
  
 

  
  

  
   

     
 

 

 

 

 
     

       

  

 

 
  

   

 

 

                   

 

   

 

         
          
       
         

  
     

    
          

 
     

 

5.73 
Quiz 35 ANSWERS 

For p3 configuration: 
The M L = 0,M S = 1/ 2 block contains 1α0α −1β , 1α0β −1α , 

and 1β0α −1α . For ML = 0, L2 may be replaced by L+ L− . 

L2 1α0α −1β = !2 ⎡⎣2 1α0α −1β − 2 1α0β −1α ⎤⎦ 
L2 1α0β −1α = !2 ⎡⎣4 1α0β −1α − 2 1β0α −1α − 2 1α0α −1β ⎤⎦ 
L2 1β0α −1α = !2 ⎡⎣2 1β0α −1α − 2 1α0β −1α ⎤⎦ 

A. Set up the L2 matrix for the ML = 0, MS = 1/2 block. 
Row Label L2 matrix 

1α0α −1β ⎛ ⎞ 2 −2 0 
⎜ ⎟ !2 1α0β −1α −2 4 −2 ⎜ ⎟ 
⎝ 0 −2 2 ⎠ 1β0α −1α 

B. Find the normalized eigenvector of L2 that corresponds to 
2 D M L = 0, M S = 1/ 2 

⎛ ⎛ ⎞ ⎞ a a 
b ]1/2 2 2 2 [ + + c ⎜

⎜ 
⎟
⎟ = !2 6 ⎜⎜ 

⎟
⎟ 

(L2 ) b b 1 = a 
⎝ c ⎝ ⎠ c ⎠ 

L2 
eigenvector eigenvalue 

⎛ ⎞ ⎛ ⎞ ⎛ 
⎜ 

⎞ 2 −2 0 a a 
⎜ ⎟ ⎜ ⎟ 

⎟ = !26 ⎟ !2 b −2 4 −2 b ⎜ ⎟ ⎜ ⎜ ⎟ 
0 −2 2 ⎝ ⎠ c ⎝ ⎠ c ⎝ ⎠ 

L = 2 L2 = !22·3 = !26 
2a – 2b = 6a –2b = 4a b = –2a 
–2a + 4b – 2c = 6b not needed 
–2b + 2c = 6c –2b = 4c b = –2c 

a = c 
[a2 + b2 + c2]1/2 = 1 
[a2 + 4a2 + a2]1/2 = 1 [6a2]1/2 = 1 a = 6–1/2 

Thus: a = 6–1/2, b = –2·6–1/2, c = 6–1/2 
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Verify: 
⎛ 
⎜ !2 
⎜ 
⎝ 

2 
−2 
0 

−2 
4 
−2 

0 
−2 
2 

⎞ ⎛ 
⎟ 
⎟ 6

−1/2 ⎜ 
⎜ 

⎠ ⎝ 

1 
−2 
1 

⎞ ⎛ 
⎟ 
⎟ = !2 6−1/2 ⎜ 

⎜ 
⎠ ⎝ 

6 
−12 

6 

⎞ 
⎟ 
⎟ 
⎠ 

⎛ 1 
= 6!2 6−1/2 ⎜ −2 ⎜ 

⎝ 1 

⎞ 
⎟ 
⎟ 
⎠ 
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