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Q1 (a) The radial equation for the scattering of a spinless particle of mass m from the reduced 

potential, 𝑈(𝑟) =
2𝑚

ℏ
 𝑉(𝑟), is given as [

𝑑2

𝑑𝑟2 
−

𝑙 (𝑙+1)

𝑟2 − 𝑈(𝑟) +  𝑘2] 𝑢𝑙(𝑘, 𝑟) = 0 (symbols have their 

usual meanings).  Find out the solution 𝑢𝑙  (𝑘, 𝑟) for 𝑟 → 0.     (5) 

(b)  Starting from the above radial equation, find out the expression for the phase shift in the integral 

form in terms of the radial functions and the potential U(r).     (4) 

(c) The Lippmann-Schwinger equation for the scattering theory is given as: 

𝜓𝒌𝒊

(+)
 (𝒓) = exp(𝑖𝒌𝒊 . 𝒓) − 

1

4𝜋
 ∫

exp(𝑖𝑘 |𝒓−𝒓′|)

|𝒓−𝒓′|
 𝑈(𝒓′)𝜓𝒌𝒊

(+)
 (𝒓) 𝑑𝒓′, here symbols have their usual 

meanings.   

(i) Find out the asymptotic behavior of 𝜓𝒌𝒊

(+)
 (𝒓), given that the potential decays much 

faster than 1/r at the asymptotic distance.      (5) 

(ii) From the asymptotic behavior, find out the scattering amplitude.  (2) 

 

 Q2 Consider a problem of coupled oscillations, discussed in MeOW, in which 2 identical 

masses m are loaded on a massless string at equidistance l with their ends are fixed (x=0 and 

3l).  The tension in the string is T.  The eigen value problem is given as: �̈�𝑖 +  𝜔𝑖
2 𝑥𝑖 = 0, i= I, 

II and 𝜔1 =  √
𝑇

𝑚 𝑙
  and 𝜔2 =  √

3𝑇

𝑚 𝑙
  and eigen basis are,  |𝐼⟩ =

1

√2
[
1
1

] and |𝐼𝐼⟩ =
1

√2
[

1
−1

] .  The 

initial values of the two masses are: 𝑥1 (0) = 3 𝑐𝑚 , 𝑥2 (0) = 5 𝑐𝑚.   

(a) Find out the position 𝑥1(𝑡) and 𝑥2(𝑡) from |𝑥(𝑡)⟩, expanded in the basis |𝐼⟩ and |𝐼𝐼⟩ . (4) 

(b) Find out the propagator U.        (2) 

(c) Find out the matrix elements U21 & U22 in the old basis vectors (|1⟩ = [
1
0

] , |2⟩ = [
0
1

]). (3) 

 

Q3 : (a) Find out the orthonormal basis from the basis: 

|𝐼⟩ = [
2
0
0

],   |𝐼𝐼⟩ = [
0
2
1

]  and  |𝐼𝐼𝐼⟩ = [
0
5
2

]       (3) 

 

(b) Find,  ∫
𝑑

𝑑𝑥
𝛿(𝑥) sin 𝑥 𝑑𝑥′

∞

−∞
        (2) 


