Syllabus for Limited Departmental Examination (LDE) for all Group ‘B’ & ‘C’ Positions

General Instructions:

Total Mark: 100 (General Intelligence 25 marks and Domain Knowledge 75 marks)

The written examination will be objective type having multiple choice options.

There will be 100 questions of 1 mark each.

There will be no negative marking for wrong answers.

The duration for written test will be for 2 hours.

The question will be to test the domain knowledge according to the level of post for which the
written test will be conducted in regard to 75% earmarked for domain knowledge.

Minimum qualifying marks for all categories of employees will be 40% as per RCPP 2024.

LDE will be of qualifying in nature. Career advancement to the next higher scale will be on the
basis of minimum benchmark required in performance appraisal and qualifying the LDE.

The syllabus for Generalintelligence (25%) willinclude questions to test Arithmetic & Numerical
Ability, Quantitative Aptitude, General English, Data Interpretation, Logical Reasoning, General
Knowledge & Current Affairs for all the Group ‘B’ & ‘C’ positions.

* k%
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A. Syllabus for Limited Departmental Examination of Ministerial Cadre Post
Syllabus to test domain knowledge as part of written examination for giving career progression
through Limited Departmental Examination (LDE) in respect of following Ministerial cadre posts:
S. No. | Nomenclature as per RCPP 2024 ‘ Group ‘ Pay Level
Ministerial Cadre

1. | Senior Superintendent B 7

2. | Private Secretary B 7

3. | Superintendent B 6

4. | Office Assistant (MS) C 5

5. | Junior Office Assistant C 4

6. | Junior Assistant (MS) C 3
PL/ Level 7 Level 6 Level 5 Level4 &3

S. No.

Domain knowled

ge 75%

1. Academic Administration in | Academic Administration in | Academic Administration in | Academic Administration in
IISERs viz., Act and Statutes, | [ISERs viz., Act and Statutes, | IISERs viz., Act and Statutes, | IISERs viz., Act and Statutes,
Role and Functions of | Role and Functions of | Role and Functions of | Role and Functions of Statutory
Statutory Bodies (BoG, FC, | Statutory Bodies (BoG, FC, | Statutory Bodies (BoG, FC, | Bodies (BoG, FC, Senate,
Senate, BWC), Academic | Senate, BWC), Academic | Senate, BWC), Academic | BWC), Academic Programmes,
Programmes, Ordinances & | Programmes, Ordinances & | Programmes, Ordinances & | Ordinances & Regulations, etc.
Regulations, etc. Regulations, etc. Regulations, etc.

2. CCS (Conduct Rules), 1964 CCS (Conduct Rules), 1964 CCS (Conduct Rules), 1964 CCS (Conduct Rules), 1964

3. CCS Leave Rules, 1965 CCS Leave Rules, 1965 CCS Leave Rules, 1965 CCS Leave Rules, 1965

4. CCS(CCA) Rules CCS(CCA) Rules - -

5. TA Rules TA Rules TA Rules TA Rules

6. RTI Act 2005, PoSH Act 2013 | RTI Act 2005, PoSH Act 2013 | RTIAct 2005, PoSH Act2013 | RTIAct 2005, PoSH Act 2013

7. Central Secretarial Manual | Central Secretarial Manual | CentralSecretarial Manualon | Central Secretarial Manual on
on Office Procedure on Office Procedure Office Procedure Office Procedure

8. Allowances Allowances Allowances Allowances

9. Public Financial | Public Financial | - -
Management System Management System

10. Income Tax Income Tax - -

11. National Pension System and | National Pension System and | National Pension System and | National Pension System and
Payment of Gratuity Act Payment of Gratuity Act Payment of Gratuity Act Payment of Gratuity Act

12. Pay Fixation, Joining time Pay Fixation, Joining time Pay Fixation, Joining time -

13. Reservation and Concession | Reservation and concession Reservation and concession Reservation and concession
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PL/ Level 7 Level 6 Level 5 Level4 &3
S. No.
14. Deputation and Foreign | Deputation And Foreign | Deputation and  Foreign | -
Services Services Services
15. Annual Accounts - - -
16. General Financial Rule 2017 General Financial Rule 2017 | General Financial Rule 2017 General Financial Rule 2017
17. Manual of Procurement of | Manual of Procurement of | Procurementthrough GeM Procurement through GeM
Goods and Services, | Goods and Services,
Procurement through GeM Procurement through GeM
18. Establishment and | Establishment and | Establishment and | Establishment and
Administration Administration Administration Administration
19. Medical Attendance Rules Medical Attendance Rules Medical Attendance Rules Medical Attendance Rules
20. Departmental Promotion | - - -
Committee and Promotion
21. New Education Policy 2020 New Education Policy 2020 New Education Policy 2020 New Education Policy 2020
22. Recruitment Procedure Recruitment Procedure - -
23. Pay and Allowance Pay and Allowance - -

* k%
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B. Syllabus for the written test under LDE for the positions under the Librarian cadre

There will be two stages for the recruitment of Library Superintendent and Junior Library Superintendent:

Written Test (Stage-1) - 60% Weightage
Skill Test (Stage-Il) - 40% Weightage

Written Test (Stage-I)

Library Procedures and Practices

Library, information and society

Knowledge Organization: Library Classification and Cataloguing:

Management of library information centres

Marketing of library resources, products and services

Information sources and services

Information retrieval system

Information Communication Technology (ICT) and its applications in library and information
services

Library automation and digital libraries

IPR and legal issues - categories, conventions, treaties, laws, etc.

Research methodology

Open access and scholarly communications

Emerging trends in library and information services

Procurement/Subscription of Books/ eBooks/E-Journals/ Archives/ E-Resources, etc.

Skill Test (Stage-Il)

Knowledge of library management software

Digital library software, tools, electronic library services, etc.

Knowledge of content management systems, Website designing, Web2.0, Web 3.0, RFID,
Al/ML, Block chain, AR, VR, etc.

Working knowledge of Koha/DSpace and other library management and digital library software
Database search and Literature search

MS-Word, Excel, Power Point

*k*
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C. Syllabus for the written test under LDE for the positions under the Technical Cadre (Lab)

> Syllabus for Non-Teaching Group ‘B’ Positions (Biological Sciences)

MOLECULES AND THEIR INTERACTION RELEVANT TO BIOLOGY: Structure of atoms, molecules
and chemical bonds. Composition, structure and function of biomolecules. Stabilizing
interactions. Principles of biophysical chemistry. Bioenergetics, glycolysis, oxidative
phosphorylation, coupled reaction, group transfer, biological energy transducers. Principles of
catalysis, enzymes and enzyme kinetics, enzyme regulation, mechanism of enzyme catalysis,
isozymes. Conformation of proteins and nucleic acids. Stability of proteins and nucleic acids.
Metabolism of carbohydrates, lipids, amino acids, nucleotides and vitamins.

CELLULAR ORGANIZATION: Membrane structure and function. Structural organization and
function of intracellular organelles. Organization of genes and chromosomes. Cell division and
cell cycle. Microbial Physiology.

FUNDAMENTAL PROCESSES: DNA replication, repair and recombination. RNA synthesis and
processing. Protein synthesis and processing. Control of gene expression at transcription and
translation level.

CELL COMMUNICATION AND CELL SIGNALING: Host parasite interaction, Recognition and
entry processes of different pathogens, 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
systems, light signaling in plants, bacterial chemotaxis and quorum sensing, 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, Cancer, Genetic rearrangements in progenitor
cells, oncogenes, tumor suppressor genes, cell cycle, virus-induced cancer, metastasis,
interaction of cancer cells with normal cells, apoptosis, therapeutic interventions of
uncontrolled cell growth. Innate and adaptive immune system, Cells and molecules involved in
innate and adaptive immunity, antigens, antigenicity and immunogenicity, B and T cell epitopes,
structure and function of antibody molecules. generation of antibody diversity, monoclonal
antibodies, antibody engineering, antigen-antibody interactions, MHC molecules, antigen
processing and presentation, activation and differentiation of B and T cells, B and T cell
receptors, humoral and cell- mediated immune responses, primary and secondary immune
modulation, the complement system, Toll-like receptors, cell-mediated effector functions,
inflammation, hypersensitivity and autoimmunity, immune response during bacterial
(tuberculosis), parasitic (malaria) and viral (HIV) infections, congenital and acquired
immunodeficiencies, vaccines.

DEVELOPMENTAL BIOLOGY: Basic concepts of development, Gametogenesis, fertilization and
early development, Morphogenesis and organogenesis in animals, Cell aggregation and
differentiation in Dictyostelium, Morphogenesis and organogenesis in plants, Programmed cell
death, aging and senescence.

SYSTEM PHYSIOLOGY - PLANT: Photosynthesis, Respiration and photorespiration, Nitrogen
metabolism, Plant hormones, Sensory photobiology, Solute transport and photoassimilate
translocation, Secondary metabolites, Stress physiology.
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10.

11.

12.

13.

SYSTEM PHYSIOLOGY- ANIMAL: Blood and circulation, Cardiovascular System, Respiratory
system, Nervous system, Sense organs, Excretory system, Thermoregulation, Stress and
adaptation, Digestive system, Endocrinology and reproduction.

INHERITANCE BIOLOGY: Mendelian principles, Concept of gene, Extensions of Mendelian
principles, Gene mapping methods, Extra chromosomalinheritance, Microbial genetics, Human
genetics, Quantitative genetics, Mutation, Structural and numerical alterations of
chromosomes, Recombination.

DIVERSITY OF LIFE FORMS: Principles & methods of taxonomy, Levels of structural organization,
Outline classification of plants, animals & microorganisms, Natural history of Indian
subcontinent, Organisms of health & agricultural importance, Organisms of conservation
concern.

ECOLOGICAL PRINCIPLES: The Environment, Habitat and Niche, Population Ecology, Species
Interactions, Community Ecology, Ecological Succession, Ecosystem Ecology, Biogeography,
Applied Ecology, Conservation Biology.

EVOLUTION AND BEHAVIOR: Emergence of evolutionary thoughts, Origin of cells and unicellular
evolution, Paleontology and Evolutionary History, Molecular Evolution, The Mechanisms:
Population genetics, Brain, Behavior and Evolution.

APPLIED BIOLOGY: Microbial fermentation and production of small and macromolecules,
Application of immunological principles, vaccines, diagnostics. Tissue and cell culture methods
for plants and animals, Transgenic animals and plants, molecular approaches to diagnosis and
strain identification, Genomics and its application to health and agriculture, including gene
therapy, Bioresource and uses of biodiversity, Breeding in plants and animals, including marker-
assisted selection, Bioremediation and phytoremediation, Biosensors.

METHODS IN BIOLOGY: Molecular Biology and Recombinant DNA methods, Isolation of specific
nucleic acid sequences Generation of genomic and cDNA libraries in plasmid, phage, cosmid,
BAC and YAC vectors. Protein sequencing methods, detection of post translational modification
of proteins. DNA sequencing methods, strategies for genome sequencing. Methods for analysis
of gene expression at RNA and protein level, large scale expression, such as microarray based
techniques, Isolation, separation and analysis of carbohydrate and lipid molecules, RFLP, RAPD
and AFLP techniques, Histochemical and Immuno techniques, Biophysical Method, Statistical
Methods, Radiolabeling techniques, Microscopic techniques, Electrophysiological methods,
Methods in field biology.
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> Syllabus for Non-Teaching Group ‘C’ Positions (Biological Sciences)

Basic Biology:
e Cell structure and function
e Biomolecules (proteins, nucleic acids,
lipids, carbohydrates)
e Celldivision and cell cycle
e Enzymes and enzyme kinetics
Genetics:
e Mendelian genetics
e Chromosomaltheory of inheritance
e Molecular genetics (DNA replication,
transcription, translation)
e Genetic mutations and
disorders
Microbiology:
e Introduction to microbiology
e Microbial diversity and classification

e Microbial growth and nutrition

genetic

e Industrial and
applications
Biochemistry:

e Structure andfunction of biomolecules

microbiology

e Metabolism (glycolysis, Krebs cycle,
oxidative phosphorylation)

e Enzyme kinetics and regulation

e Biochemicaltechniques

Physiology:

e Plant physiology (photosynthesis,
respiration, plant hormones)

e Animal physiology (nervous system,
endocrine system, digestive system,
respiratory system)

e Circulatory and excretory systems

e Homeostasis and regulation

Ecology and Environmental Biology:

e Principles of ecology

e Ecosystem structure and function

e Biodiversity and conservation biology
e Environmental and

management

pollution

Evolutionary Biology:
e Principles of evolution

e Natural selection

e FEvidence for evolution (fossils,
comparative anatomy, molecular
biology)

e Speciation and evolutionary
patterns

Biotechnology:

e Basics of Biotechnology

e (Genetic engineering techniques

e Applications of biotechnology in

agriculture, medicine, and industry

e Ethicalissuesin biotechnology
Immunology:

e Basic principles of immunology

e Immune response mechanisms

e Immunological and
applications

techniques

e \accines and immune disorders
Research Methodology and Biostatistics:

e Experimental design and analysis
e Data interpretation and graphical
representation
e Biostatistical methods in biological
research
Current Affairs in Biological Sciences:

e Recent developments and
discoveries in biological sciences
e Important scientific breakthroughs
and theirimplications
e Emerging trends in
research
Ethics in Biological Sciences:
e Ethical considerations in biological

research

biological

e Bioethics and its applications
e Responsible conduct of research
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Syllabus for Non-Teaching Group ‘B’ Positions (Chemical Sciences)

Inorganic Chemistry

1.
2.

®

10.
11.

12.

13.

Chemical periodicity

Structure and bonding in homo- and heteronuclear 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 thermoanalytical methods.
Bioinorganic chemistry: photosystems, porphyrins, metalloenzymes, oxygen transport, electron-
transfer reactions, nitrogen fixation, metal complexes in medicine.

Characterisation of inorganic compounds by IR, Raman, NMR, EPR, Mdssbauer, UV-vis, NQR,
MS, electron spectroscopy and microscopic techniques.

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

Physical Chemistry:

1.

© N oA

10.

11.

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; tunnelling.

Approximate methods of quantum mechanics: Variational principle; perturbation theory up to
second order in energy; applications.

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

Chemical bonding in diatomics; elementary concepts of MO and VB theories;

Huckel theory for conjugated t-electron systems.

Chemical applications of group theory, symmetry elements, point groups;

character tables; selection rules.

Molecular spectroscopy: Rotational and vibrational spectra of diatomic molecules; electronic
spectra; IR and Raman activities — selection rules; basic principles of magnetic resonance.
Chemical thermodynamics: Laws, state and path functions and their applications;
thermodynamic description of various types of processes; Maxwell’s relations; spontaneity and
equilibria; temperature and pressure dependence of thermodynamic quantities; Le Chatelier
principle; elementary description of phase transitions; phase equilibria and phase rule;
thermodynamics of ideal and non-ideal gases, and solutions.

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.
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12.

13.

14.
15.
16.

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; unimolecular reactions; enzyme kinetics; salt effects; homogeneous
catalysis; photochemicalreactions.

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 lectrocycliza.

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

Organic Chemistry

1.
2.

10.

11.

12.

13.

IUPAC nomenclature of organic molecules including regio- and stereoisomers.

Principles of stereochemistry: Configurational and conformational isomerism in acyclic and
cyclic compounds; stereogenicity, stereoselectivity, enantioselectivity, diastereoselectivity 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 interconversion including oxidations
and reductions; common catalysts and reagents (organic, inorganic, organometallic and
enzymatic). Chemo, regio and stereoselective 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 - substrate, reagent
and catalyst controlled reactions; determination of enantiomeric and diastereomeric excess;
enantio-discrimination. Resolution - optical and kinetic.

Pericyclic reactions - Slectrocyclization, cycloaddition, sigmatropic rearrangements and other
related concerted responses. 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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> Syllabus for Non-Teaching Group ‘C’ Positions (Chemical Sciences)

Physical Chemistry

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

2. 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 temperature and pressure. Non-
ideal solutions. lonic mobility and conductivity. Debye-Huckel limiting law. Debye-Huckel-
Onsager equation. Standard electrode potentials and electrochemical cells. Potentiometric and
conductometric titrations. Phase rule. Clausius- Clapeyron equation. Phase diagram of one
component systems: CO2, H20, S; two component systems: liquidvapour, liquid-liquid and
solid-liquid systems. Fractional distillation. Azeotropes and eutectics. Statistical

3. Thermodynamics: microcanonical and canonical ensembles, Boltzmann distribution, partition
functions and thermodynamic properties.

4. 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 photophysical processes.

5. 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.

Inorganic Chemistry

1. 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.

2. 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
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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: lon (Na+ and K+) transport, oxygen binding, transport and utilization,
electron transfer reactions, nitrogen fixation, metalloenzymes containing magnesium,
molybdenum, iron, cobalt, copper and zinc.

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. Thermoanalytical methods.

Organic Chemistry

1.

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. Stereoselective and stereospecific synthesis. Conformational analysis of acyclic and
cyclic compounds. Geometrical isomerism. Configurational and conformational effects, and
neighbouring 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
reactionsto 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 stereoselectivity. 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. Stereoselective addition to C=0
groups (Cram and Felkin-Anhmodels).
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4. Pericyclic Reactions and Photochemistry: Electrocyclic, cycloaddition and sigmatropic
reactions. Orbital correlations - FMO and PMO treatments. Photochemistry of alkenes, arenes
and carbonyl compounds. Photooxidation and photoreduction. Di-mt-methane rearrangement,
Barton reaction.

5. Heterocyclic Compounds: Structure, preparation, properties and reactions of furan, pyrrole,
thiophene, pyridine, indole, quinoline and isoquinoline.

6. 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.

7. Spectroscopy: Applications of UV-visible, IR, NMR and Mass spectrometry in the structural
determination of organic molecules.

* % %
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Syllabus for Non-Teaching Group ‘B’ Positions (Physical Sciences)

Mathematical Methods of Physics

1.

© N ok WD

9.

10.

Dimensional analysis

Vector algebra and vector calculus

Linear algebra, matrices, Cayley-Hamilton Theorem

Eigenvalues and eigenvectors

Linear ordinary differential equations of first & second order

Special functions (Hermite, Bessel, Laguerre, and Legendre functions)

Fourier series, Fourier and Laplace transforms

Elements of complex analysis, analytic functions, Taylor & Laurent series, poles, residues, and
evaluation of integrals

Elementary probability theory, random variables, binomial, Poisson, and normal distributions
Central limit theorem

Classical Mechanics

=

©® N LD

[ Y
N » O

Newton’s laws

Dynamical systems, phase space dynamics, stability analysis

Central force motions

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

Generalized coordinates

Lagrangian and Hamiltonian formalism and equations of motion

. Conservation laws and cyclic coordinates
. Periodic motion: small oscillations, normal modes
. Special theory of relativity - Lorentz transformations, relativistic kinematics, and mass-energy

equivalence

Electromagnetic Theory

1.

P

© o N>

Electrostatics: Gauss’s 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 the fields
atinterfaces

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
Dynamics of charged particles in static and uniform electromagnetic fields
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Quantum Mechanics

1.

© Nk WN

9.

10.
11.
12.
13.

Wave-particle duality

Schrodinger equation (time-dependent and time-independent)

Eigenvalue problems (particle in a box, harmonic oscillator, etc.)

Tunneling through a barrier

Wave-function in coordinate and momentum representations

Commutators and Heisenberg uncertainty principle

Dirac notation for state vectors

Motion in a central potential: orbital angular momentum, angular momentum algebra, spin,
addition of angular momenta; hydrogen atom

Stern-Gerlach experiment

Time-independent perturbation theory and applications

Variational method

Time-dependent perturbation theory and Fermi's golden rule, selection rules
Identical particles, Pauli exclusion principle, spin-statistics connection

Thermodynamic and Statistical Physics

© N R~DNDR

Laws of thermodynamics and their consequences

Thermodynamic potentials, Maxwell relations, chemical potential, phase equilibria
Phase space, micro- and macro-states

Micro-canonical, canonical, and grand-canonical ensembles and partition functions
Free energy and its connection with thermodynamic quantities

Classical and quantum statistics

Ideal Bose and Fermi gases

Principle of detailed balance

Blackbody radiation and Planck's distribution law

Electronics and Experimental Methods

1.

No o pr~N

Semiconductor devices (diodes, junctions, transistors, field effect devices, homo- and hetero-
junction devices), device structure, device characteristics, frequency dependence, and
applications

Opto-electronic devices (solar cells, photo-detectors, LEDs)

Operational amplifiers and their applications

Digital techniques and applications (registers, counters, comparators, and similar circuits)

A/D and D/A converters

Microprocessor and microcontroller basics

Data interpretation and analysis, precision and accuracy, error analysis, propagation of errors,
least squares fitting

Condensed Matter Physics

1.

ok wDd

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
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Electron motion in a periodic potential, band theory of solids: metals, insulators, and
semiconductors

Superconductivity: type-l and type-Il superconductors, Josephson junctions

Superfluidity, defects, and dislocations

Ordered phases of matter: translational and orientational order, kinds of liquid crystalline order,
quasi crystals

Nuclear and Particle Physics

1.

12.
13.
14.
15.
16.

Basic nuclear properties: size, shape, and charge distribution, spin and parity

Binding energy, semi-empirical mass formula, liquid drop model

Nature of the nuclear force, form of nucleon-nucleon potential, charge-independence and
charge-symmetry of nuclear forces

Deuteron problem

Evidence of shell structure, single-particle shell model, its validity and limitations

Rotational spectra

Elementary ideas of alpha, beta, and gamma decays and their selection rules

Fission and fusion

Nuclear reactions, reaction mechanism, compound nuclei, and direct reactions

. Classification of fundamental forces
. Elementary particles and their quantum numbers (charge, spin, parity, isospin, strangeness,

etc.)

Gell-Mann-Nishijima formula, quark model, baryons, and mesons
C, P, and Tinvariance

Application of symmetry arguments to particle reactions

Parity non-conservation in weak interaction

Relativistic kinematics

Atomic & Molecular Physics

1.

© e N~ WND
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Quantum states of an electron in an atom

Electron spin

Spectrum of helium and alkali atoms

Relativistic corrections for energy levels of hydrogen atom, hyperfine structure, and isotopic shift
Width of spectral lines, LS and JJ couplings

Zeeman, Paschen-Bach, and Stark effects

Electron spin resonance

Nuclear magnetic resonance, chemical shift

Franck-Condon principle

. Born-Oppenheimer approximation

. Electronic, rotational, vibrational, and Raman spectra of diatomic molecules, selection rules
. Lasers: spontaneous and stimulated emission, Einstein A and B coefficients

. Optical pumping, population inversion, rate equations

14.

Modes of resonators and coherence length
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> Syllabus for Non-Teaching Group ‘C’ Positions (Physical Sciences)

Mathematical Methods

1.

©oNO O R~LD

Vector algebra and vector calculus

Tensors

Curvilinear coordinate systems

Linear algebra

Linear differential equations, elements of Sturm-Liouville theory
Special functions

Complex analysis

Fourier series and Fourier transforms, Laplace transforms
Elementary properties of discrete groups

10. Elements of probability theory, error analysis

Classical Mechanics

1.
2.

o0k o

Newton’s laws, conservation of energy and momentum, collisions

Generalized coordinates, principle of least action, Lagrangian and Hamiltonian formulations of
mechanics

Symmetry and conservation laws

Central force problem, Kepler problem

Small oscillations and normal modes

Special relativity in classical mechanics

Electromagnetism & Optics

1.

No op,r~owN

Electrostatics and magnetostatics, boundary value problems, multipole expansion
Fields in conducting, dielectric, diamagnetic, and paramagnetic media

Faraday’s law and time-varying fields, displacement current

Maxwell’s equations, energy and momentum of electromagnetic fields
Propagation of plane electromagnetic waves, reflection, refraction
Electromagnetic waves in dispersive and conducting media

Diffraction, interference, polarization

Quantum Mechanics

1.

ok wDd

Uncertainty principle

Schrédinger equation, central potentials, hydrogen atom

Orbital and spin angular momenta, addition of angular momenta

Matrix formulation of quantum theory, unitary transformations, Hermitian operators

Variational principle, time-independent perturbation theory, time-dependent perturbation
theory

Thermodynamics & Statistical Physics

Powbde

Laws of thermodynamics, work and heat, thermodynamic potentials
Elements of kinetic theory

Maxwell’s relations

Statistical ensembles, partition function
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5. Classicalideal gas, harmonic oscillators
6. Classical and quantum statistics, Fermi and Bose gases

7.

Black body radiation, statistics of paramagnetism

Electronics

1.

ok~ wbd

Basics of semiconductors

p-n junctions, diodes, transistors

LCR circuits, rectifiers, amplifiers, active filters, and oscillators
Basics of operational amplifiers (OPAMPs) and their applications

Basics of digital electronics
* k%
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D. Syllabus for the written test under LDE for the positions under the Sports Cadre

Importance of Physical Education, Anatomy and Physiology, History and Foundation of Physical
Education, Fundamentals of Athletics and Games, Yoga Education, Sports Management, Health
Education and Environmental Studies, Curriculum Design and Pedagogy, Professional
Communication Skills, Sports Nutrition and Fitness Management, Measurement and Evaluation
in Physical Education, Kinesiology and Biomechanics, Sports Law.

Suggested Books:

Anatomy and Physiology by Dr Shivaji Suryawanshi

Fundamental of Athletic and Games by Jim flick and Bob Toski

Essentials of Physical Education by Ajmer Singh, Kalyani Publishers

Sports Management by Prof. V. Satyanarayana

Kinesiology and Biomechanics by Dr O.P. Aneja

Sports Law by Lovely Dasgupta and Shameek Sen

Education Technology and Methods of Teaching and Physical Education by Dr. Kalyan
Deorao Maldhure

NoaprONR

*k*
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E. Syllabus for the written test under LDE for the positions under the Nursing Cadre

> Nurse (Group B)

Domain Syllabus

© NGO~ R

L O O O
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Human Anatomy & Physiology
Biochemistry
Pharmacology
Microbiology
Hospital infection control
Clinical Pathology
Fundamentals of Nursing
First Aid
Medical-Surgical Nursing

. Child Health Nursing

. Midwifery & Gynecological Nursing

. Community Health Nursing

. Psychiatric Nursing

. Nursing Management

. Health Education

. Nutrition

. Toxicology

. Environmental Hygiene

. Psychology

Question pattern

Maximum Marks: 100

Duration: 2 hrs

S. No. Description Number of questions | Marks
1 Nursing Domain (MCQ) 30 60
2 Questions based on practical skills (descriptive) 5 25
3 English (HSC standard) 5
4 Arithmetic (HSC standard) 5
5 GK 5

Total 50 100

NOTE: - There is no undertaking that all the topics above may be covered in the question paper

* k%
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» NURSING ASSISTANT (GROUP C)

Domain Syllabus

© N ~DNR
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Human Anatomy & Physiology
Biochemistry
Pharmacology
Microbiology
Hospital infection control
Clinical Pathology
Fundamentals of Nursing
First Aid
Medical-Surgical Nursing

. Child Health Nursing

. Midwifery & Gynecological Nursing

. Community Health Nursing

. Psychiatric Nursing

. Nursing Management

. Health Education

. Nutrition

. Toxicology

. Environmental Hygiene

. Psychology

Question pattern

Maximum Marks: 100

Duration: 2 hrs

S. No. Description Number of Questions | Marks
1 Nursing Domain (MCQ) 30 60
2 Questions based on practical skills (descriptive) 5 25
3 English (HSC standard) 5 5
4 Arithmetic (HSC standard) 5 5
5 GK 5 5
Total 50 100

NOTE: - There is no undertaking that all the topics above may be covered in the question paper

* k%
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» PHARMACIST (GROUP C)

Domain Syllabus

Pharmaceutics

Pharmaceutical Chemistry
Pharmacognosy

Drug Store & Business Management
Hospital & Clinical Pharmacy
Biochemistry & Clinical Pathology

Human Anatomy & Physiology

Health Education & Community Pharmacy
Pharmacology & Toxicology

10. Pharmaceutical Jurisprudence

© N ~DNR

Question Pattern

Maximum Marks: 100

Duration: 2 hrs

S. No. Description Number of Questions | Marks
1 Domain (MCQ) 30 60
2 Reasoning (descriptive) 5 20
3 English (HSC standard) 5 5
4 Arithmetic (HSC standard) 10 10
5 GK 5 5
Total 55 100

NOTE: - There is no undertaking that all the topics above may be covered in the question paper

* Kk
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F. Syllabus for Technical Cadre (IT)

> Junior Technical Assistant (PL-5, Group-C)

1. Computer Fundamentals: Organization of a computer system; Central Processing Unit
(CPU): Control Unit, ALU; Memory organization; Input/Output devices; Storage and file
management concepts; Number systems: Binary, Decimal, Octal, Hexadecimal, and
conversions.

2. Programming: Classification of languages: Low-level, Assembly-level, High-level;
Differences: Procedural vs Object-Oriented Programming (OOP); Basic concepts of
algorithms and flowcharts.

3. MS Office: MS Word (Formatting, styles, templates, mail merge); MS Excel (Formulas,
functions (SUM, IF, VLOOKUP), charts, pivot tables); PowerPoint (Slide design, animations,
transitions, multimedia), Office 365, G Suite.

4. Command prompt: Basic DOS and Linux shell commands to interact, execute and create
files, folders.

5. Data communication: OSI model, TCP/IP, LAN, MAN, WAN, World Wide Web

6. Basics of networking and cybersecurity: Networking devices and protocols, Ideas on
hacking, viruses, worms, Trojans, etc...

7. Web design and development: Basics of HTML, CSS, PHP, Web server, Basic concept of
Cloud Computing

> Syllabus for Technical Assistant (PL-6, Group-B)

1. Computer Fundamentals: Organization of a computer system; Central Processing Unit
(CPU): Control Unit, ALU; Process Management; Memory management; Input/Output
devices; Storage and file management concepts; Number systems: Binary, Decimal, Octal,
Hexadecimal, and conversions.

2. Programming: Classification of languages: Low-level, Assembly-level, High-level;
Differences: Procedural vs Object-Oriented Programming (OOP); Basic concepts of
algorithms and flowcharts; Computer Programming (variable, loop, conditional statement)
and data structure (array, list, sorting, searching); Git and GitHub basics.

3. Command prompt: Basic DOS and Linux shell commands to interact, execute and create
files, folders. Data communication: OSI model vs TCP/IP; Wired vs Wireless communication;
LAN, MAN, WAN, World Wide Web; DNS; POP; SMTP; DHCP; LDAP; NFS; PXE.

4. Basics of networking and cybersecurity: Networking devices and protocols, Concepts on
hacking, viruses, firewall, worms, Trojans; Authentication vs encryption.

5. Web design and development: Web design with HTML, different tags, CSS, and PHP for
dynamic page creation, Basic concept of Cloud Computing

6. Database Management System: Basics on relational databases; create, update, and
manipulate data with SQL, MySQL.
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> Syllabus for Senior Technical Assistant (PL-7, Group-B):

1. Computer Systems & Architecture: Building block of a computer system, different types of
computers: Desktop, Server(s), Workstation, Laptop, Tablet etc; Central Processing Unit
(CPU): Control Unit, ALU;

2. Process Management; Memory management; Input/Output devices; Storage and file
management concepts; Number systems: Binary, Decimal, Octal, Hexadecimal, and
conversions; Instruction cycle, pipelining, RISC vs. CISC; DMA, interrupts, 1/0 interfacing;
Micro-controller.

3. Programming: Classification of languages: Low-level, Assembly-level, High-level;
Differences: Procedural vs Object-Oriented Programming (OOP); Basic concepts of
algorithms and flowcharts; Computer Programming (variable, loop, conditional statement,
file, class, object, inheritance) and data structure (array, list, Trees, graphs, sorting,
searching, hashing, dynamic programming, divide and conquer algorithm, greedy algorithm);
Git and GitHub basics; Linux shell; batch programming.

4. Data communication: OSI model vs TCP/IP; Data communication process in physical and
data link layer (Stop & Wait, Sliding Window, CSMA/CD, CSMA/CA); Wired vs Wireless
communication; LAN, MAN, WAN, World Wide Web; Port; Socket’

5. Basics of networking and cybersecurity: Routing algorithms; IP classes; Private IP vs Public
IP; DNS; DHCP, Networking devices, Concepts on hacking, viruses, firewall, worms, Trojans;
Authentication vs Encryption. Common vulnerabilities (e.g., SQL injection, XSS), Use of tools
like Wireshark, nmap Web design and development: Web design with HTML, different tags,
CSS, and PHP for dynamic page creation

6. Database Management System: Basics on relational databases; create, update, and
manipulate data with SQL, MySQL; Concept of non-relational databases.
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G. Syllabus for the written test under LDE for the positions under the Engineering Cadre

JUNIOR ENGINEERS (CIVIL, MECHANICAL, ELECTRICAL, and
QUANTITY SURVEYING & CONTRACT) EXAMINATION

Indicative Syllabus

The standard of the questions in Engineering subjects will be approximately of the level of Diploma
in Engineering (Civil/ Electrical/ Mechanical/Electronics) from a recognized Institute, Board or
University recognized by All India Board of Technical Education. All the questions will be set in SI
units. The details of the syllabus are given below:

Paper-I

(i) General Intelligence & Reasoning: The Syllabus for General Intelligence would include
questions of both verbal and non-verbal type. The test may include questions on analogies,
similarities, differences, space visualization, problem solving, analysis, judgement, decision
making, visual memory, discrimination, observation, relationship concepts, arithmetical reasoning,
verbal and figure classification, arithmetical number series etc. The test will also include questions
designed to test the candidate’s abilities to deal with abstract ideas and symbols and their
relationships, arithmetical computations and other analytical functions.

(ii) General Awareness: Questions will be aimed at testing the candidate’s general awareness of
the environment around him/her and its application to society. Questions will also be designed to
test knowledge of current events and of such matters of everyday observations and experience in
their scientific aspect as may be expected of any educated person. The test will also include
questions relating to India and its neighbouring countries especially pertaining to History, Culture,
Geography, Economic Scene, General Polity and Scientific Research, etc. These questions will be
such that they do not require a special study of any discipline.

(iii) General Engineering (Civil and Structural), (Electrical & Mechanical):

Part-
Civil Engineering

Building Materials, Estimating, Costing and Valuation, Surveying, Soil Mechanics, Hydraulics,
Irrigation Engineering, Transportation Engineering, Environmental Engineering.

Structural Engineering: Theory of Structures, Concrete Technology, RCC Design, Steel Design.

Part-B

Electrical Engineering

Basic concepts, Circuit law, Magnetic Circuit, AC Fundamentals, Measurement and Measuring
instruments, Electrical Machines, Fractional Kilowatt Motors and single phase induction Motors,
Synchronous Machines, Generation, Transmission and Distribution, Estimation and Costing,
Utilization and Electrical Energy, Basic Electronics.

Part-C

Mechanical Engineering — Theory of Machines and Machine Design, Engineering Mechanics and
Strength of Materials,
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Properties of Pure Substances, 1™ Law of Thermodynamics, 2" Law of Thermodynamics, Air
standard Cycles for IC Engines, IC Engine Performance, IC Engines Combustion, IC Engine Cooling
& Lubrication, Rankine cycle of System, Boilers, Classification, Specification, Fitting &
Accessories, Air Compressors & their cycles, Refrigeration cycles, Principle of Refrigeration Plant,
Nozzles & Steam Turbines.

Properties & Classification of Fluids, Fluid Statics, Measurement of Fluid Pressure, Fluid kinematics,

Dynamics of Ideal fluids, Measurement of Flow rate, basic principles, Hydraulic Turbines,
Centrifugal Pumps, Classification of steels.

Paper I1

Part-A : Civil & Structural Engineering
Civil Engineering

Building Materials : Physical and Chemical properties, classification, standard tests, uses and
manufacture/quarrying of materials e.g. building stones, silicate based materials, cement (Portland),
asbestos products, timber and wood based products, laminates, bituminous materials, paints,
varnishes.

Estimating, Costing and Valuation: estimate, glossary of technical terms, analysis of rates, methods
and unit of measurement, Items of work — earthwork, Brick work (Modular & Traditional bricks),
RCC work, Shuttering, Timber work, Painting, Flooring, Plastering. Boundary wall, Brick building,
Water Tank, Septic tank, Bar bending schedule, Centre line method, Mid-section formula,
Trapezodial formula, Simpson’s rule. Cost estimate of Septic tank, flexible pavements, Tube well,
isolates and combined footings, Steel Truss, Piles and pile-caps. Valuation — Value and cost, scrap
value, salvage value, assessed value, sinking fund, depreciation and obsolescence, methods of
valuation.

Surveying : Principles of surveying, measurement of distance, chain surveying, working of prismatic
compass, compass traversing, bearings, local attraction, plane table surveying, theodolite traversing,
adjustment of theodolite, Levelling, Definition of terms used in levelling, contouring, curvature and
refraction corrections, temporary and permanent adjustments of dumpy level, methods of contouring,
uses of contour map, tachometric survey, curve setting, earth work calculation, advanced surveying
equipment.

Soil Mechanics : Origin of soil, phase diagram, Definitions-void ratio, porosity, degree of saturation,
water content, specific gravity of soil grains, unit weights, density index and interrelationship of
different parameters, Grain size distribution curves and their uses. Index properties of soils,
Atterberg’s limits, ISI soil classification and plasticity chart. Permeability of soil, coefficient of
permeability, determination of coefficient of permeability, Unconfined and confined aquifers,
effective stress, quick sand, consolidation of soils, Principles of consolidation, degree of
consolidation, pre-consolidation pressure, normally consolidated soil, e-log p curve, computation of
ultimate settlement. Shear strength of soils, direct shear test, Vane shear test, Triaxial test. Soil
compaction, Laboratory compaction test, Maximum dry density and optimum moisture content, earth
pressure theories, active and passive earth pressures, Bearing capacity of soils, plate load test,
standard penetration test.

Hydraulics : Fluid properties, hydrostatics, measurements of flow, Bernoulli’s theorem and its
application, flow through pipes, flow in open channels, weirs, flumes, spillways, pumps and turbines.
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Irrigation Engineering: Definition, necessity, benefits, 211 effects of irrigation, types and methods of
irrigation, Hydrology — Measurement of rainfall, run off coefficient, rain gauge, losses from
precipitation — evaporation, infiltration, etc. Water requirement of crops, duty, delta and base period,
Kharif and Rabi Crops, Command area, Time factor, Crop ratio, Overlap allowance, Irrigation
efficiencies. Different type of canals, types of canal irrigation, loss of water in canals. Canal lining —
types and advantages. Shallow and deep to wells, yield from a well. Weir and barrage, Failure of
weirs and permeable foundation, Slit and Scour, Kennedy’s theory of critical velocity. Lacey’s theory
of uniform flow. Definition of flood, causes and effects, methods of flood control, water logging,
preventive measure. Land reclamation, Characteristics of affecting fertility of soils, purposes,
methods, description of land and reclamation processes. Major irrigation projects in India.

Transportation Engineering: Highway Engineering — cross sectional elements, geometric design, types
of pavements, pavement materials — aggregates and bitumen, different tests, Design of flexible and
rigid pavements — Water Bound Macadam (WBM) and Wet Mix Macadam (WMM), Gravel Road,
Bituminous construction, Rigid pavement joint, pavement maintenance, Highway drainage, Railway
Engineering- Components of permanent way — sleepers, ballast, fixtures and fastening, track
geometry, points and crossings, track junction, stations and yards. Traffic Engineering — Different
traffic survey, speed-flow-density and their interrelationships, intersections and interchanges, traffic
signals, traffic operation, traffic signs and markings, road safety.

Environmental Engineering: Quality of water, source of water supply, purification of water,
distribution of water, need of sanitation, sewerage systems, circular sewer, oval sewer, sewer
appurtenances, sewage treatments. Surface water drainage. Solid waste management — types, effects,
engineered management system. Air pollution — pollutants, causes, effects, control. Noise pollution —
cause, health effects, control.

Structural Engineering

Theory of structures: Elasticity constants, types of beams — determinate and indeterminate, bending
moment and shear force diagrams of simply supported, cantilever and over hanging beams. Moment
of area and moment of inertia for rectangular & circular sections, bending moment and shear stress for
tee, channel and compound sections, chimneys, dams and retaining walls, eccentric loads, slope
deflection of simply supported and cantilever beams, critical load and columns, Torsion of circular
section.

Concrete Technology: Properties, Advantages and uses of concrete, cement aggregates, importance of
water quality, water cement ratio, workability, mix design, storage, batching, mixing, placement,
compaction, finishing and curing of concrete, quality control of concrete, hot weather and cold
weather concreting, repair and maintenance of concrete structures.

RCC Design: RCC beams-flexural strength, shear strength, bond strength, design of singly reinforced
and double reinforced beams, cantilever beams. T-beams, lintels. One way and two way slabs,
isolated footings. Reinforced brick works, columns, staircases, retaining wall, water tanks (RCC
design questions may be based on both Limit State and Working Stress methods).

Steel Design: Steel design and construction of steel columns, beams roof trusses plate girders.

Part-B (Electrical Engineering):

IISER Berhampur-Syllabus for Non-Teaching Group ‘B’ & ‘C’ Positions for Limited Departmental Examination-(RCPP 2024)
Page 26 of 28



Basic concepts : Concepts of resistance, inductance, capacitance, and various factors affecting them.
Concepts of current, voltage, power, energy and their units.

Circuit law : Kirchhoff’s law, Simple Circuit solution using network theorems.

Magnetic Circuit : Concepts of flux, mmf, reluctance, Different kinds of magnetic materials, Magnetic
calculations for conductors of different configuration e.g. straight, circular, solenoidal, etc.
Electromagnetic induction, self and mutual induction.

AC _Fundamentals: Instantaneous, peak, RM.S. and average values of alternating waves,
Representation of sinusoidal wave form, simple series and parallel AC Circuits consisting of R.L. and
C, Resonance, Tank Circuit. Poly Phase system — star and delta connection, 3 phase power, DC and
sinusoidal response of R-Land R-C circuit.

Measurement and measuring instruments: Measurement of power (1 phase and 3 phase, both active
and re-active) and energy, 2 wattmeter method of 3 phase power measurement. Measurement of
frequency and phase angle. Ammeter and voltmeter (both moving oil and moving iron type),
extension of range wattmeter, Multimeters, Megger, Energy meter AC Bridges. Use of CRO, Signal
Generator, CT, PT and their uses. Earth Fault detection.

Electrical Machines : (a) D.C. Machine — Construction, Basic Principles of D.C. motors and
generators, their characteristics, speed control and starting of D.C. Motors. Method of braking motor,
Losses and efficiency of D.C. Machines. (b) 1 phase and 3 phase transformers — Construction,
Principles of operation, equivalent circuit, voltage regulation, O.C. and S.C. Tests, Losses and
efficiency. Effect of voltage, frequency and wave form on losses. Parallel operation of 1 phase /3
phase transformers. Auto transformers. (c) 3 phase induction motors, rotating magnetic field,
principle of operation, equivalent circuit, torque-speed characteristics, starting and speed control of 3
phase induction motors. Methods of braking, effect of voltage and frequency variation on torque
speed characteristics.

Fractional Kilowatt Motors and Single Phase Induction Motors: Characteristics and applications.

Synchronous Machines - Generation of 3-phase e.m.f. armature reaction, voltage regulation, parallel
operation of two alternators, synchronizing, control of active and reactive power. Starting and
applications of synchronous motors.

Generation, Transmission and Distribution — Different types of power stations, Load factor, diversity
factor, demand factor, cost of generation, inter-connection of power stations. Power factor
improvement, various types of tariffs, types of faults, short circuit current for symmetrical faults.
Switchgears — rating of circuit breakers, Principles of arc extinction by oil and air, H.R.C. Fuses,
Protection against earth leakage / over current, etc. Buchholtz relay, Merz-Price system of protection
of generators & transformers, protection of feeders and bus bars. Lightning arresters, various
transmission and distribution system, comparison of conductor materials, efficiency of different
system. Cable — Different type of cables, cable rating and derating factor.

Estimation and costing : Estimation of lighting scheme, electric installation of machines and relevant
IE rules. Earthing practices and IE Rules.

Utilization of Electrical Energy : Illumination, Electric heating, Electric welding, Electroplating,
Electric drives and motors.
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Basic Electronics : Working of various electronic devices e.g. P N Junction diodes, Transistors (NPN
and PNP type), BJT and JFET. Simple circuits using these devices.

Part- C (Mechanical Engineering):

Theory of Machines and Machine Design

Concept of simple machine, Four bar linkage and link motion, F lywheels and fluctuation of energy,
Power transmission by belts — V-belts and Flat belts, Clutches — Plate and Conical clutch, Gears —
Type of gears, gear profile and gear ratio calculation, Governors — Principles and classification,
Riveted joint, Cams, Bearings, Friction in collars and pivots.

Engineering Mechanics and Strength of Materials

Equilibrium of Forces, Law of motion, Friction, Concepts of stress and strain, Elastic limit and elastic
constants, Bending moments and shear force diagram, Stress in composite bars, Torsion of circular
shafts, Bucking of columns — Euler’s and Rankin’s theories, Thin walled pressure vessels.

Thermal Engineering

Properties of Pure Substances : p-v & P-T diagrams of pure substance like H,O, Introduction of steam
table with respect to steam generation process; definition of saturation, wet & superheated status.
Definition of dryness fraction of steam, degree of superheat of steam. H-s chart of steam (Mollier’s
Chart).

1" Law of Thermodynamics : Definition of stored energy & internal energy, 1% Law of
Thermodynamics of cyclic process, Non Flow Energy Equation, Flow Energy & Definition of
Enthalpy, Conditions for Steady State Steady Flow; Steady State Steady Flow Energy Equation.

2" Law of Thermodynamics : Definition of Sink, Source Reservoir of Heat, Heat Engine, Heat Pump
& Refrigerator; Thermal Efficiency of Heat Engines & co-efficient of performance of Refrigerators,
Kelvin — Planck & Clausius Statements of 2™ Law of Thermodynamics, Absolute or Thermodynamic
Scale of temperature, Clausius Integral, Entropy, Entropy change calculation of ideal gas processes.
Carnot Cycle & Carnot Efficiency, PMM-2; definition & its impossibility.

Air standard Cycles for IC engines : Otto cycle; plot on P-V, T-S Planes; Thermal Efficiency, Diesel
Cycle; Plot on P-V, T-S planes; Thermal efficiency.

IC Engine Performance, IC Engine Combustion, IC Engine Cooling & Lubrication.
Rankine cycle of steam : Simple Rankine cycle plot on P-V, T-S, h-s planes, Rankine cycle efficiency
with & without pump work.

Boilers; Classification; Specification; F ittings & Accessories : Fire Tube & Water Tube Boilers.

Air Compressors & their cycles; Refrigeration cycles; Principle of a Refrigeraton Plant; Nozzles &
Steam Turbines

Fluid Mechanics & Machinery

Properties & Classification of Fluid : ideal & real fluids, Newton’s law of viscosity, Newtonian and
Non-Newtonian fluids, compressible and incompressible fluids.
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