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Question 2: Translation Between Representations (TBR) 12 points 

A For indicating that Kblock  is zero Point A1 

For drawing bars with positive heights for UA  and UB Point A2 

For drawing a bar for UB  with a height that is twice the height of the bar drawn for UA Point A3 

Scoring Note: This point may be earned regardless of the signs of either bar. 

Example Response 

B For a multistep derivation that includes energy conservation or simple harmonic motion Point B1 

For relating the presence of both springs to the behavior of the system Point B2 

For relating positions x x= 1  and 1x = x2 1  to the oscillation of the block Point B3 

For a correct expression for v  in terms of given quantities Point B4 
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Example Responses 
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C For sketching a curve that starts at zero and is always positive or zero Point C1 

For sketching a periodic curve with zeros that have a period of 1 T2
Point C2 

For sketching a periodic curve with a decreasing amplitude Point C3 

Example Response 

D For indicating one of the following: Point D1 
• The period increases.
• The rate at which the graph approaches zero increases.
• The maximum value of K  over each period is less than the graph drawn.

For a correct justification relevant to the feature indicated Point D2 

Example Responses 

The period of the graph increases. The period of a simple harmonic oscillator increases 
with increasing mass. 

OR 

The rate at which the graph approaches zero amplitude increases. Because the mass of 
the block is larger, the force of friction is greater, which causes the block to lose energy 
at a greater rate. 
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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 sU  

1 point 

 Example Response 

initial final
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 For a correct solution for v  1 point 

 Example Response 
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(a)(ii) For a derivation to solve for the speed at 2x  that includes one of the following:  

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

1 point 

 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): 

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

friction 

1 point 

 Example Responses 

frictionE mgDµ=∆                    OR         a gµ= −  

 

 For attempting to derive an expression for A,Bv  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 2x  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
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 Example Solutions 
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 Total for part (a) 6 points 

  

OR 
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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 1 2t t t≤ ≤  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 1 3t t t≤ ≤  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: 

• 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. 

1 point 

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

• 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. 

1 point 

 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<
 

 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: Free-Response Question 15 points 
 

(a)(i) For a multi-step derivation that includes one of the following: 

• An application of conservation of energy that indicates that the initial mechanical energy 
of the system is gU  

• An application of Newton’s second law that includes the frictional force, including sign 

1 point 

 For one of the following that is consistent with the previous point: 

• An expression for the energy dissipated by friction, including the correct sign 
• A substitution of acceleration in a kinematics equation 

1 point 

 Example Responses 
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0 2 2

g x fF F
v v xm

− 
= ∆ 

 
+  

 

 For a correct expression for v   1 point 

 Example Response 
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(a)(ii) For using the conservation of momentum to find A,Bv  1 point 

 For equating the kinetic energy after the collision between the blocks to the maximum elastic 
potential energy of the compressed spring  

1 point 

 Example Response 

after collision , maxsK U=  

 

 For indicating v  before the collision between the blocks and the spring is equal to A,Bv  1 point 

 Example Solution  

 

( )

before collision after collision

A,B

A,B

A

i

,B

max compri eafter coll sion

after coll sion , 

2

s

max

sion of spring

2
A,B

2 (2 )
2 2 (sin cos )

(3 )
2 2 (sin cos )3

1 1(2 )2 2
2(3 ) 2 (sin co3

s

p p
mv m m v

m gD

K

v m

v gD

E E

m m v kx

m

U

gD

θ µ θ

θ µ θ

θ µ

=
= +

−=

=

=

= −

+ =

−( )

( )

2
2

c

2

2
c

2
c

s )

(3 ) 2 2 (sin cos )3

(sin cos )8
3

kx

mk gD
x

mgDk
x

θ

θ µ θ

θ µ θ

=

= −

−=

 

 

 Total for part (a) 6 points 
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(b)(i) For a sketch that increases linearly during the time interval 10 t t≤ <  

Scoring Note: A sketch that only increases linearly from 0t =  to 1t t=  earns this point. 

1 point 

 For a horizontal line for the time interval 21t t t≤ ≤  that is continuous at 1t  1 point 

 For a horizontal line for the time interval 2 3t t t≤ ≤  that has a smaller magnitude than the 
previous time interval 

1 point 

 For drawing a concave down curve, continuous at 3t , in the interval 43t t t≤ <  that reaches 
zero at 4t  

1 point 

 Example Response 

 

 

 

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

1 point 

 For indicating that a decreasing graph means that the force exerted on Block A  is in a 
direction opposite to the motion of Block A  

Scoring Note: A response that indicates that an increasing graph means that the force exerted 
on Block A  is in the same direction as the motion of Block A  also earns this point. 

1 point 

 For relating the change in momentum to the magnitude of the force exerted on Block A  1 point 

 Example Response 

The momentum of Block A  decreases between 3t  and 4t  because the spring exerts a force on 
the blocks in the opposite direction of the velocity of the blocks, causing the blocks to slow to 
a stop. The spring force increases the more the spring compresses, so the momentum of Block 
A  decreases at an increasing rate, which is shown in the slope of the curve becoming steeper 
with time. 

 

  Total for part (b) 7 points 
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(c) For selecting N OT T=  with an attempt at a relevant justification   1 point 

 For a correct justification that includes one of the following:  

• The period of a spring-block oscillator is only dependent on the mass on the spring and 
spring constant, which do not change. 

• The period of a spring-block oscillator is not dependent on increasing amplitude, velocity, 
or compression distance. 

1 point 

 Example Response 

Repeating the experiment on a smooth ramp will only affect the compression distance of the 
spring. The period of oscillation of a spring-block system depends only on mass and the spring 
constant, therefore the period of oscillation will not change. 

 

 Total for part (c) 2 points 

 Total for question 1 15 points 
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Question 2: Free-Response Question 15 points 

(a) For selecting “  J ” with an attempt at a relevant justification 1 point JS 2 

For a correct justification 1 point 

Example Response 

The impulse between the two blocks is the same, so because Block 1 is moving at the end, the 
impulse given by the spring must be greater than the impulse given to Block 2 by Block 1. 

Total for part (a) 2 points 

(b) For correctly drawing the momentum for blocks 1 and 2 for the time interval 0  t  tC : 1 point 

Block 1 shows an increasing curve with a decreasing slope (concave down) to highest value 

(technically a cosine curve) and Block 2 shows zero momentum up to tC (a horizontal line 

along the time axis). 

For drawing a horizontal line for Block 1 when t  tC that is smaller in magnitude than the 1 point 

momentum of Block 1 at time t  tC 

For drawing a horizontal line for Block 2 when t  tC that is smaller in magnitude than the 1 point 

momentum of Block 1 after time t  tC 

For blocks 1 and 2 having a change in momentum that is equal in magnitude such that 1 point 
Block 1 loses momentum and Block 2 gains momentum 

Example Response 

Total for part (b) 4 points 

© 2022 College Board 
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(c) For using conservation of energy to find the speed of Block 1 at x  0 1 point 

For using conservation of momentum to find the speed of the two-block system after the 
collision 

1 point 

For combining correct equations from above 1 point 

Example Response 

1 2 1 2k x  m v1 12 2 

v1  k x 
m1 

m v  m  m v1 1 1 2 

v  
m1v1 

m1  m2 

x km1 v  
m1  m2 

Total for part (c) 3 points 

(d)(i) For drawing an appropriate best-fit line including approximately the same number of points 1 point 
above and below the line 

Example Response 

© 2022 College Board 
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(d)(ii) For calculating the slope using two points on the line 1 point 

For correctly relating the slope of the best-fit line to the mass of Block 2 1 point 

For a correct mass of Block 2 1 point 

Example Response 

(0.60  0.02) m/s 
slope   10.67 s-1 

0.055  0.0175 m 

slope  
km1 

m1  m2 

1m2  
km 

 m1slope 

N150 0.50 kg 
m m2   0.50 kg 

-1 10.67 s 

m2  0.31 kg 

Scoring Note: Acceptable responses for mass are 0.27 kg  0.37 kg . 

Total for part (d) 4 points 

(e) For selecting “ k  150 N/m ” with an attempt at relevant justification 1 point 

For a correct justification 1 point 

Example Response 

A greater m2 indicates the spring constant k should be greater than 150 N/m . The slope of 

the graph is the same so as m2 increases k must be smaller. 

Total for part (e) 2 points 

Total for question 2 15 points 

© 2022 College Board 
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