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               MATHEMATICAL PHYSICS-III 
The emphasis of the course is on applications in solving problems of interest to physicists. The 
students are to be examined entirely on the basis of problems, seen and unseen.  
 
Complex Analysis: Brief Revision of Complex Numbers and their Graphical Representation. Euler's 
formula, De Moivre's theorem, Roots of Complex Numbers. Functions of Complex Variables. 
Analyticity and Cauchy-Riemann Conditions. Examples of analytic functions. Singular functions: 
poles and branch points, order of singularity, branch cuts. Integration of a function of a complex 
variable. Cauchy's Inequality. Cauchy’s Integral formula. Simply and multiply connected region. 
Laurent and Taylor’s expansion.  Residues and Residue Theorem. Application in solving Definite 
Integrals.                         (24 Lectures)  
Integrals Transforms:  
Fourier Transforms: Fourier Integral theorem. Fourier Transform. Examples. Fourier transform of 
trigonometric, Gaussian, finite wave train and other functions. Representation of Dirac delta function 
as a Fourier Integral. Fourier transform of derivatives, Inverse Fourier transform, Convolution 
theorem. Properties of Fourier transforms (translation, change of scale, complex conjugation, etc). 
Three dimensional Fourier transforms with examples. Application of Fourier Transforms to differential 
equations: One dimensional Wave and Diffusion/Heat Flow Equations.              (12 Lectures) 
Laplace Transforms: Laplace Transform (LT) of Elementary functions. Properties of LTs: Change of 
Scale Theorem, Shifting Theorem. LTs of Derivatives and Integrals of Functions, Derivatives and 
Integrals of LTs. LT of Unit Step function, Dirac Delta function, Periodic Functions. Convolution 
Theorem. Inverse LT. Application of Laplace Transforms to Differential Equations: Damped 
Harmonic Oscillator, Simple Electrical Circuits.                      (12 Lectures) 
Suggested study: Momentum space wave function: calculation of momentum space wave function for 
Gaussian, plane wave and other quantum mechanical wave functions. 
Reference Books: 
 Mathematical Methods for Physics and Engineers, K.F Riley, M.P. Hobson and S. J. Bence, 3rd 

ed., 2006, Cambridge University Press 
 Mathematics for Physicists, Philippe Dennery and Andre Krzywicki, 1967, Dover Publications 
 Complex Variables, A.S. Fokas and Mark J. Ablowitz, 8th Ed., 2011, Cambridge University Press 
 Complex Variables & Applications, J.W.Brown & R.V.Churchill, 7th Ed. 2003, Tata McGraw-Hill 
 First course in complex analysis with applications, D.G.Zill& P.D.Shanahan,1940,Jones& Bartlett 
 Mathematics of Quantum & Classical Physics, F.W Byron and R.W. Fuller,1992, Dover Pub.. 
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