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Programme Outcome

PO1. Inculcate critical thinking to carry out scientific investigation objectively
without being biased with preconceived notions.

Po2. Equip the student with skills to analyzeproblems, formulate an
hypothesis, evaluate and validate results, and draw reasonable conclusions
thereof.

Po3. Prepare students for pursuing research or careers in industry in
mathematical sciences and allied fields

PO4. Imbibe effective scientific and,lor technical communication in both oral
and writing.

Po5. continue to acquire relevant knowledge and skills appropriate to
professional activities and demonstrate highest standards of ett irat issues in
mathematical sciences.

PO6. Create awareness to become an enlightened citizen with commitment to
deliver one's responsibilities within the scope of bestowed rights and privileges.
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Year

Isemester Teaching
Scheme

Marks Distribution

PAPER CODB SUBJBCT L T P ESM MSM Total

Paper I MMAlO1 Algebra a
J 1 0 70 30 100

Paper 2 MMAI 02 Analysis a
J I 0 70 30 r00

Paper 3 MMA I 03 Theory of ODE a
J I 0 70 30 100

Paper 4 MMAI 04 Fundamentalof
Computer and C
Programming

J I 0 70 30 100

Paper 5 MMAl05 Numerical
Methods

J I 0 70 30 100

MMAI51 C-Programming
Lab

0 0 2 70 30 100

Total 15 5 2 420 180 600

IlSemester

------:-::-:-TPAPER CODE SUBJECT L T P ESM MSM Total

Paper 6 MMA2OI Linear Algebra J I 0 70 30 100

Paper 7 MMA2O2 Complex Analysis IJ I 0 70 30 100

Paper 8 MMA2O3 Topology J I 0 70 30 100

Paper 9 MMA2O4 Algorithm &Data
Structures

J I 0 70 30 100

Paper I 0 MMA2O5 Tensors &
Riemannian
Geometry

J I 0 70 30 100

MMA25I Data Structure
Lab

0 0 2 70 30 100

Total l5 5 2 420 180 600

[d*tr'\.,e;it'l
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III Semester Teaching
Scheme

Marks Distribution

PAPER CODE SUBJECT L T P ES
M

MS
M

Tota
I

Paper 1 MMA3Ol Operation Research J I 0 70 30 100

Paper 2 MMA302 Functional Analysis J I 0 70 30 100

Paper 3 MMA303 Mathematical
Methods

J 1 0 70 30 100

Paper 4 MMA304 Discrete Mathematics J 1 0 70 30 100

Paper 5 MMA3O5 Elective- I J i 0 70 30 i00

MMA35I Mat lab 0 0 2 70 30 100

Total I
5

5 2 420 180 600

IV Semester

PAPER CODE SUBJECT L T P ES
M

MS
M

Tota
I

Paper 6 MMA4OI Mathematical
Modelling

1J 1 0 70 30 100

Paper 7 MMA4O2 Pluid Mechanics J 1 0 70 30 100

Paper 8 MMA4O3 Elective.II J I 0 70 30 100

Paper 9 MMA4O4 Elective-llI a
J I 0 70 30 100

Paper l0 MMA45I Project
work*/Dissertation

0 0 4 100 0 100

MMA452 Mat lab 0 0 2 70 30 100

Total I

2

4 6 480 t20 600

L-Lecture

T- Tutorial

P - Practical

ESM- End Semester Marks

MSM - Max Sessional Marks

* Proiect will begiven in III semester&submitted inIV semester.
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PhDCY l9L: computer Fundamentals and Numerical Analysis

Fundamentals of computers

Computer fundamentals, hardwares and softwares, different operating systems,
application programmes, some tips on PC maintenance and servicing of PC.

common Applications: Working in a Linux environment, basic Linux
commands, writing scientific documents with Latex, graphic and visualization,
gnuplot; introduction to other useful software tools e.g. mathematica

Basic Numerical Methods: Numerical integration (trapezoidal and Simpson's
rnethod], numerical differentiation; Diagonalization and inverse of symmetric
and non-symmetric tnatrices, Eigenvalues and eigenvectors.; Root finding
[bisection and Newton-Raphson methodJ; Interpolation techniques; Solution of
ordinary differential equations IEuler and Runge-Kutta methods).

Statistics and treatment of experimental data: Data acquisition system, error
propagation, curve fitting, Least square method, Sampling and parameter
estimation, the maximum likelihood method. Analysis of a time series and search
for periodicity. FFT (Fast Fourier transformation) and power spectrum and any
other topics used in physics researches.

Simulation and Monte Carlo Method: Simulation of Randorn variables, discrete
and continuous. Calculation of integrals, Monte Carlo evaluation of pi. Simulation
of simple processes: coin tossing or dice throwing game. Examples and
applications.

Reference Books :

1. Numerical methods for Scientific and Engineering Computation: lvl.K,Jain,
S.R,K.lyengar and R.K.Jain. (Wiley Eastern Limited),

2. Techniques for Nuclear and Particle Physics Experiments, A How to approach:
W.R,Leo (Narosa Publishing House)

3. Numerical Recipes: w.Press et.al., (cambridge (Jniversity press). 4. Data
reduction and error analysis for the Physical Sciences,3e, Philip R

,W
RsryJ;id::n'
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(PhD CY- 1 02) GENERAL CHEMTSTRY
Colloids:
Colloids, the colloidal state, preparation and purification of colloids and their
characteristic

properties, lyophilic and lyophobic colloids and coagulation, protection of colloids,
gels,emulsions, surfactants and micelles.

Surface phenomenon
Surface tension of liquids-capillary action, experimental determination of surface
tension, temperature effbct on surface tension. Viscosity of liquids, experimental
determination of viscosity coefficient, its variation with temperature.
Kinetc theory of gases, ideal gas laws based on kinetic theory. Collision in a gas-mean
fiee path, collision diameter, collision number. Behaviour of real gases-the van der
Waal's equation. Critical phenomena-critical constants of a gas and their
determination.

Hardness:

Chemistry of Hydrogen, Hydrogen peroxide including manufacturing and structure,
Heavy

Hydrogen, Fleavy water, orlho and Para Hydrogen. Hardness of water, removal &
estimation of hardness

Organic Compounds:
classification, and Nomenclature, Hybri dization, Shapes of rnolecules.
Electronic Displacernents: Inductive, Electromeric, Resonance effects and

Hyperconjugation. Homolyic and Heteroly.tic fission. Electrophiles and Nucleophiles.
Types, shape and relative stability of intermediates (Carbocations, Carbanions, Free
radicals and Carbenes). Introduction of organic reactions : Addition, Elimination and
Substitution reactions.

llecommended Books:

1. B. R. Puri, I-. R. Sharma, and M. S. Pathania.3Tth E<tition (199g), Shoban Lal
Nagin Chand & Co., Jalandhar.

2. P' Atkins and J. De Paul, 8th Edition (2006),International Sturdent Edition,
Oxfbrd University press.

3. I. L. Finar, vol. I, 6th Edition (1973),ELBS and Longman Ltd., New
Delhi.
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PhDCY 109(3 to tt) Chemistry: OpTIONAL
Note: Student has to choose one of the following papers. There is provision

to add more optional papers subiect to the availability of manpower
in concerned field.

1. Surtactants (PhDCY-103)
2. Conducting polymers (phDCy-104)
3. Coordination chemisrry (phDCy-105)
4. Therrnodynamics(phDcy- t 06)
5. Chemistry of naturalproducts. (phDcy-107)
6. polyrirers(PhDcY- 1 08)

7. Electrochernisrry(PhDCy-109)

8. Chemical kinetics(PhDcy-1 10)

9. Heterocyclic Compounds (phDCy-1 1 1)

Su rfirctants (Ph DCY- 1 03)

Surfactants and their classifications; Surf'ace and interfacial tensions and tree energies;

Colloidal interactions in water; Colloidal stability; Adsorption and adhesion. Kinetics

of adhesion/adsorption; Surl-ace properties of clays and other minerals; Biosurt'aces;

Association colloids formed by surf'actants: micelles, bilayers, microemulsions,

surfactant phase behavior; Detergency & emulsions; Polymer structure and properties

in solid state & solution; Applications of surf'actants and polymers in paints &

coatings; Characterization of colloids and surfaces; Colloid & surface phenomena in

product design; Nanotechnology. enhanced oil recovery

Books:
1.w. Adamson & A. P. Gast: "physical chemistry of Surfaces,', 6th ed., wiley,

1997.

2. .T. N. Israelachvili: "Intermolecular and Surface Forces", 2nd ed., Academic
Press, 1992.

3. P. C. I{iernenz &. R. Rajagopalan: ,,principles of Colloid
Chemistry", 3rd ed., Marcel l)ekker, 1997.

artd Surface
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DPY- 79 7 GENERAL PHYSICS

Mathernatical Physics

Legendre equation: Generating function, recurrence relations and special
properties, Orthogonally, Legendre polynomials. Bessel function of first and
second kind, Generating function, recurrence relations for Bessel's functions
Linear differential equation of first and second order and its applications

[Electrical Circuits, SHM, Simple pendulum and oscillations of spring- free, forced
and darrped), Partial differential equations and its applications flaplace, wave
and heat equations).

Classical Mechanics

Newton's Laws and their meaning, simple applications conservation laws,
Constraints and constraint forces, Principle of virtual work and D'Alembert's
principle, Lagrange's equations, Integrals of motion, Rotating frames of reference
and terrestrial applications.

Quantum Mechanics

Origin of quantum mechanics, de-Broglie matter waves, phase and Group
velocities, Davisson-Germer experiment, Heisenberg uncertainty principle and its
applications, Wave function and its significance, Schrodinger's wave equation,
Motion of particle in one dimensional box: Normalisation of wave function,
Energy Eigen value of a particle.

Recommended Books:
1. Artken & Weber, Mathematical methods for Physicist,Academic Press- N.Y.
2. I.W.Brown, R.V .Churchill, Complex Variables and Applications, Mc-Graw

Hill.
Classical Mechanics - Rana - Ioag.TMH.
Mathematical Methods of classical Mechanics - V. I. Arnold. Springer.
Quantum Mechanics: L.l. Schiff [McGraw Hill)
P. M. Mathews and K. venkatesan,.A Text-book of Quantum Mechanics, Tata

3.

4.

5.

6.

mcgraw- Hill.
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DPY 792 (7 to 9) PHYSICS: OPTIONAL

Note: Student has to choose one of the following papers. There is provision
to add more optional papers subiect to the availability of manpower
in concerned field.

1. Atoms and Molecules
2. Classical Mechanics

3. Electrodynamics

4. Mathematical Methods in physics

5. Nuclear Physics

6. Quantum Mechanics

7. Statistical Mechanics

B. Solid State Physics

9. Electronics

ATOMS AND MOLECULES

Quantum states of an electron in an atom; Electron spin; Stern-Gerlach
experiment;

Spectrum of Hydrogen, helium and alkali atoms;

Relativistic corrections for energy levels of hydrogen; Hyperfine structure and
isotopic shift; width of spectral lines; LS &lJ coupling; zeeman, paschen Back &
Stark effect;

X-ray spectroscopy; Electron spin resonance, Nuclear magnetic resonance,
chemical shift;Rotational, vibrational, electronic, and Raman spectra of diatomic
molecules; Frank - Condon principle and selection rules;

Spontaneous and stimulated emission, Einstein A & B coefficients; Lasers, optical
pumping, population inversion, rate equation; Modes of resonators and
coherence length.

Books:

1. Quantum Physics of Atoms, Molecules, Solids, Nuclei
Eisberg and R. Resnick (John WileyJ

and particles by R.

2. The elements of Physical Chemistry by Atkins (Oxford)
3. Quantum Chemistry, by I. N. Levine (Prentice HallJ
4. Atomic and Molecular Physics by H. E. while [East-flest press).

!

i
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Ph. D. Course Work (Statistics)

PaPer -2

STA'TISTICAL INFERENCE
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Unit 1:E,xtension of Crattter-Rao inequalit,v for mtrlti.parameter case, l]lrattachar.va bounds'

inthr.n.ration irr data about the parameters as'variation i, rikelihood function. Ideas of suft'icient

and minimal complete-sLrfficient statistics. 'Jtiti*nt' 
when the range of variate depends on

parameter, minimum uurlon". u.biasecl. .rii,rororr, Rao-Btackwell and Lehman-schetfe

in.or.rnr, examples based on somc standard distributions'

Linit 2:consistent Asyrnptotic normal estimators and their properties' cAN estimators obtaitted

b,vMl-rrtethodinoneparameterexponentialcase.Invariantestimators,locatiotrandscale
invariant estimators. Pittnat's metllod ibr obtaining location and scale invariant

estimators.ceneral decision pr.blenrs, loss'function" risk function' estimation and testing vierved

as general decision prJ;';J' mininrax decision' Ba'ves decision'

Unit 3:Ne.vnran-Pearsott lenrma. generalized Ne,v*man-Pear.son lemnra, l,.onotone likelihocrd ratio

t-arnilies. LIIT4P tests ,,.,, on. uncl it'o 'ioti 
ur'*'nutives' at,missibilit'v and unbiasedness of tests'

t-vpcAancltypeAltests.sirnilartests'testslrar,ingNeymanstrr-rcttrre,likelihoodratiotest(I,RT')
asynrptotic oistriuuti-on fi inr statistic.rnterval estimation, confidence revel, construction of

shortestexpectecllen$lrconfidence,'interl,al.tJnifonnl;,nrostaccurateone.sidedconfidenoe
Interval and its ,.tutiui to UMp tests fbr one-sidcd n,lr against one-sicle, alternative h-vpotheses'

Unit4:Priordistribution.srrb.jectivedeterminationofpriordistribution.Improperpriors.non.
informative (ctefault) priors, invarianr pri";.";;r*^1. 

'r11rl.11;"ilies' 

construction of conjugate

lamilies uring ,utnient statisticr,n.,i*tur., of conjugate priors, hierarchical priors' Bayes

estimation uncier squared error torr, ,o*. 'i*pr. 
ilr'otations basec! on bi*omial' Poisson' and

normal distributions, procedure fo, outuininf *ini'o** estimators fitnr Bal"es estimators'

unit 5: Bayes sutllciency, summar), through posterior, predictive infurence' Bayesian decision

rheor,v: Bayes soluti-o;; i;, practical d..;;:;;,;r;;i"'n'' Point estinration' credible sets' testing

of hypotheser. c",,rp"riron l"irn .lrrri.;;';;;;;;;r.;. .Admissibilitv 
and r,inimaxitv of Baves

and generaliztO g"l'lt ptoceclures' Icleas ott Bayesian robustness

Refereuces:

1.Berger.J.0':StatisticalDecisionl.lreoryandBayesiar.r|lalrsis,springerVerlag.
2, Robcrl, C'P' "d 

';;tirt' 

O' : Monte c""ro i*tit'ical Methods' Springer Verlag'

3. Leonard,.r. u*,1 ;;. j.s.l. , Bayesianlvlethods, carnbriclge lJniversity Press'

4. Bernando' i'M' ;';;i;]i'r"'' e'r'H'l' : Bayesian Theory' John Wilev and Sons'

5. Roberr. C,p. , d;;;y.rinnCf-,ui.-' ib..irion'Iheoretic N4oti'ation' Springer' '

6. Gemerrnan, 
p.', rr,,orr.o' chain lr{.r;;;;i;: Stochastic simulation for Bayesian inference'

ChaPrnan LIall'

7' Bcrx, Ci'P' and 
.[iao, C.Cl.: Ral,esian Inferetrce irr Statistical Anal1,5i5, Acldison.Wesley'

/frre' .,.,\r&.os



PHD185. DESIGN OF EXPERIMENT & RELIABILITY

Ph. D. Course Work (Statistics)

Paper-3

DESIGI{ OF EXPERIMI,NT' & RELIABII,ITY
,h$*

Unit l: Review of linear estimation and hasic clesigns. missing plot teclrnique: General theory

ancl applications, Analysis of Co-variance tbr CRD and IIBD. Incomplete block design:

IJalanced incomplete block designs. sirnple lattice desigrrs'

Unit 2:General factorial experitnents. factorial elftcts; best estimates and testing the significance

of factorial eflects; study of 2" and 3'factorlal experintents in randontized blocks; complete and

partial confounding. construction o1' symmetrical confounded factorial experiments, fi'actional

replications for s,vnlmetrical thctoriats. split plot and strip'plot experiments'

unit 3:Reliability concepts and measurcs; conrponents and systemsl coherent systems;

Reliabilit;, of coherent systemt cuts and paths; nrodrrlar decomposition; bounds on systern

reliability; structural and reliability importance ol components. Lit'e distributions; reliability

lunction: hazard rate: common life distributions - exponential, Weibull, gamma. normal' etc';

Estiuratiott olparanieters and tests itt these models

LInit 4:Non parametric Test: l'esting of hypotheses uttder nonparametric setttp. Review o1'single

samplipg problems('fests o1'randomness. tests of goodness of tlt, the problern of location). Trvo

s,mple 
-p,.rbtenlr: 

Sign test, WaliJ Wolfbrvitz run test. N4ann Whitne}' Wilcoxon test, median

test. I(-S test. Kendall's Tau, Rank Correlation. Kruskal Wallis test, Friedman's trvo rvav

Al\OVA by ranks, Asynrptotic rclative efficiencl"

References :

l. AlokDey (1986): Theory of Block Designs, Wiley EasteLn'

2. Angela'Dean arrcl Daniel Voss (1999): Desigrt and Analysis of Experinrent. Springer.

:. OaiU, and Ciri, N. (1979): Design and Analysis of Expcriments. Wiley Eastern'

4. Joshi, D.D. ( l987): Linear Estimation and Design of Experiments, Wiley Eastern'

5. Sa,nclers. S.b. (ZoOz): Reliability. Life testing &the Preclictiort of Service L,ives, Springer.

6. La*,less. J. (2003): Statistical Model & Methocls for lit'e time data. Wiley Interscience'

1 v(r/'*\t ' .#.u1... 4*,//' i.r>+

LY*
P..

V
,^,$-'' $ p*ar*\
l:-- ^. *.Lt^
1:', llr.w'
\r.."' , W'-*nn



With effect from the session from 2015 - 2016

Paper r: Argetrra, Differentiar Geometry and Modering

Subject Cocte: phd-062

Module I

3+1+0

Max. Marks: 100

*ifi:Ht,lJffi:',l;:#;run[:f"Ji,'H;.T*f,#:,,f;:",;H Eurer,s phi tunction, ramlat,s rheorem,
Group Theory: Sub group,"t;;;;"r 

group, cycric grofr, quotient gJoup, normal subgroup, Finite
group: lagrange theo-rem, tyio*s therems, nlrg. Firii,;ffi. and.irreducible polynorniar,l,iEi,,tl:lr:'",':li:;1l;, xli,;.;hlffii***T::,r,o* g;ili,ro,**ion, rank.nu,i,y
scfunidt orthogonalization pror.ss. 

-"'*" , mner-product space, norm space, grainme-

Recommended Books

l. Kenneth M Hoffman & Ray Kunze, 
llneor Atsgbra (2nd,trdition), prentice Hallpublications2' Joseph A. Gallian, contuiporo,y ats*act ii[e#)-i+';;;;;il; d,ffi]ublishing House, NewDelhi, 1999.

3. I. N. Herstein, Topics in Algebra, Wiley Eastern, 1975.

Module-II

Differential Geometry: Tensor calculus, curves in space x3, curvature and torsion of smooth curves,Frenet-Semet formulae, osculating circle, osculating ,ph.r., spherical indicatrices, inrotu,., and evolutes,tirndamental theorem of space t*''.r, ,..ond and thii fundamentar forms, ,rrfu.., in R3, regurar surfaces,le'el sets of smooth functions on 'R3, surfaces of revoruti;; tangent vectors, tangent prane. geodesics,geodesics on a surface of revolution, geodesic curvature of u ,urur, Gauss-Bonnet Theorem (statementonly).

Time: 03 hrs

Wiley.

lfi:,.,ffiTilT;*:lij xj:,:,x1r:::: 
*ouiringmathematicar modering, characteristics and

ITJiJH.:i;:'f,T1[:1trff :]',Tj::,""',""T:r1;ffi :i':i::!ff ]ffi f ffi :Iimode,s,
;'#ilffiil:::i;*'H,T:':::i:11":1;iffi :";,x:ff T,i#;l,13i:1I#,',H:

;ffiil,ffinTr#i:T11,1ffiffi*can be modeled throush sranhs Dirpnlo.t ,*^-L- _:

ff ;iffi:,,:,1*:x3:lxi:?::::ls,,rfi s,,{ffiffi #ffiffi ;ffi f, ::
ff#ffi 'ilTjilT::ii;H;ii::,:::"r-*;,ffi ##:XT::[fr lXXT.o,,,Gamerh&rvNerwork Model, Goal programming, Non il;;ffir*,-ffi;H::iffiTffimodets, Game rhfirv,

r conditions 4if
Recommended Bools

l. 
f;*,yffll.rburn, 

An Introduction to Riemannian Geometry and the

ffi . il# i,X;:!;: I:r ::: * :t r, ::d ! * y a n n i a n G e o m e t r v,Narosa p u br i c at i o n
IYTT'UIT

I T;yg"t y,,,l",f arca ugaerii[,.#,i., u.".*.
fi;,il;.t'nnrs, 

Mathennticat u,iiitrii-'tiiisoriot uoraSement and Life science, Ellie Herwood and John

2.
1
J.

4.

i H' A' Taha, operations Research -An Introduction,Macmilran.6' G' Hadley, Nonrinear and Dynami, irogra**ng Addison wesrey

t-\ &Y;'\'



With effcct from the session from 2015 _ 2016

Time: 03 hrs 3+1+0
Max. Marks: 100

paper II: Analysis and Differential Equations
Subject Code: phd-063

Module l:
Real Analysisl Real number system and its order completeness, sequences and various tests of convergenceand divergence of series of real numbers. continuity and differentiauifity (single *d ,ro.rul variables)

complex Analysis; - Analyticity, Cauchy's residue theorem, evaluation of definite and improper integralsusing contour integration' meromorphic functionr, urgu**, principle, Rouche,s theorem, open mappingtheorem' singularity and residue at oo. Qenfermality, Mobius transformations, the group of Mcibiustransfomrations, cauchy's therems on Integrabilty and differentialbilty of complex firnctions,

}'Ietric spacc$: completeness, connectedness, compactness, Basic topology.
Functional Analysis Inner product spaces, Normed spaces, Banach spaces, Linear operators LinearFunctionals and Hilbert Spaces.

Recommended Books:

1. walter Rudin, principre of Mathematical Analysrs, Mcgraw Hilr, Third Edition
2' Envin Kreyszig, Introduction to Functianal Analysis with Applications,Johnwiley & Sons. il
3' H's' Kasana, Complex variables; Theory and Applicotions,p1rlearning pvt. Ltd. -6.Il{" 4

Modurell r\F*'{ Lr*V
- Differentiat Equation, 't t | 4-1 

'
oDE:' Initial value problems, Existence and uniqueness theorem, series solution around an ordinary pointand a regular singular point, Method of Frobenius, Bessel, Legendre and Hypergeometric equations,Confluent Hyper geometric equation, Self adjoint eigen value problems, Green,s functions, Second orderboundary value problems, Sturm Liouville problems.

PDE:' Linear and quasi linear equations, Partial Differential Equations of second order with constant andvariable coefficients, classification and reduction of second order equations to canonical form, cauchy,s,Neumann and Dirichlet's problems, Solution of Laplace and poisson,s equations in two- and tluee-dintensions by variable separable method, solutions oiho,nog.reous and non-homogeneous wave and heatequations.

Recommended Books
1' B'Rai' D'P'choudhary, H.l.Freedman, t! course in ordinary Differential Equations, NarosaPublishing House, New Delhi
2' K'Sankara Rao,Introduition to Pqrtial Dffirential Equations,prentice - Hallpflndia. New Delhi -1 lnAnl

I
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fte:earch "[apic: s*lection of problerns, stages in the execution of
n*tearrh. prep*ratinn of n*anuscript and r*port writing. Search engines;
go*gle, pubmed, g*agle scholar, EMBL, etc. Pubiication of fteport in
Jcuralals: Standard of research journals. irnpact factcr. citation index, H

ind*x, and n:cre. Prsot readin6, r"eading journals and review.

unilT il
lntroriurtiun of c*mpr:t*r scicnce- E;ltabase rnanagernent syrterns,
presentation graphics, rnanagement of ctrata by cffice applications: lfiS-
*ffice. h4S-Word, ll45-[xqe1, and MS-FowerPa]nt. Generation and
analysis of d*ta, baslcs of softwares: lVlatlab and Labview.
l-aT*X overvielv * d*cumenf classes, Packages, d*curnent environrnent,
Ek:ck str"ucture, and speciai pages"

UNIIT III

[\,{easures of ditp*rsion: sarnpling methods: random sampling - types of
variables: qualitative and quarrtitative variables - continuous and

discontinuous v*riabl*s - scaling methsd * rrl*an - standard deviation-
standard errCIr - coefflcient sf variation. C*nrparison of means: chl
squar* t*st, stuclent'l t test and AltlOVA.

Uru!T IV

Spectrophotometer: principlc and applications, l.Jltra violet, lnfra Red,

I"tr'{, Nuelear nragnetic res$nafiee {NMR}, fundamental and prucedure of
chrornatography. Principln and application of electrsn microsc*py,
sennning *lectrcn microscopy, transmission elestron micrnscopy, X-ray
diffraction.
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