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Problem 1.  For a composite system A and B, define 

AB )2 AB )22 = (Ι + (ΙAB )2 + (ΙΙAB X Y Z 

where 
AB = 1 A 1 IA 

BΙ j σj ⊗ IB + ⊗ σj for j ∈ { ,  ,  }  .X  Y  Z  
2 2 

Evaluate 
22 = ψ ψΙAB AB ΙAB AB 

for the following states: 

i) 01 − 10AB AB )ψ AB = ( / 2 
ii) ψ 01 + 10AB AB )AB = ( / 2 
iii) ψ 00 11 AB )AB +AB = ( / 2 

= (iv) 00 − 11 .AB AB )ψ AB / 2 

Problem 2.  Recall 

[σ σX , Y ] ≡ σ  σ  − σ  σ  X  Y  Y  X  

= 2iσZ . 

Find the following commutation relations: 

B B B B B B[σA ⊗ σX ,σ
A ⊗ σY ], [σ

A ⊗ σY ,σ
A ⊗ σZ ], and [σA ⊗ σZ ,σ

A ⊗ σX ].X Y Y Z Z X 

1 = (Problem 3.  For the state ψ 0 ⊗ 1 − 1 ⊗ 0 ) , deriveA BB AAB 2 
= tr (ρρA B AB  ) 

where 
= ψ ψ .ABρAB

Problem 4.  A C-NOT gate can be represented by the following unitary operator: 

B= 0 0 ⊗ IB + 1 1 ⊗ σX .A AUCNOT 



2Verify that U =U † and UCNOT = I .CNOT CNOT 

Problem 5.  Suppose your systems have 3-D vector spaces with { 0 , 1 , 2 }  as the 
basis. For the operators 

 
 1 0 0 
 

= e2πij /3  e2 /3  ( R j  j  )R =  0 ω 0 
 
, ω = πi 

 
 0 0 ω2 


 0 0  1  

 T =  1 0  0   , T j  = (j + 1)mod3  
 
 0 1  0   

a) Find the commutation relation among R and T, [ ,R T ]. 

b) Show how Alice and Bob can start with ( 00 
+ 11  +  and use322 )/  

a boperators R T  , for a and b integers, to send two classical trits (9 different 
messages) using one qutrit of communication. 


