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Minutes of the meeting of the Board of Studies in Physics held on 12th March 2012 at 10:00 

am in Conference Room -II, School of Physical Sciences, Banasthali Vidyapith 
 

PRESENT 

 

1.  Prof. N. S. Saxena : External Member 

2.  Dr. Vimal Vyas : Member 

3.  Dr. Vibhav Saraswat : Member 

4.  Dr. Sarita Kumari : Member 

5.  Dr. Shobhna Dixit : Member 

6.  Dr. Parvez Ahmad Alvi : Member 

7.  Dr. Amarjeet Singh : Member 

8.  Dr. Saral Kumar Gupta : Member 

9.  Dr. Saurabh Dalela : Convener 

   

Prof. K. Venugopalan, Department of Physics, Mohan Lal Sukhadia University, Udaipur, Dr. 

Anchal Srivastava, Lucknow University, Lucknow and Dr. Ghanshyam Sharma, internal member 

could not attend the meeting 

 

1. The board confirmed the minutes of its last meeting of the Board of Studies held on 

October 3, 2010.  

2. The board has recommended the syllabi for Ph. D. entrance examination as per UGC 

guidelines. The syllabi for Ph.D. entrance examination is enclosed as Annexure-I. The board 

has also suggested to prepare a bridge course for the students pursuing their Ph.D., who 

registered in year 2009.  

3. Regarding preparation of question bank containing 1000 questions for BRET, the board has 

suggested that the 30 % component for research aptitude test should be same for all science 

disciplines. Regarding the frequency of the BRET the board is of the opinion that the test 

should be conducted only twice a year. The question Bank will be submitted along with the 

soft copy to the Vice-Chancellor. 
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4. The board has verified the names of the degrees related to the department and found that the 

names of degrees are as per the list of degrees specified by the UGC. 

5. The board has recommended the course structure and syllabi of the M.Tech. 

(Nanotechnology) programme and is enclosed as Annexure-II. 

6. The board has also verified the course codes of various programmes relevant to the 

department and have following opinions: 

In M.Sc. (Physics) I Semester, the courses Digital Electronics and Computer Programming 

are also running in the M.Sc. (Electronics) I semester programme as common papers, hence 

the subjects must bear the same codes. 

 In M.Sc. (Physics) III Semester, the course on Solid State Electronic devices is also 

introduced at the level of M.Sc. (Electronics) in  I semester and hence it should also have the 

same code at both places. 

7. The board has found the concept of handout is necessary for proper monitoring the courses 

objectives and recommended its implementation strongly. 

8. As the department is not running any certificate/diploma programmes, the agenda is not 

applicable. 

9. Continuous assessment is a mean to observe the performance, progress and overall 

evaluation of the students periodically.  Hence to strengthen the Continuous Assessment 

(CA) policy the board have recommended that it should be taken as per the format given 

below: 

40% of Class Test I + 40% of Class Test II + 20% of Tutorial Sheets/Assignments 

In this format the major components Class Test I/II can be of various types like objective 

type questions, subjective questions, debate or some oral presentations as per the discretion of 

the faculty member assigned to teach the course. 

10. The board has examined the list of text/reference books for all the under-graduate 

programmes and found all the syllabi are relevant and from the text/reference books 

recommended to the particular subjects. 
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11. The board has examined the existing panel of examiners for each examination upto and 

inclusive of all Master’s Degree Examinations keeping in view the Bye-law 15.03.02 of the 

Vidyapith and updated the same and submitted to the secrecy department.  

12. I. The board recommended the study curricula and scheme of examination of B.Sc. (Physics) 

pass course. The board suggested a few modifications in the IV semester syllabi. The 

modified syllabus suggested by the board is enclosed as Annexure III. 

II. The board recommended the study curricula and scheme of examination of M.Sc. 

(Physics) course. The board suggested a few modifications in the some of the syllabi that are 

enclosed as Annexure IV. 

13. The board reviewed the reports received from the examiners of different examinations 

and found that the reports were satisfactory and the performance of the students in most 

of the papers is up to the mark.  

14. The board considered the report submitted by faculty members on the suitability of question 

papers of last year/semester for this year and noted that the question papers were satisfactory. 

15. The board examined the journal list as per reputation and impact factor. The distribution 

of the journals is made in the category A (A1, A2), B, and C as per the need of BLISS, 

maintaining the decisions in last year’s Board of Studies meeting. 

However, regarding the allotment of journals in category A, B and C, the Board 

recommended that the Journals in category A1 must have impact factor greater than 

1.0, for category A2, the impact factor must be in between 0.5 to 1.0, for Category B the 

journals must have the impact factor less than 0.5 and all the refereed journals without 

impact factor must be considered in category C. 

 

 The meeting ended with a vote of thanks to the chair. 
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Annexure-II 

1.  INTRODUCTION  

 

Nanoscience and Nanotechnology are fast growing areas of Science and Technology 
which span the entire spectrum of science and technology including next generation 
electronics, engineering materials, advanced materials and coatings, devices, computers, 
medicine, textiles, sports equipment, polymers, biology, agriculture, food science, etc. 
Nanotechnology is considered the next generation Industrial Revolution without which 
the industrial sector cannot sustain. Indian state and private sectors are highly enthusiastic 
on developing nanotechnological research and development activities. 
 
The M. Tech. programme will cover a broad range of disciplines to enable the trained 
graduates to make an objective judgment of the scientific importance and technological 
potential of developments in micro- and nanotechnologies and to perform a range of 
activities related to Nanoscience and Nanotechnology. The study programme will thus 
prepare the student to take the challenge of meeting not only national needs in diverse 
areas of nanoscience and nanotechnology but also to continue toward advanced studies 
anywhere in the world.  
 

2.  PROGRAMME ELIGIBILITY  

 

Applicants seeking admission to this programme must have one of the following 
degrees/qualifications from a recognized university. 
 

(a) a M. Sc. Special Degree in Physics or Chemistry, or 

(b) a B.Tech. General Degree in Electronics, Electrical Engineering, Biotechnology 
and Chemical Engineering.  

 (c) any other equivalent qualification acceptable to the Banasthali University.  

 

Only a limited number of candidates will be admitted to the programme in a given year.  
The selection will be based on merit/ Entrance Exam.  Candidates should be proficient in 
English as English will be the medium of instruction for the programme. 
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Programme Summary 

 
 M. Tech. I Semester 

Course code Course Contact 
Hours/week 

Continuous 
Assessment 

Annual 
Assessment  

Total 

THEORY 

MN 1.1  Introduction to Material 
Science 

4 20 40 60 

MN 1.2  Fundamentals of Nano-science 
and Nano-technology 

4 20 40 60 

MN 1.3  Surface, interfaces and thin 
films 

4 20 40 60 

MN 1.4  Advanced synthesis processes 
and devices. 

4 20 40 60 

MN 1.5  Mathematical Modeling and 
simulation 

4 20 40 60 

PRACTICAL 

PR 1.1  Nano fabrication and 
Characterization- I 

8 20 40 60 

PR 1.2  Simulation Laboratory -I 8 20 40 60 

Total 36 140 280 420 
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M. Tech. II Semester  

Course 
code 

Course Contact 
Hours/week 

Continuous 
Assessment 

Annual 
Assessment  

Total  

THEORY 

MN 2.1  Nano-electronics 4 20 40 60 

MN 2.2  Nano-Photonics and Optoelectronics 4 20 20 60 

MN 2.3  Quantum Computations and 
information processing 

4 20 40 60 

MN 2.4  Advanced Characterization 
techniques 

4 20 40 60 

ELECTIVE 

MNEL 
2.5a 

MEMS and NEMS technology 

 

4 20 40 60 

MNEL 
2.5b 

Organic and Polymer Technology 

 

MNEL 
2.5c 

Nano-engineering of Biological 
systems 

PRACTICAL 

PR 2.2  Nano fabrication and 
Characterization-II 

8 20 40 60 

PR 2.3  Simulation Laboratory-II 8 20 40 60 

Total 36 140 280 420 
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M. Tech. III Semester  

Course 
Code 

Course Contact 
Hours/week 

Continuous 
Assessment  

Annual 
Assessmen
t  

Total  

READING ELECTIVE I 

MNEL 
3.1a 

 Business enterprises in 
Nano-technology 

- - - 60 

MNEL 
3.1b 

 Nanotechnology and 
Society 

MNEL 
3.1c 

Nanotechnology in 
health care and 
environment 

MNEL 
3.1d 

Development of 
nanotechnology: A 
Global Aspect 

READING ELECTIVE II 

MNEL 
3.2a 

 Tissue Engineering    60 

MNEL 
3.2b 

 Nano-catalysis  

MNEL 
3.2c 

 RF and MMIC design 

Mid Term presentation of MAJOR 
PROJECT* progress (Carried out 
till the end of Semester IV) 

- 160 - 160 

Total - 160 - 280 
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M. Tech. IV Semester  

Course Contact 
Hours/week 

Continuous 
Assessment  

Annual 
Assessment 

Total 

Major Project* 16 - 320 320 

Total 16 - 320 320 

*A dissertation Project is carried out during the final year in the advanced laboratories 
anywhere in the country as well as in the department. 

Grand total = 1440 
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MN 1.1  INTRODUCTION  TO MATERIAL SCIENCE 

Section A 

Need of material science and Engineering: Atomic bonding in solids, unit cells, primitive 
cell, crystal systems, Miller indices, crystallographic directions & planes, packing 
fraction, linear density, planer and theoretical densities of crystal structure, close-packed 
crystal structures, single crystal, polycrystals, amorphous structure, Introduction to XRD 
for the determination of crystal structure; Crystal imperfections: point defects, linear 
defects, surface defects, bulk and volume defects; Polymers: Introduction, classification, 
polymer structure, copolymers, tacticity, geometric isomerism, molecular weight, 
molecular weight distribution, molecular weight averages, polydispersity index; 
Ceramics: Introduction to ceramic structure and applications of ceramics. 

Section B 

Introduction to Phase diagrams: Phase rule, Unary phase diagram, binary phase diagram 
(Al2O3, PbSn, Ag-Pt), Hume-Routhery rules for solid solutions, the lever rule. The tie 
line rule, Diffusion: Diffusion mechanism, Fick’s law of diffusion, steady state and non-
steady state, applications based on Fick’s second law, kirendall effect; Phase 
Transformations: Nucleation, homogeneous, heterogeneous growth, Transformation 
kinetics, Time-temperature-transformation (TTT) curves, applications of nucleations & 
growth, glass transition. 

Section C 

Mechanical behavior: Elastic, anelastic, viscoelastic behavior of materials, modulus as a 
parameter in design. Plastic deformation, plastic deformation by slip, shear strength, 
motion of dislocation: effect of stress, temperature, grain size, solute atoms, precipitate 
particles, multiplication of dislocations, basic concepts of creep and fracture. 
Biomaterials: Protein Enzymes DNA, RNA. Liquid Crystals and Quasi Crystals, Disposal 
of waste materials. 

Text/Reference books: 
 

1. Callister W. Jr.  “Material science and Engineering : An Introduction.” John 
Willey and sons, 2007. 

2. M. F. Ashby and D.R. H. Jones, “Engineering materials1 and 2”, BH publication, 
2002.  
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MN- 1.2 FUNDAMENTALS OF NANO-SCIENCE AND NANO-TECHNOLOGY 
 

Total Contact Hours: 65 
SECTION-A 

 
Nanostructures: Definition of nanoscience and nanotechnology, classification of the nano 
materials, zero dimensional nanostructures, one dimensional nanostructures-nanowires, 
nanorods and nanotubes, two dimensional nanostructures-graphene, Thinfilms, three 
dimensional nanostructures. 
Quantum Confinement: Quantum confinement of electrons in semiconductor 
nanostructures, Quantum dots(QDs), Quantum wires (QWRs), Quantum wells (QWs). 
Density of states in QDs, QWRs, QWs.  
 

SECTION-B 
 

Synthesis of Nanomaterials: Synthesis of nano-structured materials, sol-gel processing, 
microwave synthesis, self-assembly, Langmuir-Blodgett (LB) method, electrochemical 
deposition, chemical vapor deposition, Sputter deposition, pulsed laser deposition, 
magnetron sputtering, molecular beam epitaxy, lithography. 
Properties of Nanomaterials. Shape and size dependant properties- electrical, linear and 
nonlinear optical properties, magnetic, thermal and mechanical properties of 
nanomaterials, melting point and lattice constants, surface plasma resonance. 
 

SECTION-C 
 

Applications: Nanotechnology in computing-Quantum computation, molecular 
computation, Supercomputing systems, quantum well and quantum dot lasers. 
Nanotechnology in health and life sciences, nanomaterials in tissue engineering, protein 
detection, nanostructured materials in biomedical implants, nanoporous membranes, 
biomedical applications of nanoparticles. 
 
Text/Reference books: 
 

1. S.K.Kulkarni, Nano technology; principle and practices by, (Capital 
Publishing Company), 2007. 

2. Guozhong Cao, Nanostructures and Nanomaterials–Synthesis, Properties and 
Applications, Imperial College Press, London, 2004. 

3. Michael Kohler and Wolfgang Fritzsche, Nanotechnology-an introduction to 
Nanostructuring techniques, Wiley-VCH, 2004. 

4. Emil Rodune, Nanoscopic materials - size dependant phenomena, Royal 
society of Chemistry publishing, 2006. 
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MN1.3 Surfaces and Interfaces and thin films 

        Total Contact Hours: 65 
 

SECTION A 

Vaccume techniques: Introduction, Important areas of application basic definations of 
vacuum technology, vacuum pumps: rotary Vane pumps, sorption pumps, Diffusion 
pumps, Turbo molecular pumps, Ion Pumps, cryogenic pumps, Vacuum gauges: McLeod 
gauge,  Diaphragm gauge, Pirani guage, Thermo couple gauge, Ionization gauges, 
Vacuum valves: Diaphragm, Gate, Butterfly, Baffle, Needle, Air inlet, Flanges, Gaskets, 
and O rings, Bellows, Layout of the complete vacuum systems. 

SECTION B 

Growth and Analysis: Stanski-Krastnow growth method, Analysis of surfaces: structure 
analysis using AFM, STM, LEED, chemical analysis using XPS, AES 

Introduction to crystal lattice: Relaxation and reconstruction at surfaces, adsorption, 
physisorption and chemisorption, stepped and kinked surfaces.  

SECTION C 

Liquid surfaces and morphology: Roughness and its statistical description, height 
probability distribution, Gaussian probability distribution, correlation functions, 
transformation to reciprocal surface, Fractals, fractal dimension, self-similarity, self-
affinity, self-affine surfaces, Capillary waves on liquid surfaces. Principles of 
characterization techniques:  Grazing incidence x-ray scattering techniques and surface 
sensitivity, x-ray and neutron reflectivity.  

 

Text/Reference books: 
 

1. Introduction to surface science, by M. Prutton, Cambridge University Press 

2. X-ray and neutron reflectivity, Principles and applications: Jean Daillant and Alan 
Gibaud, springer track 

3.  Vacuum Physics and Techniques by T.A. Delcher, Chapman & Hall.  
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MN 1.4 Advanced synthesis Techniques and devices 

     Total Contact Hours: 65 
Section A 

 
Crystal Synthesis: Epitaxy and Epitaxial growth techniques. Thin film growth in Ultra 
High Vacuum environments, Molecular Beam Epitaxy; basic physical processes . 
Variants: Gas source MBE, Phase locked Epitaxy, Atomic Layer Epitaxy. Fundamentals 
of MBE growth processes. Lattice mismatched heteroepitaxy: Post-growth 
characterization techniques: Double Crystal X-Ray diffraction, Photoluminescence, Hall 
Effect, C-V measurements. Dielectric depositions: Sputtering, low Pressure Chemical 
Vapour Deposition.  
                                                        Section B 

E-beam lithography: basic principles, e-beam resists; exposure considerations, multilevel 
techniques. X-ray and ion-beam lithography: basic principles. Imprint lithography: Soft - 
elastomeric materials ; techniques - near-field phase shift lithography, replica moulding, 
micromoulding in capillaries, microtransfer moulding, solvent-assisted microcontact 
moulding, microcontact printing; Rigid -nanocontact moulding; nanoimprint lithography; 
UV-assisted - step-and-flash imprint lithography; soft UV nanoimprint lithography; 
templates, masters and moulds. Scanning probe lithography: scanning probe tools ; 
techniques - local oxidation nanolithography, local chemical nanolithography, dip-pen 
nanolithography, hemomechanical patterning and replacement lithography 
(nanoploughing, nanoshaving and nanografting). 
 

Section C 

High Speed Electronic devices (FET, HEMT, pHEMT) and novel concepts. Transferred 
electronic devices: Gunn devices. Advanced concepts in HBTs. The SiGe and GaN 
systems: basic band structure and salient features. Circuits: pHEMT and HBT equivalent 
circuits, frequency dispersion, short channel effects. GaAs and InP Integrated Circuits. 
Monolithic Microwave Integrated circuits (MMIC). High speed Analogue design. 
Differential Amplifiers, cascade techniques, direct coupled amplifiers. High speed 
Operational Amplifiers and Analogue to Digital converters (ADC). Low noise amplifiers. 
Electronic systems: electronic sources. Frequency multipliers. Heterojunction Barrier 
varactor (HBV). 
 
Text/Reference books: 

1. Fabrication of fine pitch gratings by holography, electron beam lithography and 
nano-imprint lithography (Proceedings Paper) Author(s): Darren Goodchild; 
Alexei Bogdanov; Simon Wingar; Bill Benyon; Nak Kim; Frank Shepherd.  

2. Microfabrication and Nanomanufacturing- Mark James Jackson.  
3. A Three Beam Approach to TEM Preparation Using In-situ Low Voltage Argon 

Ion Final Milling in a FIBSEM Instrument E L Principe, P Gnauck and P 
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Hoffrogge, Microscopy and Microanalysis (2005), 11: 830- 831 Cambridge 
University Press. 

4. Processing & properties of structural nanomaterials - Leon L. Shaw (editor) 
MN-1.5. Mathematical Modeling and simulation  
 

     Total Contact Hours: 65 
SECTION-A 

 
Fundamental principles of numerical methods: Scientific Modeling, Numerical 
Algorithms, Programs and Software, Approximations in Mathematical model building, 
Numerical integration, Differentiation, Variation finite element methods, Raleigh’s 
method, Ritz method. 
Mathematical modeling: physical simulation, process control, transport phenomena, 
concept of physical domain and computational domain, Finite element method and Finite 
difference method. 
 

SECTION-B 
 

Ab-Initio methods: Linear Combination of atomic orbtals method, Density function 
theory, Hartree and Hartree Fock methods, mean field approximation, statistical methods 
for many body system, spin-polarized relativistic Korringa-Kohn-Rostoker Green’s 
function, Augmented Plane Wave, Full Potential-APW, Projector Augmented Plane 
wave, linear muffin tin orbitals and k.p methods. 
 

SECTION-C 
 

Simulation: Basic concepts of simulation, data manipulation, data exchange of the 
structure, properties and processing of materials, Three dimensional model for capillary 
nanobridges, Molecular dynamics simulation. 
Monte Carlo methods: Basics of the Monte Carlo method, Algorithms for Monte Carlo 
simulation, Applications to systems of classical particles, variation Monte Carlo method, 
diffusion Monte Carlo method, Quantum Monte Carlo method. 
 
Text/Reference books: 
 

1. Chopra. S.C.and Canale R.P.,Numerical methods for Engineers, Tata McGraw 
Hill, New Delhi, 2002. 

2. Frenkel D. and Smith, B., Understanding molecular simulation from algorithm 
to applications, Kluwar Academic Press, 1999. 

3. Ohno, K, Esfarjani. K. and Y. Kawazoe, Introduction to Computational 
Materials Science from ab-initio to Monte Carlo Methods, Springer-Verlag, 
1999. 
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MN-2.1. Nanoelectronics and  Devices 

        Total Contact Hours: 65 
Section A    

Quantum tunneling, ballistic electron transport, 1D transport and Büttiker-Landauer 
formula, quantum point contact/quantized conductance, electron collimation effect, solid 
state electron optics negative bend resistance and anomalous Hall effect, breakdown of 
Ohm’s law, quantum Hall effect and 1D edge states, quantum interference and 
Aharanov–Bohm effect, effect of high surface/bulk ratio on thermal dynamics, noise in 
nanostructures. 

Section B  

Principles of VLSI chip design, digital logic and memory devices. CMOS scaling, 
challenges and limits: short channel effects, static power, device variability, interconnect; 
ITRS; Bulk CMOS improvements: strained Si, high-K dielectrics, metal gates, SOI; 
Novel device architectures: fully depleted ultra-thin body SOI, multiple -gate devices: 
planar double-gate, FinFET, tri-gate FET, Memory devices. Phase change RAM, 
ferroelectric RAM, magnetic RAM, molecular memory.  

Section C 

Limits of conventional microelectronics, Resonant tunneling devices, hot-electron 
transistors, Coulomb -blockade effect and single-electron transistor/memory, quantized 
electron current carried by surface acoustic wave, quantized conductance in multi-wall 
nanotubes, branched electron flow paths and quantum switch, different types of ballistic 
rectifiers, nonlinear electronic nano-material, planar nano-diode and transistor, Y-
switches, molecular electronics and nanotube transistors, organic semiconductor devices. 

Text/Reference books: 
 

1. S. Datta, “Electronic Transport in Mesocopic Systems”.cambridge University 
Press 1995  

2. S. Datta, “Quantum Transport: Atom to Transistor” Cambridge University Press 
2005  

3. Quantum Mechanics. P.L. Hagelstein, S.D. Senturia, and T.P. Orlando, 
“Introductory Applied Quantum and Statistical Mechanics”. Wiley 2004. 

4. P.W. Atkins and R.S. Friedman, “Molecular Quantum Mechanics”.  Oxford 
University Press, 3rd edition 1997.  
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5. Ballistic Transistors, M. Lundstrom and J. Guo, “Nanoscale Transistors: 
Physics, Modeling, and Simulation”, Springer 2006.  

6. Conventional MOS transistors Y. Tsividis, “The MOS Transistor”. Oxford 
University Press, 2nd edition 1999. 

 

MN 2.2  Nano-photonics and Optoelectronics 

        Total Contact Hours: 65 
Section A 

Optically active semiconductor materials and optical probing. III-V semiconductor 
Quantum Wells and Quantum Dots: comparison with the case of particle in well and 
particle in a box. Structural studies of real nanostructures through X-Rays and Electron 
Microscopy. Spectroscopic studies of QD ensembles: photoluminescence, measurements 
in Magnetic field, absorption measurements, ultra-fast spectroscopy. Single QD studies 
through micro-PL: Spin states. Manipulation of nuclear spin states. Optical cavites, 
Photonic gap materials. 1D microcavities, 2D/3D photonic structures. Optical 
manipulation of qubits. Quantum cryptography and optical approaches to quantum 
information processing. 

Section B 

Two level system, rate equations, Population inversion, Lasers. LED’s. Heterojunction 
lasers, Guided Wave Optics, basic geometry, operating characteristics, losses, gain, gain 
band, modification of characteristic by lowered dimensionality, QW and QD Laser 
performance. Surface emitters, Microcavity lasers, Materials issues. Alternative cavity 
designs; micro-disk lasers, photonic band gap cavities. Unipolar devices: QCL devices 
for mid/near infrared. Principles of operation, Basic operating characteristics. Use of 
photonic structures to lower losses. Single Photon sources. Attenuated LED’s, Single dot 
devices, true single photon sources, I and II order correlation functions, Hanbury Brown- 
Twiss experiment. 

Section C.  

Photodiodes , Avalanche Photo Diodes (APD), photon counting, materials requirements 
for APD’s, limitations, after pulsing, quantum efficiency . Quantum dots as absorbers, 
standard current generation. QWIPs Quantum well infrared photodetectors (QWIPs). 
Operation principles, design and materials choices. Fabrication of planar arrays, spectral 
response, two colour detection. Quantum dot infrared photodetectors (QDIPs). Extending 
QWIPs into shorter and longer wavelengths. 

Text/Reference books: 
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1.  Progress in Nano-Electro-Optics III Industrial Applications and Dynamics of the 
Nano-Optical System : Motoichi Ohtsu (Ed.) ISBN 3-540-21050-4 Springer 
Berlin Heidelberg New York 2005 

2. Surface Plasmon Nanophotonics Mark L. Brongersma Pieter G. Kik (Ed) ISBN: 
978-1-4020-4349-9 (HB) Springer 2007 

3. Nanophotonic Materials Photonic Crystals, Plasmonics, and Metamaterials Edited 
by R. B. Wehrspohn, H.-S. Kitzerow, and K. Busch Wiley VCH Verlag GmbH & 
Co KGaA 2008.  

4. PLASMONICS: FUNDAMENTALS AND APPLICATIONS by STEFAN A. 
MAIER ISBN 978-0387-33150-8 Springer 2007.  

5. Optical Metamaterials Fundamentals and Applications by Wenshan Cai and 
Vladimir Shalaev ISBN: 978-1-4419-1150-6 Springer. 
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MN-2.3. Quantum Computations and information processing 

 
     Total Contact Hours: 65 

SECTION-A 
 
Basics of Nanocomputing:  Elements of Boolean Algebra and Binary System, Classical 
Logic Gates and Logic gate symbols (AND gate, OR gate, NOT gate, NAND gate, NOR 
gate, EXOR gate, EXNOR gate), Circuit Models. Linear Algebra and Dirac Notation : 
Hilbert Space, Operators, The Spectral theorem,  Functions of Operators, Tensor 
Products, The Schmidt Decomposition Theorem.     
 

Section B 
 

Qubits and hypothesis of Quantum mechanics: The state of a quantum system, Time 
evolution postulate, Superposition and composite System, Measurement postulate, Mixed 
states and general quantum operation 

Quantum model of computation: Quantum gates (one and two qubits gate), Universal 
set of quantum gates, Measurements with quantum circuits. Superdense coding, Quantum 
Teleportation and it application, Quantum Entanglement. 

SECTION-C 
 

Introduction to Quantum algorithms: Phase kick-back, The Deutsch Algorithm, The 
Deutsch-Jozsa Algorithm, Quantum phase estimation and quantum Fourier 
Transformation, Eigenvalue Estimation and finding orders, Shor’s algorithm, Algorithms 
based on amplitude amplification. Grover’s quantum Search algorithm,  Search without 
knowing the success probability. Quantum Error Correction, Single-Qubit Measurement, 
Statistical Quantum computation, Adiabatic Quantum Computation, Physical 
realizations of logic quantum gates in Quantum System: Ion Trap Quantum 
Computer, Solid State Spin Quantum Computer, Superconductor Quantum Computer, 
Topological Quantum Computer, Liquid State Quantum Computer. 

 
Text/Reference books: 
 

1. An introduction to Quantum Computing by Phillip Kaye, Raymond Laflamme 
and Michele Mosca Oxford University Press. 

2. Introduction to Quantum Computers by Gennady Berman, Gary Doolen, Ronnie 
Mainieri and Vladimir Tsifrinovich, Word Scientific. 
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3. Quantum computation and quantum information, by Michael A. Nielsen, Isaac L. 
Chuang. 

 
 
MN2.4 Advanced characterization techniques: 

        Total Contact Hours: 65 
Section A 

Diffraction techniques: Introduction to x-ray sources: sealed tube x-ray source, rotating 
anode x-ray source, synchrotron source, single crystal diffraction, powder diffraction, 
Low Energy electron diffraction (LEED), neutron diffraction: interaction of neutron with 
matter, scattering cross section, scattering length density, light scattering by colloidal 
dispersion, dynamic light scattering (DLS), static light scattering, hydrodynamic radius, 
zeta potential. 

Section B 
 

Microscopes: Optical microscopy, fluorescence and confocal microscopy, transmission 
electron microscopy (TEM), scanning electron microscopy (SEM), Photolithography, 
other optical lithography (EUV, x-ray, LIL), p-beam lithography, e-beam lithography, 
soft lithography, nano imprint lithography, DTA, TGA, DSC techniques. 

 
Section C 

 
Spectroscopy Techniques: Ultraviolet (UV) and x-ray photoelectron spectroscopy (XPS), 
Auger electron spectroscopy (AES), secondary ion mass spectroscopy (SIMS), 
Rutherford back scattering, FTIR, UV-VIS, cathode luminescence and photo 
luminescence. 
 
Text/Reference books: 
 

1. Nanochemistry: A Chemical Approach to Nanomaterials – Royal Society of 
Chemistry, Cambridge UK 2005.  

2. Nanocomposite science and technology – P.M. Ajayan, L.S. Schadler, P.V. 
Braun, Wiley, New York.  

3. Active Metals: Preparation, characterization, applications – A. Furstner, Ed., 
VCH, New York 1996.  

4. Characterization of nanophase materials – Z.L Wang (ed), Wiley-VCH, New 
York 2000. 

5. Nanoparticles: From theory to applications – G. Schmidt, Wiley Weinheim 2004. 
6. Nanostructured Silicon – based powders and composites – Andre P Legrand, 

Christiane Senemaud, Taylor and Francis, London New York 2003. 
7. Polymer – clay Nanocomposite – T.J. Pinnayain, G.W. Beall, Wiley, New York 

2001.  
8. Block Co-polymers in Nanoscience – Massimo Lazzari, Guojun Liu, Sebastien 

Lecommandoux, Wiley, New York 2007  
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9. Chemistry of nanomaterials : Synthesis, properties and applications by CNR Rao 
et.al.  

10. Processing & properties of structural naonmaterials - Leon L. Shaw (editor)  
11. Elements of X-ray Diffraction by Cullity, B. D.,, 4th Edition, Addison Wiley, 

1978. 
12. The Structure and Properties of Materials by Rose, R.M., Shepard L.A., and. 

Wulff, J., Wiley Eastern Ltd. 
13.  Electron Beam Analysis of Materials by Loretto, M. H., Chapman and Hall, 

1984.  
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MNEL 2.1a ORGANIC AND POLYMER TECHNOLOGY  

        Total Contact Hours: 65 
Section A 

Introduction to polymers, Classification schemes, polymer structure and molecular weight 
and molecular averages. Polymer synthesis- Step growth, Chain Growth, Polymerization 
techniques, Synthetic polymers, Chemical structure determination. . Ideal chain model, 
Random walk model, excluded volume effect. Self-avoiding random work, radius of 
gyration. 
Conformations – Single chain conformation, Thermodynamics of polymer solutions 
Measurements of Molecular weight – Osmometry, Light scattering, Intrinsic Viscosity 
measurement, Gel – permeation Chromatography. 
Solid State Properties – Amorphous state, crystalline state, Thermal transition and properties. 
Rause Model, Reptation Model.  

Section B 

Mechanical Properties- Mechanism of deformation and method of testing, Viscoelasticity 
and rubber elasticity. Degradation. Blends and composites- Additives, Polymer blends, 
Interpenetrating network. Introduction to polymer composites, introduction to Biopolymers, 
natural polymers and fibers.  
Special Polymers- Engineering thermoplastics, polyimides, ionic polymers, 
polyaryletherketones, polyolifins, Inorganic polymers, liquid crystal polymers, conducting 
polymers, dendritic polymers, high performance fibers 
Non linear Mechanical behavior – Basic processing operations, Polymer rheology: Non 
Newtonian flow,  Viscosity Equation, Elastic properties of polymeric fluids, Melt 
instabilities, Drag reduction, analysis of simple flows, Rheometry, Modelling of polymer 
processing operation- Extrusion, Wire coating.  

 

Section C 

Polymers for advanced technology- Membrane science and technology, Biomedical 
Engineering and drug delivery, applications in Electronics, photonic polymers. 
Metal containing Polymers – Cryochemical synthesis, structure, physicochemical properties, 
Use of precursors in synthesis, optically anisotropic metal polymer nanocomposites, 
Plasmon absorption, Optical extinction by ion Implantationl. 
 

Text/Reference books: 
 

1. Metal – Polymer Nanocomposites; Ed. Luigi Nicolais and Gianfranco Carotennto, 
published by Wiley International (2005) ISBN 0471471313. 
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2. Physics of polymers by Gert Strobl Published by  Springer (2nd Ed) ISBN 
3540632034. 

3. Polymer Science and technology by J. R. Fried, Pub PHI New Delhi (2002) ISBN 
9788120327702. 

 
 

MNEL 2.1b           MEMS and NEMS Technology          

         Total Contact Hours: 65 
Section A 

Introduction to MEMS and NEMS, MEMS Design, Scaling of Micromechanical Devices, 
Mechanical Properties of MEMS materials, Materials for MEMS, Micromachining 
Technologies: Bulk, Surface, LIGA, Microfabrication Techniques: Wafer level processes, 
Pattern Transfer, Process Integration: Developing a process, Basic principles of process 
design. 
Transduction Mechanism, Energy conserving transducers: Parallel plate capacitors, two 
port capacitors, Electrostatic and Magnetic actuators. 
 

Section B 

Elasticity: Constitutive equations of linear elasticity, Thermal expansion and thin film 
stress, Material behavior at large strains. 
Structurs: Axially loaded beams, bending of beams, Anticlastic curvature, bending of 
plates, Effects of residual stresses and stress gradients, Plates with in plane stress. 
Energy Methods: Elastic energy, the principle of virtual work, Varaitional methods, large 
deflections of elastic structures. 

Section C 

Applications of MEMS: Inertial sensors, Micromachined pressure and thermal sensors, 
Microbridge gas sensor, Microrobotics, Microscale vacuum pumps, DNA amplification, 
brief introduction to micro fluidics. 
 Fabrication Issues for NEMS and Their applications.  
  
Text Book/Reference Books: 
 

1. Microsystems Design, S. D. Senturia, Kluwer Academic Publishers  
2. The MEMS Handbook, Mohmad  Gad-el-Hak, CRC Press 
3. Semiconductor Devices: Physics and Technology, S. M. Sze, (Second Ed.) Willey 
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MNEL. 2.1c            Nano-Engineering of Biological systems. 

Total Contact Hours: 65 
Section A 

General Introduction, Cellular organization, tissues, major organ systems, homeostasis. 
Evolution of biomedical instrumentation, components of biomedical instrumentation 
system, transducers, biosignals, biosensors, biopotential and physical measurements, 
blood gases & pH sensors, bioanalytical sensors, optical sensors. 
 

Section B 
 

Bioelectric phenomena-Neurons, basic biophysics tools and relationship, equivalent 
circuit model for the cell membrane, Hodgkin-Huxley model for the action potential, 
model of the whole neuron. Natural and biomimetic materials, biopolymer synthesis, 
phase separation in polymers, self assembly, biocompatibility, polymer degradation, 
biomedical applications including drug delivery, tissue regeneration.  
 

Section C 
 

Cell structure and components, protein structure, cell membranes, dynamics & 
morphogenesis of tissue, Growth factor, cell-material interaction, role of mechanical and 
biochemical environment, bioreactor for tissue growth, tissue grafts ,Fundamental Laws 
of mechanics, muscle and joint reaction forces, stress and strain, material behavior, soft 
tissue mechanics, Orthopadic mechanics, cardiac mechanics, blood flow and pressure 
measurement,Computational biology, the modeling process, bio-networks Biomedical 
imaging, radiation imaging, diagnostic ultrasound imaging, X-ray, medical resonance 
imaging, comparison of imaging modes.  
 
Text/Reference books: 
  

1. John D. Enderle, Susan M. Blanchard, Joseph D; Bronzino, Introduction to 
Biomedical Engineering- Academic Press, 2005  

2. Joseph D. Bronzino ,Biomedical engineering fundamentals ; CRC Press, 2006  
3. Arthur B. Ritter, Stanley Reisman, Bozena B. Michniak, Biomedical Engineering 

Principles, CRCPress, 2005  
4. Silver Frederick H ,Biomaterials, Medical Devices and Tissue Engineering, 

Chapman & Hall, London- 1994  
5. Leslie, Cromwell, Fred J. Weibell, Erich A. Pfeiffer; Biomedical Instrumentation 

and Measurements; 2nd ed. Pearson Education-2004  
6. Sujata V. Bhat , Biomaterials, 2nd Edition-,Narosa Publishing House- 2005  
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MNEL 3.1a  -  Business Enterprises in Nanotechnology 

This course will cover the key issues related to the effective identification, acquisition, 
development and exploitation of nanotechnology in a commercial environment. Previous 
training in the commercial aspect of high technology management is found lacking in 
number of areas, when applied to such a new technology. Nanotechnology is 
differentiated from the major technological booms of the past in IT and biotechnology by 
its far more interdisciplinary nature and its broader sphere of impact. Nanotechnology 
potentially affects very large part of product delivery supply chain and therefore requires 
a greater degree of understanding and integration of the supply and the customer base to 
extract maximum benefit.  

Text/Reference books: 
 

 

MNEL 3.1b - Nanotechnology and society 

 

This course integrates three broad areas:  science and  technology policy, ethics and 
science communication. Students are introduce to key general principles in each area, 
then investigate their relevance to nanotechnology. For instance we examine what kinds 
of policy regimes and ethical discussion influence current development in the world. We 
also consider frame works used in different settings for the public understanding of the 
nanotechnology. The overall aim of this course is to encourage critical reflection and 
discussion of the broader social and potential interests, values, and intuitions shaping 
development in the field. 

Text/Reference books: 
 

1. Fritz, Sandy and Scientific American. 2002. Understanding Nanotechnology. 
New York: Warner Books. 

2. Ratner, Mark A. and Daniel Ratner. 2003. Nanotechnology: A Gentle Introduction 
to the Next Big Idea. Upper Saddle River, NJ: Prentice Hall/PTR. 

3. Jasanoff, Sheila and Society for Social Studies of Science. 1994. Handbook of 
Science and Technology Studies. Thousand Oaks, CA: Sage Publications. 

4. MacKenzie, Donald A. and Judy Wajcman. 1999. The Social Shaping of 
Technology. 2nd ed. Buckingham England ;, Philadelphia : Open University Press. 

5. Pickering, Andrew (ed.) 1992. Science as Practice and Culture. Chicago: The 
University of Chicago Press. 
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MNEL 3.1c - Nanotechnology in health care and environment 

Present status of pharmaceuticals and fine chemicals, outline of biochemistry of cells of 
living organisms. Concepts of nano medicines, physical properties of molecules and 
supermolecular complexes within cells. Molecular machinery and manufacturing with 
due stress on programmable medical micromachines, tiny supercomputers through 
molecular computing, concept of nano robots/ molecular robotics smaller than a cell and 
their role in elimination of cancer, infection, clogged articles etc., retardation of aging 
phenomenon. Role of nano technology in bio technology, engineered enzymes, coated 
colloids in cosmetics in pharmaceuticals, encapsulated drugs for sustained release, 
sunscreen and UV protective cosmetics, bio medical tagging and bio magnetic separation, 
diagnostic content agent, bio medical implants. Nanomaterials in Biomedical 
Applications – drug delivery, tissue regeneration, cancer detection, imaging and 
diagnostics, outlook for future.  
Reduced waste and improved energy efficiency. Waste remediation: Nanoporous 
polymers and their applications in water purification, Photo-catalytic fluid purification. 
Energy conversion. Hierarchical self-assembled nano-structures for adsorption of heavy 
metals. Pollution by Nano-particles. 

Text/Reference books: 
 

1. C.N.R. Rao, A.Muller, A.K. Chutham. Vol 1 & Vol 2:The Chemistry of 
Nanoparticles (Synthesis, Properties and Applications) –WILEY-VCH  

2. Challa Kumar :Tissue, cell and organ engineering, Vol 9 WILEY-VCH, 2006 
3. Nanomaterials for Medical Diagnosis and Therapy – Vol 10 by Challa Kumar, 

WILEY-VCH, 2007 
4. William A. Goddard III, Donald W Brenner, Sergey E. Lyshevski, Gerald J. 

Iafrate: Handbook of Nanoscience, Engineering, and Technology, CRC Press 
Taylor and Francis Group, 2007  

5. Bhushan:Springer Handbook of Nanotechnology –Springer,2007  
6. Challa Kumar: Nanomaterials for Cancer Diagnosis & Therapy – Vol 6 & 7, -

WILEY-VCH,2007 edition.  
7. Challa Kumar :Nanodevices for Life Sciences – Vol 4, -WILEY-VCH, 2006 

edition  
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MNEL 3.2a……Tissue Engineering 

Introduction, structural and organization of tissues: Epithelial, connective; vascularity 
and angiogenesis, basic wound healing, cell migration, current scope of development and 
use in therapeutic and in-vitro testing. Cell culture- Different cell types, progenitor cells 
and cell differentiations, different kind of matrix, cell-cell interaction. Aspect of cell 
culture: cell expansion, cell transfer, cell storage and cell characterization, Bioreactors ; 
Molecular biology aspect- Cell signaling molecules, growth factors, hormone and growth 
factor signaling, growth factor delivery in tissue engineering, cell attachment: differential 
cell adhesion, receptor-ligand binding, and Cell surface markers.Scaffold and transplant- 
Engineering biomaterials, Degradable materials, porosity, mechanical strength, 3-D 
architecture and cell incorporation. Engineering tissues for replacing bone, cartilage, 
tendons, ligaments, skin and liver. Basic transplant immunology, stems cells ; Case study 
and regulatory issues-cell transplantation for liver, musculoskeletal, cardiovascular, 
neural, visceral tissue engineering. Ethical, FDA and regulatory issues.  
 
Text/Reference books: 
 

1. Bernhard Palsson, Sangeeta Bhatia ,Tissue Engineering, Pearson Prentice Hall, 
2003 

2. Robert. P.Lanza, Robert Langer & William L. Chick, Principles of tissue 
engineering, Academic press,1997 

3. Gordana Vunjak-Novakovic, R. Ian Freshney, Culture of Cells for Tissue 
Engineering, WIS, 2006 

4. B. Palsson, J.A. Hubbell, R.Plonsey & J.D. Bronzino, Tissue Engineering, CRC- 
Taylor & Francis 

5. Joseph D., Bronzino The Biomedical Engineering –Handbook, CRC; 3rd edition , 
2006  
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MNEL 3.2b……. Nano-catalysis 

Review of techniques of interpretation of kinetic data, material and energy balance across 
reactors with reference to their design, Detail coverage of design of fixed, fluidized, 
trickle, moving bed reactors. Nanocatalysis: Role of transition metals & metal oxides in 
homogeneous and heterogeneous catalysis and their mechanism of catalysis, manufacture 
of these catalysts in nano-form and their characterization. Silica, alumina, carbon as high 
temperature carriers for catalysts. Use of  nanocatalysts in automobile pollution control, 
photocatalysis of toxics in effluents, gas sensors. Reactor design for manufacture of 
nanocatalysts and nanosupports: Design of flame aerosol reactors, diffusion and 
premixed flame reactors, co precipitation reactors, hot wall flow reactors; their 
mechanical features, modeling and simulations. Catalytic vapour –liquid- solid growth 
mechanism for understanding particle formation and growth during chemical vapour 
deposition, particle dynamics and CFD simulations of flame process based on 
fundamental equations for flow, heat and mass transfer, aerosol dynamics in flames. 
 
Text/Reference books: 
 

1. Levenspiel O.: Chemical Reaction Engineering; Wiley Eastern. 
2. Davidson J.F., Harrison D.: Fluidization: Academic Press. 
3. Carberry J.J.: Chemical and Catalytic Reaction Engineering: Mc Graw Hill. 
4. Satterfield C.N.: Mass Transfer in Heterogeneous Catalysis: M.I.T. Press. 

 

MNEL 3.2c ……..RF and MMIC design. 

RF transmitters and receivers, Device choices for circuits: MESFET, EMT, HBT, 
BiCMOS, BJT and LDMOS, RF circuit design techniques in MIC and MMIC form, 
Passive and ferrite components, Microwave filters, covering theory and techniques, 
including active techniques, Amplifier design: Impedance matching, stability, low noise 
techniques, power amplifier design and linearisation. Active non-reciprocal components: 
MMIC active isolators. Mixers and modulators, Oscillators: stability determination, phase 
noise analysis, injection and phase locking and frequency synthesis, Monolithic RF 
circuits, covering integration technology and design, CAD including MDS, Ultrafast 
opto-electronic driver and receiver circuits. 

Text/Reference books: 

1. RFIC and MMIC Design and Technology, I.D. Robertson & S. Lucyszen, (eds.), 
IEE Press, 2001.  
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Practical 

Nano fabrication and Characterization- I 

Synthesis of nanometer scale particles of colloidal semiconductors such as TiO2, 
CdS, ZnO, SnO2, Cu2S, CuCNS, Cu2O, BaTiO3, SrTiO3 by wet chemical methods, 
hydrothermal methods, and pyrolytic or high temperature methods. 

Characterization of colloidal semiconductor materials by UV-visible spectroscopy, 
XRF studies, XRD methods and determination of particle size using XRD half peak 
width.   

Determination of conductivity type by Mott-Shottky plots, cyclic voltammetry and 
AC-impedance analysis.  

Deposition of thin films of semiconductor nanostructures by doctor blading, screen 
printing, and using the Langmuir-Blogett film casting techniques. 

Dye sensitization of semiconductor nanosctructures and construction of solar cells. 

Synthesis and characterization of nanoparticles of technologically valuable natural 
minerals such as hydroxyapatite, ferric phosphate, colloidal silica nanoparticles and 
their characterization by XRD, XRF, FT-IR methods.  

Clay-polymer nanocomposites: Clay-ionically conducting polymer nanocomposites 
and determination of their ionic conductivities by AC impedance analysis, clay-
electronically conducting polymer nanocomposites and determination of their 
electronic and ionic conductivities through AC impedance analysis and current-time 
plots at constant applied potential using blocking and non-blocking electrodes. 

Synthesis of layered double hydroxides and investigation of anion separation using 
layered double hydroxides. 

Pillard clays and clay-polystyrene, clay-poly (vinyl alcohol), clay-poly (methyl 
methacylate), clay-polyacylonitrile, clay-poly (ethylene oxide) nanocomposites and 
determination of their mechanical and thermal properties. 

Covalent attachment of semiconductor nanoparticles into textile fibres and textile 
materials. Investigation of stain-resistant properties and antimicrobial activities. 

Preparation of mosquito-repellent textiles.  
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Modeling and Simulation Lab I and II 

 

Nano fabrication and Characterization- II 

Carbon nanotubes and carbon nanoparticles: Preparation of carbon nanotubes by 
pyrolysis of organic gases/Pyrolytic thermal treatment of graphite followed by annealing. 
Purification of carbon nanotubes, Investigation of extent of purification using XRD, SEM 
studies of carbon nanotubes (to be carried out elsewhere), Extraction of carbon 
nanoparticles from vehicle exhausts, Characterization and Particle size analysis using 
XRD. 

Top-down approach to nanoparticles of local minerals: crushing, grinding and milling, 
Preparation of graphite nanoparticles.  

Preparation of colloidal graphite nanoparticles and investigation of their technological 
uses as lubricants.  

Preparation of self-assembled monolayers and their characterization using AFM, contact 
angle measurements, AC-impedance analysis. 

 

Text/Reference books: 

1. Nano materials by J.Dutta & H.Hofman. 

2. Nano structures & Nano materials by Guozhong cao, Imperial College press. 

3. Micro manufacturing and Nano Technology by N.P.Mahalik. 

4. Nano Technology by Mark Ratner & Danier Ratner, Prentice Hall 

5. Nano materials by A S Edelstein& R C Cammarata, Institute of Physics 

publishing, Bristol and Philadelphia. 

 



 


  
    



   

    

   

    

   

   

   

   

    

   

   

   

   

   

   

   

   

   

   

   

   

   

    

   

    

   

   

   



   

   

   

   

   

    

            



            

 

               

            



             

         

             



          



  

  

  

    

    

    

   

          

           

 





          

   

    

  



             

  

           



  

    

   

   

   

    

    

    

   

     
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          

  



         



 

 

 
 

 
 
 

 

 

 

 
 

 
 
  

 

 







    

 
 
  

 

             
    

 

 
 

  

   

   

    

    

      
 
           
             
 
            
  





 

      

         

              

           

  

        

 

      

 

 

  

  

  

   

   

   

          


   





              

“Thermodynamics, Statistical and Mathematical Physics”  

“Statistical and Mathematical Physics”.

             







 
      
 


              
“Quantum Mechanics and Spectroscopy”  “  



Molecular Physics”     “Atomic Physics Lab”  
“Quantum Mechanics and Spectroscopy ”

 


          

          

  



 

 



 

   

 



found that the knowledge of computational software is the necessity of today’s




  

  

  

   

 
   
              



 
 –   

  –  
 
            




             
          
        
            

          
 
    
            
 

           
 
 


             
   

          

            

    

    



 

   

  

  

  

 
  



–            
–         
     

   

 





  


   
  

  

  



   


  


  

  

  

 

  

    

           


 
 

 




            


 
  


     
 

 
 
 






 


 

 
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         
        
             
           
 
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 
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


                      
                      






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           

             

 



     



   

         



   



  

           

 



     



   

 

 

     

 

   

         

   



 

            

 



     



   

 



     



   

         



  



 

           

           

           

         

  



 

           

           





         

         

     
 








    







     


     


      


    
   
    
 

   


 
     
  


  
    


     





 



     
  
   


  
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

     
   
   
   




 


 

    


    


    


   







 


 







 


 



 


   



 Ramamoorthy M., “An
  
their    Applications”, 2nd


 SawhenyA.K., “A Course of
  
 
Measurement Techniques”,
   
 

 
    
   
   


     

   


      
  




 Cooper W.D., “Modern
 
 
Techniques”, 3rd Indian



  
   



    

   
 



     
   
   
 



     
   
   



  
    
   
   
 



 






    

    


     


    
    







 




 




 
 
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 
 

      




   

  



   
    
   


 

 

    

  
  
 

     


 
   


      


      


      


 
  


      


      





 




     



      


      


   
  

  



      


      


      


  


     


 



 


 Analyze Maxwell’s equation in
  
    


    
   
     
  


   
   
  
  


   
 




   
   
   
    
 curl). Maxwell’s equations
    
   



 
   
   
  




   
  
   
   
   



    

    




    



  


        
 
  


 
 

     
    


       
  
  


 
     
  


    
   


  
 


    

      


 
    



 
 
 
     


  


     


     


  




    


     




    
    

   
   
    



     


   
 



    

   

      

    




     

   
    



   
 


   
   
 


   
 
   


    

   
   


    
  


     



   


  


    

  


     


   


     


 
 
 
 
 
 
 
     


     






 

 
                        
                   




 

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

  
  
                      

 
   


     




  
 

  

 
           






        




           




    
 


    




    
 


    







   
 


     








   
 


 


   






 

   
 


  
 


   







   
 


  
  


   

  


   


   

         



   

 
           



 


        




       –     




      
  


    




      
  


    




 


   
 


    




  


   
  


  


   




 



   
 


   


   




  



   
  


   
  


   

  


   
   


   

         



   
 

           
   –            



 


          





 

   
 
 

   


   




 


   
   


   


   

            
            
           
            
           

         

  
  

           
  –            
 


   


          

   


   


   
 


   


   







   
  


   


   

           
           
           





    
  


   





    
  


   

           





    
 


   

         



    

 
          

   


         


  

   
  

   

 


  
  


   

         


   
 


   

        
         
     
  


  



   

     


 


   

    
        

   



  

 
           

  


         


  

    
  

   

        


   

        
         
         
     


   

  
    


  
    

     
     

    
        

   

   
 

          
        


  


  


   

     
     

     
    
    

     


  
    

        
    



   

 
          

         
         
   
   
   
        

   

 






 

  
   
    
    
    
    
  








 



     
 




   


   
  
  


  
  


   


 





      
     

 

      
    

      
     



  
 


     
    


      
   
    


       
   


 

  
   
    


      

   
  


 



   
   

    
  
 


  
 
 
 


  
 

 






     


      



 
    


     


  
  

    
    
 

         
    
    




 
 


    


     


     
    


      
    


      
 


     
   



    
  
  
  




   
    
  
   



 
   
   
 


 

 

   
  

   
   


   
  
  
 
  

  
  


  









   
  
 
 
  
   
 


 



   
   

 





 




 
 



 





     


 
 

 


     
    


      
   
   


      




 
  


   
   


    
    
    


   
  


      
 



     
   
   
 


     
   
  









 



   
   

  
 
  


  
 
 


   
  



   
 
 



 





      
    
   

 
   

   
   

  


    
   

   


   
    

 


      
   



     
   
   
 

     
   


      
  
  


    
   


   
 



    
    
   
 




 




   
 

  
 
 
  


      


      


      


  



 

  















    
 
  
   


  
  
 
 
 

      
    


       
    


       


      


 




 




   
   

   
 
 
 



   
  
  
 
 


   
  
 


 






    


     
    

 
   

 
    
   



    
     
     


 
    


      
     


   
     




   
  
   
    


   
    
   
 






                        





 

  

 
  
 
 


 
 
  
 


  
  
  



 


     


     
     


     
     


       


 
 
   


 
 


    


     


     
     


     
     


       


 
 
 


 
 
 






 


   


   
  
  


   
  


 
 



 





 


   
   

 






 –  
   
      
   
    
 –  

   


     
     
    
    
    
   

    












 












 



     


     

    
     
    
     



    
   

–   
  
   
    
  
   
   
   
    
   
 
     
  –
  
    – 
 –    


 

  
   
   
   

 
    
    
     







   
 – 
  
–  –   
 –    –

 

 – 
    
 


     
   

      
   
   
   
   
    

    
    
    








   

     

      

   

    
 
      



      
    
   
 

     

   
 

     
   
 


   
     
   
 





 



   
  

 
 
 


 
 
 


  
   
  

 


  
 
 
 
 


 
  

  










 






   
   

 
 
 


   
   


 





  “The 8051 Micro
  
and Applications”, 

  “Micro Processor and
Interfacing”

   
“Microcontrollers  theory applications”, Tata

2. Ray and Bhurchandi. “Advanced Micro
Processors”, Tata McGraw Hill.
3. Kenneth J. Ayala, “The 8086 Micro
   
Applications”, 
    
   



     
  
   
 

      
   


    
 –  
    


     
 
 

      
  
   
 

       
   
   
  



   
  
    



   
 


 





   
 

  
 
 












   


   








 


   
   

 





 Analyze Maxwell’s


 



 










    
  
   
    
    
     

     
 
    







 










    
     
    
   
     
      
    







   
    
     
     
     
    
   
   

    
     








    
   


      
   


       
   



     
   
 

  
   


   
   
  

      
 
  

 

   
  
   


    
   
 


    






 



   
   

 



 




 



 




   
   
    
    
    


     

   
       
     





    
     

     
    
    
    
   
   
   
 















  








  
   
    
 
 
  
     
    
   
     
     



 
      


     
   
     
    
    
    
       
 





    
     
   
     
    

    
  
    
     

  



    – 
   – 
 –    



   
     
    
       







     

   
    

   
     


    
   
 
 

 
     
  
  

     
     


   
 
    
 

    
  
    






      
     
 


 

 

   


   
  
  
 
  
 


   
 
  


   
  
 



 


     


 
 
 


 
 
 
 
 
 
      



 


     


 
 
 


  
 
 
 


     












 


   
   

 





 




 






 


    
   
   
  
    
   
    
    

    
   

   
  
     
   –  
      
     
    
     


   
   

     
    

      
    

     
   















   



   
    
    
   
     
     
   



   

  
   
 
    

     
   
     



   
  
   
   
   
 
     
     



    
    
     
   
     
    –



    
     
    



   

     
 

  

  
 
     
  
 
    
   


      
    
   
 

      
    
   
 

     
   
 


   
    



     
 


 



   

 
  
  
  
 
  
 
 
 
  
 
 


   
  
 


 
 
 
 
  
 


  









 


   
   

 
 
  
 
 
 
 



     
   
    

      
     
  
     
      



     
   
    

      

     
     
   
    










   
  

  
 


   
 


  
 
 
 



      
     
   
    
     
    
     

 
    





     
   
     


    



    
  
 








    
  
   
     
  
   
     

   
    
   
   
 


      
 
   
     

   
    
   
  
 
      
 








     

    


  
   
      



      
    


       
    



       
    


 
 

 


 

 



       

  



 












 




  



 
 
 


 


 

range of gain ‘k for stability.

  


 







 


   
   

 




 




 




 




    
   
    
    
    
   
   
    

     
    
   
    
     
    
    







 









    
    

  
   
  
   
   
    
  








   –

    

    
   
   

    
 
   –  

     
     





  
 
   
 
    
     

  



   
     
 

    
   


      
   


     
   
   
 


    
   
    
   
 


      

   


      



  


     
 



 


   
   

  
 

  


  
  
  


   
 
 




  
 

 






    
  
   
     
    
   






  
    
  
   
     
 
     


  








    
     
    

    
    
   




    
      
    
    


    
      
    

    
 
     
   
   
    









   
  
      
    
   


   
    

    
     









  



    
   
     
    
   
    
   
   
     
    
   
     
   


 
  
    
 
     

    
     

    



      
    


    
    


      
  
 

     
   


 
   
     
 


     
   
   
 


  
  
  


        



  

  
  
  
 
 


   
  


  
 
 
  


     


      


 
  
      


 
    


 
      


 
    


     


      


 
 
      


 
    


  
     


 
    











     
   

  
  
  
  


   
  


   
  
 
 


  

 





 


   
   

 










    
   
    
     
     
      
     
    




   
    

   
    
  
   
   












 




 






 






    


   
    

    



    
     
    
    
      
    
     
    
   
 


    
      
     

     
 

   
    

    
    

    









   
     


     
   
   
    
    



 
     
   





    
    









    

   
 
   
   

   


      
     


   
    


       
 




 
  

    
 
      


  
   


 
     
    
 


     
 
   
 


   
   


 


   


    
   


 


   
  


  
 
 
  


 


 


 





     
   

 






 






 
   

    
   

dry), Diffusion Fick’s law, chemical vapor
    
    






 










    
      
     
     





 





 


    
    




     

    

     


   
    
  




  
     
   
 

 
    

      

      
  

    
 
 



     
 

     
   
 


    
 

     
    
 

       
   
   
 

     

 

     
 


   
 
    




      



   



      
   
 


 


   

 
    


  
  
  
 
 
  


   
 
  



      


      


      
    


      


      


      


  


     


  


     


      


       


       











  




   
   

   
 


   
  


   
 



 




    
  
 

     
 


    
   


    


  
   


     
   
 

   

 

     
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    
 
     
 
 


   
    
   


     
   
 

    
  


    
 
    
 


     
   




 



    
     
   
    


 


   
   

  
  
 
 
   
 


   
  

   
 
 
    



   
  
   
   
 
   
 




   
  
   

  
 

 





    
 

   


     



   
    
   


   
   
 


    
 


      
  



    
  
    
  
   



     








  
   
 




 


   
   

  
 
 
 


   
  
  


   
 
  
  


 





     


 
   



     




     
  


    


   
 


       


  




     
   


  
    
   


    
   


   
   


  
  


    
  
   


         
   


     
    


 


   
   

   


 

 





    
  


     
   




  


   
  


   

  


   


 
 
 



     
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    
 

    



    
   
   

     
  


   
  
 


    
    
   
    


     
   
 
 



 




 




 

 



 




 
       
    
   
    
 
      
     
   

     


     
     
    

     


      
   
   
 

      
    
   
 

      
   


     
    
 


  
   



    




    




    
      
 


 


   
   

  
 
 
 
  
  
 
 


  
 
 
  


  
 
  
  


 




 
       
 
     

  



    
   
   


      
  

      
   
    



     
   
   


    
   
   
  
   


 





 






   
 –      –
    –
    







 



 




 





    

   
     –

   
   – 
–  – 





  
   
    

  
   
    
    


 –  –
   –   –





   
    
   
   –  

   
     
     –
   –  

  – 
 –    
  – 


 
     

  



 
  


         
    


        


      
    


 



 
    



 


   
   

 





 




 








     

   
    
    
  
   
    

     





 



 




  
   
  
   

      
     
    
    





   





     
    
    
     
    

   



    
   
    

    


    
 



     
   
   


  
 

    
 
  


    
   
   
 


      
 
      
  


 


   
   

 




 




 


     
    
     
    
  
   
   
     
    
     
      
     




 













   
    
   
    
     
    
   
     



     
    
   
    
    
 
    
    
    
   
   
     
      
    





   
   
      
     –
  
    
 
    
     
   
      




 
     
    

     


    



      



 
   
    


 
     
 


       
    
   
 


  


 



 



  




 







    
    
  

     







   
 


   
     

   
    

   
   

   
    



    
   
   
     





    


    
   
   


      
   
     


      
  
 

 


 
      
        
     
     
       
      
   
      
     
      
     
    
 

   
     







    
  



    
 
   
    









 


 
       
     
Student will learn about the ‘things’ that get
       

–       
      

      
     
     
      
      
       







      




     
    
 



 


      
     
    
      
      
     
     

     
     
   
       

      







      


   
 
 



 


      
   

     
   
 
     
   

     
 
      
     
      

     
    
     
      
 

 
       



     
    



 


        

     
  
   
    







  
      
   
   
     
       
    
    
    
   
    
    


   
   



 





        
   
      
    


     
    
   
     
   
 
    







    



 




        
    
   
      
   
      
    







    
   
    
    


     
  




   







 
  
                   
 
 
             

 



 


 
 –


 
 
 


  
  
     

 
  

 
                  


                    


                   


  
  



  


  


   





     
 

 



     


    

           
           
          
   


   


   

           
 

   
    


   

           
   


   

 


   

   


   

          




 



    



    

   


        

   


        

  


    



   

  


    

 

   

           
            
 

   



    

   


         

           
          
     

         
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   

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
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    




   

 
    




   

  


        

         
    
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          



    




   

     
 


   

          

    
    
    



     

    

    

    
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 
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 
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  








 


   


   
   


    
 
  

  


    
  
  





   
   
    
    
    

 
     

   
       
     






     
  

   
    
 
   
    
   
   







  
   
    
 
 
  
     
    
   
     
     
 



    
     
   
    
   
     
    
    
    
   
    
      







    
     


 –
 – 







   
     
    

    
  
    
     
 
  


 –    
     
     


     
   

 


     

   
    

    
     


    
   
 
 

 
     
    
  

     
 


     
   
    
  

     

    



   
     
 




 
 

   


   
  
  
 
  


 


     


 
 
 


     


    


 
 
     











 


   
 
  


   
  
 



 
 
 
 
 
 
      



  
 
 
 
    



     


 



   


 
 


   
 
 

  
 


 





    
     


  


 


     


   
     


  


  
   
  

 
     
  



     
   


    
  
  


     
    


   
  
   




 




   
 

   
   


  







   
  
  
 
  

  
  


   
  
 
 
  
   
 




 



   


   
  
  


  
  


   







   
   
     
     

  
    

    
   

   
 
    
    
    









   



    
    
    
   

   
    
   
   
    
    
    

 
   

   
    




 

    
  
    

     
Terms of S, Q, ω
   
    
   
    
   
and Reciprocity, Thevenin’s Theorem and
Norton’s Theorem
 
    
   
  
   
   






 
       
     


  
    


      
   
  



      
    




      
   
   
 


  
   
   
   



 


   


 





 

 






    
  
   
     
    
   





    
  
   
   
   
    
   
   

  










 






  


    
     
    

    
    
   




    
 
    
    
  
      
    
   
      

   
   
    
    
   
   
   









   
   
      
    
   
  



   


    


     
   
     
    
   
    
   
   
     
   
   

  










 
  
    
 
     

    
     

    


 
     
     


    
  


      
   
 

     
   


 
    

  


  
   
   
 


 
     
   


 
 

   


  
  
  
 
 


   
  



     


      


  
 
      


 
    



     


    


 
 
      


       
    












  
 
 
  


  
      


 
    


       
     


 
    


 




   


  
 
  


  
 
 
 

   
  








   
   

     
    
 

     
    
     
   
     
    


 



  
 
   
     
    
    
   
 
  
    


    
      
   
   
   
   
   


  
  
    
    


   










  
  



  








   
    
   
     
  
  
  
   
    
    

  
    

 

  
   
   
     
 
    
   
   
    
    






 
   
   
  
    
  
     
 

    
     
  



     
   
   
   
     

    
     










      
  
 
   
 

 
  
 

 
      
  
  
      


     
   


      









    
  


    
  


    


  
    


    
   


   
   
 


   
   
  
  


 




   
 

  
 
 
  


    
 
  
   


  
  
 
 
 

  
 
 
 
 
 
 
 
 





 


   


 
 


     
   
    

      


     
   

    
  









  
 
 
 
 


   
  

  
 


   
 


     
  
     
      



     
     
    
    



      
     
   
    
     
    
     

 
    





     
   
   

    
    
   


    
  
 








    
  
  
   
  
   
     

   
    
   
   
 


     
  
   
     

   
   
 
      
   


  








     

    


  
   

 
      
    


 
    



      




 
   



 


 


 





 




 



  



       


 

 


 


 



 



 

range of gain ‘k for stability.

 


  











 


  







 



  







     


   
  
  

 








   
  


 
 



 


   


   
  
 
  



   
  
   
  
  


   
 
 
 


 

 


  
     
    
 

 
    

      

      
  

    
 
 


 
    
 

      
   
    


     
   


   
   
   


       
   

 

    
    
 


  
    
 

    
    
    






  
   



  
   
 


     
 

    


  
  
  
 
 
  


   
 
  



      


      


      
    


      


     
     


 


     


     


      



     


     



 


 


   








  


  








 


   



 –  


     






   
 
   
 
 


  
 
 
  
 
  
 
   
 
  


   


   
      
   
    
 –  

   
     


    
    
    
   
   

    
     
    


    








    
   

–   
  
   
    
  
   
   
   
    
   
 
     
  –
  
    – 
 –    


 
   
   
   
  
   

   
   

   







   
 – 
  
–  –   


    
    
    








 –    –

 

 – 
    
 


   
   
   
   
 
 


    

   



   

     

      

   

    
 
      


 
      
    
   
 
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 

  
 
 



   


   








 



     
   

  
  
  
  


   
  


   

 


 






  
 
 


     
   

  

 


  
  
  


  
  
  


  

  
  



  


 




 


   


 
  

  
  
  


  



   






   
 
    
  
  
   
   
   
    
   









   



     
   
    
    
  
   






    
     
   
     
  
 
  




 
    
  


   
  
     


    
  


        
   
    


      


  

  


  




   

   
  
    
   
  










  
 
  


  
    






     
   
    


    
    
    
    
  





   
    
     
   

   

  
   





 
  
 
   
  


    
   
   


    



   


    
   
   
   



  
   
  
  



    
    
   
   



 


   


  
  
 
 
   
 
   
   
 


   
  

   
 
 
    




   
     
  
   
    
 
    
    

    
     









   
     
     
   
   
    






  

 
   
 









     
    
   
    
    
    
  
  
    
     
   
    




 
   
    
   


    
  


      
  



   
  
   

   




  






 


   


  
  
 

   
  
   

  
  
  
  





The ‘Top down’ and ‘Bottom up’
  
   
    
    

     
    
  



 





 
   
    
    
    
    
  
   
  
   





  
  
   
  
  
   
    
   
  
    
    



  
     



   


     
 
   


   
   
 

   
  


    
   


   
  
  
   


       
   


    
   
 


 


   
 

   
  
 
   


   
  


   




   
    
  

    
     

    
   
   
    
   







 


    





    
   
     
     
    
   
   
  
   

    





    
    
   
       





 
  
   


     
   
  

    
  


     
    



  
   
   




     



   
   
  


   
 


   





   
     
    

     
   
      
   
    
    
 

   
    
   
      
     
    



 





  
    
    
     
 
   

   
    
    
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   



      
  



  


      
  
   


 


   


   
 


 
  


   
  



     
   
    

      
     
    















    
   
   
   
   

     
   
   
     




 
    
     
 
   
   
     
    
   
    







    

  
 

     
 


    

  


   
 

   
  
 

    
   


 
     
   
 

     

 

   
 
  

     
   


 


   


   
 
 
 
 
  
 


  
 

 


   
  






    
 – 
 –   – 
     –
  –   –

 – 
     
   –
–








   
 – Beer’s law UV – 
 –   
   –  
 –   –
   – 
 –  
 –  






 –   
 – 




    

 –   – 
 –  – 
   – 
  –   –
 – 
   




 
     
   
    


    
    
 

    
  
 

    

   


    
   


   
   
   



    
    
   
  




 


   


  
 
 
 
  
  


  
 
 


   

  





    
   

    
   
   

   

     
    
    









   
   
   
     
    

   
   
     
    





   
   
     

   
   
      
    


  



     
   
   


     
    


      
   
   



  
    
   

    
   
   
  
   


  


   


 
   


 
  
  


     




     
    
     
    
  
   
   
     
    
     
      
     
   
    
   
    















     
    
   
     



     
    
   
    
    
 
    
    
    
   
   
     
      
    





   
   
      
     –
  
    
      
    
    
   
      


 
     
    

     
 

 
    
   


  




   
    


  
   



      
    
  
  


     


  
 
 

   
   



   
   




 
  

    
   
    
      
      

    
   
    
 








 
   
     
  
    
  
     
   
    
 
    
    
   
    



  

    
    
    
    
 
  




 
   

  
    
 

     
   
  
   




 
 
   
 
 

 
    
  
 

      
   


     
    
   


     






    




  
      
 


     


   
 
  
  


   
   
    


   
  
  
   
  





 
    
   

    
   
  
   
    
    
   









  
  
 
   
   

    
    
    
    
   





   
     
    



    
     

    
    
    
   




 
  
   
   


    
   


    
   
   



    
   
   
 


  
   
      
 


 





 



  







   
 –      –
    –
    
    

   
    







 




 





– 
    
    –
 –  –  





  
   
    

  
   
    
    

  
  – 
 – 
–  – 




   
    
   
   –  

   

     –
 – 

    –
  –  
  
 – 




 
    
   
  



   


     


 
 


    
    


      
    


      
    


 
    
   
 

     


  
  
 
 
 
 
 


    
  
  


  
 
  





   
 

   
   
   
  

   
   
   
   
    










      
     
 



      
     
    

   


    

    





 

   
   

    

   
     


    
 



 
   
  


     
  


 
   


     
  
 

 
     



    
 


     
  
  
   


     
   



 


   


   
   


  
  


 
 



    
   
    
    
    
   
   
    

     
    
   
    
     
    
    





 








 
    
    

  
   
  
   
   
    





  



   –

    

    
   
   

    
 
   –  

     
     





  
 
   
 
    
     

  


 
   

 

    
   


  
   


     
   
   
 


    
   
    
   
 


      



   
    


   
  


    
  



 


 

     
     

       
     
     
 
    

      
 
     
     
   
 
    
  
     








    
  



   
  
  
  










  


 

      
       
     
world. Student will learn about the ‘things’

       
 –    
        
     
      
     
    
 










      




     
   
 



 


 

     
   
    
     

     
 
     
    








     
   

    

      


  
 




 

 

     
   
      
    
   
   
     
    
   
     
    
       


     
      
     
   
    
     

    








   





     
    



 


 

 
    
     
     
      

     
   
     
   

     
       
   
    
    
  

    








 
 



 



 


   
     

    
     

    
   








       

  
   


  



 




 


    


  
    
 
   
   
   
     
    








  





   




 




   
   

   
 
 
 




   
 
    
     
   
    
    



   
  
  
  
  


   
  
 


    




    
    
   
     
   
   
   
  
    





   
   
    
    
   
   
    
 
   
   
      
     


    
  
     


      
   
 

      
 




   
    




  

   
    



  
 
   
 








 
                    
  
                 
                  
                     




  


  
                  


 


 
 
 


  
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 
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     
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      

      

      

       

      

      

      

      

       

      
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             

                 

         

     
     






   
  
 
 
  
 
 



     
 





   
 

  
 
  


   
  



   
 

  


 





       

    
   


      
 “Principles  
VLSI Design“, 2nd Edition, Addision


  
E. Boyce, “ CMOS Circuit Design,
d Simulation “, Prentice Hall


    
“CMOS Digital Integrated Circuits” 
    
  

 
“Basic VLSI Design” 3rd Edition.



      

    
   


   
    
   


      
    
   
  


 
   
    
 

    
    
 



     
    




  
 





 


 

   
  

   


   
  
  

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

      
    


      
    


     
    


  
    


 
   


 
   


       
   


       
   












     
   


      
   


      
   
  



   
  


      
    
  



    
  


      




   


     
    


    
    


     
    


 


   
 

  








 



 



 
 



 






      




 


   


         


 


  
 

  
 


 
  


  




     
     
   



      
   
   
  




 






   
  

  


  


 
   
 




      


      


      
    
 

 


     

      


      
 

      
    


 




 



   
 


  

 



   
 


   
  
  


   
  
  







 







   
 

 






 






 




 






 S. M. SZE “Semiconductor Devices
Physics and Technology” 2nd Edition


      
Banerjee “Solid State Electronics
devices” Pearson Education

      
“CMOS Digital Integrated Circuits


 Sedra/Smith” Microelectronics
Circuits” forth edition 

 


  
 


   
  
  


     
   
    
 

    
  




     


   


     
   





  
   
 


 





   
 

 




 




 




 
 


 






      
 


      



    




    
    


       
    


         
    
    



     
    


       
    


     
   


     
    
     


      
     
     


      
    
     



     
 

  


 




   
  


     


     

    
 






 

 
 



    
  
 


 
 
 



 


      


       


     


      


      


 
    


     



   

    
    


     
    

    


     

   
    
      


 
     
    


      
    


   
    


 


 
      
    
  


 
    
     


     












       
    
      

     


     
     
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      
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     
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      
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      
  
    
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 



   
 

    
   
 
  
  
   
 


 

   
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    
“Analog VLSI signal and Information
processing”, McGraw


   “Application  
Integrated Circuits”   


     
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      
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

 
    
    


    
    

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




  

  

  
 
  


    
“Analog VLSI Design   
CMOS” Prentice Hall, 1998.

      
“Noel K.Strader, VLSI Design
    
Circuits”, Mc Graw Hill International


    
“Design of Analog 
   
signal processing”,  


   “VLSI Circuits and
Systems in Silicon”, McGraw Hill,


 
Uranesic, “Field Programmable Gate
Arrays” 


     
“  
Processing “, Mc Graw Hill, 1994.

        
Kailath, “VLSI and Modern Signal
Processing”, Prentice Hall, 1985.
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       
     
 

       
    
    
 

   
    
   
    


     
    
   
  



  
   
   
 


 



   
 

  
 
  


  
 

 






     
    


   
 


  
    


     
   
    





  
  
  


  
  
  
 

 




   
    


       
   
   
  


     
   


      
  
  



    
     
 

      
    
    
    


   
    
 



        
    
   
  
  


 



 

   
  

   


   
   


  
  
 
   
  


      
     

      
 

 


 


 


 


     


     


      


      


      


    









 
 


     


     


     
 

    


 



   
 

   
  
 
  


   
 
   


  
  

  


  

 





 



   
 

  
  
 
  



 

 






   


 
Frequency Integrated Circuits”,



     


      
  
 

 



  
 
 


  
 
  


    
 
   


     



    
     


   
    
 



      
     
   
  


     
   
 



 


   
 

 
 




   
 


   
  
  


   
  
  


  

 





        



  

  
  
    


   
   



  
 
 
 
 
   



 





 





   
 

 



 


 



 






 


 






      


 




       


 


 
  


 
   



      
    


 
 


      
   


      
   


   
   


     
   






    
   






    
      
  
  
   


 



   
 

   
  


   


   
 
  



 






    




      
  


      
   


   


         



      



     
    
    


    
   


    
    




 




   
 

  
 
  
  


    
 

 






   
    
   


   


     
   

 

    
     





   
 
 
 


   
  
  


    


   
  


     
    



     
    
  

 

     
  

  
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
     
   
    
  


      
   

   




 



   
 


 






  
 
 


    
  



   
  





    
    
 



     
   

  




 




   
 

 



 



 



 






    
   
     


 
   




    
  


     
   
  
   


  
     


     
   


     
   
   


       
    


    

   


       
     
    




     
  
      







     


 


    


     


     
   


   
    


     
  







  
 



  
     
 



 




   
 

   


   
  


   
  
 
  
  
  


 






       
  
    


     
   


      
   



     

  
  


     
    


     
   
  






   
  
  
  


 
  




  
     




 





   
 

 


 



 


 






    
   


 
     



     
   



     
     
 

 




   
 

   
 
  
  
   

  
 


  
   
   
  


    


 






•     



     
   




      
    
  
   



    

  
 




 




   
 

   
   


   
 


    
 


 






    


     



     



     
    
 

    
   
   
  


    


 

      

   
 


       
   
   
 


 





   
 

  
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    
  
   
  



 




   
 

   

  


  
  
   
   


    
   
   


  
  
  


 






     
   
   


      
“CMOS Digital Integrated circuits
Analysis and Design”, TMH, 3rd



      
     
  

      
    


    
   
  


   –    
   
    



     

    
    
 




 



   
 

   



   


 






    


   
  


       
   
 

    





   
  
  


    


    


    
   


 

   


    
 

       
  
 



   
   
     
    

 


 

    
  



 






   
 

  




 



 






•     
   
   




    
   


 
   
   



     
    
  
 

 
 
 

      
    
   
 



 




   
 

   
  
  
   


    
   
  


 
  


 






    
    


   
  


   
    


   




      
   


    
   



      
    


    
 
    


     
 


      
   
    


    
   
  




  
    
   
 




 



   
 

   
  
    



    
   
    

    
   
   







 
  


   
  
  





    
   
   
  
  
  
   
  




  
  
   
   
   
   
   
    


    
   
  

   
   
    


 
   
     


    
  

 



     
   
  
   


 





     
    


   


    




   
    


   


 




   
   
    
  
      




    


   
    
     
      
    
    
     
      
     
 



 
      
    

 
      


     






    
   


      

  
  


  
    
    
    
  


    

   


 








   


    
    
     


   
     
 



     


    
     



      
       
      
     
      
    
   
   









   

     


    




 




       
     


     
 

 
      

  
  



     
     




 



      

    

     
    
     
    
    
     
    
 


 



   


 





   
   
      
     
     
     
       
    
     
   
       


  
 
   


    
     





 




    
     
    

     

   
   
   
  
   
   
       




    
      
     
    


    
  


 



    
 
     
    
        

      
     
   
     

   
      
   
     


     
  





 

 







 




 









   


 

           

           

           

         

   


 

           

           

            

         

   


 

           

            

           

         



   


 

           





   

 


   

          

         

  


 

           


 


     

       

         

  


 

            





    


 

      

         



 

      

 
   

    
    

 
   

  
   

 
   

  
   

 
   

  
   

     

    
 





   

 


    


   
  


    
  
  

  
  
   
  



 

 

 

  


 

  

            



 









     


  
  
  
  


    




   
   















 


























13. Verification of Faraday’s law and Lenz’s law.

15. To determine Self Inductance of a Coil by Anderson’s

ance of a Coil by Rayleigh’s








 







    


    
  
  


 
  
  
 
   


   
  
  


 
   
   
  
    
   






 

  

      




  

   

   

 

  















    


  
  
  
  


    


 
  











    


  
   
 
   


    
  
   
  
  
 
  

   

   



 
 
 
 



 

               


  

  







 








    


  
  
  
  


    




   
 
   








 



 


  



    


    
  

 


   
  
  
  


    
 
 

   
 





 

 

 


 



  

 

  

 

 







    
     






     


  
  
  
  


    




   
  


 
by using Calendar and Barn’s constant flow


       
 
or Cardboard) using Lee’s disc method.

       


 
    


     
) using Clement and Desorme’s method.

    
with temperature and verify the stefan’s law.

 To determine the value of stefan’s constant.
 
 
 
        



        
Calendar and Barn’s cons

        
      
Lee’s disc method.

        


         


       
Clement and Desorme’s method.

 To verify the Stefan’s law by electrical method.
 To determine the value of stefan’s constant.
  
 
      


 
(α) of the given sample. Compare an  
(α)< (α )< (α

 To determine mechanical equivalent of heat (J) Joule’s


 
      


        


















 


    


 




 



 





 








 



 

 

 

 




 

              


 











 


    


 
    


  
   

   
 
    


       


 


 
  


   


      
Millikan’s oil drop method.

      


       




       


      


Determine the electrical charge (e/m) using Millikan’s oil




       

Rydberg’s constant.
 













     


     


      


      


 
         

using Anderson’s bridge.
      

Desauty’s bridge
 
       






    


 
 

 





 




   hanics, Planck’s Quantum
theory, Einstein’s explanation, Compton Effect, Wave
 
     
applications, Bohr’s principle of complementarity, Time
   Schrodinger’s


 

    
     
    
    
     
      


     
 
     

   



   




     
 
    
     

   epresentation, Dirac’s Bra and
        


 
     
     
  



          



       


     


      
  
         
   
       
  





        


      
     


        








 

 

    


 
    


  
   

   
 
    


       


       


        


 Determine the electrical charge (e/m) using Millikan’s


        
Rydberg’s constant.

 
 
 
 
        


 
        





 
 


    


   


    
   

  
  
  
  
  
  

  


  



 

 

 

  



 

 

 

               















 
 


    


 
    


  
   

   
 
    

    
   











    


  
 


  
 
  


   



     
     
    
     



     
     
     
 
      
     


   

     

       
       


     
 
       

 
    
  


      
    





       


 
       


       



 
 
 








   
    


    
 
   
  

 
  
  

    
 


   
  
   
  
 


   
   
   
 

 
  
  
  


 


 
 
 
 
 
 
 


 
 
 

 




 

 

 

            
      
  
           





            
              


 
     
      


 


 
 
  


 
 

 



  –


 
  






 
 




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 
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
    


     


     


     
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    

    







 




 
               



 
potential for nation’s development.

             
             

            


 


  


 


 
 
            


          


           
            


    –         


 
          


       






           
             








  


   
 

           


           
            
             


       


         


 








 

 
     





    

 

    



    


 
    



    


     



    

   

     




    



    



    



    



    

    



    

   
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 
     



     





    





    



    


     





    

    

   

     



     





    





    

 

    

    



    

     

   
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 
     



    

     

   

     



     

    

   



 
     



     

    

   

     



     

    

   



    

    

    

    

    

    
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 



   


 



   
 

   
  


   
 
  


  
  


    








































  
     
     
    
    
     



       
     
   
     
   
   
    
     
 


     



   





    























  – 
      
     
     




  
 
 

   


  


  
 


  
 








 

 

   









 


   
    
  

 

  

  

  

  

  

 –





 

 
 



   
    
 

    
  
 
  


 

          







     


    
 
  
   
   
   


   
  
  
   
  


  
   
  
   
 


           


          
 

 – 

 
 



   
    
 

   
 
  
  
 


  
  
   




            
 

  


 – 







  
 


 
  


 

 


   
    
 

 

  
 
  


 
 
  
  
  
   



   
 
 
  
 

  
  
  





             
 

  

 – 






  


 



   
    
 

  


   
   
  
  


  
  
 


     
     
       
       
     
       
      
    
      
      

 

      
      
    

      
 

        
     


        
  

       


        
   

         
   

         
   

     
     

        
 

     
     
    
 

     
       
        
        
       
 

      
  

    
      

     

        
         
 

  
   
    
  

    
   
  
 
     


     








    
 

   


  
 
  


    
  
 




 




   
    
 

    
 
  
  



 


     
 
   
  

    


  
 
  


         


  

 
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

 –





 



   
    
 

      
     
      

       
     


  
   
    



   

  


 


       
     
        
     
     
      
    

 

       
 

       
 

       
    


       
    


        


        
      
    

        
  

       


       


      


    
        
    
 Ramanujan’s, 


      
  Newton’s  
  

         


      
  Simpson’ 
    

     
     
 

      
  Euler’s  


    

     
      
      
     

       



     


  

     
    
   
   
   


 




   
    
 

  





 
   
  
 
  
 
  

   
   


 

 



   
    
 

    
 
 
  
  
  
 


  
 
 
  
 


   

  
  


  

  



  

            
 

 –








 
 
  
  


 
 



   
    
 

    

   
   

    
 
  

 
   
  
   

   
 
  
   
  





           


  

  

 –





 
 



   
    
 

  


  

  







  
  


    
  


    
  


   
  
 
 
  

  


   

  
 –


 


 



   
    
 

   
 
  


  
  
   




 



  
 

 

              
 



            


  







  
  
  



 –

 



  


   
  

  
 

 


   
 






        


    


              
 
 –









 

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