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(a)  1 point 
 

For correctly labeling the magnitude of lines ( A = 60 V  and B = 80 V , units not 
required) and for having the correct signs on each line (either explicit positive 
signs or no negative signs) 

 1 point

 
 
(b)  
 

i.  2 points 
 

For indicating that Y has more charge than X with a correct explanation, such as 
the nearest potential of the same value is farther from Y 

 1 point

For indicating X and Y must be the same sign with a correct explanation   1 point
Examples: 
• Field vectors are perpendicular to equipotentials, and the pattern of field 

vectors indicates that both must have the same sign. 
• There is no zero potential line between the spheres, so the potentials from 

the two charges do not cancel anywhere. 

 

 

 

 
 ii. 1 point 
 

For a correct explanation that addresses the charge to mass ratio and distance 
relationship 

 1 point

Example: Both spheres would gravitationally attract a third sphere just like two 
charges of the same sign would attract a third charge of the opposite sign 
because both forces are dependent on the distance and also dependent on the 
product of the charges or masses. 

 

 
 
(c)  2 points 
 

 For a similarity that does not generally apply to all forces 1 point
Example: The forces have the same dependence on the distance and are both 

functions of 1 r2 . 

  

For a difference that does not generally apply to all forces  1 point
Examples:  

The proton is the same sign as the spheres, so it is electrostatically repelled, but 
gravity is always attractive. Therefore, the directions of the forces are 
different.  

The forces are different in magnitude. 
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(d)  
 

i.  2 points 
 

The proton is repelled by both spheres, so it will move toward point A.  
For some attempt to apply Δ ΔU qE = V using the given variables  1 point

For using the correct variables and getting ( )Δ = -A BU q V V  (no credit for using 

numeric values of electric potential) 

 1 point

 
 ii. 2 points 
 

For using a correct expression for work  1 point
=W Fd     or   Δ- =EU q  ΔV   

For a correct expression for F or ΔV  in terms of Eavg   1 point

=avg avgF qE     or    Δ = avgV E d     

= avgW qE d  (full credit is awarded for just writing the correct expression)   

 
 iii. 2 points 
 

For indicating that student 1 is correct and a correct discussion of why  1 point
Example: Student 1 is correct. Because the system contains all the objects, the 

energy is transferred from one form to another within the system due to the 
law of conservation of energy.  

 

For indicating that student 2 is correct and a correct discussion of why  1 point
Example: Student 2 is correct. Because the system is just the proton, there must be 

a force external to the system due to the electric field of the two spheres. That 
force does work on the proton which changes the kinetic energy of the proton. 
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2016 SCORING COMMENTARY 

Question 3 

Overview 

This question assessed learning objectives 2.E.2.1, 2.E.2.2, 2.E.3.2, 3.A.3.4, 3.C.2.2, 5.B.4.1, 5.B.4.2, and 
5.B.5.4. The question assessed student understanding of an electric potential map, and how the resulting 
electric forces do work and change the energy of charged masses. The question also assessed understanding 
of the similarities and differences between the electric and gravitational field. 

Sample: P2 Q3 A 
Score: 12 
 
Part (a) earned 1 point for correctly indicating magnitudes and signs of the potentials. Part (b)(i) correctly 
states that sphere Y has a greater magnitude charge because equivalent equipotentials are further from Y 
than X. The response also correctly indicates that the signs must be the same because there are no 
equipotential lines “uniformly parallel directly between the two spheres,” i.e., there is no zero potential line or 
no set of lines that definitively indicate electric field vectors pointing from one sphere to another. Part (b)(i) 
earned 2 points. Part (b)(ii) earned 1 point. The response correctly refers to the inverse dependence on 
distance of both the gravitational and the electric potential. While not directly referring to the charge and 
mass ratios, the second part of the response shows that this was considered since “the potentials from both 
spheres will combine similarly.” Part (c) earned 2 points for describing the difference in the directions of the 
forces and the similarity of their inverse square dependence on distance. Parts (d)(i) and (d)(ii) both have 
appropriate work and determine correct expressions, and earned 2 points each. Part (d)(iii) earned 2 points 
for indicating that both students are correct and giving a correct explanation of the energy or work in terms 
of each system defined.  

Sample: P2 Q3 B 
Score: 8 
 
Part (a) earned no credit. The values in the response would be correct if the given 50 V line was negative, but 
the negative values are inconsistent with the convention in the exam’s table of information that indicates 
zero potential infinitely far from charged objects. Part (b)(i) earned 1 point for correctly describing how the 
isolines indicate that X is positively charged. But the response incorrectly applies the spacing of the isolines 
when discussing the relative charge magnitudes. Part (b)(ii) earned no credit because there is no direct 
discussion of any distance relationship. Part (c) earned 2 points. There are two correct differences mentioned, 
strength and direction, and a correct similarity in the dependence on distance. The response in part (d)(i) 
applies the correct potential energy expression, but the wrong potential difference is used, so only 1 point 
was earned. Part (d)(ii) determines the correct expression for work and earned 2 points. Part(d)(iii) earned 2 
points for correctly explaining why each student is correct. 

Sample: P2 Q3 C 
Score: 3 
 
Part (a) earned no credit for just indicating signs. Part (b) also earned no credit. In (b)(i) there is no 
explanation of relative signs, and the reasoning for the magnitudes is incorrect. In (b)(ii) there is some 
discussion of mass and charge, but it is not a sufficiently clear response, and nothing is mentioned about the 
distance dependency. Part (c) earned 1 point for correctly indicating a difference — that the proton would be 
repelled by the charges on the spheres but attracted to them gravitationally. Part (d)(i) earned 1 point for 
applying the correct equation for the change in potential energy. Part (d)(ii) earned 1 point for using a correct 
expression for work but does not substitute Eavg . Part (d)(iii) is incomplete and earned no credit.
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