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AP® PHYSICS
2019 SCORING GUIDELINES

General Notes About 2019 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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Question 1

15 points
Object Cylinder
Mass=12¢g
Fluid
Table

In an experiment, students used video analysis to track the motion of an object falling vertically through a
fluid in a glass cylinder. The object of m = 12 g is released from rest at the top of the column of fluid, as
shown above. The data for the speed v of the falling object as a function of time 7 are graphed on the grid
below. The dashed curve represents the best fit chosen by the students for these data.
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(a)
1. LO CHA-1.C,SP7.A
1 point
Does the speed of the object increase, decrease, or remain the same?
Increase Decrease Remain the same
| For selecting “Increase” | [ 1 point

ii. LO CHA-1.C,SP4.D
2 points

In a brief statement, describe the direction of the object’s acceleration and how the magnitude of this
acceleration changed as the object fell.

For a description that includes the direction of the acceleration as being “downwards” 1 point

For a description that includes the decrease in the magnitude of the acceleration 1 point

Example: Because the object is moving downwards and speeding up, the acceleration
must be downwards. Because the slope of the graph of speed as a function of time is
decreasing, the magnitude of the acceleration must be decreasing.
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Question 1 (continued)

(a) continued
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t(s)

LO CHA-1.C,SP4.D, 6.C
2 points

iii.

Using the graph, calculate an approximate value for the magnitude of the acceleration of the object at

t=0.20s.

1 point

1 point

For calculating the slope of a trend line at = 0.20 s

(0.8 -0.6) m/s

(0.226 - 0.136) s
For a correct answer using points from a tangent line

a =222 m/s’

v
At

slope = a

A(l —e B t) to model the speed of the falling object and find the best-fit

The students use the equation v

coefficients tobe 4 =1.18 m/s and B =5s7".
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Question 1 (continued)

(b)  Use the above equation to:

1. LO CHA-1.B, SP 6.B, 6.C
3 points

Derive an expression for the magnitude of the vertical displacement y(¢) of the falling object as a
function of time ¢.

For indicating that the vertical displacement is the integration of the velocity 1 point

Ay = jvdz = jA(l — e Pt

For the equation for speed using appropriate limits or constant of integration 1 point

! | p=t | |

_ _ —Bt' " L —Bt' 1 —Bt _ 1 0

Ay = t'_[oA(l e )dt A[t 3¢ l'_OA[(t+ 3¢ ) (0+ 3¢ )}

For a correct answer 1 point
B 1 B _ 1 s

Ay = A(t+§(e —1))—(1.18)(t+§(e —1))

Note: Credit given for using 4 and B or plugging in the given values

ii. LOINT-1.C.d,SP6.B, 6.C
3 points

Derive an expression for the magnitude of the net force F (¢) exerted on the object as it falls through the
fluid as a function of time z.

For attempting the derivative of the equation for speed 1 point
_ dv _ d - Bt

a = E = Z[A(l e )]

For a correct equation for the acceleration 1 point

a = ABe™®

For multiplying the equation above by the mass of the object 1 point

F =ma = m(ABe_Bt) = mABe %!

F =(.012)(1.18)(5)e™ = 0.071e™"

Note: Credit given for using 4, B, and m or plugging in the given values

© 2019 The College Board.
Visit the College Board on the web: collegeboard.org.



(©)

ii.

AP® PHYSICS C: MECHANICS
2019 SCORING GUIDELINES

Question 1 (continued)

The students repeat the experiment with a taller glass cylinder that is filled with the same fluid. The

cylinder is tall enough so that the object reaches a constant speed.

LOINT-1.I, SP 7.A,7.C
2 points

Determine the constant speed of the object.
Justify your answer.

For stating the constant speed is v = 4

1 point

For indicating that the constant speed can be determined by setting the time equal to
infinity

1 point

Example: After a long time, the falling object will reach a terminal constant speed in the
fluid. This can be determined by setting the time # in the equation for speed equal to
infinity. By doing this, the constant speed is determined to be v= 4.

Note: Credit given for solving mathematically

LO INT-1.H.b,SP 7.A,7.C
2 points

Determine the force exerted by the fluid on the object at this time. Justify your answer.

For indicating that the net force is equal to zero when the object moves with constant
speed

1 point

For indicating the resistive force is equal to the weight of the object at this time

1 point

Example: When the falling object reaches a constant speed in the fluid, the net force
must be zero. Because the only vertical forces acting on the object are Earth’s

gravitational pull and the resistive force of the fluid, these two forces must be equal.

So, the resistive force must be equal to the weight of the object or 0.12 N.

Note: Credit given for solving mathematically

© 2019 The College Board.
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Question 1 (continued)

Learning Objectives

CHA-1.B: Determine functions of position, velocity, and acceleration that are consistent with each other, for the
motion of an object with a nonuniform acceleration.

CHA-1.C: Describe the motion of an object in terms of the consistency that exists between position and time,
velocity and time, and acceleration and time.

INT-1.C.d: Derive an expression for the net force on an object in translational motion.

INT-1.H.b: Describe the acceleration, velocity, or position in relation to time for an object subject to a resistive
force (with different initial conditions, i.e., falling from rest or projected vertically).

INT-1.I: Calculate the terminal velocity of an object moving vertically under the influence of a resistive force of
a given relationship.

Science Practices

4.D: Select relevant features of a graph to describe a physical situation or solve problems.

6.B: Apply an appropriate law, definition, or mathematical relationship to solve a problem.

6.C: Calculate an unknown quantity with units from known quantities, by selecting and following a logical
computational pathway.

7.A: Make a scientific claim.

7.C: Support a claim with evidence from physical representations.

© 2019 The College Board.
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M Q1 A p1

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

which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
rooklet in the spaces provided after each part.
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GO ON TO THE NEXT PAGE.
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M Q1 A p2

(@
i. Does the speed of the object increase, decrease, or remain the same?

X Increase Decrease Remain the same

ii. In a brief statement, describe the direction of the object’s accelerauon and how the magnitude of this

angd as the object fell.
The  aclevoon 1S Ao The Buce ol &(c\\ﬁw

T oehny vpon e obojett T, mmsv\'\‘f’u&& ol

He ocdeedleon decrettes ok the dley Acce

Lo e @bu‘“& conrtXecks g foCe of a{q\ll“tj,

iii. Using the graph, calculate an approximate value for the magnitude of the acceleration of the object at
t=020s.

3\6?0 sk J(C‘VL%Y\)(' ‘\(\Mb @ t=0.20 ¢ tre mo\gn”@&{,

ol Quelec¥tn @ 20,7 .

6.95 — 0.8 ° 2

S\D-Q.Q, = — —
} D.ZS’*G,N 0‘00( - Z\llz—

@\Q\?(oﬁ o=l Ton @ t: 0,70 s % 2,22 V"Z/SZ

Question 1 continues on the next page.

Unauthorized copying or reuse of

any part of this page Is illegal. GO ON To THE NEXT PAGE.
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M Q1 A p3

The students use the equation v = A(1 - e‘B‘) to model the speed of the falling object and find the best fit

coefficients to be A =1.18 m/s and B = 557",
(b) Use the above equation to:

i. Derive an expression for the magnitude of the vertical displacement y(¢) of the falling object as a
function of time ¢ .

v:fq(§fe:g£> TP:L‘%S - ak

N\

L1g (4 — L) + C

-5&

Nvn=o 5(9-‘— |1 g+ 'i—gejyﬁ

ii. Derive an expression for the magnitude of the net force F(t) exerted on the object as it falls through
the fluid as a function of time ¢ .

- _;-\-/mab . yn= \Z- % : F(f‘) - 70‘% e—S"b
0= T =ABe

Fe) = (D e T

The students repeat the experiment with a taller glass cylinder that is filled with the same fluid. The cylinder is
tall enough so that the object reaches a constant speed.

(©

36 = | A(- ) aJ)

|

o

i. Determine the constant speed of the object.

(o NSanY S‘?-NL:L - I.\% M/S

Justify your answer.

iy I.\%(\—e_s’t) = 1.1%

> oo

ii. Determine the force exerted by the fluid on the object at this time.
- (.
%)- (Omfs Facce ®y Lloid = 121y = \20 f\\

Justify your answer.

GCiace W 1S tw -e7u{\;\)(‘\\,.ry\,)+ll\t jﬂﬂ“:'('“’\‘bh“‘ {4((;6_

Unauthorized copyling or reuse of ‘eﬁUQ\S -HNL dcka FD(C-Q Lkp M 'C’\U\\Aao

oy i g e | GO ON TO THE NEXT PAGE.
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M Q1 B p1

MECHANICS

SECTION II
Time—45 minutes
3 Questions

PHYSICS C
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions
booklet in the spaces provided after each part.
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GO ON TO THE NEXT PAGE.
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M Q1 B p2

(a)
i. Does the speed of the object increase, decrease, or remain the same?

\/ Increase Decrease Remain the same

ii. In a brief statement, describe the direction of the object’s acceleration and how the magnitude of this
acceleration changed as the object fell.

The objeo+’5 accelerapon 2 ’
(S oneq—e,A Rown And +he

Mo-qaityde ot +he acelerahon
decreaged ag +ie Ibjectell.

iii. Using the graph, calculate an approximate value for the magnitude of the acceleration of the object at

t=0.20s.
€ g " .o S ol 5
AR s z =T = — = . 2
SDP‘Q/ .25__.'5 ‘,l ' SM/S
Question 1 continues on the next page.
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M Q1 B p3

The students use the equation v = A (1 —e B ) to model the speed of the falling object and find the best fit
coefficients tobe A =1.18 m/s and B=5s""

(b) Use the above equation to:

i. Derive an ex'pression for the magnitude of the vertical displacement y(z) of the falling object as a
function of time ¢ .

v(r) = Jv(@dg: Trasfi-e%) ae - \.\85 - € 4k

=g (4 g7

Y= 18t « 1%6e

ii. Derive an expression for the magnitude of the net force F(f) exerted on the object as it falls through
the fluid as a function of time ¢.

F=ma
a(R~ %—\‘i p %[MS(}-Q'SJ')) = %[,.,3_ ng—s’j: cas
Y= ma) = 05967t = 0708 ¢~5*

The students repeat the experiment with a taller glass cylinder that is filled with the same fluid. The cylinder is
tall enough so that the object reaches a constant speed.

(©)

i. Determine the constant speed of the object.

(onStony Speed —¥ F:zp

Justify your answer.

ii. Determine the force exerted by the fluid on the object at this time.

2.ero

Justify your answer.
=0 btlavse a constant Speed MmeanS no
Alceferahon, ond since F=ma, F=0 when a =D

Unauthorized copying or reuse of
any part of this page is illegal.
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M Q1 C p1

MECHANICS

SECTION IT
Time—45 minutes
- 3 Questions

PHYSICS C
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M Q1 C p2

(@)
i ]\)?s the speed of the object increase, decrease, or remain the same?

Increase Decrease Remain the same

ii. In a brief statement, describe the direction of the object’s acceleration and how the magnitude of this
acceleration changed as the object fell.

The  Aiechon o W @\)'Jed"J oaccelevidion 15 Qown, T
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o bh&c‘\' 9\\\3.

iii. Using the graph, calculate an approximate value for the magnitude of the acceleration of the object at

t=0.20s.
U
v T
Question 1 continues on the next page.
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M Q1 C p3

The students use the equation v = A(1 - ¢~ ) to model the speed of the falling object and find the best fit
coefficients tobe A =1.18 m/s and B=5s"".

(b) Use the above equation to:

i. Derive an expression for the magnitude of the vertical displacement y(¢) of the falling object as a

function of time ¢ . q - A ’(Ae’,(’a*\j

ii. Derive an expression for the magnitude of the net force F(#) exerted on the object as it falls through
the fluid as a function of time . O\ .\'5‘\'5
Nz A-RAe

&= - (-%*)CA‘&‘N -\)
&= | ox Brae !

The students repeat the experiment with a taller glass cylimn i i id—The cylinder is
tall enough so that the object reaches a constant speed.
(©

i. Determine the constant speed of the object.

ii. Determine the force exerted by uid on the object at this time.

O W

Justify your answer.
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AP® PHYSICS C: MECHANICS
2019 SCORING COMMENTARY

Question 1
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.

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

¢ An understanding and interpretation of a nonlinear velocity vs. time graph, determining features that
demonstrate the speed and acceleration at various times for an object subject to a resistive force

e Determination of displacement and acceleration functions from a given velocity function for an object
subject to a resistive force

e Description of the net force on an object subject to a resistive force

e Determination of terminal velocity from a given velocity function for an object subject to a resistive force

Sample: MQ1 A
Score: 14

In part (a)(i) 1 point was earned for selecting “Increase.” In part (a)(ii) 2 points were earned for a description that
includes that the direction of the acceleration is “Down” and that there is a decrease in the magnitude of the
acceleration. In part (a)(iii) 2 points were earned for calculating the slope of a trend line at t= 2.0 s with a correct
answer using points from a tangent line. In part (b)(i) the vertical displacement is indicated to be equal to the
integration of the velocity equation, and a constant of integration in the integration is used, but a correct final
answer is not derived, so 2 points were earned. In part (b)(ii) 3 points were earned for attempting to find
acceleration by taking the derivative of the velocity equation provided, a correctly derived equation for the
acceleration, and for multiplying the acceleration equation found by the mass of the object to obtain the force. In
part (c)(i) 2 points were earned for stating the constant speed is “A” (1.18 m/s) from the velocity equation
provided and indicating that the constant speed can be determined by setting the time equal to infinity. In part
(c)(ii) 2 points were earned for indicating that the net force is equal to zero when the object moves with constant
speed and that the resistive force is equal to the weight of the object at this time.

Sample: MQ1 B
Score: 9

Parts (a)(i), (a)(ii), and (b)(ii) received full credit, 1, 2, and 3 points, respectively. In part (a)(iii) the slope of a trend
line at t= 2.0 s is calculated, but points from a tangent line are not used to calculate the slope, so 1 point was
earned. In part (b)(i) the vertical displacement is indicated to be equal to the integration of the velocity equation,
but the limits of integration are not correct, and a correct constant of integration is not indicated, so 1 point was
earned. In part (c)(i) no points were earned because speed for the object is not included, and an incorrect
justification is given. In part (c)(ii) it is indicated that the net force is equal to zero when the object moves with
constant speed, but it is also stated that the resistive force is equal to 0 N, so 1 point was earned.

Sample: M Q1 C
Score: 4

Parts (a)(i) and (a)(ii) earned full credit, 1 and 2 points, respectively. In part (a)(iii) no points were earned because
the slope of a trend line at t = 2.0 s is not calculated. In part (b)(i) the integral of the velocity equation provided is
not taken, so no points were earned. In part (b)(ii) the indicated equation for acceleration is multiplied by the
mass of the object to obtain the force, but there is no indication that the acceleration could be found by taking the
derivative of the velocity equation provided, and the equation for the acceleration shown is not derived, so 1 point
was earned. In (c)(i) a speed for the object is not included, and the justification used is incorrect, so no points
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AP® PHYSICS C: MECHANICS
2019 SCORING COMMENTARY

Question 1 (continued)

were earned. In (c)(ii) an incorrect statement is given such that the resistive force is equal to 10 N with no
justification, so no points were earned.
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