2.2 Aims of UG program in Physics.

The aims and objectives of our UG educational programs in sciences in general and Physics in
particular should be structured to

create the facilities and environment in all the educational institutions to consolidate the
knowledge acquired at +2 level and to motivate and inspire the students to create deep
interest in Physics, to develop broad and balanced knowledge and understanding of
physical concepts, principles and theories of Physics.

learn, design and perform experiments in the labs to demonstrate the concepts, principles
and theories learned in the classrooms.

develop the ability to apply the knowledge acquired in the classroom and laboratories to
specific problems in theoretical and experimental Physics.

expose the student to the vast scope of Physics as a theoretical and experimental science
with applications in solving most of the problems in nature spanning from 10" m to 10%°m
in space and 10" eV to 10%°¢V in energy dimensions.

emphasize the discipline of Physics to be the most impbrtant branch of science for pursuing
the interdisciplinary and multidisciplinary higher education and/or research in
interdisciplinary and multidisciplinary areas.

to emphasize the importance of Physics as the most important discipline for sustaining the

existing industries and establishing new ones to create job opportunities at all levels of
employment.

In view of opening the new windows in higher education and research and opening job

opportunities at all levels from technicians to innovator scientists and engineers, two

undergraduate programs are offered in our universities and other higher education institutions

(HEI) at the entry level of our higher education system.

3. Graduate attributes in Physics

Some of the characteristic attributes of a graduate in Physics are

Disciplinary knowledge and skills: Capable of demonstrating

(1) good knowledge and understanding of major concepts, theoretical principles and
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(ii) ability to use modern instrumentation and laboratory techniques to design and pe;f,,
experiments is highly desirable in almost all the fields of Physics listed above in (i)
Skilled communicator: Ability to transmit complex technical information relating al| 4.,
in Physics in a clear and concise manner in writing and oral ability to present complex
technical concepts in a simple language for better understanding.

Critical thinker and problem solver: Ability to employ critical thinking and efficic;,
problem solving skills in all the basic areas of Physics.

Sense of inquiry: Capability for asking relevant/appropriate questions relating to the issye
and problems in the field of Physics, and planning, executing and reporting the results of
theoretical or experimental investigation. -

Team player/worker: Capable of working effectively in diverse teams in both classroom.
laboratory, Physics workshop and in industry and field-based situations.

Skilled project manager: Capable of identifying/mobilizing appropriate resources
required for a project, and maﬁagc a project through to completion, while observing
responsible and ethical scientific conduct; and safety and laboratory hygiene regulations
and practices.

Digitally Efficient: Capable of using computers for simulation studies in Physics and
computation and appropriate software for numerical ang statistical analysis of data, and
employing modern e-library search tools like Inflibnet, varioys websites of the renowned
Physics labs in countries like the USA, Europe, Japan etc. 1o locate, retrieve, and evaluate
Physics information.

Ethical awareness / reasoning: The graduate should be capable of demonstrating ability ©
think and analyze rationally with modern and scientifjg outlook and identify ethical 15Su€s
related to one's work, avoid unethical behavior such ag fabrication, falsification of
misrepresentation of data or committing plagiarism, not adhering to intellectual property

rights, and adopting objectives, unbiased and truthfy] actions in a]] aspects of work.



e National and international perspective: The graduates should be able to develop a
national as well as international perspective for their career in the chosen field of the
academic activities. They should prepare themselves during their most formative years for
their appropriate role in contributing towards the national development and projecting our
national priorities af the international level pertaining to their field of interest and future
expertise.

e Lifelong learners: Capable of self-paced and self-directed learning aimed at personal

development and for improving knowledge/skill development and reskilling in all areas of

Physics.

4. Qualification descriptors for a UG programs in Physics

4.1 Qualification descriptors for a B.Sc General, B.Sc (PCM), B.Sc (PEM),
B.Sc (PMC)

The qualification descriptors for a B.Sc General, B.Sc (PCM), B.Sc (PEM), B.Sc (PMC)
program may include the following.

The graduates should be able to:
® Demonstrate

(1.1) a fundamental/systematic or coherent understanding of the academic field of
Physics, its different learning areas like Astrophysics, Material science, Nuclear and
Particle Physics, Condensed matter Physics, Atomic and Molecular Physics, Mathematical
Physics, Analytical dynamics, Space science and applications, and its linkages with related
disciplinary areas/subjects like Chemistry, Mathematics, Life sciences, Environmental
sciences, Atmospheric Physics, Computer science, Information Technology;
(1.11) procedural knowledge that creates different types of professionals related to
different areas of study in Physics outlined above, including research and development,
teaching and government and public service;
(1iii)  skills in areas related to specialization area relating the subfields and current
developments in the academic field of Physics.

® Use knowledge, understanding and skills required for identifying problems and issues
relating to Physics, collection of relevant quantitative and/or qualitative data drawing on a
wide range of sources from various Physics laboratories of the world, and their application,

analysis and evaluation using methodologies as appropriate to Physics for formulating new

theories and concepts.



Communicate the results of studies undertaken accurately in a range of different contexy
using the main concepts, constructs and techniques of Physics. Develop communicatig,
abilities to present these results in technical as well as popular science meetings organiz,
in various universities and other private organizations.

Ability to meet one’s own learning needs, drawing on a range of current rescarch ang
development work and professional materials, and interaction with other physicists aroung
the world.

Apply one’s knowledge of Physics and theoretical and laboratory skills to new/unfamiliz;
contexts to identify and analyse problems and issues and solve complex problems i
Physics and related areas with well-defined solutions.

Demonstrate Physics-related technological skills that are relevant to Physics-related job
trades and employment opportunities.

4.2 Qualification descriptors for a B.Sc (Honours)

The qualification descriptors for a B.Sc(Honours) Physics Program may include the
following. The graduates should be able to:

® Demonstrate

(2.1) a systematic, extensive and coherent knowledge and understanding of the

academic field of study as a whole and its applications, and links to related disciplinary

areas/subjects of study; including a critical understanding of the established theories,

principles and concepts, and of a number of advanced and emerging issues in the field of

Physics; |
(2.11) procedural knowledge that creates different types of professionals related to the |
subject area of Physics, including research and development, teaching and government and

public service;

(2.iii)  skills in areas related to one’s specialization area and current developments in the

academic field of Physics, including a critical understanding of the latest developments i |
the area of specialization, and an ability to use established techniques of analysis and |
enquiry within the area of specialization.

Demonstrate comprehensive knowledge about materials, including current research,

scholarly, and/or professional literature, relating to essential and advanced learning areas

pertaining t0 various subfields in Physics, and techniques and skills required for identifying

. i
Physics



problems and issues in their area of specialization in Physics.

e Demonstrate skills in identifying information needs, collection of relevant quantitative and/
or qualitative data drawing on a wide range of sources from the Physics labs around the
world, analysis and interpretation of data using methodologies as appropriate to the subject
of Physics in the area of his specialization.

e Use knowledge, understanding and skills in Physics for critical assessment of a wide range
of ideas and complex problems and issues relating to the various sub fields of Physics.

e Communicate the results of studies undertaken in the academic field of Physics accurately

in a range of different contexts using the main concepts, constructs and techniques of the

subject of Physics;
® Address one’s own learning needs relating to current and emerging areas of study relating

to Physics, making use of research, development and professional materials as appropriate,

including those related to new frontiers of knowledge in Physics.
® Apply one’s knowledge and understandings relating to Physics and skills to new/unfamiliar
contexts and to identify and analyze problems and issues and seek solutions to real-life
{ problems.
® Demonstrate subject-related and transferable skills that are relevant to some of the Physics-

related jobs and employment opportunities.

5. Programme learning outcomes relating to B.Sc Courses in Physics

5.1 Program Learning Outcomes in B.Sc General, B.Sc (PCM), B.Sc (PEM),
B.Sc¢ (PMC)

The student graduating with the Degree B.Sc General, B.Sc (PCM), B.Sc (PEM), B.Sc (PMC)

should be able to

® Acquire
(1.1) a fundamental/systematic or coherent understanding of the academic field of
Physics, its different learning areas and applications in basic Physics like Astrophysics,
Material science, Nuclear and Particle Physics, Condensed matter Physics, Atomic and
Molecular Physics, Mathematical Physics, Analytical dynamics, Space science, and its
linkages with related disciplinary areas / subjects like Chemistry, Mathematics, Life

sciences, Environmental



sciences, Atmospheric Physics, Computer science, Information Technology,

(1.ii) procedural knowledge that creates different types of professionals related to
disciplinary/subject area of Physics, including professionals engaged in research ang
development, teaching and government/public service;

(Lil))  skills in areas related to one’s specialization area within the disciplinary/subjecy
area of Physics and current and emerging developments in the field of Physics.
Demonstrate the ability to use skills in Physics and its related areas of technology for
formulating and tackling Physics-related problems and identifying and applying appropriate
physical principles and methodologies to solve a wide range of problems associated with
Physics.

Recognize the importance of mathematical modeling simulation and computing, and the
role of approximation and mathematical approaches to describing the physical world.

Plan and execute Physics-related experiments or investigations, analyze and interpret
data/information collected using appropriate methods, including the use of appropriate
software such as programming languages and purpose-written packages, and report
accurately the findings of the experiment/investigations while relating the
conclusions/findings to relevant theories of Physics.

Demonstrate relevant generic skills and global competencies such as (i) problem-solving
skills that are required to solve different types of Physics-related problems with well-
defined solutions, and tackle open-ended problems that belong to the disciplinary-area
boundaries; (ii) investigative skills, including skills of independent investigation of Physics-
related issues and problems; (iii) communication skills involving the ability to listen
carefully, to read texts and research papers analytically and to present complex information
in a concise manner to different groups/audiences of technica] or popular nature; (iv)
analytical skills involving paying attention to detail and ability to construct logical
arguments using correct technical language related to Physics and ability to translate them
with popular language when needed; (v) ICT skills; (vi) personal skills such as the ability to
work both independently and in a group,

Demonstrate professional behavior such as (j) being objective, unbiased and truthful in all

aspects of work and avoiding unethical, irrational behavior such ag fabricating, falsifying or

ii)the ability to identify the potential
(iii) appreciation of intellectual property.

misrepresenting data or committing plagiarism; (
ethical issues 1n work-related situations:

environmental and



sustainability issues; and (iv) promoting safe learning and working environment.

5.2 Program Learning Outcomes in B.Sc (Honours) Physics

The student graduating with the Degree B.Sc (Honours) Physics should be able to

@ Acquire
(2.1) a fundamental/systematic or coherent understanding of the academic field of
Physics, its different learning areas and applications in basic Physics like Astrophysics,
Material science, Nuclear and Particle Physics, Condensed matter Physics, Atomic and
Molecular Physics, Mathematical Physics, Analytical dynamics, Space science, and its
linkages with related disciplinary areas/subjects like Chemistry, Mathematics, Life
sciences, Environmental sciences, Atmospheric Physics, Computer science, Information
Technology;

(2.11) procedural knowledge that creates different types of professionals related to the
disciplinary/subject area of Physics, including professionals engaged in research and
development, teaching and government/public service;

(2.11)  skills in areas related to one’s specialization area within the disciplinary/subject
area of Physics and current and emerging developments inthe field of Physics.

e Demonstrate the ability to use skills in Physics and its related areas of technology for
formulating and tackling Physics-related problems and identifying and applying appropriate
physical principles and methodologies to solve a wide range of problems associated with
Physics.

® Recognize the importance of mathematical modeling simulation and computing, and the
role of approximation and mathematical approaches to describing the physical world.

® Plan and execute Physics-related experiments or investigations, analyze and interpret
data/information collected using appropriate methods, including the use of appropriate
software such as programming languages and purpose-written packages, and report
accurately the findings of the experiment/investigations while relating the
conclusions/findings to relevant theories of Physics.

® Demonstrate relevant generic skills and global competencies such as
(i) problem-solving skills that are required to solve different types of Physics-related
problems with well-defined solutions, and tackle open-ended problems that belong to the

disciplinary- area boundaries;



(ii) investigative skills, including skills of independent investigation of Physics-relateq
issues and problems;

(iii) communication skills involving the ability to listen carefully, to read texts and research
papers analytically and to present complex information in a concise manner to differen
groups/audiences of technical or popular nature;

(iv) analytical skills involving paying attention to detail and ability to construct logical
arguments using correct technical language related to Physics and ability to translate them
with popular language when needed,;

(v) ICT skills;

(vi) personal skills such as the ability to work both independently and in a group.
Demonstrate professional behavior such as

(i) being objective, unbiased and truthful in all aspects of work and avoiding unethical,
irrational behavior such as fabricating, falsifying or misrepresenting data or committing
plagiarism;

(11) the ability to identify the potential ethical issues in work-related situations;

(i11) appreciation of intellectual property, environmental and sustainability issues; and

(iv) promoting safe learning and working environment.

e o ———————————————————— E—



6.4 Course Learning Outcomes (CLO)
A.  B.Sc. (Hons.) Physics Courses

6.4.1. Core Courses (CC)

C-I: MATHEMATICAL PHYSICS-I
(Credits: 06, Theory-04, Practicals-02)

(i Course learning outcome:

" Revise the knowledge of calculus, vectors, vector calculus, probability anq
probability distributions. These basic mathematical structures are essential iy
solving problems in various branches of Physics as well as in engineering.

& Learn the curvilinear coordinates which have applications in problems with
spherical and cylindrical symmetries.

& Learn the Dirac delta function its properties, which have applications in various

branches of Physics, especially quantum mechanics.

In the laboratory course, learn the fundamentals of the C and C++ programming

languages and their applications in solving simple physical problems involving

interpolations, differentiations, integrations, differential equations as well as finding

™y
o

the roots of equations.

(ii) Broad contents of the course:

& Calculus
" Vector Calculus
(¥ Orthogonal Curvilinear Coordinates

("> Dirac Delta function and its properties

% Introductory theory of probability

@iii) Skills to be learned

"> Training in calculus will prepare the student to solve various mathematical problems.

e

"> He / she shall develop an understanding of how to formulate a physics problem

and solve given mathematical equation risen out of it.



C-1l: MECHANICS
(Credits: 06, Theory-04, Practicals-02)

(i) Course learning outcome:

After going through the course, the student should be able to

® Understand laws of motion and their application to various dynamical situations,
notion of inertial frames and concept of Galilean invariance. He / she will learn the
concept of conservation of energy, momentum, angular momentum and apply them
to basic problems.

® Understand the analogy between translational and rotational dynamics, and
application of both motions simultaneously in analyzing rolling with slipping.

® Write the expression for the moment of inertia about the given axis of symmetry for
different uniform mass distributions.

® Understand the phenomena of collisions and idea about center of mass and
laboratory frames and their correlation.

® Understand the principles of elasticity through the study of Young Modulus and
modulus of rigidity.

® Understand simple principles of fluid flow and the equations governing fluid dynamics.

® Apply Kepler’s law to describe the motion of planets and satellite in circular orbit,
through the study of law of Gravitation.

® Explain the phenomena of simple harmonic motion and the properties of systems
executing such motions.

® Describe how fictitious forces arise in a non-inertial frame, e.g., why a person
sitting in a merry-go-round experiences an outward pull.

® Describe special relativistic effects and their effects on the mass and energy of a
moving object.

® appreciate the nuances of Special Theory of Relativity (STR)



. @ In the laboratory course, the student shall perform experiments related to mechanicg

(i)

(iii)

(compound pendulum), rotational dynamics ( Flywheel), elastic properties (Young

Modulus and Modulus of Rigidity) and fluid dynamics ( verif ication of Stokes law

Searle method) etc.

Broad contents of the course:

Fundamental of Dynamics

Work and Energy

Collisions

Rotational Dynamics

Elasticity

Fluid Motion

Gravitation and cathode force Motion
Oscillation

Non-inertial Systems

Special Theory of Relativity

Skills to be learned

® Learn basics of the kinematics and dynamics linear and rotational motion.

@ Learn the concepts of elastic in constant of solids and viscosity of fluids.

® Develop skills to understand and solve the equations of Newtonian Gravity and
central force problem.

® Acquire basic knowledge of oscillation.

® Learn about inertial and non-inertial systems and essentials of special

theory of relativity.



C-111: ELECTRCITY AND MAGNETISM
(Credits: 06, Theory-04, Practicals-02)

Course learning outcome:
After going through the course, the student should be able to

® Demonstrate Gauss law, Coulomb’s law for the electric field, and apply it to

systems of point charges as well as line, surface, and volume distributions of
charges.

® Explain and differentiate the vector (electric fields, Coulomb’s law) and scalar
(electric potential, electric potential energy) formalisms of electrostatics.

® Apply Gauss’s law of electrostatics to solve a variety of problems.

Articulate knowledge of electric current, resistance and capacitance in terms of

electric field and electric potential.

® Demonstrate a working understanding of capacitors.

® Describe the magnetic field produced by magnetic dipoles and electric currents.
Explain Faraday-Lenz and Maxwell laws to articulate the relationship between

electric and magnetic fields.

® Understand the dielectric properties, magnetic properties of materials and the
phenomena of electromagnetic induction.

® Describe how magnetism is produced and list examples where its effects are observed.
Apply Kirchhoff’s rules to analyze AC circuits consisting of parallel and/or series
combinations of voltage sources and resistors and to describe the graphical
relationship of resistance, capacitor and inductor.

® Apply various network theorems such as Superposition, Thevenin, Norton,
Reciprocity, Maximum Power Transfer, etc. and their applications in electronics,
electrical circuit analysis, and electrical machines.

® In the laboratory course the student will get an opportunity to verify various laws in
electricity and magnetism such as Lenz’s law, Faraday’s law and learn about the
construction, working of various measuring instruments.

® Should be able to verify of various circuit laws, network theorems elaborated above,

using simple electric circuits.



(ii) Broad contents of the course

Electric Field and Electric Potential
Conservative nature of Electrostatic Field
Electrostatic energy of system of charges
Dielectric Properties of Matter

Magnetic Field

Magnetic Properties of Matter
Electromagnetic Induction

Electrical Circuits

Network Theorems

Ballistic Galvanometer

(iii) Skills to be learned

@ This course will help in understanding basic concepts of electricity and magnetism

and their applications.
Basic course in electrostatics will equips the student with required

prerequisites to understand electrodynamics phenomena.



(i)

(ii)

C-IV: WAVES AND OPTICS
(Credits: 06, Theory-04, Practicals-02)

Course learning outcome:

This course will enable the student to

@ Recognize and use a mathematical oscillator equation and wave equation, and
derive these equations for certain systems.

® Apply basic knowledge of principles and theories about the behaviour of light and
the physical environment to conduct experiments.

® Understand the principle of superposition of waves, so thus describe the formation
of standing waves.

® Explain several phenomena we can observe in everyday life that can be explained as
wave phenomena.

® Use the principles of wave motion and superposition to explain the Physics of
polarisation, interference and diffraction.

® Understand the working of selected optical instruments like biprism, interferometer,
diffraction grating, and holograms.

® I[n the laboratory course, student will gain hands-on experience of using various
optical instruments and making finer measurements of wavelength of light usin
Newton Rings experiment, Fresnel Biprism etc. Resolving power of optical
equipment can be learnt firsthand.

® The motion of coupled oscillators, study of Lissajous figures and behaviour of

transverse, longitudinal waves can be learnt in this laboratory course.

Broad contents of the course

Superposition of Two Collinear Harmonic Oscillations
Superposition of Two Perpendicular Harmonic Oscillations
Waves Motion — General

Velocity of Waves

Superposition of Two Harmonics Waves



Wave Optics

Interference

Michelson’s Interferometer
Diffraction

Fraunhofer Diffraction

Fresnel Diffraction

Holography

(iif) SKkills to be learned

® He/ she shall develop an understanding of various aspects of harmonic oscillations

and waves specially.

(i)  Superposition of collinear and perpendicular harmonic oscillations

(ii) Various types of mechanical waves and their superposition.

@ This course in basics of optics will enable the student to understand various

optical phenomena, principles, workings and applications optical instruments.



C-\". MATHEMATICAL PHYSICS-II
(Credits: 06, Theory-04, Practicals-02)

() Course learning outcome:

@ [ carn the Fourier analysis of periodic functions and their applications in physical
problems such as vibrating strings etc.

@ [.carn about the special functions, such as the Hermite polynomial, the Legendre
polynomial, the Laguerre polynomial and Bessel functions and their differentia
equations and their applications in various physical problems such as in quantum
mechanics which they will learn in future courses in detail.

® [carn the beta, gamma and the error functions and their applications in doing

integrations.



Know about the basic theory of errors, their analysis, estimation with examples of
simple experiments in Physics.

Acquire knowledge of methods to solve partial differential equations with

the examples of important partial differential equations in Physics.

In the laboratory course, learn the basics of the Scilab software, their utility,
advantages and disadvantages.

Apply the Scilab software in curve fittings, in solving system of linear equations,
generating and plotting special functions such as Legendre polynomial and Bessel

functions, solving first and second order ordinary and partial differential equations.

(ii) Broad contents of the course:

Fourier Series

Special Functions

Special Integrals

Theory of Errors

Partial Differential Equation

(iii) Skills to be learned

Training in mathematical tools like calculus, integration, series solution
approach , special function will prepare the student to solve ODE, PDE’s which
model physical phenomena.

He / she shall develop an understanding of how to model a given physical
phenomena such as pendulum motion, rocket motion, stretched string, etc., into
set of ODE’s, PDE’s and solve them.

These skills will help in understanding the behavior of the modeled system/s.



C-VI: THERMAL PHYSICS
(Credits: 06, Theory-04, practicals-02)

(i) Course learning outcome:

t and the second law of

Comprehend the basic concepts of thermodynamics, the firs
and the associated theorems, the

thermodynamics, the concept of entropy
thermodynamic potentials and their physical interpretations.

Learn about Maxwell’s thermodynamic relations.
of kinetic theory of gases, Maxwell-Boltzman di

ies. mean free path of molecular collisions, Viscosity,

_ stributio
Learn the basic aspects 5

law, equitation of energ
thermal conductivity, diffusion and Brownian motion.
Learn about the real gas equations, Van der Waal equation of state, the Joule-

Thompson effect.

In the laboratory course, the students are expected to do some basic experiments in
thermal Physics, viz., determinations of Stefan’s constant, coefficient of thermal
conductivity, temperature coefficient of resistant, variation of thermo-emf of a

thermocouple with temperature difference at its two junctions and calibration of a

thermocouple.

(ii) Broad contents of the course:

Zeroth and First Law of Thermodynamics
Second Law of Thermodynamics

Entropy

Thermodynamic Potentials

Maxwell’s Thermodynamic Relations
Kinetic Theory of

Gases : Distribution

of Velocities

Molecular Collisions

Real Gaseg
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