                                                                            SCHEME 

 M.Sc. PHYSICS (NANO SCIENCE AND TECHNOLOGY) PART– II

 (III & IV semesterS) 

2017 – 2018, 2018 – 2019 SessionS

	Code 

    
	Title of Paper
	Hours 

(Per 

Week)
	Max Marks
	Examination

Time (Hours)

	Semester – III  

	
	Total
	Ext.
	Int.
	

	Core Papers
	
	
	
	
	

	NT 2.1.1
	Physics of Semiconductor 

 Nanostructures
	4
	80
	60
	20
	03

	NT 2.1.2
	Characterization Techniques
	4
	80
	60
	20
	03

	NT 2.1.3
	Carbon Nanotubes

	4
	80
	60
	20
	03

	Elective Papers
	
	
	
	
	

	NT 2.1.4
	One of the followings*


(i) Advanced Electronics

(ii) Laser Physics


(iii) Statistical Mechanics

(iv) Computer Simulation in Physics
(v) Material Science
	4
	80
	60
	20
	03



	NT 2.1.5
	Lab Practice- Nanoscience
	9
	180
	135
	45
	03

	NT 2.1.6
	Open Elective Subject
	3
	60
	45
	15
	03

	Semester – IV
	
	
	
	
	

	NT 2.2.1
	Project Work
	
	500
	375
	125
	


NOTE:  i)    Only one optional paper will be offered depending on the availability of staff*.
            ii)   Open Elective Subject (NT 2.1.6) 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.

or

One of the on-line Open Elective Subject (Not discarded by Physics Department) offered at web-site: swayam.gov.in

Semester –III
Core Papers

NT 2.1.1           
PHYSICS OF SEMICONDUCTOR NANOSTRUCTURES
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
Quantum Dot Infrared Photodetectors (QDIP); QD and QDIP Structure Growth and Characterization, QDIP Device Characteristics, Prognosis
Quantum Dot Lasers: Theoretical Overview; Introduction: Dimensionality and Laser Performance, Advantages of an Idealized QD Laser, Progress in Fabricating QD Lasers, State-of-the-Art Complications, Novel Designs of QD Lasers with Improved Threshold and Power Characteristics

High-Speed Quantum Dot Lasers; Introduction, MBE Growth of Self-Organized QDs and Their Electronic Properties, Separate Confinement Heterostructure QD Lasers and Their Limitations, Tunnel Injection of Carriers in QDs, Characteristics of High-Speed Tunneling-Injection QD Lasers
Self-Assembled Germanium Nano-Islands on Silicon; Heteroepitaxy Mechanisms, Uniform Ge Islands, Registration and Regimentation of Ge Islands, Novel Device Applications

SECTION B

Zinc Oxide-Based Nanostructures; Growth, Characterization, Properties, Device applications

Antimony-Based Materials for Electro-Optics; Introduction, III-Sb Binary Compounds: GaSb, AlSb, and InSb.
InAsSb/InAsSbP for IR Lasers, GaSb/InAs Type II Superlattice for IR Photodetectors

Growth, Structures, and Optical Properties of III-Nitride Quantum Dots; Growth of III-Nitride QDs, Optical Properties of III-Nitride QDs
Carbon Nanotube Engineering and Physics; Controlled Fabrication of Uniform Nanotubes in a Highly Ordered Array, Interfacing with Biomolecules and Cells, Intrinsic Quantum Electromechanical Couplings, Extrinsic Coupling to Radiation Fields, Heterojunction Nanotubes, Prospects for Future Advances

Text Books: 

1. Semiconductor Nanostructures for Optoelectronic Applications Edited by Todd Steiner, Published by  ARTECH HOUSE, Inc.

2. Handbook of Semiconductor Nanostructures & Nanodevices Edited by A A   Balandin and K L Wang, Published by American Scientific Publishers.

3. Encyclopedia of Nanoscience and Nanotechnology Edited by H S Nalwa,  Published by American Scientific Publishers

NT 2.1.2                                CHARACTERIZATION 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
General classification of synthesis techniques, Stabilization of colloidal systems, Wet chemical synthesis technique, Sol-gel technique, Template synthesis technique, Mechano-synthetic methods, Lithographic technique, Epitaxy growth technique.
Nanofabrication via atom optics, Vapour processing of nanostructureed materials.

Diffraction techniques: X-ray diffraction, Neutron diffraction, Electron diffraction.

Confocal Scanning Optical Microscopy; Basic concepts, Instrumentation, Applications in Nanotechnology
Electron microscopy: Scanning electron microscope, Transmission electron microscope

   SECTION B

Scanning probe microscopy:  Scanning tunnelling microscope, Atomic force microscope, Diffraction scanning calorimetry, Differential thermal/thermal gravitational analysis, particle size analyzer, vibrator sample magnetometer, SQUID magnetometer.
Spectroscopic Technique: UV-visible absorption spectroscopy, X-ray photoelectron spectroscopy, Energy dispersive X-ray spectroscopy, Raman spectroscopy, Infrared spectroscopy, Luminescence spectroscopy, Atomic absorption spectroscopy, Mass spectroscopy, Electron spin resonance spectroscopy, Mossbauer spectroscopy.

Text Books:
1. Nanostructured Materials and Nanotechnology Edited by H S Nalwa, Academic Press
2. Nanochemistry by G B Sergeev, Elsevier inc.

3. Introduction to Nanotechnology by C P Poole Jr. and F J Owens, Wiley Interscience
4. Springer Handbook of Nanotechnology Edited by Bharat Bhushan, Springer-Verlag Berlin Heidelberg, New York
5. Handbook of spectroscopy Edited by G Gaugliz an T Vo-Dinh, Wiley VCH Verlag GmbH & Co.

6. Encyclopedia of Spectroscopy and Spectrometry Edited by JC Lindon, G ETranter and J L Holmes, Academic Press

7. Concise Encyclopedia of Nanoscience and Nanotechnology Edited by J ASchwarz, CI Contescu and K Putyera, Marcel Dekker Inc.
8. Dekker Encyclopedia of Nanoscience and Nanotechnology Edited by J A Schwarz, C I Contescu and K Putyera, Published by Marcel Dekker Inc.

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

NT 2.1.3                                            CARBON NANOTUBES
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
Allotropes of carbon, Structure, Progress of carbon nanotube (SWCNT & MWCNT) research

Synthesis of carbon nanotubes: Arc discharge synthesis, Laser ablation synthesis, thermal synthesis, PECVD synthesis, Specifics of CVD growth method, SWCNT growth control, Diameter and chirality control, Growth of ultralong SWCNTs, Water assisted growth of SWCNTs
Carbon nanotube peapod materials

Carbon nanotube electronics and devices: Metallic carbon nanotubes, semiconducting carbon nanotubes
Magnetic properties: Theoretical perspectives, Experimental results

Raman Spectroscopy of carbon nanotubes: Probing electronic and chemical behaviour

SECTION B

Electromechanical properties and applications: Piezoresistance, Conclusion of piezoresistance of nanotubes Theory of strain-induced band-gap changes in carbon nanotubes, Electrical measurements of strain-induced band-gap changes in suspended tubes, Electrical measurements of strain-induced band-gap changes in tubes on a surface, Electrostatic actuation, Nanoelectromechanical systems
Carbon nanotube-enabled materials: Dispersion and processing issues, Characterization of polymer/CNT composites, CNT films and fibers, Polymer/CNT composite films and fibers, Crystallization, wrapping, interaction, and intercalation
Functionalized carbon nanotubes in composites: Functionalized SWNTs, Carbon nanotube-modified composites
Carbon nanotube tips for scanning probe microscopy: Carbon nanotubes as AFM probes, Fabrication of nanotube probe tips, AFM imaging with nanotube probes, Applications of carbon nanotube probes
Application of CNTs: CNTs in Vacuum Microelectronics: Prototype Electron Emission Devices Based on Carbon Nanotubes Energy Storage, Filled Composites, Nanoprobes and Sensors, Templates

Text Books:
1. Carbon Nanotubes: Properties and Applications Edited by Michael J. O’Connel, Published by Taylor and Francis

2. Carbon Nanotubes Edited by M Endo, S Iijima and M S Dresselhaus, Published by Pergamon

3. Encyclopedia of Nanoscience and Nanotechnology Edited by H S Nalwa,  Published by American Scientific Publishers
Elective Papers
NT 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. 

NT 2.1. 4         Option (ii)  

LASER 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

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.

Nonlinear optics: Harmonic generation, Phase matching, Optical mixing, Parametric generation of light, Self focussing, Multiquantum photoelectric effect. Two photon process theory and experiment. Violation of the square law dependence. Doppler-free two photon spectroscopy. Multiphoton processes. Phase conjugation.
Laser spectroscopy: Stimulated Raman effect. Hyper Raman effect. Coherent anti-stokes Raman spectroscopy. Spin-flip Raman laser, Photo acoustic Raman spectroscopy. 
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

NT 2.1.4               Option (iii)   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 Books:
1.
Statistical Mechanics: Huang, (John Wiley & Sons, 2nd Ed.)

2.
Statistical Mechanics: R.K. Pathria
NT 2.1.4               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.

NT 2.1.4 

Option (v)  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.

NT 2.1.4       Option (v)   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

	NT 2.1.5
	Lab Practice: Nanoscience


Maximum Marks: 18





    Time allowed: 3 Hours

Pass Marks: 45%





   Total teaching hours:  120
Out of 180 Marks, internal assessment based on seminar, attendance and reports carries 45 marks, and the final examination at the end of the semester carries 135 marks. 

The laboratory practice comprises of experiments based on synthesis, characterization and spectroscopy of synthesized nanomaterials listed below.

1. Bottom-up synthesis and characterization of PVP capped intrinsic & extrinsic ZnS QDs (using Na2 SxH2O as sulphur precursor).
2. To study precursor dependent morphological and crystallographic behaviour of CdS nanoparticles.
3. Sol-gel synthesis and characterization of CdS nonocrystals.
4. Preparation and characterization of ZnO nanoparticles embedded in silica matrix
5. To investigate refluxing and distillation techniques for synthesis of II-VI ceramic nanostructures.
6. Microwave assisted synthesis of ZnO nanoparticles.
7. Mechano-synthetic synthesis (Ball milling) and characterization of II-VI chalcogenide semiconductor nanocrystals.
8. To carry out hydrothermal synthesis of semiconductor nanocrystals.
9. To study solvothermal synthesis method of nanoparticles.
10. Solid state synthesis and characterization of nanomaterials
11. To investigate photo-catalytic activity of nanomaterials.
12. To investigate optical characteristics of semiconductor nanocrystals using time resolved laser spectro-fluorometer.
13. To study well controlled morphology of nanostructures synthesized by template method.

14. To study the Band Gap of Nano crystals using UV-Vis. Absorption spectroscopy.

15. Eco-Friendly Bio-Chemical synthesis of nanomaterials.

	NT 2.1.6
	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 (NT 2.1.6) 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.

or

One of the on-line Open Elective Subject (Not discarded by Physics Department) offered at web-site: swayam.gov.in
             
SEMESTER– IV
NT 2.2.1: PROJECT WORK


In this project work, the student will be doing analysis/implementation of a research problem to be assigned by the guiding teacher.  The student is expected to carry out the detailed survey of the research problem also.


This project work of 500 marks will have 125 marks (20%) for internal assessment, which will be based on regular monthly assessments like seminar etc. of the project work of the student.  The dissertation of the project work will be submitted with in six months from the start of the semester and project work will be evaluated out of 375 marks by the external and internal examiners based on the viva voce of the report.

