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  (i) [a, a+] = 1    (ii) [a+a, a] = – a 
     a+   a    (ladder operator) .   
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Instruction :   (1) All questions carry equal marks.  
   (2) Symbol have their usual meaning.  

 
1. (a) Separate Helmholtz equation in spherical polar co-ordinate system.  7 
                         OR 
  Separate the diffusion equation 
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  in cylindrical co-ordinate system.  

 (b) Separate the time dependent Schrodinger equation  
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OR 

  Write Laplace equation in Cartesian co-ordinate and separate it.  
 
2. (a) Solve the differential equation using power series method.  7 
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              OR 
  Write Bessel’s equation. Solve it using Frobenius method.  

 (b) One solution of the differential equation  
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x is J1 (x). Obtain second independent solution using 

method of Wronskian. 7 
OR 

  Systems of linear, first order equations with constant co-efficient are  

  
dt

d 1x = 5x1 + 4x2 

  
dt

d 2x = – x1 + x2  

  Obtain second independent linear solution of given equation.  
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3. (a) Using D’Alembert’s principle obtain Lagrange’s equation of motion for 
conservative holonomic system.  7 

    OR 
  Explain with Illustration :  
  (1) Holonomic and non-Holonomic constraints.  
  (2) Scleronomous and Rheonomous constraints.  

 (b) Obtain an expression for the kinetic energy of a rigid body. 7 
    OR 
  Explain moment of inertia tensor.  
 
4. (a) Write the expression for operator a and a+ and prove :  7 
  (i) [a, a+] = 1    (ii) [a+a, a] = – a 
  Also show that a+ is raising and a is lowering ladder operator.  

OR 
  Derive following equation in the terms of square of angular momentum L2.  

  (i) L2 = – ħ2 
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 (b) Write short note on “Parity Operator”.  7 
OR 

  Discuss the property of stationary states of one dimensional simple harmonic 
oscillator.  

 
5. Write answer of following questions :  14 
 (1) Define ordinary point of the second order linear differential equation.  
 (2) Using indicial equation, write general solution of differential equation   
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 (3) Define : Regular singular point.  
 (4) What is Wronskian ?  
 (5) Write three dimensional wave equation.  
 (6) Write regular singular point of Bessel’s function.  
 (7) Define : Cyclic co-ordinate.  
 (8) Write advantages of Lagrangian formulation.  
 (9) In m () = Aeim what is A ? Gives its value. 
 (10) What is “Zero point energy” ? Write value of its for one dimensional simple 

harmonic oscillator.  
 (11) Why L2 is (2l + 1) fold degenerate ?  
 (12) Write  expression for energy Eigen value En for the simple harmonic oscillator.  

 (13) Write Helmholtz equation in parabolic co-ordinate system.  
 (14) Write generating function of the Hermite polynomial.  
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