
3n = 2n =

3n = 1n =

2n = 1n =

E hf hc l= =

( ) ( )( )1240 eV nm 3.0 0.75  eVhc El = = -

7551 nm  or  5.51 10  ml -= ´

12 eVE = 181.9 10  J-´

−
−
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Question 7 
 
Overview  
 
This question assessed students’ understanding of the interaction between photons and electrons and  
the energy levels of an atom. It also assessed students’ understanding of the ground state and the energy 
required to change the energy of the atom or to remove an electron from the atom. 
 
Sample: B7-A 
Score: 9 
 
This response represents an excellent display of work and almost earned full credit. Part (a) has the correct 
three arrows drawn with no extraneous arrows. Part (b) correctly relates wavelength to energy. Part (c) 
determines the correct ionization energy. Part (d) correctly stated that the photon will have no effect but 
did not explain why. One point was lost for not explaining that there is no energy level of −1.0 eV for an 
electron to move to from the ground state. Part (e) correctly states and explains why the photon will 
remove the electron from the atom. 
 
Sample: B7-B 
Score: 8 
 
This response earns full credit for parts (a), (b), (c), and (e). Part (b) uses the de Broglie wavelength and 
energy-momentum relationship for a photon to calculate the wavelength. No credit was earned in part (d) 
because it incorrectly states that the electron could be excited to the n = 2 state. Because this is incorrect, 
the justification is not scored. 
 
Sample: B7-C 
Score: 4 
 
In part (a) two of the three correct transitions are drawn, earning two points. However, there are 
extraneous arrows resulting in a 1 point deduction. Part (a) earned a total of 1 point. In part (b), 1 point  
was earned for a wavelength value for a transition from level 2 to level 1. Full credit was earned for a 
transition from level 3 to level 2. In part (c), the answer was boxed (in joules), which negated the negative 
sign out in front of the 12 eV, and earned full credit. Only 1 point was earned in part (d) because a valid 
justification is missing. No credit was earned in part (e). 
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