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(b) Determine the normal mode frequency of the Lagrangian, given 
by ܮ ൌ ଵ

ଶ
ሺݔሶ ଶ ൅ ሶݕ ଶሻ െ ଵ

ଶ
ሺଵଶݔଶ ൅ ଶ

ଶݕଶሻ ൅  (3)   .ݕݔ 
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(Methods of Mathematical Physics I -  PHS 101A) 

Answer Q1, Q2 and any one from Q3 and Q4 

1. Answer any two bits:       2X2 = 4 
(a) Prove that the function ݂ሺݖሻ ൌ ,ܼ ݃ݎܣ ܼ ∈ Ȼ െ ሼ0ሽ is nowhere 
differentiable, where ݃ݎܣ ܼ denotes the principal value of argument 
of ܼ. 
(b) If v1 and v2 be two orthonormal vectors in a Euclidean space, then 
prove that ||v1 + v2||2 + ||v1 - v2||2 = (||v1|| + ||v2||)2. 
(c) If erf(x) and erfc(x) denote the error function and the 
complementary error function respectively, then prove that 
limఌ→଴ା ׬ erfሺݔሻ ఌݔ݀

଴  = limఌ→଴ା ׬ erfୡ݀ݔ
଴
ఌ . 

(d) If A is an ݊ ൈ ݊ matrix, shpw that ݀݁ݐ ሺെܣሻ  ൌ   ሺെ1ሻ௡ ݀݁ܣ ݐ. 
 
2. Answer any two bits:       2X4 = 8  
(a) Solve in series the Bessel differential equation: 

ଶݔ ௗ
మ௬

ௗ௫మ
൅ ݔ ௗ௬

ௗ௫
൅ ሺݔଶ െ ݊ଶሻݕ ൌ 0, when n is not an integer. 

(b) Show that  ቀ݊ ൅ ଵ
ଶ
ቁ ൌ √గሺଶ௡ାଵሻ

ଶమ೙ሺ௡ାଵሻ
 . 

(c) If ݖ ∈ Ȼ and |ݖ| ൏ √ହିଵ
ଶ

, then prove that ଵ
ଵି௭ି௭మ

ൌ ∑ ܽ௡ஶ
଴  ௡ whereݖ

ሼܽ௡ሽ is the Fibonacci sequence 1,1,2,3,5,…  (Turn Over) 
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(d) Locate the singularities and evaluate the residues of the function 
௡ሺ݁௭ିݖ െ 1ሻିଵ,   ݖ  ് 0.     

3. Use Gram-Schmidt process to obtain an orthonormal basis of the 
Euclidean space R3 with standard inner product, generated by the 

linearly independent eigenvectors of the matrix ൭
1 െ3 3
3 െ5 3
6 െ6 4

൱.     (8) 

 
4. (a) Show that ׬ ௫ ௦௜௡௫

ሺ௫మା௔మሻ
ݔ݀ ൌ ௔ஶି݁ߨ

ିஶ  .         (5) 

(b) How does the circles centered at the origin transform for ݓሺݖሻ ൌ
 ቀݖ െ ଵ

௭
ቁ ,  ݖ ് 0? What happens when |ݖ| → 1?        (3) 

 
(Classical Mechanics – PHS 101B) 

Answer Q1, Q2 and any one from Q3 and Q4 

1. Answer any two bits:       2X2 = 4 
(a) Prove that Poisson’s Bracket of two dynamical variables remains 
invariant under infinitesimal canonical transformation. 

(b) Show that the transformation defined by ݍ ൌ ݌ ,ܳ݊݅ݏ  2ܲ√ ൌ
 .is canonical by using Poisson bracket conditions ܳݏ݋ܿ  2ܲ√

(c) What do you mean by action integral? 

(d) Distinguish between point transformation and canonical 
transformation. 

2. Answer any two bits:       2X4 = 8  
(a) Outline Hamilton- Jacobi equation. What is Hamilton’s principal 
function?  Give its physical significance.           (2+1+1)  

(Continued) 
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(b) If G be a generating function depends only on ሺ݌௝, ܳ௝,  ሻ thenݐ

prove that  ௝ܲ ൌ െ డீ
డொೕ

  , ௝ݍ ൌ െ డீ
డ௣ೕ

  ; ഥܪ  ൌ ܪ ൅ డீ
డ௧

 , the symbols have 

their usual meaning. What is identity transformation?   (3+1)  

(c) A particular mechanical system depending on two coordinates u 
and v has kinetic energy ܶ ൌ ሶݑଶݒ ଶ ൅ ሶݒ2 ଶ and potential energy 
ܸ ൌ ଶݑ െ  ଶ. Write down the Lagrangian for the system and deduceݒ
its equation of motion. (Do not attempt to solve them). 

(d) Show that the motion of a system during a small time ‘݀ݐ’ can be 
described by an infinitesimal contact transformation generated by the 
Hamiltonian of the system. 
 
3. (a) Find the equation of motion of a hoop without slipping on an 
inclined plane and hence find its acceleration and frictional force of 
constant.                  (4) 

(b) Prove that the transformation  ݌ ൌ 2 ቀ1 ൅ ݍ
భ
మ ܿ݌ݏ݋ቁ ݍ

భ
మ ݌݊݅ݏ , 

ܳ ൌ log ሺ1 ൅ ݍ
భ
మ cosp) is canonical and hence find the generating 

function.                   (4) 

4. (a) If the Hamiltonian for a simple linear harmonic oscillator of 

mass m is given by  ܪ ൌ ଵ
ଶ
 ቀ௣

మ

௠
൅ ଶቁݍߤ , ሺݍ,  ሻ being position and݌

momentum co-ordinates of the harmonic oscillator and ߤ ൌ ݉߱ଶ, 
then find the corresponding Hamilton-Jacobi equation and determine 
the motion of the oscillator by using the Hamilton-Jacobi method.       
         (3+2) 

 

(Turn Over) 


