AP Physics C:

Mechanics

Sample Student Responses
and Scoring Commentary

Inside:

Free Response Question 1
M Scoring Guideline
M Student Samples

I Scoring Commentary

© 2018 The College Board. College Board, Advanced Placement Program, AP, AP Central, and the acorn logo
are registered trademarks of the College Board. Visit the College Board on the Web: www.collegeboard.org.

AP Central is the official online home for the AP Program: apcentral.collegeboard.org


https://apcentral.collegeboard.org
https://www.collegeboard.org

AP® PHYSICS
2018 SCORING GUIDELINES

General Notes About 2018 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.

The requirements that have been established for the paragraph-length response in Physics 1 and Physics 2 can
be found on AP Central at
https://secure-media.collegeboard.org/digitalServices/pdf/ap/paragraph-length-response.pdf.

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 embeds the application of that equation to the
problem in other work, 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 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; Physics C: Mechanics, Physics C: Electricity and Magnetism Course Description or “Terms
Defined” in the AP Physics 1: Algebra-Based Course and Exam Description and the AP Physics 2: Algebra-
Based Course and Exam Description.

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

10 m/ s 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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AP® PHYSICS C: MECHANICS
2018 SCORING GUIDELINES

Question 1

15 points total Distribution

(a)

of points

Electromagnet

|

h

Pad
FJ—\

Table

A student wants to determine the value of the acceleration due to gravity g for a specific location and sets up
the following experiment. A solid sphere is held vertically a distance h above a pad by an electromagnet, as
shown in the figure above. The experimental equipment is designed to release the sphere when the
electromagnet is turned off. A timer also starts when the electromagnet is turned off, and the timer stops when
the sphere lands on the pad.

2 points
While taking the first data point, the student notices that the electromagnet actually releases the sphere

after the timer begins. Would the value of g calculated from this one measurement be greater than, less
than, or equal to the actual value of g at the student’s location?

Greater than Less than Equal to
Justify your answer.

For selecting “Less than” with an attempt at a relevant justification 1 point

For a correct justification 1 point

Example: Because the measured time to fall the same distance will be larger, the
acceleration must be less.

Example: Because the time is larger and a o 1,/t2 , then g must decrease.

© 2018 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



(b)

AP® PHYSICS C: MECHANICS
2018 SCORING GUIDELINES

Question 1 (continued)
Distribution

of points

The electromagnet is replaced so that the timer begins when the sphere is released. The student varies the
distance h. The student measures and records the time Az of the fall for each particular height, resulting in the

following data table.

h (m) 0.10 0.20 0.60 0.80 1.00
At () 0.105 0.213 0.342 0.401 0.451

1 point
Indicate below which quantities should be graphed to yield a straight line whose slope could be used to
calculate a numerical value for g.
Vertical axis:

Horizontal axis:

Use the remaining rows in the table above, as needed, to record any quantities that you indicated that are not
given in the table. Label each row you use and include units.

For correctly indicating two variables that will yield a straight line that could be used to 1 point
determine a value for g
Example: Vertical Axis: h
Horizontal Axis: (At)?
Note: Student earns full credit if axes are reversed or if they use another acceptable
combination.

© 2018 The College Board.
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Distribution

of points

1 point
1 point
1 point
1 point

MECHANICS

2018 SCORING GUIDELINES
Question 1 (continued)

AP® PHYSICS C
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4 points

(©)

Plot the data points for the quantities indicated in part (b) on the graph below. Clearly scale and label all

axes, including units if appropriate. Draw a straight line that best represents the data.

For a correct scale that uses more than half the grid

For correctly labeling the axis with variables and units consistent with part (b)

For correctly plotting data consistent with part (b)

For drawing a straight line consistent with the plotted data




AP® PHYSICS C: MECHANICS
2018 SCORING GUIDELINES

Question 1 (continued)

Distribution
of points
(d) 2 points
Using the straight line, calculate an experimental value for g.
For using points on the line rather than the data to calculate the slope 1 point
Ah (0.80 - 0.20) m 2 - . 2
slope = 5 = 5 = 4.96 m/s (Linear regression = 4.83 m/s )
A(At) (0.160 - 0.039) s
For correctly relating the slope to the acceleration due to gravity 1 point

slope = %g 5. g =2xslope = 2 x (4.96 m/sz)

g =9.92 m/s? (Linear regression = 9.66 m/s?)

Another student fits the data in the table to a quadratic equation. The student’s equation for the distance
fallen y as a function of time tis y = A> + Bt + C, where A = 5.75 m/s>, B = —0.524 m/s, and

C = +0.080 m . Vertically down is the positive direction.

(e) Using the student’s equation above, do the following.
i 1 point

Derive an expression for the velocity of the sphere as a function of time.

For correctly taking the time derivative of the given equation

1 point

y=yo+vlt+%at2 = At + Bt +C

v(t)=%=2At+B

Note: Credit is earned for substituting numbers: v(t) = (11.5 m/sz)t —-0.524 m/s.

ii. 2 points

Calculate the new experimental value for g.

For correctly relating the given equation to a correct kinematic equation

1 point

Ay:y—yozvltJr%at2

y:yo+v1t+%at2 = At? +Bt+C

For correctly relating the equation to the value of g

1 point

_1 1
A=3a=39

g = 2A =(2)(5.75 m/s’) =115 m/s’

© 2018 The College Board.
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AP® PHYSICS C: MECHANICS
2018 SCORING GUIDELINES

Question 1 (continued)

1 point

Distribution
of points

Using 9.81 m/ s* as the accepted value for g at this location, calculate the percent error for the value

found in part (e)(ii).

For correctly calculating the percent error

1 point

(115 m/s?) - (9.81 m/s?)
(9.81 m/s?)

lacc — exp|

x100% = x100%

%0error =

%error =17.2%

Note: Credit is earned if percent error is expressed as positive or negative.

2 points

Assuming the sphere is at a height of 1.40 m at t = 0, calculate the velocity of the sphere just before it

strikes the pad.

For relating the coefficients of the equation to the kinematic variables 1 point
y=At? +Bt+C ..v, = B=-0524 m/s

a=2A=2x (575 m/s?) =115 m/s®

Yo =C =0.080m

For correctly using an appropriate kinematics equation to determine the velocity of the 1 point

sphere

2 _ 2

V5 =V + 2aAy

v =V +2any = [(-0.524 m/s)’ +(2)(11.5 m/s®)(140 m — 0.080 m)

v =554 m/s

Alternate solution: Alternate

Points

For correctly determining the time of fall for the sphere 1 point
y=At?>+Bt+C

1.40 = (5.75 m/s® )t + (-0.524 m/s)t + (0.080 m)

5.75t> — 0.524t —1.32 = 0

t=053s0or—044s..t=0.53s

For correctly using the equation from part (e)(i) 1 point
v(t) = (115 m/s?)(0.53 5) - 0.524 m/s

v =554 m/s

© 2018 The College Board.
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iv.

AP® PHYSICS C: MECHANICS
2018 SCORING GUIDELINES

Question 1 (continued)

Distribution
of points
(continued)
Alternate Solution — Conservation of Energy
For relating the coefficients of the equation to the initial height and speed 1 point
y=At? +Bt+C v, =B =-0524 m/s
Yo = C =0.080 m
For correctly using conservation of energy to determine the velocity of the sphere 1 point

U +K, =U, +K,

mthrlmvl2 Lo
2 2

v =4/2(11.5)(1.40 - 0.080) + (-0.524)? =5.54 m/s

© 2018 The College Board.
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M Q1A p1
PHYSICS C: MECHANICS
SECTION II
Time—45 minutes
3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions

which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
booklet in the spaces provided after each part.

Electromagnet

T Sphere 'h""’l.rub
h [7%

Table

1. A student wants to determine the value of the acceleration due to gravity g for a specific location and sets up

the following experiment. A solid sphere is held vertically a distance h above a pad by an electromagnet, as
shown in the figure above. The experimental equipment is designed to release the sphere when the electromagnet

is turned off. A timer also starts when the electromagnet is turned off, and the timer stops when the sphere lands
on the pad.

(a) While taking the first data point, the student notices that the electromagnet actually releases the sphere after

the timer begins. Would the value of g calculated from this one measurement be greater than, less than, or
equal to the actual value of g at the student’s location?

Greater than Less than Equal to

Justify your answer.

T o (,a&c,wh..[c:. Dvr )d,m, ﬂ-ux&w(m_f\ (&\u— ‘0 ‘()m»\b
oW w.uzk wee Mue  gpabiea 2% 2h T o Whgdt
S«.s/ chel:j PN?“”JC\M%\ = 4
&£ thci:«/ " o ek wesmy D
W 0\.\,\,&\ \pe \m\s&‘v& 0> \cos Qoo e
CLLJU\&ES\ \m,\w& ==‘Q 6

Unauthorized copying or reuse of
any part of this page is illegal.
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M Q1 A p2

The electromagnet is replaced so that the timer begins when the sphere is released. The student varies the
distance /. The student measures and records the time Ar of the fall for each particular height, resulting in the
following data table.

h (m) 0.10 0.20 0.60 0.80 1.00
At (s) 0.105 0.213 0.342 0.401 0.451

(o) [.ane2§ ] L oqs3y o W[ (8301 | 20340

(b) Indicate below which quantities should be graphed to yield a straight line whose slope could be used to
calculate a numerical value for g.

Vertical axis: kA (.W‘)
r ]
Horizontal axis: k ! 5°)

Use the remaining rows in the table above, as needed, to record any quantities that you indicated that are not
given in the table. Label each row you use and include units.

(c) Plot the data points for the quantities indicated in part (b) on the graph below. Clearly scale and label all
axes, including units if appropriate. Draw a straight line that best represents the data.
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(d) Using the straight line, calculate an experimental value for g. ‘(1.} (_,“"3
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estion |1 continues on the next page.
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M Q1 A p3

Another student fits the data in the table to a quadratic equation. The student’s equation for the distance fallen y

as a function of time ris y = At” + Bt + C, where A = 5.75 m/s2 , B=-0.524 m/s,and C =+0.080 m .
Vertically down is the positive direction.

(e) Using the student’s equation above, do the following.

1. Derive an expression for the velocity of the sphere as a function of time.

v(£) =yt Ly = 2AL«B
vB) s W.SL -5

ii. Calculate the new experimental value for g.

g=ald= V)= ¢ (1S
%: [\.g Nr‘}

iii, Using 9.81 m/s:3 as the accepted value for g at this location, calculate the percent error for the value

found in part (e)ii.
L., \w\.‘w& +\3Q = \ﬂ‘( ..1%’79
el

el -

70 € o™ - \\M\C\a

iv. Assuming the sphere is at a height of 1.40 m at 7 = 0, calculate the velocity of the sphere just before it
strikes the pad.

(%= §ATEE- ST ¢« Q%

%: "S-L-)r S

ulE) =y e LSk -.S v

.\l(,.‘ir%‘- LSS0 gz SHS B8 s
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M Q1 B p1

PHYSICS C: MECHANICS
SECTION II
Time—45 minutes
3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
booklet in the spaces provided after each part.

Electromagnet

S
‘[’ phere

h

Pad

Table

1. A student wants to determine the value of the acceleration due to gravity g for a specific location and sets up
the following experiment. A solid sphere is held vertically a distance & above a pad by an electromagnet, as
shown in the figure above. The experimental equipment is designed to release the sphere when the electromagnet
is turned off. A timer also starts when the electromagnet is turned off, and the timer stops when the sphere lands
on the pad.

(a) While taking the first data point, the student notices that the electromagnet actually releases the sphere after
the timer begins. Would the value of g calculated from this one measurement be greater than, less than, or
equal to the actual value of g at the student’s location?

Greater than Vv Less than Equal to

Justify your answer.

Swee The sphoe i3 plowsed affo, the L ?«%9 Ve twe o 7Y}
count Lonpr Ty ;*f&o/z,fy/_ tbes o Sl /@}&aﬁ‘%%f&&m‘lﬁ-a/
(o wre, aﬂ/y& we hera 507

Unauthorized copying or reuse of

N PuSIie paee s e GO ON TO THE NEXT PAGE.
-6-

© 2018 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



M Q1 B p2

The electromagnet is replaced so that the timer begins when the sphere is released. The student varies the

1.00

0.451

0.80
0.401

0.60
0.342

0.20
0.213

0.10
0.105

h (m)
At (s)

At (s
Use the remaining rows in the table above, as needed, to record any quantities that you indicated that are not

given in the table. Label each row you use and include units.

axes, including units if appropriate. Draw a straight line that best represents the data.

calculate a numerical value for g.

Horizontal axis:

Vertical axis:
(c) Plot the data points for the quantities indicated in part (b) on the graph below. Ciearly scale and label all

distance /1. The student measures and records the time At of the fall for each particular height, resulting in the
(b) Indicate below which quantities should be graphed to yield a straight line whose slope could be used to

following data table.
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(d) Using the straight line, calculate an experimental value for g.

Question 1 continues on the next page.
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M Q1 B p3

Another student fits the data in the table to a quadratic equation. The student’s equation for the distance fallen y

as a function of time tis y = Af* + Bt + C, where A =5.75 m/s2 , B=-0.524 m/s,and C =+0.080 m.
Vertically down is the positive direction.

(e) Using the student’s equation above, do the following.

i. Derive an expression for the velocity of the sphere as a function of time.

49,2 U5t -05Y |
[%

—

d

ii. Calculate the new experimental value for g.

ﬁg: o = W5 it
1c

iii. Using 9.81 m/ s” as the accepted value for g at this location, calculate the percent error for the value
found in part (e)ii.

.5- 48] a l z
161 7

iv. Assuming the sphere is at a height of 1.40 m at r = 0, calculate the velocity of the sphere just before it

strikes the pad.
) - V. wv=56twmi
-;:qfiic =X Lf.‘{bz’”{ Voof v v
t=05% Ve 5.4
Unauthorized copying or reuse of
any pert of this page s Tege) GO ON TO THE NEXT PAGE.
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MQ1C p1

PHYSICS C: MECHANICS
SECTION II
Time—45 minutes
3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
booklet in the spaces provided after each part.

Electromagnet

[~ Sphere

Pad

Table

1. A student wants to determine the value of the acceleration due to gravity g for a specific location and sets up
the following experiment. A solid sphere is held vertically a distance / above a pad by an electromagnet, as
shown in the figure above. The experimental equipment is designed to release the sphere when the electromagnet
is turned off. A timer also starts when the electromagnet is turned off, and the timer stops when the sphere lands
on the pad.

(a) While taking the first data point, the student notices that the electromagnet actually releases the sphere after
the timer begins. Would the value of g calculated from this one measurement be greater than, less than, or
equal to the actual value of g at the student’s location?

Greater than Less than Equal to

Justify your answer. .

Nv . % less He womns
—— % o =
O\ h‘t O\&U\ \ c?—mévvf oN

_,,M———' % "C")\QU ) N\Uu\'\"
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M Q1 C p2

The electromagnet is replaced so that the timer begins when the sphere is released. The student varies the

1.00

0.451
A1)

0.80

0.401
31.00

[.754

0.60
0.342

ALY

0.20
0.213
439

0.10
0.105
' '15.3

Vv

Y fhs

h (m)
At (s)

It

Use the remaining rows in the table above, as needed, to record any quantities that you indicated that are not

given in the table. Label each row you use and include units.

E

axes, including units if appropriate. Draw a straight line that best represents the data.

calculate a numerical value for g.

distance h. The student measures and records the time Ar of the fall for each particular height, resulting in the
following data table.

Vertical axis:

Horizontal axis:
(c) Plot the data points for the quantities indicated in part (b) on the graph below. Clearly scale and label all

(b) Indicate below which quantities should be graphed to yield a straight line whose slope could be used to
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(d) Using the straight line, calculate an experimental value for g.

Question 1 continues on the next page.
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M Q1 C p3

Another student fits the data in the table to a quadratic equation. The student’s equation for the distance fallen y

as a function of time tis y = Ar*> + Bt + C, where A = 5.75 m/:?.2 , B=-0.524 m/s,and C =+0.080 m .
Vertically down is the positive direction.

(e) Using the student’s equation above, do the following.

i. Derive an expression for the velocity of the sphere as a function of time.
& . |
Yy=505€W - Gkt + .00

\

ii. Calculate the new experimental value for g.

oW <

iii. Using 9.81 m/ s> as the accepted value for g at this location, calculate the percent error for the value

[‘%f&\ -Is (

found in part (e)ii.

.5 100 =

iv. Assuming the sphere is at a height of 1.40 m at 7 = 0, calculate the velocity of the sphere just before it

T - i
V= Qf)l/x
= ()

V “"%gq] W <
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AP® PHYSICS C: MECHANICS
2018 SCORING COMMENTARY

Question 1
Overview
The responses to this question were expected to demonstrate the following:

e A basic understanding of kinematics and students’ ability to linearize experimental data using
kinematic relationships.
¢ Graphing skills and students’ ability to analyze both graphed and modeled data.

Sample: MQ1 A
Score: 15

All parts earned full credit. In part (a) “Less than” is selected, and the justification indicates that an increase in
time would decrease the value of acceleration due to gravity g, so 2 points were earned. In part (b) 1 point was
earned because the indicated variables will result in a straight line graph. In part (c) the graph has an
appropriate scale, the axes are properly labeled, the data points are plotted correctly, and an appropriate best-
fit line is drawn, so all 4 points were earned. In part (d) the slope is correctly calculated and related to the
acceleration due to gravity g, so 2 points were earned. In part (e)(i) 1 point was earned for correctly taking the
derivative. In part (e)(ii) an appropriate kinematics equation is used and correctly related to the acceleration
due to gravity, which earned 2 points. In part (e)(iii) the percent is calculated correctly, so 1 point was earned.
In part (e)(iv) a correct kinematics equation is used, and the equation from (e)(i) is used to calculate the
velocity, so 2 points were earned.

Sample: MQ1 B
Score: 9

Part (a) earned full credit, 2 points. Part (b) indicates variables that will not create a straight line, so no points
were earned. In part (c) the graph has an appropriate scale, the axes are properly labeled, the data points are
plotted correctly, but the best-fit line is not properly drawn, so 3 points were earned. In part (d) the slope is
calculated from data points and not the line drawn, and the slope is not related to g, so no points were earned.
In part (e)(i) 1 point was earned for correctly taking the derivative. In part (e)(ii) the derivative of velocity is
indicated and correctly related to the acceleration due to gravity, which earned 2 points. In part (e)(iii) the
percent is calculated correctly, so 1 point was earned. In part (e)(iv) a correct kinematics equation is used, but
9.8 is used for acceleration instead of the value from part (e)(ii), so no points were earned.

Sample: MQ1C
Score: 5

In part (a) an incorrect selection is made, and the justification is incorrect, so no points were earned. In part (b)
because there is not a valid way to calculate the speed, no points were earned. In part (c) the graph has an
appropriate scale, the axes are labeled consistent with (b), but the third data point is not correct, and the best-
fit line is not properly drawn, so 2 points were earned. In part (d) the slope is not calculated correctly, and the
relation to g is not correct, so no points were earned. In part (e)(i) there is no indication that the derivative was
taken (for “derive,” this must be explicitly shown), so no points were earned. Part (e)(ii) earned full credit,
totaling 2 points. In part (e)(iii) the correct equation is used, and the accepted value is used in the denominator,
so 1 point was earned. In part (e)(iv) the coefficients from the given quadratic fit are not correctly related to the
initial conditions, and 9.8 is used for acceleration due to gravity instead of the value from part (e)(ii), so no
points were earned.
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