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Problem 1  (25 points) 
Evaluate the commutator 
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by applying the operators to an arbitrary function f (x) . 
 

 



Problem 2  (25 points) 

The moment of inertia of 1H 35
Cl  is 2.644 ! 10"47

kg m
2 .  Calculate Erot

kT
 for J = 0, 5, 

10, 20 at 298 K.  For which of these values of J is Erot

kT
! 1. 



Problem 3  (25 points) 
The rigid rotator model can be improved by recognizing that in a realistic anharmonic 
potential, the bond length increases with the vibrational quantum number n, and it can be 
shown that B

n
= B ! (n + q / 2)" , where B is the rigid rotator value.  The constant !  can 

be obtained from experimental spectra.  For 1H 79
Br , B = 8.473cm

!1  and 
! = 0.226cm

"1 .  Using this more accurate formula for B
n
, calculate the bond length for 

1
H

79
Br  in the ground state and for n = 3 . 

 
For n=0 
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Problem 4  (25 points)  

Calculate the expectation value r ! r( )
2

 if the He+ atom wave function is !
100

.  

Estimate the percentage error in the measurement of r  by calculation the standard 

deviation !
r
= r " r( )

2

 . 

For H 

 

 
 



 
For any hydrogen-like atom substitute 1 / a

°
a
°
for Z / a

°
, so the final result for the 

He
+ atom is given by Z=2 
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4
a
°
= 0.43 a

°
 

Therefore the percentage error is equal to !
r

r( ) "100  or 58% !



Bonus (5 points) 
What do Mexicans celebrate today? 
The 1910 Revolution. 
 


