                                                                            SCHEME 

M.Sc. (ASTRONOMY AND SPACE Physics) PART– II (III & IV semester) 

                                         2017 – 2018 & 2018 – 2019 Session

	Code 

    
	Title of Paper
	Hours 

(Per 

Week)
	Max Marks
	Examination

Time (Hours)

	Semester – iII
	
	Total
	Ext.
	Int.
	Total

	Core Papers
	
	
	
	
	

	ASP 2.1.1
	Space Physics


	4
	80
	60
	20
	03

	ASP 2.1.2
	Astronomical Techniques



	4
	80
	60
	20
	03

	ASP 2.1.3
	Stellar Atmosphere


	4
	80
	60
	20
	03

	Elective Papers*
	
	
	
	
	

	ASP 2.1.4    
	One of the followings:

i) Advanced Electronics

ii) Statistical Mechanics
iii) Material Science
	4
	80
	60
	20
	03

	ASP 2.1.5      
	Lab  Practice:




  i) Spectroscopy

 ii) Observational Astronomy


	9
	120
	90
	30
	03

	ASP 2.1.6       
	Workshop (Mechanical/Optical)
	5
	60
	45
	15
	03

	Semester – IV
	
	
	
	
	

	Core Papers
	
	
	
	
	

	ASP 2.2.1   
	Galactic System & Cosmology   


	4
	80
	60
	20
	03

	ASP 2.2.2    
	Stellar Structure & Evolution

	4
	80
	60
	20
	03

	ASP 2.2.3  
	Plasma Physics
	4
	80
	60
	20
	03

	Elective Papers*
	
	
	
	
	

	ASP 2.2.4     
	One of the followings:

(i) Remote Sensing 

(ii) Lasers and Applications

(iii) Techniques in Experimental  Physics

(iv) Computer Simulation in Physics

(v) Electronic Communication          Systems
	4
	80
	60
	20
	03

	ASP 2.2.5    
	Lab Practice:


 Observational Astronomy
	9
	120
	90
	30
	03

	ASP 2.2.6     
	Workshop (Mechanical/Optical)
	5
	60
	45
	15
	03

	ASP 2.2.7
	Open Elective Subject
	3
	60
	45
	15
	03


NOTE:  i)    Only one/two optional paper will be offered depending on the availability of staff*.
            iii)   Open Elective Subject (ASP 2.2.7) shall be compulsory for all students. The students are required to qualify this paper. The marks obtained will not add to the Grand total of the course. This paper will be, of 3 lectures per week, from the Open Elective Subjects offered by other departments for which the timings shall be 4.00 - 5.00 pm.

Semester– III

Core Papers

ASP 2.1.1




SPACE PHYSICS

Maximum Marks: External 
60




Time Allowed: 3 Hours



     Internal       20




Total Teaching hours:  50



     Total           80




Pass Marks: 35%

Out of 80 Marks, internal assessment (based on two mid-semester tests/ internal examination, written assignment/project work etc. and attendance) carries 20 marks, and the final examination at the end of the semester carries 60 marks. 

Instruction for the Paper Setter: The question paper will consist of three sections A, B and C. Each of sections A and B will have four questions from respective sections of the syllabus. Section C will have 10 short answer type questions, which will cover the entire syllabus uniformly. Each question of sections A and B carry 10 marks.  Section C will carry 20 marks.

Instruction for the candidates: The candidates are required to attempt two questions each from sections A and B, and the entire section C. Each question of sections A and B carries 10 marks and section C carries 20 marks.

                              Use of scientific calculators is allowed.

SECTION A

Hydrostatics, Heating of the upper atmosphere, Variations in the earth’s atmosphere, Model atmosphere, The earth’s exosphere.

Emission mechanisms, Airglow, Aurora, Morphology, Excitation mechanism, Auroral spectra.

Ionosphere: Ion-electron pair production, Ion-kinetics, Equilibrium, Ionospheric regions (D,E,F1), Variations in these regions.

F2 region: Formation of F2-layer, Continuity equation, F2-region anomalies, Thermal properties of the F2-region.

SECTION B

Ionospheric Irregularities and disturbances: Spread-F, Travelling ionospheric disturbances, Perturbation by electromagnetic and corpuscular radiation, Ionospheric and magnetic storms. Propagation of radiowaves through ionosphere, Appleton Hartee equation. Faraday rotation.

The Sun: Interior, A model, Outer atmosphere: Photosphere, Chromosphere, Transition region, Corona

Active Regions: Development and structure, Loops, Internal motions, Sunspots: Classification, structure and evolution of sunspots, Solar cycle, Prominences, Solar flares (descriptive only).

Text Books:

1. Fundamentals of Aeronomy, R.C. Whitten & I.G. Poppoff, John Wiley & Sons Inc. 1971.

2. Priest, E.R., Solar Magnetohydrodynamics, D. Reidel Pub. Company, 1987

3. Introduction to Space Physics, Kivelson, M.G. and Russell, C.T., Cambridge University Press, 1996

ASP 2.1.2



ASTRONOMICAL TECHNIQUES
Maximum Marks: External 
60




Time Allowed: 3 Hours



     Internal       20




Total Teaching hours:  50



     Total           80




Pass Marks: 35%

Out of 80 Marks, internal assessment (based on two mid-semester tests/ internal examination, written assignment/project work etc. and attendance) carries 20 marks, and the final examination at the end of the semester carries 60 marks. 

Instruction for the Paper Setter: The question paper will consist of three sections A, B and C. Each of sections A and B will have four questions from respective sections of the syllabus. Section C will have 10 short answer type questions, which will cover the entire syllabus uniformly. Each question of sections A and B carry 10 marks.  Section C will carry 20 marks.

Instruction for the candidates: The candidates are required to attempt two questions each from sections A and B, and the entire section C. Each question of sections A and B carries 10 marks and section C carries 20 marks.

                              Use of scientific calculators is allowed.

SECTION A

Astronomical Telescopes: Reflectors and refractors, Systems and their comparison. The Schmidt telescope. Telescope coatings and protective layer. Light grasp, Magnifying power, Resolving power, Field size, Focal ratio, Scale factor.  Focus configurations: Prime focus, Cassegrainian  focus, Newtonian focus, Nasmyth focus, Coude focus.  Occulars: Ramsden and Huygen eye pieces and their comparison.  Different types of telescope mountings: General qualification, German, English, Alt-azimuth, Fork, Astrographic, Horseshoe.

Tools for Solar Observations: Coelostat, Coronagraph, Spectroheliograph, Polarimeter

General Astronomical Spectroscopic Techniques: Diffraction gratings, Blazing, Echelle gratings, Diffraction grating spectroscopes, Prisms, Basic design of prism spectroscope.

Some Specific Spectroscopes used in Astronomy: A conventional cassegrain spectroscope, Coude spectroscope, A Grism based spectroscope, Echelle grating spectroscope, 

Astronomical Detectors: General characteristics, Quantum efficiency, S/N ratio, Resolution, Speed, Range, Wavelength coverage.

Photoelectric Photometry:Design of photoelectric photometer, Photomultiplier tubes, Photo cathode, Response curves, Some important wide band, intermediate band and narrow band photometric systems: UBV-Johnsons and Morgan, Stromgren system, Geneva system, RGU system, Stebbins and Wightford, the u,v,b,y system, Walraven's system, 13 colour Johnson et al. System, their response curves and band widths.







SECTION B

Infrared detectors: Atmospheric transmission bands for IR radiation, Development of IR Astronomy as a new branch (historical background), The infrared photometer, Construction and working. The infrared photometric systems: J,H,K,L,M,N,O,P,Q……. bands. 

Neutrino detectors: (a) water based (b) chlorine based Construction, function and application to astronomy.

Advanced Detectors in Astronomy: Charged coupled device (CCDs), CCD camera; General characteristics, Arrays, Pixels, Binning, Blooming, Quantum efficiency, Read out noise, Dynamic range, construction, function and application. Comparison of CCD with photomultiplier and photography.
Radio telescope receivers: Principle, Receiver types, Receiver noise, Total power receiver and its sensitivity, Dicke receiver,

 Interferometer receiver, Correlation receiver, noise temperature of the receiver, Calibration of a receiver, Radio telescope resolution and sensitivity, 

ASP 2.1.2



ASTRONOMICAL TECHNIQUES
Text Books:

1. Amateur Astronomer's Handbook : Sidgwick, J.B., Enslow publishers, 1980

2. Low Light Level Detectors in Astronomy: Eccles, M.J., Sim, M.E., Tritton, K.P., Cambridge University Press, 1983

3. Principles of Optics: Born,M., Wolf,E., (6th Ed.) Pregamon Press, Oxford, 1980

4. The Art and Science of CCD Astronomy: David Ratledge (Ed.), 1997

5. Astrophysical Techniques: Kichin, C.R. (3rd Ed.), IOP Publishing, 1998

6. Observational Astronomy: Scott,D. Birney, Cambridge University Press, 1991

7. Handbook of Infrared Astronomy: Glass, I.S., Cambridge University Press, 1999

8. Optical Astronomical Spectroscopy: Kitchin, C.R., IOP Publishing Ltd., 1995

9. Introduction to Astronomical Photometry: Edwin Budding Cambridge University Press, 1993

10. Radio Astrosnomy, J.D. Kraus, McGraw Hill, 1996

Reference Books:

1. Measurement of Star Light: Hearnshaw, Cambridge University Press, 1996
2. Astronomical Photometry: Sterken and Manfoid, Kluwer/Academic Press, 1992.

ASP 2.1.3


STELLAR ATMOSPHERES

Maximum Marks: External 
60




Time Allowed: 3 Hours



     Internal       20




Total Teaching hours:  50



     Total           80




Pass Marks: 35%

Out of 80 Marks, internal assessment (based on two mid-semester tests/ internal examination, written assignment/project work etc. and attendance) carries 20 marks, and the final examination at the end of the semester carries 60 marks. 

Instruction for the Paper Setter: The question paper will consist of three sections A, B and C. Each of sections A and B will have four questions from respective sections of the syllabus. Section C will have 10 short answer type questions, which will cover the entire syllabus uniformly. Each question of sections A and B carry 10 marks.  Section C will carry 20 marks.

Instruction for the candidates: The candidates are required to attempt two questions each from sections A and B, and the entire section C. Each question of sections A and B carries 10 marks and section C carries 20 marks.

                              Use of scientific calculators is allowed.

                                               SECTION A

Characteristics of different regions of stellar atmospheres, Energy distribution in stars, Saha's ionization equation and its application to spectral stellar classification, The LTE equation of state: Ionizing gases, molecule formation, The density; Continuum Absorption: Absorption by neutral hydrogen (HI), negative hydrogen (H-), helium (He) and metals, Rosseland mean opacity, Scattering by atoms, ions and by free electrons.

Radiation Field: Specific intesnity, Net flux, Absorption and emission coefficients, Optical depth, Radiative transfer equation. 

Solution of Radiative Transfer Equation: Formal solution, Schwarzschild-Milne equations, Eddington approximation method, Method of discrete ordinates.

LTE Model Atmospheres: Assumptions and restrictions of classical model, Hydrostatic equilibrium equation, Solution of transfer equation by iteration method, Temperature correction procedures: Lamda-iteration, Unsold-Lucy procedure, Avrett-Krook procedure, Convection in stellar atmospheres, Mixing length theory, Empirical solar model.





SECTION B

Emission and Absorption of Radiation: Classical picture, Quantum theory, Line profile, Method of weighting functions, Milne-Eddington model, Central intensities of resonance lines, Effect of interlocking and non-coherent scattering.

Line Broadening: Natural damping, Droppler broadening, Collisional broadening, Statistical broadening, Thermal and microturbulent broadening, Effect of rotation in stars.

Analysis of Normal Stellar Spectra: Curve of growth; Theory of curve of growth, Empirical curve of growth and its application, Differential abundance analysis, Merits and demerits of curve of growth method, Fine analysis methods: Stromgren's method. Molecular spectra in late type stars, Rotation and vibration temperatures, Abundance in normal stars.

Text Books:

1. Stellar Atmospheres: Mihalas Dimitri, W.H. Freeman and Company, 1970

2. Introduction to Stellar Astrophysics (Vol. 2) Stellar Atmospheres: Bohm-Vitense, Erika, Cambridge university Press, 1992

3. Astrophyscis, The Atmospheres of the Sun and Stars: Aller, L.H., The Ronald Press Co,, N.Y.,1963

Elective Papers

ASP 2.1.4


Option (i) ADVANCED ELECTRONICS

Maximum Marks: External 
60




Time Allowed: 3 Hours



     Internal       20




Total Teaching hours:  50



     Total           80




Pass Marks: 35%

Out of 80 Marks, internal assessment (based on two mid-semester tests/ internal examination, written assignment/project work etc. and attendance) carries 20 marks, and the final examination at the end of the semester carries 60 marks. 

Instruction for the Paper Setter: The question paper will consist of three sections A, B and C. Each of sections A and B will have four questions from respective sections of the syllabus. Section C will have 10 short answer type questions, which will cover the entire syllabus uniformly. Each question of sections A and B carry 10 marks.  Section C will carry 20 marks.

Instruction for the candidates: The candidates are required to attempt two questions each from sections A and B, and the entire section C. Each question of sections A and B carries 10 marks and section C carries 20 marks.

                              Use of scientific calculators is allowed.




                 SECTION A

Basic applications of Op. Amp: instrumentation amplifier, voltage to current and current to voltage converters, precision diode and its applications, sample and hold circuits,  log and anti-log amplifiers, multipliers, divider, differentiator,  integrator and analog computations. Comparators and waveform generators: schmitt trigger, astable multi-, Monostable multi, triangular and sine wave generators.

Voltage regulators: series Op. Amp. regulator, IC regulators and 723 general purpose regulator.  Switchig mode power supply. Timer 555: its applications as monostable, astable and bistable multi-vibrators. Phased locked loops: basic principle, phase detector / comparators and voltage controlled oscillators. 




                 SECTION B

Fundamentals of microprocessors and microcomputers: Microprocessor Architecture; Registers, ALU, Timing and control unit and interfacing section (Illustrations regarding 8085 MPU) and Block diagram of 8085 MPU. Memories and memory interfacing: types of main memories, important memory characteristics, compatibility between memory and MPU system bus, address space, special chips for address decoding, and memory mapping and management. Common peripheral and their interfacing: keyboard, CRT terminal, floppy disk system, Winchester disk system, optical disk, printers.

Microprocessor programming: Instructions; format, addressing modes & sets (instruction set of 8085).Assembly language programming (Illustrations with regard to MP 8085), program looping and its application in counters, delays & indexing. Stack and Subroutines.  Introduction to 16, 32 and 64 bits processors.

Text Books:

1. D. Roy Choudhry and Shail Jain; Linear Integrating Circuits (1991), Wiley Eastern.

2. Ajit Paul; Microprocessors, Principles and Applications (1990), Tata McGraw-Hill.

3. R. S Gaonkar; Microprocessor Architecture, Programming and Applications, Willey Eastern.

4. B. B. Brey: The INTEL Microprocessors (1995) 3rd Ed., Prentice-Hall of India.

Reference Books:

1. Millman and Grabel: Microelectronics, 2nd Ed. (1987), MHB.

2. Millman: Microelectronics, Digital and Analog Circuits and Systems. (1979), MHB.

3. R. L. Tekheim: Microprocessor Fundamentals(1986), MHB. 

ASP 2.1.4


Option (ii)
STATISTICAL MECHANICS

Maximum Marks: External 
60




Time Allowed: 3 Hours



     Internal       20




Total Teaching hours:  50



     Total           80




Pass Marks: 35%

Out of 80 Marks, internal assessment (based on two mid-semester tests/ internal examination, written assignment/project work etc. and attendance) carries 20 marks, and the final examination at the end of the semester carries 60 marks. 

Instruction for the Paper Setter: The question paper will consist of three sections A, B and C. Each of sections A and B will have four questions from respective sections of the syllabus. Section C will have 10 short answer type questions, which will cover the entire syllabus uniformly. Each question of sections A and B carry 10 marks.  Section C will carry 20 marks.

Instruction for the candidates: The candidates are required to attempt two questions each from sections A and B, and the entire section C. Each question of sections A and B carries 10 marks and section C carries 20 marks.

                              Use of scientific calculators is allowed.

SECTION A

Classical Statistical Mechanics Postulates, the macroscopic and microscopic states, contact between statistics and thermodynamics, connection between statistical and thermodynamic quantities, Ensemble, Phase space, Liouville's theorem, Representation of Ensembles in Phase space, Micro canonical ensemble, Gibb's micro canonical distribution, Ideal gas in micro canonical ensemble, Entropy of an ideal gas, Gibb's paradox, Sackur-Tetrode equation.

Canonical ensemble and its thermodynamics, Partition function, Partition function in phase space, Problems in canonical ensembles: Classical ideal gas, System of independent harmonic oscillators, Dielectrics, Para magnetisms, Rotational partition function. Equipartition and Virial theorems

Grand canonical ensemble and its thermodynamics, Energy and Density fluctuations. Equivalence of canonical and the grand canonical ensembles. Classical Ideal gas in grand canonical ensemble.

SECTION B

Postulates of Quantum Statistical Mechanics, Density matrix, Different ensembles in quantum statistical mechanics for different Ideal gases (Ideal Fermi Gas, Ideal Bose Gas and Boltzman Gas): Distribution function for different ideal gases, density of states for an ideal gas.

Equation of state of an Ideal Fermi Gas, Degeneracy, Fermi energy at T=0 and at low temperatures. Thermodynamics of an ideal Fermi gas, Free electron gas in metal

Bose Gas: Equation of state of an Ideal Bose gas, Bose-Einstein condensation, Thermodynamics of an Ideal Bose gas, Black body radiation (The photon gas)
Phase transition, Introduction to first and second order phase transition: the Clausius Claperyon equation, Ising model in zeroth approximation, random walk and brownian motion, Fick’s diffusion formula, Fick law, Einstein relation.
Text Book:

1.  Statistical Mechanics: Kerson Huang, (John Wiley & Sons, 2nd Ed.)

Reference Book:

1.  Statistical Mechanics: R.K. Patharia (2nd Ed.), Butterworth Oxford

ASP2.1.4 

Option (iii)  MATERIAL SCIENCE
Maximum Marks: External 
60




Time Allowed: 3 Hours



     Internal       20




Total Teaching hours:  50



     Total           80




Pass Marks: 35%

Out of 80 Marks, internal assessment (based on two mid-semester tests/ internal examination, written assignment/project work etc. and attendance) carries 20 marks, and the final examination at the end of the semester carries 60 marks. 

Instruction for the Paper Setter: The question paper will consist of three sections A, B and C. Each of sections A and B will have four questions from respective sections of the syllabus. Section C will have 10 short answer type questions, which will cover the entire syllabus uniformly. Each question of sections A and B carry 10 marks.  Section C will carry 20 marks.

Instruction for the candidates: The candidates are required to attempt two questions each from sections A and B, and the entire section C. Each question of sections A and B carries 10 marks and section C carries 20 marks.

                              Use of scientific calculators is allowed.






SECTION A

Crystal Imperfections: 

Classification of imperfections: Point imperfections, Line imperfections; Mixed dislocations. Characteristics of dislocations; Sources of dislocations, their effects and remedies; Phenomena related to behaviour of dislocations, Surface imperfections, Volumes imperfections, Whiskers.

Diffusion in solids: Diffusion controlled applications, Types of diffusion, Diffusion processes, Laws of diffusion, Solution to Fick's second law, Applications based on second law, Experimental determination of diffusivity, Factors affecting diffusivity.

Mechanical Properties: 

Basic properties: Strain, Stress, Young's modulus, Elastic constants, Isotropy, Anisotropy, Orthotropy, Homogeneity and heterogeneity; Stress-strain diagrams, Stress-strain diagram of structural steel, Elastic properties; Other mechanical properties: Strength, Stiffness, Elasticity, Plasticity, Resilience, Proof resilience, Toughness, Ductility, Brittleness and malleability, True stress-strain diagrams, Fatigue and Creep.

Mechanical Tests: Destructive tests, Tensile test, Compression tests, Shear and bending (on Flexure) tests, Torsion test, Hardness tests, Impact tests, Fatigue test and Creep test.



                      SECTION B

Phases and Phase diagrams

Solid phases in alloys, Solid solution, Inter-metallic compounds and intermediate compounds, Phases, Phase diagrams, Binary phase diagram, Typical phase diagrams, Application of phase diagrams, Ternary phase diagram.

Phase Transformations and Heat Treatment

Rate of cooling and crystallization, Strengthening mechanisms; Cold and hot working; Precipitation (or Age) hardening, Dispersion hardening, Solid solution hardening, Recovery and re-crystallization, Grain growth and preferred orientation.

Purpose of heat treatment, Microstructure of steel and iron, Iron-Carbon phase diagram, Transformation in steel and critical cooling curve, Heating  temperature range in various heat treatment processes, Hardening, Tempering, Annealing, Normalizing, Case hardening or carburizing, Cyaniding, Nitriding, Flame hardening, Induction hardening and Jaminy End-quenched test.

Engineering Materials (Ferrous)

Production of iron and steel, Casting of ingots, Refining, Continuous casting, Steels, Plain carbon steels and applications, Alloy steels, Heat treatment of stainless-steels, Tool-steels and Cast iron.

ASP 2.1.4       Option (iii)   MATERIAL SCIENCE
Engineering Materials (Non-ferrous)

Aluminium, Properties of aluminium alloys, Age-hardening of aluminium alloys, Copper and its production, Copper alloys, Magnesium and its alloys, Titanium alloys, Bearing materials, Alloys for cutting tools, Creep resistant materials.

Text Books:

1. Material Science and Engineering: K.M. Gupta  (Ist Ed.), Umesh Pub., Delhi

2. Material Science: Abdul Mubeen  and Farhat Mubeen (2nd Ed.), Khanna Pub., Delhi

	ASP 2.1.5
	LAB PRACTICE


Maximum Marks: 120





            Time allowed: 3 Hours

Pass Marks: 45%





   
Total teaching hours:  120
Out of 120 Marks, internal assessment based on seminar, attendance and reports carries 30 marks, and the final examination at the end of the semester carries 90 marks. 

The laboratory comprises of experiments based on Spectroscopy and Observational Astronomy, listed below:
1. Identification of prominent constellations of the summer and autumn seasons by using the Celestial Globe Model.
2. Naked eye astronomy: Identification of the prominent constellations of summer skies.
3. Naked eye astronomy: Identification of the prominent constellations of autumn skies.
4. Handling of the 6" telescope.
5. Polar-axis alignment of an equatorially mounted 6" telescope.

6. To find the field of view of the 6" telescope and the guiding telescope by using the drift method.

7. To observe Sun-spots and study their behavior.

8. To locate the position of bright clusters, nebulae, Galaxies, etc. by using the 6” telescope.

9. Find the altitude of the celestial body (Planet, Star or …….) by using a sextant.

10. Find the rotational velocity of Sun by using   Abbe Comparator and spectroscopic plates.

11. Find the magnetic field strength of Sun-spots by using Abbe Comparator and spectroscopic plates.

	ASP 2.1.6
	Workshop (Mechanical/ Optical)


Maximum Marks: 60





            Time allowed: 3 Hours

Pass Marks: 45%





   
Total teaching hours:  80
Out of 60 Marks, internal assessment (based on performance in the workshop and attendance) carries 15 marks, and the final examination at the end of the semester carries 45 marks. 

In the workshop students will fabricate mechanical jobs (spanner, U-fitting, screw driver, wooden- cross etc.) in one group and optical jobs (Lens, prism, mirror etc.) in the second group.  Each student will be placed in one the two groups during the entire semester.

Semester – IV
Core Papers

ASP 2.2.1

GALACTIC  SYSTEM AND COSMOLOGY

Maximum Marks: External 
60




Time Allowed: 3 Hours



     Internal       20




Total Teaching hours:  50



     Total           80




Pass Marks: 35%

Out of 80 Marks, internal assessment (based on two mid-semester tests/ internal examination, written assignment/project work etc. and attendance) carries 20 marks, and the final examination at the end of the semester carries 60 marks. 

Instruction for the Paper Setter: The question paper will consist of three sections A, B and C. Each of sections A and B will have four questions from respective sections of the syllabus. Section C will have 10 short answer type questions, which will cover the entire syllabus uniformly. Each question of sections A and B carry 10 marks.  Section C will carry 20 marks.

Instruction for the candidates: The candidates are required to attempt two questions each from sections A and B, and the entire section C. Each question of sections A and B carries 10 marks and section C carries 20 marks.

                              Use of scientific calculators is allowed.

SECTION A

The Milky Way: Our galaxy, size and shape, Position of the solar system in our galaxy. Distribution of various types of stars in our galaxy.

HII Regions and Nebulae in our Galaxy: H II regions, Diffuse nebulae, Emission nebulae, Reflection nebulae, Dark nebulae, Planetary nebulae, their properties and appearance. Photoionization theory of a nebula containing only H; of a nebula containing H and He.
Supernova Explosion: Frequency of supernovae in our galaxy, Types of supernovae, Mechanism of the formation, Spectrum and evolution.

Galactic Rotation: Oorts A and B constants. Evidence for the spiral structure of our galaxy. Various spiral arms  and subarms.  Wave theory for spiral structure. Rotational speed near the solar system.  Expansion of the galaxy. The Hubble's constant. Origin and evolution.

The 21 cm Line Observations: Mechanism, Importance of the study for our galaxy.







SECTION B

Extra-galactic systems: Various classification schemes of galaxies: The Hubble classification system, De Vaucouleurs' system, Van den Bergh's system of classification, Morgan's classification system, Elmegreen's classification of spiral arms, Galactic bars, Elliptical galaxies, Seyfert galaxies, The SO class. Physical properties: Diameters, Masses, Colour, Spectrum, Luminosities.

General Relativity: Covariant differentiation, Riemannian geometry, Space time curvature, Geodesics, Principle of equivalence. Experimental tests (only qualitative discussion): gravitational red shift, perihelion precession of Mercury, bending of light.
The Einstein's universe, Theories of the universe: Big bang theory, Steady state theory, Oscillatory theory (descriptive only) The expanding universe, Assumptions of cosmology, Hubble's law, Friedmann's equations and their solutions.

Text Books:

1. Galactic Astronomy: Mihalas,D. and Binny,J., W.H. Freeman, 1981

2. Galactic Structure: Blaauw, A. and Schmidt,M., Universirty of Chicago Press, 1965

3. Galaxies and the Universe: Sandane, M. and Kristian Jerone, University of Chicago Press, 1975

4. Galaxies and Cosmology: V.M. Canuto and Bruce G. Elmegreen, Gordon and Breach Science

5. Galaxy Morphology and Classification: Sidney Van Den Bergh, Cambridge University Press, 1998

6. Structure of the Universe: A.E. Roy and D. Clarke, Adam Hilger, Bristor & NY, 1989

7. Introduction to Cosmology: J.V. Narlikar, Cambridge University Press, 1993

ASP 2.2.2

STELLAR STRUCTURE AND EVOLUTION

Maximum Marks: External 
60




Time Allowed: 3 Hours



     Internal       20




Total Teaching hours:  50



     Total           80




Pass Marks: 35%

Out of 80 Marks, internal assessment (based on two mid-semester tests/ internal examination, written assignment/project work etc. and attendance) carries 20 marks, and the final examination at the end of the semester carries 60 marks. 

Instruction for the Paper Setter: The question paper will consist of three sections A, B and C. Each of sections A and B will have four questions from respective sections of the syllabus. Section C will have 10 short answer type questions, which will cover the entire syllabus uniformly. Each question of sections A and B carry 10 marks.  Section C will carry 20 marks.

Instruction for the candidates: The candidates are required to attempt two questions each from sections A and B, and the entire section C. Each question of sections A and B carries 10 marks and section C carries 20 marks.

                              Use of scientific calculators is allowed.

SECTION A

H-R diagram of solar neighbourhood stars, galactic clusters and globular clusters, Transformation to luminosities and radii, Mass-luminosity relation, Time scales, fundamental equations of stellar structure: Equation of hydrostatic equilibrium, Equation of mass conservation, Accuracy of hydrostatic assumption,, Validity of spherical symmetry assumption, Minimum value of central temperature, Central pressure of a star, Thermal equilibrium, Radiative energy transport, Convective instability, Adiabatic temperature gradient, Convective energy transport, Mixing length.

Energy generation from nuclear reactions, Occurrence of fusion reactions (tunnel effect), Hydrogen burning and helium burning, Comparison  of energy generation for pp-chain, CNO cycle and Triple-Alpha reaction.

Stellar models: Boundary conditions, Voigt-Russel theorem, Schwarzschild dimensionless variables model, Homologous stars, Polytropic stars, Lane-Emden equation, Standard model







SECTION B
Star formation: Jean's criterion for gravitational instability, Fragmentation, Position of protostar in H-R diagram (Hayashi Theory).

Evolution: Main sequence phase, Low mass stars: Evolution along sub-giant branch, Helium burning, Post core helium burning. High mass stars: Evolution along giant branch, Blue loop excursions, Dependence of evolution on interior mixing, Post helium core burning, Carbon flash.

Late stages of Stellar Evolution: White dwarfs: Degeneracy, Equation of state for complete degeneracy: Non-relativistic degeneracy, Extreme-relativistic degeneracy and criteria for  e-T plane; Structure of white dwarfs, Thermodynamics of white dwarfs, Extent of non-degenerate layers, Sources of energy, Instabilities caused by nuclear reactions, Thermal energy and cooling time.

Planetary nebula, Supernovae, Neutron stars, Black holes (Only qualitative discussion).

Text Books:

1. Stellar Structure and Evolution: Schwarzschild,M., Princeton Univ. Press, 1958

2. Principles of Stellar Structure: Cox J.P. and Giuli, R.T., Gordon and Breach (Vol. II), 1968

3. Introduction to Stellar Astrophysics (Vol. 3) :  Structure and Evolution: Bohm-Vitense, E., Cambridge Univ. Press, 1992.

ASP 2.2.3



PLASMA PHYSICS

Maximum Marks: External 
60




Time Allowed: 3 Hours



     Internal       20




Total Teaching hours:  50



     Total           80




Pass Marks: 35%

Out of 80 Marks, internal assessment (based on two mid-semester tests/ internal examination, written assignment/project work etc. and attendance) carries 20 marks, and the final examination at the end of the semester carries 60 marks. 

Instruction for the Paper Setter: The question paper will consist of three sections A, B and C. Each of sections A and B will have four questions from respective sections of the syllabus. Section C will have 10 short answer type questions, which will cover the entire syllabus uniformly. Each question of sections A and B carry 10 marks.  Section C will carry 20 marks.

Instruction for the candidates: The candidates are required to attempt two questions each from sections A and B, and the entire section C. Each question of sections A and B carries 10 marks and section C carries 20 marks.

                              Use of scientific calculators is allowed.

SECTION A

Motion of charged particles: Motion of charged particles in a constant uniform magnetic field, Constant and uniform electric and magnetic fields, Inhomogeneous magnetic field. Constant non-electromagnetic forces, Time varying magnetic field, constant magnetic and time varying  electric field, Adiabatic invariants, Magnetic mirrors.

Boltzman equation: Fluid model of a plasma, Two fluid and one fluid equations, Collisionless less Boltzman equation, Moment equations and conservation laws, Transport phenomena in plasma: Fokker Planck equations.

                                                                  SECTION B
Magnetohydrodynamics: Generalized Ohm’s law, MHD equations, MHD equilibrium, Force free fields. MHD Stability: Normal mode technique, Sausage and kink instability in a linear pinch, Energy principle, Interchange instabilities, Cusp configuration, Two stream, Ion-acoustic drift, Firehose instabilities.

Waves in Plasma: Plasma oscillations, Electron plasma waves, Ion waves, Electrostatic electron and ion oscillations in a magnetoplasma, Electromagnetic waves propagation through a plasma and magnetoplasma, Alfven waves and magnetosonic waves.

Text Books:

1. Plasma Dynamics: Boyd, T.J.M. and Sanderson, J.J., Nelson, 1969

2. Introduction to plasma Physics, Chen, F.F., Plenum Press, N.Y. 1977

3. Elements of Plasma Physics: Goswami, S.N., New Central Book Agency, 1995

4.         Introduction to Plasma Theory, Nicholson, D.R., John Wiley & Sons, 1983.

Elective Papers
ASP 2.2.4     Option (i)       

Remote Sensing 

Maximum Marks: External 
60




Time Allowed: 3 Hours



     Internal       20




Total Teaching hours:  50



     Total           80




Pass Marks: 35%

Out of 80 Marks, internal assessment (based on two mid-semester tests/ internal examination, written assignment/project work etc. and attendance) carries 20 marks, and the final examination at the end of the semester carries 60 marks. 

Instruction for the Paper Setter: The question paper will consist of three sections A, B and C. Each of sections A and B will have four questions from respective sections of the syllabus. Section C will have 10 short answer type questions, which will cover the entire syllabus uniformly. Each question of sections A and B carry 10 marks.  Section C will carry 20 marks.

Instruction for the candidates: The candidates are required to attempt two questions each from sections A and B, and the entire section C. Each question of sections A and B carries 10 marks and section C carries 20 marks.

                              Use of scientific calculators is allowed.

SECTION A
History and scope of remote sensing: Milestones in the history of remote sensing, overview of the remote sensing process, A specific example, Key concepts of remote sensing, career preparation and professional development.

Introduction: Definition of remote sensing, Electromagnetic radiation, Electromagnetic Spectrum, interaction with atmosphere, Radiation-Target, Passive vs. Active Sensing, Characteristic of Images.

Sensors: On the Ground, In the Air& in Space, Satellite characteristics, Pixel Size and Scale, Spectral Resolution, Radiometric Resolution, Temporal Resolution, Cameras and Aerial photography, Multispectral Scanning, thermal Imaging, Geometric Distortion, Weather Satellites, Land Observation Satellites, Marine Observation Satellites, Other Sensors, Data Reception.

SECTION B
Microwaves: Introduction, Radar Basics, Viewing Geometry & Spatial Resolution, Image Distortion, Target Interaction, Image Properties, Advanced Applications, Polarimetry, Airborne vs. Spaceborne, Airborne & Spaceborne Systems.

Image Analysis: Visual Interpretation, Digital processing, Preprocessing, Enhancement, Transformations, Classification, Integration.

Applications:  Agriculture—Crop Type Mapping and Crop Monitoring; Forestry---Clear cut Mapping, Species identification and Burn Mapping; Geology---Structural Mapping & Geological Units; Hydrology-----Food Delineation & Soil Moisture; Sea Ice----Type & Concentration, Ice Motion; Land Cover----Rural/Urban Change, Biomass Mapping; Mapping-----Planimetry, DEMs, Topo Mapping; Oceans & Coastal-----Ocean features, Ocean Colour, Oil Spill Detection.

Text Books:

1. Introduction to Remote Sensing : James B. Cambell

2. Fundamentals of Remote Sensing: Natural Resources, Canada Centre of Remote Sensing.

ASP 2.2.4

Option (ii)
LASERS AND APPLICATIONS

Maximum Marks: External 
60




Time Allowed: 3 Hours



     Internal       20




Total Teaching hours:  50



     Total           80




Pass Marks: 35%

Out of 80 Marks, internal assessment (based on two mid-semester tests/ internal examination, written assignment/project work etc. and attendance) carries 20 marks, and the final examination at the end of the semester carries 60 marks. 

Instruction for the Paper Setter: The question paper will consist of three sections A, B and C. Each of sections A and B will have four questions from respective sections of the syllabus. Section C will have 10 short answer type questions, which will cover the entire syllabus uniformly. Each question of sections A and B carry 10 marks.  Section C will carry 20 marks.

Instruction for the candidates: The candidates are required to attempt two questions each from sections A and B, and the entire section C. Each question of sections A and B carries 10 marks and section C carries 20 marks.

                              Use of scientific calculators is allowed.






SECTION A

Introductory Concepts: Absorption, Spontaneous and stimulated emission, The laser idea, Properties of laser light.

Interaction of radiation with matter: Summary of black body radiation theory, Rates of absorption and stimulated emission, Allowed and forbidden transitions, Line broadening mechanisms, Transition corss-section, Absorption and gain coefficient, Non-radiative decay, Decay of many atom systems, 

Pumping processes: Optical and electrical pumping, Passive optical resonators: Photon lifetime and cavity Q. Plane parallel resonator; Approximate treatment, Fox and Li treatment, Confocal resonator, Stability diagram.

Laser rate equation: Three level and four level lasers:  Optimum output coupling, Laser spiking.

                                         SECTION B

Transverse and longitudinal mode selection, Q switching, Mode locking.

Types of lasers: Ruby lasers, Nd: YAG laser,He-Ne laser,Co2 laser, N2 laser, Excimer laser, Dye lasers, Chemical lasers, Semiconductor lasers, Colour center and free electron lasers.  
Laser induced Fusion: Introduction, Fusion process, Laser energy requirements and laser induced fusion reactor,  Laser tracking, Lidar, Lasers in isotope separation using radiation pressure; selective photoionization and photochemical process. Lasers in industry for welding, Hole drilling and cutting, Lasers in medicine and surgery.

Text Books:

1. Principles of Lasers: O. Svelto,(3rd Ed.), Plenum Press

2. Lasers and its applications: A.K. Ghatak and K. Thyagrajan

3. Lasers and Nonlinear Optics: B.B. Laud (2nd Ed.), Wiley Eastern

4. Laser Electronics: J.T. Verdeyen (2nd Ed.), PHI

ASP 2.2.4
Option (iii) 
TECHNIQUES IN EXPERIMENTAL PHYSICS

Maximum Marks: External 
60




Time Allowed: 3 Hours



     Internal       20




Total Teaching hours:  50



     Total           80




Pass Marks: 35%

Out of 80 Marks, internal assessment (based on two mid-semester tests/ internal examination, written assignment/project work etc. and attendance) carries 20 marks, and the final examination at the end of the semester carries 60 marks. 

Instruction for the Paper Setter: The question paper will consist of three sections A, B and C. Each of sections A and B will have four questions from respective sections of the syllabus. Section C will have 10 short answer type questions, which will cover the entire syllabus uniformly. Each question of sections A and B carry 10 marks.  Section C will carry 20 marks.

Instruction for the candidates: The candidates are required to attempt two questions each from sections A and B, and the entire section C. Each question of sections A and B carries 10 marks and section C carries 20 marks.

                              Use of scientific calculators is allowed.






SECTION– A

Thin Film Deposition Technology: Thermal evaporation – general considerations and evaporation methods. Cathodic sputtering – sputtering process, glow discharge sputtering, sputtering variants and low pressure sputtering. Chemical methods – electrodeposition and chemical vapour deposition. Vacuum deposition apparatus – vacuum systems and surface deposition technology.                                                                    

Thickness Measurements, Analytical Techniques and Transducers Techniques: Thickness measurement – electrical methods, microbalance monitors, mechanical method, radiation absorption and radiation emission methods, optical interference methods. Analytical techniques – chemical analysis and structural analysis.
Transducers: Transducers as input elements to instrumentation systems classification of transducers, selecting a transducer, strain gauges, displacement transducers,  temperature measurements, photosensitive devices.

                                                         SECTION– B
Diffraction techniques: Principal, Instrumentation, working and applications of X-ray diffraction, Neutron diffraction, Electron diffraction

Confocal Scanning Optical Microscopy: Basic concepts, Instrumentation & working, Applications 

Electron microscopy: Scanning Electron Microscope: Basic concepts, Instrumentation & working, Applications; Transmission Electron Microscope: Basic concepts, Instrumentation & working, Applications

Scanning probe microscopy: Scanning Tunneling Microscope: Principal, Construction & working, Applications; Atomic Force Microscope: Principal, Construction & working, Applications

Spectroscopic Techniques (Basic concepts, Instrumentation & working, Applications): UV-Visible absorption spectroscopy, X-ray photoelectron spectroscopy, Raman spectroscopy, Infrared spectroscopy, Luminescence spectroscopy, Atomic absorption spectroscopy, Mass spectroscopy, Mossbauer spectroscopy
Magnetometers: Vibrating sample magnetometer: Basic concepts, Instrumentation & working, Applications; SQUID magnetometer: Basic concepts, Instrumentation & working, Applications

Text Books:

1. Thin Film Phenomena: K.L. Chopra, McGraw Hill Book Company
2. Electronic Instrumentation and Measurement Techniques: W.D. Cooper and A.D. Helfrick (3rd Ed.), Prentice Hall of India Pvt. Ltd.

3.
Springer Handbook of Nanotechnology Edited by Bharat Bhushan, Published by Springer.

4.
Handbook of Spectroscopy Edited by G Gaugliz an T Vo-Dinh,Published by WILEY VCH 
Verlag GmbH & Co.

ASP 2.2.4  Option (iii)   TECHNIQUES IN EXPERIMENTAL PHYSICS

5.
Encyclopedia of Spectroscopy and Spectrometry Edited by JC Lindon, G E Tranter and J L Holmes, Published by Academic Press.

6.
Concise Encyclopedia of Materials Characterization Edited by R Cahn, Elsevier Publication.
7.
Dekker Encyclopedia of Nanoscience and Nanotechnology. Edited by J A Schwarz, C I Contescu and K Putyera, Published by Marcel Dekker Inc.

8.
Handbook of Microscopy for Nanotechnology Edited by N Yao and Z L Wang, Published by Kluwer Academic Publishers.

ASP 2.2.4               Option (iv)   COMPUTER SIMULATION IN PHYSICS
Maximum Marks: External 
60




Time Allowed: 3 Hours



     Internal       20




Total Teaching hours:  50



     Total           80




Pass Marks: 35%

Out of 80 Marks, internal assessment (based on two mid-semester tests/ internal examination, written assignment/project work etc. and attendance) carries 20 marks, and the final examination at the end of the semester carries 60 marks. 

Instruction for the Paper Setter: The question paper will consist of three sections A, B and C. Each of sections A and B will have four questions from respective sections of the syllabus. Section C will have 10 short answer type questions, which will cover the entire syllabus uniformly. Each question of sections A and B carry 10 marks.  Section C will carry 20 marks.

Instruction for the candidates: The candidates are required to attempt two questions each from sections A and B, and the entire section C. Each question of sections A and B carries 10 marks and section C carries 20 marks.

                              Use of scientific calculators is allowed.



SECTION A

Evaluation of polynomials and Root finding: Evaluation of truncated series: Fundamental iterative scheme. Solution of nonlinear equations: Newton-Raphson method, Secant method, Newton method for two dimensions.

Iterative methods for systems of equations:  Linear system: Jacobi method, Gauss Seidal Iteration.

Interpolation and Approximation: Polynomial interpolation: Lagrange's and Newton methods.

Curve fitting: Linear and nonlinear curve fitting: Least squares approximation, Data linearization, Piecewise and Cubic Spline interpolation.

Differentiation and Integration: Differentiation using forward, backward and central difference operators; Error analysis, Trapezoidal and Simpson rules; Two and three dimensional integration.

                                                          SECTION B

Ordinary Differential equation: Taylor method, Runge-Kutta method and Predictor-Corrector method, System of differential equations for initial value problems.

Monte-Carlo method: Pseudo random numbers and their generation, Monte-Carlo integration.

Simulation of Physics Problems:  Algorithm development of 
1. 1 and 2-Dimensional motion: Viscous effects and projective motion.

2. 1 dim. SHO, damping and anharmonic effects

3. Linear electrical circuits (Kirchoff's laws)

4. Solution of 1-dim. Schrodinger equation

5. Monte-Carlo method for evaluation of Pi and moment of inertia

6. Monte-Carlo modeling of radioactivity

Text Books:

1. Numerical Methods: J.H. Mathews, Prentice Hall of India

2. Computer Oriented Numerical Methods: V. Rajaraman, Prentice Hall of India

3. Computational Physics: R.C. Verma, P.K. Alhuwalia and K.C. Sharma, New Age Pub., N.Delhi

4. Introduction to Computational Physics: M.L. De Jong, Addison Wesley Pub. Co.

ASP 2.2.4     option (v)
ELECTRONIC COMMUNICATION SYSTEMS

Maximum Marks: External 
60




Time Allowed: 3 Hours



     Internal       20




Total Teaching hours:  50



     Total           80




Pass Marks: 35%

Out of 80 Marks, internal assessment (based on two mid-semester tests/ internal examination, written assignment/project work etc. and attendance) carries 20 marks, and the final examination at the end of the semester carries 60 marks. 

Instruction for the Paper Setter: The question paper will consist of three sections A, B and C. Each of sections A and B will have four questions from respective sections of the syllabus. Section C will have 10 short answer type questions, which will cover the entire syllabus uniformly. Each question of sections A and B carry 10 marks.  Section C will carry 20 marks.

Instruction for the candidates: The candidates are required to attempt two questions each from sections A and B, and the entire section C. Each question of sections A and B carries 10 marks and section C carries 20 marks.

                              Use of scientific calculators is allowed.

SECTION A

Introduction to communication systems: Information, transmitter, channel noise, receiver, need for modulation, bandwidth requirements, Noise and its types.

AM: Representation of AM, frequency spectrum, power relations in AM wave, techniques for generation of AM, AM transmitter, AM receiver types, single and multi-superhetrodyne receivers, communication receivers.

SSB: Evolution and description of single side band, suppression of carrier, the balanced modulator, suppression of unwanted side band, pilot carrier systems, ISB systems, VSB transmission, single and independent side band receivers.(Ref.1)

FM: Description of FM systems, mathematical representation, frequency spectrum, phase modulation,, intersystem comparison, pre-emphasis and de-emphasis, comparison of wide band and narrow band FM, stereophonic FM multiplex system, FM generation techniques, FM demodulators, FM receivers. (Ref. 1)
Radar systems: Basic principles, pulsed radar systems, moving target indication, radar beacons, CW Doppler radar, frequency modulated CW radar, phased array' radars, planar array radars. (Ref.2)
SECTION B

Pulse Communication: Information theory, pulse modulation, types of pulse modulation, pulse amplitude modulation (PAM), pulse width modulation (PWM), pulse position modulation (PPM) and pulse code modulation (PCM), PWM transmission system, PCM transmission system, telegraphy and telemetry.

Broadband communication systems:  Frequency division multiplex (FDM), Time division multiplex (TDM), coaxial cables, Fiber optics links, microwave links, tropospheric scatter links, submarine cables, satellite communication systems, elements of long distance telephony. (Ref. 1)

Microwave Radio communications & system gain: Advantages of microwave communication, frequency modulated microwave radio system, microwave radio repeaters, protection switching arrangements, FM microwave radio stations, path characteristics, system gain.

Optical fiber communications: Type of optical fibers, type of optical fibers, optical fiber communication system (block diagram), propagation of light through an optical fiber, optical fiber configurations, losses in optical fiber cables, light and optical sources, light detectors. (Ref. 1, 2, 3)

Text Books:

1. G. Kennedy and B. Devis, Electronic communication systems, Tata McGraw Hill Publishing Co., New Delhi.

2. W. Tomasi, Electronic communication systems, Pearson Education Asia, Delhi.

	ASP 2.2.5
	LAB PRACTICE


Maximum Marks: 120





            Time allowed: 3 Hours

Pass Marks: 45%





   
Total teaching hours:  120
Out of 120 Marks, internal assessment based on seminar, attendance and reports carries 30 marks, and the final examination at the end of the semester carries 90 marks. 

The laboratory comprises of experiments based on Observational Astronomy, listed below:
1. Identification of prominent constellations of the winter and spring seasons by using the Celestial Globe Model.  Also prepare the list of bright stars in the constellations.
2. Naked eye astronomy: Identification of the prominent constellations of winter skies. Also list the    names and eye-estimate of the magnitude of bright stars in them.
3. Naked eye astronomy: Identification of the prominent constellations of spring skies. Also list the names and eye-estimate of the magnitude of bright stars in them.
4. Handling of the 24" telescope.
5. To find the field of view of the 24" telescope and its finder by using the drift method.

6. To photograph Moon and to name important features on the surface of Moon by using a photographic/Planetary camera.

7. Photography of planets and their study by using a planetary camera.

8. To perform astrophotography of a part of the constellations/ and to identify bright stars and their apparent magnitudes.

9. To perform astrophotography of Pleiades cluster and to identify its bright stars and their apparent magnitudes.

10. To point the telescope to a star by using the method of calculating the LST of an observer at any place (presently at Patiala).

11. To measure the brightness of the background sky by using the Night Brightness Photometer.  

12. To find the angular distance/separation of double stars/binaries by using a   micrometer.

	ASP 2.2.6
	Workshop (Mechanical/ Optical)


Maximum Marks: 60





            Time allowed: 3 Hours

Pass Marks: 45%





   
Total teaching hours:  80
Out of 60 Marks, internal assessment (based on performance in the workshop and attendance) carries 15 marks and the final examination at the end of the semester carries 45 marks. 

In the workshop students will fabricate mechanical jobs (spanner, U-fitting, screw driver, wooden cross etc.) in one group and optical jobs (Lens, prism, mirror etc.) in the second group.  Each student will be placed in the group (different from that in the first semester) during the entire semester.

	AP 2.2.7
	Open Elective Subject


Maximum Marks: External 
60




Time Allowed: 3 Hours



     Internal       15




Total Teaching hours:  40



     Total           45




Pass Marks: 35%

Out of 60 Marks, internal assessment based on seminar, attendance and reports carries 15 marks, and the final examination at the end of the semester carries 45 marks. 

Note: Open Elective Subject (AP 2.2.7) shall be compulsory for all students. The students are required to qualify this paper. The marks obtained will not add to the Grand total of the course. This paper will be, of 3 lectures per week, from the Open Elective Subjects offered by other departments for which the timings shall be 4.00 - 5.00 pm.

