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RESEARCH METHODOLOGY (COMMON PAPER)

CUJRET- Syllabus — 2023
Unit- |

Introduction to research methodology: Objective and types of research, motivation of research,
research methods vs methodology. Types of research, descriptive vs. analytical, applied vs.
fundamental. quantitative vs. qualitative, conceptual vs. empirical.

Unit-1l

Research problem formulation: Defining and formulation of the research problem, selecting the
problem, necessity of defining the problem, importance of literature review in defining a _prob|em
literature review primary and secondary source. web as source, searching the web, critical literature
review, Identifying gap areas from literature review, development of working hypothesis, types of

hypothesis.

Unit -1l

Research design: Research design, basic principles, need of research design facture design, features of
good design, types of research design, important concepts relating to research design, observation and
facts, laws and theories, prediction and explanation, induction, deduction, development of models,
developing a research plan, exploration, description, measurement scales, validity and reliability.

Unit=1V

Sampling: Concepts of statistical population, sample, sampling frame, sampling error, sample size,
characteristics of a good sample, probability and non-probability sampling, determining sample size,
practical considerations in sampling and sample size determination.

Unit-V

Data Analysis and Interpretation: Data preparation, univariate analysis (frequency tables, bar charts,
pie charts, percentages), bivariate analysis, cross tabulations and chi- square test including testing
hypothesis, multivariate analysis, parametric test and non-parametric test.

Unit - VI

Report and Thesis writing: Structure and components of scientific reports, types of reports, significance,
different steps in the preparation of reports, layout, structure and language of reports, illustrations
tables, bibliography, referencing and footnotes, oral presentation, planning, preparation, practice, use
of visual aids, importance of effective communication.

Unit - VI

Research Ethics: Application of results and ethics, Environmental impacts, ethical issues, copyright
royalty, intellectual property rights and patent law trade related aspects of intellectual property rights
reproduction of published material, plagiarism, citation and acknowledgement, reproducibility and
accountability.
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PhD Entrance Test Syllabus

Subject: Metallurgical & Matertals Engineering

3¢clion 1: Engineering Mathematicy
Linear Algebra: Maty rees and Determinang
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Section 2:; M(‘(ﬂ“‘"ﬂk’;' Thc"ms' nalysis of experimental data: linear least SGUAres metheed
rmodynamics
Laws of Th(‘mmdynanmx- First law energy conservation, Second law - entropy, Enthalpy, Gibbe,
and Helmholtz free energy; Maxwell's relations; Chemical potential, Applications to metallurgca
systems, solutions, ideal and regular solutions: Gibbs phase rule, phase equilibria, binary pha.e
diagram and lever rule, Reaction kinetics, fundamentals of diffusion, Fick’s laws, their solution-,
and applications. Solidification of pure metals and alloys, nucleation and growth, diffusional solid
state phase transformations (precipitation and eutectoid), martensitic transformation.
Section 3: Physical Metallurgy
Chemical Bonding: lonic, covalent, metallic, and secondary bonding in materials, Crystal structure
of solids - metals and alloys, ionic and covalent solids, and polymers. X-ray Diffraction-Bragg’s
law, optical metallography, principles of SEM imaging. Diffusion in Solids: Diffusion equation,
Phase Transformation: Driving force, Homogeneous and heterogeneous nucleation, growth
Kinetics, Solid State Transformations: Precipitation, spinoidal decomposition, ordenng, massive
transformation, discontinuous precipitation, eutectoid transformation, diffusion less
transformations; Precipitate coarsening, Principles of heat treatment of steels, TTT and CCT
diagrams; Surface hardening treatments; Recovery, recrystallization and grain growth
Electronic, magnetic and optical properties of materials. Basic forms of corrosion and its
prevention

Section 4: Mechanical Metallurgy
Crystal Imperfections: Point, line and surface defects; Plastic deformation by slip and twinning

Dislocation Theory: Edge, screw and mixed dislocations, source and multiphcanon of
dislocations, stress fields around dislocations; Partial dislocations, dislocation interacnons and
reactions. Strengthening Mechanisms: Work/strain hardening, strengthening due to grann
boundaries, solid solution, precipitation and dispersion. Fracture behaviour, Gniffith theory
linear elastic fracture mechanics, fracture toughness, fractography, ductile to brittle transinon.
Fatigue: Cyclic stress strain behaviour - low and high cycle fatigue, crack growth. Mechanisms ot

high temperature deformation and failure;

Section 5: Manufacturing Processes
Metal Casting: Mould design involving feeding, gating and risering, casting practices. casung

defects. Hot, Warm and Cold Working of Metals: Metal forming - fundamentals of metal torming
processes of rolling, forging, extrusion, wire drawing and sheet metal forming, defects informing

Metal Joining: Principles of soldering, brazing and welding, welding metallurgy. detectsin welded
joints in steels and aluminum alloys. Powder Metallurgy: production ot powders, compaction and
sintering. Non-destructive Testing (NDT): Dye-penetrant, ultrasonic, radiography. eddy current,
acoustic emission and magnetic particle inspection methods.

Section 6: Nanomaterials & Its properties N .
Classification and nomenclature of nanomaterials, Various types of synthesis processes

Properties of Nanomaterials: Size and shape dependent optical, thermal, electrical, Magnc(u‘l, .:m
N q st \ M adill
catalytic properties. Size effect of Nanomaterials: Size, shape, density, melting point, wet ability

and specific surface area.
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Syllabus of CUJ Research Entrance Test (CUJRET-2023) of Energy Engineering

b

0~ o VR

. Chemical

Energy, energy resource, energy policy, renewable energy
Solar Energy. solar resource, sol

ar photovoltaics, solar thermal, solar photocatalysis
M

aterials for energy conversion: photovoltaic materials, selective materials, thermal
and chemical energy storage

Wind Energy Conversion

Hydro Energy conversion and storage

Bioenergy conversion and storage

Hydrogen Energy and Fuel Cell

Electrical engineering: Basics, conversion, transmission, and distribution
Mechanical engineering: Heat transfer, Engines

science and engineering: Waste to energy conversion, Fuel, and
combustion
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Geotechnical Engineering
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Water Resources Engineering
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hwdraulies and aquifers: Application of Darcy’s Law.

Measurement of distance and area; instruments for surveying and leveling: chain surveying.
mcthods ol traversing: measurement of angles and bearings. planc table surveying: types of
leveling: theodolite traversing: contouring: total station. introduction to GPS survey. computation
of arcas and volume.

NMechanies ol sotl erosion - wind and water crosion: soil erosion types, factors affecting crosion:
sorl Toss estimation; biological and engimeering measures to control erosion: terraces and bunds:
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Watershed characterization and land use capability classification; water budgeting in watershed.
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Department of Computer Science & Engineering
School of Enginecring & Technology

Syllabus: PhD (CSE)

Discrete Mathematics: Disc . s ‘
ey tht‘matlcs. Discrete Mathematics: Propositional and first order logic. Sets, relations
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ombinalon . counting. recurrence relations, generating functions.
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Digital l,oz;u. Boolcan algebra. Combinational and sequential circuits. Minimization. Number
representations and computer arithmetic (fixed and floating point).

Computer Organization and Architecture: Machine instructions and addressing modes. ALU, data-
0 TR I : . . . . ’ . . i

path and control unit. Instruction pipelining. pipcline hazards. Memory hierarchy: cache, main memory

and sccondary storage: 1O interface (interrupt and DMA mode).

Preoramming and Data Structurcs: Programining in €. Recursion. Arrays. stacks, queues. linked lists.
trees. binary search trees. binary heaps. graphs.

Algorithms: Scarching. sorting, hashing. Asyraptotic worst case time and space complexity. Algorithm
design rechniques: greedy. dynamic programmiag and divide-and-conquer. Graph traversals, minimum
spaniung rees. shortest paths

Theory of Computation: Regular expressions and finite automata. Context-free grammars and push-
down automata. Regular and contex-frec languages, pumping lemma. Turing machines and undesirability.

Operating System: System calls, processes. threads. inter-process communication, ConCuITency and
ating S) P53 : ) :
cwnelronization. Deadlock. CPU and /O scheduling. Memory management and virtual memory. File

systenis.

. Relational model: relational algebra, tuple caleulus. SQL. Integrity constraints.

Databases: ER-mode ‘ s ‘
ion. indexing (¢ g. B and B— trees). Transactions and concurrency control

normu! torms. File organizal

Concept of layering: OS! and TCPIP Protocol Stacks: Basics of packet: Dat

Computer Networks © 1pvs. CIDR

] 101 rocols: Fraementation and [P addressing.
link lavor: framng, error detection: Rouung protocols: 1 ragmentation

DP. TCP. sockets; / ication layer protocols.
notation. Transport layer: flow control, UDP. TCP. sockets; Applic ver p
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Physical Sciences

UG Level Physic ics of
¢l Physics and the topics of PG Level Physics as mentioned below:

1. Mathematical Methods of Physics
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' 3 ase space dynamics. stability analysis. Central force
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d).namlcs-momenl of inertia tensor. Non-inertial frames and pseudo-forces. Variational
principle. Generalized coordinates. Lagrangian and Hamiltonian formalism and equations of’
motion. Conservation' laws andeyclic coordinates. Periodic motion: small oscillations. normal
modes. Special theory of relativity, Lorentz transformations. relativistic kinematics and mass—

energy equivalence.

Newton's laws, Dynamical systems, Ph
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Biot-Savart law. Ampere's theorem. Electromagnetic
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Wave-particle  duality: Schrodinger — equation
ms (particle in & box. harmonic oscillator. ete.

independent).Eigenvalue proble




Syll: : i
Yllabus for the Central University of Jharkhand Research Entrance
Test (CUJRET 2023)
Department of Physics, CUJ, Ranchi

Physical Sciences

UG Level Physics ¢ i ¥
Physics and the topics of PG Level Physics as mentioned below:

1.  Mathematical Methods of Physics
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limit theorem.

1. Classical Mechanics

\-’c“' ton’s laws, Dynamical systems, Phase space dynamics. stability analysis. Central foree
motions. Two body Collisions-scattering in laboratory and Centre of mass frames. Rigid body
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