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Third Semester Mid-Term Test 2019 
Paper PHY 901: Advanced Quantum Mechanics (unit 2 & 3) 

Time allowed: 2 hrs (Shared paper with Dr Chhagan ji) ​ ​ ​ ​ ​ M.M.: 40 
 

Attempt all questions. Answer all questions in separate answer-sheets for corresponding units. 
Note: All notations are used following Bjorken-Drell. If you are following any other notation, 
please first explain your way of notation. 
 

1)​ Short type questions, all carries same marks: (each carries 4 marks) 
(a)​ Show that Schrödinger equation is not form invariant in relativistic limit. 
(b)​Using properties of gamma matrices, prove the following: 

(i)​ 𝛄 𝝁 𝛄 5 + 𝛄 5 𝛄 𝝁  =  0 
(ii)​ 𝛄 5  =  𝛄 5 

(c)​ Write down adjoint spinor and their Lorentz transformation. 

(d)​Prove that matrix  is a projection, what do you understand by this 𝑃 =  
1 + σ

𝑧

2

projection? 
(e)​ Write down the coefficient requirements of Dirac equation. 

 
2)​ Write down all 16 linearly independent 4 ⨉ 4 matrices says 𝚪𝝁𝝂

n  and prove that for each 𝚪n, 
except 𝚪S there exists a 𝚪m such 𝚪n 𝚪m = – 𝚪m 𝚪n.​ ​ ​ ​ ​ [5 + 15] 

 
OR 

 
Write down the plane-wave solutions of Dirac equation and using Lorentz transformation 
(for velocity in any random direction) to calculate the transformation matrix.​ [5 + 15] 

 
 

End of Examination 
– o 0 O 0 o – 

 



Solution of midterm question paper 
 

These answers are not unique. You may have your own way of writing and you may have different 
ways of solving the same problem. These are few of correct answers. You can find similar solutions 
in many books of quantum field theory and advanced quantum mechanics. Since, I followed 
Bjorken-Drell notation. If you find any errors or typos, please inform me as soon as possible. 

 
1)​  

(a)​ ​𝐻ψ =  𝐸ψ ⇒  − ħ2

2𝑚  ∇
2
ψ +  𝑉 ψ =− ι ħ ∂ψ

∂𝑡

If we consider one dimensional (say x-axis) and for free particle (V = 0) then, 

​ − ħ2

2𝑚  ∂2ψ

∂𝑥2 =− ι ħ ∂ψ
∂𝑡

In Lorentz transformation, we know: 

  𝑡' =  (𝑡 −  β𝑥/𝑐)/ 1 − β2

 𝑥' =  (𝑥 −  β𝑐𝑡 )/ 1 − β2

, ​𝑦' =  𝑦 𝑧' =  𝑧
Similarly, if we write differential form, we will find linear relation for time and 
space. Since, Schrödinger equation is not linear in time and space derivation. So, it 
can’t remain it’s form in time and space coordinates. So, it can’t be form invariant 
for Lorentz transformation. 
 

(b)​(i) Easy to do, just use the relation  γ
µ
γ

ν
+ γ

ν
γ

µ
= 2𝑔

µν

(ii) Just a convention of Bjorken-Drell. I shall update the proof later. 
 

(c)​  is an adjoint spinor.​ψ‾ = ψ†γ0

 ψ'‾ (𝑥') =  ψ‾ (𝑥) 𝑆−1

 

(d)​For projection matrix, we have to prove  and  𝑃2 =  𝑃 𝑃𝑇 = 𝑃

Since ​ | Since,  𝑃 =  
1+σ

𝑧

2 ⇒ 𝑃2 = 1
4 (1 + 2σ

𝑧
+ σ

𝑧
2) = 1

2 (1 + σ
𝑧
) σ

𝑧
2 =  1

Similarly ​| Since,  𝑃𝑇 = 1
2 (1 + σ

𝑧
)𝑇 = 1

2 (1 + σ
𝑧

𝑇) = 1
2 (1 + σ

𝑧
) = 𝑃 σ

𝑧
𝑇 =  1

So, P is a projection, which represents the projection in x-axis direction. So, if we 
operate P on a vector in x-y plane, we will get the projection in x-direction. 

 

(e)​ For , where [ ħ
ι α

𝑗
∂

∂𝑥𝑗 + β𝑚𝑐2]ψ = ι ħ ∂ψ
∂𝑡  

 α
𝑖
α

𝑗
+ α

𝑗
α

𝑖
= 2δ

𝑖𝑗

  and  α
𝑖
β + βα

𝑖
= 0 α

𝑖
2 = β2 = 1

 
2)​ Please have a look at the notes of date 27 September 2019. 

OR 
Please have a look at the notes of date 28 September 2019. 

https://drive.google.com/open?id=1AujDnBGmDY7qLb2IFLAt3EZYpBCj6S43
https://drive.google.com/open?id=1-sd356uL9MwWWN1yxIM5Uyhsh0JC0O29

