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Part Il- Cnntcnts of the Coursc
I h t) lLIr

CI-O l0l.l: linderstartl basics o1' group tlleorl.
pt'eparatiolt of group rnultiplication tables
and constructien ol characler table ol
symnletly groups.

f O 101.2: Find the Fourier series expansion. Fourier
integrals. Fourier and Laplace transfbrms
of functions and derivalives.

LO 101.3: Obtain explicit expressions o1' Flcrmite.
Laguerre. Bessel and Lcgenclre
polynonritls and to establish their
l'ecurrencc relations+nd other properties.

LO 101.4: Derive Cauchy integral theorem, Cauchy
integral forrnula. Taylor and Laurent series
expansion of functions of complex
variable and to evaluate some typical
definite integral r.rsirrg the nrethod ol
contour irltegratior.I.

nstructions lbr Pa er- SL'ttcr: The. exarrint'r u rll sc1 9 qllestious asking t$'o queslions fi'orn each
it and one cornpulsory question by taking course leaming outcontes (ClLOs) into consideration. The

onrpulsolv question (Que stion No. I ) s,ill consist ot' at leasl .{ par.ts colcrir.rg entire syllabus. Thc
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chilacter ol a lePrescntatit)n. collsullc tion ol chaLacter tatte u.ith illustrattv
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N{athcmatical Metl.rods lirl Physicists (4tr'edition) b1 G Arlken

lr,{athcrratieal,Vletho ds tirr Phl"sicists 16'1'

Mathelnatical Physics lbr Pl.rysicists ancl Engineers b1' L. PiPes.
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l'art A - I Ittrotl ttction
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Cl.O 102.1: I)cntttttsltate a basic ancl ach anced
knowledge of Lagrangian and }{amiltonian
Formulations and solve relaled problems.
Identify the c1'clic coordinates and
understand their importance in }lamiltonian
lbrnrulation.

1.O102.2: Acquile knora letige of canonical
'f ransfbnrltion and various generating
tunctions ibr this translbrmation. Develop a

deep understanding to tackle the problems
ol classical mechanics under small
oscillations.

LO 102.3: l)emonstrate thc concept o1'motion of a

particle uncler centlal tbrce and appll
aclvancecl nreth()ds to dcal uith central
torce problents. Use Hamilton-Jacobi
theorl' for linding the solutions of various
Classical sYStems.

LO 102.{: Undcrstaird dre lbundations of nonlinea'
dynamics in general and chaotic motion
and fiactals. in palticular. Perfomr stabilitl'
analysis of'cLrbic anharmonic oscillator and
undamped penclulum. and iind chaotic
Ir:1 eclruies
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nstluctio s fbr l):r el'- Sc t' The examiner riill set 9 questions aski n8 two questions liom each
nit and one conrpul sor1,qLrestion b),taking course leanting ot-ltcornes (C [-Os) into consicleratitu. t hc
onrpulsor-r' question (Question No. I ) ri iil consist ol at least 4 parts cor ering entire sl.llabus. The
ucstlon pltper is expccted 10 contain ploblerr.rs to the extent o1209/0 oltotal nrarks. T'he examinee wille requirccl to attempt 5 questions: selecting one tluestion t'ronr each unit and the compulsorl
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Formalism: Canonical lblmalisnr' Hartliltoniirtl cquat l( ) ll: of motion" 
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inates. Rauthian
tions, examples,
onal principle.

hvsical s en'1-cance o1 thc flamilto:rian. (i1'clic coord

rocedure and cqualious. Dclivation ol Generating lurtc

loperties. Derivation of Hamiltonian ccluations liom valiati

oisson brlcket rtnd theorl of small oscillations: l'oisson lrrac liet. spcc ial

ases of Poisson bracket. Poisson theoretr, [)oisson bracket and canonical

ranslbrmation. .lacobi identitl' ancl its derivation. Lagrange bracket ancl its

lopelties. the relationship betrleen Poissott and Lagrange brackets and its
crir atior.r" the angr-llar tnontenta and Poisson bracket. l,iouville's lheoren'l and

iLs applications: 'l'heory of'sn.rall oscillations: Formulation ol'the problem,

[:igenvalue equation and thc principle aris transtbrmation. fiequcncies of liee
ibratior.rs and normal coordittittcs. liec vibrations ol a lil.real triator.nic

rrolccttle.

l rvo-bodv centr:tl forcc problent anrl Il-l theoq: frio lloclv cclltra Itbrce
rroblem: Reduction to the etluivi.rlent one body problem. the equation of
nolion and tirst integrals. classilication o1'orbits. the Virial theorem, the

iif tlrc'ntial equatior.r tbr the olbit. integrable porver lau'in trme in the Kepler's
rohlem. the l-aplace-Rr.rnge-Lenz vector. scalterilla ill cerlral tblce field: I l-J

I heorl': H-J equatiou and the'ir solutions. use ol H-J nrethocl lbr the solution of
ralmonic oscillator problerr.r. Ilantilton's principle limctiotr' Han.rilton's

haractcr-istic hnction and thcir propcrties. Action angle rariables tbr
r)lI lc tcl arirb le sr 'stenls- thc Ke loblem in action anule variablcs.

Introtluctorl non-lintar dvnantics: ('lassical ('hitos: I.itrcal antl nottlinr.-ar

)'stenls. periodic motiou. l)erturbation and KA\4 theorem. d1'narl.rics-ir-r phase

pace, phase poltraits for conserYative s)'steu.ls. attractors. classillcatior-r and

tabilitl'oiequiliblium points. stahilitl anall'sis ol'cubic anharmonic oscillator
nd undanrped pendulum. cl.raotic tla.iectories and I-iapunov cxponerlt,

l)uincare Map" I{enon-[]iels llamiltonian. bitirrcation. driren-damped
harnronic oscillator'. the logistic ccluation. firacta]s ancl tlinrensionalit
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Recommcnded Books/e-resou rces/LMS:
l. Classical Mechanics (3'd ed., 2002) b1 H. Goldstcin. c'. Poole and J. Saiko. pearson L<iirion
2. Classical Mechanics by Jolm R Taylor.
3. Chaos ancl Intcgrability in nonlineal dynanrics: Arr introduction (1989) b1, Nlichael Tabor.
4. Nonlinear dynarnics: Integrahilitr,. chaos and parterns (200j) by M. Lnkrh-anan and S
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uesti()n pilper is expected to contain problerns to thc extcr.lt ol20% o1'total
bc rcquiretl to attempt 5 questions; selecting orre question fi'om each

uesliorl. .\ll questions \\,ill carrv equal nrarlis
'lo t{:s

rrrrks.'l he eranr inee u ill
Lur it und the compulsor'1'

Schrodinger forrnulation of Quantum N{echanics: Recapitulation ol
I)asic concepts: \\'hy quantum nrechanics l I u,o-slit experinrerrt u ith rrr
ltrcliation and mattcr pafiiclcs. Quantunr -rnccharr ical vicrr pornt. 1he
Schrtidinger rvavc equation. l:\pr.ctatioll values. Lhrcnl'est tltcorern:
Interpretative postulates ofquanturl urechur.rics: Dl,narnical variables as

Ik'rmitian operators. Eiqenvalucs and e igenhrnctiorrs. Expansiorr in

ircn t'[rnctions: IllLrstration ol'l)ostLrlates tirl enrrev and rnomcnturr:
rtlronol n'ta litv of eigenfirnctittns. Realitl ol' cisenvalucs. (losLlre

ropelt\. Probability function and cxpectation value. Co-ordinate and

nrornentLlm reprcsentations of wave function. Uncemainty principle lbr
lo arbitmrl' obsen,ables; Problerns: A charged particle in a unilbrm
tatic magnetic field (eigenfirnctions and l,.andau levels): The Hydrogen
r()rn (redrrced rnass- radial lare tirnctions and encrgr eigenvalLres)

Nlatrix Ibrnrulation of Qu{ntum l{cchanics: Plelinrinarics:
llclnritian and unitarv matrices. ll'arrsfbrrr ation and diagonalization of
rtalriccs. Matrices of inl'inite lank: Represerrtation ol' obsen ables and
r uve fitnctions as matrices, '['ransl'ormat ion theor1,. choice o1' basis.
'harrqe of.basis, unitarl, tlans fbrrnat ions. llilberr space reprcscntat i()n I

l)irac's kct and bra notatiorr: 'l inre-devr-lopnrenr ol'qLlanlurn svsrerr:
Sehrodinger. Heisentrerg ancl lntcr.action pictures. Link uitlr classical
quations ol rnotion. Quantization ol'a classical slstem: Applietrjon ro

nrotion of a pal'ticle in an em fieldl Matr.ix theory of the har.monic
rscillator: Spectrunt of eigenvalucs and eisentirnctions, Matrices tbr
'rosition. molnentunt and ener.qy operalors (energl representation).

rixnturll tlrcor\ o,' Angular Monrenturrr: Orbitrrl angrrlar- rlr()nrct.tlunl
rperator L. Clar.tcsiar.r and spherical polar co-orclinate reprcscntilti(,n,

)
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ommutatiorr lclations. Orbiral angulur rnorncntum arrd sp,rtial I

lrirta116',r. EigenvalLrcs and eigenlunctir,ns ol I_: and L,. Spherical I

lllirnnollics: Ceneral arrgular ntotnenlutn J: Eigenvalucs anO I

It'iucrrlirrrctiorrs 
ol'J: a.d J,. Matr.ir rcpres!,r)ruliorr rrl angular. ,.,,n,n"n,,,, I

Jt)l)crators. 
Spin angular. tnomenlutn. \\irve linrction inclLrding spin I

l(Sprnor): Spirr onc-halt) Spirr cigcnlirrrutions. pauli spirr rnlrr.iccs: I

lAddition ot' two angular rnorncnra. Clcbsch_Cor.dan coellieienrs lnd I

ftlreir 
calculation lbr j,=.1-=l/2. jr- t..i:, t 3 arrd.i,= j.= t:.t [e Signcr- |

ll.ikan rheorcrn. I
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Quuntunr Meclrallic:1 3"1 edition.1 b1' F.. Merzbachet

Quanlur'rl N4echan ics bY John L. Porvell and B Crascmann

QLl.nttlm Mcchanics b1' A. K. Chaiah and S ['oknatlian

lntroductor)' Quanttrm N{echan ics (4'l cdition) bY IL ic hard L. LiboiT
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Scssiorr:2021-23

Part i\ - I ntrodttcti0n
lvI. Sc. Pll sics

-*+l' €
of Physics,
Unrt/erSity,
-i r3 1lg.

Naruc of I'rogratunre
Scrnestcr

Narne ol lhe Course

( oul se ( r)(le

I cvcI o1'tlre course
CoLrrsc I1 pc

CLO t0{.1: Be aware ol the gcneral characterislics ol
important semiconductor materials.
Develop a tleep understanding of the basic
clcsign, operation and characteristics of a

pr.r-junction and a BJT along u'ith
knorledge ol the basic netu'ork theorems
and their applications irr electronic cilcuit
analysis.

Cl,O 10,1.2: Learn to dcvise and analyze various
transistor ampliher models. Understand
the conccpt ol' negative f'eedback and its
importance in amplifiers.

CLO 104.-i: I)erhrrm a load-line anall'sis and dcsign ol
various biasing schemcs in ampliliers.
Acquaint \,ith the liequency response ol
variously coupled ampliliers and sources

of noise in electronic devices.

CLO 104.-l: Gain knowledge ol classiilcation. sources

of disloltions and their estimation.

operation and deterErination of efficienc1'

of power amplifiers. Clearly understand

lhe need o1' regulation. operation and

circuit analysis of difl'erent voltage tnd
currcnt regu lators.

I -Pll \'- I 0,1

( --i
00-+99

'l'otal

l) fe 1 C Ill f I Ir e c O Lt f S a if trrtv

Course L.carning Outconres (CLO)
Af-tel completing this course, the learner will
be able to:

( reclits I-heor'1, l)ractical
.l (l
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Hou rs

IY

llasics of pn-junction, BJ'l' and Netn ork l'hcorcnrs: Sem ictlnclltclors: intl Itste

ancl cxtrinsic semiconductors. charge densitics in p and n tlpe setn icondttctors,

ultion" Zelrer diodc.Zener and alalanchc brcakdo,"rls. clippinu irnd clamping
ircuits: 'fl,e bipolar.jr-rnction (ransistor': basic rNrrking principle. conligurations
d characteristics. r'oltage breaktlosns. Netrvork theolerus: node. nlesh.

upelposition. \,1i1ler's. Thevenin's and Norton's theotettrs

nrplifier NIotlcls, treedback antl Iliasingt 'f\\'(r pol't tteluork arrailsis: active
ircuit modcls. gain in decibels. ecluivalen{ circuit lbr BJ'f. the transconduclancc
noclcl lbr BjT. analysis of CL, CB. arrcl C( an.rplifiers: An amplilier with
ecclback. et'fbct oi negativc t'eedback on gain antl iLs stabilitl. distoltior.rs. input
d oulpr-lt impeclances ol ampliliers. Location ()l'quicscenl (Q) point. biasing

ircLrits lbr arnplitic'r's: lixed bias. cnritter lccclback bias & r'oltag,-' Jecdback bias.
ias compcnsation. bias techniques tirr lincar intcgratecl circuits. thclntal runa\\'av

cl thernal stabilitl

rc(luenc) llesponse of Amplilicrs: -l lic amplitie l pass band. Inid flt'c-quencl'

ange response of a direct coupled C'E cirscade. the high f)equencl equilalent
ircrrit (Nliller etlect.). the high l'requenc-v r!'sponse ol a direct couplccl CE cascade.

c liequencl' response ol RC anri translblrrer coupled C'E ampliliers. gain-
e(lLrencv plots o1' amplilier response {I}otle plots). bantlq'idth of cascacletl
pliliers. bandwidth critelion lbr tl.le lr.lnsistor'. 1he gain-bandu irlth product.

onrpositc amplitier designs. bootstrapping in an.rpliliers. noisc in arrplitiers. noise
r'i t lrc
I'oler .4mplilicrs and Regulators: Potcl anrpliliers: class ,\ lalge signal

plilicr. second antl bighcr orcler harmoric disloltions. the translbrrner coupled
poxcr ampliticr. impe'dance nlatchins. el'licienc]. push-pLrll antptiliers. class-B

pliliers. conrplemcntar'\' staltes. closs o\ cr distorlions. class-AI] operation. heal
inlis. dcratirrg curvc: Illectronic voltage regrrltrtors: basic opcrirtion and anallsis ol
ener tliotle voltage regulator. singlc BJ'l' shurrt und series regulators. ttedback
crics Ii.lf Icgulatol and current leuLrlatrrr'. orcr']oacl ancl short circLlil protection

crrcurts.
'l ota I ( ont:tct {) ll

Sug csted Er:rlu:rtion I Iethotls
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.10 70

5

l0
\

I

,- -l'heo 
11'

Iintl l'crnr Ihanrination: 70

l'heon:
o (llrrss I)il t ic ipatiorr Writte n Exan.rination
o Senrinar','prescntationiassi gmlent./ Quiz-/clx55 tcst r'!c. :

o \4 icl-'l clm Exanr:
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Electronic funtlarnentals an<i applications (5'h Ed.) b1,J. D. \,deL.
Integlatcd E.lectronics by .l. Millman and C. C'. Halkias.
Circuits a,d Netrvorks: Analysis ancl Sl,nthesis b,v A. S,<llukar and S.l\4.S. palli
Illeclitrnic devices an<i circuits br, \,. N. llapar.
Pulse. digital ancl switching wavclbrms [r,v- J. \lillntan and Il.'IarLb.
Nlilhnan's Electtonic I)cviccs an,-l ( ileirits br .i. Ihllurarr . C'. C. Ilalkias & Sar abrataJir
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7. Illcctronic Devices attd Circuit'fheorl bv Robcrl I- Bo\'lcstad trnd Louis Nashclsky

8. Solid stale F.lectlonic t)cvic{is bv ll.G. Streettr.ran and S.K. Baneliee.
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Scssio n: zl).2 1-2

:r rt A- lnt l'oduetion

Narlt ol the Programmc

Scntester

Narne of the Course

Nl Sc. l'l SICS

1

irr sics [.ab-I

-l-Pl,Y
('

i0-i

c Sr-(lc lloIceL

Cottrse ( r:tle
Clottrsc 1r Pe

II illlSf eLIo (cCI.1tof fS cufct'e1) ot_Cal'l r stc () )Lo1tLiC t-nII-eISlloC'
seur: COrl.IlnCpAlier cot.tt

be able to:

nush-Pull ulPlilirer
o 105i,";;ti'g;' *i'unatrstuntl the opcrations.ot'
"'""-;r;** clamping circuits' dilfelentiating

alld integrating ciI'ctuts '

0 t05.1, M;;t; the icnsitivities of X and Y plates
" '"- ;i; cRo and determine frequenc-v a*d

0()-.199

a\\:
cll'e

II('
fi

tirlct

L]c ce uii )rh qdalll:s1clll CudilnDII0I)(I, d :lanStI'cuc ftrI I)CdIoeIISSre llo ethreTSIllel'lIllled poc Llft p
tItztlltfieCASUIl1l po

SOAISt)iit' oLInc()
ct) taCICIlciCISeal-ll1lp

tSc fcu1locj.l rLlldl'o aIlLI lic1'
p

llL)S ccIaI chC iIdoaclraande1)2 _itn5I iiot.

a CIIO.hase-di1'lerence uslng
Totall) racl ical'ThcorY

,1

8
0

0
30
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I
l0

70

Crcdits

hi kt\\ei'LI fSi ltrc niIf
kIL11 NIac.S s1l-Irnalt1 70

101)100
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0urso ntact

0

-1 hours

l. l'o determttle l'arL

). 'fo studl' the tleq

i, To stud1.thc
I- and r-sect

6. l'o measure (a) Phase di

Part l|- Con tcn ts of thc (lourse

IAC ca ls

\ote: Stud cnt u ill Perfo rIn ,rt least :ii \ expcrlme nts.'l'h e cI:tlnlne r

l'ill allot onc P rilc{ical ir t thc timc of end terrn cxamination

ous paramctets of a PL.t- iunction diode

uencl' resPonse of lolv-pass" high-Pass ancl bantl

pass fi lters.
rcctifi cr circlrils artd 10 rl'Ieasure the ripplc lactors of C

ion fllters. AIso stucll tlle stabi lization chatactertsttc

of a voltage regulator cousistillg ol' l(l-741

-1. 1b stuclY tl-re load characteristics ol a ( llass -13 push-Pu ll amPlit rer

5. To drar'v ft'equencl' res|lollsc characlerlstlc s o1' a I{C-couPlecl singl

stage IIJ'f arr.rPlifi er' in all thc threc eonliglrrations
elence. ( b) detlcction sensitivities and (c

1r'ctlLrencl of an unktlou tl ac signal Lrsing (lRO.

To stucl)' the cliPPing and thc clatr.iPing ctrc LIITS

1o stutll' the dilterentiating anrl in t. grittin g circrllls
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Integratecl Electronics by J. MiJlman and C. C. Hajkias
Pulse, digital and switching wavetbrnrs b1 .L )\4illnrzn and H. Taub
Elcctronic der, ices and circuits by y. N. Bapar
Microwat e devices and circuits by Samuel y. Liao
l)hr sies o l'scrrr icond ucror l)cr ieei b1 S. i\1. Sze
Elcctronic instrumentation and measuremerlt techniques by w. D. Cooper and A. D. Hetliick
OPAMPs and linear IC circuits by l{amakanr A. Gayakwad
Electronics 1br Scientists and Engir.ree.s: I)c'ices, clrcuits and Systems b;- TV Viswanathan.
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Irt l0nntr0ducttrt
css on: -25

M.Sc. Ph SICS\lrn.ic o1' tltc I)rogratt.ttle
IScnrcstcr

Na;rc o1 lltc Course

( ourse (l o tle
Course Tr c

I-cve I of thc course

LO l0(r. l: Dctemrine thc ionization potential o

mcrcur)'. N{easttre the 
"vidth 

of a narrou'

slit using ditTraction phenomenon.

Calculate the l)lanck's constant using a

suilablc light source.

l-() 106.2: Set Fabrl'-Parot interf'erometers lbr various

practical measurenlents. Verily the energt'

Cl.O 106.3: Demonstrate diff'erent harmonics present

in complcx signals using Fourier Analysis.
Verity thc inverse square larv of radiation

1'1u x.

LO 106.1: Measure the hand gap of a semiconductor
nlaterial. Llrtclerstand the underlying
dynamics minricked b1' the Chua' and

hr sics Lalr-[l

I

Iie i enblrurn c ilc uils

?.1-PIl\'- 106

PC-]
00-+99

the Frank-Hertzquantizatiou using
Experir.nent.

( oulsc Lcartting Outcomes (CLO)
Atter conrpleting this course. the learner u ill
be able to:

s l' ll\IIc ru se t)I T eh

lotalPlact icallhcorr
,.10

Credits

3

.+

tit)

t0j0(l
I [ours per rveek

I ntcrnal .,\sscssnrent N4irrks

'[eaching
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t001000
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N4ar. Malks
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0
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nil
lTo
l. To
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ICICUIy.

slit using the diiti'actio

thc Frank-Hc

phenomenoll.
i. io derelmirrc the value olPlanck's eonstant using photocell/LIID

-1. Fabr)'-Palot iuterfet'ornetel cx1:eritltctlt'

-s. Dcmonstration of enetgl (luantiratioll using

Experir.uent.
6. Fourier analr sis ol'comlllcr siguals

7. l-o detcrn'rirle band-gap ot a setlictrtttluctot tnatet'ial

li. 'lir velill' the inversc
9. To stucly nor.rlinear d

I 0. 
-li) 

studv nonlinear d

sqlrare las ol ladiaticrrl llux
ynarnr ics ttsing (.'huir' eirctlit

sug cstctl E

2si

iirluation Me thotls

l/t \

l1l ryiu!

-f-



et l'na ,\sI esJ IOs ne t ., ntl el.tn \it nt 0 tl:ilrilc cum rxct cum
)o (liass I,ti:ticipation

elnonstritliolt,\riva-\ oce I.. Seminali D ab recolds etc.:
cTC i) (le \\'t'lcC te rup
\ C L]C o oIl.t rh c rSCIIc alp

x l'f esoUt'ces-1.cil i'n I n

I . Integ;:ated Elecrronics by J. Millman and C. C. Halkias2' Nonlinear dyramics: Integrab ity. chaos and patterns (2003) by M. Lakshmanan and SRaiasekar
Intloducriolr to Solicl State physics (7,r,edirion) by Charles Kitrel
Modern Physics b1, Arthur Beiscr.
Eienrents of Nuclear. I,hysics br W. Fl. Mel er.hofi
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Session:2021-25

S ubiect

I'a rt .\ - [ntrorltteliorr

Plr r,s ic q

Name of thc Course

Seneslct'

N424-PH\',-107Course Code

400-499

l.\A

Cour\c'I\ trc:
(CC NICi \IDC CC-M'DSEC
/VOCTDSFiPC/AEC/VAC)

Level ofthe course (As Per
Annexure- L

Pre-requisite 1'or tl.re course (if
anyJ

Achieve el}'ective conltnunication skills and

Lrrrderstand the conccpts invtllved in the topic ol
scrn in ar.

r\cquile skills fbr rvorl<ing irr teanr and develop

confidence ibr f'acing aud icnce.

l-earn to rvrite eti'ectively a rcpofi ol'l a pafticular

topic and know the techniques of responding to

the questions Posed b1'audience'

Flnhance the plesentation abilities and irnprove

clo 107.2:

t.o 107.3:

l.o 107..1:

I O 107.1:

interpersorral ski lls.

CoLrrse L-ealrr ir-rg Outconles(C L.O):

-fotal
Practicrrl1'heory

J)
.t

2
Contact I lottt's

-.,.nr9,\-rrCh a irp e rso n,'-
Depa rt.ie n t of Physics,
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Scssion: 102.1-25

M. Sc. Ph SICS

Palt ,\ - I n I rod uct ion
Nanre of Ploglamme
Senrester

N:rrne ol tlic Course

Course Co,:le

uc lcar and l'article I')hrsics
.i-l,llY-201

Ler el of the' cor-rrse
Pc

+00-+e9
Pre-r'equisire 1'ol the course (if any')
Course Learning Outcomes (CLOs)
Alier completing this course, the learnel ri,ill
be able to:

Undcrstand the energy loss processes of
difl'erent encrgelic particles in a medium
and mechanisms of interaction of
gamrna photon vr ith rratter and Learn
about the basic propefties and
characterislics ol Nuclear tbrces. and
their mediating pa nic le.

Knorv and lcarn about various type of
detectors used in nuclear physics
expeliments. Lrnique propefiies ol
ditferent detectors and thcir applications
in the field ol' nuclear ph;-sics and
Dilfererrtiate betr.r,ccn di1l'erent type of
nuclcar reaotions. relevant aspecls
associated rlith nuclear reactions and
kinematics of such reactions.
Describe certain ploperties assoc iated
u,ith nuclci. models governing ditterent
aspects of nuclear bchaviour and
detajled understanding of deuteron
problcnr and understand tlre
phcnomenon o1 r'adioactive decay' s ol
alpha and beta particles, their detailed
lblmalism.
Knorv about difl'crent elementary
pafiicles. their cluark content and quark
rrodel ancl L,earn about decay of some
clcrncntalv partielcs urrd laus g()\crnin{
sr rch decavs.

ct,o {02.1:

CL.() 102.2:

cl-o {02.3:

lheolr I)r'rctica I Total
.1

Cleclits
1

I1 0Teaching. I lours per u,eek
i0
70

(l

(l

t000N4ax. Marlis
Erlnr irral ion Tirre

l0
70
100
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Departn'ent of PhYsics,
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The examiner rvill set 9 cluestions asking two questions from each
by taking course learning outconres (Cl ()sl inro consideration. The

mpulsor'1 ciuestion (Qtrestion No. l) rvill consist of at lcast 4 parts covcrirrg crrtirc syllabus. Thc
r.lcstion paper is cxpected to contain problems to the extent 01'207; 01'total rnarks. -lhe examinee will

bc reqLrircrl Io attempt 5 clLrestions: selecting one LlLrestion t-rom each urrit and the conr;rulsoly

Part l]- Contcnts of tlre Course

unit and one corrpulsory question
lnstructions lbr Pa er- Setter:

Unit 'l'opics Contlrcl I lou rs
rucstion. .\ll qrrcstions riill ca|ry eclual nra|ks

lladiltion Interlction anrl Nuclelr liolces: lnteraction o1'f halired
Perlicles \vith Matter: qualitative description uf various energl los
rnr'chanisms. their relative colrtribution in case ol hearv ions and
lectrons. classical stopping po\ er equation lbr elect;'onic energy-loss (no
clilation) n'ith signillcance o1 r'arioLrs terms involved. bchavior of
lcctronic enelgy-loss cuNe as a lunclion ol ion velocitl,', conccpt o
ncrgv stlaggling and range so'aggling and tlreir correlation; Irrtcluetion o

Radiation with Matter: ['eatures ol'photoelectric- Cornpton and

lrlrge sl'mnrctry and chargc ir.rdcpcndencc ol nuclcar 1'ol'ccs. conc!'pt ol
sospin, Mesorr theory of nuclear folces, r'elationship between the range o
he lorce and mass of the mediating particle.

air ploduction processes, Nuclear Folces: experimental eviderrce cr

railll llla

t5

II

lll

IV

adiation l)etectors and h-uclear Reactions; Canrnra Ra)

gcrrlaniurlr detector. Nuclear Reaclions: t),pes oi nLrclear reactions. Q
relue of a nucleal reaction and its dclcrnrination, dcllnition of cros
scction and its significance. elementar\ idea ol compound nuclea

pectrorneter: basic principlc anci woriiins o{' Nal (TI) scintillat
etector. nreclranisrr of.pulse lbrrr:rtion. basic idea of pulse processin
nit, corrcctr.rt o1' cnergl, resolrrlion and cllicicncy ol dclector and it

lorkirrg and applications of Si surf'acc balricr detcctor. high pLrritl
applications: Senriconductor Detectors: basic prirrciple. conslruction and

reactions and direct reactions. Concept Lrl'nerrtron detectiorr. CoLrlon.r

etelnrination o1'e-ract erouDd state of {ieLrteron. Radioactive Decavs
ncrgetics ol'alpha deca1,. tunnel theory ol alpha ileca1,. cncrgelics of bct

cca,v-. I'errni tltcory' of allou,ed beta decar'. inrportancc ol'Ircrrli-l(urie

)urticle Phvsics: Llnits in high energl phlsics; Classificatiotr o

\uclcar Propcrties and Radioactive Dccl'ts: Basic nrrclear properties
ize, shape arrd cherge distlibution, spin and parity. Binding eire lgr. serni-
rnpilical mass fblmula. liquid dlop l.l.)odcl. I)euleron probleml Croun
lrte of deutel'on. Magnetic r.noment and its impoftance in th

panicles- f'errriorrs and bosons. particlcs and antiparticics; Strange

pirticles. Basic iclea of dillelenr litndamental t1'pcs of interactions rvith

rritable exanrp)es. Quark llavors and thcil quantllm nuntbers, Quarks as

onstitlrclrts of I Iadrotrs. QLralitatir e itlca of Quark conllnemerlt and

\\,rnptotic ll'eedom. neccssit) ol'introclLrcing the Cokrr LlLlantullr no.,

lot, pality non-con serving plopert; ofncut[i]1o:

LLark nrodel- dcca ol' ion and mLron. (iell-\{enn \ishi inra Iirlrn ula.

t0

rc ital ion. nLrcleal kinematics

n
a-- >aot 147
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Scssion: 202{ 25

Part.\-Introduclion
Pllrlsqc s. Sc\anlc ol I)rr)gramme

Senr ester'

Lr.rrr inat ion l inre

lnstructiorrs I'or Pa

Solicl State Phvsics

LO 202.1:

LO 202.2:

LO 202.3:

LO 202.4:

I hr'on

Analyze the structure of a crystalline
solid in terms ol lattice. basis and unit
cell" and o1'a norr-crystalline solid on the
basis ol' pair-d istribution function and
detluce the structure ol a crystalline solid
Iion.r tlT e XRD pattern.
Calculate the dispclsirrn ol- lattice uares
tor crvslals 'uvith mono- and diatornic
basis, and accluire an understanding ol
phonon anci use it to determine the lattice
heat capacit\, in the Einstein and Deby'e
rn ode ls.

Learn the Illoch's theorem. solve the KP
model & onc-oicotron Schrod inger
ecluation tbl a periodic potential, classif,\
materials into conductors.
scmiconductors and insulators. and apply
the tight hinding & Wigner-Seitz methods
li,r ca lcu lirl;on ol'ertelg) hands.

Grasp rnain characteristics of
superconductors. along with qualitative
aspects oI the tlCS thcor'1,. explain 11ux

quanti,/atioll irr u superconducting ring.
and the DC & AC .losephson e11bcts.

+

I
.t0
1{)

(l

0
0t00

I hoLrrs

Part I]- Contcnts of thc (,loursc

er'- Setter': Thc cxanriner r.l,ill sct () (lLrestiorrs asliir.rll t\\() qttcslions f-r'orr each

unit and one conrpulsory queslion bl"takirtg course lcurning otrtcornes ((il.Os.) inlo con sidelation. l'he
ng entire syllabLrs. 'l he
ar-ks. The exanr ince u'ill

om prrlsolr
rlc-st roI Illl lrer is cxpected to contain problents to thc cxtent o1'2070 oflotal ln

cluestion (Question No. 1) uill consist ol at least 4 pans coverr

ber uire(l ro attempt 5.lLrestions; selccling one Lrcstion flrm euch unit and the colll

crar,faAt?,€
Department of Physics,
KUrtr,< .,.. .t, l r;.,,/erSity,
K.ti ri <.,Lr. .Jl,. J.
( Iltr, ,' I .

Name of the Course

M24-i'llY-202

L)0- i9,
Cl-(r

Crr rrrsc C o.lc

Ler el of thc coursc
Cou rst' 'l r pe

Pr-e^r'e uis ite lirr thc co u lse if an

Total
1

Course Lealning Outcomes (CLOS)
Ati.'r completing this course. the learncr rvill
be able to:

Clled its

Teaching I lor-rrs per u,eeJ< 0

Pract ica

30

I

Ilrtcrnal A 5sesslrlent lvlarl(\
70
100

Enri l ernr i:ranr Marl<s
N4ax. Marlis
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q tt lsitt'
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Cont:rct IIou rsIInit
r5

15

li

t-r1,stal Structurc: Recapitulatjon ol basic conccltts: Bravais lattice and

I'rinritivc vectolsr Primitivc. Conventiottal and Wigrrer-Seitz uttit cclls
Cr\stal structures and lattices u'ith bascsl Sytnnretrl' operations and

irndanrental types of lattices: lndex systcru lbr clystal plan,.'s

Dr.termination ol crYstal strLrctul'c b)' X-ra1' difliaction: Reciprocal latti
arrd Ilrillouin zones (examples o{ sc. bcc and.['r' lattices); Bragg and [,au

lirrnrulations of X-ray dif}'raction b1' a crl stal and their eqttivalcnce: T,art

ramplcs ol' NaCl and diantond: Expelirnental rnethods ol strtlctLlr

rluatiorrs; Eu'ald construction; BlilloLrin intcrprctation; Crystal an

illornic strrrcture t'actors: Strllctule f'actol of the 6cc and li'c lattices

nalysis: Types of probe bearn. The Lauc. rolating crvstal and ponde
ethods. Non-crystalline solids: Dil'{iaction pattern: Ivlonatomi

ineft gases. Van der Waals-l,ondon interaction. Rcpulsile itttelacliutt

hols nratcrials: Pair'-distribution function
.!lltice (lynamics antl thernr:rl propcrtics: Binding irr solids: (}'1'sials o

cnnard-Jones polcntial. Equilibriunr Ialtice constants. Colicsive energv

Lralitative idea oi lonic. Covalenl and I\'lctallic birrding. Classical tircor
l' lattice vibration (in harmonic applox irnation): Vibrations of clystal

r ith monatomic basis- Dispcrsion relation. First Brillouin zone, Grou
elocitl': Tu,o atorns per primitivc basis- dispersion of acoustical an

l)tical modes. Quantization o I lattice waves: Pl.totrorrs, Phono
omentumr Inelastic scattering of ncutrons Lry phor.rons. Thermal
roperties: l-attice (phonon) heat capacitr-: Norrnal modes: Dcnsitv o
tatcs in one and three dinrensions: Nlodcls ol'Debve and Einstein. [)cbt
' larv: Illl'ects due to anl'rarmonic crvstal interactiorts: Therma

'lopics

nt()

\ ansion: Thernral conductiv itl

-Tr--

-IiI-

I

t5

uestlor) .\ lI cluestions u ill ual nrarksC

lrorrentLrm ol electron, Solution ol' the cenlral ecluatiott. Apprrrritlet

: -[hcrmodvn rnr ics ol' thc

lectronic properties of solids: Sommcrteld's fi'ee elcctritn cas nrodel.
ensitl ol states. Fenni splterc- Ferrni and ground-state energv
ifllcutties rvith the fiec elcctron gas model: Band theoly ol solids
eally fiee electron model, Origin and nragnitLtde of the energl gap

I).'r'iodic potcnlial and Bloch's theorenr: Kt'onig-Pennct, model: \\'ai,e
rlLration ol'electron in a periodic potenlial. (icntral eclLratiort. C:'r'stal

olr.Ltiorr at and near a zone boundary; Pcriodic. exlende.l and rcdLtced

one schemes of energy band replesentation: NLtmber of orbitals in a

c'. bcc and ,cc structures: Nigner-Scitz nrethod. Clohesive cnerqv:

ccurrence! DcstrLrction of supercondttctivitl by rrragnetic iiclds

I)seudo-potenlial nrethods (q Lralitat ive idca )

SuperconductivitT': Experinrental sttrr er: SLtpcrcond uctivitv and it

and: Classification into metals. sctr icondttctors and insulators.

alculation of energy bands: Tight binding rrethod and its application t

eissner et'tect, T1'pe I and t.vpe II supercontluctr:rs, Iintropt, Frcc errergY-

Icat ca;racitl'. Energy gap. Nlicrot'ave and infirrerl propcrlies. Isotope

llect: Theoretical sulve supercondLrctin

4
a rrp e rs n

Depa rtrnc r!t of Physics,
li;;U 11 ;h.; t r 3' j i.l ive fS ity,
Kurr k',i.:rr. J'. !. 19,
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ransitiorl. I-orrdon equation. Lonclon penelration clepth. Cohcrence length:

icroscopic theolr': Qualitative l'eatures olthe BLIS theory. I)(iS groun

tate \\ave lunction; Quantitative predictions ol the BCS thcorl'. critical
crrperaturr:, energv Bap. critical tlcld. sltccilic hcat: Flur quantization in

supelconductirrg rirrg. duration of pel'sistcllt cui'rel'lts: [)c
()scphson ell'ects: Macl'oscopic long-rangc qLlanttllll intert'elence: I Iigh T

SLI erconductors ( introduction onl )

and Ac

trtr Con t:rct I Iou
Su estcd ]iva lu at iol lletho(ls

Intern al .\ sscssm en l: 30
30 ,- 'I 

h eorv:

l(l
Written Exarnination

I'art C-Learnin

o Scr.n irtirr', pt'e sentation/assign ment/q u izlc lass test .tc

Resottrces
ia

o ('lass I).rltic ipation:

. \1id-Tc11]r []xant:

- Theorv

Rccom mrnrled Books/e-resou rces/LN'l S:

lntroduction to Solid State Physics (7'r'edition) b1' Chnrls. 61,,.1

Solid State t'hysics by Neil W Ashcro[t and N. David N4errnin

Solitl State Ph-vsics: An Introduction to Theory and Expcriment bv H
Principles ofthe Theory of Solids (2''d edition) b1' .t. \4. Zinran
Conr.lensed Matter I'hysics by Miclrael P. Marder

lied Solid State Physics by Rainiliant

I

l

.l

)
6

lbach and I{. l.uth

--'r..<.')+e

/61

I

L
Iinrl -[crnr 

F],ra mination: 70
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Scssion: 202{-2S

Pa lt ,\ - [ntroduttion
ICSM. Sc. PhNunre ol Progt atttme

Scn rcstet

\lrnre ol tltc (lor"trse

Cot trse C ode M2.i-Pl I -l(rj
uanlunl Nlcdhan ics- ll

00-+99Lcr el o1'tlrc course
CoLtrse 1'.r pc

.l
l'otal[)ractical

0

I(.)

l) TC LI S c Io f 1 h e c o LI t' S e I I I

C i,Lrrse Lcarnit.tg Or:tcome s (('l.Os ) cl-o 103.1: F-o[mulatc perturbation, variat ional &

Alicr cornplcting this course. the learnel rvill

be irblc ttt:

WKB nrcthods tirl obtaining approximate

solrrtiorts rrl tlt( \cltrLidinger equation.

and cotrtptchend sirnple physical ef}'ects:

Zeemarr & Stalk cl}'ects & alpha decay

Appll thc tintc-dcpendent perturbatiorl

theor\ Io deal * ith atol'l'l-enl radiatioll

interactiort and calculate explicill) the

transition prrbabilitl' lbr induced

absorption and ent issiotr.

Explicatt' clectronic structtlre of man\-

electron atollls in central-fl eld

approxinrarion. cstilnale the centra l

potential usins the Thotnas-Ferrni &
llanrcc n]etholli. and hale an

understanding oI' t.nolecular encrgy levcls
(irlsp rltc hrrsic: ,rl quantLlm scattcrillS

theorr. lcnrn thc panial waves and

Creen's firnction methods lor deriving

scrattering cross-scctions. and calcu late

these titr tinite sqttat'e r.r'ell. hard sphcrc

CLO 103.2:

L0 103.3:

LO l0-1.{:

& scrcctted Cttulontb oter t ia ls

C'rcd its
'l heon

l
I cach IIours r s eck I

i00i0Irrtcrnal A sscsstrent NIalks
1010Irnrl -l ernr Ilrrtnr \1arks

100\1.n. fv{arlis
1000

i Irottrs[-irrrtn itrat irrn linre
l'l rt l]-C'ontents ol lhc'Cttursc

ll sct () qucstiuns askinq trrir clLrest ion s 1l'orn ertcll
lrrstruc l0lls

ii rnd onc cotttpttlsorv c1 Gstion br takinr cottrse lcartritlg outconles (CLOs ) into con sideration. l'he

orrr pu lsot r question ((lucst ill consist ol al least 4 llarts coverl nq entlre syllabus. The

Lr(\lloll pll pcr is expectcd to contitin prol.r lerls to llrc e\tent of 2070 of total marks. I'he examinee rvill

C I Cqu I l'e(IIo attcnlllt 5.l ucstions: selcct itl g one rlttestitttr tl'onr each ttt'rit and the comPulson'

uestiorts rl ill ca rritl ntark s

n

Lrc\t itril. \ll

ion No. l) tv

r\

-u-<+)la.ta'L \J

,i.,

, ?.r'.t,3' jri\.erSitv
. r-.:!iJ .rJF, tl. l.
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>$,)--
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'l o1lics

.\ 1r 1t r{)\imale nlc{hods lirr horrnrl statcs- Stltionarl pct'turbatiortI

ccotrd ot'det.
ll'ect irr r=2

irrurc of tlrc solLttions
oint- C'onnection at

SolLrtion ncitr a tttrning point. L

thc turnir)! poittt. .\ir rttptolic
]l

hcot'1 : Non-deg0nelate case- Firs1-otder antl sccond<trdcI corrcction:i

rJ Cllcl'11\ gl gcllY alues and eigenlirnctions. I)crtut bittior.t ot an oscillator

lralmonic and anharmonic (ax3 + ttxa\ pcrturbations). GroLrnd slate

l lleliunt atonr: Degencrate case- Rctnoral ofdegerreracv in tlrst and

lcc nt an eti'ect witlrotrt elcctron spin. First-tlrder Stark

statc of Hydrogen. lrine strtlcttlrc of hydrogen atom

l{elatir istic and spin-orbit cotrplinu. corrcctions): Ral leigh-Ritz

ariational nlethod: Ground and excitcd states. Application to ground

srlitc o1'HeliLrnr. \hn clcr Waals intcraction Llsillg pe tlrbation ancl

rrliat ional meth0ds.

l)l)ro\lmxte tttethotls lirr bountl states-[l: l he \\r KII
Asvmptotic

inear tut n irrg

connectioll

pl)r'ox [nation: Classical lirrlit. Allproxinratt' soltttitllls

irrrnLrlac. Application 1() enerqr lc!cls ol'a (lLlrlrltum $u'll. ttrnnelinSt

lr rou gh a potential bat'tier and alpha decal: I:ilst-otclr-t' tittlc-

tpcndc nt peltu rbatiorr tltcorr'- Trarl s ititln plotrab i I itv lbl ctustant artcl

hlrlrntttt ic pe rl' flnal states- Tlrc

!'nri golden rLrlc.,\pplications: Ionization of a hYdrogcn atom'

on izatiou plobabil it.v. lntcraction o l arr atonr rvith cnr radiation (scnri-

lrssical treatntent). Transition problbilitl tbr incluc

nr ission. perturbation theor;' in scattcring problcnrs'
ed absorption arrtl

clcctcd all; llications ol Qulnttt rtt llcchrtrtics: At0r1] ic strtlcturc ol'

r urtl -electron lrton'ls: Central-llcld rllpro\imatiol). Pet'ioclic svstenl ttl'

ierncnts. Thtrmas-Fermi statistical rttodel. [--r'altralion ol' thc puentiltl

Ilirrtree's sell'-collsistent tields ancl connectitttr rvith thc |ariational

clhod. Corrcctions to the central-tleld approrinratiorl. L-S and .i

o Lrp l in gs: lvlolecLrIar stntcltlle: Classificlrtion ol- energl Ievels. War""

(lll31ron: Thc I ly"drogen lnolecul!': Pot.'rrlial ener-q\ tlnction- Thc

lolsc potent ial. Rotation und \ibratiorl oIdieton'lic tnolecuIr--s- Ilnergr

le r cls

Qur ntu r theor\ of scnttering: Scatter;rtq c-r;lcrinlents and cro:s-
5cattr'r' ls

llr Irlitude and cross-secliotl: 
-lhe nrethod ol'panial u'aves: Phase slr i lr.

l)iilc rential und total cross-scctions. Rclation hetrr een phase shili anti

cirttcrirlg potential. Convclgence ot'the prrlial-s'ave series. Scattering

r ir lirrite stquare uell. Resonances- Brcit^\\' iqnel tbrmLtla- Scattering

a hard-sphele potential: Creen's firnct iorr rrellrocl: I-iPPrnann-

Schrr inger ccl ultiorr. 
-[hc l]ttrtt sct ics. lhc llrst l]ortl approxttnattott

eatlering oi' an electron br a scrccned Coulonlb poterrtial in Born

pl)roxirnatiorl and validitl critelion: Scattelillc ol' trro identical

pinless bosons" and spin- l/2 ltrrtriorls.
'[irtnl( o n tact lloLt

Sugqe t ion llcthotls

Iturbatio:rs. 
-[ratrsiliotr to a grotll] (

cctions. 'lhe laborator'1 and ce llter-ot- ln ass svstems'

-.1

Lrr

o4-
1n,-Chairpe

Depa!'trn" nt of Physics,
K, rrr-ri' :h,' r, 3 University,
(1.1;r..i. hlira- l 36 1 19,
(INDIA),

Contact Ilours
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li)o Seminari preselttation/assignrnent/quiz/class lesI elc. :

l-i

Wlitten Examination

o \ {iil- l enr Exam:

I

l

.l
j
6

QLr:rt lutn Vechrtnies r.l' lcdiliont lrr I . I. SL'lriti'

Quirrtum Mechanics t2"r cditiontb-r B. H. lJlirnsdctt attd Joa,.ltailr

Introduction to Quantum Mechanics (2''' edirion) bl Drvid J. Criffiths

Qunntum N4echanics ity A. K. Ghatak and S. l.oknatlran

A ltrtbook of Quanturn Mecharrics b1' P. Nl. lV1athes's and I( Venkatesarr

llesou rctsl'l rl C-[.e :rrrr irt

lC ltltnI. ol) a I rla111 I} til(ll\,1 lln se b 0J IIhil Llt'lt echtl 1 )Orr
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Session: 2(l2l-24

..lllLs!\l \
P.rrt A - In (r'oduction

Nanre of I)rogranr me

Senrester

\.{2.1- l,1l\'-21).1

LIect xrn ic [)r'vices and C'irctrits-llNanre of the (lourse

CoLrrse (l oele

Course T 1)e

Lelel of the coulse
if anPrc-re uisitc 1'or the cor.trse

-lotal

'1

.l

t,O 20,1.1: \\rcll acquainted rrith the
,)l)c, ali()11.. cltaIaetcli.ti
rt hcttte. r'l \.ll;\)us
transistors. tlnderstand the operations of
clif ferent nrultivi brator circuits.

Dcvelop a clear Llnderstanding of the

basics of OPAMPS. irs operating modes.
internal structure and its vital dcsign
piirar].reters. Becorle familia[ \\ ith the
lrir\iL slflr\ llI L'. ()lrcrllion. chata,:tctistic:
and important applications of negative
resistance dcv iccs.
Design and describe the operations of
various lamilies of logic gates. Simplily
involved [3oolearr expressions u'ith the
help of Boolcan algebla and K-rnap.
l.xplain thc eonsttttcliott- ()perat ion.

rltrrli'ctctirli;: a ttd ilnp( tllalll
technotogical applications of' various
plrotonir: dl r i.c.. Lrplain thc
r on\tILrctir) . uDcraiion. characteristics
and irnportarrt tcchnological applications
ol' diflercrrt tetnPerattlre sensitire
devices.

LO 20.1.2:

cLo 204.3:

-l hcorr

0

0

l0

L(r 20.1.-l:

basic structures-
cs and biasirrg

field eltect

I)rirctica I

CC-Ii
00-.199

-t

1

Course Lcarning Outcomes (CLO)
Altcr completing this course. the learner rvill

be able to:

l elohing llotrrs per u'eek
Ilrtcrnal A ssessn.lent Marks

70End l-crm Erarr N4arlts
t()0

I hoLrs
N4as. Mallis
Lrlrrn irr:rtior 

-1-inre
100

0
0

0

i0
70

I)art I]-Contclrls oI the Course

nstructious lbr Pa r- Selter: l-he eianrincl u,ill sct 9 tlucstions askir)g two 'ue stions fl'onr eaclt

rr it and orrc oorlpulsorl' qtlcstion by taki ng coul'se lcarning outcotres (CLOs) into consideral iott. The

onrpulsor'1 cluestion (Question No. I ) ill consist of at lcast 4 parts coYerillg cntirc syllabus. The

uestion pitper is cxpectcd to contain problerlrs to lllo cxtent of 209''u oltotal rrark s. lhc cxarnince u ill
r restlorls se iectin Lrestion 1l'om each ttnit arrd the con.l

r-l

-'n^tt'11-e

be uiled to attern

9-q{

oite u lso

t-

l I

I

L

C rcclit s
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Lnit

II

uestion. All q trcstiorrs rr ill cat rl cqttal tttark..
'fopics

ickl Iitlect 'l'ransistors lrnd -\tultir il)rators: Basic sltl-tctitrc an

peration ofJFET, calculation of pirrch olTvoltage. V-l chalactctistics o

l:'E'I. the FE'l-small signal model. metal oxide semiconductor fleld etfec

fansistor (MosFllT), physical structure. opet'atiolr and charactelistics.

nhancement antl clcpleted modes of operation. tretal senricondLrctor lleld
llecl transistol'(IVILiSFE'l)- lou'iiequencr comnlon sottrce ancl collrrnorl

rain IrEl arnpliliers. f'L-f biasing. FEI as a roltage vat'iable rcsisttr

lVVR): Multivibrators: a llxed biased tratrsistor. a sell'-biascd transisto

nil a direct connected bistable mtllti\ ibrator circuits. Schmitt trigge

ircuit, triggering tecl.)niques fbr bistable m Lt ltivibrators, collector-cottple

nd em itter'-couplecl monostablc and astable lrultiviblators

Ol'AlI Ps and
inr clting and n

rrcqative f-ccdba

Negativc llcsistance I)s ices: The basic OPAN'lP

ill'crential arnplifier'. cornlllon nrodc rejection ralio (CMRR). the emilte

oLr pled d itl'elen
rrplifier, an lC
oltages arrd cu

tial arlplifier. the trattsicr characterislics ol a dill'erential
OI'AMP (MC-15i0 lvlotorola) arrd its clc analysis, oilic

orr-inverting rnode of opcratir.ln of OI'AMP. clfcct o1

cli ort input alrd output t'esistatrces ol OI'AN4Ps. th

)Pr\MP param
pplicalions ol
iode). tunrrel diotlc ancl silicon controlleii lectilicr.

l)igital Circu its: Digital (binarl')
hc OR gatc" the /\ND gatc" the NOT sate. the cxclttsive OR gate" D

orcan's laws. Boolcan algcb|a. the NAND and NOR diode-transisttl

ltt es.

rrents, universal balancing techniques. measurcment ol
eters; basic uorking ltlinciples. characteristics and

uni-jurrction transistor 1t JT). lirur layer diode (prtpn-

operation of a svslem. logic systenrs

Moditled D'fl- gates. f'an-in arrd fhn<rut. wired logics, hig

hlesholtl logic (IITL) gates. lransistor- transistor logic (TTL) gates.

rurput stages fbr'l"l L gates, rcsistance-transistor logic (l{'l'L) gates- dircc
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Ilrc-re rri. ite lor the co trrse il urt

llave a stlutrd l<norvlcdge o1'the basic

col'rccpts ol' elL'ctrostatics. and solve

thcl)oisstrn's & Laplace's cqtlations ilnd

thc bounclart' valtte problems using the

Inethod ot itrl agcs.

Undcrstand thc basic conccpts ol'
nlagnctoslatics & apply them firr solving
tltc rellttcd pr',rbletns. and recogttize
various 4-r ectors & understand the

M inkot ski spacc.

l)esclibe thc propagation of err uaves

through dil'lL'rent ntedia & rectangular

rvaveguidc. and lcarn tlie concept of
rctardcd tinrc & evaluate the Lienard-
\\' iecherr llotcntials.
t,nderstand the basic concepts of Plasma

Physics &the validiti' ol' Plasma
approxinution. ai'td realize the

mcchanisnr o1' plasnta oscillations &
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.llcctl1rstatics and Mctho(l ol' Intlges: lilee lric l:ield. Causs's Latr
Lap lacc''s eclLrat ionsI)ill'ercntial Forttt ol' CaLrss lit\\. l)ois5()rl"s llrld

Solution ol'Laplace's eclttation irt variotts cttorditlates. Crcetr's 
.fheotenl

I)irichlet and Neurrann boundarr conditiorts. Fot rttal solLttioll ol'boundat-.1

rllue problenr with Creeti Function. Method ol'lrnages, Point charge nea

rn inllnite Grounded Conductins Plane. I)oint chargc in tlrc ptesencc ol
(irouncled Conducting Sphcre. I'oint charqe in tlle Presencc ol'Charged.
lnsulated Conductir.rg spherc. Point chargc tlear a CondLtctirrQ Sphere hcld

at l-ixed Potcrltial. Conducting slthc'rc in a tlnilbrrrr Elcctric liielcl.

lxgnctostatics, \larsell [it1rr:rtiotls arltl Specirtl 'l'hcorl of [{elatiritr:
lirgnetostatics: Biot-savart Lar.r: Stcady ('urlellts. Thc nragnctic lield of
rcadl CLrrrent. Ar.uperc's I-art. Conrparison ol' Magnetostiltics 3n

l:lcctrostatics. N4tr$r,ell's Displaccrrcnt (ttt'lenl: \4asrlell's l,quations
calar arrd \rcctor potentials. \'1ax*ell's cqLlatiolls in ternls of scalal arr

cctor potentials. Non-utr iq ttetlcss ol' [:]lcctrolllagnetic potentials. Cauq

l'r'tns tirrration- I-orentz gattge and (-ottlorltl'r gaLtge. Minkou'ski Space an

lrour vectors. Mathcrnatical Propclties ol' thc S;race-Timc ol'Speclal
Ilclativity, Electlonragnetic lield strength tcttsors. Covariance ol'Maxwcll'
ar)d Lorentz firrcc equations.

)lcctrorn agnetic \\'aves anrl Iladiation b)' Moving Charges:
ilcctrornagnetic \\'aves in VacttLtttr: 'fhc Wave Equation fbr I., and B.

lolrochrornltic I'latre \\Iavcs. Enctqv and \'l0tllcttttttlr irr l:lect|omagneti
\\lves. Lllcctrorr agnctic \\rales il1 \4att!'r: l)rol.rlrgatitln in I-incar \4edia

I{cflcctron and ll'ansmissiotr at Norntrtl Itlcidcncc. I{ellcction anil

Iliursn.rissitlrr at Oblitlue lncidertce. Irlecttotttagrtctic \\'al cs irl ( otrdttettlts

I{cllcction at a Conductine Surlacc. Walc (iuidcs. 'l 
D and 'l \4 \\'arcs in

Ilcctangular Wavc GLridc. Iletiircled 'l inre . l.icrrm'd-\\'iechelt I)orcntials lil
r point charge, 

-lirtal pouer radiatcd by I point charge: Larrlot"s firlnlul
rur d its relativistic generalization.

l'llsnra Ph1'sics: Occurt'ence ol'Plasrnas ilr n-aturc. Quasi-neutlalitl o

pllsnra. Debve Shielding. 'l he l)lasnra l).trAl11ctcr. Cliteria firr' [)lasrnas

l{eprssc'ntation ol'\\'aves in Plastrra. CroLrp Velocitl. Plasnla Oscillations
:lcctron Plastna \\'avcs. Sound \\'arcs. Iort Wavcs. Validill ol'the i'lasrn

\pproxirnation. Courpalison ol' lon antl l-.lectron Wavcs, F.lcctrostati

:lcctron ()scill:tt ior'rs Perl)

rr \tal)ilitic5 Strc'anring insrlbilitics. l(ar lcigh lar lor irstabilitits
.nivcrsal instabilities. Kinetic instabilities. Velocin'I)istribution I'unctio

I'lasnra. Derivation olthe Fltriil Lrcluatiorls as ll'l()lllcllts ol'the Boltztnan

endicrtlar 1() B. lrttroductiort to plastn

lrl
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Rt'corn nr crrrlerl lJooks/c-rcsou rccs/1,) IS :

('lassical Electrodynarnics by .1.D. Jackson.
Introciuction to Elcctrod)namics by' D. .1. Grililths.
Intro(lLrction to E lectrodvnanl ics b),A. Z. Capli arrd l'. V Panat

L: lectloclvnam ics b1 S. P. Puli.
lntrodLrctioll to Plasnra Physics by l'. [:. Chen.
Intr{)!iiretio rl to Pl.rsnlt lheot I). I{. N icholson.
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1l1g rrligirr ot Bose-Einstein
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trnnti,',,., and srrlvc thc lsing model'

otn',rg "lll-r 
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transitir)11.
i1"i*rt,.',a llttetttalirrns. their spectral
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dcl'oscopic alld nlicroscopic states" Postulilte ol cqLlal a Priori pnrbabilitl,.

ontact benveen statistics and the'r'nrodvnam ics; Entropl o1'rnixing arrd the

t iibbs paradox. Sackttr'.fetrode equatiorr. Enscnrble theorl': Conccpt 01'

n scnr b le. Phase space. Density I'Lrnctiort. Etrscrllblc avelage' LioLrville"s

Irr'orem. Stationarl ensetr blc: 
-l 

ltr-' nl ict'oc anotr ica I ensemble' 
-l

arron icalhe c

nJ srand canttnicitl cnscnrblcs. ,\pplieatittn to lltc clitssiclt Iidcal gasl

lnouicaI atrd g rarrd canttttical partition Iitttctions. Calculation ol' statistical

'lrllltitics: Ilter-nrr.)d1 namics ol'a svstcm of non-interacting classical

rnnon ic osc illato15 using catrottical cltselnble ltntl of classical idcal gas

t\ lll q g land canotricll cnscrrble. Iinergl i ll1 .l clcr s lt fluctuatiorrs

urntUnl
Ltrsitr nral)

Slatistical I{cch a tt ics:

tr-ix- [:qLtatiort o1' n]oliorl
\ cragc: Stiltistics ()l irld

QuantLrl-mechatricirl
lbr.lrnsitr nr ltrix- QLt

stingrrishable particles

and llosc-[iirrstein dis

ensenrble theorl:
antrrrr trechan ica I

I'elrri-l)irac art

tribution lirn ctiorr
nsernblc'tt
Jose-Einstc"irr sl.atistics. ['ermi-Dirac
rsir.rg microcatton ical and grand canonical cnsernbles (idcal i:as onl)).

t:rtistics ol' occtlPation nttmbc rs: ldcal Bose gas: Intet'nal encrg\'. h(ltlation ol

st.ltJ- llosc-l.il)stcitr ( trtt,lctt..ttiorr irnd its critic;rl conditionsl Ilosellinsrein

orrdcnsatiun in Lrltra-cold attrrric gases: its detection ancl thcrnlrldynanti

roperties: Ideal Fe|lni gas: lnte|nal enL'rg\'. Lqtlation of statc' Completel

1J {ancrxtc
lll \r,rr-ltleal SIsl tnl s: ClLrstc'r' c\llitttsion rrlcthod lo r t classicrll gas. SirnPle

Iuster integrals. Nlayer-t.Jrsetl rclations. Vilial crpansion o l' the ctltralion of

stutc. Van der' \\iiral's equation. Vlllidit]' rrl cltrstct c\pans ion rnctho(l: Phase

I- crnt i rlt,'

llnsilions: Cottstrttction ol' Ising nl ,,i1.'1. tlLralitative tlescrilltion ol

rtiors and their probabilitl

ral ltnalrsis oI' llLlctuatiorls: thc \\iiencr-

ri lrornaqttetisnr. [.lrtticc gas ancl t]irrarl'allo1. SolLrtion ol lsirrg rr.rodel in the

,agg-\iillia,rl approximatiorr. l}act solLrtion ol'the one-dimertsiorral Ising

u.l"-l: Criti.al e\ponents. l.alldatr th.()r) tll phase transilion Scaling
1t

t\ pothesis.'l hc rolc ot'corrclatiotl Jtld fltlcttlittion
I l{rctuiltions: lhcrnrodlnamic lluctL

istrihution lau. S;latial correlations in a lluicl. C'orrnection bctrvcell density
1)lsteIl-

Snr,.rlLtchorvski tlteorl' i the

ros,nian motion (derivations ol' tneatl squale displaccnrctlt and tnean

rlrrare velttcitr ol' Brou nian Parlicle).,\ttto-correlation filnction and its
'r11rpemies. l lte ll Lrcttration-ti isst p;rtiolt lhcorctt.t. l)illtrsion coctllciort: the

Lrlikcr Platrcl< c!lLteliorl: S l)ccl
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l. Statisticrl Mechanics by lt. K. Pathria (2'' Ed. )

2. Statistical Mechanics bi'I{. K. Pathria and P. D. I}eale (3rd edition)
3. Statisticll and Thermal Phl sics bv F. Reil'
4. Statistical Nlechanics b1' l(. I luang
5. Statistical Mechanics by I.. D. Landau and I. M. Lifihitz
6. Statistic.rl lrl c'c h an ic s lr It. Kubo
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Session: 202:-26 (As per scherne 2021-25)

Pnrt.\-Inrroduction
Nanre of Ploglanrme
Senrcster

M.Sc. Ph vsics

24,1:,llY-3(rl

00-i99

ondcnsed \lalter I,h1,sics-l

t)E('- r\

LO 103.I: Flave an understanding olbasic concepts
related k) semiconductors, and appreciate
the conccpt of Fcrmi surface & its
determination via De l.lass-van Alphen
etl'ect, along with magneto-lransport in a
2l) channel.

LO J03.2: l-earn about plasmons & electrostatic
screening" and understand d ifferent
physicai quantities related to the optjcal
responsc of' solids & Raman Ellect in
crystals.
Relate djelcctric polarization rvith the
macroscopic and local electric flelds.
alo:rg u,ith licquencv dcpendence ol'
polarizability. and comprehend
fe|roelectricitv & the Landau theory of
phase lransilions.
Calculate magnetic susceptibility for
atonrs, insulators & conduction electrons.
understand the origin ol lerro/anti-
tnagnetism. dcterm ine lou.ener.gy
excitations ( spin ra,aves/rnagnons) for
lbrro- & antifbrro-magnetic substances.

(l

and learn abolrt f'erlom a netic domains

CL() rOJ.3:

L() 103.-l:

I heorv Practical Total

CoLrrsc Lcrln ing Outcorrcs (C-'LOs)
Alter complctinr: this course. the learner rvill
be able to:

CoirrseTr l)e

Prc-re uisite 1br thc cou rse i1' an

[-er el of tlre coursc

Narre of tlre Coursc

CoLu sc' Cr.tde

-1I
l

Intcrnal A ssessntent Ir4 a rl<s

llT'c hC t1I I oI rSu T ee hpe

0

0

0 I
i(l

70
Entl Telnr Irram Maiirs

Lxam ination Time
It4ar. \,{arlis r00

30
10 (r

0

Part l]- Conte rr ts of the Coursr
lnstructions lbr Pa €r- Sellcr: Ihe exarr liin g tuo qucstions iLdm eachnit and onc cornprrlsort,qrrcsti on b1, taking coLrrse learning outcomcs ( Cll-Ost into consider.ation. l'itconrpulsolr clucstion (Qucstio g entire svllabus. 1'heucstron papcr is cxpected to contain prob lern s to th

r00
i Irotrrs

incr will set 9 questions as

n No. l) rvill consisr of at lcast 4 parts cover:in
c extenl ol20o/o of rotal nrar.ks.'l'he examinee u,illber to attemlrt 5 qLrestions; selecting onc question liorn each unit arrd thc conr r-r lso

-'-$t e
Chairperlson!
Depa rtment of Physics,
Kuruk shetra University,
Kurukshetra--135 i19.
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il

Ioltics
cnticonductor crystals, F-crnri surllccs & nlctals. and
rguetotranspolt: Semiconductol crrsllrls: Banr,i uap. Dilect and

indilect absorption processes: Equalion ()l'motioll litr an electron irr
ncrgy band. Correcpt and propertics ot holes. Illlbctive rnass ancl it
hrsical interpretltion. EII'ective nrasses in sent icon d ucto rs. l:.xamples o

I'r r it

rul.lilitr. lrcrnri sLrrfaces ancl ntctlls: Fernri surfircc and its construeti
lbl square latticc (liee and nearlr liee electrons): l:lcctron orbits. Hol
lbits. Operr orbits: E.lpcrirncntal detclrninalion of I:errni surt'ace:
Lrirntization of orbits in a ntaqnctic ljcld. I)c IIass-vatr ,Alphen eli'ect.

E:\trcmal olbits. Magnetorcsistance' in a tr.r<t-d imen sional channel
In 1t'glal Quantized l-lall Elli.ct

;lticll propcrties ol solitls: Dielectric lirnction ol'the liec clectr.orr sas
I'lirsma optics" Dispersion relation tbr (//i \va\cs. Transvcrse optica

ilicon ancl Cc'nlaniunt: Intritlsic cil ricr c()ncL'ntrati()n. Intrinsi

rodcs in a plasrna. 'franspalcncv ol nretals in the r:ltraviol

rles: Parirmaqnr'tic susceptibilitv ol condLlction clcctrons

rcllL'ctance. K|amt-r's-KronisI relations. Elcctronic intc.t'-band tra sili()ns
I:rcitons. I:renkel and MotI-\\'annicr excitons: Rarnan ellcct in crvstals:

lcctron spcctrosco pv rvith X-ray,s
Iil iclcctrics and Ferroelectrics: Pollrizatiorr. \,'lacroscopic clc'ctric llcld

insultttor transition. Scrcenirrg otd phonons in rnetuls; Optical

iclectric srrsceptibility," Local c'lcctric Ileld ar an aronr. Dic-lccrri

ongituclinal plasnra oscillations. l)lasln()ns anr.l theil nlcasLlrcn)cnt
Iectrostatic scrccning. Sc|eencd Coulonrb potcntial. \,lott ntetal

onstnnt llrl(l polurizabilitr. Clatrsius-\'lossrxti rclation. l:lcctroni
olalizabilitl'. Classical theor) ot'electronic polarizabilitl: StructLrral

plrusr.' transilions: lrerroelcctric cr),stals and theil classillcrrtion
I)isplacive transitions: I-andau theorv ol'thc phlsc transition- Sccond
rdcl transition. First-ordcl transiriorr: A nt i- l'error lcctlicitr. I:err.oelectri
()nrilins: P iczoe lectric itr. []rlloe last ic i t\
llgnctism: [) iarr trqnetisnr and palanraunctisnr: \4itgnetization dcnsi
n,.1 susceptibilitr. Calculation ol' atornic sr.rsccptibilitiL-s. Lanno
iatnagnetisnr; Quantum theor), of' paramagnetjsnt- C-urie's lau,; I ILrnd'

IV

1lcl,l theorr- CLrric-Weiss Ial: l:lecllostatic oriqins ol rnllrreti

pln \\a\ es.

crromagnetisrn and anti-fb|rontagrretistrr: Ferromlrqnetic order. Me'

-lirtl I Corr trct llo u

Srr csterl Iivl lrr:rliorr 1'le thorls

intcractions. Magrrctic propctlies o['ir t\vo-!,lcctron svstenr. Sil)glet-triple
erchange) splitting in I Icit Ier'-l .ondorr app lor inratiorr. Erclrang
nteriiction: Spin I larniltonian and thc Heisr'nbelg rnodel: Sltin waves an
hcir dispcrsion: Quantization o1' s !laglton s. l hclrnal
\citation ol'nraenons and llltrch Ir: la\: Ncutr-on nragnetic scalt!'riIl
principle): licrrortagnetic donrains: Malnetization curve. llloch rrall.

in ofdonrains: ,\ntit-erlonracnctic orilcl and nra qnol'ts

--".4T e
Chairperson,
Department of PhYsics,
Kuru k sn etra UniversitY,
Kuru ks he r r.r - 136 119,
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I ntel.nrl,\sscssr)rcr)t: 30

o ( lass [)lrt ic il;at ion:
. Scnrinur lrresentation/assignmerlt/qtliz/'closs test ctc

o \ litl- Icrrr [r:ttn:

lind 1'crru Eramination: 70

I'r r1 (-- l -c:t rrr irt llcsottrces

- 'f heorr': T 703(iz Theory

It)
t5

\\ ritterr Irrarn ination

Rccorn ltr r rr rle rl lloolis/e- rcstt u rccs/1. \ I S:

Adr :rrrcccl Solid Statc I'hysics br I'

I

l

.1

5

()

lntroduction to Solid State I'h)sics (7'r'edition) hy Charles Kittel
Soli<i State Physics by Neil W Ashcroli and N. l)avid Mermin
Solid State Ph1'sics: An Introduction to Theoly and Expcrinrent by H. lbach and I-t' l'uth

Principlcs ol'the Thcorl olsolids (1"'r cdition) b1 J. \4. Ziman

Condenscd Matter Physics by Michael P Malder

l!llrll
---t-zJlt-e-\-Lnarrperson,

Department of ph ysics,
Kuruk:hetra Universitv.
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ession: 2ttf5-26 (As pel'schctllc 202{-25)

I'x rt .\-lnl ro(luclion
Nanre of I)roqrarrme

il' anr

\

l) r.'- uisile loI the course
()0-5(/e

S

S cr I c:let
Narle of 1lt.'C'ourse

Corrrsc C,,d e

Course T1 pe

Ler cl ol lhc course

tuc lcrrr l'lr r s ics- |

\42.1-l,l l\'--.lt).1

I)li( - 1

Course Le irt'ning Outcomes (CLOs)
Alier completing this course, the learner till
be able to:

LO 304.1: Do Partiole iderrtiflcation using solid state

and gascous detectors using the formalism
ot' particle energl in trvo slices of the
(ietectol's. Lealn about the concept.
rvolking arrd propcrties of various gas tilled
cletectols.

LO .]0d.2: Describe thc rnechanisnrs adopted lbr
processing a pulsc - thiouglt nuclear
elcctlonics. optimization of signal
processing and tcchniqucs of coincidence
lirr nucleal erpelinrcnts. Understand the
concept ol pLrlsc ploccssing and data

acqLrisit ion using ditl'clent melhods.
CLO J04.3: Glasp the concept and working ol'

dill'erent ion accelerators used in modern
day n uc lear/matcrial rcsearclr. Describe the
nrechanisms such as ion ranqe, channelling
and sputtering etc. associated with study ol
rr rllerial propct'lics.

CLO 30.1,4: [..]nderstand abor.rl r,arious t)'pe of fission
reactors usc-d in difl'crcnt branches ol
rcsearch and energy Production.
lJnderstancl thc concept of f'usion reactor'

and process ol'hrceding in fission reactols.

Crcclits l-hcorr P nrct icir l
-lotal

I 0 I
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criching I lours pel rr eek I 0 I

lntcrnal A 5sessmcnt Mallis -10 () 30

End I ernr l:ranr lr'larks 70
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Irtstltt set 9 tlucstiotts askinq t\vo qucstions ll'otn eacll
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ruestion paPcr is e\pccted to contairl problcrlls to t
c lequiretl to attenlpt 5 questiorts: selectirrg or

irc c\ter1t ol'200l, o( tota
rc tlucstiolr liotn each

ucstion..\ll uestions will caffv e Uil l nli[]'5
'lbpics

rrlticle Idcntification: Basic prirrciple ,rl' Al:-l- .letector tclesc()Pcs

Irorl range charged palticles A F.-E tclcscope. lllcthods ol parricl

tlcrrtitlcation using semicondLtctor alld grseoLls cletectors. A li-E tinle o

t rlarks. l'he examinee u,ill
run it and thc cornpulsorY

lliuht s1-lectloscopr: livettt bv event particle idcnlificaliotl slstctll Iir

rL'llv) ion induced reaction anal)'sis; neut[on-gamma discrirnirration
lLrdenr Cirs Dctcctors: basic principle ltttd tlpctation ol' splil anod

onization charnber. position scttsilive iollizatioll chanlbcr. posititr

tnsitire proporticlnal coLttrter & rtttllri rvire proPorti()l)al cotllltcr

\uclcar Iilcctronics:Trpes ol ltrcamplillers: basic idea ol roltag

scnsitivc ancl curt't-nt serrsitive prc-antplilicls. detrils ol'charge sertsitir

prcamplitier and its applications: Arlplilicr Ptrlst- Shaping Cilcuits: IIC
(iurrssiarr. dela,u--line. bipolal and zcro closs-ovcr tinring circuits. pol

cr0 cancellalion and base line re'storcr: ( oincidencc Icchniques: basi

d*r ol'coincidence circuit and its resolvirtg tinrc. basic principle ol'slou
oirrcidencc. slorr lhst coitrcidc'trcc attcl sttnl ct)illciclcrlce lecl'llliqLlcs

lcutrortic considcratittns lor ltLllsc pt'oce5:il1g. dcvice inlpeclancc. ptrls
S in! lc ( ltannc'linear and louic pLrlses-ttenuat0r.

nalr z-cr:

\ stCn-l

Anlrlrzcr:
pulsc splittcr'.

NlLrlti-Channel CA\lAa []ascd I)ata \cq Lris it io

lorr .\ccclcrators lntl Ittn llerrn Intel'actioll
Aeuclclatol's: lon suurccs- basic liatures ol l{l;

tn

ion

Solitls: lrr

soLrrcc. dircc

\tractiorl ncgati\!' ions source ( I)tloplasltlatl'on ) atld s()Ltrcc 0l ttcr-utir

it,rrs bv Cs sputtcring (SNICS): tlasic prirleiple and wolking ol landorn

! eclcratoI arld

Inlcraction in
gcrterl I

Pclletron accelcrator and its applications;
Solids: Basic ion bombrrdnrolt l.rt'occsses

Ion lJerrn
in sr r I itl:

lt) ll r3ng

\\ ritten I rltll itrlrtiott

phcrrclrrrcnon. ion penctrtrtitlu ittrd stol.tpinu.

ilrirrrclcrs. chl ln!'lling. collll)()llcllls 0l att iott itrtplanter. ctlcrll

- T'heolv

cposition during ladiatiorr danrage. sptrttcring prtlcess and tott bc lrrt
l\lllll

rrclear Rclctors: Nuclear stability, lissiott. plomllt and delaye

cLltror)s. llssilc and l'enile tttaterirls- ehxlacteristics and ll[odtlction
lirssification ol netttrotrs orl tllr' basis ol their errelgy. lbul lhcto

1i,r'nrula. cor'rtrol ()l'rcactors. rcactors Llsirlg ttattltal ttranittm. llrinciplc o

brecdcr reactors. lrrst blcedet rcacttlt & .loublirlg timc. ctrlcrtlation o

rirical sizc anci nrass ol teactol: l3asic plincilllc o1'nctllron clctcctiott

lusic concept ol'tusion reactors
()lal C{)n tre t Iou

rr.rl iorr \ let h tttls

lntcrnal .\sscssrtlcnl : J0 []nrl lL'rrIr Iixrrnrinltion: 70
'I'h eo rr':0l

-.r.r^rr9O€t*l+i:*#*q*r
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. Nuclear Radiation Detcctors by S. S. Kapo,rr ariJ \'. S. RattramLtnlrv

. lntrodLrction to Experirncntal Nuclear l'hvsics br Il. M. Singrtr

. 'lechniqLrcs fbr Nuclear arrd Particle Phvsics Expe rinrcnts by W. R. [.eo

. l{adiation Detection and \'leasLlretrcrrt b} ( i. F. Knoll

. lhe Phrsics ol'Nuclear lieactiot.ts b1'W. \,1. Cibson
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ession: 20 25-2(r (,,\s Pcr sc Ir etttc 2ll2l'25)

Nanre rll l'ro granr me

Scrrcster

Narre o1'tlrc Cout'se

Course Crrde

Ihrt .\ - Irttlotluction

Ct-rrrrsc Tr 1:rc

Le\ el of thL' col-lrsc

[)re -r'c(lul\ il' an

Course Le ut uing Or"rtconres (CLO)
Al1cr conrplcting tlris cot-tt'sc. the lcarncl ri'ill
bc iLble to:

.fcii 
c h in IIours per *'eek

lntclnal A;scssrttent Marks
Entl I ernr F.ranr Marks
\1ur. \'lar L's

ite for the ctturse )

lhcolr
I

-10

70
r00

Erurninatiorr'l'irne
Palt l]-Clrttttettls ol tlle ( ollrsc

lns tructiorrs lbr Pa cr- Sct ter: 1he exam iner rvil I sct c) rlucstiorls usliinr'. tu ri clue stiorrs fiorn eaclt

UnIt ,rrr.krnc conrpulsorv qtlcsti()t1 b1 takin,t coursc lcarn ing outconres (cl.osi inlo considelation. The

onr prrlsor'1 tFrestiotr (QLrestion No. l) ril ring intirc s)'llabtls. fhe
o tlrr c\tenl ol l09'o ol total nrurks. l he t'xaminee rr ill

I lrorrrs

I c()nsist ol'ltt least -l pat-ts cilre

rciLetirttt c ro:s-sccl ttl tl.

ltttcring aloss-scctloll

Ilesonittlaees: lrttrodttetion to rcsol'lanecs'

sonances and Lrtrstable pa icles" A(1136)

-r -j7I

t)

uesl loll
c rc'QLri

uestiotl
[. nit

1:[rIcr is exPc'cte.1 t() contil lr'l prob letns t
: se'lcctinrr
ual nlarks.

()nc q Lrr'stlon t-r'or.n ciich uttil ancl the cotll;ulsorrr((l to.ltlcrl.ll)t 5 rlucstions
\lt rrestions n ill car'

'l opics

\\ rrrc Optical l)escriPt ion ol lladron Sc:lttering: l)artial \\ave

niIlYSis lbr elaslic scatteling cross-scctiott (non- iJcntical and sp irr lcss

l'ticlcs). chalacleristic S and l) \\ avc sclrltcrllls'

Cortacl llou rs
)

p.

rical theolelrt lrnd its sisniiicrtttcc: cl:i'tic sc
)lr

particles having sPin )

illercncc [)Ct\\ cen IC

'cs()nance. W and Z0 Resonance' Il riet- \\ iuncr lcsollallce lirltnr-tla 'ttltl

nce. irttroductiotr ro I)a litz lcolK

matter. their origination, Undelstand
qualitatire and quantitative anal,vsis ol
Resonance and Dalitz plots.
lrormulate QttantLttr mechanicill scattering
theor\ to urrdct'stand originalion of ljeld
paltiilcs. and Ltnderstand three majot
interactions iltexistence

[-lndelstan d Isospi n litrnr tr lation. I nvat iancc'

and violation o['rarittus ctltlset'vation ]arvs

lnd sr mnrctt ics irr tltesc intcractions.
FormLrlate Paritl conscrvation" violation
and Chalgc (()nitlsstion itrvariance.

ct,o J05.1:

LO 305.-l:

3

[{ealize thc I: Ltt.t.iltttr cnt il] ron stitLldtts ol

U ndcrstanci rlnci Lrniflcatiort.

M.Sc. l)hlsics

I)ar lii le I'lt r sics-l

Ml t-t,llY-105

50{)--i 99
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cLo 105.J:

t,o 105.2:
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\ a\ clr.rctions fbr nLtcleotr-trttcleoll. pion-ntt

j,'sPir't itl\iilriallcc itt str,rttg itttctltetiont

i lrtir e cross-sect lon

irn cl top clrtarlis (elualitative

(scl'l t Io !'1

sospiI Formalisln: ConccPt ol isospirt. ass ignnlent ol'isospin t

rrclrorts. lstlspitl S1'trttletrl. isospin ntultiplets, generalized Paul

plinciple. assigr.ttrtct.tt ol' isospin to deutcr,r n in its ground stittc, isosPi

cleou and pion-pion sYstems

through examples like. and
o r,r-ooo /orr.,.,oot = l/Z

eattcrin 3). r P (elastic scattering.) and n p (charqe excltanee) proccsse

r ,rrrr.r is,,sttit: ltttttlr 'i:. tcllttitrtt ilt lsrrsPin \ tfan cricss-ll rc lta

ecay. discovery ol cltarttt. bottoln

s

C C.l\'.

- 'lv dtc:l\ \\. r. t. 7T -

3y. ( i-l'aritt'. I -0 pLrzzle. paritr

ilarl ct rta I ol Svrnnletrv. ( Iraiuc

onserr llion l-:ts s: Dill'crcnt ( rtnset r ltion las s artd lLtndltttlctltal

lirlccs. The conservatiotl of clectric chargc and stahilitl of eleclron' th

onsen,ation o1'bar'1'on number atrd stalrilitl' ol llroton' Lcptiltl nrttnbe

onsorvati()t't. ctrnservatiott arld violation tit'isospin in dill'erent tlpes o

inlcrrctiolts. assilLrlment ol'strallgcrl!'ss ttttlnbct ttl hadrons' strallgeness

rritsctYalion in slrollLl and electrorll agnel ic interactiolls and viollltion in

cak irrteractions u'ith suitable cxampics. 'fhc Gell-Mann-Nishijim
rrmula. the barl'on 3/2- decuplet. l '2o octct and the mesott 0- octet"3

['t3) classiflcaiion ol' hadrons. clualitative idea ol'Crand L]niflcatio

\',)r').predict
J,nrnretry Principles: Principals arrd t'url

u,ri,.rgari,in invaliance. suppt essitltt of n('

rcslriclions imposed b1 C itrr lrriatlcc oll the slalcs o l1()sltl oll lLlll'l

nnihilating in lhc tnodes e+ c-

onscrvalioll in stltlng atrcl elec trorrirqnet ic intct'r.tctitltls and r iolatiotr lLr

rrcak decal s. C antl P oPeration s on neutrino states. Cl)'l thcotenl atrd its

( )n scLlLl':r'lccs 'li 
r ta o|l t:lct 0u

Su estetl llva lrr at iorr \let h orls

lnternal 1\sscssnlenl: 30
Ihcorr: 10-l'h 

co rr
. C lass l'irn ic ipat ion

o Sern itrar' 1.r
resentatron/asslq n rrcnt'c1ttiz, c luss tesl ctc

. \1iJ-'Iclrrr I .rrrtt
I'art C-l,earrritrg llesott t'ccs

llecorn m ert rlecl Books/c-resou
l, lntlotlLrction to lligh I:rter
2. lrrtcrpIccliate Enersr Nucl
3. lntrodLiction to Parti
4. L:lcmerttitrl' l'article
5. Sr rnnrcttr PrinciPlc

cle Phlsics: l\4.1) Kharrrta-

l'hr sics: Y orik ilo Nag.lrslria

s irr Eletnctltarr

rces/L!IS:
or I'hr sics ( lnd. .lld and -ltlr cditiorr ): l) l l l'clkins'
lar pli.sicr: W. ( r. I oe li rnrl l). lr. \lLirsLlir\ .

\\ rit tc n Irrarnirrlrtion

W. M. (libson ancl B. [( I)ollard

n
---,.t t a\h-A.ttLnarrperson.

Dep a rtment of Physics,
Kuruksr,etra U n ive rsitY,
Kurlkshetra-136 1 19.
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{rssion:2lil5-26 (As peI scll c nlc 102l-25 )

l)x rt,\-lrtt r(xluctioll
sI'h i sicS L\'1

Conl p u titt itl rr ii I l'hYsics- l

-1,ilY-i() 6
Nanre o1'lltr' C ourse

CoLtrsc (',.rde

500-ie9
I) EC]-]

proeranrrting language and be able t
iirtplemcnt tlre learrring into code writing'

CLO 306.2: Understand various types of errors i

nurrerical analvsis alrd strategies

loss of sign-iticance. APPIV an

rnalyzc dilltrent nrctllods

algebraic eqttatiotrs alonc
c()nvergcrtcc cttnditions.

LO J06.3: [-eat'n tcchnir;Lres lor intcrpolation an

tt igortotretric rnodcls. including data tittin
u ith cLrb ic sPlirlcs

l-O 306.4: Gain proficiencv in solving simultaneous

linear algebraic cclrtatiorrs using both direct

arrcl itcrative rrtethods. trrd understand error

co$ection lbr ill-conditioned matrices'

learn to dctcrnrine lnalrix cigenvalues and

cigenveclors ttsirru ptlll'nonrial and porver

n rcthods

LO 106.t: l-lnderstand the working of Plthon

tl

lir

tbllc
el.

llr.ltilnt a Sil ICc llr.l\tlll()lt i.ll.)
htlld itt_ i.t fnll ltl h t) St' oil p )app()

n llt Lr\e etfLI Stc5cil()\I tl rlpI
t-ltl il llcllll 1-ll il PeI il )p(l

t

rtItltrTll7,e
lirl so lr' in
rr ith thci

Alter comltleting this course. the leamel rvill

be able to:

e

tllll'fU 5t' lr1 C oce

s C oL sLIo eo e1Iit IIf 1-l )C LI rS L (

Le \ tl ol'llle c()Lllsc

Prect ical

0
(l

-fotal

I

+

i00

0
0

Nlnte ol' l'rogllttttme
S!'ll I eSteI

C|cdrts
'l lrcorr

1

,l
lcrLcltitt l lours per rveek

Irtt. rn iri ,\ sscsstnent Marlts t0

L:n.i 
'l ernr Ia\an] \larlis 70 70

l\'1ar. Marlis 100 100

Eramination 'l irne i lroLtrs

P:t rt li-C-ontelt ts of tltr: Cou t'sc

lnstruc ion s lir Pa ef etter: lhe exllttritlct wilL sct 9 tlttcstitlns askirrg trrr, (luestiotls tiot.tl eaclr ttnt

ntl one conrpulsorl'question bY taking coLlrse lcltrllitrg outconles ( ('l-Os ) into considcration. The

r.r t lt Ittt lsotr ([tcstior] (Qtrestion No. I
') $ill consist 01'at least 4 Pa Ils cttVcrirrg cntire svllabus. Th

ucsti()rl papef is cxpected t0 contaln p r()blenrs 10 thc L'\1clrl ol 2096 ol total rltrtr' 1i,.. 
'f hg grsmingc uill

trcstions: selcct itrg tttlc c1 lrc\riott ll1)nl eltclt ttrrll lttlcl lhc ctlrlr Lrlsol q Llcst roll
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.All t ucstioI]s \\'ill carrv e Llal marks
T opics

ro lll II nl II II l) t h o II tl tr'ocl LI C o I ) tlr on l) \.1 h o II t' ll ret I

porl ll lt'l t)du c d ll il )pC cc o l'S ll e ii n ,l l LI .l llt C n 0 l't J

fil s S nt bo C c o 1',]1 p LI n 1) oltl n it t') d s ll 7al I n C q IL o ll s II

rlp LI d () LI P I oo l) I i'l e tl il () t') S (l n r1 tl S .la tir Lr

rithmetic operations, Boolcan arrays itrtcl oonditional cxprcssionS

.'b Lts g iir s

ttors rn(l Solution ol',\lgcbraic lltlu:ttittns: I rrors: Ilotttld trll et rttt'

rrrncalion error. I\{achirre errol. Ililndoln crro[. Propagation of erlot's

I rrss ol signilicance: Signilicant Digrts. Conlptrter caused loss ol

ll ll C it ll cc rl n ()s s tl e II tl c tl \ LL h lte ll a) \ o

Lr IA c C q II t () tl S B S' C otl I et h il it ll t1 c1 h d \l h (l d () S

P t1 \ \\t n Ra ph S () 11 ,.l (i e fil cd N l R il h s0

h (l \1 U e f I nlct h () .l S eC i.l ll \l U h r-l C o fg lt co ll d tl

gula lalsi method. Ne\\torl Raphson method. Muller's tnethod' an

eeillrt nrcthod
rterpolation ar(l Curvc fittirrg :lrttcrpt,llitiorl irn

lillerenccs. f'ot'uard difltrc'nce's. Brclirrard
cl l:rtlap0lation: l init
clill'elc'rrces. ('cntril

illerences. )-e\\'toit's fbrrrula lirl interpollrtion. (iatlss central dill'"rencc

lirrmula. Stirling's forlnula. Bessel's folntLtlll- [-agrange's interpolation

lirnnula. error o I' interPo lation. L.east sclulrc3gcLlrve lltting: I he principl

l least square litting. [.ineal reqressiotl. Pohnornial reclcssion. l]ittin
o lt e ll II il l1 d It n etr e LI II e tl .l ll rl e Ll :

IV

l'l n<l l'crrrr Irlnrination:70
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)

rstcurs ol Lincal Etluations antl liigcnrrrltte l)rrthlent : SolLrtions ol

irrrLrllaneous linear algebraic etluations: (lauss climination mcthod

irLrss .loldan clirrination nrcthod. Dooliltlc nletllo.l. l\'latt ix inrerstotl

nrcthod. lll-conditioncd rnatrir ancl errot correction' Jacobi Method

fiuLrss Seidel itelative methocl, Nlatrix eigcnvalues alld eisenvsctors:

l'o lvnortt ial nreth()d. l)o\\'er n.tcthod
('ontilcl lou
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l. Nunrerical P1'thon b1'Robert Johnsson

2. Leitrrt Python programming by' l:abrizitr Rontantt.
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P:rrt A - lntroduction
Nl.Sc.Pli ICS

Senlester

Narle ol' llie (,'ottt'sc lec lron ics-l

Course ( o dc
Course I _r pe

Le r el ol' tltc cottrse
l) rc'-re r-risilc for the c o tlrso if anr'
( oLtrse I.carning Otltconres (CLO)

Aticr completing this coulse, the le arner *'ill
bc ablq t0:

( r'ctlits

'leachinlr I lours pcr wcek
lutc rni.rl '\5sesslllunt 

\1al'
li.rd 'lerr.n l: xatlt l\4arks

I00

li ranr inat ion Tirnc I h()tlrs

I)art I|-Conte nts of tltc Cottrse

I nst ru ction for l'u e r'- Sct r: 'l hc cxittttitrer irill sut 9 questiorls asking l\\o cluestions liom eacli

it and onc c-rrrpulsorl qLrestion b1 taking course lc-aruing outcomes (CLos) into consideration. T Irc

ornprtlsoll question (Qttestiou No 1) uil I consist oi al lcast -l patts coretttlg cntire s)'llabus. lhe

uestlon papc r is cxpectetl 1r) COntal n problc 115 1e the ertent of 207o of total ntarks' 'l he cxamince s ill

; ctluiletl to attempt ) questions: sclocting i,)nc tluestion liom each unit and the comPulsorl'

ucstion. .\ Il qLrcstions u ill cauv c ual niarks
l opitr

ineal .rrlalog s)stcms: inverters. scalc clrlngers. pi.rasc shi 11crs. acl.lers

sirblractors. voltage to cLll'rellt irnd ctl rrcnt to voltage con\elt()rs. dc

r ohage fbllou'er. dillerential clc amplil hlitlrc antp lilicr'. ttc eottPIecl

ks

t5

rct-

l nlp litlc"r. instrttntentation alnplitlcr' iI]lculirl(,1 lt tt.l .lil l; rr. lrt ilrtor.

ir r:r lo g conrputer to sol\'e linctr dil}'c lcrttial ccluatiotts \\ ith collstant

eltel&l!n!!: ngqlfEqryC4l ralors. samp le and hold

Department of Physics,
Ku rukshetra University,
x rrr'.rkshetra-136 1 19.
(li"JDrr\).
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IoII nl eitl1oill l usilLllt rs att,.lI]al dL't) s gll
h uh ()S h CLIIC ptr' t1 enallt e!l

5()( )-5 9(.)

I(-l\

TotalPract ica IIlrr:orv
0

0

,+

4

l()0

+

+

30
1o070
1000\ 1ar. \{arl's

Contact IIou t's
Unit
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c()lll

I N;.rrlc oi' l'r'ttgt itrnme

I

--T,"-

I tlP.\NIPs. I

lct.rl .r07.2, Gain a litir unLlcr jtanding of thc operation 
I

L,r6 u11ds1l1inu cireuitry ot' amplitudc 
I

| .nd ticu uenc r 
- 

tnodtrlations. L'nderstand l

I rhc nc.e.sai1 circuitry o[ digiul 
I

I ,,lodulation teclrniques und Iladars 
l

lCt .rl .rtlz.:r Erphin the piin;iple of opticel fibers' the ir 
II variotls l\llcs & labrlcallon tccnnlques l

I t orrrPrclleirrl e()l'ltlcct(rrs' spliccs .and I

I lrntnlilicls irr litr.r ttptics cotnnlunlcat loll 
I

lCl.tl -ruz.l, Bccottr,. litntiliar rvith tlte idcal MS 
I

I contacts. tlrcil classillcation' surlacc 
I

I cllects itrt.l lttcit importrnt applications l

I tlescribe tlrc blsics ol'icleal and non-i'leul 
I

I ttaoS s\ slcnls. MoS capacitancc' 
I

I lros nrirtrorics and churged-coupled l

| ..1.r, i."t.

I
l



circuits" precision ac/dc collvcrtot s
iogarithrnic ntultipliels autl dir iders

log & anrilog antplitiers.
sqLrarc. pulse, anil tria,rgLrlar:

rr trr c lirrm cnerators! re enct att\ c corr rator (schnlitt-tl.i cr crr(url
tI jI

i-)ill

)I

60

llusic operation and internal circuitry ol'PLI.. active fihers (Blrttcr-
Worth lst ancl 2nd order). amplitude rtroclulation, fi.equencl, spoctrum
itnd polver in the AIr'[ wave. gencratiorr ol'AN4 rva."es- tlemodulation ol
,.\M waves. Ii'equencl, lnodulation. block diagrr.ar.t.r ot' transnriltc'r and
super hcte[odl.nc rcceiVer'. dicitul co rt rrnLrnicrrtion- basic iclea abrout
elelta nrodulation. P(IVI and P\\;\,1" bloek cliagrunt of [ladar. r.aclar.range

Llation altd a I ications ol' Ilachrrs.
Optical t-rbers. basic principle. nurncrical pcflurc. \Lparamctcr. tr pes ol'
optical fibers: single modc step index ljbcr.. multirnocle step indcx fiber.
rnultinrode gradcd inder 1lber. ntaterial tlisper.sion. signal dcgradation.
llber losses. flber n.ralerials. tab;'ication ntclhods fbr llbcr cahlcs: liquicl-
l)lrase tcchniclues. r'apor'-phase dtpositiorr techr:iclues- tlber. connectors
and spliccs. altplications of llber. cables. eur inrr.oduction 1o
serniconductol opticarl anrpli licls
N'letal serniconductor col)tacts. ideal MS contacrs. Schottkl bar.riers ancl
oirnric contacts. surt'ace elltcts on MS contacts. applicarions of MS
contacts, the ideaMos structurc itnd iLs analr,sis. capacirance o1' MOS
sr,stern. non-idcal MOS s) stem: oxide and intcr.face charges. or.igtn ol
oxidc charges. efl'ect of bias r oltage. MOS memories. and charge-
eouplecl delices

ol:t ont:lct ll()ur
Su cstctl Ei:rlttittiorr \'[cl lr orls

Lnd.lernr Irramination: 70
.r0 l'hcon: 7t)

)

lnternrl,\sscssrncnt: -10

o Sentinirr'/ prescrrtation,'assi gnmen1,lq uizlc lass test ctc.

. (llass I'alticipation:
) Theor'.r'

l0
. \,1id-lilni I: r ar.n : I

\Vlitten Exantination

Ilccomnrcnded llooks/e-rcsources/l-\lS:
. lntegratcd c'lccrlonics br .l Millman & C( Halliias
. \licro 1:lectlrnics b1 .l \4 illman&,,\(lrabcl.

l:lcctt,,rlic e ot:.t t.nurticatiot.rs br D l{oddl and.l ( oolen
l:lectr.,ic Comnrunications: Modulation and 'll ansmission bv IIJ Schoerrbeck
OIA\Il)s and linear IC circuits by l{amakant r\. (}a1.akuad
lllectronic flurdamentals and applications (5'h ccl.) b),.1 I) Ryder
Iilcctronic Dcvices & (,'ircuit Theon.hr, Itober.r L Bovlcstad& Louis Nashelsk

Part (l-l-ea rrr in It csou rccs

7

e SS cl)ll
li\1 a l () c ro ( Ie Uc s hT oc C iI n S (rIttlIt crl tlb .l aTA JL] K( c Cth rltS h

,1
^"\^qt\14,--
Chairpeit6nF
Depa rtme nt of Physics,
K u ru k shetra U niversity,
l^1,.rr tkshr:tra-136 I 19.
lj:iilA).
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ession: 2(il5-26 (As 1le r schcnte 202J-25)

Part .,\-Inl rotlucl itttt

Nanre ol' Plogranrme
Sc ruestcr

M. Sc. Phvsics
J

\4atcrirrl Sc icrrce- INarne ol' thc Course

2,1-t'HY-l 3Cotrrse C oeie

Crrr rrsc 1r pe l)E( -ti
i00-5 e9l-c\ el () I' I lle coUrse

Pre-recluisite 1'ol the course (if Ll ll
CL() 308.1: Undcrstand the basic concepts and

propefties of Materials and describe
hou,and lhr def'ects (point, line and
planar) in materials greatly affect
engineering properties and limit their
use in serv icc

CLO 308.2: Undelstald stlerrgthening and grasp the

importance of various strengthening
mechanisms and describe various
parametcrs involved in elastic
detirrmation. plastic delbrmation.
rnclastic dc lblntat ion etc.

CLO J08.3: Grasp the concept olphase diagrams and

be able to predict m icrostructut'es and

understand translbrmation mechanisms
(nuc leation and growth. rnanensitic)and
cornprehcncl I|on-Carbon system and

ceraln ics.

.CLO 308.4: Fllucidatc the kinematics of elastic
collisions and .-have in depth
undcrstanding energetic ion beam based

techniques (given in thc syllabus) for
analy,-sis ol' malc:rials and perfbrm
cor.r] putat i()ns ol dcpth profiles and

concentration analysis using these
techniqucs. Choose the mosl
appropriate techniclue for
clraracterizat iorr.

Cotrrse Learning Outcomes (CLOs)
Atter corrpleting this course, the learner rvill
bc able to:

-[otal

.l
l) tite cit Iri

0
(l

I
{

r\-l 
ltcoC rcdits

1
-lcrrcJring 

I lours per \\cek
30
10

l0
70

()

0
lntcrnal A ssessrnent I\4arks
Lnd I crrr liranr Marks

t0()Mrr. Marlis 0r00
.i lroLrrsErrrnr inat ion Iirlc

-,,'r-.'0"eI \-
Cha irpersilnl
Depa rtment of Ph ysics,
Kuru k shetra University,
h-,.r-,ir'.. ietra-I 36 1 1 9.
( I Nt'i/r 1.
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Part l]- (lonterrts of thc Coursc
nstructiorrs frlr Pa r- Sct tcr: Thc cramirrcr tlili sct 9 (lLrcstions asking t\\'o rprestions fiom cach uni
nd one cornpulsor) question bl, taking course leurning outcomes (CLOsi into consideration. Th
onrpulsorl (luestiorl (Qucstion No. l) ivill consist o1'at lcast 4 parts covering entire syllabus. Th
rrcstion pirper is cxpected to contain problcnrs to lh!' extcnl ol'20%o ()1'total rra|ks. The examinee rr,il

e rcqrrireel Io attcmpt 5 cluestions: sclcctirrg or)e quc5tion lionr each Lrnit and thc compulsorr queslion.

All uestion s u'ill carry'eqrtal nralks
.li 

r p ics

Irnperlcctions in Solids: Point D.'lccts: vilcanc\. sLrbstitutional
intelstitial. l]rerliel and Schottkr' defects. eqLrilibriLlm concentrati()n o
Frenkel and Schottky' det'ects; l-ine I)eltcts: slip planes and sli
dilections. edge and scrcrr dislocations. Burser''s vector. cross-slip,
glide and clirnb. jogs. dislocation ener!\. super & paltial cliskrcations.
dislocation nrultiplication. Franli Read sources: Planar Dcli'ets: grtrin
boundaries and twin intcrl'aces: Dislocation I'heory - experimcntal
observation ol'dislocation. dislocations in FCC. HCP and BC(l lanice.

\{echanical Propcrties: Stress Strain Llurvc: Elastic Delirlrnation
atornic mcchanisnr ol elastic dcfbrmation and anisotrop) of Young'
rrodulr-rs- elastic clcfbrmation ol an i:o11'6p;L ntateliirl; Anclastic and
YiscoLrs del'ornration: Plastic I)cfbrnrltiorr: Schrnid's larr. critical[1
lesolred sltcar strcss: Strengthcning N4cchanisrns: sor-k ltardening.
rcco\'!'rv. rccrl,stallization. strenuthenirrg liom grain boundalies. lo
rrnule glain boLrndaries. \'ield point. Strain aging. solid solution
strengthening. t*o phase us.gre8.ates. slrcngtl]eDing fl'om firte particles;
FractLlre: ideal tiacture stlcss. brittle tirrcture-(ilifllth's thcorr'. ductile
liacture.

\licrostructu re: Solid SolLrtions and lr)tenrd(liate Pltases: pltrtse lLt c-

unitaly & binar'1 phase diagranrs- Lerel rLrlc. llLrrnc-l{otherl r'ule: Free

Enelgy and EqLrilibrium Phasc Diaglarns: conrplete solid nriscibility.
partial solid rr isc ibilitv-cutect ic. peritcctic arrd eute'ctoil rcil!'rir)lrs.
cutcctaid rni-rtLr|c; Nuclcation. (irou th and Overall Trarrs lirrLration
Kinetics: Nlartcnstic 'h'anslirlnratiorr: 'l hc lron-(larbon Sr stcm:
Various plrases- phasc diagram. Phasc I ranslblnration s. rnicrost|r.rcture

and properlr chanqes in iron-carhon s\slern: ('cranlics: glass llansitio
temperature. .slassfbrr.ne rs- commcrcial cerarnics- mechanical
p11)llL'rtie\. lt iglt tetnperatutc propcl'tic5.

\llatcrials Proccssing and ( h a ractcr'izirtion: Ion lrnpllDtatiorr
introduction. ion implantation process. depth prollle. radiation danlag
and anncaling etfbcts of lrace-inrpurities. inrplantation induc
allol ing and structural phase translirrnration: Rutherto
Bacl(scatlering Spectron'rclry lltl)S): principlu, kincrnatics of'elaslic
collision. shape ol the hackscatterinq spectrunr. depth proliles and

concentration anallsis. applications; Irl:tstic Ilccoil Dctection ,Anallsi
(ERI)A): lrasic principle. kincrnatics. col]cL'ntralion analr sis. de'pth

th resolution. app Iic.rt ions: Scconclarr lon lla

----+{heChairpers'on,
Department of Physics.
Ku rukshetra UniversitY,
Kurukshetra-136 119.
( rN orA ).
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60t,l Corr tlct llours()

. Scrliin;rr, plcserrtationi ass ignment,i qu izr c lltss test ctc.

. \ I id-l clnr Irunr
l()

JO

)

Su csted Evl lrtatiort \lethods
lnternirl,\ssessrnen{: J0 l.lnrl Ternr lirarrrination: 70

o ( llss l'r rt ic ipation \\ ritten Exarnination

1[- Thcorl ; 'Iheo

Recorn merr tled Ilooks/e-rcsou rces/I-VIS :

. I\4aterial Science by.l. C. Andel'sorr. K. D. I-earer'. J. M. Alexandcr and I{ D. Rau'lings

. N4echanical Metallurgl' b1' G. E. Dietcr

. lon lmplantation bv C. Dealnally

. IiLrndarrentals ol Surfhcc and Thin Filrn Analysis by L. (i. Feldrnan and .1. \\'. Mayer

. Surf'acl, Anal1,5i5 Methods in iV{aterial Science br D. .1. ()'connor. []. A. Sexton and R. St- C. Smart

l'lrt C-l.rrrIr itt It csort rces

i[cls). S prin cr Selies in Surt'ace Scienccs 2023.

Spectroscopy' (StMS): basic principle. uolking, yield ol seconda

ions and applications.

---?,.-t"0oAChairpersohi
De pa rtrn en t of phvsics.
Ku.u k shetra Univ6rsitv.
Kr.rrrrkshetra-l 36 I 19.
(l;,1;'ilt).
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cssion: 2(ll5-26 (As per schernc 202{-25)

l)art.\ - Intr'o(lue tion

N4ax. Mallis r00
L:rrtn inallLrn Iinte' 'lhouls

l'art li- Conte uls r)l'thc a oursc
Practicals

l. Meitsurement of lesistivity of a scrniconductor by fi)ur probe mcthod a

_jj]le'r c1t 1eqpg41!Ies qtq !9!9'r1ina!9!l ol$Id

0
0
0 100

()

--2-1^()4?Chairpersdn, v
Departm ent of Physics,
Kurr.rkshetra U n ive rs ity,
Kurukshetra-136 119.
(rNDrA).

\1. Se . Ph vs ics
.ri-
J

Nanre of I)rogranrme
Senrestcr

I'hysics L.ab-VNrrnre ol- t ltc (lottrsc

\t2l-t,t t\'-i(r9CoLrrse Code
Corrrse Tr pe

Ler el ot'tlre coulse
I'C.5
599_.s99

Prire t ica I Total
I

I hc'ot\
0 :l

Plc- re uis irc fbr the coulse il an

-\O'tll: t nlikc the M. Sc. lrirst Yeal Laboratorl'. c\llcrimcnts in thc l'inal Ycrr LatToratories are based
ul-Ton si\ dillererrt disciplinc elcctir e coLrrses ([)E( r ). In this eoLtts.-. stLrrlcnts slra]l cotnplele ill le:rst si

crperimcnts tiom the Dl:( allottcd. Besidr--s eontinLrr)us a5scssnrenl ()l stlrtlcnts thl-oLrgh intenlal \i\a
vocc exarrination of the cxperinrents peltirlnred. thcre shrll be end-se'rnester laboratory exatnination
u herein eaeh student \\'ill be required to pcrlorm iit least one cxperimcnt as ncl paper setting by a dul
al)l)()illtcd Plncl ol'examincrs. I'hc evulualion rvill bc llra.lL' on the basis ol'g.rct lbrtratrce ol'stLtderrts in

i) s\ crin rertt- ii) re ort and anal sis ol'the cr r inrcnt and ( iii viva-r occ exanr inat ion

l)EC: ( ontlcnsetl \lnttu l)hvsics-l

Cor"rlse Lctlning Outcomes (CI-,Os)

A lter completing this course. the learrrer rvill
bc' able to:

CLO J09. I Mcasure resistir it1 & band gap of a

scnriconductor bv fbur-probe method
and churacterizc it lbr carrier
concentralion & type using. the Hall
e f}'ect.

Ascertain the magnetic nature of a

rllrtcr ial l,) rneasurirrq ntagtletic
suscepribilir),.
Record & arralyzc the XRD pattern ol' a
crl,stal Lrsing X-ray,' difliactometer. and
'f. ol a high tenlperaturc superconductor.

Simulatc the dispersion ol lattice
vibrations usins an electrical analogue
ol' rcal lltticc and compute dielectric
t'rrnctitrrr llrrrn rc ll ectarce data.

cl,o 309.1

L() 309.3

Ct,() 109.,1

( r'edits

3 S
'[ 

crrcl.ring I Iouls ;rer ri cck i)

Intclnal A ssessnrcnt \,1arli\ l0 .10

70Enrl Ternr llxanr Malks 70

236

!lal)

I

Contact Hoursl
--Ir20 I
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l \lelrsLrlcment of Hall coelllcient trI a given sc'tn icotrductor: Idcntitlcation o

type olsemiconductor and estimation of curlent carlier concentl ation'

3. Dispersion of lattice vibrations usirlg electl'ical analogue ofreal lattice'

4. Magrrctic susceptibility of ltydlatccl copper sLrlt'ate'

i. I-attice parameter ancl Miller Indiccs using -\R[).
(i. .l 

entperature dcpendcnce ol a cerarnic capacitor - vcliflcation of (lLrIie-\\'eis

lar. ii,r thc elcctrical susceptibilit) ot'a l'crroclcctric rnaterial'

7. Detclrnination olspecific heat ol-solids (nretals and alloys)'

tl. Measurcmcnt of magnetic susceptibility by Qtrinck's rrethod
t). High telnperattlre supetconductivilv expelinrent'

10. Conrputation oldielectric lirnction e(r,-r) tionr rctlectance R(a'r)'

il t' (_' I e il t_ e s o t'c C s

cco
t.
2.

).

1.

5.

6_

llt Ilt I tl ed ll(x) c- t'( \ () tl rc \ts
ll .t u oll () S t) d S atc hi c 5 1 ed tl t) (' il I !- li c

Solicl State Ph1'sics by Neil W Ashcroli and N' Davicl Merrlin

Solicl State PhJ sics: A n Introduction to 
-t'heoly 

and Experirrtent by [-l

Prirrciples of the Theory of Solids (2"d edition) b1'J. M Ziman

Condensed Matter l)hysics by M ichael l'. Ivlalder

Iblch and ll. l.utlt

Adr rnced Solid State Ph1-, sics br l'. Ph illiPs

l)IC: \ uc lerl r l'h'r rics-l

Coursc Luat tring Outcome's (LIO) Ct,o 309.I Understand the u'orking ol' ditteren

Ali!-r conrplcting this coursc" the learner rvill

be ablc to:

counters/detectors trsed in nuclear phy-sic

cxPerittlctrts.
LO J09.2 Charactcriz-e the deteck)rs response t

dill'erent radiations under varying initial
cond ition s.

LO 309.3 Lxplolc thc applications ol'these detector

and asstlciate<l cl!-ctrollics to find thicknes

ol an tt ttknorvn satnPIe.

CLO 109.,1 [)etenttine Il]e range ol'alpha particlcs in air
slud the Conl or1 scattefl n

Total
I

fi

ThcorvCredits
+()

0

()

0
['crc h ing. lloLrrs r l ecli
Intcrnal A isesstrent Mar li'

l)ractica I

E

70

j()

Lncl lcrnr liram l\4arks

i0
l0
r00I 0{)

-1 hours

ontacl [Iout's

0
0

N4ar. Marks
Lxatritratirrn linte

-t20
1. 72-St

Parl I]- (-ontcnts of tlte Cottrsc
I) rtcticx ls

atistics using (1. M. Countcl an.l cstabl ish ing lrrnclottt llattlre o1

l
-)

nuc ic:rr radiation
Resolvirrg'l'ime of C. M. Countet set-up

anrma elliciencv of G. \'1. C otrntcr

--u.,+{17-r--Cha irp e rsdn, -
Depa rtment of Physics,
Ku rok shetra U n ive rsity,
Kurukshetra-136 119.
( INDIA).

To stud the beta-
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4. Sndv of Energy Resolution of Nal(Tl) detector and calibration olGamma
Spectrometer

5. To dctermine the wavelength of a given source using X-ray difl'raction
stuclies.

(r. Estirlating the thickness ofa thin fbil using alpha spectrometcr.
7. Studl ofBragg's curve and deterrnining the range olalpha particles in air

with Spark Counler
S. ( o,rrpton Scattering lrsperinrerrt.
9. Ruthertbrd Back Scattering Expelinrent.
10. Sturlr of arl ic lc/ nrrrra coinc idcnces.

Intcrnal .A sscssnr cn1 Marks
Er.l Te |nr l:rarn \la|lis 1o
N4ur. Mallis l(x)
Esirm inal ion l ime

0
0

0 -1 horrrs
Par( ll- ('ontcrrts ol'tlrc (lourse
Practic:r ls

fo determine the Primary Star Tracks usinu Intcr-nuclear cascade nrode
Lrsing nuclcar enrulsion and high encrg) pilfticlc.
Io stuLl\ the classilicatiorl of the nrrclear cmulsion interaction and production
of thc Ile ld l)articlc in 50 CeV n- Nuclcar ernulsirtn irltcrrctiort.
'lo strrtil the p|inrar;- irlteraction and iderrtit-r'tltc shorrer tt'acks. grcl' and hlac
trlcks irr nrrulear crrrulsirrn inleractioD.

-r.-r{Lr*Cha irpe r3on,-
De pa rtment of Physics,
Kurukshetra U n iversity,
K r_r !-ri k sh e tra - 136 119.,
(li'lL'r,\),

I)l rl -l.earrrirr llesorr rccs

CoLrrse L-crrrrinq Outcornes (CLO)
Alicr completir.rg this course, the Iearner *,ill
bc aLrle to:

Crcdits

Terrching I lorrls per s cek

I'ract ica I

l

li s

Ileconr nl clr rled IJooks/c-resou rccs/L-\ IS:
. l. IntrorlLrction to Experirnental NLrcleal l'h1,sics b1 l{. N1. Singru
. lechniclue s fbr Nucle ar and Particle Phr sics Erpcrirnents by \l'. R
. ltadiation I)elcction arrd Measulenrcrrt br (i. [r. ].,noll

I co

l) l'l (l: l'article Phvsics-I

CLO 309.1 Learn and realize thc concept ofhigh ener

lCeV) interaction. concept of intemuclea
cascad ing.

cL( ) -109.2 Llrrderstand the conccl)t ul'slou anrl lasl
leaction involve in the high energl
inte|act ion.

LO .]09.3 [Jnderstarrd the lirndamentals of productio
ol lield particles ir irubble chamber'.

L() 309.{ [ir]derstalJ thc rrechanism of' nuclea
!'nrulsion as n detcctor and tarsct both. I

hclps to arral)zc the various Ittertct ron

llilramcters qualitatirclr as riell a

Lr.tntitlrtir el

lhe'or'1 Total
0 .l

0

0 lo l0
70
10(.)

(lntilcl 0u rs

"-n6

l

l-
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l

'l-o deturrrine the Mearr Multiplicit; ol'shorrcr', grel and blach traclis i

n ucleal cmulsion interact ion.
'fo deterrnine the heavy tracks and cxcitation errcrgy lirr the Nuclear Interactio
Star Tracks.
.l 

o detcrrnine the mean liee path tbr relativistic nucleus-nucleus interactiorrs.
'l o studl p-p interaction and tlnd the cross-sectiolr ol'a leactiorr using a brrbbl
chamber'.

lnternll .\sscssmcnt: 30
,- -l'heoir

o ('lass P:rrtic ipat ion
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l. InlrodLrction to Fligh llnerev l)hvsics (2nd arrcl ,lth cdition): I). I l. I']crkirrs.
2. I'article Accclerator Physics, Vol I ancl II, il..l. Wieclrnan, (Springer Vellag). l99tl

Solids: Principles and Applications ( 1975): R. L. Fleischer. P. B. I)ri

d lrteracti()n ol'I'rrlticles \\ ith Nlltte r: Acirclcrrician I). V. Skollel'tsr n.
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cssion: 2025-26 (As per schenrc 2021-2.5)

Nrrnre ol l)r'ogranrme
S!'f r cstcr

Narne o1'the Course
( oursc ( r,.lc

Pnrt ,\ - I rr t rorl uction
\,1. 5e , !!ty-..|ql

\12.1-t'l tY-3 I

('oLrrse Tr 1.re l)C-(r
[-cr el o1' t hc course
l't e'-rgqllLs itc 1'o r th e c ou lsc il'anr
N0'f li: t n like thc M. Sc.
r.rporr six cliIl'elent disciplin
e spcrimerrrs li'om the DIC
vocc exanr inalion of tltc cx

Irirst Year J-abolrrtory. crlterintcnts in tlrc I:inill Ycdr Laboratories are bascd
e elective courses IDEC s). Ilr this coursc. students shall conrplete at least si
allotted. Besides continuous assessntent ol'studcnts tlrrough internal viVa-
perinlents perlirlrncd. tltere shall bc crrd-sernestct. laborattrrr e.raminatiol)

l)EC: ( o rn putation l l l'hvsics- l

500-5 re

rr ltclc in c'lch student l,ill be reclLrired to pcrli)rm at lcast ('irc cxpcr inrcnt its l)ur prpcr sctting b1,a dul1,
app,rirttecl l.rttrel ol cxltnt i ners.'lhe evaluatiort rvill be rnacle on the basis ol;rcrfbrmance ofstudents in

en nr c nt. ll IE ort and anal sis of rhc c.\ rinrcnt anil (iii \ r\ rl-\ oce L'XAlIlnattOtle\

Course Lclrning Outcornes (CLOs)
A lie r corrgrieting this course. the learner rvill
bc able to:

( r'e clits

l eirching I lours r rr cck
Irterllal r\.scssntcnt \,latrli\
L:Dd I ernt Ir\anl Mxtlis
l\1ur. NIarli s

l'1rrt l]- Contcrrts ol tlre ( oursc
Pructiculs

LO 310.1 .Deve lop Pvthon plouranis to evalult
cicfinite inteslals bv enrploying Sirnpson
and ( iaLrss qr.rarllature methods.

CLO 3l0.2 Srrrdr inrcrp() lllt ion./e\trapolation usin
[.agnrnqe's nrcthod, and least scluarc
ctrlvc fitting.

LO J l0.J Corrstlucl Pr thon rtroi.:ram lo solve sccon
oldel dilll'rential equations usins Runge
Kutta rrethoci ancl appll the program t
lirrd liigcnvalucs irnd eigen lirnctions ol
linear hanr on ic oscillator'.

CLO 3 10.{ \\i'itc prorlront to s(}lv'e sct of Sirnultaneou
I-inear Algctrraic equations b1, (iauss

Jolclirrr clirrinalion nretlrod, find eigen
values and ci{en vectors of squar
nratriccs. and lllLlstrate Kirclrholl"s larr
lirl s inr le elcctric c ircu its
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Numclical Integration using (a) Simpson l/3 ancl (b) Oauss cluadrature mcthod
lirr one und tu o-d irncn sional intesrals.
Application: Shorv that rhe functiirn ti\) =(nhr)( l/( l+rr:xr; behaves likc the Dira
delta lirnction tbr large n.

Least Square fitting (Linear).
Solution of second-order diflercntial equatior.l using Runge-Kutta method
Application: Eigenvalucs and eigenfunctions ol' a linear harmonic oscillato
using Runge-Kutta !nethod.
lir tinrl roots olan equation of degrec- l. I and I b1 usirrg Biscction nrcthod.
Solutiou ol Sinrultaneous l-incar Algebraic equirtions by Causs-Jorda
e liminirtion nrethod.
Application: Illustralion ol'Kirchhofl's larvs fir simplc electric circuits.
lnl.crprctation arrd [xtrapolation by Lrsing Laglangian method.

7. lrindinr ci crrr alucs and ci cnr ectols ol's LraIe ntlttriccs.
I'art ( -I -earnin ()ll l'cc s

cconllllcti rlctl Iloolis/c-rcsourccs/1.\lS:
Numerical Plthon b1, R.obert Johrrsson.
l-carn l)rthon programnring b1 Fabrizio Romarril.
Introdrrction to computing and plo[rlem solving using Python by Balaguruswanry
lntrodLrctoly methods o1'nun:crical Analysis bl S. S. Sas0'1'.

C'omputcr Oriented Nunrerical \4c'thod b1 V. I(ajamana.
Nurrelie al (lorr lllltional Mellr(lds h ,P tl Patil urrcl IJ. P. Velrna.

DIi(l: E lectron ics-I

Coulse Lcalning Outcomes (CLO)
Aticr complcting this coursc. the lealrrer rvill
be able to:

CLO 310.1 Design and measure h-parameters ol' an

amplitier and pulse u,idth of a mono-stable
rn rr ltiviblator c ircr rit.

CLO 310.2 Measure the inrportant palameters ol an

OPAMP
CLO 310.3 [)esign ditlerent OPAMP based circuits f'or

various practica I applicat ions.
CLO 310.{ Dras,V-l characlclistics ofa solar cell and

demonstrate modulation and dernodulation
c irc rrits.

C rc ci its

'l'erre hing I lours per rr eek
Irlternul /\:it'ssnrent \ I:trks

100
{ hours

n t: rct 0uts

0
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100
Enil 'l ernr l'rant Marl<s
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Practical 'I otal

70
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Parl Il- Contcrrts ol the Coursc
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4

IJ

l hcolv

i0

-74

l. l)etermirration olh-palanrcters ol'a bipolar transistor
2. l\4onostrrblc Multivibmtor: Measurcrncnt ol pulse rr idth for valious tirne

constants
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OPAM l'}-l: Measurement <lf various pafilnleters
OPAMI'-tl: Applications as Addcr. Subtlacter. d ill'ercnt iator', integrator and
r oltagc lbllou er
(icneralion of sqLrare r.r,ar,'es using OPAMP.
(;cneration of san-tooth u,aves using OPAMP.
Cieneration of triangular u,aves using OI']AMP.
lb drarr the V-[ characteristics ofa solar ccll arrcl to Iincl tlll-factor

. Io studr the rrodulation and dernodLrlatiorr circrrits.
soll fc0s

Recommcn ded Books/c-resou rces/LIIS:
. lnteglated electronics by J Millman and (l(. llalkias.
. Miclo Electronics b1 J Milhnan:urcl A Crahel.
. lr.lectlonic corn nr un ications bl D Roddy and J Coolen.
. lllectronic Communications: Modulatiorr and Transnlission by RJ Sclroenbeck
. OPAN4Ps and linear IC circuits by Ramakant A. Cal,akrvad.
. ljlecrlonic fundamentals and applications (5 rh e(|.) by.l D Ryder.
. Lllectlorric l)oviccs &arnpl Cili.:uit'fheor'1,by Robert L Boylcstad &aurp: L.ouis

N as lrc lsky .

. Mie roelectronic Circuits:'fheorl,ar.rd Applications (6'h Ed.) hl,Aclel S Sedra and
Kerrrretlr C Srnith.

I)l.l(': \laterial Scicrrce-l

Course Lcalrring Outcomes (CLO)
Altcl cornpleting this coulse. the Icarner rvill
be ab le to:

CLO Jl0.t: Unclcrstarrcl lirul probe rrethod 1o

dctcrnrinirrq band gap of rnaterials and usc

it to cornpLlte band gap ol serniconduclo

7

8

-- Paite-LearrriiieRa

I

)

l

ti

material by nrerrsurinq the variation in
potential drop n ith tempel'ature.
Cornprehend thc concept of Ilall E

arrd rragnetorcsistancc. Measure
coctficient and establish the ty pe

I lulI
()

serricondLlctor arrd rleasure thc magneto
lesistance.

CLO 310.2: Rccortl and anallzc the XRD pattern ol'
crrstalline sLrirstlrrcc. Lrsirre it cor.nput
I-atticc parametcls and Millel Indiccs

Understanding ol' clastic behavior o

matcrials arrcJ evaluating Young's rnodulu
and elastic constant using Ultrasoni
ln te rl'c nr m ctc r.

CL() 310.{: [,nclerstand \l{l'techniqLrc. ('ornpute thc
clcn]ents and its cotl.l srtron uslrl

Understand dielectlic rnaterials and

mcasrrre dielcctric constanl ol givcn
rnaterial.

LO J10.3: Learn abouI chalactclistics of a solar cell.
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Ch a iroe rdo h,L
De oa itm e nt of PhYsics,
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l)art B- (lontcrts ottltc Course
oll tllc( ours

Band (iap of a giverr semiconductor matcrial usirlg []our-Plotrc method.
Study ol Hall cllect and cstimation ol'Hall coelliciort R. carrier density
(n) and canier rnobilitl'of Semiconductol rnateriul.
l-attice paramctel and Miller'.lndices using XRD.
Diclectric constant of a given material.
Solar ccll characteristics.
Stud] () l'the pltenomerron ol' maqncto-r'csistancc.
Llhrasorric Interf'erometer Young's modulLrs and elastic constant o1'solids
I)etcrnrirrrng the elenrcnts and its conrposition br' XR[. rneasulcrlrcnt ol

rircticrr ls
l

I':t rt ( -l.c:rrrr irr Itc\o ll l'ce \
\lt ll I lc

ilrr<l 'l crnr Exanrination:70
l0
)

Recorn mcn ded Books/c-resou rces/LN,IS :

. Material Science by J. C. Andelson, K. D. l,eaver, J. M. Alexander and R. D. I{awlings

. N4echanical Nletalluryl'trr C. E. Dieter

. lon lmplantation by'C. Dearnally.

. lrundanrcntals olSurf'acc and l'hin Filnr Analysis hy [ . (i. I'eldrnan and J. \\i. Mayer

. Sullacc,\nalvsis Methods in Material Science irr l). J. O'Connor. []. A. Serton and R. St. C. Sm
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ession: 2025-26 (As per scheme 2021-23)

Pa rt .\ - lntroduction
Nanre ol thc Pro rarlt nle
Serrestcr

Sc ) slcs

Narne of' the (lourse Iilenrenls of \anu Science antl Nano Technologl

Ctrru'se C oele

Corrrse 'h pe

l-cr el of thc c()ursc (As pcI Antrcxrr|e-l
siLe l'or the coulse (il'an1)Ple-re Lll

Course Lcalning Outcornes (CLO)
A fi!'r' com pleting this course. the learner rvill
[.re rb]c to:

C lcd its

LO 3J9.1 : [.lnderstand the hasics of nanoscience.
LO J39.2: I)escribe tltc. r'arinus rechnit;Lres to lhbricate

ni nostfuctLtre.
LO 339.3: Conrprehend thc principles and rvorking o

ehitlacterization tools lirr analr,scs o l' n anostructure.
LO 3J9.{: Crasp the conccpts of' various physical

l

l1r'()llertle s ol nallostruclures

l()
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00-i9e

'I h.'on Pructica I Total
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nit and on.'conrpulsorv question b1 taking cout'se lcanting outconres (C i.Os t into consideration. The
onrprlsorr (ltlcstion (Qucstion No. 1) rvill consist ol'al lcast 4 pans co\ering cntire syllabus. lhe
tlcstiolt pal)el is expected to contain problcms to thc c\tent ol'20% ol'total ma|ks. The examinee will

\ ll questioru will carr), cclual-nr all< s.
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I rr it 'I 
oJrics

Irrtrorluction to Nrnom:rtcrills: Ilottolr Ltp anrl Iirp [)orr.rr appr.oaclr.
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inrensional nanostnlcturcs, Srnalt rl ateria ls.

rinoslructure l':rbric:rtion llr Phvsic:rl \lcthrxls: I)ltrsical \hpir
cposition: evaporiltion, NlolecLrlar beam cpitlxl'. sputterinq. conrpar.isrrn
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Ilcanr l.itho TA . \-rir lithogrr
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Nlrnre ol l)r'r;qnttttIttc
Pu rt ,\ - Irttroductiolr

M. Sc. Phvs ics

Atrinric rnd \lolecirlar I'hr sic:

t- I, Fl\'--10I

l

c-I-() {l) l.l : Lrndcrstanciing ol' origination of' atom

LO {01 .2:

ph1,sics. analvsis of spectral lines,
e hirlgc itr lre lrlr ior of atoms itt
c\lcrnxl al)filiuJ elcctric rnd rnagnetic
tlcld on atornic spectral lines. their
selcct iott rulc.
Construct antl Anall'sis the rotational.
vibrational and Raman spcctra ol
rnotccules. leiun the basic principle
and instrunrentatiorr ol IR and Raman
spect[or']relcr
Unclerstirnd electrotric energv
spcctroscop\'. its rulc. spectral range.
application itt Ltndelstandins the
characteIistic tcaturc nrolccLllar and

electronic tlansition. the wolking and
princip[- o1' UV-Visible and PL
spcctroscopv.
I nJeIst:rnd tlt; thcrrrr trrrd dcscriptiotr
o1' the nuclcus interaction uith
ertcrnal 1lcld. clfect ott tlteir spectrun.l
to Lrn(l!'rstilnd the nrolecule, principle
an.l instrunrenlation ol'NMI{ and ESR
spcctr()scopv and lirrtnLtlation used irl

cLo{01..1:

tllcse: cctf()sc()

I lrcon

IC

() J()1.4:

I

l

3lrottrs
l':rrt ll-(-ontcnls of tlte Coursc
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uestion. \ll llcstioll\ \\ ill caf rrel nrarks.
'l opics

tomic Ph1'sics: QLralitativc descliption oi Il-atotlr SpcctrLlnl. I'hvsical

interpretation of quantuln nut.ttbct's. I'auli principle arrd thc huilding-Lrp

rinciple. Space Quantizatiorr: Slettl-Cer-lach expcrinrent. spcctrulr ol
l!'-atom: its quatrtLrtn mcchatlical tlcsc|iption and Ileiscnberg
sonance, L.S and j.l Coupling. 

-fcrrtts fbl cqtlivalent & non-eqtrivalent

Iectron atonl, Branchirrg rule. Norrnal & anomalous Zeernan cflect.

ralk t;ff-ect. Paschen - Back ctfect; lntcnsitics ol' spcctlal lincs:

, !l1e l-3 I selcction rule: I{ypert'inc structtrrc of Spectra lincs: Isotope

lli'ct and ellcct ol Nuclcar Spin

lolecu la r Phvsics: Rotittiorr ol nrolc'cules: Classillcation ol'
roleculcs. Irrteraction of radittion rrith rotatinq tllolecttles- I{otational

spectra of rigid diatomic molecules. Isotopr- eltect in rotational spectra.

lntensit)- of rotational lines. Non rigid rotator. Intirrrnation dcrived fiom
)tiltional spectrit: Irrli'ared spcctroscoP]: The vibrating diatomic

rtilecule. The diatomic vibralting-rolatoI spcctra ol'diatonric nrolectilcs.

Irliared spectropllotometerl Ratrtan Spcctroscopr: lntrtductitltt. I)ure

()tationill Raman spectra. Vibrational I{atlrrtrt Spc-ctta. Ntrclclrr Spirl and

intensitl, alternation in Raman speclt'a. Isotope cffect. ltaman

5l)L'ct ro nt eter.
III lcctronic Spcclr:r ttf tliltorrtic moltcttlcs :lrltl Flll()l'esccncc

t)cctroscop\': Born Oppenlreirner apptoxinlation. Vibratirlnal c0itrse

stlLrcturc of electlonic bands. I'r'ogrcssiotl and scquetrces. Intensitl o1'

luctronic bands-Frank (iondon l)rinciplc. Dissociation and pre-

issocirtion, [)issociation enclgr': Iiotirtional Ilnc structure of'electronic
lrnds. l'he l- onratgrarabole. Iilectronic strtl!'ture ol'diatomic trtllccules:

t \/-Visible Absor';rtion spcctroscopv. [.artttrcrt-l]eer larv- Absorption

llL'ctrometcr. Flttolescence snectroscop\/: Flttoresccnce and

l'hrlspholesccnce. Kasha"s t'tttc. Qltattlttltr Yield. Non-rtitliativc
lunsition, .lablorrski Diaglanr. Spectro ll Lttlrotl e ter. I'inte resolved

llrrolesccnce and r-lctermination o1' ercitqd state lil'ttimc'.

Ilcsorr:rnce Spcctroscop)': N\4R: Basic prirrciples. Classical and

trrrnturl mechanical descriprion. Bloch t'tlLrations. Spin-spin and spin-
l5

Iultice relaxutiort tinrcs, C'hcmical sltili. isotropr attd anisotlopr in

lrcrnical shifi and coupling cortstzltll. Nl\4lt spectrometcr. ExPerimental

rncthods - Singlc coil ancl doLrblc coil melhods. lligh lesolution

rcthods: ESR: Basic principles. l:.SR spectrometer. nuclear interaction

rntl hrperlrnc stlucture. telzrrittion cl'l'ects. g-tirctor. (lhalilcterislics.

[dc radical studics and biologicl I lpp lic iil i() n s

li r l:r lCorrt:tcl lotr
S u ggcsl cd livalultiort \lethotls

fi)

I n tern al i\ssessntcnt: J{)
'l heolr

o ('llrss Prr rtic ipltion
rescnlati()D/ assi gnrt'tcnt'rltrizic lltss tcsl etc

Errrl l'errl Erarrrination: 7l)
'f heorr': l()

\\'r'ittcn L xarn ination

Chairper on,
Depa rtment of Physics,
Kurukshetra U n iversity,
Kurukshetra-136 119.
(rNoiA).

l0

Contacl IIou rs
Ls

l5

t5

o Scrr inirr- lr

3rl

l

I
I

I

LI

,l(



Recom mended Books/e-resou rces/LI'IS :

| . Concepts of Modern Ph1'sics b1' A rthul Rc iser (\1cC ras'-llill Book Cornpany. I 987).

2. ,\tonric spcctra & atomic structure. Cerltard Henzlrerg: Dclver publication' Nen' York'
3. \loleculirr structure & spectroscop). C. Aluldhas: I'tcntice -- llall ol lndia. Neu Delhi
4. Iiundarncutals of tnolecular spc'ctroscopv- Colin )'1. Ilnnwell& EIaine M. McCash.'fata

VIcCrarr Hill publishing compan.v linritetl.
5. lrrtlodueiion to Atontic speclra b)'tl.li. \\'hite.
6. Spectra ot'diatornic molccules b1' Gelhard I lerztrcls.

ll e sotr rcesI'a rt C'-l,ea rtt irt

C() ir I{. Lakou icz.t) .lose7. I'rinci lcs of Iluolescence s

o i\lid jl crr Ilxam:
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ession: 2t)25-26 (As Per sc henle 202{-25 )

arl l]- Contcrlts of thc Coursc

-.tions lsli irl S t\\() Lltlestl()ns Iiom eaclt
rat ion. TheInstructions rPa er- Se(tcr: f lte crirtll
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dr anced Qttantum Mechanics
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I':r rl r\- | il t ro(lu ct ion

Nante of I't tlgrirtllnre

N nrns trl'titc (- ottrsc

CoLtt'sc ( ,,de
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It cr\ TC
500-5e9Lc'r el t.)l tlle cout'se
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liec rcII t!t IIh t1I Ir l(l0
70
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Course Lca rtring
Alie r conr lllcting

Outcornes (CLOs)
this coursc. tlie learner rrill

LO .102.1 : ComPrelten
lclativistic

d
qua

Ihe basic larvs ol
ntum mechanics: solve

bc rrblc to thc Klein-Cordon &Dirac equations' and

lc:ll rl tllu col'lcel)t ol' Dirac ntatrices

&their properties tbr sPin hall
relativist ic pa icles.

Acquire understanding ol' classical lleld

& dcvelop Lagrangian and Hanriltonian

lirlmulations fill tlte sarne' and perfbrm

sccortd qrtatttization ol' a tron relativistic

Ileld to lind cluantized energl &
Lrnderstand tllc matrix lbrmulation ol'

LO {02.2:

related oPL't'ator5'

I-O J02.3: Itlplcntcnt secotld quantization .ol'
varlious relativistic llclds to determine

iluantizcd cncl-g\ - and establish

t,o -102.J:

scattering lrlltrix using operators

&represet.tt variotls scatterin€l processes

usin g Ihc lrcl'trtnatt Diagrans.

IIavc souncl understanding of semi-

classical theory ol radiation & check the

vr lirJ ir1 ol classical tlcscription'

anddevelop theorctical understanding of
emissiott & absorption ol photons by

atoms and lind basic matt'ix elements fbr

bot h I OCeSSeS
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I
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70
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0nrllulsor\ qucstion (Qtlcstion No. ll u ill cr)nsls t ()l'iil lallst '1 l.tittls cttlerttlQ

Lrcs ()n pill)ef is cxpccted to contal ll prob lcnrs to lllc crtcnt ol'20% of total trark
cntire sylla
s. I'hc exam

bLrs.'l'he
incc u,ill

bc lcquirecl to irttcll'll)t 5 questions: selecting oll(' questlon ti'orn euclt unit and the compulsory

uestion. .\ ll questions rt ill caln eclual rn arlis
Contact IIou rsl ollics

elatir istic \\arc I'-qu:ttions: Klcin-(i \)rdan cqLtatiolr: It[ec plrrt ic le

iIrr illl(l ( tlrlilll l)cnsitic:. I lectromilglletic potcntials. Energv lcvel

irr a Coulonrb l:icld (H;-drogcn atom problern). I)illicLrlties ol' Klcin

r()rcl n calLlation. I)irac e(lLlat lol)

plrliclc solLrtiorts. Charge and ( trrrct: t [)crtsitir.'s. Ir lcct rtlm lli.:tlctt

tcntials. Dirac eclttation lor a cc'ntral llcld: Spirr AngLrlar Nlonrctlttttlt'

pplorinrate rcdur:tion; Spir-Orbit unerur. Separation o1'thc ctltlittiotr

I lre I'ly'dlogen atom. C laisification of cnergl' lcvcls" Negativc etrerg

S I atcs.

30

l'ropertics ol'the Dirac Jvl tricr:s' Frc

.- l'hcorv
\\'ritten Ixamination
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l'a r( C-l..earrrittg [tesott l'ce s

ommclr ded Boolis/e-rcsou rces,{,trIS :

Quantum Mechanics b) L. L SchitTl3'i edition)

Quanturl Mechanics by V. K.'I'hankappan.

Advarreed Quantunr Mcchanics by- J. J. Sakurai

QuanLtrtr Mcchartics b1 A. P. Mc-ssiah

The principles o1'Quarrtl"rr1l Mechanics b1 P. \. M. Dilac

Relatilistic Qu:trrtttrll Nlechanics b1 Schrvebc
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Sessiorr: 20 35-2(r (As Per scheln e 202,1-25)

LO-103.1: ['irplicatc response ol clectrons in a ban

cLo J03.2:

to an extcrnal ficld & their scattering.

calculate curtents itt barrds. learn tlre

lloltzmanrt approach lor transpoll in

nretals, and undcrstand dilferent

tlrermoelcctlic et'fects.

I-earn abottt rlanostt'tlctures & principles

of d itl'clerrt imagining techniques.

calculate lltc electronic structure of 1D,

0D rtatto:ttttcturcs itt cllectirc rnass

approximation. and use it to explain

clectrical trallsport in these systcnls.
-lreat c-e interltctions in Hanree and

Ilartrec-l:ocli ap1-lr'oxirnations &apply

tlrcsc to calctllatc clectronic ploperties oi
simple nrctitls. and lcarn to calculatc thc

screerred potential in the Thomas-Fermi

and L indhard aPProaches.

Transfbrrr tlte many-Pafticle

Schrodingcr equation to tlle second

(luantiTe(l ltrrrn. rtntl appll it to a

j"g.r"r"t" hontttgenotts electron gas lbr
calculating thc tlrst-order ground-state

cncrq
-l 

hcotr

d

cLO {03.3:

t-o J03.J:

I

I

l0
-/ 

t) 0

100

3 hoLrrs

Part l)-(. rrnterrts ol'(ltc Cttursc

I nsl l rt ctiott t () (lucstiolls asliitlg trro clLtcsrio,ii liorn cach

rtn il ltncl onl ctttttllttlstl i1, qircstion b1' taking course l!'at't'lill8 orltcol.llt's (('l.Os) into consideration.'l'hc

onr l.ru lsot'r question ( Question 16. I1 \ill arls co\ ering entllc syllabus.'['hc

tlc5l lon pJ|el lS r'\PeC ted to contain proh lclrs to tlrc eltent o1'207n ol'total marks. l'he examinee uill
r restior.rs: selcct itrg llf llllc nr crrclt unit lttd the cotll tu lso

()

ine r' '"i ill sc

consist ol'at least 4 P

stion titrt() attenrpt )

---44.1Chairpersonf
Department of Physics,
Ku ru kshetra U niversity,
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Corrtact I lou rsuestion.,\ll r.rcstiotrs *'ill car CCI tlrI nrat li:
1'opics

lcctron'I r:tnspt)rt Plrenonlcnon: I)illl c Lrl tles u ith thc Drtrdc'stnodcl:

enriclassical tloclel ol elcclrtln dvnarr ics: Bloclr vs. Sommerlel

lectrorls. Wave Packets of Bloch clecttotls. Semiclassical mechanics

urrcnts in baltds and holesl Scatlct'ing ol elecltons in bands (elirstic

inclastic and clectxrrt-elcctrort scattcrings ): Norr-cc1Lr i I ibliunl tlistribLrtio

irrrction. Scattcring Plobabilitr artrl rela\ation tirne, Tlic Boltzmitrt

LlLrJti(,r1. Rc]arali,rtl titne .lti.s,t/: and lincalized Iloltzmantt ecltlatloll

I:lectrical irttd lherrual condttclivitr o1' nrctals. 'fctlpc'tature clcllend ctrc

I

llrcrrnopo,uver. Seebeck efl'ect. Peltier e Il

\\ ic.de mantr-lrratlz larr '
a n(l Electron l l'ilnsl){rrt:
itnostructtlrcs (orll1 prirrcip I

nergv: Electrical transport in 0D- Cotrlomb

Nanostrttctures: Inlltgin
c): lrlcctron tn icroscoP

clrargc states arrd chatg in

blockatlc. Cottlonr

l' re'sistivit-v. atld Matthicserr'

cchniques lirr n

u o bat'rict's itt se't'ics- Rcstr

p1.lcnheimcr A PPlox irrlat iotr:

s rLtle: 'l'lrernroelectri; ei ccts

i'ct- lltonrsort cflect. 'l 
h

it n ostl'uct tl rcs

1EM. SEM). O1;tical microscotr.rl ' Selnttittg tun nc littg rrticroscoPr.

tonric lbrcc tn ic roscopy; Electronic structurc ot' ll) slstenrs: lD sub

rurd:. Van llore sirlgulalities:

lartice couplings. [:ermi vs. l-utt inger liqtricl. Pcierls instabi litr : lr lecr rical

ranspofi in lD: (lonductancc cluantization and thc L-and arrcr tbrtnLtla

narrt t unn clitt g. Incohcrent rrltlitiott rtn

)llln's la\\. Coltet encc-l-ocalization lllectronic stl'Llcl.Llre ot' 0D svstem

Scrtt icotttlttcttlr llillloc rl st'lls

ll) nretitls- (loulontb inlcrirctions illl

(]Lrarrtum dots): Qualltized cnergv Ievels'

rctallic dots. Optical spectla. I)iscrete

ru pll ror int it tion: Ihc trlsi

Harniltonian of a so lid: Electronic and iorric/nuclei parts' The []orn

lriatiotral princiIlc: Iirchange: l'he llartree-Fock apllror itltat iotr

I\ooprrans' thcorelll: Applicatiorl ol Hatttee and Ilartree-['ock r.nethod

o lronrogettcotts elcctlon gas- Onc-electtott cnere.l'. Bancl u idth. I)OS

l--ll!'c1ive nr itss. (irotlnd-stat!. encrg\' Erchangi' encrgl': Concelt o

f ltc Haltrcc ll.lelhocl. C ol'lne ctioll \\ it

E' e lL'ctron gas: 1'he dielectriolrclation ettcrSl Screenirrg in lt lie
r nction. Il'tcltnas

nger etlLtation in fi
on in the lltsis ol stng

n(l (l uan t i7x I iolt lirrmttlittion: \ lurr

rst (luant lTiltlol'l

le-particle u'av

tlreor\ o
)n. lrliccle

crators irl tclnrs tll llel

F.rpansion ol' u'avc 1'uncti

rrnct iotr s. S1

rr,.l anti-sl mmetric \\'ave lirnctiotts

P

ltion and destructiou operators. Scetrte

-l'ernri theotl ttl' sctcctrillg l'indharil

lation ol' l.intlhard rcsllollse I'unctit
(

Lecn lg. ( alcLt

.eillttions. F LlC llC de nclent L irtdhartl screelt in no clerivatiotl l

lV rrnl -particle pllr sics- Scctr

rrrticle sr stems: -l'he Schrodi

mm!'tr) of exP lrnsion coefllcictlts. \ourtalizcd s1 tltlrcrri
Sccond (lIla11t iz:ll lol)

1 1o occu Patiot't tltttllbe[rrtsfbrtnation ol' Schrod inget' equatlol

resentation tbr l;osons and t'elnlions. Nlnn 1'partic le flilbcn sPace. an

nd-qLrantized lliint ihotr ian

ii:lcls. Ilanriltoniatt and trlt rr ber-rlettsitr oP
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l)!'rato[s: Application Io degeneratc l'totl.togcneous

rtd :cutlnd-quantizcd Harniltorrirrr) ('l)elirl()rs' /'' nrlrlt

rrc[g] i11 first-orclc| pefiurbation tltcorl. ('ontact rvi

clcctron gas: I irs
metcr- (irottttrl-stat

th tlre I lrtrtrct'-lroc

lirl a I ont:tcl I lotl
le sult. Excltarr c crla

Su estctl llva luatiotl Ucthods

lntelnrl .\ssessntent: 3()

z. Thettry
o ('lass l)lrltic i llt io rl
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licl Statc Phlsics: n n Introductiotr ro Principles ol Materials Sciencc 1t'l' Iid.) by [1. Ihach and

H. Luth
Introduction to Solid State Physics (ll'r'Ed.) l)) Charles Kittcl
Soliil State Phl sics bl Neil \ r. Ashcrolt and N. David Mermin

Elcetronic Structure of N4aterials b1' Ila.ie'ndla Prasad

l ltc \\'ave \4echartics ol Electrons in \letals br Stanlcr Rainres

Electr.onic structurc: Ilasic Theor.y ancl Practical Methocls by Richa|d M. Martin
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Ler cl of'thc cottrse
Coursc'l' Ic

N uruc ol'lltc ( otttse'

Cor trsc ( oclc

Senrcstcr
tuclcrr r ['lr1 sics-I I

Srssion: 2025-16 (As per schetne 202{-25)

Pl rt .\ - Itttrotlttctitttt
N'l.St.l)hvsics\irrnc r.l l' l) r Lt!t'ittll tt-tc

M24-l'llY-,10,1

00- r 99
l)lr(.\

CoLrrse [,carnirrg Oulcomes (

Alicr corlplcting this course. the learner rvill

be able kr:

c :l IlLI(l sf e IlI' t eIr eILII fc
CLO)

[otalI)r'act ical

predict various nuclear propertics usin

shell modol.
LO {0d.2 l.carn basics of nuclear collective model an

to predict various nuclear properties usin

th is model.

lbr- corr.rpound anrl Jirect nltclear reactitlns
tJndelstand rhe kel l'eatures of nuclea
reactions involving rveakl)' bound nucle

L() J0l.l

lhcorr

c'L() {(}{.{

he ll ntorlcl trrCLO -10{.1 Learn basics of ttuclear s

ic
f,

() I Chd t1ll !-d ilnrstLIllIuCCtlICc LI l.)q
t1ll .lnC\ tter3I:tUn e C()a()rh l\Iirtl

f \S SC ()s Io crh ()drl ni.: il silL'C c () \ll It )

lund hcav ion irrcluced reactions.
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clcibrrrrations. S1'mmetries in collectivc space.

\riblations ol a classical licluid drop. Thc lla

id rotor. The svmtretric rottlr. The asl rntrlctric rotor

oscillator. lhe collcctive angrtlar nlonrentunl operator, Thc collective

clLradrupole operator, Quadrupole viblatiorral spcctl' m, Rotating rruclei,

Surllce vibralions.
rrnon ic cluadru pole
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Rcsonance: Bleit-Wigncr dispersion fbrrnula lbr /= 0, Breit-Wigner'

clispersion fbrmula fbr all values ol /. The coupottncl nttclctts'

( ontinuum theorl ol cross section Statistical theorv of nucleat'

reactions, Lvapoiation prohabilitl ancl ctoss sectiorrs fbr specific

reactions. Kinenratics of the stripping antl pick-up reactiol.ts. Theory of

rcactior'1s, Deep inelastic reactiolls,

Semi ciassical description ol scattering: Role of classical deflection

tirnction, Special 1'eatures: lnlerl'erence. Rainbow scattering' (llory

c{fLct, Spilal scatteriug, Elastic scattering of alpha particlcs by ator.tric

n Lrclc i .

F,.xotic nuclei: Prodnction of lare isotopes' Brcakttp nrechatlisms of
rlcakly bound nuctei, Halo and Bort'olncrn nuclei Fusion lnechanisms

ol rueakly bound nuclei. Single channcl description ol lusion, llill-
\\ heeler fbrmula. Worrg fbrrrula, barrier distlibution' thrcshold
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t'undamcntals. and their decay; understand

the concept ol' He licitl. tlig-es lield and

Iliggs Ilosotrs.
LO {05.2: Llnderstand ol"i-\ cclor tnotlentum. and it

importar'rcc in calculations at relativisti
cnergies involr ecl in r''ariotts reaclions an

dccay.
LO .105.3: Understand the ir)teraction ol charge panicle

with rnalter. able to calculale and understan
the d1'namics of high encrgl' panicles' Energl
loss and Straggling trechanistn.

CLO .105.-l: IJrrdclsland radiations nrechanism at

relativistic velocirics. Crasp details ol
pa ic lc accel
lrr h c ner

I0I

cralors lirt' the creation of
irrt ic lcs l ill be lov idcd

Weak interaction. LeptonCLO {05.1 : Itea lize thc
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,-1 to

articles- sclcctiorl rules fbt notl-

l thesc dccavs. hclicity ol trcutritlo and llllti-l.lcLltrino. C-P invariance
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lc'ptonic and serni-leptonic decal's. sr:pprcssion ol AS:l trattsitiotts ill

ranslbnlation, Cloncept of zl-vectot' notation and its importance

onrparison to AS=.0 transitions- tabibbo lhcor\. lnlroduclion to Higgs
o so r1.

clativistic Kinematics: Kineuratics in relativisric r-egime. L.orent

alculation of center of rnass encrgv for trro particles colliding in la

ranrc. advantage ol colliding b!-anr expuIirncnts irt {Jr,mparisoll to t'ixe

arget cxperiments- derivation o1'exptessiorr to ciilculitte thrcsllold errerg

l' tl)c projectile hilting a statior)ar)' target resulting itt ptocluctiotl tr

dditional particles (eianrples like'pp-,pppp. ppn. ppk*k, ppli"hf'

lilu:re ofthc deca Ln arliclc {ionr the trro bodr rlecal'likc
ruteraction of cncrgetic plrticlcs l'ith }htter: Passage ol (lharscci

[)eflicles'lhrough Matter. Ionization loss ol cltargcd panicles. c]crivation
)l'sk)pping po\\,er equation lbr elcctronic loss bascd on imp:tct par,tlllctcl
pproach. Bethe-Bloch Ibrrnula (no derivation). concept ol' eflective

'l<'rp. ctc.). calcLllation of energies of tlte decal' prodtlcts in tile lcs
r\ -ll - (l

harge. Shell and Density eil'ect correctiorts. scaling la$' end it
imporlance, nucle'ar energl Loss. radiation loss ol electrons

'clocities. stopping pou'er in conrpoLtnds- llragg's additivitl' rLtle.

oncept of encrgr loss- straggling.. collisional and chalge cxchang

s a 4rr detector" advantaqe ol'nuclear etlulsion in lelatirislic haclrtln

[]r'cmsstlah lung process, entission ol'Cctettlior titdiations at relativistic

str:rggling
lrticlc l)ctcclors irntl Accclerators: NLtclcrtt' en-rLllsit)rl detcctor

principle and trechanisnr lbl chargcd particle dclcctiotr" nttcleltt ctrrtlsiotr

rrucleus interactions (nru ltiplicit\r" ntom!'nttlm, cnercy distributions o
roduccd particles): Solid state nuclcar ltack dctccttlts- prineiplc lLrr

odcl and its prcdictions. r!-strictcd encrgl' loss modgl fs; organi

rccclcrator (s,'nchrott'orrs): elcclron s\nchrotro[. colliding bca

etectors: tsasic plinciple of s,orliin,l of cloud charnber. bubble chamber
lcrenkov counter: Calorinreters- tbrmatiorl ot' electromagnetic an

adron sltorvers; Principlc ol' netttrino dctection Accelcrators: Pritrcipl
nd inrpoftant l'eatures of L-inear accclerator (LINA('s). cycli

rcchanisnr oldetection olnuclear chargcil particles. lon-erplosion spi

r:rclr inc. Irrtloduction to [.ar e I Iadron cl lLir,lrr
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and R. K. Bull.
3. Nuclear. l'racks in Solids: Principles and Applications (1975): R. L. Fleischer, P. B. Price

and R.M. \\ a lkcr.
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onrpulsorr (lLrestion 1(]ucstion No l) uill consist ol'at least 4 parts corerinq cntire syllahtls.'l he

ueslior paPL'r is expected to contain probierrs to thc e\tent ol' 20% ol' total nralks. '[ he exam inee will
bc lequi|cd ro .ltterrpt 5 questions: setccting or're (luestion tiotn caclt ttnit arrd the compulsorv
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LO J06.I: ,,\ppll rlrrioLrs nttnrcricltl nrtthods Ii)
lincling difli'rerltiation and integratio
rppearins ir phlsical problerrs and find
n umcricallr, dor.rble integratiol't ancl

inlcgrirlir)rr,'l sincLrlar integrals.
Solve orrlinarl irnd partial ditlelential
cquations using rrumcrical nlethods an(l

[-i nderstal]rl lr\tl |o geI aton.l prolt lct.l't nto

conspicuouslr by solving the cortcernecl

Schroclingel equation nunrerically.
L.t-rrderstand the concept ol' randonl
nulnbers and generatc sequerrce 01

randorn nurrrbcrs b1 emploling variou
rrethods ancl a1;pl1 randonr nunrbe

sequences in the simulation of random
proccsses like ttLtcleal radioactivity and

chaotic svstcnrs.

Learn the t'undamental concepts

involved in sirnLdation of simple
physical phenomena and develoP

algorithms t() sinrulate physical
processes like LI{. I-C. LCR circuits.
Ruthcrf'oItl scattcrin q ctc.
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I irr il

rrrethod. Nunrerical difl'erentiation usins Nc\\loll's firru'ard diflercnce

lirrnrula. Backrvard dilltrence fblrnull. Stirlirrg's lbrrlula. (lubic

splines rnethod. Drarvbacks of tru:rlericltl d it]'elentiation. Itttegrlttion:

lrapezoidal rule. frapezoidal rtrle liom l.agrange linear intcrpolation.

Siurpsorr's l/3 rLrle. Simpson's 3/8th rule . error in intcgration (Simllson

and I'rapezoidal). (iaussian Qua(lrature. I egcndrc-Causs Quadritturc'
\Lrnrerical doublc integratiort. \ttnrerical integration ol singular

l)illL'rcntiirtion nn(l Intcgra(ion: I)illircntiiltion: I ar lor sct ies

irrrcglals. Dcbl'e model

Solution of Dillcrential Ilquations: Nttrrcrical so lLrtior ol' r.ltclittarr

StaLrilitl ol'nume lical mcthods

I{lnrlorn Numbers and Chatts: [(atldonl tlr"tnl bcrs: Randottr seqtlcuces.

Sirrrulation of selectcd phlsics problerlls: Als,rrithuls arr d proglarn s

to simLrlate intcrt'elence and dilliaction ol light. Sinrulation olchargirlg
runtl dischalging ol'a capacitor. currcttl itt Ll{ and ['CIl circuits'
( ompuler nrodcls of LR and I (ll{ circtrits drivcn by sinc ttncl squarc

lirrrciions. Cornptttcr rrodcl ol' l{utherlb|d sdatterillg e\perilnerlt.

Sinrulation ofelectron orbit in ll: ion.
Iirtll ( orr (act llotr

Sug cslctl Iir llttltiorr \'Ie lhotls

I{andorrt ttumber generators. Seedirlg. Nlid-square nrethocls'

N4ultiplicative congruential lnethod. Mi\ud multiplicative congrttetltial

rrethods, Modeling radioactive dcca1. llit and rniss Monte-Carlo

nrethods- Montc-Carlo calculariorr of ir. Montc-Clarlo cvaluatiott of
intcglalion. Evaluation ol nrLrltidinl.'nsional intcgrals: ('haotic

clrnarrics: Somc deljnitions. flrc sirlrple 1;etrdulttrr. l'otential cnergl'of
r d1,n3n.,1.u1 s)'stcm. I)tlrtt'aits in phasc space': Ilndarrped ntotion'

I)amped nrotion. Driven and danrped oscillator. lrlernentaly probability

theolv. Binomial. Poisson ancl normal distrihutions. Central Iinrit

theorem.

d i lli'r'ential cquations: S in gle stcll nrethotl. tr tt lti -stcp nrethod. Ta;'' lor's

sc-rics nrethod, Eulcr's rnethod. N4otlitletl Eulcr"s rnethod. Fourth-order

I{Lruge Kutta rrethod. Cubic splines tnethocl: Secrond ordet' clitlerential

srlLutions: Initial artd bounclar'1 raluc prrlblcrns. NLttreric solutitltt of
rlldial Schrodingcr equation lirr' Illdrogen atottr ttsing Foufth-order

I{Lrnge-Kulta method (when eisetn'alrte is given). NLrmcrical Soltttions

,,1' Iianial I)itl'erential liqttatiorts using l-initc I)ill'ererrcc !lcthod.
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-ourse Learning Outcornes (CLO)
Atier completing this course. the learner rvill
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Llnderstand thc f'abrication processes li)
dcviccs nrrd l( s likc ct'ystal gro*th
Ox idation- pitttern transl'er. dift'usion
etching. ior.l-ilt1p lantat ion and epitoxia
groR{h. Cain knowledge ol' inter

conncctions. packaging and the processin

ol compound sem icond Llctol's.

Ot>tain a lair understanding ol' the s

involrcd in the Iirbrication of electroni

clcviccs likc B.l'f. MOSFET. FET. CMOS

Schottky diodcs. I(l diodes. capacitop arr

resistanccs. Knol the rtced olClean rooms

& their c lassit'icat ion s-

Cain a f'air understanding of the operation

applicatiorrs ol decoders

clcm u lt ip lcxers. rrultiplcxcrs, encoders an

flip-t1ops. Comprehend the operation an

applications ol' RAMs. ROMs. 555

tirncr. Dl,\ arrd .\ I) .orl\ cnL'rs.

l,O 107.J: l)escribc tlle opetation lrnd irnpofian

applications ol' halt and firll adders. an

:hilt- rcsi.;tt,r.'. lixplrrin opeurtion an

irnpo|tant applications ol' asynchronou
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VLSI Fabrication Principal and Practice by SK Gandhi.

Semiconductor Devices Physics and Technology by SM Sze'

Modem Digital Electronics by RP Jain.

lntroduction to semiconductor Material s and Devices MS
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sion: 2025-26 (As Per sch6me 2024-25)

PartA-Introduction
slcs I. Sc. PhName of Programme

Semester
aterial Science-llName of the Course

Course Co
EC-4CourseT
00-599Level of the course

Pre- Iu1site for the course

creep test) used for measuring th

mechanical properties of materials an

Realize the difference between strength

and hardness of materials. ComPu

various strength and ductility measure

from engineering stress-strain curve

true stress-strain curves.

O 408.2: tJnderstand magnetic processes

concepts of Ferromagnetism, exchang

Antifenomagnetism, Ferrimagnetism an

Ferrites
LO 408.3: Elucidate the physics describin

dielectrics and ferroelectric materials

with focus on the functionalitY an

Describe the optical ProPerties o
insulators

O 408.4: Understanding of the surface an

LO 408.1:
ti

l1 S1tee1' lls otStesar1 uo S (hre denoC m p
Stee tfaet stlm actStte S gunard S Sh p

d l1c sCl1 SMramaaP _g

thG rasta a dI'IIfo r-neaurvc S pcfo tessta

fferendi

S thd Gal'1da c pfo s5nco ec ag eplhp
t no S ocadan llo kr noc n ppt,cep

asen boothande tronect p

s'urface anal is techni u es.

structureidomaininteractions,

to:

CourseLearningOutc
After completing this

omes (CLOs)
course, the leamer will

TotalPracticalTheory
404

Credits

404r weekHoursTe 30030el'lm MarkstAI sess SnI rnate 70070arksMExamTd ermEn 1000100Max. Marks
3 hoursExamination T lme

PartB-Contentsofthe Course
ca hfr rllo eo snestuln twoo askns q9 eu Stsetlner qThe xam€tterSr- o l-)tant) S erdtoln CC oL Smo Setcoulnrnl1 co rseutakbu onst

nstructi ns for Pa
nit and one com ulso

------r"n{lo6
Chairpersdnl-
Depa rtment of physics,
r. riruk-,netra Un iversitv.l'U tk::t'etr3.l 36 1 lg."
( INDrA ).jr6
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Diamagnetism,



estiesti

n t')e t Sfe a llb S
,I

hscon st fo at 4east arts co er1no eu ostl Nl1 omo u 5 ro u st v)o( pqvp
nl Sk T eh mexa n cen MS rho ce x ten fo 0%2 Io taltoeu s on r s ex ct ted contao broppape p

h 111co LI sonLI danachofr tTlu onnose ct neu son5ttemaLI p rytorede qgqptreq
uestion. All uestions will c ual marks.

Contact HoursUnit Topics
l5I Material Testing: The Tension Test: engineering stress-strain curve,

true stress-strain curve, instability in tension, Considere's construction,
ductility measurement, effect of strain rate on flow properties, srain rate

sensitivity; notch tensile test; The Hardness Test: Brinell hardness,

Meyer hardness, Vicker's hardness number and test, Rockwell hardness

test, Knoop hardness number and test; The Impact Test: brittle fracture
problem, notched bar impact tests-Carpy and IzoU Impact tests; The

Fatigue Test: fatigue failures, stress cycles, the S-N curve, fatigue limit;
The Creep Test: creep curve, primary, secondary and tertiary creep,

effect oftemperature and stress on the creep curve.
i5Magnetic Materials:Magnetic Processes: Larmor frequency;

Diamagnetism, magnetic susceptibility, Langevin's diamagnetism
equation; Paramagnetism, Curie constant, density of states curves for a

metal; Ferromagnetism, Curie temperature, Curie-Weiss law, exchange

interactions, domain structure; Antiferromagnetism and magnetic

susceptibility of an antiferromagnetic material; Fenimagnetism and

Ferrites; Paramagnetic, ferromagnetic and cyclotron-resonance.

II

l5I]I Dielectric, Optical and Ferroelectric Materials: Introduction, Energy
bands, dielectric constant, complex permittivity, dielectric loss factor,
polarization, mechanism of polarization, classification of dielectrics-
frequency dependence of dielectric constanq Optical Phenomena in

lnsulators Colour of crystals - Excitons - weakly bound and tightly
bound excitons. Colour centers - F-centers and other electronic centers

in alkali halides. Ferroelectrics: General characteristics - piezoelectric,
plroelectric and ferroelectric materials. Classification of ferroelectrics
and representative materials. Ferroelectric domains. Polarization
patastrophe, Landau theory of first and second-order phase transitions,
hntiferroelectric materials .

l5IV Solid Surfaces and Analysis: Surface and its importance, selvedgq

depths of surface; Methods of Surface Analysis; Auger Electron
spectroscopy (AES)- basic principle, methodology, composition analysis]

and depth profiling; X-ray photoelectron spectroscopy (XPS) or ESCA:
principle, methodology and quantitative analysis; Glancing angle X-ra/
biffra"tion (GXRD), basic 

"on."pt, 
methodology and structural analysis;

Scanning Electron Microscopy (SEM) and Transmission Electron
Microscopy (TEM): Principle, methodology and Applications in surface

analysis; Atomic Force Microscopy (AFM): Basic principle,
Methodotogy, applications in structural analysis. I

60oursontactta
SuggestedEvaluationMethods

End Term Examination: 70InternalAssessment: 30

^."-a9oe:
Chairpers6n-l

{riitffidlTfiti&311



70L Theory:
o Class Parti clpation:
. Semi iz]class test etc.:on/ass

l5

Written Examination

o Mid-Term Exam:
PartC- Resourccs

l.
2.
3.
4.
5.

6.

7.

Material Science, J.C. Anderson, K.D. Leaver, J. M. Alexander and R. D. Rawlings

Mechanical Metallurry, G.E. Dieter
Electronic Processes in Materials, L. V. Azaroff and J. J. Brophy
Fundamentals of Surface and Thin Film Analysis, L.C. Feldman and J. W. Mayer

Surface Analysis Methods in Material Science, D, J. O'Connor, B. A. Sexton and R. St. Csmart (Eds

Springer Series in Surface Sciences 23

Solid State Physics - A J Dekker (McMillan, 1971)

Materials Science and Engineering by Mlliam D. Callister

Recommended Books/e-resources/LMS:

@E
Iu

I__-r,xnlV A
ChairPerson,-
Deoartment of PhYsics'
Kuruk rhetra UniversitY,
kl rrril'-'.'-ir3' t35 1 19'
{ tf.rL,iA).
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sion: 2025-26 (As r scheme 2024-25)

PartA - Introduction
. Sc. Ph lcsName of Pro ramme

Semester
hysics Lab-VlIName of the Course

-PCourse ode
c-7Course
00-599Level of the course

uisite for the coursePre- I

tiffere

erfor
ertirfoherein

rfo

eY Lar oab ar l'to csa bre asex enm S n th lnaFF Y afe bLa toorarstnU k h M ScoN TE perlry
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nVA voce amx l1 at 0en danf he xs S oanrt analdel)mex

DEC: Condensed Matter Physics-II

LO 409.1Explore variation of Hall coef-ficient wi
temperature, and measure the magneto-
resistance &T. of ferrites.

O 409.2Measure characteristics of a thermo
luminescent material and to determine th
Landeg-factor from the ESR experiment.

measurement using UV-VlS spectroscopy.

LO 409.4Compute the electronic structure, dielectric

ffrac
hbn

df c troc noxe er cen enoanH Sd0{ .39 p
dt'ltnZee 11a ffect t1a badnom eno gap

function, etc

Coursel-earni n gOutcomes (C LOs)
After completing this course, the leamer will
be able to:

Practical TotalThe

0 4
Credits

1

88Teaching Hours per week
3030lnternal Assessment Marks
700 70End Terrn Exam Mar
1000 100Max. Marks

0 4 hoursExamination Time
Contact HoursPartB-Contentsofthe Course

t20Practicals
I . Temperature dependence of Hall coefficient.
2. Transition temperature of ferrites.
3. Study ofthe phenomenon of magneto-resistance. I

4. Thermo-luminescence studies.
5. Determination of Lande's factor of DPPH using Electron Spin Resonanc

SR S eter.

-:?n?2-g,qiarrpers0n,
Dep a rtm e n t of Ph ys ics,
Kurukshetra U n iv e rs ity,
(urukshetra- 136 f 19.34

l0l



6. Dielectric constant ofbenzene and dipole moment ofacetone'
7. Electron diffraction experiment: Determining the wavelength of electrons

different accelerator voltages by applying the Bragg'slaw.
8. Zeeman Effect experiment.
9. Determination ofband gap using UV-VIS spectroscopy.

10. Computation of electronic structure of a material.
utation ofdielectric function ofa metallic solid.I l. Com

art ourcesrnt n

Introduction to Solid State Physics (7s edition) by Charles Kittel
Solid State Physics by Neil W. Ashcroft and N' David Mermin
Solid State Physics: An Introduction to Theory and Experiment by H. Ibach and H. Luth

Principles of tire Theory of Solids (2'd edition) by J. M. Ziman
Condensed Matter Physics by Michael P. Marder

I
2

3

4
5

6

mmen c-resourc

Advanced Solid State Ph Sics b P. Philli

DEC: Nuclear Physics-Il

O 409.1:Leam the concept of simulation and simula
the response of different detectors.

LO 409.22 Calibrating a gamma detector and

identifying different gamma emitters lro
an unknown source.

O 409.3: Calibrate an alpha spectrometer and find th
energy resolution of the spectrometer.

409.4: Find efficiency of a given dctector and

ma attenuation in an absorber

Courseleamingoutcomes (CLO)
After completing this course, the leamer will
be able to:

'lotalPractical
440

Credits

880r weekTeaching Hours
300 30lntemal Assessment Marks
700 70
100I 00Max. Marks

0 ours4Examination Time
PartB-Contentsofthe Course

ontact ours

l.
2.
3.

4.
5

6.

7.

To determine the thickness of Al Sheet using G' M. Counter.

Mass attenuation coefficient of Gamma Rays in lead with G. M' Counter

Estimating the Efficiency of NaI (Tl) Detector.

Simulating the response of Geiger Muller counter to radiations.

Simulating the response of a scintillator to radioactive sources afte

incorporating all three gamma interactions.

Simuiating the r".pons" of AE-E detector telescope and calculation o

energy loss of incident particles.
Studl of alpha spectrum for shape properties and energy calibration of an

amma emitters from an unknown sam le.
alpha spectrometer.

8. Identification of different

----,,,.:t91.2.---. I. r-
Chairperson,
Department of PhYsics,
Krrru kshetra UniversitY,
krtrrrl<shetr3' J 36 1 19.
(lNLlri).jjo

study
Theory

End Term Exam Marks

120



1l earnln esources
Recom mended Books/e-resou rces/LMS:
. 1. Introduction to Experimental Nuclear Physics by R. M. Singru
. Techniques for Nuclear and Particle Physics Experiments by W R. Leo

Radiation Detection and Measurement b G. F. Knoll

DEC: Particle Physics-II

409.1: Understand the relativistic kinematics i

high energy interaction.
409,22 Leam the mechanism of energy transler o

incident ion in material medium.
409.3: Understand the aspects in radiation

exposure, etching mechanism and statisti
involve in nuclear charge particl
interaction with material medium usin
SSNTD.

LO 409.4: Leam the aspects of bubble chamber and

interaction of incoming high energy particl
radiation.

Courselearningoutcomes (CLO)
After completing this course, the leamer will
be able to:

Theory
0 4 4

Credits

0 8 8Teaching Hours per week
0 30 30Internal Assessment Mar S

0 70 70End Term Exam Marks
0 100 100Max. Marks

4 hoursExamtn ation Time
PartB-Contentsofthc Course

tact llrss

To determine the Angular distribution of shower particles in nucle
emulsion interaction.
To determine the Momentum distribution of shower particles in nucle
emulsion interaction.
To determine the In-elasticity of an interaction for shower particles i

nuclear emulsion interaction.

To study the Nuclear Statistics (To study Poisson and Gaussia

distributions) using Solid State Nuclear Track Detector'.

To study n-p interaction and find the cross-section using a bubble chamber

To study k-d interaction and find its multiplicity and moments using

bubble chamber.

2

J

4

5

To study the Exposure and etching of polymeric sample for the preparation

of Solid State Nuclear Track Detector (SSNTD).

6

7

olr rccscarntn2l

Recom mended Books/e-resources/LMS:
1 Introduction to Hi : D. H. Perkins.h Ener 2"d and 4dEds.Ph srcs

-..,- rrQo--,o
Chairpe/son)-
Depa rtment of Physics,
Ku ru k shetra University,
Kurukshetra-136 119.
(rNorA).3i'\

9. Resolving Time of a Fast Coincidence Circuit.

Practical | 'lotal

I

0



2. Particle Accelerator Physics, Vol. I and II, H.J. Wiedman, (Springer Verlag), 1998.
3. Nuclear Tracks in Solids: Principles and Applications (1975): R. L. Fleischer, P. B. Price
and R.M. Walker.
4. Nuclear Physics and Interaction of Particles with Matter: Academician D. V. Skobel'tsyn.
5.ParticleAccelerators,M.S.LivingstonandJ'

s valuation eth s

InternalAssessment: 30 End Term Examination: 70

) Theory 30 ) Theory: 10

. Class Participation: 5 Written Examination
o Seminar/Demonstrati on/Viva-voce,/Lab records etc. : 25

o
--+-1 ?1t lr, --t-.(.-\_

Lna rrp e rson,
Depa rtm e nt of Physics,
Kurukshetra tJ n iversity,
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sion: 2025-26 (As per scheme 2024-25)

PartA - Introduction
Sc. Ph ICSName of Programme

Semester

hvsics Lab-VIName of the Course

Course o e

c-8Course
00-599

Pre- uisite for the course I

NOTE: Unlike the M. Sc. First Year Laboratory, experiments in the Final Year Laboratoriesare base

fferen

perform
rfo

rfo

ta ca Sted n slrs a C 111o elenI Sthi co tuSCE Sd SC ne e tic oc ru sSC D urse, pu sn x d t )(po p
aLI h ternI1 ltSAS SS enIl',] ot sI u end throtSoc n n ou Sua ottedx ltl tle frtS tllo th ECD cpefl

xal'l.l atn o-Sd me Se er a ratbo oenhS a berethx m tSenfo ethn ryed.Itlexa at o111voc pen
d LIa1m tn as er a Sr c ntl baIIn t aste no ex e rt rbe e u tored eh ree n heac den pe vstu p p pq p
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n 1',Iova CEo xame atfo h exe enrtm andISSnalanrt adenl1')

DEC: Computational Physics-II

O 4l0.l:Understand the concept of simulation an

study the Monte Carlo method o

simulation nuclear radioactivily.
410.2: Understand the dynamics of logisti

equations and study ofdamped and driv
pendulum.

410.3:Solve the transcendental equations usin

different methods.
O 410.4:Learn about different factors affecting th

outcome of a ro ramme

CourseLearningOutcomes (CLOs)
After completing this course, the learner will
be able to:

Practical 'lbtalTh
4 40

Credits

80 8Teaching Hours week
300 30lnternal Assessment Marks
70700End Term Exam Marks
r000 IMax. Marks

4 hours0Examination Tirne
Contact floursPartB-Contentsofthe Course

120Practicals
Simulation of Nuclear Radioactivity by Monte Carlo Technique.

Dynamics of logistic equations.
Dynamics of damped driven pendulum

Find the rate ofconvergence of regula-falsi and Newton-Raphson method

Effect of initial guess values and tolerance to convergence.

focti
S zeetm oh d Shef trro n Eu r'e srhf e hwt oS du o epgrov

eezo rudar Ten VA au oti Snr n beum or funf ove SU SC uc

ChairP
DeDarl

)rs0n,
.nent of Physics,
hetra Unive rsity,
r,etra ' 136 119'

3st

Level of the course

Besides
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fu al fo Sf JAccurac ati rrd usSOII Imo sn rctn on LImu eb orrSve Su n
esourcesa rn n

Numerical python by Robert Johnsson'

Learn P)4hon programming by Fabrizio Romano.

Introduition to computing and problem solving using Python by Balaguruswamy'

lntroductory methods of numerical Aralysis by S. S. Sastry'

e-resoummen oo

Raj anam ado bem l ac Methen tedn uNerut o vComp
erma.PdB an UPodeth bStaLt onri Malne alc ComumN

DEC: Electronics-II

LO 410.1: Design and understan
ripple counters and 4 bit shift registers.

410.2: Design and understand the operation o

various flip-flops.
LO 410.3: Design and understand the operations o

astable and monostablemultivibrators usin

IC-555 timer.
410.4:Explain the operations of A/D and Di

convertors. Also able to draw V-

characteristics of FET and understand th

d the operations o

effect of ne ative feedback on at n.

After completing this course, the leamer will
be able to:

CourseLearning Outcomes (CLO)

'lotal
PracticalTheo

440
Credits

880Teaching Hours per week
30300Intemal Assessment Marks
70700arksEnd Term Exam
100100Max.

4 hours0Examination Tlme
PartB-Contentsofthe Course

ourstactca

To study Ripple Counter.

To study 4 bit Shift Register.
Flip-Flops: RS, Clocked RS, JK, Master slave JK, D and T types'

8 bit A/D converter: Verification of truth table

8 bit D/A converter: Verification oftruth table

FET: Study of static drain characteristics and calculations of variou

parameters.

Monostable and astablemultivibrator circuits using IC-555 timer'

8
uencN tive feedback Am lifiers: Measurement of n vs.

urceslnart

1 by
Tafo

il

Srces/LMue-ks/ resoedd Boomm cnReco
alk ASHCand CM anmJtron ScEatedntegr

buan danmI Me Srmh n aSd tcan byuP SE

abedAGrlm nanac MJE ctroC S bnM roc v
Fundamentals ofdi Anand Kumartal circuits b

- 
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Electronics for Scientists and Engineers: Devices, Circuits and Systems by TV Viswanathan, GK

Mehta and V aramanRa

DEC: Material Science-II

LO 410.1: Have understanding of X-ray
and use it to record and analyze the XR
pattern of a crystalline substance

use of this technique to compute particl

size and lattice strain.
LO 410.2: Ascertain the magnetic nature of a given

material by measuring its magnetic

susceptibilitY.
410.3:Grasp the concept of ferroelectricity and

study the variation of dielectric constan

with temperature for given ferroelectri
material. Learn about solar cell an

understand the effect of light intensity an

temperature on its [-V characteristics.

LO 410.4: Leam and measure the characteristics of
thermo-luminescent material. Understand

thermal properties of materials. Comput
the chemical states and chemical shift from

diffractometc

XPS s ectra

Irurth

CourseLearningOutcomes (CLO)
After completing this course, the learner will
be able to:

'fotalPracticalTheor
40 4

Credits

880Teachin Hours per week
300 30Intemal Assessment Marks
70700End Term Exam Marks
100t00Max

hours0Examination Time
PartB-Contentsofthe Course

oursont:rct

Determination of particle'size and laftice strain using XRD.
Magnetic susceptibility of hydrated copper sulfate.

Transition temperature of a ferroelectric material'

Spectral response measurement of solar cell.

Electron paramagnetic resonance experiment.

Dependence ofsolar cell l-V characteristics on light intensity and

temperatu re .

ThermoJuminescence studies.

Study ofThermal properties of given crystal (specific heat, thermal

expansion. thermal conductivity)
XPS data analysis: Finding chemical states and chemical shift from

XPS specra.

--:1^g?f=--
Chairperson,
Deoa itment of PhYsics,
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Recommended Books/e-resources/LMS:
I . Material Science by J. C. AndersorL K. D. [,eaver, J. M. Alexander and R' D' Rawlings'

2. Mechanical Metallurgy by G. E. Dieter.
3. Ion Implantation by G. Dearnally.
4. Fundamentals of Surface and Thin Film Analysis by L' C. Feldman and J. W. Mayer'

5. Surface Analysis Methods in Materia! Science by D. J. O',Connor, B. A. Sexton and R. St. C.

Eds Series in Surface Sciences 2023.
uatio eth

InternalAssessment: 30 End Term Examination: 70

F Theory 30 ! Theory: 70

o Class Partici tion: 5 Written Examination

o Seminar/Demonstration/Viva- voce/Lab records etc.: 25
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Session: 2025-26 (As per scheme 2024-25)

PartA - Introduction
Name of the Programme M.Sc. Physics
Semester 4th

Name of the Course Space Science and Sensors

Course Code M24-PHY-41I
Course Type EEC
Level ofthe course (As per Annexure-I 500-599
Pre-requisite for the course (ifany)
CourseLearningOutcomes (CLOi
After completing this course, the leamer will
be able to:

pLO41 l. I :Understanding of Astronomical model, basic
principles involved, remote sensing, GIS

CLO 411.2: Understand the fundamentals of the
astronomical gravity, Sun, Earth Moon
atmosphere and basics oftidal forces

CLO41l.3: U derstand the thermodynamics ol star,
stellar, and able to calculate mass of white
dwarf.

CLO 4ll.4t Understand the basics of different sensors
used in space science and principal behind
them.

Credits Theory Practical 'fotal

2 0 2

Teaching Hours per week 2 0 )
Internal Assessment Marks 15 0
End Term Exam Marks 35 0 35
Max. Marks 50 0 50
Examination Time 3 hours

PartB-Contentsofthe Course
Instructions for Paner- Setter: The examiner will ieig qu@
unit and one compulsory question by taking course learning outcomes (CLOs) into consideration. The
compulsory question (Question No. l) will consist of at leaSt 4 parts covering entire syllabus. The
question paper is expected to contain problems to the extent of 20%o oftotal marks. The examinee will
be required to attempt 5 questions; selecting one question from each unitand the compulsory
question. All questions will cany equal marks.
Unit Topics Contact Hours

I Introduction to Space Science: Solar System: geocentric model;
heliocentric model; Kepler's laws of planetary motions - Galileo's
pioneering work - length and time measurements; Remote sensing:
Definition, Principle and Physical basis; lnteraction o{EM radiations
with earth's surface and atmosphere; lntroduction to Geographical

Information System (GIS), components and functions of GIS, Concept o{

raster and vector data.

7

Sun, Earth and Moon systems: Motion of the Moon around the Earth,

Falling bodies, Halley's comet; importance of gravity as a force in
astronomy; Physics of the Sun, sunspots, Babcock model of sunspot

'7
II
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formation, solar atmosphere --chromosphere and Corona; Thermonucle
ions; discovery of Neptune and Pluto; asteroid belt, meteors, an

ets; Tidal forces and the oceanic tides; precession of equinox an

han e of seasons

tars and Stellar:Stars-the type, structure, evolution and stability;
tellar structure and evolution- evolution of low mass stars and high
ass stars; white dwarfs - structure and stability, Realms o

hermodynamics, statistical mechanics and special lelativity, Theory o
owler, Chandrasekhar and Eddington for white Dwarf; Chandrasekhar'
ass limit. Introduction to supemova and neutron stars; supemo

x ulsars.losion
troduction to Sensors for space:Piezoelectric MEMS sensor,
ermistor sensors; Charge Coupled Detectors (CCD), Complimen
etal-Oxide Semiconductor (CMOS) imaging sensors or CMO

maging Sensors (CIS), long-wave infrared detectors, X-ray Detecto
(LWIR), Short Wave Infrared Band (SWIR) and a Modul

pto-electronic Scanner (MOS), Wide Field Sensor (WiFS), Ultraviol
ensors for space, Solar Wind Electron Energy Probe (SWEEP) and th

or space

olar Wind lon Com osition Anal r SWICAR
ontact ouo ta

Su estedEvaluationMethods
End Term Examination: 35InternalAssessment: 15

l5 ) Theo 35) Theory
4. Class Participation:

r Seminar/presentatior/assignment/quilclass test etc.: 4

7

Written Examination

o Mid-Term Exam:
PartC-Learnin Resources

Recommended Books/e-resources/LMS:
l. Astronomy, The Evolving Universe, M. Zeilik (Cambridge University Press, 2002)
. Introduction to Astronomy & Cosmology, I. Morrison (Wiley, 2008)
. Remote Sensing and image intelpretation (John Wiley & sons). T.M. Lillesand and R.W. Kiefer
. Remote Sensing Principles and interpretation (WH Freeman Company. F.F. Reeds
. Remote Sensing for Earth Resources (AEG publication), D.P. Rao
. Principles of Remote sensing (ELBS London). P. J. Kuran
. Fundamental Astronomy, H. Karttunen et al. (Springer, 2003)
. Solar Astrophysics, P. V. Foukal (Wiley-VCH, 2004)
. Fundamentals of Solar Asronomy, A. Bhatnagar& W.C. Livingston (WorldScientific, 2005)

10. The Physical Universe, Frank Shu (University Science Books, 1982)

I l. Cosmoiogy: The Science ofthe Universe, Edward Harrison (Cambridge UniversityPress, 2000)

12. From Black Clouds to Black Holes' J' V. Narlikar (World Scientific, 1985)

13. Archeoastronomy- Introduction to the science ofstars and Stones, GiulioMagli

Springer,20l6)
4. Un]verse, R. A. Freedman & W. J. Kaufmann (W' H' Freeman & Co',2008)I

I 6. Micro sensors: P

I 7. Sensor Technolo ti
I I I 994nard er oJ t']hI t onI J w G )dan Icar1 cn I es S, ( eyI ppp

I 99 1u Ib shI rSrtechA oH SEuR. IR S cLdan IDev ces

15. Statistical Mechanics by R. K. Patharia
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