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GATE SCIENCE 

 

➢ Graduate Aptitude Test in Engineering (GATE) is basically an 
examination on the comprehensive understanding of the candidates in 

various undergraduate subjects in Engineering/Technology/ Architecture  

➢ GATE 2020 score is valid for THREE YEARS from the date of 
announcement of the results. 

➢ The examination would be purely a Computer Based Test (CBT). 

➢ GATE Exam is based on English Medium only. 

 

GATE ACADEMIC PROGRAMMES & ADMITTING 

INSTITUTES: - 
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Ph.D. Programmes 

 

INDIAN INSTITUTES OF 

TECHNOLOGY (IITs) 

(07 IITs) 

INDIAN INSTITUTE OF 

SCIENCE (IISc), 

BANGALORE 
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ELIGIBILITY 

  

 

QUALIFYING 
DEGREE 

QUALIFYING DEGREE/EXAM 
DESCRIPTION OF  

ELIGIBLE CANDIDATES 

B.Sc. (Research) / 

B.S 

Bachelor’s degree in Science 
(Post Diploma / 4 years after 

10+2) 

Currently in the 4th 
year or already 

completed 

M.Sc. / MA / MCA 
or equivalent 

Master’s degree in any branch 
of 

Science/Mathematics/Statistics/ 
Computer Applications or 

equivalent 

Currently in the final 
year or already 

completed 

Int. M.Sc. / Int. 

BS.-MS. 

Integrated M.Sc. or 5 years 
integrated B.S.-M.S. program 

Currently in the final 
year or already 

completed 
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GATE SCIENCE EXAM PATTERN 

 

The pattern for the Single Paper MCQ test shall be as given below: - 

PATTERN FOR  ALL SUBJECTS 

Duration of the examination 3 hours 

Mode of Exam Online 

Medium English 

Number of  Questions TOTAL 65 questions  

Total Marks 100 

Marks Distribution 

General Aptitude 
(GA):  

  15% of the total marks 

Subject of the Paper: 

Remaining 85% of the 
total marks.  

 

 

 

 

Pattern Multiple Choice Questions  

(MCQ) 

Numerical Answer Type 

 (NAT) 

Types Of Questions Objective in nature Answer is a signed real number, 
which needs to be entered by 

the candidate using the virtual 
numeric keypad 

 (NAT answer up to a maximum 
of three decimal places.) 

Marks of Each Question Carrying 1 or 2 marks in all the papers 
and sections. 

Carrying 1 or 2 marks in all the 
papers and sections. 

Negative Marking For 1-mark MCQ, 1/3 mark will be 
deducted for a wrong answer. 

For 2-mark MCQ, 2/3 mark will be 
deducted 

NO negative marking 
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GATE Exam Pattern for GA, GG, and XL: 
 

Subjects 
Total Number of  

Questions 
Total Marks Marks Distribution 

General Aptitude (GA) 

 
10 Total of 15 marks. 

5 ques – 1 mark each  

5 ques - 2 marks each. 

GG (Geology & 
Geophysics) Paper 

 

Total 55 Questions 

GG Paper consists of two 
parts: 

Part A and Part B. 

 Part A: Compulsory for 
all the candidates. 

Consists of 25 
questions 

 

 Part B: Contains two 
sections:  Section 1 
(Geology) & Section 2 
(Geophysics) 

Consists of 30 
questions 

 

 

Total of 15 marks 

 

Part A:  25 marks 

Part B: 60 marks 

Part A – 1 mark each  

Part B – 2 marks each  

XL Paper  

(Life Sciences) 

Section P – Chemistry 
(Compulsory) 

contains 15 questions 

Total of 25 marks. 

 

Section P – carrying 
a total of 25 marks 

Section P – 

5 ques – 1 mark each  

10 ques – 2 marks each  

Any two of XL Sections Q 
to U: Only TWO optional 

sections can be answered 
at a time. 

 

XL paper (Sections Q 
through U) – 20 questions 

 

Total of 30 marks 
10 ques – 1 mark each  

10 ques – 2 marks each  
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SYLLABUS: 

PH: PHYSICS 

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 magneto static 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 coefficients, population 

inversion, two and three level systems. 
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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-I and Type II 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. 

 

CY: Chemistry 

 

Section 1: Physical Chemistry 

Structure: Postulates of quantum mechanics. Time dependent and time independent 

Schrödinger equations. Born interpretation. Particle in a box. Harmonic oscillator. Rigid 

rotor. Hydrogen atom: atomic orbitals. Multi-electron atoms: orbital approximation. 

Variation and first order perturbation techniques. Chemical bonding: Valence bond theory 

and LCAO-MO theory. Hybrid orbitals. Applications of LCAO-MOT to H2+, H2 and other 

homonuclear diatomic molecules, heteronuclear diatomic molecules like HF, CO, NO, and 

to simple delocalized – electron systems. Hückel approximation and its application to 

annular  – electron systems. Symmetry elements and operations. Point groups and 

character tables. Origin of selection rules for rotational, vibrational, electronic and Raman 

spectroscopy of diatomic and polyatomic molecules. Einstein coefficients. Relationship of 

transition moment integral with molar extinction coefficient and oscillator strength. Basic 

principles of nuclear magnetic resonance: nuclear g factor, chemical shift, nuclear 

coupling. 

Equilibrium: Laws of thermodynamics. Standard states. Thermochemistry. 

Thermodynamic functions and their relationships: Gibbs-Helmholtz and Maxwell relations, 

van’t Hoff equation. Criteria of spontaneity and equilibrium. Absolute entropy. Partial 

molar quantities. Thermodynamics of mixing. Chemical potential. Fugacity, activity and 

activity coefficients. Chemical equilibria. Dependence of equilibrium constant on 
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temperature and pressure. Non-ideal solutions. Ionic mobility and conductivity. Debye-

Hückel limiting law. Debye-Hückel-Onsager equation. Standard electrode potentials and 

electrochemical cells. Potentiometric and conductometric titrations. Phase rule. Clausius- 

Clapeyron equation. Phase diagram of one component systems: CO2, H2O, S; two 

component systems: liquid-vapor, liquid-liquid and solid-liquid systems. Fractional 

distillation. Azeotropes and eutectics. Statistical thermodynamics: micro canonical and 

canonical ensembles, Boltzmann distribution, partition functions and thermodynamic 

properties. 

Kinetics: Transition state theory: Eyring equation, thermodynamic aspects. Potential 

energy surfaces and classical trajectories. Elementary, parallel, opposing and consecutive 

reactions. Steady state approximation. Mechanisms of complex reactions. Unimolecular 

reactions. Kinetics of polymerization and enzyme catalysis. Fast reaction kinetics: 

relaxation and flow methods. Kinetics of photochemical and photo physical processes. 

Surfaces and Interfaces: Physisorption and chemisorption. Langmuir, Freundlich and BET 

isotherms. 

Surface catalysis: Langmuir-Hinshelwood mechanism. Surface tension, viscosity. Self-

assembly. Physical chemistry of colloids, micelles and macromolecules. 

Section 2: Inorganic Chemistry 

Main Group Elements: Hydrides, halides, oxides, oxoacids, nitrides, sulfides – shapes and 

reactivity. Structure and bonding of boranes, carboranes, silicones, silicates, boron nitride, 

borazines and phosphazenes. Allotropes of carbon. Chemistry of noble gases, 

pseudohalogens, and interhalogen compounds. Acid-base concepts. 

Transition Elements: Coordination chemistry – structure and isomerism, theories of 

bonding (VBT, CFT, and MOT). Energy level diagrams in various crystal fields, CFSE, 

applications of CFT, Jahn-Teller distortion. Electronic spectra of transition metal 

complexes: spectroscopic term symbols, selection rules, Orgel diagrams, charge-transfer 

spectra. Magneticproperties of transition metal complexes. Reaction mechanisms: kinetic 

and thermodynamic stability, substitution and redox reactions. 

Lanthanides and Actinides: Recovery. Periodic properties, spectra and magnetic 

properties. 

Organometallics: 18-Electron rule; metal-alkyl, metal-carbonyl, metal-olefin and metal- 

carbene complexes and metallocenes. Fluxionality in organometallic complexes. Types of 

organometallic reactions. Homogeneous catalysis - Hydrogenation, hydroformylation, 

acetic acid synthesis, metathesis and olefin oxidation. Heterogeneous catalysis - Fischer- 

Tropsch reaction, Ziegler-Natta polymerization. 

Radioactivity: Decay processes, half-life of radioactive elements, fission and fusion 

processes. 

Bioinorganic Chemistry: Ion (Na+ and K+) transport, oxygen binding, transport and 

utilization, electron transfer reactions, nitrogen fixation, metalloenzymes containing 

magnesium, molybdenum, iron, cobalt, copper and zinc. 
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Solids: Crystal systems and lattices, Miller planes, crystal packing, crystal defects, Bragg’s 

law, ionic crystals, structures of AX, AX2, ABX3 type compounds, spinels, band theory, 

metals and semiconductors. 

Instrumental Methods of Analysis: UV-visible spectrophotometry, NMR and ESR 

spectroscopy, mass spectrometry. Chromatography including GC and HPLC. 

Electroanalytical methods- polarography, cyclic voltammetry, ion-selective electrodes. 

Thermo-analytical methods. 

Section 3: Organic Chemistry 

Stereochemistry: Chirality of organic molecules with or without chiral centres and 

determination of their absolute configurations. Relative stereochemistry in compounds 

having more than one stereogenic centre. Homotopic, enantiotopic and diastereotopic 

atoms, groups and faces. Stereo selective and stereospecific synthesis. Conformational 

analysis of acyclic and cyclic compounds. Geometrical isomerism. Configurational and 

conformational effects, and neighboring group participation on reactivity and 

selectivity/specificity. 

Reaction Mechanisms: Basic mechanistic concepts – kinetic versus thermodynamic control, 

Hammond’s postulate and Curtin-Hammett principle. Methods of determining reaction 

mechanisms through identification of products, intermediates and isotopic labeling. 

Nucleophilic and electrophilic substitution reactions (both aromatic and aliphatic). Addition 

reactions to carbon-carbon and carbon-heteroatom (N, O) multiple bonds. Elimination 

reactions. Reactive intermediates – carbocations, carbanions, carbenes, nitrenes, arynes 

and free radicals. Molecular rearrangements involving electron deficient atoms. 

Organic Synthesis: Synthesis, reactions, mechanisms and selectivity involving the 

following classes of compounds – alkenes, alkynes, arenes, alcohols, phenols, aldehydes, 

ketones, carboxylic acids, esters, nitriles, halides, nitro compounds, amines and amides. 

Uses of Mg, Li, Cu, B, Zn and Si based reagents in organic synthesis. Carbon-carbon bond 

formation through coupling reactions - Heck, Suzuki, Stille and Sonogoshira. Concepts of 

multistep synthesis - retrosynthetic analysis, strategic disconnections, synthons and 

synthetic equivalents. Umpolung reactivity – formyl and acyl anion equivalents. Selectivity 

in organic synthesis – chemo-, regio- and stereo selectivity. Protection and deprotection 

of functional groups. Concepts of asymmetric synthesis – resolution (including enzymatic), 

desymmetrization and use of chiral auxilliaries. Carbon-carbon bond forming reactions 

through enolates (including boron enolates), enamines and silyl enol ethers. Michael 

addition reaction. Stereo selective addition to C=O groups (Cram and Felkin- Anhmodels). 

Pericyclic Reactions and Photochemistry: Electro cyclic, cycloaddition and sigma tropic 

reactions. Orbital correlations - FMO and PMO treatments. Photochemistry of alkenes, 

arenes and carbonyl compounds. Photo oxidation and photo reduction. Di-π-methane 

rearrangement, Barton reaction. 

Heterocyclic Compounds: Structure, preparation, properties and reactions of furan, 

pyrrole, thiophene, pyridine, indole, quinoline and isoquinoline. 

Biomolecules: Structure, properties and reactions of mono- and di-saccharides, 

physicochemical properties of amino acids, chemical synthesis of peptides, structural 

features of proteins, nucleic acids, steroids, terpenoids, carotenoids, and alkaloids. 
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Spectroscopy: Applications of UV-visible, IR, NMR and Mass spectrometry in the structural 

determination of organic molecules. 

 

MA: Mathematics 

Calculus: Finite, countable and uncountable sets, Real number system as a complete 

ordered field, Archimedean property; Sequences and series, convergence; Limits, 

continuity, uniform continuity, differentiability, mean value theorems; Riemann 

integration, Improper integrals; Functions of two or three variables, continuity, directional 

derivatives, partial derivatives, total derivative, maxima and minima, saddle point, method 

of Lagrange’s multipliers; Double and Triple integrals and their applications; Line integrals 

and Surface integrals, Green’s theorem, Stokes’ theorem, and Gauss divergence theorem. 

Linear Algebra: Finite dimensional vector spaces over real or complex fields; Linear 

transformations and their matrix representations, rank and nullity; systems of linear 

equations, eigenvalues and eigenvectors, minimal polynomial, Cayley-Hamilton Theorem, 

diagonalization, Jordan canonical form, symmetric, skew-symmetric, Hermitian, Skew-

Hermitian, orthogonal and unitary matrices; Finite dimensional inner product spaces, 

Gram-Schmidt ortho-normalization process, definite forms. 

Real Analysis: Metric spaces, connectedness, compactness, completeness; Sequences and 

series of functions, uniform convergence; Weierstrass approximation theorem; Power 

series; Functions of severalv ariables: Differentiation, contraction mapping principle, 

Inverse and Implicit function theorems; Lebesgue measure, measurable functions; 

Lebesgue integral, Fatou’s lemma, monotone convergence theorem, dominated 

convergence theorem. 

Complex Analysis: Analytic functions, harmonic functions; Complex integration: Cauchy’s 

integral theorem and formula; Liouville’s theorem, maximum modulus principle, Morera’s 

theorem; zeros and singularities; Power series, radius of convergence, Taylor’s theorem 

and Laurent’s theorem; residue theorem and applications for evaluating real integrals; 

Rouche’s theorem, Argument principle, Schwarz lemma; conformal mappings, bilinear 

transformations. 

Ordinary Differential equations: First order ordinary differential equations, existence and 

uniqueness theorems for initial value problems, linear ordinary differential equations of 

higher order with constant coefficients; Second order linear ordinary differential equations 

with variable coefficients; Cauchy-Euler equation, method of Laplace transforms for 

solving ordinary differential equations, series solutions (power series, Frobenius method); 

Legendre and Bessel functions and their orthogonal properties; Systems of linear first 

order ordinary differential equations. 

Algebra: Groups, subgroups, normal subgroups, quotient groups, homomorphisms, 

automorphisms; cyclic groups, permutation groups, Sylow’s 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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Functional Analysis: Normed linear spaces, Banach spaces, Hahn-Banach theorem, open 

mapping and closed graph theorems, principle of uniform boundedness; Inner-product 

spaces, Hilbert spaces, orthonormal bases, Riesz representation theorem. 

Numerical Analysis: Numerical solutions of algebraic and transcendental equations: 

bisection, secantm ethod, Newton-Raphson method, fixed point iteration; Interpolation: 

error of polynomial interpolation, Lagrange and Newton interpolations; Numerical 

differentiation; Numerical integration: Trapezoidal and Simpson’s rules; Numerical 

solution of a system of linear equations: direct methods (Gauss elimination, LU 

decomposition), iterative methods (Jacobi and Gauss-Seidel); Numerical solution of initial 

value problems of ODEs: Euler’s method, Runge-Kutta methods of order 2. 

Partial Differential Equations: Linear and quasi-linear first order partial differential 

equations, method of characteristics; Second order linear equations in two variables and 

their classification; Cauchy, Dirichlet and Neumann problems; Solutions of Laplace and 

wave equations in two dimensional Cartesian coordinates, interior and exterior Dirichlet 

problems in polar coordinates; Separation of variables method for solving wave and 

diffusion equations in one space variable; Fourier series and Fourier transform and Laplace 

transform methods of solutions for the equations mentioned above. 

Topology: Basic concepts of topology, bases, subbases, subspace topology, order 

topology, product topology, metric topology, connectedness, compactness, countability 

and separation axioms, Urysohn’s Lemma. 

Linear Programming: Linear programming problem and its formulation, convex sets and 

their properties, graphical method, basic feasible solution, simplex method, two phase 

methods; infeasible and unbounded LPP’s, alternate optima; Dual problem and duality 

theorems; Balanced and unbalanced transportation problems, Vogel’s approximation 

method for solving transportation problems; Hungarian method for solving assignment 

problems. 

 

BT: Biotechnology 

Section 1: Engineering Mathematics 

Linear Algebra: Matrices and determinants, Systems of linear equations, Eigen values and 

Eigen vectors. 

Calculus: Limit, continuity and differentiability, Partial derivatives, Maxima and minima, 

Sequences and series, Test for convergence, Fourier Series. 

Differential Equations: Linear and nonlinear first order ODEs, higher order ODEs with 

constant coefficients, Cauchy’s and Euler’s equations, Laplace transforms, PDE-Laplace, 

heat and wave equations. 

Probability and Statistics: Mean, median, mode and standard deviation, Random variables, 

Poisson, normal and binomial distributions, Correlation and regression analysis. 

Numerical Methods: Solution of linear and nonlinear algebraic equations, Integration of 

trapezoidal and Simpson’s rule, Single and multistep methods for differential equations. 
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Section 2: General Biotechnology 

Biochemistry: Biomolecules-structure and functions; Biological membranes, structure, 

action potential and transport processes; Enzymes- classification, kinetics and mechanism 

of action; Basic concepts and designs of metabolism (carbohydrates, lipids, amino acids 

and nucleic acids) photosynthesis, respiration and electron transport chain; Bioenergetics 

Microbiology: Viruses- structure and classification; Microbial classification and diversity 

(bacterial, algal and fungal); Methods in microbiology; Microbial growth and nutrition; 

Aerobic and anaerobic respiration; Nitrogen fixation; Microbial diseases and host-pathogen 

interaction 

Cell Biology: Prokaryotic and eukaryotic cell structure; Cell cycle and cell growth control; 

Cell-Cell communication, Cell signaling and signal transduction  

Molecular Biology and Genetics: Molecular structure of genes and chromosomes; 

Mutations and mutagenesis; Nucleic acid replication, transcription, translation and their 

regulatory mechanisms in prokaryotes and eukaryotes; Mendelian inheritance; Gene 

interaction; Complementation; Linkage, recombination and chromosome mapping; Extra 

chromosomal inheritance; Microbial genetics (plasmids, transformation, transduction, 

conjugation); Horizontal gene transfer and Transposable elements; RNA interference; DNA 

damage and repair; Chromosomal variation; Molecular basis of genetic diseases 

Analytical Techniques: Principles of microscopy-light, electron, fluorescent and confocal; 

Centrifugation- high speed and ultra; Principles of spectroscopy-UV, visible, CD, IR, FTIR, 

Raman, MS, NMR; Principles of chromatography- ion exchange, gel filtration, hydrophobic 

interaction, affinity, GC, PLC, FPLC; Electrophoresis; Microarray 

Immunology: History of Immunology; Innate, humoral and cell mediated immunity; 

Antigen; Antibody structure and function; Molecular basis of antibody diversity; Synthesis 

of antibody and secretion; Antigen-antibody reaction; Complement; Primary and 

secondary lymphoid organ; B and T cells and macrophages; Major histocompatibility 

complex (MHC); Antigen processing and presentation; Polyclonal and monoclonal 

antibody; Regulation of immune response; Immune tolerance; Hypersensitivity; 

Autoimmunity; Graft versus host reaction. 

Bioinformatics: Major bioinformatics resources and search tools; Sequence and structure 

databases; Sequence analysis (bimolecular sequence file formats, scoring matrices, 

sequence alignment, phylogeny); Data mining and analytical tools for genomic and 

proteomic studies; Molecular dynamics and simulations (basic concepts including force 

fields, protein-protein, protein-nucleic acid, protein-ligand interaction) 

Section 3: Recombinant DNA Technology 

Restriction and modification enzymes; Vectors; plasmid, bacteriophage and other viral 

vectors, cosmids, Ti plasmid, yeast artificial chromosome; mammalian and plant 

expression vectors; cDNA and genomic DNA library; Gene isolation, cloning and 

expression; Transposons and gene targeting; DNA labeling; DNA sequencing; Polymerase 

chain reactions; DNA fingerprinting; Southern and northern blotting; In-situ hybridization; 

RAPD, RFLP; Site-directed mutagenesis; Gene transfer technologies; Gene therapy 

Section 4: Plant and Animal Biotechnology 
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Totipotency; Regeneration of plants; Plant growth regulators and elicitors; Tissue culture 

and Cell suspension culture system: methodology, kinetics of growth and, nutrient 

optimization; Production of secondary metabolites by plant suspension cultures; Hairy root 

culture; transgenic plants; Plant products of industrial importance Animal cell culture; 

media composition and growth conditions; Animal cell and tissue preservation; Anchorage 

and non-anchorage dependent cell culture; Kinetics of cell growth; Micro & macro-carrier 

culture; Hybridoma technology; Stem cell technology; Animal cloning; Transgenic animals 

Section 5: Bioprocess Engineering and Process Biotechnology 

Chemical engineering principles applied to biological system, Principle of reactor design, 

ideal and non-ideal multiphase bioreactors, mass and heat transfer; Rheology of 

fermentation fluids, Aeration and agitation; Media formulation and optimization; Kinetics 

of microbial growth, substrate utilization and product formation; Sterilization of air and 

media; Batch, fed-batch and continuous processes; Various types of microbial and enzyme 

reactors; Instrumentation control and optimization; Unit operations in solid-liquid 

separation and liquid-liquid extraction; Process scale-up, economics and feasibility 

analysis  

Engineering principle of bioprocessing- Upstream production and downstream; Bioprocess 

design and development from lab to industrial scale; Microbial, animal and plant cell 

culture platforms; Production of biomass and primary/secondary metabolites; Biofuels, 

Bioplastics, industrial enzymes, antibiotics; Large scale production and purification of 

recombinant proteins; Industrial application of chromatographic and membrane based bio 

separation methods; Immobilization of biocatalysts (enzymes and cells) for bioconversion 

processes; Bioremediation-Aerobic and anaerobic processes for stabilization of solid / 

liquid wastes 

 

GG: Geology and Geophysics 

Part A: Common Section 

Earth and Planetary system - size, shape, internal structure and composition of the earth; 

concept of isostasy; elements of seismology – body and surface waves, propagation of 

body waves in the earth’s interior; Gravitational field of the Earth; geomagnetism and 

paleo magnetism; continental drift; plate tectonics – relationship with earthquakes, 

volcanism and mountain building; continental and oceanic crust – composition, structure 

and thickness. 

Weathering and soil formation; landforms created by river, wind, glacier, ocean and 

volcanoes. Basic structural geology - stress, strain and material response; brittle and 

ductile deformation; nomenclature and classification of folds and faults. Crystallography – 

basic crystal symmetry and concept of point groups. Mineralogy – silicate crystal structure 

and determinative mineralogy of common rock forming minerals. Petrology – mineralogy 

and classification of common igneous, sedimentary and metamorphic rocks. Geological 

time scale - geochronology and absolute time. Stratigraphic principles; major stratigraphic 

divisions of India. Geological and geographical distribution of mineral, coal and petroleum 

resources of India. 
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Introduction to remote sensing. Engineering properties of rocks and soils. Ground water 

geology. 

Principles and applications of gravity, magnetic, electrical, electromagnetic, seismic and 

radiometric methods of prospecting for oil, mineral and ground water; introductory well 

logging. 

Part B (Section-1): Geology 

Geomorphic processes and agents; development and evolution of landforms; slope and 

drainage; processes in deep oceanic and near-shore regions; quantitative and applied 

geomorphology. 

Mechanism of rock deformation; primary and secondary structures; geometry and genesis 

of folds, faults, joints and unconformities; cleavage, schistosity and lineation; methods of 

projection; tectonites and their significance; shear zones; superposed folding; basement-

cover relationship. 

Crystallography - symmetry, forms and twinning; crystal chemistry; optical mineralogy, 

classification of minerals, diagnostic physical and optical properties of rock - forming 

minerals. 

Cosmic abundance of elements; meteorites; geochemical evolution of the earth; 

geochemical cycles; distribution of major, minor and trace elements in crust and mantle; 

elements of geochemical thermodynamics; is otope geochemistry; geochemistry of waters 

including solution equilibria and water-rock interaction. 

Igneous rocks – classification, forms and textures; magmatic differentiation; binary and 

ternary phase diagrams; major and trace elements as monitors of partial melting and 

magma evolutionary processes. Sedimentary rocks – texture and structure; sedimentary 

processes and environments, sedimentary facies, provencance and basin analysis. 

Metamorphic rocks – structures and textures. 

Physico-chemical conditions of metamorphism and concept of metamorphic facies, grade 

and baric types; metamorphism of pelitic, mafic and impure carbonate rocks; role of fluids 

in metamorphism; metamorphic P-T-t paths and their tectonic significance. Association of 

igneous, sedimentary and metamorphic rocks with tectonic setting. Igneous and 

metamorphic provinces and important sedimentary basins of India. 

Morphology, classification and geological significance of important invertebrates, 

vertebrates, plant fossils and microfossils. 

Principles of Stratigraphy and concepts of correlation – lithostratigraphy, biostratigraphy 

and chronostratigraphy. Indian stratigraphy – Precambrian and Phanerozoic. Overview of 

Himalayan Geology. 

Ore-mineralogy and optical properties of ore minerals; ore forming processes vis-à- vis 

ore-rock association (magmatic, hydrothermal, sedimentary, supergene and 

metamorphogenic ores); fluid inclusions as an ore genetic tool. Coal and petroleum 

geology; marine mineral resources. Prospecting and exploration of economic mineral 

deposits - sampling, ore reserve estimation, geostatistics, mining methods. Ore dressing 
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and mineral economics. Origin and distribution of mineral, fossil and nuclear fuel deposits 

in India. 

Engineering properties of rocks and soils; rocks as construction materials; role of geology 

in the construction of engineering structures including dams, tunnels and excavation sites; 

natural hazards. Ground water geology – exploration, well hydraulics and water quality. 

Basic principles of remote sensing – energy sources and radiation principles, atmospheric 

absorption, interaction of energy with earth’s surface, aerial-photo interpretation, 

multispectral remote sensing in visible, infrared, thermal IR and microwave regions, digital 

processing of satellite images. GIS – basic concepts, raster and vector mode operations. 

Part B (Section-2): Geophysics 

The earth as a planet; different motions of the earth; gravity field of the earth, Clairaut’s 

theorem, size and shape of earth; geomagnetic field, paleomagnetism; Geothermics and 

heat flow; seismology and interior of the earth; variation of density, velocity, pressure, 

temperature, electrical and magnetic properties of the earth; earthquakes-causes and 

measurements, magnitude and intensity, focal mechanisms, earthquake quantification, 

source characteristics, seism tectonics and seismic hazards; digital seismographs, 

Scalar and vector potential fields; Laplace, Maxwell and Helmholtz equations for solution 

of different types of boundary value problems in Cartesian, cylindrical and spherical polar 

coordinates; Green’s theorem; Image theory; integral equations in potential theory; 

Eikonal equation and Ray theory. 

Absolute and relative gravity measurements; Gravimeters, Land, airborne, shipborne and 

bore-hole gravity surveys; various corrections for gravity data reduction – free air, 

Bouguer and isostatic anomalies; density estimates of rocks; regional and residual gravity 

separation; principle of equivalent stratum; data enhancement techniques, upward and 

downward continuation; derivative maps, wavelength filtering; preparation and analysis 

of gravity maps; gravity anomalies and their interpretation – anomalies due to geometrical 

and irregular shaped bodies, depth rules, calculation of mass.– Elements of Earth’s 

magnetic field, units of measurement, magnetic susceptibility of rocks and measurements, 

magnetometers, Land, airborne and marine magnetic surveys, Various corrections applied 

to magnetic data, IGRF, Reduction to Pole transformation, Poisson’s relation of gravity and 

magnetic potential field, preparation of magnetic maps, upward and downward 

continuation, magnetic anomalies-geometrical shaped bodies, depth estimates, Image 

processing concepts in processing of magnetic anomaly maps; Interpretation of processed 

magnetic anomaly data. Applications of gravity and magnetic methods for mineral and oil 

exploration. Conduction of electricity through rocks, electrical conductivities of metals, 

non- metals, rock forming minerals and different rocks, concepts of D.C. resistivity 

measurement, various electrode configurations for resistivity sounding and profiling, 

application of filter theory, Type-curves over multi-layered structures, Dar-Zarrouck 

parameters, reduction of layers, coefficient of anisotropy, interpretation of resistivity field 

data, equivalence and suppression, self-potential and its origin, field measurement, 

Induced polarization, time and frequency domain IP measurements; interpretation and 

applications of IP, ground-water exploration, mineral exploration, environmental and 

engineering applications. 
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Basic concept of EM induction in the earth, Skin-depth, elliptic polarization, in phase and 

quadrature components, Various EM methods, measurements in different source-receiver 

configurations, Earth’s natural electromagnetic field, tellurics, magneto-tellurics; 

geomagnetic depth sounding principles, electromagnetic profiling, Time domain EM 

method, EM scale modeling, processing of EM data and interpretation. Geological 

applications including groundwater, mineral and hydrocarbon exploration. 

Seismic methods of prospecting; Elastic properties of earth materials; Reflection, 

refraction and CDP surveys; land and marine seismic sources, generation and propagation 

of elastic waves, velocity – depth models, geophones, hydrophones, recording instruments 

(DFS), digital formats, field layouts, seismic noises and noise profile analysis, optimum 

geophone grouping, noise cancellation by shot and geophone arrays, 2D and 3D seismic 

data acquisition, processing and interpretation; CDP stacking charts, binning, filtering, dip-

moveout, static and dynamic corrections, Digital seismic data processing, seismic 

deconvolution and migration methods, attribute analysis, bright and dim spots, seismic 

stratigraphy, high resolution seismics, VSP, AVO. Reservoir geophysics. 

Geophysical signal processing, sampling theorem, aliasing, Nyquist frequency, Fourier 

series, periodic waveform, Fourier and Hilbert transform, Z-transform and wavelet 

transform; power spectrum, delta function, auto correlation, cross correlation, 

convolution, deconvolution, principles of digital filters, windows, poles and zeros. 

Principles and techniques of geophysical well-logging, SP, resistivity, induction, gamma 

ray, neutron, density, sonic, temperature, dip meter, caliper, nuclear magnetic, cement 

bond logging, micro-logs. Quantitative evaluation of formations from well logs; well 

hydraulics and application of geophysical methods for groundwater study; application of 

bore hole geophysics in ground water, mineral and oil exploration. 

Radioactive methods of prospecting and assaying of mineral (radioactive and non-

radioactive) deposits, half-life, decay constant, radioactive equilibrium, G M counter, 

scintillation detector, semiconductor devices, application of radiometric for exploration, 

assaying and radioactive waste disposal. 

Basic concepts of forward and inverse problems, Ill-posedness of inverse problems, 

condition number, non-uniqueness and stability of solutions; L1, L2 and Lp norms, 

overdetermined, underdetermined and mixed determined inverse problems, quasi- linear 

and non-linear methods including Tikhonov’s regularization method, Singular Value 

Decomposing, Backus-Gilbert method, simulated annealing, genetic algorithms and 

artificial neural network. 


