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M.SC.-II/Physics-201C/22 

M.Sc. 2nd Semester Examination, 2022 

PHYSICS 

(Mathematical Methods II & Advanced Optics) 

Paper: 201C 

Course ID: 22451 

Time: 2 Hours                    Full Marks:  40 

Candidates are required to give their answers in their own words 

as far as practicable. 

The questions are of values indicated in the margin. 

Where symbols have their usual meanings. 

Unit-I 

1. Answer any three of the following questions:                                                    2x3=6 

a) Find the Laplace transforms of Sin2t Sin3t. 

b) If a contravariant tensor of rank two is symmetric in one coordinate system, show that it is 

symmetric in any other coordinate system. 

c) If 𝑃𝑛(𝑥) is a Legendre polynomial of degree n and 𝛼 is such that 𝑃𝑛(𝛼) = 0. Show that 

𝑃𝑛−1(𝛼)  and 𝑃𝑛+1(𝛼)  are of opposite sign. 

d) Express J4(x) in terms of J0(x) and J1(x). 

e) Find the value of ∫ 𝑒𝑥2
Hm(x)Hn(x) dx

∞

−∞
 

i) When m= 100 and n=99 

              ii)  When m=n =1. 

2. Answer any two of the following questions:                                                     4x2=8 

a) Evaluate using convolution theorem 𝐿−1{
1

(𝑠2+1)(𝑆2+4)
} . 

b) How to solve non-homogeneous equation using Green’s function? 

c) Show that J-n(x) = (-1)n Jn(x). 

d) Show that 
𝜕𝐴𝑝

𝜕𝑋𝑞
 is not a tensor, even though 𝐴𝑝 is a covariant tensor. 
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3. Answer any one of the following questions:                                                     6x1=6 

a) Use Laplace transformation method to solve the equation of a damped harmonic 

Oscillation 𝑚
 𝑑2𝑋(𝑡)

𝑑𝑡2 + 𝑏
𝑑𝑋(𝑡)

𝑑𝑡
+ 𝐾𝑋(𝑡) = 0 𝑏𝑦 𝑢𝑠𝑖𝑛𝑔 𝑡ℎ𝑒 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 𝑎𝑡 𝑡 =

0, 𝑋 = 𝑋0 𝑎𝑛𝑑
𝑑𝑋

𝑑𝑡
= 0.  

b) Show that Fourier transform of a Gaussian remains Gaussian. 

                                      

Unit-II 

4. Answer any three of the following questions:                                                            2x3= 6 

a) Show that the intensity of a laser beam with Gaussian profile having waist radius wo is twice 

that of a plane wave beam having the same radius.                                       2 

b) Give at least four basic reasons on why an optical resonator is needed in a laser.                    2 

c) Why in Nd:YAG laser crystal doping of Nd ion is restricted?                 2 

d) Discuss the origin of non-linearity.                              2 

e) Comment on the stability of a laser resonator formed by two mirrors having radii of curvatures 

given by R1= 3L and R2=  L where 2L is the length of the cavity.                                       2 

5.  Answer any two of the following questions:                                                         4x2 = 8 

a) (i) Why flash lamp is used as a pump in solid-state laser but electric discharge is used as pump 

in gas laser system? 

(ii) A He-Ne laser has a gas discharge temperature of 400 K. The atomic masses of Ne is 3.35 

x 10-26 kg. If the lasing wavelength is 630 nm, calculate the line shape broadening due to 

Doppler effect. Given the Boltzmann constant kB=1.38x10-23 J/K.                              2+2 = 4 

b) What is the difference between p-i-n and avalanche photo Diode? A photodiode has a 

responsivity of 0.5 A/W at 850 nm. Find the quantum efficiency of the detector.      2+2=4 

c) Explain the figures of merit of a photo detector.  An avalanche pin-diode (APD) detector has 

a quantum efficiency of 40% at 1.3m. When illuminated with optical power of 0.3W at this 

wavelength, it produces an output current of 6 A after avalanche gain. Calculate the 

multiplication factor of the APD.                                 1+3 = 4 

d) If two frequency Ω1 and Ω2 passes through a second order non-linear medium [(2)], then 

calculate the output frequency components.                    4 

 

6.  Answer any one of the following questions:                                              1x6 =6 

a) (i) Explain how the population inversion is achieved in Dye laser. 

(ii) With a neat energy level diagram indicate the different lasing transitions in a CO2 laser.                                                                                                            

(iii) If the Einstein’s A coefficients of the various transitions are A21 = A43 = 108 s1, A31 = 

107 s1, and A32 =7 x 107 s1, calculate the spontaneous lifetime of the metastable state of a 4 

level laser.                            2+2+2=6   

  

b) Discuss the working principle, construction and applications of a Bolometer.                  6 

_________________________ 

 


