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Name: _________________________________________________________________ 
 
1. (7 Points) Assign the following molecules to the proper point group.  Ignore the disposition of 
the H on the NH2 in the cobalt complex and the positions of double bonds in aromatic rings. 
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2. (5 Points) Determine the commutator of the operators 
dx
d  and 

x
1 . 

The commutator is 
dx
d

xxdx
d

xdx
d 111, −=⎥⎦

⎤
⎢⎣
⎡ .  To determine its value, apply it to ψ an 

arbitrary function of x. 
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  Now divide both sides by ψ to give 21, −−=⎥⎦
⎤

⎢⎣
⎡ x

xdx
d . 

 
 The commutator’s value is –x-2. 



3. (10 Points) Which of these functions is an eigenfunction of the operator 
dx
di− ?  If a function is 

an eigenfunction, give the eigenvalue.  No work = no credit! 
 

a. ikxe : ( )( ) ikxikx
ikx

keeiki
dx

dei =−=−  

The operator returns the original function times a constant, so it is an eigenfunction of 
the operator and the eigenvalue is k. 

b. ( )ikxcos : ( ) ( )( ) )sin()sin(cos ikxkikxiki
dx

ikxdi −=−−=−  

Since the operator does not return the original function times a constant, this function is 
not an eigenfunction of the operator. 

c. 
2ixe α− : ( )( ) 22
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The operator gives the same function back, but not times a constant.  Therefore, this 
function is not an eigenfunction of the operator. 

 
4. (6 Points) The work function for metallic rubidium is 2.09 eV.  Calculate the kinetic energy of 
the electron ejected by light with a wavelength of 650.0 nm. 
 

Starting from the Einstein equation for the photoelectric effect Φ−= νhmv2

2
1 , and 

noting that 2

2
1 mvEK = , gives us Φ−= νhEK .  Combining this with c=λν  gives 

Φ−=
λ
hcEK . 
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The negative value of the kinetic energy is physically unreasonable.  Therefore, light 
with this wavelength has insufficient energy to eject an electron from rubidium. 


