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as far as practicable. 

Answer question no. 1 and any four from the rest. 

1. Answer any five questions: 2×5

  (a) Find the average value of ݊݅ݏ	ݔ + sinଶ 0	for			ݔ ≤ 		ݔ ≤  .ߨ2
  (b) Using generating function, show that ݌௟(−ݔ) = (−1)௟݌௟(ݔ), where ௟ܲ(ݔ) is Legendre polynomial of

order l. 

(c) Find the solution of the equation ݔଶ ௗమ௬ௗ௫మ + ݔ݌ ௗ௬ௗ௫ + ݕݍ = .where p and q are constants ,݋

(d) For the Poisson’s distribution ௡ܲ = ஜ౤௡! ݁ିஜ. Find the standard deviation for the distribution. μ is constant. 

Or, [syllabus 2018-2019] 

If the Lagrangian is invariant under a rigid translation, the momentum of the system is conserved. 

(e) If ݂(ݔ) → 0 for ݔ → ±∞, find the Fourier transform of 
ௗ௙ௗ௫. 

Or, [syllabus 2018-2019] 

 Show that if the Hamiltonian is not explicitly time dependent then energy is conserved (assuming 
Hamiltonian equals energy). 

  (f) Show that ݔ = 1 is a regular singular point of the Legendre differential equation. 

(g) Show that, for any ݌ > 0, (݌ + 1) = (݌)݌
2. Consider the function shown in figure

  (a) Find its Fourier transform g(ω). Sketch g(ω)vs ω. 

  (b) Show, using Parseval’s identity ׬ ୱ୧୬మ னனమ ݀ω = గଶஶ଴ .

(c) Show that Fourier transform of ݂(ݐ − (଴ݐ 			= 			 ݁ି௜ன௧బ		݃(ω).
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  (d)  

Using (a) and (c), find Fourier transform of h(t). (2+1)+3+2+2 

Or, [Syllabus 2018-2019] 

(a) Find the path followed by a light ray if the index of refraction in polar coordinate is proportional to ݎ–ଶ. 

(b) Find the equation of motion of a particle moving along x–axis under a potential energy ܸ = ଵଶ݇ݔଶ, by

constructing the Lagrangian. Construct the Hamiltonian for the system and argue that it is a conservative 
system.   5+5

3. (a) Calculate, using gamma function ׬ (௟௡௫)య௫మ(௫ିଵ) ஶଵݔ݀	  ቀyou	can	assume	∑ ଵ௥ర = గరଽ଴ஶ௥ୀଵ ቁ. 

  (b) Prove that for positive integers m and n, ߚ(݉, ݊) = (௡ିଵ)!௠.(௠ାଵ)…(௠ା௡ିଵ).
Hence show that 1.3.5…	(2݊ − 1) = ଶ೙	୻ቀ௡ାభమቁ√గ . 5+(3+2) 

4. (a) Given ݂(ݔ) = 0	for		ݔ < ݔ < 1, sketch even function corresponding to this function with period 2. Find
the Fourier series for this even function. 

  (b) Using above expansion, find the value of ∑ ଵ(ଶ௡ିଵ)మஶ௡ୀଵ . 

(c) Sketch the odd function of period 2 corresponding to the above given function. 5+3+2 

5. (a) From the generating function of Hermite  polynomial ܪ௡(ݔ), ݁ଶ௫௧ି௧మ = ∑ ଵ௡! ஶ௡ୀ଴(ݔ)௡ܪ  

 Show that ܪ௡ᇱ (ݔ) =  .(ݔ)௡ିଵܪ	2݊
  (b) ܪ௡(ݔ) are orthogonal polynomials in the domain −∞ < ݔ < ∞. Supose ܪଶ(ݔ) = ܽ + ଶ. Find a and bݔܾ

using orthogonality property of ܪ௡(ݔ); given ܪ଴(ݔ) = (ݔ)ଵܪ   ,1 =  and coefficient of highest power ݔ2
of x in ܪ௡(ݔ) is 2௡.

  (c) Solve ݔଶݕᇱᇱ − ݕ6 = 0 using Frobenius method around ݔ = 0.  2+4+4 

6. (a) For a binomial distribution with n trials, if p is the probability of success and q is that of failure, then
show that the mean and variance of the distribution are respectively np and npq.  

  (b) Solve 
பమ௬ப௫మ = ܿ ப௬ப௧  using Fourier transform. 
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(c) A random variable x has the density function ݂(ݔ) = ቄܿݔ 0 ≤ ݔ ≤ 20     ݁ݏ݅ݓݎℎ݁ݐ݋	

 find   (i) the constant c. 

  (ii) the probability that ݔ > 1. (2+2)+3+(1+2)

Or, [Syllabus 2018-2019] 

(a) Derive the Euler-Lagrange equation from the Principle of Least Action. Show clearly how the variation 
of paths is implemented in your derivation in terms of ordinary partial derivative with respect to a 
parameter. 

(b) A bead slides on a frictionless wire in the shape of a cycloid described by the equations ݔ = ܽ(θ − ݕ        (θ݊݅ݏ = ܽ(1 +  (θݏ݋ܿ
 where (x, y) are cartesian coordinates, a is a constant and 0 ≤ θ ≤ 2π. Write down (i) the Lagrangian 

and (ii) the equation of motion in terms of θ. Indicate the generalized coordinate θ by drawing a figure. 
5+(2+2+1) 

7. (a) The heat equation in 2 dimensional cartesian coordinates is given by
பమ்ப௫మ + பమ்ப௬మ = ଵ௄ பப்୲

 where T is the temperature function and K is a constant. Solve this equation for steady state using the 
method of separation of variables. 

(b) Find a solution U (x, t) of the boundary-value problem  
ப௎ப௧ = 3 பమ௎ப௫మ    t>0,  0<x<2 

 The boundary conditions are 

 ܷ(0, (ݐ = 0, ܷ(2, (ݐ = 0 

,ݔ)	ܷ  0) = 0			ݔ < ݔ < 2 ቂGiven	ݔ = ∑ − ସ௡஠ (1)௡ sin ௡஠௫ଶ ; 0 < ݔ < 2ஶ௡ୀଵ ቃ  3+7 

__________ 


