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ÍÛæ̃ Û¶ÛÛ : (1) ¼ÛµÛÛ ¸ÛóÊ¶ÛÛé¶ÛÛ ›÷ÈÛÛ¼Û …Û¸ÛÛé. 
  (2) ¼ÛµÛÛ ›÷ ¸ÛóÊ¶ÛÛé¶ÛÛ •Ûä̈ Û ÍÛ¾ÛÛ¶Û ™öé. 
  (3) ÍÛ×ßÛÛ…Ûé ©Ûé¾Û¶ÛÛ ¸Ûó̃ ÛÜÅÛ©Û …¬ÛÙ¾ÛÛ× ™öé. 

 

1. (a) ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ cos(x) = J0(x) + 2  
∞
∑

n = 1
(–1)n J2n(x). 7 

    …¬ÛÈÛÛ 

  ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ Jn + 3(x) + Jn + 5 (x) = 
(2n + 8)

x
 Jn + 4(x). 

 

 (b) (i) ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ Jn(x) = (–1)nxn 






1

x
 
d

dx

n

 






sinx

x
. 7 

  (ii) ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ J1

2

 (x) = 
2

πx
 sin x  

     …¬ÛÈÛÛ 
  (i) ÅÛà›÷é¶®ù ¼ÛÐäü¸Ûþùà…Ûé ¶Ûà˜Ûé¶ÛÛ ÅÛ×¼Û ™öéþùïõàýÛ ÍÛ×¼Û×µÛ ÍÛ×©ÛÛéÌÛé ™öé. ©Ûé¾Û ¼Û©ÛÛÈÛÛé.  

   ⌡
⌠

–l

+ l

 
.

.
 Pm(x) Pn(x) dx = 

2

2n + 1
 δ mn. 

  (ii) •ÛÛ¾ÛÛ ÜÈÛµÛéýÛ γ (– 5/2) ¶Ûà •Û¨Û©ÛÁõà ïõÁõÛé. 
 
 

2. (a) ÐéüÜ¾ÛÅ¤øÛé¶ÛàýÛ¶Û ÜÍÛ±ùÛ×©Û ¶ýÛæ¤ø¶Û¶Ûà •ÛÜ©Û¶ÛÛ Ü¶ÛýÛ¾Û¶Ûà ¾Ûþùþù¬Ûà ©ÛÛÁõÈÛÛé. 7 

     …¬ÛÈÛÛ 
  ÐéüÜ¾ÛÅ¤øÛé¶ÛàýÛ¶Û ÍÛ×Äõ¸Û¨Û …¶Ûé ÅÛÛ•ÛÛÜ¶›÷ýÛ¶Û ÍÛ×Äõ¸Û¨Û ÈÛ˜˜Ûé¶ÛÛé ½Ûéþù Í¸ÛÌ¤ø ïõÁõÛé. 
 (b) δ ÍÛ×ïéõ©Û¶ÛÛé Š¸ÛýÛÛé•Û ïõÁõà¶Ûé …Ûé̂ ÅÛÁõ ÅÛÛ×•ÛÛ¶›÷¶ÛÛ •ÛÜ©Û¶ÛÛ ÍÛ¾ÛàïõÁõ¨Û ¾ÛéÇÈÛÛé. ©Ûé¶ÛÛ ½ÛÛíéÜ©Ûïõ 

…•Û©ýÛ©ÛÛ ˜Û˜ÛÛë. 7 

…¬ÛÈÛÛ 
  ÜÈÛ›÷˜Ûä×¼ÛïõàýÛ “ÛéªÛ¾ÛÛ× •ÛÜ©Û ïõÁõ©ÛÛ× ÜÈÛ²ä©Û½ÛÛÜÁõ©Û ïõ¨Û ¾ÛÛ¤éø ÐéüÜ¾ÛÅ¤øÛé¶ÛàýÛ¶Û ¾ÛéÇÈÛÛé. 
 

3. (a) ÜªÛ¸ÛÛÜÁõ¾ÛÛÜ¨ÈÛïõ ÜÍ¬ÛÜ©Û¾ÛÛ¶Û ïæõ¸Û¶ÛÛ …×©Û•ÛÙ©Û ½ÛÛ•Û¾ÛÛ× ËÛÛé¦øá›÷Áõ ÍÛ¾ÛàïõÁõ¨Û¶ÛÛé ŠïéõÅÛ ¾ÛéÇÈÛÛé. 7 

…¬ÛÈÛÛ 
  ÐüÛˆ¦ÖøÛé›÷¶Û ¸ÛÁõ¾ÛÛ¨Ûä ¾ÛÛ¤éø ÜªÛšýÛÛÈÛ©Ûâ ËÛÛé¦øá›÷Áõ ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé ©Ûé¶Ûé ¸ÛéÁõÛ¼ÛÛéÜÅÛïõ ýÛÛ¾ÛÛé¾ÛÛ× 

ÜÈÛ½ÛÛœ÷©Û ïõÁõÛé. 
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 (b) ρ 
d2L

dρ2  + [2l + 2 – ρ] 
∂L

∂ρ
 + [τ – l – 1] L (ρ) = 0 7 

  ÜÈÛïõÅÛ ÍÛ¾ÛàïõÁõ¨Û¬Ûà ÉÛÄõ ïõÁõà ÐüÛˆ¦ÖøÛé›÷¶Û ¸ÛÁõ¾ÛÛ¨Ûä ¾ÛÛ¤éø ¶ÛÛé¾ÛÙÅÛÛˆ¡ö¦ø ÜªÛšýÛÛÈÛ©Ûâ ©ÛÁ×õ•Û ÜÈÛµÛéýÛ 
¾ÛéÇÈÛÛé. 

   ÍÛæ̃ Û¶ÛÛ ⌡
⌠

0

∞

.

.
e–ρ ρp + 1 



Lp

q (ρ)
2

 dρ = 
(2q – p + 1) (q !)3

(q – p) !
  

…¬ÛÈÛÛ 
  …ÍÛ¾ÛÜþÕïõµÛ¾Ûâ þùÛéÅÛï ¾ÛÛ¤éø ÜªÛšýÛÛÈÛ©Ûâ ËÛÛé¦øá›÷Áõ ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé. …Û ÍÛ¾ÛàïõÁõ¨Û¶ÛÛé Š¸ÛýÛÛé•Û 

ïõÁõà …ÍÛ¾ÛÜþÕùïõµÛ¾Ûâ þùÛéÅÛïõ ¾ÛÛ¤éø Œ›ÛÙ …Ûˆ•Û¶Û ¾ÛæÅýÛõù En ¾ÛéÇÈÛÛé. 
 

4. (a) ¤æ×øïõ¾ÛÛ× ÍÛ¾Û›ÛÈÛÛé : 7 

  (i) ÜÐüÅÛ¼Û¤Ùø …ÈÛïõÛÉÛ 
  (ii) Ðü¾ÛâÉÛàýÛ¶Û ïõÛÁõïõ 
  (iii) …éïõ¾Û ïõÛÁõïõ 
    …¬ÛÈÛÛ 
  ¸ÛóÛé›÷éîÉÛ¶Û ïõÛÁõïõ¶Ûé ÈýÛÛ”ýÛÛÜ©Û ïõÁõÛé þùÉÛÛÙÈÛÛé ïéõ ¸ÛóÛé›÷éîÉÛ¶Û ïõÛÁõïõÛé¶ÛÛé ÍÛÁõÈÛÛÇÛé 1 ÐüÛéýÛ ™öé.  

  Â = ∑ a  P̂a ÍÛ×¼Û×µÛ ¾ÛéÇÈÛÛé. 

 (b) ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ + x \ P̂ \ φ , = – 
h

2πi
  

∂φ(x)

∂x
 . 7 

    …¬ÛÈÛÛ 
  …ÈÛïõÛÉÛ ÈýÛä©’õ¾Û (Space inversion) ÍÛÜÈÛÍ©ÛÛÁõ ÍÛ¾Û›ÛÈÛÛé. 
 

5. ¤æ×øïõ¾ÛÛ× ›÷ÈÛÛ¼Û …Û¸ÛÛé : 14 

 (1) ¼ÛéÍÛÅÛ ÜÈÛïõÅÛ ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé. 
 (2) Ðü¾ÛÛÙ̂ ¤ø ¼ÛÐäü¸Ûþùà H0(ρ) …¶Ûé H1(ρ) ¶ÛÛ ¾ÛæÅýÛÛé ÅÛ”ÛÛé. 
 (3) •ÛÛ¾ÛÛ ÜÈÛµÛéýÛ¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé. 
 (4) ÅÛà›÷é¶®ù ¼ÛÐäü¸Ûþùà P3(x) ¶Ûä× ¾ÛæÅýÛ ÅÛ”ÛÛé. 
 (5) œ÷…Ûé¦éøÍÛàîÍÛ ÉÛä× ™öé ? 

 (6) L-C-R •ÛÛíé̈ Û ¸ÛÜÁõ¾ÛýÛ ¾ÛÛ¤éø ÅÛÛ•ÛÛ¶œ÷ýÛ¶Û ÅÛ”ÛÛé. 
 (7) …Ûé̂ ÅÛÁõ ¸Ûó¾ÛéýÛ¶Ûä× ÜÈÛµÛÛ¶Û …Û¸ÛÛé. 
 (8) ÍÛÛþùÛ ÅÛÛéÅÛïõ ¾ÛÛ¤éø ÅÛÛ•ÛóÛ¶œ÷ýÛ¶Û ÅÛ”ÛÛé. 
 (9) ¼ÛÛéÐüÁõ ÜªÛšýÛÛ¶Ûä× ÍÛæªÛ ÅÛ”ÛÛé. 
 (10) ÍÛ¾ÛÜþùïõµÛ¾ÛÛÙ þùÛéÅÛïõ ¾ÛÛ¤éø n = 0 ¾ÛÛ¤éø Œ›ÛÙ …Ûˆ•Û¶Û ¾ÛæÅýÛ ÅÛ”ÛÛé. 
 (11) φ …¶Ûé L2 ÈÛ˜˜Ûé¶Ûä× ïõÛé¾ýÛä¤ø ÉÛÁõ©Û ÅÛ”ÛÛé. 
 (12) [∑

x
, ∑y] = _____. 

 (13) ÐüÛˆ¦ÖøÛé›÷¶Û ¸ÛÁõ¾ÛÛ¨Ûä¶Ûä× ÜªÛšýÛÛÈÛ©Ûâ ©ÛÁ×õ•Û ÜÈÛµÛéýÛ ÍÛæªÛ ÅÛ”ÛÛé. 
 (14) ¸ÛéÜÁõ¤øà¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé. 
 

__________ 
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Instructions : (1) Attempt all the questions.  

   (2) All questions carry equal marks. 

   (3) Symbols used have their usual meaning. 
 

1. (a) Prove that cos(x) = J0(x) + 2  
∞
∑

n = 1
(–1)n J2n(x). 7 

    OR 

  Prove that Jn + 3(x) + Jn + 5 (x) = 
(2n + 8)

x
 Jn + 4(x). 

 

 (b) (i) Prove that Jn(x) = (–1)nxn 






1

x
 
d

dx

n

 






sin x

x
. 7 

  (ii) Prove that J1

2

(x) = 
2

πx
 sin x  

    OR 

  (i) Prove that Legendre polynomial satisfies the following orthogonality 

relation.  

   ⌡
⌠

–l

+ l

 
.

.
 Pm(x) Pn(x) dx = 

2

2n + 1
 δ mn. 

  (ii) To calculate Gama function γ (– 5/2). 

 

2. (a) Obtain Hamiltonian principle from Newton’s equation of motion. 7 

                         OR  

  Distinguish between Hamiltonian formulation and Lagrangian formulation. 
 

 (b) Derive Euler Lagrange’s equation of motion using δ notation. Discuss it’s 

physical significance. 7 

OR 
  Obtain the Hamiltonian for a change partial moving in an electromagnetic field. 
 

3. (a) Find the Solution of Schrodinger equation in the interior region of a three 

dimensional square well potential. 7 

OR 

  Write the radial schrodinger equation for Hydrogen atom. Separate this equation 

in Parabolic co-ordinate. 
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 (b) Starting with differential equation 7 

   ρ 
d2L

dρ2  + [2l + 2 – ρ] 
∂L

∂ρ
 + [τ – l – 1] L (ρ) = 0 

  Obtain the normalized radial wave function for Hydrogen atom. 

   Hint : ⌡
⌠

0

∞

.

.
e–ρ.ρp + 1 



Lp

q (ρ)
2

 dρ = 
(2q – p + 1) (q !)3

(q – p) !
  

OR 

  In case of anisotropic oscillator establish eigen value equation for energy and 

show that how it lead to energy eigen value En. 

 

 

4. (a) Explain in brief : 7 

  (i) Hibert space 

  (ii) Hermition operator 

  (iii) Unitary operator 

    OR 

  Define projection operator. Show that the sum of all the projection operator is 1. 

Obtain the relation Â = ∑ a  P̂a. 

 (b) Prove that + x \ P̂ \ φ , = – 
h

2πi
  
∂φ(x)

∂x
 . 7 

    OR 

  Discuss in detail about Space inversion. 

 

5. Answer in short :  14 

 (1) Write down Bessel’s differential equation. 

 (2) Write down values of H0(ρ) and H1(ρ) for Hermite polynomial. 

 (3) Define Gama function. 

 (4) Write down value of P3(x) for Legendre polynomial. 

 (5) What is geodesic ? 

 (6) Write down Lagrangian for L-C-R series circuit. 

 (7) State Eulers theorem. 

 (8) Write down Lagrangian for simple pendulum. 

 (9) Write down equation for Bohr radius. 

 (10) Write down energy eigen value for n = 0 isotropic oscillator. 

 (11) Write commute condition between φ and L2. 

 (12) [∑
x
, ∑y] = _____. 

 (13) Write down the radial wave function for H atom. 

 (14) Give the definition of Parity. 

 

________ 


