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Question 3 

 
15 points total        Distribution 

of points   
(a)   
 i.  2 points 

 
For a graph that starts at q = + 1 point Q   
For a horizontal line (at q = +Q )  1 point 

 
 ii. 3 points 

 
For a graph that starts at q = 0  for r = 0  1 point  
For a concave upward curve in the 4th quadrant between r = 0  and r = a    1 point 
For a graph that approaches -Q  at r = a  and equals -Q   beyond that point  1 point 

 
(b) 2 points 

 
For a graph that is decreasing and between the dashed curve and the x-axis  1 point 
For a graph that goes to zero at r = a  and is zero beyond that point  1 point 
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Question 3 (continued) 

 
       Distribution 
  of points 
(c) 
    i. 3 points 

 
For stating and using Gauss’s law in any form 1 point  
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For indicating that qenc = 0  1 point  
For correctly stating that the electric field is zero 1 point  

 
 ii. 4 points 

 
For indicating the need to integrate with respect to volume to find the negative 

charge enclosed 
1 point  

q rneg = Ú (r)dV    

Substitute and integrate with appropriate limits   
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For a correct expression for negative charge as a function of distance r 1 point  
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g = - - e
  

 or     4 1q epb -a a
ne ( r

g )  = -   

For including the +Q  when substituting for qenc 1 point   
For correct substitution for the surface area of a sphere 1 point  
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(d) 1 point 

 
For correctly stating or implying that a  is the radius of the atom or the radius of 

the electron cloud 
 1 point 
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2014 SCORING COMMENTARY 
AP

 

® PHYSICS C: ELECTRICITY AND MAGNETISM 

Question 3 
 
Overview 

 
This question dealt with Gauss’ law. It was not at all like a standard problem with an insulating or 
conducting sphere. Instead the students were told that they had a nucleus with a positive charge 
surrounded by a negative charge distributed nonuniformly. Students had to sketch graphs of positive and 
negative charge and electric field as a function of r. Then they were told to use Gauss’ law to solve for the 
electric field outside and inside the boundary of the charge at r = a . 
 
 
Sample: E3 A 
Score: 15 
 
This response earned full credit for all parts. The work in part (a)(ii) to determine the negative charge 
enclosed within a  was performed completely and correctly in part (c)(ii).  
 
 
Sample: E3 B 
Score: 9 
 
Part (a)(i) earned 1 point for starting the graph at +Q. Part (a)(ii) also earned 1 point for starting the graph at 
zero. Parts (b) and (c)(i) earned full credit. Part (c)(ii) earned 1 point for recognizing that the Gaussian 
surface was a sphere. However, there was no integration and no recognition that both positive and 
negative charge must be included. Part (d) earned 1 point. 
   
 
Sample: E3 C 
Score: 6 
 
Part (a)(i) earned 1 point for starting the graph at +Q, and part (a)(ii) earned no credit. Part (b) also earned 
nothing since the curve is always above the dashed line. Part (c)(i) earned full credit. The solution in part 
(c)(ii) begins with Gauss’ Law for a sphere, earning 1 point, but does not correctly determine the negative 
charge enclosed or recognize that +Q was also enclosed. Part (d) earned 1 point. 
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