
-= ¥ =E   

 
Alternate solution Alternate points 
For correctly expressing the momentum of the photon in terms of Planck’s constant  

and the wavelength, either with symbols or numerical values 
1 point 

l = h
p

     or    
34

26
8

6.63 10 J s 4.42 10 kg m s
1.5 10 ml

-
-

-
¥ ◊= = = ¥
¥

hp i  
 

For substituting the expression for the momentum into the energy-momentum relationship 
for a photon 

1 point 

26 8(4.42 10 N s)(3.0 10 m/s)-= = ¥ ◊ ¥E pc   

For the correct answer with correct units 1 point 
171.33 10 J 82.7eV-= ¥ =E   

 
 
(b) 4 points 
 

The kinetic energy of a massive particle is given by  
21

2
K mu=  

 

For substituting the energy in joules from part (a) as the kinetic energy to calculate the speed 
of the electron 

1 point 

17 31 211.33 10 J (9.11 10 kg)
2

u- -¥ = ¥  
 

65.4 10 m/su = ¥   

For calculating the momentum of the electron using the speed calculated above 1 point 
31 6(9.11 10 kg)(5.4 10 m/s)u -= = ¥ ¥p m   

For substituting the momentum into the equation for the deBroglie wavelength 1 point 
34

31 6
6.63 10 J s

(9.11 10 kg)(5.4 10 m/s)
l

u

-

-
¥= = =

¥ ¥
h h
p m

i
 

 

For the correct answer with correct units 1 point 
101.35 10 ml -= ¥   
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AP® PHYSICS B 
2006 SCORING GUIDELINES 

 
Question 6 (continued) 

        Distribution 
 of points 
 
(c) 3 points 
 

The expected answer is a description of an experiment in which a beam of electrons is aimed 
at either a single slit, a double slit, a diffraction grating, or a crystal.  The student must 
also describe the interference pattern of maxima and minima appearing on a screen as 
evidence of the wave nature of the electron. 

 

For using a beam of electrons (NOT a single electron) 1 point 
For aiming the electron beam at one of the objects noted above 1 point 
For indicating that the resultant is an interference pattern (a drawing was acceptable) 1 point 
Notes: 
If the experiment description is completely correct except that it includes a beam of light 

instead of electrons, it earned two of the three possible points.   
No points were earned for merely naming an experiment, either in reference to commonly 

known experimenters (“Davisson–Germer experiment”) or pieces of equipment 
(“double-slit experiment”). 
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AP® PHYSICS B 
2006 SCORING COMMENTARY 

Question 6 
 
Overview 
 
This was a 10-point question intended to test student knowledge of topics in modern physics: specifically, the 
energy of a photon and wave-particle duality. In part (a) students were given the wavelength of a photon and 
asked to calculate its energy. In part (b) students were asked to calculate the de Broglie wavelength of an electron 
with the same kinetic energy as the photon in part (a). In part (c) students were asked to describe an experiment 
that would demonstrate the wave nature of the electron.   
 
Sample: B6A 
Score: 10 
 
This response contains typical correct solutions to parts (a) and (b). The description of the experiment in part (c) 
is correct and includes all of the necessary components. 
 
Sample: B6B 
Score: 7 
 
Parts (a) and (b) earned full credit. Even though the substitution of momentum in part (b) is not explicitly written 
in the expression for the wavelength, the correct equations and correct answer are acceptable for credit. Part (c) 
earned nothing. 
 
Sample: B6C 
Score: 3 
 
Part (a) uses the alternate solution and earned full credit. None of the remaining work is correct. 
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