
  
 

  
 
 

   
 

   

	
   

 
 

   
 

  
 

 
       

  
 

 
  

 
  

  

 

5.73 
Quiz 20 ANSWERS 

1. Write the 2 × 2 density matrix, ρ(t), for the time evolving state that results from 

= 2−1/2 ⎛1 

⎠⎟
⎞ 
= 2−1/2 ⎡⎛1 ⎞ ⎛ 0⎞ ⎤ 

ψ(0) 
⎝⎜ ⎢⎝⎜ ⎠⎟ 

+ 
⎝⎜ ⎠⎟ ⎥ 1 0 1 ⎣ ⎦ 

⎛ E1 0 ⎞ ! where H = 
⎠⎟ 

and, for an eigenstate, Ψ j (t ) = ψ je
− iE jt . 

⎝⎜ 0 E2 

* what is |Ψ(t)〉 ? 
* what is ρ(t)? 

⎛ ⎞ ⎛ ⎞ ! + 2−1/2 0 − iE2t ! = 2−1/2 1 − iE1t Ψ(t) 
⎝⎜ 0 ⎠⎟ 

e 
⎝⎜ 1 ⎠⎟ 

e 

⎛ − iω12t ⎞ 1 1 e ρ(t) = ⎜ ⎟ 2 iω12t ⎝ e 1 ⎠ 

2. The detector is designed to see only 2–1/2 (|1〉 – |2〉 ).  Write the 2 × 2 D matrix. 
⎛ ⎞ ⎛ ⎞ 1 1 1 1 −1 D = ( 1 −1 ) = 

2 ⎝⎜ –1 ⎠⎟ 2 ⎝⎜ −1 1 ⎠⎟ 

3. The D matrix is independent of time because the detector is not moving. But the 
expectation value for D, the detected intensity, is time dependent because ρ(t) 
contains time dependent coherence terms.  Compute 〈 D〉 t = Trace(Dρ). 

1 
Trace( Dρ) = ( D11ρ11 + D12ρ21 + D21ρ12 + D22ρ22 ) 4 

1 1 = (1+ −eiω12t − e− iω12t +1) = (1− cosω12t) 4 2 
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