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(a) 5 points 

 
 

For drawing a Gaussian surface that is a cylinder, contained within and sharing 
the axis of the given cylinder 

 

 1 point

For using a correct statement of Gauss’s law  1 point

0

encq
E dA    

 

 

For a correct expression for encq  including the expression for the volume of a 

cylinder 
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For a correct expression for the surface area of the sides of a cylinder  
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Substitute expressions into Gauss’s law: 
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For a correct answer 
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For a correct answer  1 point
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(c) 3 points 

 
For a graph in the region 0 r R   that is a straight line starting at the origin, 

and with a positive slope  
 

 1 point

For a graph in the region 2R r R  that is continuous, decreasing, concave 
upward, and not zero at 2r R  

 

 1 point

For labeling the maximum value of E on the vertical axis, consistent with part (a)  1 point
 
(d) 
 i. 3 points 
 

For stating the correct relation between the magnitude of the potential difference 
and the integral of the electric field 

 1 point
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V E drD       (negative sign not required) 
 

For substituting the expression for electric field from part (a)  1 point

 
0 0

 
2

R r
V dr  


 

 

For integrating with the proper limits or correctly evaluating the constant of 
integration 

 1 point
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leaving the answer  is also acceptable
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Note: Graphical integration could also be performed. For students taking this 
approach, 1 point was earned for evaluating the area for 0 r R  , 1 point for 
calculating the area of a triangle, and 1 point for a magnitude consistent with 
previous results. 
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 ii. 1 point 

 
For selecting “r = 0”  1 point

 
(e) 2 points 

 
 

For 0 r R  , drawing a horizontal graph with E = 0   1 point
For 2R r R  , drawing a graph consistent with the graph in part (c) in that 

region 
 1 point
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Question 1 
 
Overview 
 
This question evaluated students’ understanding of Gauss’s law in a classic problem. In the first two parts 
of the problem, students were asked to derive an expression for the electric field E as a function of the 
distance r from the axis of a cylindrical non-conductor with a uniform charge distribution  and radius R. 
In part (a), students performed the derivation for the region inside the cylinder, and in part (b) students 
repeated the process for the region outside of the cylinder. In part (c), students sketched a qualitative 
graph of E as a function of r for 0 < r < 2R. Part (d) required students to use their expression for E inside the 
cylinder to derive an expression for the potential difference V between the cylinder axis and its surface, 
and to identify the point of highest potential as either r = 0 or r = R. In part (e), students sketched another 
qualitative graph of E as a function of r for 0 < r < 2R, this time for a cylinder of identical radius and linear 
charge distribution but made of a conducting material. 
 
Sample: E1-A 
Score: 15 
 
This response is a well-illustrated and completely correct solution. Parts (a) and (b) are both classic 
representations of Gauss’s law derivations with an appropriate Gaussian surface drawn in the diagram. 
Part (c) is a clear and properly labeled graph sketched with the proper shape which clearly does not  
touch the horizontal axis at r = 2R. In part (d)(i), there is no deduction for the negative sign even though  
a magnitude calculation is requested. The student correctly identifies the higher potential at r = 0 in part 
(d)(ii). Part (e) shows a correct graph from r = 0 to r = R, earning the first point. The second point is earned 
for the similarity between this graph and the graph in part (c) for r > R.  
 
Sample: E1-B 
Score: 10 
 
Part (a) received two points for the correct calculation of the surface area, and for drawing an appropriate 
Gaussian surface. The point for Gauss’s law is not awarded because there is no indication that the integral 
is done over a closed surface. The student does not correctly calculate enclosed charge using  
the volume charge density and does not get a correct answer; therefore, 3 points were not earned. Part (b) 
earned no credit for the incorrect answer. In part (c), the student correctly sketches the graph of the 
expected function, with a maximum consistent with the answer to part (b), and earned full credit. In part 
(d)(i), the student starts with a correct integral expression and uses appropriate limits and earned 2 points. 
However, the substitution of the electric field function does not come from part (a), so the point was not 
earned. The student correctly identifies the higher potential at r = 0 and earned the point in part (d)(ii). The 
graph in part (e) earned full credit.  
 
Sample: E1-C 
Score: 5 
 
Part (a) earned 2 points for a correct representation of Gauss’s law and for an appropriate sketch of a 
Gaussian surface. The student earned no additional credit in this section, or in part (b). There is an 
attempt to calculate the area of the Gaussian surface, but the formula for volume is used. The sketch  
in part (c) has the shape of the curve where r > R, but is incorrect for r < R and does not label the maximum 
so only 1 point is earned. No credit was earned in part (d) for the use of the expression for absolute 
potential about a spherical charge distribution and an incorrect selection of r = R. Full credit  
was earned in part (e) for the zero electric field inside a conducting charged cylinder and for r > R 
consistent with part (c). 
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