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PHYSICS 1 
Section II 

Time—1 hour and 30 minutes 
5 Questions 

Directions: Questions 1, 4, and 5 are short free-response questions that require about 13 minutes each to answer and 
are worth 7 points each.  Questions 2 and 3 are long free-response questions that require about 25 minutes each to 
answer and are worth 12 points each. Show your work for each part in the space provided after that part. 

1. (7 points, suggested time 13 minutes)

Identical blocks 1 and 2 are placed on a horizontal surface at points A and E, respectively, as shown. The surface
is frictionless except for the region between points C and D, where the surface is rough. Beginning at time At ,
block 1 is pushed with a constant horizontal force from point A to point B by a mechanical plunger. Upon
reaching point B, block 1 loses contact with the plunger and continues moving to the right along the horizontal
surface toward block 2. Block 1 collides with and sticks to block 2 at point E, after which the two-block system
continues moving across the surface, eventually passing point F.

(a) On the axes below, sketch the speed of the center of mass of the two-block system as a function of
time, from time At  until the blocks pass point F at time Ft . The times at which block 1 reaches points A
through F are indicated on the time axis.
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(b) The plunger is returned to its original position, and both blocks are removed. A uniform solid sphere is
placed at point A, as shown. The sphere is pushed by the plunger from point A to point B with a constant
horizontal force that is directed toward the sphere’s center of mass. The sphere loses contact with the
plunger at point B and continues moving across the horizontal surface toward point E. In which interval(s),
if any, does the sphere’s angular momentum about its center of mass change? Check all that apply.

____ A to B          ____ B to C          ____ C to D          ____ D to E _____ None

Briefly explain your reasoning.
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Question 1 

7 points 

Identical blocks 1 and 2 are placed on a horizontal surface at points A and E, respectively, as shown. The 
surface is frictionless except for the region between points C and D, where the surface is rough. Beginning at 
time tA , block 1 is pushed with a constant horizontal force from point A to point B by a mechanical plunger. 
Upon reaching point B, block 1 loses contact with the plunger and continues moving to the right along the 
horizontal surface toward block 2. Block 1 collides with and sticks to block 2 at point E, after which the two-
block system continues moving across the surface, eventually passing point F. 

(a) LO 4.A.1.1, SP 1.2, 1.4, 2.3, 6.4; LO 4.A.2.3, SP 1.4, 2.2; LO 4.A.3.2, SP 1.4; LO 5.D.3.1, SP 6.4
5 points

On the axes below, sketch the speed of the center of mass of the two-block system as a function of  
time, from time tA  until the blocks pass point F at time Ft . The times at which block 1 reaches points A  
through F are indicated on the time axis. 

For a straight line that begins at zero at tA  and increases between tA  and tB  1 point  

For a segment that is horizontal and nonzero between tB  and tC  1 point 

For a segment that decreases linearly between tC  and tD    1 point 

For a segment that is horizontal, nonzero, and constant (but different value than segment 
from tB  to tC ) from tD  through tF  (with no change at tE ) 

 1 point 

For a curve that is continuous from tA  through tF , with the possible exception of tE .  

Note: If the speed changes at tE , the fourth point is not earned while this point may still 
be earned. 

 1 point 

Note: No credit is earned for a horizontal line along the t-axis. 
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Question 1 (continued) 
 

  (b) LO 4.D.1.1, SP 1.2, 1.4; LO 4.D.2.1, SP 1.2, 1.4; LO 5.E.1.1, SP 6.4, 7.2 
2 points   

 

 
 

The plunger is returned to its original position, and both blocks are removed. A uniform solid sphere is placed 
at point A, as shown. The sphere is pushed by the plunger from point A to point B with a constant horizontal 
force that is directed toward the sphere’s center of mass. The sphere loses contact with the plunger at point B 
and continues moving across the horizontal surface toward point E. In which interval(s), if any, does the 
sphere’s angular momentum about its center of mass change? Check all that apply. 

 ____ A to B          ____ B to C          ____ C to D          ____ D to E _____ None 

 Briefly explain your reasoning. 
 

Correct Answer: “C to D”   
For reasoning that a change in angular momentum is caused by a net external torque   1 point 
For correctly indicating that friction from C to D is the only force producing an external 

torque over the entire interval from A to E 
Note: This point is not earned if a statement is made that the angular momentum or 

angular speed decreases between C and D or that the sphere stops rotating at  
point D.  

 1 point 

Claim: The sphere’s angular momentum about its center of mass changes in the 
interval C to D. 

Evidence: There is friction between points C and D.  
Reasoning: Friction applies a torque in region C to D about the central axis of the 

cylinder to increase/change its angular momentum. 
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Question 1 (continued) 

Learning Objectives 
 
LO 4.A.1.1: The student is able to use representations of the center of mass of an isolated two-object system to 

analyze the motion of the system qualitatively and semiquantitatively. [See Science Practices 1.2, 1.4, 2.3, 
6.4]  

LO 4.A.2.3: The student is able to create mathematical models and analyze graphical relationships for 
acceleration, velocity, and position of the center of mass of a system and use them to calculate properties of 
the motion of the center of mass of a system. [See Science Practices 1.4, 2.2] 

LO 4.A.3.2: The student is able to use visual or mathematical representations of the forces between objects in a 
system to predict whether or not there will be a change in the center-of-mass velocity of that system. [See 
Science Practice 1.4] 

LO 4.D.1.1: The student is able to describe a representation and use it to analyze a situation in which several 
forces exerted on a rotating system of rigidly connected objects change the angular velocity and angular 
momentum of the system. [See Science Practices 1.2, 1.4] 

LO 4.D.2.1: The student is able to describe a model of a rotational system and use that model to analyze a 
situation in which angular momentum changes due to interaction with other objects or systems. [See Science 
Practices 1.2, 1.4] 

LO 5.D.3.1: The student is able to predict the velocity of the center of mass of a system when there is no 
interaction outside of the system but there is an interaction within the system (i.e., the student simply 
recognizes that interactions within a system do not affect the center of mass motion of the system and is able 
to determine that there is no external force). [See Science Practice 6.4] 

LO 5.E.1.1: The student is able to make qualitative predictions about the angular momentum of a system for a 
situation in which there is no net external torque. [See Science Practices 6.4, 7.2] 

 


