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The question paper for eligibility test will be of 3 hours duration with 200  
objective type questions.  Each question will be of 1 mark. There will be  
no negative marking.  The question paper will comprise of following  
sections: 
 

General Awareness 25  questions 
General English 25  questions 
Research Aptitude 30 questions (The questions will be based on 

reasoning & Statistics) 
*Basic & Applied Sciences 120 questions 

 
*There will be 6 sections of Basic & Applied Sciences on Forestry,  
Agriculture, Life Sciences, Chemical Sciences, Physical Sciences and  
Mathematical Sciences.  Each section will have 60 questions and the  
candidate is required to attempt any two sections of basic and applied  
sciences.  The syllabus of basic and applied sciences is given below: 

 
 

SYLLABUS FOR   
LIFE  SCIENCES  

 
 

1. MOLECULES AND THEIR INTERACTION RELAVENT TO BIOLOGY  
 
A. Structure of atoms, molecules and chemical bonds.  
B. Composition, structure and function of biomolecules (carbohydrates, lipids, 

proteins, nucleic acids and vitamins).  
C. Stabilizing interactions (Van der Waals, electrostatic, hydrogen bonding, 

hydrophobic interaction, etc.).  
D. Principles of biophysical chemistry (pH, buffer, reaction kinetics, 

thermodynamics, colligative properties).  
E. Bioenergetics, glycolysis, oxidative phosphorylation, coupled reaction, group 

transfer, biological energy transducers.  
F. Principles of catalysis, enzymes and enzyme kinetics, enzyme regulation, 

mechanism of enzyme catalysis, isozymes.  
G. Conformation of proteins (Ramachandran plot, secondary, tertiary and 

quaternary structure; domains; motif and folds).  
H.  Conformation of nucleic acids (A-, B-, Z-, DNA), t-RNA, micro-RNA).  
I.   Stability of protein and nucleic acid structures.  
J.   Metabolism of carbohydrates, lipids, amino acids, nucleotides and vitamins.  
 
 



2. CELLULAR ORGANIZATION  
 
A. Membrane structure and function: Structure of model membrane, lipid bilayer and 

membrane protein diffusion, osmosis, ion channels, active transport, ion pumps, 
mechanism of sorting and regulation of intracellular transport, electrical properties 
of membranes.  

B. Structural organization and function of intracellular organelles: Cell wall, nucleus, 
mitochondria, Golgi bodies, lysosomes, endoplasmic reticulum, peroxisomes, 
plastids, vacuoles, chloroplast, structure & function of cytoskeleton and its role in 
motility.  

C. Organization of genes and chromosomes: Operon, interrupted genes, gene families, 
structure of chromatin and chromosomes, unique and repetitive DNA, 
heterochromatin, euchromatin, transposons.  

D. Cell division and cell cycle: Mitosis and meiosis, their regulation, steps in cell cycle, 
and control of cell cycle.  

E. Microbial Physiology: Growth, yield and characteristics, strategies of cell division, 
stress response.  

 
 
3. FUNDAMENTAL PROCESSES  
 
A. DNA replication, repair and recombination: Unit of replication, enzymes involved, 

replication origin and replication fork, fidelity of replication, extrachromosomal 
replicons, DNA damage and repair mechanisms.  

B. RNA synthesis and processing: Transcription factors and machinery, formation of 
initiation complex, transcription activators and repressors, RNA polymerases, 
capping, elongation and termination, RNA processing, RNA editing, splicing, 
polyadenylation, structure and function of different types of RNA, RNA transport.  

C. Protein synthesis and processing: Ribosome, formation of initiation complex, 
initiation factors and their regulation, elongation and elongation factors, termination, 
genetic code, aminoacylation of tRNA, tRNA-identity, aminoacyl tRNA synthetase, 
translational proof-reading, translational inhibitors, post- translational modification 
of proteins.  

D. Control of gene expression at transcription and translation level: Regulation of 
phages, viruses, prokaryotic and eukaryotic gene expression, role of chromatin in 
regulating gene expression and gene silencing.  

 
4. CELL COMMUNICATION AND CELL SIGNALING  
 
A. Host parasite interaction: Recognition and entry processes of different pathogens 

like bacteria, viruses into animal and plant host cells, alteration of host cell 
behavior by pathogens, virus-induced cell transformation, pathogen-induced 
diseases in animals and plants, cell-cell fusion in both normal and abnormal cells.  

B. Cell signaling: Hormones and their receptors, cell surface receptor, signaling 
through G-protein coupled receptors, signal transduction pathways, second 
messengers, regulation of signaling pathways, bacterial and plant two-
component signaling systems, bacterial chemotaxis and quorum sensing.  

C. Cellular communication: Regulation of hematopoiesis, general principles of cell 
communication, cell adhesion and roles of different adhesion molecules, gap 
junctions, extracellular matrix, integrins, neurotransmission and its regulation.  



5. DEVELOPMENTAL BIOLOGY  
 
A. Basic concepts of development: Potency, commitment, specification, induction, 
competence, determination and differentiation; morphogenetic gradients; cell fate 
and cell lineages; stem cells; genomic equivalence and the cytoplasmic determinants; 
imprinting; mutants and transgenics in analysis of development.  
B. Gametogenesis, fertilization and early development: Production of gametes, cell 
surface molecules in sperm-egg recognition in animals; embryo sac development 
and double fertilization in plants; zygote formation, cleavage, blastula formation, 
embryonic fields, gastrulation and formation of germ layers in animals; 
embryogenesis, establishment of symmetry in plants; seed formation and 
germination.  
C. Morphogenesis and organogenesis in plants: Organization of shoot and root 
apical meristem; shoot and root development; leaf development and phyllotaxy; 
transition to flowering, floral meristems and floral development in Arabidopsis and 
Antirrhinum.  
E. Programmed cell death, aging and senescence.  
 
6. SYSTEM PHYSIOLOGY – PLANT 
  
A. Photosynthesis: Light harvesting complexes; mechanisms of electron transport; 
photoprotective mechanisms; CO
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3
, C

4 
and CAM pathways.  

B. Respiration and photorespiration: Citric acid cycle; plant mitochondrial electron 
transport and ATP synthesis; alternate oxidase; photorespiratory pathway.  
C. Nitrogen metabolism: Nitrate and ammonium assimilation; amino acid 
biosynthesis.  
D. Plant hormones: Biosynthesis, storage, breakdown and transport; physiological 
effects and mechanisms of action.  
E. Sensory photobiology: Structure, function and mechanisms of action of 
phytochromes, cryptochromes and phototropins; stomatal movement; 
photoperiodism and biological clocks.  
F. Solute transport and photoassimilate translocation: Uptake, transport and 
translocation of water, ions, solutes and macromolecules from soil, through cells, 
across membranes, through xylem and phloem; transpiration; mechanisms of 
loading and unloading of photoassimilates.  
G. Secondary metabolites - Biosynthesis of terpenes, phenols and nitrogenous 
compounds and their roles.  
H. Stress physiology: Responses of plants to biotic (pathogen and insects) and 
abiotic (water, temperature and salt) stresses; mechanisms of resistance to biotic 
stress and tolerance to abiotic stress  
 
7.  INHERITANCE BIOLOGY  
 
A. Mendelian principles: Dominance, segregation, independent assortment, 
deviation from Mendelian inheritance.  
B. Concept of gene: Allele, multiple alleles, pseudoallele, complementation tests.  
C. Extensions of Mendelian principles: Codominance, incomplete dominance, gene 
interactions, pleiotropy, genomic imprinting, penetrance and expressivity, 



phenocopy, linkage and crossing over, sex linkage, sex limited and sex influenced 
characters.  
D. Gene mapping methods: Linkage maps, tetrad analysis, mapping with molecular 
markers, mapping by using somatic cell hybrids, development of mapping 
population in plants.  
E. Extra chromosomal inheritance: Inheritance of mitochondrial and chloroplast 
genes, maternal inheritance.  
F. Microbial genetics: Methods of genetic transfers – transformation, conjugation, 
transduction and sex-duction, mapping genes by interrupted mating, fine structure 
analysis of genes.  
G. Human genetics: Pedigree analysis, lod score for linkage testing, karyotypes, 
genetic disorders. H. Quantitative genetics: Polygenic inheritance, heritability and 
its measurements, QTL mapping.  
I. Mutation: Types, causes and detection, mutant types – lethal, conditional, 
biochemical, loss of function, gain of function, germinal verses somatic mutants, 
insertional mutagenesis.  
J. Structural and numerical alterations of chromosomes: Deletion, duplication, 
inversion, translocation, ploidy and their genetic implications.  
K. Recombination: Homologous and non-homologous recombination, including 
transposition, site-specific recombination.  
 
9. DIVERSITY OF LIFE FORMS  
 
A. Principles and methods of taxonomy:Concepts of species and hierarchical taxa, 
biological nomenclature, classical and quantititative methods of taxonomy of plants, 
animals and microorganisms.  
B. Levels of structural organization: Unicellular, colonial and multicellular forms; 
levels of organization of tissues, organs and systems; comparative anatomy.  
C. Outline classification of plants, animals and microorganisms:Important criteria 
used for classification in each taxon; classification of plants, animals and 
microorganisms; evolutionary relationships among taxa.  
  
10. ECOLOGICAL PRINCIPLES  
 
A. The Environment: Physical environment; biotic environment; biotic and abiotic 

interactions.  
B. Habitat and niche: Concept of habitat and niche; niche width and overlap; 

fundamental and realized niche; resource partitioning; character displacement.  
C. Population ecology: Characteristics of a population; population growth curves; 

population regulation; life history strategies (r and K selection); concept of 
metapopulation – demes and dispersal, interdemic extinctions, age structured 
populations.  

D. Species interactions: Types of interactions, interspecific competition, herbivory, 
carnivory, pollination, symbiosis. 

E. Community ecology: Nature of communities; community structure and 
attributes; levels of species diversity and its measurement; edges and ecotones.  

F. Ecological succession: Types; mechanisms; changes involved in succession; 
concept of climax.  



G. Ecosystem: Structure and function; energy flow and mineral cycling (CNP); 
primary production and decomposition; structure and function of some Indian 
ecosystems: terrestrial (forest, grassland) and aquatic (fresh water, marine, 
eustarine).  

H. Biogeography: Major terrestrial biomes; theory of island biogeography; 
biogeographical zones of India.  

I. Applied ecology: Environmental pollution; global environmental change; 
biodiversity-status, monitoring and documentation; major drivers of 
biodiversity change; biodiversity management approaches.  

J. Conservation biology: Principles of conservation, major approaches to 
management, Indian case studies on conservation/management strategy 
(Project Tiger, Biosphere reserves).  

 
11. EVOLUTION AND BEHAVIOUR  
 
A. Emergence of evolutionary thoughts: Lamarck; Darwin–concepts of variation, 
adaptation, struggle, fitness and natural selection; Mendelism; spontaneity of 
mutations; the evolutionary synthesis.  
B. Origin of cells and unicellular evolution: Origin of basic biological molecules; 
abiotic synthesis of organic monomers and polymers; concept of Oparin and 
Haldane; experiment of Miller (1953); the first cell; evolution of prokaryotes; origin 
of eukaryotic cells; evolution of unicellular eukaryotes; anaerobic metabolism, 
photosynthesis and aerobic metabolism.  
C. Paleontology and evolutionary history: The evolutionary time scale; eras, 
periods and epoch; major events in the evolutionary time scale; origins of unicellular 
and multicellular organisms; major groups of plants and animals; stages in primate 
evolution including Homo. D. Molecular Evolution: Concepts of neutral evolution, 
molecular divergence and molecular clocks; molecular tools in phylogeny, 
classification and identification; protein and nucleotide sequence analysis; origin of 
new genes and proteins; gene duplication and divergence.  
E. The Mechanisms: Population genetics – populations, gene pool, gene frequency; 
Hardy-Weinberg law; concepts and rate of change in gene frequency through 
natural selection, migration and random genetic drift; adaptive radiation and 
modifications; isolating mechanisms; speciation; allopatricity and sympatricity; 
convergent evolution; sexual selection; co-evolution.  
 
12. APPLIED BIOLOGY:  
 
A. Microbial fermentation and production of small and macro molecules.  
B. Application of immunological principles (vaccines, diagnostics). tissue and cell 

culture methods for plants and animals.  
C. Transgenic animals and plants, molecular approaches to diagnosis and strain 

identification.  
D. Genomics and its application to health and agriculture, including gene therapy.  
E. Bioresource and uses of biodiversity.  
F. Breeding in plants and animals, including marker – assisted selection.  
G. Bioremediation and phytoremediation.  
H. Biosensors.  
 



13. METHODS IN BIOLOGY 
  
A. Molecular biology and recombinant DNA methods: Isolation and purification of 
RNA , DNA (genomic and plasmid) and proteins, different separation methods; 
analysis of RNA, DNA and proteins by one and two dimensional gel 
electrophoresis, isoelectric focusing gels; molecular cloning of DNA or RNA 
fragments in bacterial and eukaryotic systems; expression of recombinant proteins 
using bacterial, animal and plant vectors; isolation of specific nucleic acid sequences; 
generation of genomic and cDNA libraries in plasmid, phage, cosmid, BAC and 
YAC vectors; in vitro mutagenesis and deletion techniques, gene knock out in 
bacterial and eukaryotic organisms; protein sequencing methods, detection of post-
translation modification of proteins; DNA sequencing methods, strategies for 
genome sequencing; methods for analysis of gene expression at RNA and protein 
level, large scale expression analysis, such as micro array based techniques; isolation, 
separation and analysis of carbohydrate and lipid molecules; RFLP, RAPD and 
AFLP techniques  
B. Histochemical and immunotechniques: Antibody generation, detection of 
molecules using ELISA, RIA, western blot, immunoprecipitation, floweytometry and 
immunofluorescence microscopy, detection of molecules in living cells, in situ 
localization by techniques such as FISH and GISH.  
C. Biophysical methods: Analysis of biomolecules using UV/visible, fluorescence, 
circular dichroism, NMR and ESR spectroscopy, structure determination using X-ray 
diffraction and NMR; analysis using light scattering, different types of mass 
spectrometry and surface plasma resonance methods.  
D. Methods in field biology: Methods of estimating population density of animals 
and plants, ranging patterns through direct, indirect and remote observations, 
sampling methods in the study of behavior, habitat characterization-ground and 
remote sensing methods.  
E. Computational methods: Nucleic acid and protein sequence databases; data 
mining methods for sequence analysis, web-based tools for sequence searches, motif 
analysis and presentation.  
 

 
SYLLABUS FOR  

PHYSICAL SCIENCES  
For Ph.D. Eligibility Test 2008 

 
 
I. Mathematical Methods of Physics  
Dimensional analysis; Vector algebra and vector calculus; Linear algebra, matrices, 
Cayley Hamilton theorem, eigenvalue problems; Linear differential equations; Special 
functions (Hermite, Bessel, Laguerre and Legendre); Fourier series, Fourier and Laplace 
transforms; Elements of complex analysis: Laurent series-poles, residues and evaluation 
of integrals; Elementary ideas about tensors; Introductory group theory, SU(2), O(3); 
Elements of computational techniques: roots of functions, interpolation, extrapolation, 
integration by trapezoid and Simpson’s rule, solution of first order differential equations 
using Runge-Kutta method; Finite difference methods; Elementary probability theory, 
random variables, binomial, Poisson and normal distributions.  



II. Classical Mechanics  
Newton’s laws; Phase space dynamics, stability analysis; Central-force motion; Two-
body collisions, scattering in laboratory and centre-of-mass frames; Rigid body 
dynamics, moment of inertia tensor, non-inertial frames and pseudoforces; Variational 
principle, Lagrangian and Hamiltonian formalisms and equations of motion; Poisson 
brackets and canonical transformations; Symmetry, invariance and conservation laws, 
cyclic coordinates; Periodic motion, small oscillations and normal modes; Special theory 
of relativity, Lorentz transformations, relativistic kinematics and mass–energy 
equivalence.  
 
III. Electromagnetic Theory  
Electrostatics: Gauss’ Law and its applications; Laplace and Poisson equations, 
boundary value problems; Magnetostatics: Biot-Savart law, Ampere's theorem, 
electromagnetic induction; Maxwell's equations in free space and linear isotropic media; 
boundary conditions on fields at interfaces; Scalar and vector potentials; Gauge 
invariance; Electromagnetic waves in free space, dielectrics, and conductors; Reflection 
and refraction, polarization, Fresnel’s Law, interference, coherence, and diffraction; 
Dispersion relations in plasma; Lorentz invariance of Maxwell’s equations; Transmission 
lines and wave guides; Dynamics of charged particles in static and uniform 
electromagnetic fields; Radiation from moving charges, dipoles and retarded potentials.  
 
IV. Quantum Mechanics  
Wave-particle duality; Wave functions in coordinate and momentum representations; 
Commutators and Heisenberg's uncertainty principle; Matrix representation; Dirac’s bra 
and ket notation; Schroedinger equation (time-dependent and time-independent); 
Eigenvalue problems such as particle-in-a-box, harmonic oscillator, etc.; Tunneling 
through a barrier; Motion in a central potential; Orbital angular momentum, Angular 
momentum algebra, spin; Addition of angular momenta; Hydrogen atom, spin -orbit 
coupling, fine structure; Time-independent perturbation theory and applications; 
Variational method; WKB approximation; Time dependent perturbation theory and 
Fermi's Golden Rule; Selection rules; Semi-classical theory of radiation; Elementary 
theory of scattering, phase shifts, partial waves, Born approximation; Identical particles, 
Pauli's exclusion principle, spin-statistics connection; Relativistic quantum mechanics: 
Klein Gordon and Dirac equations.  
 
V. Thermodynamic and Statistical Physics  
Laws of thermodynamics and their consequences; Thermodynamic potentials, Maxwell 
relations; Chemical potential, phase equilibria; Phase space, micro- and macrostates; 
Microcanonical, canonical and grand-canonical ensembles and partition functions; Free 
Energy and connection with thermodynamic quantities; First- and second-order phase 
transitions; Classical and quantum statistics, idea l Fermi and Bose gases; Principle of 
detailed balance; Blackbody radiation and Planck's distribution law; Bose-Einstein 
condensation; Random walk and Brownian motion; Introduction to nonequilibrium 
processes; Diffusion equation.  
 
 VI. Condensed Matter Physics  
Bravais lattices; Reciprocal lattice, diffraction and the structure factor; Bonding of solids; 
Elastic properties, phonons, lattice specific heat; Free electron theory and electronic 
specific heat; Response and relaxation phenomena; Drude model of electrical and 
thermal conductivity; Hall effect and thermoelectric power; Diamagnetism, 
paramagnetism, and ferromagnetism; Electron motion in a periodic potential, band 



theory of metals, insulators and semiconductors; Superconductivity, type – I and type - 
II superconductors, Josephson junctions; Defects and dislocations; Ordered phases of 
matter, translational and orientational order, kinds of liquid crystalline order; 
Conducting polymers; Quasicrystals.  

 
 

Forest Research Institute University 
  

SYLLABUS FOR  
CHEMICAL SCIENCES  

For Ph.D. Eligibility Test 2008 
 

Physical Chemistry:  
 
1. Basic principles and applications of quantum mechanics – hydrogen atom, 

angular momentum.  
2.   Variational and perturbational methods.  
3.   Basics of atomic structure, electronic configuration, shapes of orbitals, 

hydrogen atom spectra.  
4.   Theoretical treatment of atomic structures and chemical bonding.  
5.   Chemical applications of group theory.  
6.  Basic principles and application of spectroscopy – rotational, vibrational, 

electronic, Raman, ESR, NMR.  
7.   Chemical thermodynamics.  
8.   Phase equilibria.  
9.   Statistical thermodynamics.  
10.  Chemical equilibria.  
11.  Electrochemistry – Nernst equation, electrode kinetics, electrical double layer, 

Debye-Hückel theory.  
12.  Chemical kinetics – empirical rate laws, Arrhenius equation, theories of 

reaction rates,  determination of reaction mechanisms, experimental 
techniques  

  for fast reactions.  
13.   Concepts of catalysis.  
14.  Polymer chemistry. Molecular weights and their determinations. Kinetics of 

chain polymerization.  
15.  Solids - structural classification of binary and ternary compounds, diffraction 

techniques, bonding, thermal, electrical and magnetic properties  
16.  Collids and surface phenomena.  
17.  Data analysis.  
 
Inorganic Chemistry  
 
1.  Chemical periodicity  
2.  Structure and bonding in homo- and heteronuclear molecules, including 

shapes of molecules.  
3.  Concepts of acids and bases.  



4.  Chemistry of the main group elements and their compounds. Allotropy, 
synthesis, bonding and structure.  

5.  Chemistry of transition elements and coordination compounds – bonding 
theories, spectral and magnetic properties, reaction mechanisms.  

6.  Inner transition elements – spectral and magnetic properties, analytical 
applications.  

7. Organometallic compounds - synthesis, bonding and structure, and 
reactivity. Organometallics in homogenous catalysis.  

8.  Cages and metal clusters.  
9. Analytical chemistry- separation techniques. Spectroscopic electro- and 

thermoanalytical methods.  
10. Bioinorganic chemistry – photosystems, porphyrines, metalloenzymes, 

oxygen transport, electron- transfer reactions, nitrogen fixation.  
11. Physical characterisation of inorganic compounds by IR, Raman, NMR, EPR, 

Mössbauer, UV-, NQR, MS, electron spectroscopy and microscopic 
techniques.  

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

 
Organic Chemistry  
 
1.  IUPAC nomenclature of organic compounds.  
2.  Principles of stereochemistry, conformational analysis, isomerism and 

chirality.  
3.  Reactive intermediates and organic reaction mechanisms.  
4.  Concepts of aromaticity.  
5.  Pericyclic reactions.  
6.  Named reactions.  
7.  Transformations and rearrangements.  
8.  Principles and applications of organic photochemistry. Free radical reactions.  
9.  Reactions involving nucleophotic carbon intermediates.  
10.  Oxidation and reduction of functional groups.  
11.  Common reagents (organic, inorganic and organometallic) in organic 

synthesis.  
12.  Chemistry of natural products such as steroids, alkaloids, terpenes, peptides,  

carbohydrates, nucleic acids and lipids.  
13.  Selective organic transformations – chemoselectivity, regioselectivity, 

stereoselectivity, enantioselectivity. Protecting groups.  
14.  Chemistry of aromatic and aliphatic heterocyclic compounds.  
15.  Physical characterisation of organic compounds by IR, UV-, MS, and NMR.  
 
Interdisciplinary topics  
 
1. Chemistry in nanoscience and technology.  
2. Catalysis and green chemistry.  
3. Medicinal chemistry.  
4. Supramolecular chemistry.  
5. Environmental chemistry.  
 



Forest Research Institute University 
 Syllabus of Agriculture 

For Ph.D. Eligibility Test 2008 

 
Cropping pattern in different agro-climatic zones of the country. Impact of high-
yielding and short-duration varieties on shifts in cropping pattern. Concepts of 
multiple cropping, multistorey, relay and inter-cropping, and their importance in 
relation to food production. Package of practices for production of important 
cereals, pulses, oil seeds, fibres, sugar, commercial and fodder crops grown 
during Kharif and Rabi seasons in different regions of the country. Important 
features, scope and propagation of various types of forestry plantations such as 
extension, social forestry, agro-forestry, and natural forests. 

Weeds, their characteristics, dissemination and association with various crops; 
their multiplication; cultural, biological and chemical control of weeds. 

Soil-physical, chemical and biological properties. Processes and factors of soil 
formation. Modern classification of Indian soils, Mineral and organic constituents 
of soils and their role in maintaining soil productivity. Essential plant nutrients 
and other beneficial elements in soils and plants. Principles of soil fertility and its 
evaluation for judicious fertiliser use, integrated nutrient management. Losses of 
nitrogen in soil, nitrogen-use efficiency in submerged rice soils, nitrogen fixation 
in soils. Fixation of phosphorus and potassium in soils and the scope for their 
efficient use. Problem soils and their reclamation methods. 

Soil conservation planning on watershed basis. Erosion and run-off management 
in hilly, foot hills, and valley lands; processes and factors affecting them. Dryland 
agriculture and its problems. Technology of stabilising agriculture production in 
rainfed agriculture area. 

Water-use efficiency in relation to crop production, criteria for scheduling 
irrigations, ways and means of reducing run-off losses of irrigation water. Drip 
and sprinkler irrigation. Drainage of water-logged soils, quality of irrigation 
water, effect of industrial effluents on soil and water pollution. 
Farm management, scope, important and characteristics, farm planning. 
Optimum resources use and budgeting. Economics of different types of farming 
systems. Marketing and pricing of agricultural inputs and outputs, price 
fluctuations and their cost; role of co-operatives in agricultural economy; types 
and systems of farming and factors affecting them. Agricultural extension, its 
importance and role, methods of evaluation of extension programmes, socio-
economic survey and status of big, small, and marginal farmers and landless 
agricultural labourers; farm mechanization and its role in agricultural 



productioin and rural employment. Training programmes for extension workers; 
lab-to-land programmes. 

Cell Theory, cell structure, cell organelles and their function, cell division, nucleic 
acids-structure and function, gene structure and function. Laws of heredity, their 
significance in plant breeding. Chromosome structure, chromosomal aberrations, 
linkage and cross-over, and their significance in recombination breeding. 
Polyploidy, euploid and an euploids. Mutation-micro and macro-and their role 
in crop improvement. Variation, components of variation. Heritability, sterility 
and incompatibility, classification and their application in crop improvement. 
Cytoplasmic inheritance, sex-linked, sex-influenced and sex-limited characters. 
 
History of plant breeding. Modes of reproduction, selfing and crossing 
techniques. Origin and evolution of crop plants, centre of origin, law of 
homologous series, crop genetic resources-conservation and utilization. 
Application of principles of plant breeding to the improvement of major field 
crops. Pure-line selection, pedigree, mass and recurrent selections, combining 
ability, its significance in plant breeding. Hybrid vigour and its exploitation, 
backcross method of breeding, breeding for disease and pest resistance, role of 
interspecific and intergeneric hybridization. Role of biotechnology in plant 
breeding. Improved varieties, hybrids, composites of various crop plants. Seed 
technology, its importance. Different kinds of seeds and their seed production 
and processing techniques. Role of public and private sectors in seed production, 
processing and marketing in India. 

Physiology and its significance in agriculture. Imbibition, surface tension, 
diffusion and osmosis. Absorption and translocation of water, transpiration and 
water economy. Enzymes and plant pigments; photosynthesis-modern concepts 
and factors affecting the process, aerobic and nonaerobic respiration; C, C and 
CAM mechanisms. Carbohydrate, protein and fat metabolism. 

Growth and development; photoperiodism and vernalization. Auxins, 
hormones, and other plant regulators and their mechanism of action and 
importance in agriculture. Physiology of seed development and germination; 
dormancy. 

Climatic requirements and cultivation of major fruits, plants, vegetable crops and 
flower plants; the package of practices and their scientific basis. Handling and 
marketing problems of fruit and vegetables. Principal methods of preservation of 
important fruits and vegetable products, processing techniques and equipment. 
Role of fruits and vegetables in human nutriton. Raising of ornamental plants, 
and design and layout of lawns and gardens. 



 
Diseases and pests of field vegetables, orchard and plantation crops of India. 
Causes and classification of plant pests and diseases. Principles of control of 
plant pests and diseases Biological control of pests and diseases. Integrated pest 
and disease management. Epidemiology and forecasting. 

Pesticides, their formulations and modes of action. Compatibility with rhizobial 
inoculants. Microbial toxins. Storage pests and diseases of cereals and pulses, 
and their control. 

 
 
 

Forest Research Institute University 
Syllabus for Mathematical Sciences 

For Ph.D. Eligibility Test 2008 
 
PART – I 

Elementary set theory, finite, countable and uncountable sets, Real number 
system, supremum, infimum, Sequences and series, convergence, limsup, liminf, 
Bolzano Weierstrass theorem, Heine Borel theorem, Continuity, uniform 
continuity, differentiability, mean value theorem, Sequences and series of 
functions, uniform convergence, Riemann sums and Riemann integral, Improper 
Integrals, Monotonic functions, types of discontinuity, functions of bounded 
variation, Lebesgue, measure, Lebesgue integral, Functions of several variables, 
directional derivative, partial derivative, derivative as a, linear transformation, 
Metric spaces, compactness, connectedness. Normed Linear Spaces. Spaces of, 
Continuous functions as examples. 

Vector spaces, subspaces, linear dependence, basis, dimension, algebra of linear 
transformations, Algebra of matrices, rank and determinant of matrices, linear 
equations, Eigenvalues and eigenvectors, Cayley-Hamilton theorem, Matrix 
representation of linear transformations. Change of basis, canonical forms, 
diagonal forms, triangular forms, Jordan forms, Inner product spaces, 
orthonormal basis, Quadratic forms, reduction and classification of quadratic 
forms. 

 
PART – 2 

Algebra of complex numbers, the complex plane, polynomials, Power series, 
transcendental functions such as exponential, trigonometric and hyperbolic, 
functions, Analytic functions, Cauchy-Riemann equations, Contour integral, 
Cauchy’s theorem, Cauchy’s integral formula, Liouville’s theorem, Maximum 
modulus principle, Schwarz lemma, Open mapping theorem, Taylor series, 
Laurent series, calculus of residues. 



Permutations, combinations, pigeon-hole principle, inclusion-exclusion, 
principle, derangements, Fundamental theorem of arithmetic, divisibility in Z, 
congruences, Chinese Remainder, Theorem, Euler’s Ø- function, primitive roots, 
Groups, subgroups, normal subgroups, quotient groups, homomorphisms, cyclic 
groups, permutation groups, Cayley’s theorem, class equations, Sylow theorems, 
Rings, ideals, prime and maximal ideals, quotient rings, unique factorization 
domain, principal ideal domain, Euclidean domain, Polynomial rings and 
irreducibility criteria, Fields, finite fields, field extensions. 

 
PART – 3 

Existence and Uniqueness of solutions of initial value problems for first order 
ordinary, differential equations, singular solutions of first order ODEs, system of 
first order ODEs, General theory of homogenous and non-homogeneous linear 
ODEs, variation of, parameters, Sturm-Liouville boundary value problem, 
Green’s function. 
 
Lagrange and Charpit methods for solving first order PDEs, Cauchy problem for 
first order PDEs, Classification of second order PDEs, General solution of higher 
order PDEs with, constant coefficients, Method of separation of variables for 
Laplace. 

Numerical solutions of algebraic equations, Method of iteration and Newton-
Raphson, method, Rate of convergence, Solution of systems of linear algebraic 
equations using, Gauss elimination and Gauss-Seidel methods, Finite differences, 
Lagrange, Hermite and spline interpolation, Numerical differentiation and 
integration, Numerical solutions of ODEs using Picard, Euler, modified Euler 
and Runge-Kutta methods. 

Variation of a functional, Euler-Lagrange equation, Necessary and sufficient 
conditions for extrema. Variational methods for boundary value problems in 
ordinary and partial differential equations. 

Linear integral equation of the first and second kind of Fredholm and Volterra 
type, Solutions with separable kernels. Characteristic numbers and 
eigenfunctions, resolvent kernel. 

Generalized coordinates, Lagrange’s equations, Hamilton’s canonical equations, 
Hamilton’s principle and principle of least action, Two-dimensional motion of 
rigid bodies, Euler’s dynamical equations for the motion of a rigid body about an 
axis, theory of small oscillations. 
 
PART – 4 

Sample space, discrete probability, independent events, Bayes theorem. Random 
variables and distribution functions (univariate and multivariate); expectation 
and moments. Independent random variables, marginal and conditional 



distributions. Characteristic functions. Probability inequalities (Tchebyshef, 
Markov, Jensen). Modes of convergence, weak and strong laws of large numbers, 
Central Limit theorems (i.i.d. case). 

Standard discrete and continuous univariate distributions. Sampling 
distributions. Standard errors and asymptotic distributions, distribution of order 
statistics and range. Methods of estimation. Properties of estimators. Confidence 
intervals. Tests of hypotheses: most powerful and uniformly most powerful tests, 
Likelihood ratio tests. Analysis of discrete data and chi-square test of goodness of 
fit. Large sample tests. Simple nonparametric tests for one and two sample 
problems, rank correlation and test for independence. Elementary Bayesian 
inference. Best linear unbiased estimators, tests for linear hypotheses and 
confidence intervals. Analysis of variance and covariance. Fixed, random and 
mixed effects models. Simple and multiple linear regression. Elementary 
regression diagnostics. Logistic regression. Multivariate normal distribution, 
Wishart distribution and their properties. Distribution of quadratic forms. 
Inference for parameters, partial and multiple correlation coefficients and related 
tests. Data reduction techniques: Principle component analysis, Discriminant 
analysis, Cluster analysis, Canonical correlation. Simple random sampling, 
stratified sampling and systematic sampling. Probability proportional to size 
sampling. Ratio and regression methods. Completely randomized, randomized 
blocks and Latin-square designs. Connected, complete and orthogonal block 
designs, BIBD. 2 K factorial experiments: confounding and construction. 

Linear programming problem. Simplex methods, duality. Elementary queuing 
and inventory models. 

PART – 5 

Programming and programming language concepts, Operating systems, process 
management, memory management, UNIX, Shell programming, system 
administration, software engineering, System investigations, Programming in 
PASCAL – control structure, array and records, subprograms, pointers, files and 
sets 

C Programming, Data types, operator and expressions, Decision Structure, 
Control structure, Union and Bit fields 

System analysis, feasibility study, System design and control, Quality assurance, 
MIS, building a management information system, Introductory Multimedia, 
Microprocessor and assembly language programming, data processing through 
COBOL. 
Database management systems, concepts, models and implementation, file 
organization, conventional DBMS. RDBMS and DDBMS. Relational model, SQL, 
Distributed databases, Object Oriented DBMS Relational Model, Client / Server 
Database. 
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1. Silviculture: 

General Silvicultural Principles : ecological and physiological factors 
influencing vegetation, natural and artificial regeneration of forests; methods of 
propagation, grafting techniques; site factors; nursery and planting techniques-
nursery beds, polybags and maintenance, water budgeting, grading and 
hardening of seedlings; special approaches; establishment and tending. Clear 
felling, uniform shelter wood selection, coppice and conversion systems. 
Management of silviculture systems of temperate, subtropical, humid tropical, 
dry tropical and coastal tropical forests with special reference to plantation 
silviculture, choice of species, Traditional and recent advances in tropical 
silvicultural research and practices. Silviculture of some of the economically 
important species in India  

2. Agroforestry, Social Forestry, Joint Forest Management: 

 Agroforestry - scope and necessity; role in the life of people and domestic 
animals and in integrated land use, planning especially related to (i) soil and 
water conservation; (ii) water recharge; (iii) nutrient availability to crops; (iv) 
nature and eco-system preservation including ecological blances through pest-
predator relationships and (v) providing opportunities for enhancing bio-
diversity, medicinal and other flora and fauna. Agro forestry systems under 
different agro-ecological zones; selection of species and role of multipurpose 
trees and NTFPs, techniques, food, fodder and fuel security. Research and 
Extension needs. Social/Urban Forestry : objectives, scope and necessity; peoples 
participation. JFM - principles, objectives, methodology, scope, benefits and role 
of NGOs.  

3.  Forest Soils, Soil Conservation and Watershed management: 

 Forests Soils, classification, factors affecting soil formation; physical, chemical 
and biological properties. 
Soil conservation - definition, causes for erosion; types - wind and water erosion; 
conservation and management of eroded soils/areas, wind breaks, shelter belts; 
sand dunes; reclamation of saline and alkaline soils, water logged and other 
waste lands. Role of forests in conserving soils. Maintenance and build up of soil 
organic matter, provision of loppings for green leaf manuring; forest leaf litter 
and composting; Role of microorganisms in ameliorating soils; N and C cycles, 
VAM. 



Watershed Management - concepts of watershed; role of mini-forests and forest 
trees in overall resource management, forest hydrology, watershed development 
in respect of torrent control, river channel stabilization, avalanche and landslide 
controls, rehabilitation of degraded areas; hilly and mountain areas; watershed 
management and environmental functions of forests; water-harvesting and 
conservation; ground water recharge and watershed management; role of 
integrating forest trees, horticultural crops, field crops, grass and fodders. 
 
4.  Environmental Conservation and Biodiversity : 

Environment; components and importance, principles of conservation, impact 
of deforestation; forest fires and various human activities like mining, 
construction and developmental projects, population growth on environment. 
Pollution - types, global warming, green house effects, ozone layer depletion, 
acid rain, impact and control measures, environmental monitoring; concept of 
sustainable development. Role of trees and forests in environmental 
conservation; control and prevention of air, water and noise pollution. 
Environmental policy and legislation in India. Environmental Impact 
Assessment. Economics assessment of watershed development vis-a-vis 
ecological and environmental protection. 

5. Tree Improvement and Seed Technology : 

General concept of tree improvement, methods and techniques, variation and 
its use, provenance, seed source, exotics; quantitative aspects of forest tree 
improvement, seed production and seed orchards, progeny tests, use of tree 
improvement in natural forest and stand improvement, genetic testing 
programming, selection and breeding for resistance to diseases, insects, and 
adverse environment; the genetic base, forest genetic resources and gene 
conservation in situ and ex-situ. Cost benefit ratio, economic evaluation. 

6. Forest Mensuration and Remote Sensing : 

 Methods of measuring - diameter, girth, height and volume of trees; form-
factor; volume estimation of stand, current anuual increment; mean annual 
increment. Sampling methods and sample plots. Yield calculation; yield and 
stand tables, forest cover monitoring through remote sensing; Geographic 
Information Systems for management and modelling. 

7.  Forest Ecology and Ethnobotany : 

Forest ecology - Biotic and aboitic components, forest eco-systems; forest 
community concepts; vegetation concepts, ecological succession and climax, 
primary productivity, nutrient cycling and water relations; physiology in stress 
environments (drought, water logging salinity and alkalinity). Forest types in 



India, identification of species, composition and associations; dendrology, 
taxonomic classification, principles and establishment of herbaria and arboreta. 
Conservation of forest ecosystems. Clonal parks, 
Role of Ethnobotany in Indian Systems of Medicine; Ayurveda and Unani - 
Introduction, nomenclature, habitat, distribution and botanical features of 
medicinal and aromatic plants. Factors affecting action and toxicity of drug 
plants and their chemical constituents. 
 
8. Forest Resources and Utilization : 

Environmenatlly sound forest harvesting practices; logging and extraction 
techniques and principles, transportation system, storage and sale; Non-Timber 
Forest Products (NTFPs) definition and scope; gums, resins, oleoresins, fibres, oil 
seeds nuts, rubber, canes, bamboos, medicinal plants, charcoal, lac and shellac, 
Katha and Bidi leaves, collection; processing and disposal.  Need and importance 
of wood seasoning and preservation; general principles of seasoning, air and kiln 
seasoning, solar dehumidification, steam heated and electrical kilns. Composite 
wood; adhesives-manufacture, properties, uses, plywood manufacture-
properties, uses, fibre boards-manufacture properties, uses; particle boards 
manufacture; properties uses. Present status of composite wood industry in India 
in future expansion plans. Pulp-paper and rayon; present position of supply of 
raw material to industry, wood substitution, utilization of plantation wood; 
problems and possibilities.  Anatomical structure of wood, defects and 
abnormalities of wood, timber identification - general principles. 

9. Forest Protection & Wildlife Biology : 

 Injuries to forest - abiotic and biotic, destructive agencies, insect-pests and 
disease, effects of air pollution on forests and forest die back. Susceptibility of 
forests to damage, nature of damage, cause, prevention, protective measures and 
benefits due to chemical and biological control. General forest protection against 
fire, equipment and methods, controlled use of fire, economic and environmental 
costs; timber salvage operations after natural disasters. Role of afforestation and 
forest regeneration in absorption of CO2. Rotational and controlled grazing, 
different methods of control against grazing and browsing animals; effect of wild 
animals on forest regeneration, human impacts; encroachement, poaching, 
grazing, live fencing, theft, shifting cultivation and control. 


