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(a)  
 i. 1 point 

 
 

For at least one arrow between the plates pointing downward from the positive 
plates toward the negative plate and no extraneous arrows pointing in any 
other direction 

 1 point

 
 ii. 1 point 

 
 

For drawing an appropriate Gaussian surface (enclosing at least the inner edge of 
one of the plates) that can be used to determine the electric field between the 
plates  

 1 point

 
 iii. 3 points 

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

0

Q
E dA e=Ú


    

For applying Gauss’s law, using an enclosed charge and surface area consistent 
with the surface drawn in part (a)-ii  
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For a correct answer with work shown  1 point
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(b) 1 point 
 

Comparing the equation for electric field between parallel plates to the given 
equation: 
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For an answer consistent with part (a)-iii  1 point
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(c) 
 i. 1 point 

 
Using the equation relating the electric field to potential difference   
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For a correct differential equation  1 point

0 0
x D

QdV
dx e Ake -

Ê ˆ
= - -Á ˜Ë ¯  

  

0 0
x D

QdV
dx e Ake -=  

  

Alternate Solution:  Alternate Point
Using the equation relating the electric field to potential difference:   
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For a correct differential equation  1 point
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(c)  (continued) 
 ii. 4 points 

 
 Separating the variables in the differential equation from part (c)(i):  
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For using the correct limits of integration in attempting to integrate the equation 
above 

 1 point
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For correctly integrating the equation  1 point

[ ]
0 00 0

D
DV x D

V
Q

V De
Ake

Ê ˆ È ˘= Î ˚Ë ¯  
  

( ) ( )0
0

0 0

D D
D

QD
V V e e

Ake
Ê ˆ- = -Ë ¯  

  

For an expression that gives the correct absolute value of the potential difference 
between the plates 

 1 point

For having the potential difference be positive  1 point
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(d) 1 point 

 
Using the equation for capacitance:  
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For an answer consistent with part (c)-ii  1 point
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(e) 3 points 
 

For selecting V CU U>   1 point

For correctly comparing the capacitance or the potential difference with the 
varying dielectric constant to the capacitance or the potential difference with 
the uniform dielectric constant 

 1 point

For correctly comparing the two stored energies consistent with the comparison of 
the capacitances or potential differences 

 1 point

Example: According to the equation from part (d), C VC C> . Since 
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charge stored on the two capacitors is the same, then V CU U> . 
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Question 1 

Overview 
 
This question assessed students' understanding of Gauss's law, dielectrics, and energy storage in 
capacitors. The dielectric constant varied with height, and calculus was required. While relatively 
straightforward, the problem challenged students in an unfamiliar way. 

Sample: E&MQ1 A 
Score: 15 
 
Part (a)(i) and (ii) of this response earned a total of 2 points for clear drawings of the electric field and 
Gaussian surface. Part (a)(iii) earned all 3 points for the use of Gauss’s law in a detailed solution consistent 
with the drawing in part (a)(ii). Part (b) earned 1 point for stating a correct expression. Part (c)(i) earned 1 
point for stating a correct equation that can be used to find the potential difference between the plates, 
regardless of the sign. Part (c)(ii) earned all 4 points for a detailed evaluation of the integral that led to a 
correct positive answer. Part (d) earned 1 point for stating a correct answer consistent with part (c)(ii). Part (e) 
earned all 3 points for a correct answer selection and statement that compared the capacitance and energy 
stored in each capacitor. 

Sample: E&MQ1 B 
Score: 12 
 
Part (a)(i) and (ii) of this response earned a total of 2 points for clear drawings of the electric field and 
Gaussian surface. Part (a)(iii) earned all 3 points for the use of Gauss’s Law in a detailed solution consistent 
with the drawing in part (a)(ii). Part (b) earned 1 point for stating a correct expression. Part (c)(i) earned 1 
point for stating a correct equation that can be used to find the potential difference between the plates, 
regardless of the sign. Part (c)(ii) earned all 4 points for a detailed evaluation of the integral that led to a 
correct positive answer. Part (d) earned 1 point for stating a correct answer consistent with part (c)(ii). Part (e) 
earned no credit since the incorrect answer is selected, and there are no statements comparing the 
capacitance or energy for each case. 

Sample: E&MQ1 C 
Score: 6 
 
Part (a)(i) of this response earned 1 point for a correct arrow drawn in between the plates. Part (a)(ii) earned 
no credit because the Gaussian surface that is drawn encloses zero net charge. Part (a)(iii) earned just 1 point 
for the use of Gauss’s law, since the solution uses an enclosed charge not consistent with the surface drawn 
in part (a)(ii) and has an incorrect answer. Part (b) earned no points. Part (c)(i) earned 1 point for stating a 
correct equation that can be used to find the potential difference between the plates, regardless of the sign. 
Part (c)(ii) earned 2 points for the use of the correct limits on the integral and a positive final answer. Part (d) 
earned no credit. Part (e) earned 1 point for a correct answer selection but no correct statements relative to a 
justification are included. 




