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Pre-requisites 
for the Course: 

M.Sc. in Physics 

Course 
Objectives: 

The aim of course is to orient Pre-PhD students towards research by introducing 
them to research methodology and data analysis in Physics. The basic principles of 
different experimental methods and characterization techniques will be covered 
along with computer programming and numerical methods.. 

Content: UNIT I  
Research methods and research methodology in Physics, Basic and 
applied research, Experimental and Theoretical research, Presenting a 
scientific seminar-oral report, Art of writing a research paper and thesis, 
Outline of a report, Layout of a research report/ PhD thesis, Quality of 
research 
 
Documentation using Latex,  
 
UNIT II  
Uncertainties in measurements: Measuring errors, Uncertainties, Parent 
and sample distributions, Mean and standard deviation of distributions, 
Binomial distributions, Poisson distribution, Gaussian or normal Error 
distribution, Lorentzian distribution; Approximation and errors in 
computing: Significant digits, Numerical errors, Modelling errors, 
Conditioning and stability, Convergence of iterative processes.  
Error analysis: Instrumental and statistical uncertainties, Propagation of 
errors, Application of error equations, Method of least squares, 
Statistical fluctuations, Probability tests, χ2 test of a distribution.  
Curve fitting (Regression analysis); Least square fit to a straight line, Error 
estimation of the fitted parameters, Limitations of the least square 
method, Least squares fit to a polynomial, matrix solution, Goodness of a 
fit, Linear correlation coefficient, Multivariable correlations. 
 
UNIT III (For Experimental students)  
 

1. Methods of Material Preparation:  
Crystal growth, Single crystal, Zone melting, Epitaxy, Compaction and 
solid state sintering, melting, annealing, methods of quenching, 
combustion, microwave, sol-gel synthesis process, deposition 
techniques, chemical analysis.  

2. Vacuum Techniques:  
Production and measurement of vacuum, Different types of vacuum 
systems and gauges, their working and limitations, Leak detection  

3. Methods of Characterization:  
X-ray diffraction, Raman Spectroscopy, IR Spectroscopy, UV-Visible 
spectroscopy, Mossbauer spectroscopy, Electrical transport and 
magnetic measurement techniques, Scanning and transmission electron 
microscopy, Differential scanning calorimetry – Principles, 
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instrumentation and applications. 
 
UNIT III (For Theory students)  

1. Computer Programming and Numerical Techniques:  
 
C/Fortran/Python programming,  
Finite differential calculus, Interpolation and extrapolation, Roots of 
equations, Solution of simultaneous Linear algebraic equation, Linear 
and non-linear least squares, Curve fitting, Numerical differentiation and 
integration, Fourier transform techniques, Numerical solution of 
ordinary differential equations, Matrix Eigen value problem, Monte Carlo 
and Maximum entropy method. 

 
 
30 hours 
 

Pedagogy: Test paper/Assignments/Presentations/Self-study 
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Course 
Outcomes: 

The students will 
1. get familiarized with research methodology and data analysis techniques. 
2. be able to adopt the data analysis, fitting, and error calculations in their research 

work. 
3. gain knowledge in different experimental characterization techniques and 

theoretical methods. 
4. be able to better plan, execute their research and present it. 

 


