AP® PHYSICS C: MECHANICS
2008 SCORING GUIDELINES

General Notes About 2008 AP Physics Scoring Guidelines

The solutions contain the most common method of solving the free-response questions and the
allocation of points for this solution. Some also contain a common alternate solution. Other methods of
solution also receive appropriate credit for correct work.

Generally, double penalty for errors is avoided. For example, if an incorrect answer to part (a) is
correctly substituted into an otherwise correct solution to part (b), full credit will usually be awarded.
One exception to this may be cases when the numerical answer to a later part should be easily
recognized as wrong, e.g., a speed faster than the speed of light in vacuum.

Implicit statements of concepts normally receive credit. For example, if use of the equation expressing a
particular concept is worth 1 point and a student’s solution contains the application of that equation to
the problem, but the student does not write the basic equation, the point is still awarded. However, when
students are asked to derive an expression, it is normally expected that they will begin by writing one or
more fundamental equations such as those given on the AP Physics Exam equation sheet. For a
description of the use of such terms as “derive” and “calculate” on the exams, and what is expected for
each, see “The Free-Response Sections—Student Presentation” in the AP Physics Course Description.

The scoring guidelines typically show numerical results using the value g = 9.8 m/s2 , but use of

10 m/s2 is, of course, also acceptable. Solutions usually show numerical answers using both values
when they are significantly different.

Strict rules regarding significant digits are usually not applied to numerical answers. However, in some
cases, answers containing too many digits may be penalized. In general, two to four significant digits are
acceptable. Numerical answers that differ from the published answer due to differences in rounding
throughout the question typically receive full credit. Exceptions to these guidelines usually occur when
rounding makes a difference in obtaining a reasonable answer. For example, suppose a solution requires
subtracting two numbers that should have five significant figures and that differ starting with the fourth
digit (e.g., 20.295 and 20.278). Rounding to three digits will lose the accuracy required to determine the
difference in the numbers, and some credit may be lost.
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Question 3
15 points total Distribution
of points

(a) 2 points
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For four or more correctly plotted points with no extraneous points 1 point
For a straight line drawn with at least one point above and one point below the line 1 point
(b) 3 points
For any indication that the slope is used, or W = k(L — L) 1 point
For a calculation using two points from the straight line 1 point
For example, using the example graph above
k = slo e_H_EQ:Jl_Ei
~ P T4 2060 m

For a numeric answer between 23 N/m and 27 N/m 1 point
k =25 N/m
Alternate solution
For an indication of a linear regression calculation using the student’s calculator 1 point
For an indication that the slope is used to get k 1 point
For a numeric answer between 23 N/m and 27 N/m I point
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Question 3 (continued)

Distribution
of points
(©) 3 points
For an equation using the correct forms for gravitational and spring potential energies 1 point
1, 2
MEYmax = Ekx
m = lc)c2/2gymaX
For a correct substitution of y_.. = 1.5 m and k from part (a) 1 point
For a correct numeric substitution of x = (1.5 m — 0.60 m) = 0.90 m 1 point
m = (25 kg/s*)(0.90 m)’ /2(9.8 m/s?)(1.5 m)
m=0.69kg (or0.68 kg using g = 10 m/s?)
Note: The second and third points are awarded only if the first point is awarded.
(d)
(1) 3 points
Maximum speed occurs when the net force is zero.
2F =0
For a correct equation relating gravitational and spring forces 1 point
mg = kx
_ms
Tk
For the correct numeric substitution of the mass obtained in part (c) and k obtained in 1 point
part (a)
.- (069k)98 m/s?)
25 kg/ 52
x=0.27m
For adding the unstretched cord length to the value of x calculated above 1 point
Yomax = 0.27 m + 0.60 m
Yomax = 0.87 m
Notes:

o The second and third points were awarded only if the first point was awarded.
e Full credit was awarded for a correct solution that takes the minimum of a potential
function or the maximum of a kinetic energy function to determine y, .. .

© 2008 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



AP® PHYSICS C: MECHANICS
2008 SCORING GUIDELINES

Question 3 (continued)

(d) (continued)
(i1)) 2 points

Note: These points could be awarded only if the first point in (d)(i) was awarded.
For a correct statement that acceleration is zero or switches from downwards to upwards
at that point

Note: This point was also awarded for stating that the potential energy is a minimum at

that point, which implies that the kinetic energy and speed are at their maximum
values.

For an additional correct statement and no incorrect statements regarding the motion

Example: The acceleration is zero when the two forces are equal in magnitude. Since the
acceleration switches from downward to upward (aligned with the velocity to
opposing the velocity), the velocity changes from increasing to decreasing.

(i) 2 points
For a correct energy expression
1,2 1 2
MgEYymax = Ekx + Emvmax
1 2

1,2
5 MVnax - = MEYymax ~ 5 kx

2 2

2 _ k o
Unmax = 2gyvmax - Ex

For correct substitution of values previously obtained (especially those from part (d)(i))

2 _ 2 _ (25 N/m) 2
D’ = 2008 mis?)(0.87 m) — 0,27 m)

vmaX2 =144 (m/s)2

Vpax = 3.8 m/s
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Mech. 3.

In an experiment to determine the spring constant of an elastic cord of length 0.60 m, a student hangs the cord
from a rod as represented above and then attaches a variety of weights to the cord. For each weight, the student
allows the weight to hang in equilibrium and then measures the entire length of the cord. The data are recorded
in the table below:

Weight(N) [ 0 10 { 15 | 20 | 25
Length (m) | 0.60 | 0.97 | 1.24 | 1.37 | 1L.64

(a) Use the data to plot a graph of weight versus length on the axes below. Sketch a best-fit straight line through
the data.
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(b) Use the best-fit line you sketched in part (a) to determine an experimental value for the spring constant & of

the cord.
FRE
1.9, K=—S<‘i- ‘733250\'/”/‘)

GO ON TO THE NEXT PAGE.
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The student now attaches an object of unknown mass m to the cord and holds the object adjacent to the point at
which the top of the cord is tied to the rod, as represented above. When the object is released from rest, it falls
1.5 m before stopping and turning around. Assume that air resistance is negligible.

(c) Calculate the value of the unknown mass m of the object.

Ep= igh = Mxi0x1-H =0M (5) - energy coreerved
2 -
- Ep = Epgra = £k aXP: 2 X250 15 -00)" < 10.125 (J)

o Bm=10.025
m= 0415 (¥4)
(d) i. Calculate how far down the object has fallen at the moment it attains its maximum speed.
Hhe movAThAM occurs  Wen Fret =0
1.0. mg-:. kK aX
6.35 - 25 aX
Ax=0.23 M)

Aotol heygrt =0.6+ax = 0.8 (m)
ii. Explain why this is the point at which the object has its maximum speed. - <
01 e v Frer <0 e O 20 s e Feed of e diect nerver
nceaees nor decraases t
s poirt
_ iii. Calculate the maximum speed of the object. N al 1—1(\]5 Po]n'f‘ ﬂ’\e
erergy conserved MAXTM A nged :

dject has i

S MGl = Vo + LK (209
0515 X 10 ¥ 0.8% = 5 x0. 135 Voo +3 X25 %031
58122 0.328 Vwar” + 041
Vwax =2.837 (m/$)

GO ON TO THE NEXT PAGE.
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In an experiment to determine the spring constant of an elastic cord of length 0.60 m, a student hangs the cord
from a rod as represented above and then attaches a variety of weights to the cord. For each weight, the student
allows the weight to hang in equilibrium and then measures the entire length of the cord. The data are recorded

in the table below:

Weight (N) | O 10 | 15 | 20 | 25
Length (m) | 0.60 | 0.97 | 1.24 | 1.37 | 1.64

(a) Use the data to plot a graph of weight versus length on the axes below. Sketch a best-fit straight line through

the data.
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(b) Use the best-fit line you sketched in part () to determine an experimental value for the spring constant k of

the cord.

K = S‘OP'Q—
£ A N/

GO ON TO THE NEXT PAGE.
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The student now attaches an object of unknown mass m to the cord and holds the object adjacent to the point at
which the top of the cord is tied to the rod, as represented above. When the object is released from rest, it falls
1.5 m before stopping and turning around. Assume that air resistance is negligible.

(c) Calculate the value of the unknown mass m of the object.
X = 1560 7.9
1 .
mﬁ (|.5M> =3 K ( 9§m>

BIKR(AD .71(2931 ﬁe{.mkjl

M= TS®yy (DD

(d) i. Calculate how far down the object has fallen at the moment it attains its maximum speed.

F ) at that (Po(h\'

- el N
AXe + Fallan: -274:¢0 ‘@

ii. Explain why this is the point at which the object has its maximum speed.
M speed is o meximum

focce adtin ufoo it rs in
b/c “Q: ngf){(q,c’t(of),un (il this poimt whene tie,
iii. Calculate the maximum speed of the object. net fore beores 2ero
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GO ON TO THE NEXT PAGE.
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Mech. 3.

In an experiment to determine the spring constant of an elastic cord of length 0.60 m, a student hangs the cord
from a rod as represented above and then attaches a variety of weights to the cord. For each weight, the student
allows the weight to hang in equilibrium and then measures the entire length of the cord. The data are recorded
in the table below:

Weight (N) | 0 10| 15 | 20 | 25
Length (m) | 0.60 | 0.97 | 1.24 | 1.37 | 1.64

(a) Use the data to plot a graph of weight versus length on the axes below. Sketch a best-fit straight line through
the data. '
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(b) Use the best-fit line you sketched in part (a) to determine an experimental value for the spring constant k of
the cord.

F= Ky~

IS
K aAx

-5
K="1-.%
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K= g &

(
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GO ON TO THE NEXT PAGE.
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The student now attaches an object of unknown mass m to the cord and holds the object adjacent to the point at
which the top of the cord is tied to the rod, as represented above. When the object is released from rest, it falls
1.5 m before stopping and turning around. Assume that air resistance is negligible.

(c) Calculate the value of the unknown mass m of the object.

I'V\S"\ =‘2‘:sz

(d) i. Calculate how far down the object has fallen at the moment it attains its maximum speed.
mah = L vt + Lx?

‘""5‘)“ T £t +0
¥

€.+ Palls Purther the Keneht eneryy s + ransPered ;ato
elaste potentiul enefay *aking away velocity,

iii. Calculate the maximum speed of the object.

ah= Tvt

9.8(.6)= £v*

GO ON TO THE NEXT PAGE.
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Question 3
Overview

This question had three basic sections. The intent of the first section [parts (a) and (b)] was to assess
whether students could use the experimental data provided to (1) create an appropriate graph of length
versus applied force for a stretchable cord, and (2) obtain the force constant from the graph. Part (c)
described the dropping of an object of unknown mass attached to the cord and asked students to
determine the mass of the object based on a given maximum descent. The intent of this section was to
assess their ability to utilize energy conservation. Finally, in part (d) students had to determine the position
at which the object attached to the cord (after being dropped from rest) attained maximum speed and to
calculate that maximum speed. Since the cord could be stretched but not compressed, this was not
equivalent to the more usual mass-on-a-spring problem. Part (d) assessed the ability of students to do an
analysis based on force (or energy) considerations when both gravitational and elastic forces are involved.

Sample: CM3A
Score: 15

While the student does not write the calculation in part (b) in terms of two specifically indicated points from
the graph, the student is clearly reading the rise and run of the line drawn and thus associating k with the
slope.

Sample: CM3B
Score: 12

Full credit was earned for the graph. Part (b) only earned 2 points, since nothing is written to indicate that
points on the line were used to calculate the slope. Parts (c) and (d)(i) received full credit. Part (d)(ii) does not
make a clear enough link to a correct argument to earn any points, but part (d)(iii) earned full credit.

Sample: CM3C
Score: 7

Parts (a) and (b) received full credit. In part (c) the value for y,,,. (labeled h in the solution) is incorrect, so

only 2 of the points were earned. Part (d)(i) uses an incorrect approach, and part (d)(ii) is incorrect, so
neither earned any credit. If the student had brought down the first equation from part (d)(i) to (d)(iii), 1
point would have been received since that equation is a correct general expression, but the specific
equation is incorrect, so no credit was earned.
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