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Question 1: Free-Response Question 15 points 
      

(a)(i) For a multi-step derivation with an application of the conservation of mechanical energy that 
indicates that all of the energy of the system is initially Us  

1 point 

 Example Response 

Einitial = Efinal
1 1kx 2 2  
2 2c = mv

 

 For a correct solution for v  1 point 

 Example Response 

c
kv x m=  

 

 Example Solution 

initial finalE E=

sU K=
2 2

c
1 1
2 2kx mv=   

2
ckxv m=

c
kv x m=
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(a)(ii) For a derivation to solve for the speed at x2  that includes one of the following:  1 point 

• An appropriate application of the conservation of energy  
• An appropriate kinematics equation 

 Example Responses 

initial friction finalKK E∆ =−        OR        2 2
0 2v v a x= + ∆  

 

 For one of the following that is consistent with the previous point in the response for  
part (a)(ii): 

1 point 

• A correct expression for the energy dissipated by friction 
• A correct expression for the acceleration of the block in the region with nonnegligible 

friction 

 Example Responses 

frictionE mgDµ=∆                    OR         a gµ= −  

 

 For attempting to derive an expression for vA,B  by using the conservation of momentum     1 point 

 Example Response 

initial initial A,B A,Bm v m v=  

 

 For substituting the expression for the speed at x2  that is consistent with the first point of 
the response in part (a)(ii) and substituting the correct masses into an expression for 
conservation of momentum 

1 point 

 Example Response 
 

2
c

A,B

2

4

kxm gDmv m

µ−
=  
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 Example Solutions 

1 before collisionxE E=

1 before collisionfrictionxK KE− =∆
22

2c
2

1 1
2 2

kxm mgD mvm µ
 

− =  
 

2
c

2 2kxv gDm µ= −

before collision after collisionp pΣ = Σ

A 2 A,B A,Bm v m v=

A 2 A,B( 3 )m v m m v= +
2

c

A,B

2

4

kxm gDmv m

µ−
=

2
c

A,B
1 24

kxv gDm µ= −

OR 

                                            

2
2

2 2v v a x+= ∆

2
2

2

c 2kv mx aD = + 
 

2
c

2 2kx
mv aD= +

x fF F maΣ = − =

mg maµ− =
a gµ= −

2
c

2 2kx
mv gDµ= −

before collision after collisionp pΣ = Σ

A 2 A,B A,Bm v m v=

A 2 A,B( 3 )m v m m v= +
2

c

A,B

2

4

kxm gDmv m

µ−
=

2
c

A,B 21
4

kxv gDm µ= −

 

 

 

 Total for part (a) 6 points 
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(b)(i) For a nonlinear sketch that begins at zero and increases for the entire time interval 10 t t≤ ≤   1 point 

 For a sketch that decreases for the entire time interval 1t t≤ ≤ 2t  but does not go to zero 1 point 

 For a sketch that is concave up for the time interval 1 2t t t≤ ≤  1 point 

 For a continuous function for the time interval 1t t≤ ≤ 3t  that has a horizontal line that is 
greater than zero for the time interval 2 3t t t≤ ≤    

1 point 

 Example Response 

 

 
 
 
 

(b)(ii) For a statement about the change in kinetic energy that is consistent with the graph drawn in 
the response for part (b)(i) 

1 point 

 For a correct explanation for why the kinetic energy is increasing, such as one of the 
following: 

1 point 

• An increasing graph means positive work is being done on the block. 
• An external force is exerted on Block A , causing the velocity of the block to increase 

and the kinetic energy of the block to increase. 
• Mechanical energy is conserved and/or there is no work done for the block-spring 

system, and the potential energy decreases. 

 For a correct explanation for why the graph is nonlinear, such as one of the following: 1 point 

• The rate at which the slope of the graph changes is related to the rate at which work is 
being done on the block. 

• The external force exerted on Block A  is changing, which causes a nonuniform change 
in the velocity of Block A , which results in a nonuniform change in kinetic energy. 

 Example Response 

From 10 t< < t , the kinetic energy of Block A  increases. The force exerted on the block by 
the compressed spring transfers the elastic potential energy in the block-spring system to the 
kinetic energy of the block. Because the force exerted by the spring is not applied at a 
constant rate, the kinetic energy of the block does not increase at a constant rate.  

 

 Total for part (b) 7 points 
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(c) For selecting 2f f<
l l

 with an attempt at a relevant justification   1 point 

 For correctly applying an equation that relates the length of a pendulum to the period or 
frequency of the pendulum  

1 point 

 Example Response 

The period of a pendulum is calculated by using 2 lT gπ=  . Therefore, as the length is 

increased, the period will also increase. Because frequency and period are inversely related, 
an increase in period will result in a decrease in frequency. 
 

 

 Total for part (c) 2 points 

 Total for question 1 15 points 
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Question 1 

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

Overview 
 

The responses were expected to demonstrate the ability to: 
• Derive an expression using conservation of mechanical energy between spring potential energy and 

kinetic energy.  
• Determine the work done on an object by the force of friction.  
• Apply conservation of linear momentum during a collision.  
• Analyze and interpret a graphical representation of kinetic energy as a function of time. 
• Describe the change in kinetic energy in scenarios of both constant and variable forces.  
• Determine the relationship between the length of a pendulum and its frequency of oscillation.  

Sample: 1A 

Score: 13 

Part (a) earned 6 points. The first point was earned for a multi-step derivation that applies conservation of 
mechanical energy and recognizes that all the initial energy consists of spring potential energy. The second point 
was earned for providing the correct speed at time t1  in terms of the allowed variables. The third point was earned 

for applying an appropriate kinematics equation to solve for the speed at x2 . The fourth point was earned for 
including a correct expression for the acceleration of the block in the region of nonnegligible friction. The fifth point 
was earned for attempting to derive an expression for vAB  by using conservation of momentum. The sixth point was 
earned for correctly substituting the speed consistent with earlier work and the correct masses into the expression for 
conservation of momentum. Part (b) earned 5 points. The first point was earned for sketching the function correctly 
between t = 0  and t = t1 . The correct velocity function is sinusoidal with a period of 4t1 . The kinetic energy is 

proportional to the velocity squared and is, therefore, sinusoidal with period 2t1 . It should be noted that to earn 
credit, it is sufficient that the function begins at zero and increases nonlinearly in this region. The second point was 
earned for showing a function that is uniformly decreasing between t = t1  and t = t2  and does not reach zero. The 

third point was not earned because the response is linear between t = t1  and t = t2  and not concave up. The fourth 

point was earned for the function being continuous between t = t1  and t = t3  and having a constant nonzero value 

between t = t2  and t = t3 . The fifth point was earned for clearly indicating that the kinetic energy is increasing, 
which is consistent with the graph drawn. The sixth point was earned for clearly stating that the kinetic energy of the 
block is increasing while the spring potential energy of the system is decreasing. The seventh point was not earned 
because the response does not address why the graph is nonlinear. Part (c) earned 2 points. The first point was 
earned for selecting the correct relationship and for an attempt at a relevant justification. The second point was 
earned for the first line correctly showing an appropriate technique for using the equation for the frequency of the 
oscillation. Although the 2π  term is omitted from the final statement of the frequency equation, the response 
demonstrates the proportional reasoning required to earn this point. 
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Question 1 (continued) 

Sample: 1B 

Score: 9 

 
Part (a) earned 4 points. The first point was earned for a multi-step derivation that applies conservation of 
mechanical energy and recognizes that all the initial energy consists of spring potential energy. The second point 
was earned for providing the correct speed at time t1  in terms of the allowed variables. The third point was not 

earned because, although a kinematics approach was attempted, the response does not use an equation that is 
appropriate because it requires variables that are not permitted in the solution. The fourth point was not earned 
because the response does not include a correct expression for the acceleration in the region with nonnegligible 
friction. The fifth point was earned for attempting to derive an expression for vAB  by using conservation of 
momentum. The sixth point was earned for correctly substituting the speed consistent with earlier work and the 
correct masses into the expression for conservation of momentum. Even though the substitution uses variables 
that are not permitted, the point was awarded because the substitution is consistent with previous work. Part (b) 
earned 3 points. The first point was not earned because the function does not begin at zero, and it does not 
increase nonlinearly between t = 0  and t = t1 . The second point was earned for showing a function that is 

uniformly decreasing between t = t1  and t = t2  and does not reach zero. The third point was not earned because 

the response is linear between t = t1  and t = t2  and not concave up. The fourth point was earned for showing a 

continuous function between t = t1  and t = t3  with a constant nonzero value between t = t2  and t = t3 . The 
fifth point was earned for claiming that the slope of the graph is zero, which is consistent with the graph. The 
sixth point was not earned because the response does not include an explanation of why the kinetic energy should 
be increasing. The seventh point was not earned because the response does not address why the graph should be 
nonlinear between t = 0  and t = t1 . Part (c) earned 2 points. The first point was earned for selecting the correct 
relationship and attempting a relevant justification. The second point was earned for using an equation to explain 
that as the length of the pendulum is increased, its period increases. 
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Question 1 (continued) 

 

Sample: 1C 

Score: 3 

Part (a) did not earn any points. The first point was not earned because the response does not contain a derivation 
that applies conservation of energy. The second point was not earned because the response does not provide the 
correct speed at time t1 . The third point was not earned because, even though there are energy terms in the 

response, there is no attempt to apply conservation of energy to solve for the speed at x2 . The fourth point was 
not earned because the response does not include a correct expression for the energy dissipated by friction or the 
acceleration of the block in the region with nonnegligible friction. The fifth point was not earned because the 
response does not attempt to derive an expression for vAB  by using conservation of momentum. The sixth point 
was not earned because the response does not substitute a speed consistent with earlier work or the correct mass 
into an expression for conservation of momentum. Part (b) earned 2 points. The first point was not earned because 
the sketch does not increase nonlinearly between t = 0  and t = t1 . The second point was earned for showing a 

function that is uniformly decreasing between t = t1  and t = t2  and does not reach zero. The third point was 

earned for showing a function that is concave up during the entire section between t = t1  and t = t2 , even though 

the curvature is relatively small. The fourth point was not earned because the function does not have a constant 
nonzero value between t = t2  and t = t3 . The fifth point was not earned because the response makes no mention 

of the fact that kinetic energy is decreasing between t = 0  and t = t1 , as indicated in the graph. The sixth point 

was not earned because the response does not include an explanation of why the kinetic energy should be 
increasing between t = 0  and t = t1 . The seventh point was not earned because the response does not address 

why the graph should be nonlinear between t = 0  and t = t1 . Part (c) earned 1 point for selecting the correct 
relationship and attempting a relevant justification. The second point was not earned because a correct equation is 
not applied to relate the length of the pendulum to its period or frequency. 
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