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ÍÛæ˜Û¶ÛÛ : (1) ¼ÛµÛÛ ¸ÛóÊ¶ÛÛé¶ÛÛ „Ûä¨Û ÍÛ¾ÛÛ¶Û ™öé. 

   (2) ÍÛ×ßÛÛ…Ûé ©Ûé¾Û¶ÛÛ ¸Ûó˜ÛÜÅÛ©Û …¬ÛÙ¾ÛÛ× ™öé. 

 

1. (A) (i) ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ J
– 

1

2

(x) = 
2

x
 cos x. 7 

  (ii) ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ 
d

dx
 (xnJn(x)) = xnJn+1(x) 

…¬ÛÈÛÛ 

  (i) ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ N–1(x) + N+1(x) = 
2

x
N(x)

 

  (ii) ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ N–1(x) – N+1(x) = 2N'(x) 

 (B) ÅÛà›÷é¶®ùø ¼ÛÐäü¸Ûþùà…Ûé ¶Ûà˜Ûé¶ÛÛ ÅÛ×¼Û™öéþùïõàýÛ ÍÛ×¼Û×µÛ ÍÛ×©ÛÛéÌÛé ™öé. ©Ûé¾Û ¼Û©ÛÛÈÛÛé. 7 

   




+l

–l

.

.
Pm(x) Pn(x) dx = 

2

2n + 1
 mn 

…¬ÛÈÛÛ 
  (i) ¼ÛéÍÛÅÛ ÜÈÛµÛéýÛ¶ÛÛé Š¸ÛýÛÛé„Û ïõÁõà¶Ûé þùÉÛÛÙÈÛÛé ïéõ  
    Jn(–x) = (–1)n Jn(x) šýÛÛ× n = ¸Ûæ¨ÛÛÚïõ ¾ÛÛ¤éø 

  (ii) þùÉÛÛÙÈÛÛé ïéõ xP'n(x) – P'n – 1 (x) = nPn(x) 

 
2. (A) œ÷…Ûé¦éøÍÛàÍÛ ÍÛ¾Û›ÛÈÛÛé. „ÛÛéÅÛàýÛ ÍÛ¸ÛÛ¤øà¶Ûà œ÷…Ûé¦éøÍÛàÍÛ „ÛäÄõÈÛ©ÛæÙÇÛé ™öé. ©Ûé¾Û þùÉÛÛÙÈÛÛé. 7 

…¬ÛÈÛÛ 
  Ðéü¾ÛàÅ¤øÛé¶Û¶ÛÛé ÜÍÛ±ùÛ×©Û ÉÛä× ™öé ? …éïõ ÍÛ¾Û©ÛÅÛ¾ÛÛ× ¼Ûé Ý¼Ûþäù…Ûé ÈÛ˜˜Ûé¶Ûä× …×©ÛÁõ ÍÛàµÛà Áéõ”ÛÛ ™öé. ©Ûé¾Û 

¼Û©ÛÛÈÛÛé. 
 (B)  ÍÛ×ïéõ©Û¶ÛÛé Š¸ÛýÛÛé„Û ïõÁõà¶Ûé …ÛéˆÅÛÁõ-ÅÛÛ×„ÛóÛ¶›÷¶ÛÛ „ÛÜ©Û¶ÛÛ ÍÛ¾ÛàïõÁõ¨Û ¾ÛéÇÈÛÛé. 7 

…¬ÛÈÛÛ 
  „ÛÜ©ÛÉÛàÅÛ …ÛµÛÛÁõ ÍÛÛ¬Ûé ÍÛÁõÇ …ÛÈÛ©ÛÙïõ þùÛéÅÛïõ¶ÛÛ ©Û×ªÛ ¾ÛÛ¤éø¶ÛÛé Ðéü¾ÛàÅ¤øÛé¶ÛàýÛ¶Û ¾ÛéÇÈÛÛé. 
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3. (A) ÍÛ¾ÛÜþùïÕõµÛ¾Ûâ þùÛéÅÛïõ …é¤øÅÛé ÉÛä× ? ÜªÛšýÛÛÈÛ©Ûâ ÍÛ¾ÛàïõÁõ¨Û¶ÛÛé Š¸ÛýÛÛé„Û ïõÁõà ÍÛ¾ÛÜþïÕõõµÛ¾Ûâ þùÛéÅÛïõ¶ÛÛ 
ïõÛéýÛ¦øÛ¶ÛÛé ŠïéõÅÛ ÉÛÛéµÛÛé. 7 

…¬ÛÈÛÛ 
  …ÍÛ¾ÛÜþùïÕõµÛ¾Ûâ þùÛéÅÛïõ …é¤øÅÛé ÉÛä× ? …ÍÛ¾ÛÜþùïõµÛ¾Ûâ þùÛéÅÛïõ ¾ÛÛ¤éø ¸ÛóÍÛÛ¾ÛÛ¶ýÛ ïèõ©Û ÜªÛšýÛÛÈÛ©Ûâ ©ÛÁ×õ„Û 

ÜÈÛµÛéýÛ ¾ÛéÇÈÛÛé. 
 (B) ÍÛ¾ÛÛ¶Û ˜Ûä×¼ÛïõàýÛ “ÛéªÛ¾ÛÛ× ÜÈÛ²ä©Û½ÛÛÜÁõ©Û ïõ¨Û ¾ÛÛ¤éø¶ÛÛ ÉÛÜî©Û ÈÛ¨ÛÙ¸Û¤ø …¶Ûé …Ûˆ„Û¶Û ÜÈÛµÛéýÛÛé¶Ûà 

˜Û˜ÛÛÙ ïõÁõÛé.  7 
…¬ÛÈÛÛ 

  ÐüÛˆ¦ÖøÛé›÷¶Û ¸ÛÁõ¾ÛÛ¨Ûä ¾ÛÛ¤éø ÜªÛšýÛÛÈÛ©Ûâ ËÛÛéÝ¦ø›÷Áõ ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé, Œ›ÛÙ …Ûˆ„Û¶Û ¾ÛæÅýÛ ¾ÛéÇÈÛÈÛÛ 
¾ÛÛ¤éø ÜªÛšýÛÛÈÛ©Ûâ ÍÛ¾ÛàïõÁõ¨Û¶ÛÛé ŠïéõÅÛ ¾ÛéÇÈÛÛé. 

 
4. (A) …ÈÛÍ¬ÛÛ ÜÈÛµÛéýÛÛé ¾ÛÛ¤éø ÜÐüÅÛ¼Û¤Ùø …ÈÛïõÛÉÛ ¸ÛÁõ ˜Û˜ÛÛÙ ïõÁõÛé. Ü¦øÁõÛïõ ÍÛ×ïéõ©Û¶ÛÛé Š¸ÛýÛÛé„Û ïõÁõà¶Ûé              

ÍÈÛÍÛ×ÅÛ„¶Û ÍÛ×ïõÛÁõïõ¶ÛÛ …Ûˆ„Û¶Û ÍÛÜþùÉÛÛé ¾ÛÛ¤éø ÅÛ×¼Û˜™öéþùà ¸Ûó¾ÛéýÛ ÍÛÛÜ¼Û©Û ïõÁõÛé. 7 
…¬ÛÈÛÛ 

  „ÛÜ©ÛïõàýÛ ˜ÛÅÛÛé¶Ûä× ËÛéÜ¨Ûïõ ÍÛ×ïõÛÁõïõÛé¶ÛÛ ÍÈÛÄõ¸Û¾ÛÛ× Ü¶ÛÄõ¸Û¨Û ÍÛ¾Û›ÛÈÛÛé …¶Ûé þùÉÛÛÙÈÛÛé ïéõ 
   (x)A = [F]A ()A. 

 (B) ¸ÛóÛé›÷éîÉÛ¶Û ïõÛÁõïõ ÍÛ¾Û›ÛÈÛÛé. þùÉÛÛÙÈÛÛé ïéõ ¸ÛóÛé›÷éîÉÛ¶Û ïõÛÁõïõÛé¶ÛÛé ÍÛÁõÈÛÛÇÛé 1 ÐüÛéýÛ ™öé. 

A = aPa 

ÍÛ×¼Û×µÛ ¾ÛéÇÈÛÛé.  7 
…¬ÛÈÛÛ 

  …ÈÛïõÛÉÛ ÈýÛä©’õ¾Û ¸ÛÁõ ¤æ×øïõ¶ÛÛêµÛ ÅÛ”ÛÛé. 
 
5. ¤æ×øïõ¾ÛÛ× ›÷ÈÛÛ¼Û …Û¸ÛÛé. 14 
 (1) ¼ÛéÍÛÅÛ ÜÈÛµÛéýÛ Jn(x) ÅÛ”ÛÛé. 

 (2) ¼ÛéÍÛÅÛ ÜÈÛµÛéýÛ¶Ûä× ÍÛ›÷Ùïõ ÜÈÛµÛéýÛ ÅÛ”ÛÛé. 
 (3) ÅÛà›÷é¶®ù ¼ÛÐäü¸Ûþùà P0(x) ¶Ûä× ¾ÛæÅýÛ ÅÛ”ÛÛé. 
 (4) ¼ÛéÍÛÅÛ ÜÈÛµÛéýÛ¶Ûä× J

+
1

2

(x) ¶Ûä× ¾ÛæÅýÛ ÅÛ”ÛÛé. 

 (5) …ÛéˆÅÛÁõ ¸Ûó¾ÛéýÛ¶Ûä× ÜÈÛµÛÛ¶Û …Û¸ÛÛé. 
 (6) ÜÈÛ›÷˜Ûä×¼ÛïõàýÛ “ÛéªÛ¾ÛÛ× „ÛÜ©Û ïõÁõ©ÛÛ× ÜÈÛ²ä©Û½ÛÛÁõà©Û ïõ¨Û¶Ûä× Ðéü¾ÛàÅ¤øÛé¶ÛàýÛ¶Û ÅÛ”ÛÛé. 
 (7) L-C-R ÍÛ¾ÛÛ×©ÛÁõ ¸ÛÜÁõ¸Û¬Û ¾ÛÛ¤éø ÅÛÛ„ÛóÛ¶œ÷ýÛ¶Û ÅÛ”ÛÛé. 
 (8) ºéõ¡ö …ÈÛïõÛÉÛ …é¤øÅÛé ÉÛä× ? 

 (9) ÐüÛˆ¦ÖøÛé›÷¶Û ¾ÛÛ¤éø ÍÛ×¸Ûæ¨ÛÙ ©ÛÁ×õ„Û ÜÈÛµÛéýÛ¶Ûä× ¾ÛæÅýÛ 100  = ______ ? 

 (10) …ÍÛ¾ÛÜþùïõµÛ¾Ûâ þùÛéÅÛïõ¶Ûà µÛÁõÛ …ÈÛÍ¬ÛÛ¶Ûà Œ›ÛÙ ¶Ûä× ¾ÛæÅýÛ ÅÛ”ÛÛé. 
 (11) ÜªÛ-¸ÛÜÁõ¾ÛÛ¨Û ÜÍ¬Û©Ûà¾ÛÛ¶Û ïæõ¸Û¶Ûé ÈýÛÛ”ýÛÛÜýÛ©Û ïõÁõÛé. 
 (12) [x, y] = ______ ? 

 (13) (A+)
+
 = ______ ? 

 (14) </>* = ______ ? 

_________ 
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Instructions : (1) All questions carry equal marks. 

   (2) Symbols used have their usual meaning. 
 

1. (A) (i) Prove that J
– 

1

2

(x) = 
2

x
 cos x. 7 

  (ii) Prove that 
d

dx
 (xnJn(x)) = xnJn+1(x) 

OR 

  (i) Prove that N–1(x) + N+1(x) = 
2

x
N(x)

 

  (ii) Prove that N–1(x) – N+1(x) = 2N'(x) 

 (B) Prove that Legendre Polynomial satisfies the following orthogonality condition 7 

   




+l

–l

.

.
Pm(x) Pn(x) dx = 

2

2n + 1
 mn 

OR 

  (i) Using the Bessel’s function show that  
    Jn(–x) = (–1)n Jn(x) where n is integer. 

  (ii) Show that xP'n(x) – P'n – 1 (x) = nPn(x) 

 
2. (A) Explain Geodesis. Show that Geodesis of a spherical surface are great circles. 7 

OR 

  What is Hamilton’s principle ? Show that the shortest distance between two point 

in plane is a straight line. 

 (B) Using  notation, obtain Euler-Lagrange’s equation of motion. 7 
OR 

  Obtain Hamilton’s of system for a simple harmonic pendulum with moving 

support. 
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3. (A) What is isotropic oscillator ? Using radial equation, solve the problem of isotropic 

oscillator.  7  

OR 

  What is anisotropic oscillator ? Obtain normalized radial wave function for 

anisotropic oscillator. 

 (B) Discuss the energy spectrum and eigen functions for a charged particle in a 

uniform magnetic field. 7 

OR 

  Write the radial Schrodinger equation for H-atom. Solve radial equation to obtain 

energy eigen values. 

 
4. (A) Discuss the Hilbert space of state vector. Prove the orthogonality theorem for 

eigen vector of a self adjoint operator using Dirac notation. 7 
OR 

  Discuss the representation of a dynamical variables in matrix operator and show 

that (x)A = [F]A()A. 

 (B) Explain the projection operator. Show that the sum of all projection operator is 1. 

Obtain the relation. 

A = a


Pa 7 

OR 

  Write short note on Time Reversal. 

 
5. Answer in short :  14 

 (1) Write down Bessel’s function Jn(x). 
 (2) Write down the generating function of Bessel’s functions. 

 (3) Write down value of P0(x) for Legendre polynomial. 
 (4) Write down value of J

+
1

2

(x) for Bessel’s function. 

 (5) State Euler Theorem. 

 (6) Write down Hamiltonian for a charge particle moving in an electromagnetic 

field.  
 (7) Write down Lagrangian for L-C-R parallel circuit. 

 (8) What is phase space ? 

 (9) Write down complete wave function of H atom 100  = ______ ? 

 (10) Ground state energy of anisotropic oscillator is _______. 

 (11) Define square well potential three dimension 

 (12) [x, y] = ______ ? 

 (13) (A+)
+
 = ______ ? 

 (14) </>* = ______ ? 

___________ 


