications of carbon nanotubes and nanotibres, Nanosized
metal particles, Nanostructured poltfierc, Nanoslructured films and Nano structured
semioonductors.

TUTORIALS :Relevant pmblems pertaining to the iopics covered in the course.

S u gges Ed R e ad ings /ts oo k s :

. Nanotiechnology - Moleculady Designed l\raterials I G.t\r. Chow & K.E. Gonsal!€s (American
Chemical Society), 1 996.

. Nanolechnology l\,lolecular Speculalions on Globat Abundance : B.C. Cranda (N,{tT press), 1996.. Quanlum Dot Heterostructurcs:D. Bimerg, M. Grundmann and N.N. Ledentsov (Witey),1998.

. Nanoparticles and Nanostructured Films-Preparation, Characterization and Application :J H.Fendter
{Wiley),1998.. Nanofabdcatbn and 8io-syslem: H.C. Hoch, H.G. Crabhead and L. Jetinski (Cambidge Univ.
Press), 1996.

. Phl,€ics of Semiconductor Nanosfuctures: K.p. Jain {Na|osa), 1997.. Phl,sics ofLow-Dimension Semiconducbrs: J.H. Davies (Cambddge Univ. press) 1998.. Advances in Solid State Physics (Vo.41) | B. Kramer (Ed.) (Springer), 2001 .

.!;. :. i :,i - ,:.
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PHS.543 ENVIRONMENTAL PHYSICS

T P

3 1

'1. Ess€nlials ot Environmental Physic.s: Structure and th€rmodynamics of the atnosphere,
Composition of aar, Greenhouse effect, Transport of matter, energy and momenfum in nafure,
Stfatificafon and stability of atnospheE, Lass of motion, hydrostatic equilibrium, Gene.al
circulation ofthe iopics, Elements ofwealherand climate of India.

2. Solar and Tene3trial Radiation :Phlsics of radialion, Iniemction of light wih matter, layleigh and
[,,lie scatlering, Laws of radiation (Kirchoffs law, Planck's law, Beels law, Wien's displacement law,
etc.), Solar and teneslrial spectra, UV radiatbn, Ozone deplelion problem, lR absorption energy
balance of the earth atmosphere system.

3. Environmental Pollullon and degradation: Elementary fluid dynamics, Diffusion, Turbulence
and tubulent diffusion, Faclors goveming air, Water and noise pollution, Ah and water quality

slandards, Waste disposal, Heal island efecl, Lafld and s€a br€eze, Puffs and plumes, Gas€ous
and particulate matters, Wet and drydeposition.

4. Envi.onmental Chang€s and r€mote sensing: Energy sources and combuslion processes,

Renewable sources of energy, Solar energy, Wind energy, bioenergy, hydropower, fuel cells,
nuclear energy, Foreslry and bioenergy.

5. Global and Regional Climate: Elements of weather and climate, Stability and verlical motion of
air, Horizontal moton of air and water, Pressure gEdient forces, Viscous forces, Reynolds
number, Enhanced Greenhouse Effect, Energy balance-a Zercdimensional Gr€enhouse model,
Globalclimate models.

suggesbd Readings/Books :
. Egbert Boekef & RienkVan Groundelle: Environlnental Physics (John Wiley).
. J. T Hougtion:The Physics of abnosphere (Cambrige Unilersity Press, 1977).
. J Twliell and J W€n: Renewable energy Resources (Elbs, 1988).
. Sol Wieder: An introductbn t sola r energy for scientisis and Eng ineers (John Wiley, 1982)
. R. N. Keshavamurthy and I\r. Shanker Rao:The Physics of l\ronsmns (Allied Publishers, 1992).
. G.J. Haltiner and R.T. Williams: Numerical Weather P€diction (John Wiley, 1980).
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PHS 5.14 SCIENCE OF RENEWABLE SOURCE OF ENERGY

Inlroduction : Produclion and reserves of energy sourc€s in the l^/orld and in India, need fof
altematives, renewable energy sources,

Solar En€rgy :Thermal applicatons, solar radiation outside ihe earh's atmosphere and al the
earlh's surface, fundamentals of pholovoltaic energy conversion. Direct and indirect transilion
semi-conductors, inlenelationship between absoelion coefficienb and band gap recombination of
ceniers. Types ol solar cells, p-n junclion solar cell, TEnsport equation, currcnt density, open circuit
loltage and shorl circuil cur6nt, description and pnnciple of working of single crystal,
pollrcrystalline and amorphous silicon solarcells, conversion efficiency. Elernentary ideas ofTandem
solar cells, solid-liquid junction solar cells and semiconductoFelectrclyte jlnction solar cells.
P.incapl€s of pholo electochemical solar cells. Applic€tions.

Hydrogen Energy: Environmenlal considerelions, solar hydrogen through photo etectrotysis and
photocatalytic process, physics of material characteristics for ploduction of sotaf hydrogen. Sb|age
processes, solid state hydrogen storage materials, structural and electronic properties of storage
materials, new storage modes, safely factors, use of hydrogen as fuel; use in vehicles and
electic generaton, fuel cells, hvddde batteries.

Other sources : Nature of wind, classification and descriptions of wind machines, power
coefficienl, energy in the wind, wave energy, ocean thermal energy conversion (OTEC),
system desagns for OTEC.

Suggesbd ReadingsAooks .'

. SolarEnergy: S.P. Sukhalme (Tata l/ccraw-Hill, New Delhi),2008.

. Solar Call Devices :Fonash (Academic Press, New York),2010.

. Fundamenhls of Solar Cells, Photovolbic Solar Energy : Fahrenbruch and Bube (Springer,
Beriin), 1983.

. Photoelectrochemical SolarCells: Chandra (New Age,New Delhi).

T P
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PHYS 545 RESEARCH PROJECT

TotalMarks Credlts
Satbfactory/

Unsatbfactrov 12

The aim of Droiecl work in M.Sc.4lh semesters is to e)oose some of the studenb to orelininaries and
methodology of esearch and as such it may consist of review of some research papers,
developmenlofa laboratory eperiment, fabrication ofa device, working out some problem, participation in
some ongoing research aclivily, analysls of data, etc. Prolect \4ork c3n be In bQedmental Physics or
Theoretical Physbs in the thrust as wellas non-lhrust rese€rch areas of the departmenl,

A student opling fo. his course will be atbched to one teacher of the departrnent before the end ofthe 3rd
semesf€r. A report about the work done in the projeci (typed on boh the sides of the paper and popedy
bound) willbe submitbd bya date to be announced bylhe Head of Departnent.

Assessment of the work done under the project will be caried out by a committee on lhe basis of /.\
effort put in the execulion of the project intgr€st shown in leaming lhe mehodology. r€port prEpaEd, gEsp
ofhe problem assigned and viva-voce/seminar, etc as per course guidelines.

S.herne & Page 31of31


























































































































































































