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 Question 4: Paragraph                                                                                                    7 points 

 
(a) For indicating one of the following: 1 point 

• That the gravitational force would be smaller for a greater radius  
• That the gravitational field strength would be smaller for a greater radius 
• That the acceleration due to gravity would be smaller for a greater radius 

 For indicating one of the following: 1 point 

• The sphere travels the same vertical distance in both scenarios 
• The amount of work done on the sphere is dependent on the magnitude of the 

gravitational force 
• The change in gravitational potential energy is less on Planet X   

 Example Response 

The mass is the same and the radius is larger, so the force of gravity is less. The work done 
depends on the force times distance. Because the distance is the same, the work is less. 

 

  Total for part (a) 2 points 
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(b) For relating a larger planetary mass to a one of the following: 1 point 

• A larger weight of the sphere 
• A larger acceleration due to gravity g
• A larger gravitational field strength 

For indicating that the period is inversely related to one of the following: 1 point 

• The acceleration due to gravity g
• The gravitational field strength 

For indicating that the amount of stretch is dependent on one of the following: 1 point 

• The weight of the sphere  
• The acceleration due to gravity g  
• The gravitational field strength 

For relating the length of the string to the period of the pendulum 1 point 

  

 

  

 

 

 For a logical, relevant, and internally consistent argument that addresses the required 
argument or question asked, and follows the guidelines described in the published 
requirements for the paragraph-length response 

1 point 

 Example Response 

lT = 2π g . On Planet Y  the gravitational force on the sphere is larger than when on 

Earth. Therefore, the sphere will experience a larger acceleration due to gravity on 
Planet Y . Because “ g ” is in the denominator of the equation, a larger acceleration due to 
gravity leads to a potentially smaller period. However, the increased gravitational force 
exerted on the sphere by Planet Y  could result in the string stretching. This could result in 
the length of the pendulum increasing. Because T  increases with the length of the pendulum, 
a longer string could potentially lead to a larger period. 

 

 

  Total for part (b)  5 points 

 Total for question 4  7 points 
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Question 4 

Note: Student samples are quoted verbatim and may contain spelling and grammatical errors. 

Overview 

The responses were expected to demonstrate the ability to: 
• Explain how changing characteristics of a planet affect the gravitational force or acceleration near the 

planet’s surface. 
• Justify how work done by gravity will change if only the force of gravity changes in a scenario using the 

equation for work or the work-energy principle. 
• Predict the effect of changing gravitational acceleration and pendulum length on the period of a pendulum. 
• Predict the effect of changing force on the length of an elastic string. 
• Construct a justification for why changing the gravitational force applied to an elastic pendulum could lead 

to an increase or a decrease in the period of the pendulum. 

Sample: 4A 
Score: 7 
 
Part (a) earned 2 points. The first point was earned for correctly indicating the gravitational force would be 
smaller for a greater radius. The second point was earned for correctly indicating the amount of work done on the 
sphere is dependent on the magnitude of the gravitational force. Part (b) earned 5 points. The first point was 
earned for indicating the larger planetary mass leads to a larger gravitational force. This is equivalent to relating 
the planetary mass to a larger weight of the sphere. The second point was earned for correctly indicating the 
period is inversely related to the acceleration due to gravity g . The third point was earned for indicating the 
amount of stretch of the string is dependent on the weight of the sphere. The fourth point was earned for relating 
the length of the string to the period of the pendulum. The fifth point was earned for connecting several physics 
concepts in a logical, relevant, and internally consistent argument that addresses the required arguments. 

Sample: 4B 
Score: 4 
 
Part (a) earned 1 point for correctly indicating the acceleration due to gravity would be smaller for a greater radius. 
The response would have also earned the point for indicating the gravitational field strength would be smaller due to 
a greater radius. The second point was not earned because the response does not indicate the sphere travels the same 
vertical distance in both scenarios, or that the amount of work done on the sphere is dependent on the magnitude of 
the gravitational force, or that the change in gravitational potential energy is less on Planet X . Part (b) earned 3 
points. The first point was earned for correctly indicating the larger planetary mass leads to a larger gravitational 
field strength. The second point was earned for indicating TY  will be smaller than TE  due to a larger gravitational 
field strength on Planet Y . The third point was not earned because the response does not indicate any cause for the 
amount of stretch of the string. The fourth point was not earned because the response does not relate the length of the 
string to the period of the pendulum. The fifth point was earned for connecting several physics concepts in a logical, 
relevant, and internally consistent argument that addresses the required argument.  
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Question 4 (continued) 

 

Sample: 4C 
Score: 2 

Part (a) earned 2 points. The first point was earned for correctly indicating the gravitational force would be smaller 
for a greater radius. The second point was earned for indicating the amount of work done on the sphere is dependent 
on the magnitude of the gravitational force. Part (b) did not earn any points. The first point was not earned because 
the response does not relate the larger planetary mass to a larger weight or acceleration of the sphere or larger 
gravitational field. The second point was not earned because the response does not indicate the period is inversely 
related to the acceleration due to gravity g . The third point was not earned because the response does not relate the 
amount of stretch of the string to any of the possible options. The fourth point was not earned because the response 
does not relate the length of the string to the period of the pendulum. The fifth point was not earned because the 
response introduces only one physics idea and not given in the prompt so there are no multiple physics ideas 
combined in a logical, relevant, and internally consistent argument. 
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