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Paper - | (Quantum Mechanics and Spectroscopy)

P ee Hours
work load: Two hours lectyre per week, Examination Duration: Thr

type
ttempted. First question will consist of eight shOf.t ar-‘:r\,,vicnrte:':al
questions will be from four units, one from each ‘_Jmt " uired to
N to problems and numerical. The candidateS.W“! e l"i)qmarks).
ve questions have equal weightage (each question is .

Note:- Total Five questions to be 3
questions and is Compulsory, Foyr
choice. 40% weightage wil| be give
attempt all the five questions. All f

UNIT-I
Evolution of Quantum Mechanics £ heat
1. Difficulties of classica] Mechanics to explain: the black-body emission spectrum, speci

i : i in’s
of solids. Plank quanta concept and radiation law, Photo electric effect and Einste
explanations. Compton

effect, De-Broglie hypothesis, diffraction and interference
experiments of particle (

Davisson-Germer experiment).
2. Uncertainty principle; position and momentum, angle and angular momentum, energy and

time. Application of uncertainty principle: (i) Ground state energy of hydrogen atom, (i)

ground state energy of simple harmonic oscillator, (iii) Natural width of spectral lines, (iv)
Non-existence of electron in nucleus.

3. Operators: linear operators, product of two operators, commuting and non-commuting

operators, simultaneous Eigen functions and Eigen values, orthogonal wave functions.

Hermitian operators, their eigen values, Hermitian adjoint operators, eigenvalues and

eigenfunctions; expectation values of operators: position, momentum, energy: Ehrenfest
theorem and complementarity, Concept of group and phase velocity,

wave packet, Gaussian
wave packet, bra — ket notation.

UNIT-1I

Schrodinger equation and its solutions
. Schrodinger wave equation: general equation of wave Propagation, prop

agation of matter
waves, time dependent and time-independent,

Schrodinger equation, w
representation (W), physical meaning of w, Properties and conditi

wave mechanics, operators, gbservable

avefunction
ons on W, postulates of
asurements; probability current density

&'th

ang me

o 12
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pme ndependent

2 shrodinger wguation, one dimensional

slationaty  state solution,
problent: Particle in one dingg

sl box, elpentunctions and vigenvalues, di
evels, generalization into tyee dimension a lavols, concopt of

wCfole unergy

N dopgoneracy ol onorpy
Potential, penetration through rectangalar bars

. Ol
battier with wpectal shapes (graphical foprosentation),

quantum mechanical tnneling (alpha do ay) ‘

N(pntml wellband banige sop jor, rellection

and  ansmesion - coe(|ig [Nty

Unit =1

Solutiony of Schrddinger wave oquations In spoclal cises

1. Symmetie square well potential rasonan

tollocton and  transmisslon  coolficionts,

saattenng; Bound state problems: al well and

particle o one dimensional infinlte potentl

tinite depth potential we transcendontal oquation

I, energy elgenvalues and elgentunctiont,

. v harmonic
Smple harmonic osclllator, Schrodinger equation for slmple h |
oscillator and its solution, enerpy, quantum ant

(unctions with

and its solution;

eigenfunction, clgenvalues, zero point
classical probability density, parity, symmetrle and antlsymmetrle wave
graphical representation,

fectron atom

e

schrodinger equation in spherical coordinates, Schrodinger equation for one ¢

: . = % of radial
in spherical coordinates, separation Into radial and angular varlables, solution :

i : , . weries solution
equation and angular equation, qualitative discussion of spherical harmonlcs, series 5ol

. T g (
and energy eigenvalues, stationary state wave function. Wave-functions of Heatom for
ground and first excited state, average radius of H-atom, Bohr correspondence principle,

orbital angular momentum and its quantization, commutation relation, clgenvalues and
eigenfunctions.

Unit - 1v
Hydrogen atom, Atomic and Molecular spectroscopy

1. Energy level derivation for H-atom, quantum features of hydrogen spectra and hydrogen like
spectra, Stern-Gerlach experiment, electron spin, spin magnetic moment, spin- orbit
coupling, qualitative explanation of fine structure, Franck-Hertz experiment, Zeeman Effect,
normal Zeeman splitting, Qualitative understanding about Stark effect,

2. Absorption and emission spectroscopy, its block diagram, explanation
elements and its limitations; single beam spectrophotometer,

3. Molecular spectroscopy: concept of rigid rotator, rotational energy le
selection rules, intensity of spectral lines, isotopic effect;
vibrational spectra, selection rules, isotopic effect, effoct of o
spectra, vibrational-rotational spectra of CO and H(| molecules,

about function of each

vels, rotational spectra,
Vibrational energy levels,

Wharmonicity in vibrational

Reference Books:
1. Quantum Mechanics by E. Merzbacher

2. Quantum Mechanics by L. Landau and E, Lifshitz
3. A Text book of Quantum Mechanics by p.\m,
4. Quantum Mechanics by A. Messiah
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B work loadh Two hours lecurg Wook
Note Total Flve Questiong Lo he ‘
questions and s COompulsory,

and Particle Physics)

Examination Duration: Three Hours

Aemprey, Flrst question will conslst of CIHL 3rom SIS e
vestions wi) be e
UIRT
Questions, A lve

Four ith int
. e
from four units, one from each unit with in

. d to
) Problems ang numerical. The candidates will be rcqunrek )

N . rKs).
festlons have equal welghtage (each question is of 10 ma

(holce A0% welghtage wi bo pive
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UNIT-|

. the
VALY of Nucleus, Rutherford Scattering, Constituents ?f
v Nuclear Deng xperiment,

Nucle

properties of Nucloys DI
tlous f\“‘\'-'\, ( '\\" L ™ o
. S S Iy, Charge Distribution, Hofstadter's € -
‘ om ’
M It Magnetic Dipole Moment, Electric Quadrupole M Vase
Vie i - e
tand Bind il Propertics: Parity and Statistics, Classification of Nuclel,
pefectand Binding tnepyy, Packing Fraction, Mass Spectrograph.

Properties, of Nucle
Nuclear Models: Seppe Chart
'

Nudlear Angula momentuy,
'
spin. 1sospin, Wave

Nuclear Forces: al.

_ _ r potenti
ar Forces, Yukawa Meson Theory, Nuclea :

: dition O
Uquid Drop Model, Semi Empirical Mass Formula, Condi

\ \ | s e .4 . S and
stability, Fermi Gas Mo, Evidence for Nuclear Shell structure, Nuclear Magic Number
Basic Assumptions of (e Shell Modol

Unit- 11 .
Radioactive Decays: Alph = EOSSER

a Decay-Basics of q - Decay Processes, Theory of B

‘ actor, Geiger Nuttal Law, Range of Alpha Particles, . —
Enerpy Kinematics trum, Position Emission, Ele
Capture, Pauli’s No

Spectrum, Gammow |

Beta Decay- for -Decay, p-Decay Spec

utrino Hypothesis,
Gamma Decay- Gammg R

' - ications of
ay Emission and Kinematics, Internal Conversion. Appli
Radioactivity,

Nuclear Fission and Fusion: °

Nuclear Fission, Spontaneous Fission and Potential Barrier,
Explanation by Ligquid Drop Model, Chain Reaction, Controlled chain reaction, Four Factor
formula, Nuclear Reactors, Classification of Nuclear Reactor, Uncontrolled Chain Reaction,
Nuclear Fusion, Energy released in Nuclear Fusion, Fusion in stars.
Nuclear Reactions: Types of Reactions, Conservation Laws, Kinematics of Reactions, Q-Value,
Threshold Energy, Reaction Rate, Reaction Cross-Section.

Unit- I
Interaction of Nuclear Radiation with Matter: Energy Loss by Heavy Charged Particles in
Matter, Interaction of Electrons with Matter, Range of Charged Particle, Bremsstrahlung,
Cherenkov Radiation, Gamma Ray Interaction With Matter.

Radiation Detectors: Gas filled detector, Avalanche, Geiger Discharge, lonization Chamber,

Proportional Counter, Geiger Muller Counter. Current mode and Pulse mode operation of
detector,

Particle Accelerators: lon Source, Van-de-Graff Accelerator (Tandem Accelerator), Linear

Accelerator, Cyclotron, Synchrocyclotron, Betatron, Proton Synchrotron
Unit-1v

Elementary Particles: Necessity of high energy to discover elementary constituents historical

articles (electron, positron

‘ | . Neutrinos, stranee
mesons, charm quark, intermegiate vector hosons bottom quark, ¢ )
: + 1P quark and Higgs 1 )
| ‘ M A oson)
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Cawy DTt symimeryes CoPand ) Invarkane e, Application of Symmetey o

particle reactions: Panty nay LOservation inweak ntora Hon, €l vinlation Ciark
§ \ winy, Gt
Suarh Aedels o Smmetres, Gollmann MBI formula, the oight fold vy [yerf
) Moveanh
Mesons il Baryons, Concept of Quark madal, the

ccuplet, Colgy Quantum Number and Gluons,

W ‘.?\‘l \\\h‘l {\"‘::"““ '\"

sevolution, Baryuon D

Reference Booky:

L Atomic and Nug loar Physics Vol by Ghoshal

Theary of Nucloag Structure

)

by Pal
Physics by w, Burcham and M, Jobos,

and Measutremont by G.I', Knoll
S Introduction 1o Nuclea

N
\

Nuctear and Particle

-

Radation Deteg tion

and Particle Physics by A Das and T, Forbel
o Quarky and Leptons by Halzen and Martin

Paper ~ 11l (Solid State Physics)

Work load: Two hours lecture per week, Examinatlon Duration: Three Hours

Notes Total Five questions to be attempted, First question will consist of elght short answer type

questions and is compulsory, Four questions wlill be from four units, one from each unit with Internal

Will be given to problems and numerleal. The candidates will be required to
AMempt all the five questions, All five questions have equal welghtage (each question s of 10 marks).

choice, 0% weightage

UNIT-|
Sonding in Solids and Crystal structure: Forco between atoms, lonic bonds, Covalent and
metallic bonds, Vander wall's and Hydrogen bonding, Periodicity In lattices, Basis, lattice point
and space lattice, Translation vectors, Unit and primitive cell, Crystal systems, Packing fractions
for Simple Cubic (SC), Body Centered Cubic (BCC), Face Centered Cubic (FCC) and Hexagonal
fattice structures, Bravais space lattices,
Crystaliography and Diffraction: Direction, planes and miller indices |

Noa crystal lattice,
Rectprocal lattice and its significance, Conversion of $C and FCC structuras in reciprocal lattice

als, X-ray diffraction by
solids: Laue and Braggs equation, Study of crystals by X-rays: FWHM, Sherre

lattice Constants (for simple cubic structure), Electron and Neutron diffr
Unit- 11

Band theory of solids: Formation of bands, Periodic Potential and Bloch The

States in the bands, Kronig Penny model, Brilliuon zones, Cryst

of effective mass, Negative Effective Mass and Holes
Ught binding.

frame, Concept of crystalline, polyerystalline and amorphous materj

r formula and
action (qualitative),

orem, Number of
al momentum and physical origin
» Energy dispersion relations: weak and

Semiconductors: Energy band Structures in Insulators, Conductors, Semiconductors, Concept of
Qurect and Indirect band gap in semiconductors, Generation ang recombination of charge
Carriers, Mobility of current carriers, Hall Effect I semiconductors: Hall coefficient, Mobility.
Charge carrier concentration, C luctivity and Hall angle,

> 3 21ty
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Unit- 11 ,
. : ions in
waves, Phonon, Phonon dispersion relations

‘ ific heat,
Petit’s law, Einsteai ce heat capacity, Classical theory of specific he
pulong- e » Einstein ang Debye;s theory of specific heat of solids and limitations of
these models, concept of Thermoelectric Power

Electrical Properties of Materials:
conductivity, Electrical conductivity

hermal properties of Materigjs. Elastic
nonatomic and diatomic linegy lattice. Latti

Orude-Lorentz theory, sommerfeld’s Model, Thermal

Widemann-Franz relation, Thermionic Emission, Escape of
electrons from metals, Hall Effecy in Metals, Density of states

) ‘ Unit-IV ‘
Magnetic Properties of Materials: Classification of Magnetic Materials. Origin of Atomic
Magnetism, Classical Langevin Theory of dia-and Paramagnetic Domains. Quantum theory of
Paramagnetism. Curie’s law, Wejss's Theory of Ferromagnetism. Concept of Domain wall
Magnetostriction, Heisenberg's Exchange Interaction, Relation between Exchange Integral and
Weiss Constant.
Superconductivity: Experimental featyres of superconductivity: Critical Temperature, Critical
magnetic field. Meissner effect. Type | and type Il Superconductors, London’s Equation and
Penetration Depth. Isotope effect. Idea of BCS theory (No derivation); Cooper Pair and
Coherence length. Josephson Effect (No derivation)

Reference Books:
1. Solid State Physics by Kittel
2. Solid State Physics by N.W. Aschroft and N.D. Mermiu
3. Introduction to Solid-State Theory by Madelung
4. Crystallography for Solid State Physics by Verma and Srivastava
5. Principles of Condensed Matter Physics by P.M. Chaikin and T.C. Lubensky

PRACTICALS

Work Load: Four hours laboratory work per week. Examination Duration : Four Hours

Minimum Experiments: Total sixteen taking eight from each section.

The colleges are free to set new experiments of.equivalent standard. This should be intimated
and approved by the Convener, BOE."d of Studies before the start of academic session. It is
binding on the college to have experimental set 'up of at least sixteen experiments listed below
(8 from each section. In case number .of .experllneht p.erformed by the students is less than
sixteen, his marks shall be scaled down in final examination on pro rate basis. For ex
has per’formed fourteen experiments the marks shall be multiplie
. ber of experiments performed shall be ver
sixteen. The num ~ion papel il be set by the external ey

ample, if he
d by fourteen ang divided by
ified from practical record.
aminer by making pairs of
LI

& %:ﬂb_ ﬂ

Laboratory examin
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pxperiments taking o,

parking 5¢ haeme:

from each -

conter. DIerent coppy . o, .

1('(“0[1 out of -
hall be

sixteen or more experiments available at the
piven for different batch.

Iwo ”“'”“wm — ’ F()r “"Vuldr T _F'of‘f].(;h Collcglate T
e it ks each
Vivit-voice - ’f 10 —————— e p— ‘
(For Non-colloyi; lf) B
Blate studa | 16
Udents: Mlmmum Combulsory Lab trammg Hours - 21 M 90,3&

1. Determination of bl Section-A

("'C'("J con:
2. Determination of p z Onstant by photo cell using optical filters.

lanck’s
K's ¢
* LOnstant using solar cell,

3. Determination of «
nation of Stefan, Constant (Black bod thod).
o ack body metho

A, Study of the (e

Wi g : he
method), dependence of resistance of a semi —conductor (four pro
b, Study of lod
)y ) (9]§ ne (”L.cl ’
’ rum wi i ary bulb
lipht. P with the help of grating and spectrometer and ordinary

0. Study of char:
dracteristics, of Gm counter and verification of inverse square law for the
same strenpth of

aradioactiye source,
Study of p-ab: s0rption in AL foil using GM Counter.
. To find the magnetic

~

usceptibility of paramagnetic solution using Quinck’s method

AR Cltie Tonie molecular susceptibility of the ion and magnetic moment of the ion in

terms of Bohr mapgneton,

9. Determination of coefficient of rigidity as a function of temperature using torsional
oscillator (resonance method).

10, Study of polarization by reflection from a glass plate with the help of Nichol’s Prism and
photo cell and verification of Brewster law and law of Malus.

11, ¢/m measuremient by helical Method.

12, Measurement of magnetic field using ballistic galvanometers and search coil. Study of
variation of magnetic field of an electromagnet with current,

13, Measurement of electric charge by Millikan’s oil drop method.

Section-B

I, Study of R-C transmission line at 50 Hz

2. Studyof L-C C transmission line
(1) At fixed frequency.

(i) Atvariable frequency:

3, Study of resonance in an LCR circuit (using air core inductance and damping by metal

l)ll”l,‘),
(i) At fixed frequ

[ arying frequency |
(ii) By vary oristics of junction diode & Zener diode.

ency by varying €, and

4. Study of the characte
o py time of junction diode and point contact wiode
' Recove k I .
i yvery time a5 a function of frequency of operation and switching current
, ( .
(i1) fec

ated power supply and study the regulation with varicus loads

17 0ng... LT
ap ¥ M
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al‘\d dES‘\gn/StL\dy amp\'\ﬂer } “,\

ro study the characteristi
ics of a field
effect transistor (FET)
Vi

of finite gain.
1o study the frequenc
y response of a transistor amplifier and obtain the input and
t of R and C).

tput impeda
:l: Z(—Signpmdnscte C({frequency response with change of componen
9. To @€ ¢ udy of an R-C
’ phase shift oscillator and measure output impedence
(frtqllzncv response with change of component of R and C)
7o study a vol liar o D e
10 o (:’iscmt;agce multiplier circuit of generate high voltage D.C. from A.C.
8 2 omponents, study OR, AND, NOT logic gates: mpare with TTL

11
m two of the following
) Non

co

integrated circuits (1.C’s).

Application of operational amplifier (OP-AMP) AS Minimu

Inverting amplifier (c

12.
exercises- (a) Buffer (for accurate voltage measurement) (b)
inverting amplifier.
gr €
(_IJ
(t/ % pre
~ e
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