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For sketching either energy curve with a reasonably correct shape between 1 point
x = =D and x = 0, with zero and maximum values at the correct locations
For sketching two curves from x = —D to x = 0 with shapes and values such that 1 point
the total energy is constant (even if the curves are incorrect)
For sketching potential energy equal to zero from x = 0 to x = 3D 1 point
For sketching kinetic energy as a linear function from its maximum value at x = 0 1 point
to zero at x = 3D
1 point
For identifying that the student is correct that the block will have more energy 1 point
when it leaves the spring
1 point
For identifying that the student is incorrect about the new final position of the 1 point

block because the spring’s energy does not scale linearly with its compression
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Question 3 (continued)

Distribution
of points
(c) 3 points
For indicating that the final energy in the spring (which becomes the mechanical 1 point
energy of the block as it reaches the rough track) is four times the original
energy in the spring
For indicating that the frictional force remains the same 1 point
For equating the initial energy in the spring to an expression that shows that the 1 point
energy dissipated by friction is proportional to the distance the block slides
down the rough track
Example:
U, = %sz and U, = %k(sz so U, = 4U,
Wi = umg(3D) and W, = umgAx,
I/Vl :Ul and W2 :U2 :4U1 :4VV1
umgAxy = 4(umg(3D))
Ax, =4(3D) = 12D
(d) 3 points
For indicating that the student’s correct reasoning that the block has more energy 1 point

in the second situation is expressed by the calculations comparing the initial
energy in the spring
For indicating that the student’s correct reasoning that the block will slide farther 1 point
is expressed by an equation that indicates that the work done by friction to
stop the block in the second situation is some factor greater than the work
done in the first situation
For indicating that the student’s incorrect reasoning that energy scales linearly 1 point
with the spring’s compression is corrected by the expression for the initial
energy of the spring
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P1Q3 A1

3. (12 points, suggested time 25 minutes),

A block is initially at position x = 0 and in contact with an uncompressed spring of negligible mass. The block
is pushed back along a frictionless surface from position x = 0 to x = —D, as shown above, compressing the
spring by an amount Ax = D . The block is then released. At x = 0 the block enters a rough part of the track
and eventually comes to rest at position x = 3D . The coefficient of kinetic friction between the block and the

rough track is u. J{,«>$cs

(a) On the axes below, sketch and label graphs of the following two quantities as a function of the position
of the block between x = —D and x = 3DS You do not need to calculate values for the vertical axis, but the
- same vertical seale sheuld be used for both quantities.-. a2 mm - o

' j.- Thekinetic energy K of the block ; : ) 1

ii. The potential energy U of the block-spring system. - . B g
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P1Q3 A2

The spring is now compressed twice as much, to Ax = 2D . A student is asked to predict whether the

final position of the block will be twice as far at x = 6D . The student reasons that since the spring will be
compressed twice as much as before, the block will have more energy when it leaves the gpring, so it will slide
farther along the track before stopping at position x = 6D . 2o

(®)

i. Which aspects of the student’s reasoning, if any, are correct? Explain how you arrived at your answer.
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ii. Which aspects of the student’s reasoning, if any, are incorrect? Explain how you arrived at your

m\/r.s}ww Mo et jo 590085 ot He blode il
r° J“’“\"‘/ %l ‘Cvf- ﬂ\/wﬂ\ﬂml}’ c& . $L'¢‘(JI M 4 S/f"‘:j

T Aernonn (s resse A k”OJ' Becorse
> pre) arf/\ ,/1 ""0 H—e B M_f?‘, fpv’_?o AMJ%’/;T’Z/%'L\“) W/W

:?,Zf::f\ mr@;ﬁ%d%ﬁ:dﬂ_)b ﬁ;{(’; 519"}‘7 whah il albo Ko , Ao~ Fres

s M\,\LL\ l’\vrg/ ond ' 40 Lo res  ws Y
(c) (ste quantitative reasonmg, including equati%s as needed, to develop an exprission for the new final
position of the block. Express your answer in terms of D. A= Eu| gerbom
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(d) Explain how any correct aspects of the student’s reasoning identified in part (b) are expressed by your
mathematical relationships in part (c). Explain how your relationships in part (c) correct any incorrect
aspects of the student’s reasoning identified in part (b). Refer to the relationships you wrote in part (c),
not just the final answer you obtained by manipulating those relationships.
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P1Q3 B1

. (12 points, suggested time 25 minutes)

A block is initially at position x = 0 and in contact with an uncompressed spring of negligible mass. The block
is pushed back along a frictionless surface from position x = 0 to x = =D, as shown above, compressing the
spring by an amount Ax = D . The block is then released. At x = 0 the block enters a rough part of the track
and eventually comes to rest at position x = 3D . The coefficient of kinetic friction between the block and the

rough track is p.
(a) On the axes below, sketch and label graphs of the following two quantities as a function of the position
of the block between x = —D and x = 3D. You do not need to calculate values for the vertical axis, but the
same vertical scale should be used for both quantities.
i. The kinetic energy K of the block

ii. The potential energy U of the block-spring system

Energy
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P1Q3 B2

The spring is now compressed twice as much, to Ax = 2D . A student is asked to predict whether the

final position of the block will be twice as far at x = 6D . The student reasons that since the spring will be
compressed twice as much as before, the block will have more energy when it leaves the spring, so it will slide
farther along the track before stopping at position x = 6D .

(b)

i. Which aspects of the student’s reasoning, if any, are correct? Explain how you arrived at your answer.
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(c) Use quantitative reasoning, including equations as needed, to develop an expression for the new final

position of the block. Express your answer in terms of D. W - A E J: /{, °m
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(d) Explain how any correct aspects of the student ming identi i sed by yo

mathematical relationships in part (c). Explain how your relationships in part (c) correct any incorrect
aspects of the student’s reasoning identified in part (b). Refer to the relationships you wrote in part (c),
not just the final answer you obtained by manipulating those relationships.
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P1Q3 C1

—=X

(12 points, suggested time 25 minutes)

A block is initially at position x = 0 and in contact with an uncompressed spring of negligible mass. The block
is pushed back along a frictionless surface from position x = 0 to x = —D, as shown above, compressing the
spring by an amount Ax = D . The block is then released. At x = 0 the block enters a rough part of the track
and eventually comes to rest at position x = 3D . The coefficient of kinetic friction between the block and the

rough track is u.

5 aaN

(a) On the axes below, sketch and label graphs of the following two quantities as a function of the position
of the block betweenx = —D and x = 3D . You do not need to calculate values for the vertical axis, but the
same vertical scale should be used for both quantities.

i. The kinetic energy K of the block >

ii. The potential energy U of the block-spring system
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P1Q3 C2

The spring is now compressed twice as much, to Ax = 2D . A student is asked to predict whether the

final position of the block will be twice as far at x = 6D . The student reasons that since the spring will be
compressed twice as much as before, the block will have more energy when it leaves the spring, so it will slide
farther along the track before stopping at position x = 6D .

(b)
i. Which aspects of the student’s reasoning, if any, are correct? Explain how you arrived at your answer.
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ii. Which aspects of the student’s reasoning, if any, are incorrect? Explain how you arrived at your
answer.
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(c) Use quantitative reasoning, including equations as needed, to develop an expression for the new final
position of the block. Express your answer in terms of D.
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(d) Explain how any correct aspects of the student’s reasoning identified in part (b) are expressed by your
mathematical relationships in part (c). Explain how your relationships in part (c) correct any incorrect
aspects of the student’s reasoning identified in part (b). Refer to the relationships you wrote in part (c),
not just the final answer you obtained by manipulating those relationships.
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Question 3
Overview

The purpose of the question is to examine the relationship between the energy stored in a compressed
spring-block system and the work done by the friction force that stops the block once it leaves the spring.
The intent is to test the student’s understanding of energy principles in multiple representations including
graphs, descriptions, and analytical relationships.

Sample: P1Q3 A
Score: 12

The student clearly understands what the question is asking and clearly communicates the reasoning and
connections that are asked for by the question. This response received full credit.

Sample: P1Q3 B
Score: 9

Part (a) earned 2 points. The potential energy curve between —D and 0 is correct, but energy is not shown
to be conserved in that region. The zero potential energy line is correct, but the kinetic energy line is not
straight between 0 and 3D. Part (b)(i) earned 1 point for full credit. It cites the increased final position as
correct, but also refers to increased energy. Part (b)(ii) does not identify the distance as the error in
reasoning and earned no credit. Part (¢) earned 3 points for full credit. The explanation in part (d) is
somewhat indirect, but earned 3 points for full credit.

Sample: P1Q3 C
Score: b

Part (a) earned 2 points for correct curves between -D and 0. Part (b)(i) earned 1 point for full credit. It cites
the increased final position as correct, but also refers to increased energy. Part (b)(ii) has an unclear
explanation and earned no credit. Part (c) earned 1 point for calculating the energy in the spring in the new
case and recognizing that there is a factor of 4 increase as a result. Part (d) earned 1 point for relating the
equations for energy to correct reasoning about energy by reference to part (¢) and the increased velocity
that is a result of the energy equations.
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