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3. [5] Show that the Pauli matrices, given by (7.17), satisfy 

(a) [2] ( )2ˆ 1⋅ =σ r  for any unit vector r̂  
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4. [10] Two particles have Hamiltonian ( )2 2
tot 1 1 2 2 1 22 2H m m V= + + −P P R R , where the 

P’s and R’s have commutation relations 

 , , , , 0ai bj ab ij ai bj ai bjR P i R R P Pδ δ     = = =      . 

(a) [4] Show that if we define the four new vector operators { }cm cm, , ,R P R P  as given in 
(7.38), they satisfy the commutation relations 

 cm, cm, cm, cm,, , , , , 0.i j i j ij i j i jR P R P i R P R Pδ       = = = =         

 This is pretty straightforward: we simply write them down and work them out: 
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(b) [6] Show that the Hamiltonian can then be written ( )2 2

tot cm 2 2H M Vµ= + +P P R , 
where M and µ are given by (7.39). 

 
 The potential term is trivial.  For the kinetic term, we first note that 

 
( ) ( )

( ) ( )

1
1 2 1 cm 2 1 1 2 1 1 1 2 1 2 1 1 cm

2
2 cm 1 2 2 1 2 2 2 1 1 2 1 2 2 2 cm

,

.

mm m m m m m m m m
M

mm m m m m m m m m
M

+ + = − + + = + ⇒ = +

− + = + − + = + ⇒ = −

P P P P P P P P P P

P P P P P P P P P P
 

We now substitute these in for each of the kinetic terms. 
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where in the last step we defined 
1 2

1 1 1
m mµ

= + , equivalent to the given definition. 


