
 

 

M.Sc.-I/Physics-101C/21 

M.Sc. 1st Semester Examination, 2021 

PHYSICS 

Course Title : Mathematical Methods-I & Classical Mechanics 

Course Code : 101C 

Course ID : 12451 

Time: 2 Hour         Full Marks: 40 

 

The figures in the right hand side margin indicate full marks. 

Candidates are required to give their answers in their own words 

as far as practicable 

Unit-I 

1. Answer any three of the following:                                                              2×3=6 

a) Find the eigenvalues of the matrix (
1 1 1
1 1 1
1 1 1

). 

b) Write down the first few terms in the Taylor series expansion of the function 𝑓𝑥   𝑠𝑖𝑛 𝑥 

around 𝑥 =
𝜋

4
. 

c) Write down the first few terms in the Laurent series for 
1

 𝑧−1𝑧−2 
 in the region 1 |𝑧| 2 

and around 𝑧  1. 

d) Let 𝑢(𝑥, 𝑦) = 𝑥 +
1

2
(𝑥2 − 𝑦2) be the real part of analytic function f(z) of the complex var-

iable 𝑧 = 𝑥 + 𝑖𝑦. Find the imaginary part of 𝑓(𝑧). 

e) If C is the contour defined by |𝑧| =
1

2
 , find the value of the integral ∮

𝑑𝑧

sin2 𝑧𝐶
. 

 

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

a) Find the Taylor expansion of the function 𝑙𝑛(𝑐𝑜𝑠ℎ𝑥), where 𝑥 is real, about the point 𝑥 = 0. 

b) Find the contour integral 
1

2𝜋𝑖
∮

ⅇ4𝜋−1

cosh(𝑧)−2sinh (𝑧)
𝑑𝑧

𝐶
 around the unit circle C traversed in the 

anticlockwise direction. 

c) Find the contour integral of ∮
𝑑𝑧

1+𝑧2𝐶
 evaluated along a contour going from  to  along 

the real axis and closed in the lower half-plane circle 

d) State and proof Liouville’s theorem. 
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3.  Answer any one of the following:                                                         6×1=6 

a) State and Prove Morera’s Theorem. The imaginary part of an analytic complex function is 

𝑣(𝑥, 𝑦) = 2𝑥𝑦 + 3𝑦. The real part of the function is zero at the origin. Find the value of the 

real part of the function at 1 +  𝑖. 

                 3+3=6 

b) Define vector space. Write all axioms to be satisfied to define a vector space.  

                                    2+4=6 

 

Unit-II 

1. Answer any three of the following:               2×3=6 

(a) What do you mean by Hamilton’s Action Principle? 

(b) The Lagrangian of a particle moving in one dimension is given by 𝐿 =
�̇�2

2𝑥
− 𝑉(𝑥) . Find 

the Hamiltonian. 

(c) What is point transformation? State clearly with example. 

(d) Show that the generalized momentum corresponding to a cyclic coordinate is constant of 

motion. 

(e) State and explain Poisson’s theorem. 

 

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

(a) Show that the transformation  

𝑃 = 𝑞cot𝑝, 

𝑄 = 𝑙𝑜𝑔 (
sin𝑝

𝑞
), 

is a canonical one. 

(b) Prove the following: 

[𝑞𝑖, 𝑞𝑗] = [𝑝𝑖, 𝑝𝑗] = 0, and [𝑞𝑖, 𝑝𝑗] = 𝛿𝑖𝑗. 
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(c) A canonical transformation relates the old coordinates (q,p) to the new ones (Q,P) by the 

relations Q=q2 and P=p/(2q). Find the corresponding time-independent generating 

function. 

(d) The Hamiltonian of a one-dimensional system is 𝐻 =
𝑝2

2𝑚
+

1

2
𝑘𝑥2 , where m and k are 

positive constants. Find the corresponding Euler-Lagrange equation for the system. 

 

3. Answer any one of the following:               6×1=6 

(a) (i) State the advantages of canonical transformation. What is the condition for a 

transformation to be a canonical one? 

(ii) Show that Poisson bracket is invariant under canonical transformation. 

                  2+4=6 

(b) (i) Consider a canonical transformation from an old phase space (qi ,pi ,t) to a new phase 

space (Qi , Pi , t). Establish the following relation, 

[∑(𝑝𝑖𝑞𝑖˙ − 𝐻)

𝑖

] − [∑(𝑃𝑖�̇�𝑖 − 𝐾)

𝑖

] =
𝑑𝐹1

𝑑𝑡
. 

Here, F1=F1(qi , Qi , t) is the so called generating function. 

(ii) Find the Poisson bracket of [Lx , Ly].                         4+2=6 

 


