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Question 1 

Overview 

Students were expected to demonstrate an understanding of Newton’s second law and kinematics in a 
motion that consisted of two distinct parts: a cart being pulled by a string and then slowed by friction. The 
main intent of this question was to assess the students’ mastery of graphical analysis. Students were asked 
to properly build a graph from a given data table, with the expectation that they would correctly label and 
scale the axes, draw a best-fit straight line, and determine the slope. Students were expected to interpret the 
graph to obtain relationships between physical quantities and find numerical values of dynamic and 
kinematic quantities. 

Sample: M Q1 A 
Score: 14 

Part (a) earned all 3 points for a proper free-body diagram. The tension, friction, and both vertical forces are 
correctly drawn and labeled. Part (b)(i) earned all 3 points for using a correct scale that utilizes more than half 
of the grid, correctly plotting the data, and drawing an appropriate best-fit straight line. Part (b)(ii) earned  
1 point for calculating the mass from the slope. However, the slope is calculated using actual data points to 
compute the slope, instead of the best-fit line. Part (b)(iii) earned 1 point for using the graph to determine the 
magnitude of the force of friction. Part (c) earned all 4 points for determining the acceleration of the cart for a 
0.45 N applied force, and using the correct equations with the correct velocity to calculate the time for the 
cart to stop after the string breaks. Part (d) earned 2 points for selecting the correct answers. 

Sample: M Q1 B 
Score: 7 

Part (a) earned all 3 points. Part (b)(i) earned 2 points for correctly plotting the data and drawing an 
appropriate best-fit straight line, but the x-axis was scaled by 0.3 in the first grid, then by 0.05 in the 
remaining grids. Part (b)(ii) earned 2 points for evidence of attempting to calculate the slope of the actual line 
and computing a reasonable mass value. Part (c)(i) earned no credit as the frictional force is ignored and, 
therefore, an incorrect value for the acceleration of the cart is calculated. Parts (b)(iii) and (c)(ii) earned no 
credit as there was not any evidence of relevant physics. Part (d) earned no credit for incorrect answers. 

Sample: M Q1 C 
Score: 4 

Part (a) earned 1 point for the proper vertical forces. Part (b)(i) earned 2 points as it does not have a best-fit 
line drawn. Part (b)(ii) earned no credit because the slope is calculated from data points, and the slope is not 
correctly related to the mass. Part (b)(iii) earned no credit for incorrectly calculating the force of friction.  
Part (c)(i) earned 1 point for an answer consistent with (b)(iii). No credit was earned in parts (c)(ii) and (d).  
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