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SINSTITUTE OF TECHNOLOGY & SCIENCE, INDORE
DEFARTMENT OF App)

AED PHYSICS & OPTOFR LECTRONICS

Date : 22 May 2019

Maeting of Hoard of Studies (BOS) of De

partment of Applied Physics & Optoelectronics was
Bl on 22% May 2009 a1 3,10 [ in

the board room of the department,
Fallowing members atended the meeling:

o Dr (M) 8. Kinmibhag Chairman
2D {Mrs.) 1Y, Sem, Diean, Faculty of Engg, Science, External Member
LoD L T, Andrews Member

A, Mr. Gireesh G, Soni Member

3, D, Pragya Ol Member

& D, Vipin Kaushik Member

1o D Forla Aziz Special Invitee

B D, Vishakhs Vibhie

special Invitee
Following members coubd not atgend the meeting

9. Dw, Shashi Prakosl, Extemal Member
Prof. & Head, Appl. Se. & Insn Engg., IET-DAVY
1, Ms. Midhi Oswal Member

e Chairmn weloomed (e few

members of BOS. The telibemtions ol
[ lesians,;

the meeting are as

Agende { To review amd revise the seheme and sylfabus of BE M Year course. if needed
Agencla 2. T review aned revise the solwnme el svllabns of A Sc. viirse, i nepdpd
Agerda 3. To review and reviye e sel

Wi anel Nydlabus of M Tech, colirve, if needed
Agenda 4 Any other itwn with i pernrission af the Cliair

BE. 1™ Year (Physies)

The comments und Suggestions given by Chuieman, NBA accreditation committeg
thuring recent visit wis wonsidered seriously, Afy

er lomg discussions and considering
the input from all stuke holders, the syllabus of “Physics™ course is updated. Alsn
the course objectives amd Sutcome o mtch with (e POYIPSO) of the LG Prograrms
of the Institute are alsp mapped. O ang modified syllabii e enclosed s
Annexores - | A pn A, respectively,

As major chunpes are propssed, the paper code iy e changed.

Y]~



M.Sc. (Applied Physics)

Input from faculty members received on the following papers:

5 & NUMERICAL ANALYSIS

PH 19104; MATHEMATICAL METHOD s Aksres o 2

Minor changes are done. The old and new syliabus are
2B, respectively.

PH 19204: SOLID STATE PHYSICS _
The course content is revised to match with the modem and old text books a.-.rmla:h:}-:én
the topic. The old and new syllabus are enclosed as Annexures - 3A an :

respectively.

PH 97205: ATOMIC AND MOLECULAR PHYSICS -
Minor changes are propased, The oid and new syliabus are enclosed as Annexures -

and 4B, respectively,

he above three M. 5¢c. Physics subjects and only

dents h ingont
As N sid ave papers pending e oot .

minee changes are incorporated, there is no need to chang

M. Tech (Optoelectronics)

The Scheme and Syllabus of M.Tech (Optoelectronics) courses are revised and
approved in the previous Academic Councll, hence no changes are proposed.

With the permission of Chair, the BOS also discussed an the Mission and Vision of the
depariment. It is found that Mission and Vision of the department are matching with the
Mission and Yision of the Instinute. The course objectives, course outcome, student outcomes
and performance indicators of all subjgects were discussed and approved by members of BOS

The performance indicators is enclosed as Annexure -5 .

The session concluded with the vote of thanks io the char,

" ol ;
Dr.[M:i?&nIi%;l—

Chairman, BOS-Dept. of Appl. Phys. & DE
& Prof & Head

Dept, of Appl. Phyvs. & OF

SGSITS, Indore



Annexure - 18

PH1DO0X - Physics

PH1000X | Physics {3|1]|2)130)| 70 | 20 | 30 | 4 | 1 5
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Annexure - 18

COURSE DRIECTIVES

To provide knowledge and understanding capacity of bagic, applied and madarn physics.

To genergte attitude and Interest o solve problems af macre, micro fo naroscale level
Fystems,

Tor tipclate the Enowledge of physics Lools, Instraments and technlgues

To fdentifis conduct, formulete and solve engineering problems with the basics ond epplied
knowledge of Physics,

COURSE CONTENTS

Elecirodynamics & Special Theory of Relativity: Grodient, divergence ard curl;
significance. Maxwell's eguations, em wave eguations for plane waves in dielectric medium
and free spoce, Poynting theorem; postulates of special! theory of relativity, time dilation
length contraction, bwin paradox, mass-energy relotion.

Optics: Principle of superposition. Conditions for sustained Inderference, Division of
wovefront and amplitude, Newton's rings. Fresael and Frounhofer closs of diffraction,
diffraction at singlet, dowble and N {grating) slits. Boyleigh's criterio, resolving power of
groding end felescope,

Quantum Theory: Manck’s rodiotion formulo, Ultravioler catastrophe, Compton’s &ffect,
de Broglie’s concept of matter woves, Helsenberg's uncertainky relations, Schrodinger’s
wove equation, Physical interpretation ol wine function, Particle in g box.,

Lasers & Fiber Optics: Spontoneous and Stimulated emission, components of lasers,
Einstein's A& B coeffictents, Population inversion, optice! resonator,  Ruby and He-Ne
lasers; Classificotion of opfical fiker, acceptance angle, numerical aperture, F-number,
datfenwmation, FOYcommirication spsfen.

Unit-5. Solid State Materials: Crvstalline and emorphous solids, crystal defects, covalent crystal,

crvstal bonds, Weidemann-Franz low, band theory, semiconductor devices- junction diode
and light emitting diode.

Text Books

1. N Subramanyam and B, Lal @ A Text baok of Optics, {5, Chand, New Delhi] 2010

2. A Beiser, 5 Mahajan, 5 R Choudhary : Concepts of Modern Physics, 6th
Edition,{SIE, Tata-McGraw-Hill, Mew Delhi) 2012,
3. A Ghatak : Optics, 4th Edition, [Tata McGraw-Hill, New Delhi) 2009,

Reference books

1. RE Feynman, RE. Leighton and MSands : Feynman Lectures on Physics Vol 1 -3
[Addison-Wesley, Delhi 1995).
2

WH. Hayt : Engineering Electromagnetic, 5™ Ed. (Tata-McGraw Hill, New Delhi)
1995.

3. MNO. Sadiku : Elements of Electromagnetic, 3™ Ed, (Oxford Press, New Delhi)
2000,

4. 5.M. Sre, Physics of Semiconductor Devices (Wiley Eastern Ld. New Delhi) 1982,



Annexure - 18

CEURSE dTCOME
At the end of one-semester course, the students are armed with
CO #1  The knowledge of multiphysics to understand engineering problems

CO#2 The skills to use logic and attitude owards engineering problems with multiphysics
implementation.

C0 &3 The ability Io use modern engineering physics technigues and tonls including soffware,



Annexpre-2A

FH 97108 : MATHEMATICAL METHODS & NUMERICAL ANALYSIS |

PH 97108 | Mathematical Methods | 4 | - | 2 | 30 | 70 20 I0 4—| 1| 5 |
| & Mumerical Analysis

Proposed Ohjective = To impart kwowledge about Fourder series and  transforms and o make
mathematical comrelation among numericel imterpretation of functions, denvatives omd imlegrals,

Expected Outeome = Student will ke likely to understand the basic signals and systems through
properties of Fourier transform. With the belp of numerical analysis and modern caleulus, they can
improve the bogacal abality For solving  physical problems to mathematical problems,

| ﬁulriur Series i ||1IE3|:|.|:~. ¢ Fourier serics q._:-l' ;l-ul'i-.s-d: e and |'|I.'It|1|| T, Fourie |u||l'r:|:|1|_r_' -:.'l'l-_-.i:u_'

anad sine senes. Fourier mtegral. Founer cosine and sine transforms and their applcations in
solutzon of diffuston and wave equations. Fourner transforms. Method of separation of varables in
the solution of wave, diffusion and Laplace equations, Laplace transforms and its inverse
Theorem on Laplace iransform, Application 1o solve ordimary  differennal  equations and
girnultnecis ondinary differential equations.

I=d

special Functions @ Legendre, Bessel, Hemmite and Legaures differeniial equations and their
properties. Recurssion relatons, orthogonnl properties, Generating funciions

3. Complex  variables © Analytic function, Caschy-Kiemann equations, conjugate functions,
Cawchy™s integral theorem and Cawchy’s integral formula. Taylor’s and Laosents scrics,
Singularitics, poles. Residues and residue theorem Elementary conformal mapping.

4. Mumerical computation © Introduction, number systems and errors, foating pomnt arithmete,
rumerical instabilitg, Transcendental and polynomisl equations | Mewlon Raphson methed,
multipoint infegration method, method fof complex roots, polysomial equeations — the Birge Vieta
imethads, Grracffe’s root squaring method.

LA

Ifferentiation and indegration @ Mumencal differentiation methods bosed on nterpolation, finite
differences and wndetermined coefficoens. Mumencal miegranon — basic rules, Gaossan miles,
cotmposite miles, Romberg integration, double integration, The solution of differential equations :
P athematical preliminaries, simple difference equations, Runge Kutta methads,

References :
1. E Kreyvszing, Advanced Engineering Mathematics, 107 Ed. (Wiley India.} 2011
2. B. L. Gupia, Mathematical Physics, 3™ Ed., 2004 (Vikash Publishing House Py, Lid,, Mew Delhi)
200,
H.K. Dass and K. Yerma, Mathematical Physics, 6 Revised (5. Chand Ltd., Wew Delhiy 2001,
4. L MK, Jain, S RE. Lyengar and BE.K. Jamn, Mumercial Methods for Sientific & Engincering
Computation, 4™ Ed. (Mew Age Intemational Pvt, Lid., Mew Delhi) 2003,
5 85I Conte & Cuade Boor, Elementury Mumerical Analvsis @ An Algostthm Approsch, 3™ Ed.
(MeGraw Hill, USA) 19581
Satya Prakash, Mathematical Plivsics { Sultan Chasd & Sons., Mew Delbn) 2007

Tid



Annexure - 1B

] PHY7108: MATHEMATICAL METHODS & NUMERICAL ANALYSIS

PH19104 | Mathematical Methods | 4 | - |2 | 30 | 70 20 30 4 1 5
| £ Numerlcal Analysis | ] |

Course (rhjectives:

COm: To learn the fundamentals of Fourier series, Fourer and Laplace transforms, their inverse
transforms

CO¥2: T gain insight of curvilinear conrdinates, vector algebea and their typical applications in physics,
C03: To get introduced to Special functions and their recurrence relations for applicability in different
arcos ol physics.

C{M: To have o good erasp of the besic elements of complex anelysis.

CO5; To learn about special tvpe of matrices and tensors that are relevant in physics

Expected auteome: By the end of the course student will be able:

I, To expand functions in Fourier components and solve differential cquations using Laplace transfosmn,
2. To leam applications of Curvilincar eoordinates, Special functions, Complex analysis, Matrices amd
Tensors in vanous streams of Physics.

=

Intepral Transforms; Fourier senes, Fourier integral theorem, Fourer ransform, Parsevals sdentity
related problems ~ Laplace transform - comvolution theorem - transform of deriviates - application
o orhimary di flerential equarion

2. Vector caleulus: Introduction to vectors, gradient, divergence, and surface integral, Gauss's theorem,
curl of a vector feld and Stokes™s theorem, othogonal cumalinear co-ondinates, cylindrical and
spherical polar co-ordinates, applicatons to hyvdrodynomics, heat flow n solids and electromagnetic
theory.

5. Specinl Functions: Legendre, Bessel, Heomte and Legaure differenmal equations and  their
properties. Recursion relations, omhogonal properties, generating functions,

4. Complex variables: Analytic function, Cauchy-Riemann equations, Caochy™s integral theorem and
Cauchy’s integral formula. Taylor's and Lavurents senes, Singulanties, poles, Residoes and residus
theorem, Elementary conformal mapping

5 Mairices and Tensor Analvsis: Diefinitions and tvpes of mafrices — solution of linear algebraic
cguations —charactenstie equation and diagonal form — Cayley-Hamilten theorem — functions of
matrices — application in solving lincar différentinl equatton. Cartesian tensor in three space, Curves
in three speee and Frenet Formula, General Tensor onalvsis

References;

I. M.L. Boas, Mathematical Methods in the Physical Sciences, 3¥ Ed., 2006 {Wiley.Inc)

2. B. L, Gupta, Mathematical Physics, 3rd Ed., 2004 (Vikash Publishing Hoose Py Lid, New
Dhalhi} 2004,

3. Arlken, Weber and Huarris, Muathematical methods for Physicists, 7% edition {Academic Press,
Elsewier) 2012,



d,  Barva Prakash, Mathematical Physics [ Sultan Chand & Sons,, Mew Della) 2007,



Annexure-3 A

PH 97208 : SOLID STATE PHYSICS

PH 97208 | Solid State Physics 4 [ - 1230 ] 70 20 30 | 4 1 5

Proposed Objective; The aim of this course 15 o give you an extended knowledge of the principles and
techniques of solid stafe physics ond the physical understanding of matter foom un nfomic view point.
Fundamental theories are introdaced amd then extended o show the imelevance o impontant applications
in current -day technology wml resewrch,

Expected Outeome: The student will able to expliin the fundamental concepts of matter, methods
available 1o derermine thew structure and propertes, They can apply the knowledge gained 10 solve

problems in solid state phvsics using relevant mathematical ools,

1. X-ray crystallography © Basics of crystal structures, symmeiry, reciprocal lattice, Bravis lattice,
imperfection in erystals, crystal diffraction, deBroglie hypothesis, s-ray diffraction, Bragg's law,
Brillowin zones, XRI, power XRIY, rotation XED, correction o Bragg's law, Vibrations of crystals
with monoatomic basis, two atoms  per primitive basis,  quantization of elastic waves, phonon
momentum, phonon heat capaeity, density of states in 10 and 30,

[ O]

Free electron Fermi gas  Energy levels and density of orbitals i one and three dimensions, effect of
temperature on Feemi Dirac distibution, electron transport phenomena and recombination, heat
capacity of an electron gas, electrical condwetivity and Ohim’s Taw, electron motion in a magnetic field
and hall effect thermal conductivity of metals.

3. Bupercondustivity  Oocurrense ad destruction of superconductivity by magnenic felds ; Messner
ey energy gap anl irC-::-Iq,,:-r- elfect o themmodypamices of '\.|_||‘_||:n.:|,||||,|liu,:[i|1|§ wransitpons, Lotsdon
equation, coberence  length, elementary wleas of BCS  theory, flux  quantization, f&ype 1l
superconduectons, single paricle mnneling. DC and AC Josephson effects | clementary idea about high
T superconductivity.

4, Energy boands and  semcomductor crystals Mearly  free clectron model, Bloch funchions,
H.IIII:IiFI;_!\,rp'E:IIIh.'}' micclel, waive -:,."'L|lli.1fi||l| of electron m a |'||:.ri11r|5||,: '|:~:‘1I|‘:|:|'|i:5| mnmber of orkials in a
bhand. Metals and insuladors, Band-gap, equation of motion, intringic carmer concentration, imparity

conductivity.

5. Dhglectrie function of the clectron gas, plasmons, electrostatic sereeming, polaritons, eleciron-gleciron
interacion, Polarons, l}pli-;,:;,:l reflectance, excibons, u]'llin,::ll properies ol gempcomduciors, Radsam
seimeonducion inlerachions.

Heferences

1. CRiattel, Introduction o Solid State Physics, 5% Ed. (Wiley Eastern Lid., Mew Delbi) 1993

2. Werma and Shrivasiava, Science of Engineenng Materials {Wiley Eastern Lud,, Mew Delhi}
1982,

5. M. Sze, Phyzics of Semiconductor Devices, (Wiley Eastern Lid,, Mew Delhi) 1993,

5. 00 Pillai, Solid State Physics, (Mew Age Intemational (P Lid., New Delhi) 19497,

- R.L. Singhal, Sclid State Physics, (Kedammath Bam Math Publishers, Mew Delhi) 2012,

LH e



Annexure - 3R

PH 97208 : SOLID STATE PHYSICS

PH 97208 | Solid State Physics 4 [ - 1230 ] 70 20 30 | 4 1 5

Course ohjectives:

CO: To understand basies of Crystallography and erystal diffraction

02 Ta Chain ilHilI_hl ol |1|'||'||:|-.:-1h anid their -:l:..'l'l:l.mi-:‘:x._ and to evaluate ther dispersive amd therinal
HOpEriies,

C03: To caleulate thermal and electrical propertics in the frec-clocteon mode]

Cd: To comprehend the hasic concepts of superconductivity and related phenomenz and  ats
applications.

CO5: To understand the fundamental principles of semiconductors via energy band formation.

Expected Outenme: By the end of the course student will be able:

1. To explain the fundomentsl concepts of matter. methods avmilable o determing ther structure ond
paOpEries.

2. Lo explun electronic and thermodynamic propertses of solid state systems and thair technological
applicaltions,

1. X-Ray Crystallography @ Basica of crysial siructures, symmetry, reciprocal lattice, Hravis lathice,
mmperfection in crystals, crystal diffraction, de-Broglie hvpothesis, X-ray diffraction, Brage's law,
Brillown zones, XRIY, power XED, rofation XRDY, correction to Brage's law,

2. Lattive Vibrafions: Vibrattons of one-dimensional monatomic and distomiec [atbices, quantization of
elastic woves, Mormal modes and phonons, phonon momentum, Beview of Debye's theory of lattice
xru;L'iI_lc_: b=t |.|ur|$-.l:|.' of states n 1D asd 3D

| E'I‘l,.-t' electron Fe |"I'|1i Bas l'::u_'lk;g,- levels and |:|.-c,:r'|51[:|.' of orsitals in one and three |.|i|:|||.:||:1=|,'|r|:1._ .;1]'.,-.,.1 al

temperature on Fermi Divac distribution, electron transpont phenomena and recombination, heat
capacity of an electron gas, clecirical condwetivitey and Crhim's law, electron motion in a magnetic field
and hall effect thermal conductivity of metals.

4. Bwpperconductivity @ Occurrence ad destroctton of superconductivity by mognetic fields; Meissner
effect energy pap and tsotope effect | thermodynamics of superconducting trunsitions, London
equation, coberence  length, elementary  wleas of BCS  theory, Mux  quantization, fvpe
$|.||a-\;:r'|;:||:|-:|.m_:1|.'rr~., ni1ll:|1.' |"|:1:r|i-.,:t¢ Iul'uu,‘:lil'.g. D and aC .|4,|x¢:|:-|:n|1|1 effecis: g:!|:|1h,:r|1::|3,- e bl ilig!l
T, superconductiviiy

5. Energy bands and semiconductor crystals: Meorly free electron model, Bloch funchions,
Kroning-Penney model, wave equatton of electron in o penodic potentiol sumber of orbitals in a
band. Metal, wsulsor and semiconductors, Band-gap, Intrinsic and extrinse semiconductors, Carmer
|.'41r'||..'~|'.‘:|1::|['i|_|r| :_i|1|.| Fl.:'n:l'|i levels of intnnsie and extinsic NL"I1'|i1L1"'\II1I_II.II."'|11I".‘i- ELﬁrldplp. I:ilﬁlﬂ anil
indirect gap semiconductors,

References

1. €L Kael, Inroduction w Selid Stare Phyvsics, 5th Ed. (Wiley Eastern Lud., New Delhi) 1993
28,0, Pillai, Solid Spate ['il_'.-'aic_:s. iy Age Intemational (P Lid., Mew Drelhiy 1997,

3. 5. M, Sae, Phiysics of Senviconductor Devices, (Wiley Enstern Lk, New Delba) 19493,

4. B.L. Singhal, Solid State Phvsics, (Kedamath FRam Math Poublishers, New Delhi) 200 2,



5.5 M, Sze, Physica of Semiconducior Devices, (Wiley Eastern Lad., New Delhi) 1993,



Anmexiire — 4 A

| PH 97205 : ATOMIC AND MOLECULAR PHYSICS

FH 97205 | Atomic and Molecular 4| - 12| 30 T 20 a0 | 4| 1| 5 |

Physics

Froposed Ohjective: Atormic and molecular physics describes the structure of atoms and molecules on
the basis of quantum mechames, The course will develop the i depth understandimg of vanous wspects of
the simple atoms, diatomic molecules, their electronic states, vibrations wnd rotutions speciri This simple
mickdel 1= thi concepial hasis of AL PELONANCE and of coherent OIS,

Expected Oubcome: The student will sble to understand the electronic structure of atoms and moleculzs
and will be able (o explain how these will interact with clectiromagnetic waves. They can also establish the
Frril:l;_:ii:-h."\; al |1|¢:|1_'||-\.:[i|,' resonance, Ramin speCiTE anl Xty l.:-:|'||i|;\..

I, Production and analysis of spectrum @ Methods of production of emission and absorption specira,
spectra of atoms and molecules, uliraviolet and infrared specirescopic wehnigues, Luminescence amd
flucrescence spectra.

E-

Adomic specima ; Hydrogen spectrum, electron spim and vector atom modef, pauli’s primciple, doublet
fine structure of alkali elemenis nonnal and anomalows Zeeman effect, |,"-.|'|t:|1|.'|[u|r|_ stern Gerlac's
expt,, selection and infensity rules, various coupling schemes

3. Hyperfine and x-ray specira : Hyperfine spectrn of abtoms snd explanation. nuclear magnetic
resonance, nuckear guedrupole resonance, electron spin resonance techniques, chamctensie and
continuous X-ray spectra, Moseley"s low, spinoand relativity doublets, explanation, Paschene back and
Stark ellec,

4. Molecular spectra @ Molecular spectra of dintomic molecules, rotabon, vibrafiona and electronic
bands, Eotropic effect and spin eflect of the nucléus, anhamonicity of spectra, intensity of rofation,
vibration and electronie bands,

5, Ruman spectmn - Ramon spectroscopy, Raman spectra, stokes and anfstokes lines, explanstion,
ppplication of Kaman spectra for molecular studies, Loser Raman speciroscopy.
References

. MLC. Gupta, Atomic & Molecular Spectroscopy, (Mew Age International (F) Lid. Mew Delhi)
20K,

2. Rajkumar, Atomic and Molecular Spectra ;  Loser, 5" Ed. (Kedarnath Bamnath Pub. Lid., Mew
Drelhsy 20012,

1 & ﬂ_iurll:l, Vo Kumar and B.C. Sharmma, Elements of SPEeCIrOsCopyY, 2l B (l'rilg:ﬂl Prakazhan,
Mew Delhi) 1973,

4 1 B Rajan, Atomic Physics, (5, Chand & Co., NMew Delhap 1560,

5. P F. Bemnath, Spectra of Atoms of Molecules, 2% Ed. (OXFORD Univ, Press; Mew York) 2005,



Anneure — 48

| PH 97205 : ATOMIC AND MOLECULAR PHYSICS |

FH 97205 | Atomic and Molecular 4| -2 | 30 T0 20 30 4 | 5
Plhysics | | . .

Counrse Ohjective (OO

To relate quantum mechanics for structural understanding of atoms and molecules,

o demonstrote vibrational, rotational and electronic states spectra of aioms wml molecules

To learn the nuclear spin for the understanding of hyperfine spectra of ploms and maolecules

d.  To bring the understanding of X-rav and Raman spectra

Expected Course Crutcome {(ECN: By the end of the course the students will able

1. Tounderstand the electronie structure of atoms and maelecules

2. Toexplain how the atoms and molecules inferact with electromagnetic waves,

3. Toestablish the principles of mognetic resonance, Baman and X-rav spectra.

4. Tosolve the problems atinibuted o the vibratonal, rofational and ekectromic states transition of atoms,

an bl o=

1. Production and analysis of spectrum: Metheds of prichection of cmission, absorption,
luminescence and flucrescence spectra. Spectra of atoms and molecules, Hydrogen and He atom
speeCiTm.

P Adoamie spectra: vector aiom madel (span and angular momentum}, L5 amd J-J coupling schemes
Fine structure of alkali elements, normal and anoimalous Zeeman effect, Sterm Gerlac™s experiment,
Paschene back and Stark cffcct.

. Hyperfine and s-ray specira; Hyperfine spectra of atoms and explanation, nuclear magnetic
reaotance, noclear guadnipole resonance, électron spin resomance  techmigques, characiensie
continises K-ray specira, Mossleys law, spin and refativity doublet,

4. Molecular spectra: Mobeoular spectra of dintomic molbecules, rotation, vibrattona and electronic
bands, isotropie effect and spin effect of the nuslews, anharmonicity of spectra, intensity of rotation,
vibration and electronic bands,

5. Ramam specira: Eaman spectroscopy, Raman spectra, stokes and antistokes lines, cxplamation,
application of Raman spectra for molecular studies. Laser Raman spectroscopy.
References

[, M., Gupta, Adomic & Molecular Spectroscopy, (Mew Age Internafional {P) Lid, Mew Delhi) 20401,

2. Rajkumar, Atomic and Molecular Spectra; Laser, 3% Ed, (Kedarnath Bamoath Pub. Lid., Mew Delhi)
2012,

i 8. L, Gupta, V. Kumar and R.C. Shamma, Elements of spectroscopy, 2™ Ed. (Pragan Prakashan, Mew
Dhelnip 1973,

4. 1. B. Eajan, Atomic Phy=sics, (5. Chand & Co., New Delha) 1960

5. P F. Bemath, Spectra of Atoms of Moelecules, 2™ Ed, (OXFORD Univ, Press, New York) 2005,



