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AP® Physics C: Mechanics 2022 Scoring Guidelines

Question 1: Free-Response Question 15 points
(a) For correctly drawing and labeling the force of gravity and the normal force on the block of 1 point
mass m
For correctly drawing and labeling the force of friction on the block of mass m 1 point
For correctly drawing and labeling the force of tension on the block of mass m 1 point
Example Response
i
|
FT w Alk FN
Fy
v
T
Scoring Notes:
» Examples of appropriate labels for the force due to gravity include: F, F,, Fypy,
W, mg, Mg, “grav force,” “F Earth on block,” “F on block by Earth” Fg, i on block »
Fg giock - The labels G and g are not appropriate labels for the force due to gravity.
F,, Fy, N, “normal force,” “ground force,” or similar labels may be used for the
normal force. Fy..0» Fys Frs Frengion» I » “string force,” “tension force,” or similar
labels may be used for the tension force exerted by the string.
e A response with extraneous forces or vectors can earn a maximum of two points.
Total for part (a) 3 points
(b) For a trigonometric expression relating the angle to the horizontal distance of the block from 1 point
the left corner of the table, x.
For any correct trigonometric expression for @ in terms of the given quantities 1 point
Example Responses
First Point Second Point
. H .1 H
sin = ————— @ =sin (—j
H? + X VH? + x*
X A X
cosd = ———=— 6 = cos (—)
VH? + x° VH? + x°
tand = 7 0 = tan”' (ﬂ)
X X
Total for part (b) 2 points
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(©)(@)

For using Newton’s second law to sum the forces in the vertical direction and write an
equation that is consistent with part (a)

EFy = ma

Fnet,y :FN +FT,y _Fg =0

Fy =F, - Fp,

1 point

For correctly substituting the vertical component of the tension in terms of the given variables
consistent with part (b)

H
Fy ng_FT(?j
H +x

1 point

(c)(ii)

For using Newton’s second law to sum the forces in the horizontal direction and write an
equation that is consistent with part (a)

F

net,x

=FT,x_Ff

1 point

For correctly substituting the horizontal component of the force of tension in terms of the
given variables consistent with part (b)

F

net,x

(x)
Foe = o )5

= Frcos0 — F,

1 point

For correctly substituting the expression for the normal force from part (c¢)(i) into the
expression for the force of friction

F

X
net,x — FT (%j - /ukFN
X

F

= s = )

1 point

Total for part (c)

5 points

(d)

For any indication that the work done on the block by the string is due only to the horizontal
component of the tension in the string

W= [ Frdx

1 point

For using the horizontal component of the force of tension consistent with part (c)

1 point

For indicating that work is the integral of the force with respect to x, including limits or a
constant of integration

x=0 X
"= X‘L_FT(\/HZ + x? jdx

1 point

Total for part (d) 3 points
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AP® Physics C: Mechanics 2022 Scoring Guidelines

(e) For selecting “More work ...” with an attempt at a relevant justification 1 point

For a correct justification relating the smaller angle to a larger component of the force of 1 point
tension, thus resulting in greater work.

Example Response

F stays the same for both halves, the displacement is the same in both halves, but from
x =1L to x = L/2 the angle is smaller, resulting in a larger component of the tension force

that aligns with the displacement.

Total for part (¢) 2 points

Total for question 1 15 points
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Mech Q1 Sample A 1 of 4

Question 1

Begin your response to QUESTION 1 on this page.

PHYSICS C: MECHANICS
SECTION 11
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.

+X

Motor

1. A block of mass m is pulled across a rough horizontal table by a string connected to a motor that is attached to the
floor. The string passes over a pulley with negligible friction that is vertically aligned with the left edge of the
table as shown. The string and pulley both have negligible mass. The pulley is at height H above the table. The
motor exerts a constant force of tension Fy on the string, and the block remains in contact with the table at all
times as the block slides across the table from x = L to x = 0. The coefficient of kinetic friction between the table
and the block is y2,. Express all algebraic answers in terms of m, H, Fr, x, y, L, and physical constants as
appropriate.

Unauthorized copying or reuse of this page is illegal. Page 2 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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L Question 1

E—— ——

Continue your response to QUESTION 1 on this page.

(a) On the dot below that represents the block, draw and label the forces (not components) that act on the block
when the block is at x = L. Each force must be represented by a distinct arrow starting on, and pointing away
from, the dot.

(b) Derive an expression for the angle @ that the string makes with the horizontal as a function of x.

tan(@\ = -:—l'-

Ummcqmermowhwi-m. Page 3 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Mech Q1 Sample A 3 of 4

Question 1

Continue your response to QUESTION 1 on this page.

(c)
i, Derive an expression for the normal force Fy exerted on the block by the table as a function of the
bloek's position x, ﬁ
T30 w P Ry =0

E.cme +F, = F;

Fo =mg- Fsin©
" =mg-Fsin (b ()

ii. Derive an expression for the magnitude of the net horizontal force F,., exerted on the block as a
function of the position x.

FNET(.‘\ = F:. ‘0‘»8 - F'F
Fue'r = l:-'l-‘ cos (bdﬂ-‘ (. %)3 - Mh‘ FN
Feer = F:'r Cos ( tan™ ( &f)) - M (’"3 - Frem (b““ﬁ( %)))

Unauthorized copying or reuse of this page is illegal. Page 4 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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o Question 1

Continue your response to QUESTION 1 on this page.

(d) Write, but do not solve, an integral expression that could be used to solve for the work W done by the string
on the block as the block moves from x = L to x = 0.

-
W= faﬁdx
Fa= R cosO = F,cos(bon“(i:-))

—

/ — L
v [
!_ B

rf°'=(l0h"(%)]éu

i

(e) Does the string do more, less, or the same amount of work on the block as the block moves from x = L to

x=%comparedtowhentheblockmvesfromx:%to'x.={]?

v/ More work when the block moves from x = L to x =

___ Less work when the block moves from x = L to x =

Dl LTI

The same amount of work when the block moves from x = L l.ox=%

Justify your answer.
The ¢tingw, more horizontal 5o O grewe— o2M)onent OR

[ SS9 doiny woik on 9 bleck.

Uwuwmumu_uwbimﬂ- Page & GO ON TO THE NEXT PAGE.

— . o i

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Question 1

Begin your response to QUESTION 1 on this page.

PHYSICS C: MECHANICS
SECTION 11
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.

Motor

1. A block of mass m is pulled across a rough horizontal table by a string connected to a motor that is attached to the
floor. The string passes over a pulley with negligible friction that is vertically aligned with the left edge of the
table as shown. The string and pulley both have negligible mass. The pulley is at height H above the table. The
motor exerts a constant force of tension Fr on the string, and the block remains in contact with the table at all
times as the block slides across the table from x = L to x = 0, The coefficient of kinetic friction between the table
and the block is x;. Express all algebraic answers in terms of m, H, Fr, x, u;, L, and physical constants as
appropriate.

Unauthorized copying or reuse of this page is illegal. Page 2 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.

000 O ® ® e o ® Q8142




Mech Q1 Sample BZ _c_>f 4
o

Question 1

Continue your response to QUESTION 1 on this page.

(a) On the dot below that represents the block, draw and label the forces (not components) that act on the block
when the block is at x = L. Each force must be represented by a distinct arrow starting on, and pointing away
from, the dot.

fensne | '
Corce |
&

e ———————— -

3 ric TAnel Forc(

Fs 5!&! rifel%l fare ¢

(b) Derive an expression for the angle 8 that the string makes with the horizontal as a function of x.

H = fang - x
L
X - Ten 6

Unauthorized copying or reuse of this page is illegal. Page 3 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.

0020361 - = ENEEE m
st o0 o o o @& o 000 J




Mech Q1 Sample B 3 of 4

Question 1

Continue your response to QUESTION 1 on this page.

(c)

i. Derive an expression for the normal force Fy exerted on the block by the table as a function of the
block’s position x.

foth T Fyy Fv=m39-F Sing

Fij FT fih@
Rimg

2 -Fo$ng

ii. Derive an expression for the magnitude of the net horizontal force K, exerted on the block as a
function of the position x.

+
F”-f:k,: F. F”:’”"‘ﬂfme

Fu: F, (_ogg

5\{1:@&(

B(T = He(my= R $me)  Fy cosp
N

Frnet 2 Fe foco =
he 7 (056 #K{Mj-ﬁff”ﬂ

Unauthorized copying or reuse of this page is illegal. Page 4 GO ON TO THE NEXT PAGE.

!

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Question 1

Continue your response to QUESTION 1 on this page.

(d) Write, but do not solve, an integral expression that could be used to solve for the work W done by the string
on the block as the block moves from x = L to x = 0.

5: Fret

L
50 F (oS0~ My (ms - £y mg)

(e) Does the string do more, less, or the same amount of work on the block as the block moves from x = L to

x=%comparedlowhentheblockmovesfromx=-‘;:-lox=0?
@_Mm‘e work when the block moves from x = L to x = %

Less work when the block moves fromx=Ltox = — ¢

W=

Z The same amount of work when the block moves from x = L to x = g— .

Justify your answer.

! bo ACeoprms

ﬁ'{ Sthine it 4o hing TR Sehe nith T OF Nqri foe wholp
fuwj howoves ~hot ©iir Cherge 17 Yo warr Wil 4€mobpmy  ffom Bl

oty A~abpper . T bewms  wosTrY Y ~lompr ent

 ERR RO R R R R R R R R R R AR R R RRRRERRRRRRERE I‘I.I'-I-"l"l ( BEEREEERE]

Unauthorized copying or reuse of this page is illegal. Page 5 GO ON TO THE NEXT PAGE.
Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NL;)'I‘ write outside the box. \{
0020361 CI. WEEL
as143 o o L & L4 o 000

:



‘Mech Q1 Sample C 1 of 4

.

Question 1 .

Begin your response to QUESTION 1 on this page.

PHYSICS C: MECHANICS
SECTION 11
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.

Motor

1. A block of mass m is pulled across a rough horizontal table by a string connected to a motor that is attached to the
floor. The string passes over a pulley with negligible friction that is vertically aligned with the left edge of the
table as shown. The string and pulley both have negligible mass. The pulley is at height H above the table. The
motor exerts a constant force of tension Fr on the string, and the block remains in contact with the table at all
times as the block slides across the table from x = L to x = 0, The coefficient of kinetic friction between the table
and the block is ;. Express all algebraic answers in terms of m, H, Fr, x, u;, L, and physical constants as
appropriate.

Unauthorized copying or reuse of this page is illegal. Page 2 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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® Question 1

Continue your response to QUESTION 1 on this page.

(a) On the dot below that represents the block, draw and label the forces (not components) that act on the block
when the block is at x = L. Each force must be represented by a distinct arrow starting on, and pointing away
from, the dot.

(b) Derive an expression for the angle 6 that the string makes with the horizontal as a function of x.
= N * * 'L‘
E{, _F'ng-fz ne J}* U W o« Leax £
V. C ¥ 16(‘(.)
E'-, F{S;noruﬂhj‘}o

U-n.
- - : = &
N+ mg- Fin8 -

“F 9" plns- Fom @) ne

38 “pung g FrmOEme

o ( DTART sy 5ia6)
F

Unauthorized copying or reuse of this page is illegal. Page 3 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Question 1

Continue your response to QUESTION 1 on this page.

(©)

i, Derive an expression for the normal force Fy exerted on the block by the table as a function of the
block’s position x.

B
i o P

, _Fm.ﬁﬂ A - U
,Y,)a(.hj U"F‘ﬁ'&'& £z s
[ j \‘Hhr"

it

ii. Derive an expression for the magnitude of the net horizontal force F,., exerted on the block as a
function of the position x.

F'r" -—F; (,IO'?t:h“
':-?" 'Cf)-‘hd' +N'Hj

Unauthorized copying or reuse of this page is illegal. Page 4 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box,
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L Question 1

-

Continue your response to QUESTION 1 on this page.

(d) Write, but do not solve, an integral expression that could be used to solve for the work W done by the string
on the block as the block moves from x = L to x = 0.

W&m&?
N’“:'Ff"“e

(e) Does the string do more, less, or the same amount of work on the block as the block moves from x = L to

x=%compuudtowhenmeblockmvesfmmx=-;-tox-O?

More work when the block moves from x =L to x =

J

Less work when the block moves fromx =L to x =

0|~ 2|~

—___'The same amount of work when the block moves from x = L to x =

0~

Justify your answer.
{% TLg ﬁu\JI(_ g ﬁv‘h e Il'udc/.:ﬁ!'u‘o Se fl' S here J}'fl“‘”’

’Q’f Lef“'lu\#‘\ h-”*ﬂcr-* «s 9 \hcn‘“,

Unauthorized copying or reuse of this page is illegal. Page 6 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Question 1
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

The responses were expected to demonstrate the ability to:

e Draw free body diagrams indicating forces exerted on a system and the direction with appropriate labels.

e Determine an expression for an angle in terms of position. This requires the application of the geometric
definitions of trigonometric functions and representing the angle in terms of the position for a moving
object.

e Apply Newton’s second law.

e Identify different types of forces, such as normal force, tension, gravitational force, and friction. Derive
expressions for normal force and net horizontal force. This requires correct identification of the vector force
components and representing those components in terms of the position of the object rather than the angle.

e Derive an expression for the work done by a varying force. This requires application of the integral
definition of work and substituting/using the correct vector component.

e Correctly apply the dot product in a given scenario.

Sample: 1A
Score: 15

Part (a) earned 3 points. The first point was earned because normal force and gravitational force are drawn and
labeled correctly. The second point was earned because tension force is drawn and labeled correctly. The third
point was earned because the friction force is drawn and labeled correctly. Part (b) earned 2 points. The first point
was earned because the derivation includes the distance x. The second point was earned because the angle is
described correctly by a trigonometric expression in terms of x. Part (c)(i) earned 2 points. The first point was
earned because Newton’s second law is used correctly to derive the normal force by stating that the sum of the
forces, consistent with part (a), is equal to zero. The second point was earned because the expression for the angle
in part (b) is correctly substituted into the equation. Part (c)(ii) earned 3 points. The first point was earned because
the sum of the forces is correctly written consistent with part (a). The second point was earned because the
expression for the angle from part (b) is substituted correctly into the horizontal component of tension. The third
point was earned because the normal force from part (c)(i) is substituted correctly into the friction force. Part (d)
earned 3 points. The first point was earned because the answer correctly indicates that only the horizontal
component of tension is responsible for the work done by the spring. The second point was earned because the
expression for the horizontal component of tension consistent with part (c) is substituted correctly into the
equation. The third point was earned because the integral has the correct limits and differential. Part (e) earned

2 points. The first point was earned because the correct choice is indicated and there is a relevant justification.
The second point was earned because the justification is sufficient.

© 2022 College Board.
Visit College Board on the web: collegeboard.org.
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Question 1 (continued)

Sample: 1B
Score: 8

Part (a) earned 3 points. The first point was earned because normal force and gravitational force are drawn and
labeled correctly. The second point was earned because tension force is drawn and labeled correctly. The third
point was earned because the friction force is drawn and labeled correctly. Part (b) earned 2 points. The first point
was earned because the derivation includes the distance x. The second point was earned because the angle is
described correctly by a trigonometric expression in terms of x. Part (c)(i) earned 0 points. The first point was not
earned because Newton’s second law is not used to derive the normal force. The response does not start with a
statement that the sum of the forces, consistent with part (a), is equal to zero. The second point was not earned
because the expression for the angle in part (b) is not substituted into the vertical component of tension.

Part (c)(ii) earned 2 points. The first point was earned because the sum of the forces is correctly written consistent
with part (a). The second point was not earned because the expression for the angle from part (b) is not substituted
correctly into the horizontal component of tension. The third point was earned because the normal force from

part (c)(i) is substituted correctly into the friction force. Part (d) earned 1 point. The first point was not earned
because the response does not indicate that only the horizontal component of tension is responsible for the work
done by the spring. The second point was earned because the expression for the horizontal component of tension
consistent with part (c) is substituted correctly into the equation. The third point was not earned because the
integral is missing the differential. Part (e) earned 0 points. The first point was not earned because an incorrect
choice is indicated. The second point was not earned because the justification is insufficient.

Sample: 1C
Score: 3

Part (a) earned 2 points. The first point was earned because normal force and gravitational force are drawn and
labeled correctly. The second point was earned because tension force is drawn and labeled correctly. The third
point was not earned because the friction force is drawn but is not labeled correctly. Part (b) earned 0 points. The
first point was not earned because the derivation does not include the distance x. The second point was not earned
because the angle is not described correctly by a trigonometric expression in terms of x. Part (c)(i) earned 1 point.
The first point was not earned because Newton’s second law is not used to derive the normal force. The response
does not start with a statement that the sum of the forces, consistent with part (a), is equal to zero. The second
point was earned because the correct expression for the angle in part (b) is substituted into the vertical component
of tension. Part (c)(ii) earned 0 points. The first point was not earned because the sum of the forces is not correctly
written consistent with part (a). The horizontal component of tension should be positive. The second point was not
earned because the expression for the angle from part (b) is not substituted correctly into the horizontal
component of tension. The third point was not earned because the normal force from part (c)(i) is not substituted
into the friction force. Part (d) earned 0 points. The first point was not earned because the response does not
indicate that only the horizontal component of tension is responsible for the work done by the spring. The second
point was not earned because the expression for the horizontal component of tension consistent with part (c) is not
substituted into the equation. The third point was not earned because there is no integral. Part () earned 0 points.
The first point was not earned because an incorrect choice is indicated. The second point was not earned because
the justification is insufficient.

© 2022 College Board.
Visit College Board on the web: collegeboard.org.
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