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Dayananda Sagar University

Faculty of Basic and Applied Sciences
Ph. D Entrance Test- January 2024

A) College of Life Sciences

Syllabus for Ph. D Entrance Test in Life Sciences
(Biochemistry / Biotechnology / Microbiology)

Note: Candidate will choose one among B-1, B-2, and B-3 depending on
his/her area of research

PART B

(B-1) Biochemistry: as per the general syllabus of M.Sc. Biochemistry.

Basic concepts of chemistry, physiology, immunology, molecular biology, enzymology,
metabolism, bioenergetics, cell signaling, endocrinology, proteomics, analytical techniques &
other subjects taught in M.Sc. biochemistry.

(B-2) Biotechnology: as per the general syllabus of M.Sc. Biotechnology

Recombinant DNA technology, plant and animal biotechnology, techniques in molecular
biology, genomics, eco-toxicology, bioprocess technology, genetic engineering, immuno-
technology, classical & advanced genetics, basics of zoology & other subjects taught in M.Sc.

Biotechnology

(B-3) Microbiology: as per the general syllabus of M.Sc. Microbiology

General, Eukaryotic, environmental, food and dairy microbiology, microbial physiology and
growth kinetics, microbial genetics, sterilization, agricultural and medical microbiology &
fermentation technology along with other subjects taught under M.Sc. Microbiology.
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B) Department of Chemistry

Syllabus for Ph. D Entrance Test in Chemistry

10.

11.

12.

PART B

Section 1: In-organic Chemistry

Chemical Periodicity

Structure and bonding in homo and hetero nuclear molecules,

including shapes of molecules (VSEPR Theory).

Concepts of acids and bases, Hard-Soft acid base concept, Non-aqueous
solvents.

Main group elements and their compounds: Allotropy, synthesis, structure and
bonding, industrial importance of the compounds.

Transition elements and coordination compounds: structure, bonding
theories, spectral and magnetic properties, reaction mechanisms.

Inner transition elements: spectral and magnetic properties,

redox chemistry, analytical applications.

Organometallic compounds: synthesis, bonding and structure, and
reactivity. Organometallics in homogeneous catalysis.

Cages and metal clusters.

Analytical  chemistry-separation,  spectroscopic,

electro-and thermos analytical methods.

Bioin-organic chemistry: photo systems, porphyrins, metalloenzymes, oxygen
transport, electron-transfer reactions; nitrogen fixation, metal complexes in
medicine.

Characterization of in-organic compounds by IR, Raman, NMR, EPR, Mossbauer,
UV-vis, NQR, MS, electron spectroscopy and microscopic techniques.

Nuclear chemistry: nuclear reactions, fission and fusion, radio-analytical
techniques and activation analysis.

Section 2: Physical Chemistry

Basic principles of quantum mechanics: Postulates; operator algebra; exactly-
solvable systems: particle-in-a-box, harmonic oscillator and the hydrogen atom,
including shapes of atomic orbitals; orbital and spin angular momenta; tunneling.
Approximate methods of Quantum mechanics: Variational principle; perturbation
theory up to second order in energy; applications.

Atomic structure and spectroscopy; term symbols; many-electron systems and
antisymmetry principle.

Chemical bonding in diatomics; elementary concepts of MO and VB theories;
Huckel theory for conjugated —electron systems.

Chemical applications of group theory; symmetry elements; point groups;
character tables; selection rules.
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Molecular spectroscopy: Rotational and vibrational spectra
of diatomic molecules; electronic spectra; IR and Raman activities—selection rules;
basic principles of magnetic resonance.

Chemical thermos dynamics: Laws, state and path functions and their
applications; thermodynamic description of various types of
processes;Maxwell’srelations;spontaneityandequilibria;temperature

and pressure dependence of thermodynamic quantities; Le-Chatelier principle;
elementarydescriptionofphasetransitions;phaseequilibriaandphaserule;thermod
ynamicsofidealandnon-idealgases,andsolutions.

Statistical thermodynamics: Boltzmann distribution; kinetic theory of gases;
partition functions and their relation to thermodynamic quantities— calculations
for model systems.

Electrochemistry: Nernst equation, redox systems, electrochemical cells; Debye-
Huckel theory; electrolytic conductance— Kohlrausch’s law and its applications;
ionic equilibria; conductometric and potentiometric titrations.

Chemical kinetics: Empirical rate laws and temperature dependence; complex
reactions; steady state approximation; determination of reaction mechanisms;
collision and transition state theories of rate constants; uni-molecular
reactions;enzymekinetics;salteffects;homogeneouscatalysis;photochemicalreacti
ons.

Colloids and surfaces: Stability and properties of colloids; isotherms and surface
area; heterogeneous catalysis.

Solid state Crystal structures; Bragg’s law and applications; band structure of solids.
Polymer chemistry: Molar masses; kinetics of polymerization.

Data analysis: Mean and standard deviation; absolute and relative errors; linear
regression; covariance and correlation coefficient.

Section 3 : Organic Chemistry
IUPACnomenclatureoforganicmoleculesincludingregio-andstereoisomers.
Principles of stereochemistry: Configurational and conformational
isomerism in acyclic and cyclic compounds; stereogenicity, stereoselectivity,
enantio selectivity, diastereo selectivity and asymmetric induction.

Aromaticity: Benzenoid and non-benzenoid compounds—generation and reactions.
Organic reactive intermediates: Generation, stability and reactivity of
carbocations, carbanions, free radicals, carbenes, benzynes and nitrenes.

Organic reaction mechanisms involving addition, elimination and substitution
reactions with electrophilic, nucleophilic or radical species. Determination of
reaction pathways.

Common named reactions and rearrangements — applications in organic synthesis.
Organic transformations and reagents: Functional group inter-conversion
including oxidations and reductions; common catalysts and reagents (organic,
inorganic, organometallic and enzymatic). Chemo, regio and stereo selective
transformations.

Concepts in organic synthesis: Retrosynthesis, disconnection, synthons, linear and
convergent synthesis, umpolung of reactivity and protecting groups.

Asymmetric synthesis: Chiral auxiliaries, methods of asymmetric induction —
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substrate, reagent and catalyst controlled reactions; determination of
enantiomeri and diastereomeric excess; enantio-discrimination. Resolution —
optical and kinetic.

Pericyclic reactions — electrocyclisation, cyclo addition, sigmatropic
rearrangements and other related concerted reactions. Principles and
applications of photochemical reactions in organic chemistry.

Synthesis and reactivity of common heterocyclic compounds containing one or
two heteroatoms (O, N, S).

Chemistry of natural products: Carbohydrates, proteins and peptides, fatty acids,
nucleic acids, terpenes, steroids and alkaloids. Biogenesis of terpenoids and
alkaloids.

Structure determination of organic compounds by IR, UV-Vis, 1H &13C NMR and
Mass spectroscopic techniques.
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C) Department of Physics

Syllabus for Ph. D Entrance Test in
Physics
PART B

Section 1: Mathematical Physics

Linear vector space: basis, orthogonality and completeness; matrices; vector calculus;
linear differential equations; elements of complex analysis: Cauchy Riemann
conditions, Cauchy’s theorems, singularities, residue theorem and applications; Laplace
transforms, Fourier analysis; elementary ideas about tensors: covariant and
contravariant tensor, Levi-Civita and Christoffel symbols.

Section 2: Classical Mechanics

D’Alembert’s principle, cyclic coordinates, variational principle, Lagrange’s equation of
motion, central force and scattering problems, rigid body motion; small oscillations,
Hamilton’s formalisms; Poisson bracket; special theory of relativity: Lorentz
transformations, relativistic kinematics, mass-energy equivalence.

Section 3: Electromagnetic Theory

Solutions of electrostatic and magnetostatic problems including boundary value
problems; dielectrics and conductors; Maxwell’s equations; scalar and vector potentials;
Coulomb and Lorentz gauges; Electromagnetic waves and their reflection, refraction,
interference, diffraction and polarization; Poynting vector, Poynting theorem, energy
and momentum of electromagnetic waves; radiation from a moving charge.

Section 4: Quantum Mechanics

Postulates of quantum mechanics; uncertainty principle; Schrodinger equation; one-,
two- and three-dimensional potential problems; particle in a box, transmission through
one dimensional potential barriers, harmonic oscillator, hydrogen atom; linear vectors
and operators in Hilbert space; angular momentum and spin; addition of angular
momenta; time independent perturbation theory; elementary scattering theory.
Section 5: Thermodynamics and Statistical Physics

Laws of thermodynamics; macrostates and microstates; phase space; ensembles;
partition function, free energy, calculation of thermodynamic quantities; classical and
quantum statistics; degenerate Fermi gas; black body radiation and Planck’s distribution
law; Bose-Einstein condensation; first and second order phase transitions, phase
equilibria, critical point.

Section 6: Atomic and Molecular Physics

Spectra of one- and many-electron atoms; LS and jj coupling; hyperfine structure;
Zeeman and Stark effects; electric dipole transitions and selection rules; rotational and
vibrational spectra of diatomic molecules; electronic transition in diatomic molecules,
Franck-Condon principle; Raman effect; NMR, ESR, X-ray spectra; lasers: Einstein
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coefficients, population inversion, two and three level systems.

Section 7: Solid State Physics & Electronics

Elements of crystallography; diffraction methods for structure determination; bonding
in solids; lattice vibrations and thermal properties of solids; free electron theory; band
theory of solids: nearly free electron and tight binding models; metals, semiconductors
and insulators; conductivity, mobility and effective mass; optical, dielectric and magnetic
properties of solids; elements of superconductivity: Type-l and Type Il superconductors,
Meissner effect, London equation. Semiconductor devices: diodes, Bipolar Junction
Transistors, Field Effect Transistors; operational amplifiers: negative feedback circuits,
active filters and oscillators; regulated power supplies; basic digital logic circuits,
sequential circuits, flip-flops, counters, registers, A/D and D/A conversion.

Section 8: Nuclear and Particle Physics

Nuclear radii and charge distributions, nuclear binding energy, Electric and magnetic
moments; nuclear models, liquid drop model: semi-empirical mass formula, Fermi gas
model of nucleus, nuclear shell model; nuclear force and two nucleon problem; alpha
decay, beta-decay, electromagnetic transitions in nuclei; Rutherford scattering, nuclear
reactions, conservation laws; fission and fusion; particle accelerators and detectors;
elementary particles, photons, baryons, mesons and leptons; quark model.
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D) Department of Mathematics

Syllabus for Ph. D Entrance Test in Mathematics
PARTB

Section 1: Linear Algebra

Finite dimensional vector spaces; Linear transformations and their matrix presentations, rank;
systems of linear equations, Eigen values and Eigen vectors, minimal polynomial, Cayley-
Hamilton Theorem, diagonalization, Jordan-canonical form, Hermitian, Skew-Hermitian and unitary
matrices; Finite dimensional inner product spaces, Gram-Schmidt ortho-normalization process,
self-adjoint operators, definite forms

Section 2: Complex Analysis
Analytic functions, conformal mappings, bilinear transformations; complex integration:
Cauchys integral theorem and formula; Liouvilles theorem, maximum modulus principle;
Zeros and singularities; Taylor and Laurents series; residue theorem and applications for
evaluating real integrals.

Section 3: Real Analysis
Sequences and series of functions, uniform convergence, power series, Fourier series,
functions of several variables, maxima, minima; Riemann integration, multiple integrals,
line, surface and volume integrals, theorems of Green, Stokes and Gauss; metric spaces,
compactness, completeness, Weierstrass approximation theorem; Lebesgue measure,
measurable functions; Lebesgue integral, Fatouslema, dominated convergence theorem.

Section 4: Ordinary Differential Equations
First order ordinary differential equations, existence and uniqueness theorems for initial
value problems, systems of linear first order ordinary differential equations, linear
ordinary differential equations of higher order with constant coefficients; linear second
order ordinary differential equations with variable coefficients; method of Laplace
transforms for solving ordinary differential equations, series solutions (power series,
Frobenius method); Legendre and Bessel functions and their orthogonal properties.

Section 5: Algebra
Groups, subgroups, normal subgroups, quotient groups and homomorphism theorems,
automorphisms; cyclic groups and permutation groups, Sylows theorems and their
applications; Rings, ideals, prime and maximal ideals, quotient rings, unique factorization
domains, Principle ideal domains, Euclidean domains, polynomial rings and irreducibility
criteria; Fields, finite fields, field extensions.
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