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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 2
12 points

Block A Pulley

Tabletop —»p [ 5

Block B

This problem explores how the relative masses of two blocks affect the acceleration of the blocks. Block A, of
mass m 4, rests on a horizontal tabletop. There is negligible friction between block A and the tabletop. Block

B, of mass mp , hangs from a light string that runs over a pulley and attaches to block A, as shown above. The
pulley has negligible mass and spins with negligible friction about its axle. The blocks are released from rest.

(@) LO3.A1.1,SP15;LO3B.1.1,SP64,7.2

2 points

Suppose the mass of block A is much greater than the mass of block B. Estimate the magnitude of the
acceleration of the blocks after release.

Briefly explain your reasoning without deriving or using equations.

9 ¢ EEANTY

Examples of correct answers: “Zero”, “small”, “negligible”, “much less than g”, or

‘6<<g”
For a correct answer and attempt at a consistent justification 1 point
For correct reasoning 1 point

Example earning 1 point:
Nearly zero. Because block A is much heavier than block B.
Examples earning 2 points:

“Very small. Because block A has a large inertia, it won’t speed up much.”
“Close to zero because block B is so light that it can hardly budge block A.”
Claim: The acceleration of the blocks is zero/small/negligible/ “<<g”.
Evidence: The mass of block A is much greater than the mass of block B.
Reasoning: See two-point examples above.

ii.
1 point
Now suppose the mass of block A is much less than the mass of block B. Estimate the magnitude of the

acceleration of the blocks after release.

Briefly explain your reasoning without deriving or using equations.
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Question 2 (continued)

(a) (continued)
ii. (continued)

Examples of correct answers: g or 9.8 m/s” or 10 m/s* (or just 9.8 or 10)

For a correct answer and correct justification

1 point

Examples:
Nearly equal to g. Because block B is almost in free fall.
10 m/s?, because block A has negligible mass and the tension in the string is nearly zero.

Claim: The acceleration of the blocks is close to g.
Evidence:

The mass of block A is much less than the mass of block B.

There is negligible friction between block A and the tabletop.

The pulley has negligible mass and spins with negligible friction about its axle.
Reasoning: See examples above.

(b) LO3.A.2.1,SP1.1;LO3.A3.1,SP 6.4
3 points

Now suppose neither block’s mass is much greater than the other, but that they are not necessarily equal.
The dots below represent block A and block B, as indicated by the labels. On each dot, draw and label the
forces (not components) exerted on that block after release. Represent each force by a distinct arrow

starting on, and pointing away from, the dot.

AI" ]: A

o— o

vi 4‘, ", .L‘
Block A Block B
For a correct normal force on block A with acceptable label: N, Fy, “normal force,” 1 point
Fiple » “table force,” or any other label indicating the force is “normal” or comes
from the table
For correct gravitational forces with acceptable label on both diagrams: F,, Fypy, W, 1 point
mg, my g, “gravity,” “grav force,” but NOT G or g, and no extraneous forces on
either diagram
For correct tension forces with acceptable label on both diagrams: “tension,” “string 1 point

F

force,” Iy, F; string » Fs, T, or some other label indicating that the force

ension

comes from the string or from tension. NOT acceptable: mgg, F;,,, “force from

mB b
block B” or other indications that the force is “created” by block B
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Question 2 (continued)

() LO2.B.1.1,SP2.2; LO3.A.1.1,SP 1.5,2.2; LO3.B.1.3,SP 1.5,2.2; LO3.B.2.1, SP 1.4, 2.2;
LO4.A2.1,SP6.4
3 points

Derive an equation for the acceleration of the blocks after release in terms of m,, mp, and physical

constants, as appropriate. If you need to draw anything other than what you have shown in part (b) to assist
in your solution, use the space below. Do NOT add anything to the figure in part (b).

For using separate Newton’s second law equations for each block 1 point

For combining the equations with correct notation, including correctly using m, and 1 point
my , indicating that the same tension force acts on both blocks, and that they share
the same acceleration

. . . m 1 point
For a correct equation for a with supporting work: ¢ = —2—¢g P
Alternate Solution:
For writing a “whole-system” equation for the total mass that does not contain internal 1 point
forces.
F, net — Miotal?
For substituting the net force and system mass with correct quantities 1 point

mpg = (my +my)a

Note: Writing the correct whole-system equation is sufficient to earn the first two points.

. . . m 1 point
For a correct equation for a with supporting work: a = B P

my +mBg

(d) LO3.A.1.1,SP22;LO3.A3.1,SP6.4;,LO3.B.1.3,SP2.2
1 point

Consider the scenario from part (a)(ii), where the mass of block A is much less than the mass of block B.
Does your equation for the acceleration of the blocks from part (c) agree with your reasoning in part

(a)(i1)?
Yes No

Briefly explain your reasoning by addressing why, according to your equation, the acceleration becomes
(or approaches) a certain value when m , is much less than mj .

Correct answer: “Yes”

Note: “No” is acceptable if the equation is inconsistent with the answer in (a)(ii).

For valid reasoning that addresses the result in part (c) and the reasoning in part (a)(ii) 1 point

© 2019 The College Board.
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Question 2 (continued)

(d) (continued)

(e)

Claims:
Yes, the equation for the acceleration of the blocks from part (c) agrees with the
reasoning in part (a)(ii).

or
No, the equation for the acceleration of the blocks from part (c) does not agree with
the reasoning in part (a)(ii).

Evidence:

The mass of block A is much less than the mass of block B.
a=—"18 _ g (derived as part (c) answer)
I’I’lA + mB

Reasoning for “Yes” claim:
When m  is much less than myp, it can be neglected in the equation derived in
part (c), giving an acceleration close to g as stated in (a)(ii).
Reasoning for “No” claim, if the answer in part (a)(ii) is wrong:
When m  is much less than mj, it can be neglected in the equation derived in
part (c), giving an acceleration close to g. This disagrees with the value of __ stated
in (a)(ii).
Reasoning for “No” claim, if the answer in part (¢) is wrong:
When m , is much less than myp, it can be neglected in the equation derived in

part (c), giving an acceleration of . This disagrees with the value of g stated
in (a)(ii).

LO3.A.1.1,SP22;LO3.B.1.1,SP 6.4,7.2; LO3.B.1.3, SP 2.2

2 points

While the blocks are accelerating, the tension in the vertical portion of the string is 7;. Next, the pulley of

negligible mass is replaced with a second pulley whose mass is not negligible. When the blocks are
accelerating in this scenario, the tension in the vertical portion of the string is 75, . How do the two

tensions compare to each other?
___nL>f ___©L=h _hL<f

Briefly explain your reasoning.

Correct answer: 1, > 1.
Note: A maximum of 1 point can be earned if an incorrect selection is made.

For reasoning that the acceleration of both blocks is smaller

1 point

For doing any one of the following, consistent with the answer selection and Newton’s
second law for block B

e Concluding that a smaller acceleration implies that 7, is greater than 7}
e Concluding that an unchanged acceleration implies that 7, is the same as 7}

e Concluding that a larger acceleration implies that 7, is less than 7]

1 point

© 2019 The College Board.
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Question 2 (continued)
(e) (continued)

Claim: 75, > T,

Evidence:
The pulleys spin with negligible friction about the axle.
The original pulley has negligible mass.
The second pulley’s mass is not negligible.

i-xt
m

1rf—

&

Block B

Reasoning:
The rotational inertia of the second pulley results in a smaller acceleration for the
blocks. Block B must have a smaller net force to have a smaller acceleration, so the
rope tension must be larger than before (closer in magnitude to the gravitational
force on block B).

Learning Objectives

LO 2.B.1.1: The student is able to apply F = mg to calculate the gravitational force on an object with mass m in a
gravitational field of strength g in the context of the effects of a net force on objects and systems. [See
Science Practices 2.2, 7.2]

LO 3.A.1.1: The student is able to express the motion of an object using narrative, mathematical, and graphical
representations. [See Science Practices 1.5, 2.1, 2.2]

LO 3.A.2.1: The student is able to represent forces in diagrams or mathematically using appropriately labeled
vectors with magnitude, direction, and units during the analysis of a situation. [See Science Practice 1.1]

LO 3.A.3.1: The student is able to analyze a scenario and make claims (develop arguments, justify assertions)
about the forces exerted on an object by other objects for different types of forces or components of forces.
[See Science Practices 6.4, 7.2]

LO 3.B.1.1: The student is able to predict the motion of an object subject to forces exerted by several objects
using an application of Newton's second law in a variety of physical situations with acceleration in one
dimension. [See Science Practices 6.4, 7.2]

LO 3.B.1.3: The student is able to reexpress a free-body diagram representation into a mathematical
representation and solve the mathematical representation for the acceleration of the object. [See Science
Practices 1.5, 2.2]

LO 3.B.2.1: The student is able to create and use free-body diagrams to analyze physical situations to solve
problems with motion qualitatively and quantitatively. [See Science Practices 1.1, 1.4, 2.2]

LO 4.A.2.1: The student is able to make predictions about the motion of a system based on the fact that
acceleration is equal to the change in velocity per unit time, and velocity is equal to the change in position per
unit time. [See Science Practice 6.4]

© 2019 The College Board.
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2. (12 points, suggested time 25 minutes) ’

This problem explores how the relative masses of two blocks affect the acceleration of the blocks. Block A, of
mass m,, rests on a horizontal tabletop. There is negligible friction between block A and the tabletop. Block B,

of mass my, hangs from a light string that runs over a pulley and attaches to block A, ‘as shown above. The
pulley has negligible mass and spins with negligible friction about its axle. The blocks are released from rest.

@ : -
i. Suppose the mass of block A is much greater than the mass of block B. Estimate the magnitude of the
- acceleration of the blocks after release.

The rnﬁ.br\'--lvv'a of acctlemtvn world be pear DM))-»

Briefly explain your reasoning without deriving or using equations.

Ir'»-:,;'\z P \'vmu P\,\\ib  rovatin W/ w ropt. T)'C«M*“ of Diecie o
)) so hwh Q-be’"frf;. '“\-l-”'l ‘"-(,’ ‘;w p Bh"“' D ) M"- Sv%‘qc‘ mek

4o melee o metmtmb . Ne rnevtment—= Nv Chenae in "‘""’"3 = Np méatmh‘m_

ii. Now suppose the mass of block A is much less than the mass of block B. Estimate the magnitude of
the acceleration of the blocks after release.

9.8mpb-

Briefly explain your reasoning without deriving or using equations.

Block B \aptd )af&“;m—‘*‘ be era‘n) Ju 4o 1Y
Weignt od gomvily pelling' 74 down s dned wotd be T Ak fonl) A

prexnt ( Tenrionh 4 here, bt h%\uaphh- £ Mm'“ A& Hﬂkwﬁ b:) "

(b) Now suppose neither block’s mass is much greater than the other, but that they are not necessarily equal.
The dots below represent block A and block B, as indicated by the labels. On each dot, draw and label the <
forces (not components) exerted on that blotk after release. Represent each force by a distinct arrow starting&"ew
on, and pointing away from, the dot. '

}""AWW . p Tw 3 0n tﬁ

Tero®” \

AT
B‘:ﬁA'W\GUkA s W\}

Block B

Unauthorized copying or reuse of
any part of this page Is illegal.

GO ON TO THE NEXT PAGE.
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(c) Derive an equation for the acceleration of the blocks after release in terms of m 4, mg, and physical

constants, as appropriate. If you need to draw anything other than what you have shown in part (b) to assist
in your solution, use the space below. Do NOT add anything to the figure in part (b).

A F {TV"""‘)/W‘” M % —r'shlx = MQ ~

.D (m . 0 /(U" S m",

03 MA\MBa

0 K MB:S:--"C'“A“"O

BT

(d) Consider the scenario from part (a)(ii), where the mass of block A is much less than the mass of block B.
Dyour equation for.the acceleration of the blocks from part (c) agree with your reasoning in part (a)(ii) ?

V'  Yes I\ [

Briefly explain your reasoning by addressing why, according to your equation, the acceleration becomes (or

approaches) a certain value when m, is much less than m. AS wov e see Boa

- " §00° 4 ~ He ~ork, T
o =_ 03 _ M
- Qooo.0!l - = !"‘ %3"3 \ S q % P! Y :MA"(—JM.HD vsml\,

oA
A B
e ﬁvgh‘bs Pan myh Lcunu ...':LS - itk
. . r
-f b \DW 0
Ien 2000 ™y cqr sy
(¢) While the blocks are accelerating, the tension in the vertical portion of the string is T} . Next, the pulley of
negligible mass is replaced with a second pulley whose mass is not negligible. When the blocks are
accelerating in this scenario, the tension in the vertical portlon of the string is 7,. How do the two tensions
compare to each other?

—5L>5 —Dh=1 —‘/Ti<71

Briefly explain your reasoning.
Tf Ak pran ok pulley v et neglinible  encryn
» fenpired  do Arn iJ,num‘“—z aee. deertein, fon
0(.‘3;.»;’\', TL accelenhina _o'w»n;. {ersion Jeerense,
0wl e b Carrhnd  pacs) of Dhick
Nﬂ;f‘ Temion ;@A A So ; To D less then T,

' \

|Unauthorlzod copying or reuse of

Sny pat of Sris page 's Weod. GO ON TO THE NEXT PAGE.
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2. (12 points, suggested time 25 minutes) Vi=0

This problem explores how the relative masses of two blocks affect the acceleration of the blocks. Block A, of
mass m,, rests on a horizontal tabletop. There is negligible friction between block A and the tabletop. Block B,

of mass mp, hangs from a light string that runs over a pulley and attaches to block A, as shown above. The
pulley has negligible mass and spins with negligible friction about its axle. The blocks are released from rest.

(a) .
i. Suppose the mass of block A is much greater than the mass of block B. Estimate the magnitude of the
acceleration of the blocks after release.

The accluradion ofthe bocks s 220,

Briefly explain your reasoning without denvmg or us equatiofis.

Theres. of Bk A Fis beth he. v‘f;

e ke A,
;O‘Fluo% U’ﬁ ‘ A) SOmmwd’

Gn
ii. Now suppose the mass of block A is much less than the mass of block B. Estlmate the magnitude of
the acceleration of the blocks after release.

Thasubraton is eal %M (3.8mf).

/Ffzy explain your reasomng without deriving or

16 \ c,KA Mm uod( B
m%&uA a,lwg Bleit  auglastion 15
4.-8"/s* dovoniwards and s6 W%wg,mmwd

(b) Now suppose neither block’s mass is much greater than the other, but that they are not necessarily equal. %
The dots below represent block A and block B, as indicated by the 1abels. On each dot, draw and label the
forces (not components) exerted on that block after release. Represent each force by a distinct arrow starting
on, and pointing away from, the dot.

N st ek 1 Vg, blodk
Totnmg, ek, °
Wi, carth 1 v ot

Block A Block B

Unauthorized copying or reuse of
any part of this page Is illegal.

GO ON TO THE NEXT PAGE.
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(c) Derive an equation for the acceleration of the blocks after release in terms of m,, mg, and physical

constants, as appropriate. If you need to draw anything other than what you have shown in part (b) to assist
in your solution, use the space below. Do NOT add anything to the figure in part (b). T

?b\\ﬁhé T &,\Q::TLI-JO
7 = ‘EJ

(d) Consider the scenario from part (a)(ii), where the mass of bl0ck A is much less than the mass of block B.
Does your equation for the acceleration of the blocks from part (c) agree with your reasoning in part (a)(ii) ?

Z_ Yes No

[ T

Briefly explain your reasoning by addressing why, according to your equation ‘the acceleration becomes (or
approaches) a certain value when m, is much less than mp.

lude, ofthe accdloration s bosed o0 ko\uaary
/f&.‘ims L\ka.slfblocKA is oss J'L‘%M

Wb MW‘QW‘ 15 dii
H,.mmmw M%-}kb«abnﬁm‘:ﬁﬁ

¢ t the
&YWZV\. Whck b, ’YLM,OM Hep wﬁn}“"" s chose

(e) While the blocks are accelerating, the tension in the vertical portion of the stnng isT;. Next the pulley of Yo
negligible mass is replaced with a second pulley whose mass is not negligible. When the blocks are
accelerating in this scenario, the tension in the vertical pertion of the string is 7,. How do the two tensions
compare to each other?

s, Xomer __z<q
Briefly explain your eﬁi)mng

TL,w:ssaF
V\o{'mﬁu‘ Syl

part of Phe Hocky - \,u,g

‘a}s(ﬂn Mm##—

J(cnsmh 15 rthie of A"’
MZN-OQ MW‘( 3.

doe.s

T

Unauthorized copying or reuse of

Sy part of tivs pege ™ Wegel GO ON TO THE NEXT PAGE.
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2. (12 points, suggested time 25 minutes)
This problem explores how the relative masses of two blocks affect the acceleration of the blocks. Block A, of
mass m,, rests on a horizontal tabletop. There is negligible friction between block A and the tablgtgp/._ Block B,
of mass mg, hangs from a light string that runs over a pulley and attaches to block A, as shown above. The
pulley has negligible mass and spins with negligible friction about its axle. The blocks are released from rest.

(@)

i. Suppose the mass of block A is much greater than the mass of block B. Estimate the magnitude of the
acceleration of the blocks after release.

Ploree B NTA\N tccelesmte do the Moo r Q:\' ke /c%tw;(*%m
V’E mass .ok a[ackgvln‘mra Pa“‘b £ Mg

Briefly explam your reasoning Wlthout ﬁa{nv g or using equatio

s & b5+ Kl vse !l u\p‘ .‘?ﬂc&ca . Q&L‘S* ﬂUM

o8 Block p @t dbe i Tprede A Wy -«&«hweo?\ Ay

ne e%-ﬁ_ % w‘\K will a.c(f(-cm.tei’“"\ wiflr Ko M(‘!u:lk,l {ces M%‘zﬂq
ii. Now suppose the mass of block A is much less than the mass of block B. Estimate the magnitude of X

the acceleration of the blocks after release.
glock B ~tU RN <cce(emxt at mass 9@ g(@l" b fines M

lLéﬂy é;}am your reasoning without deriving or using equations.
%CC%WSC— e -Cr( c "»(c r‘&c “ SM{Q.(@, menns +L"\+ B ov[< B

{-.)t\\ 'Mcg’ertLe, %o X M"“L W‘H\ ne Q‘\/-'tf/”ﬂ.
{,//Ues SANCWIPSECN ,4 T'ace glark //\' move s J—\/Mw-’lbssl?/

(b) Now suppose neither block’smass is much greater than the other, but that they are not necessarily equal.
The dots below represent block A and block B, as indicated by the labels. On each dot, draw and label the
forces (not components) exerted on that block after release. Represent each force by a distinct arrow starting
on, and pointing away from, the dot. '

/\FN /\(('\

F
) y
Block?A’) Blm B

Unauthorized copying or reuse of
any part of this page is lilegal.

GO ON TO THE NEXT PAGE.
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(c) Derive an equation for the acceleration of the blocks after release in terms of m,, mg, and phyéicgl

constants, as appropriate. If you need to draw anything other than what you have shown in part (b) to assist
in your solution, use the space below. Do NOT add anything to the figure in part (b).

F‘-T—?W%S {{\/\9 .j

s 220D
7%

_ €
A

(d) Consider the scenario from part (a)(ii), where the mass of block A is much less than the mass of block B.
])72; your equation for the acceleration of the blocks from part (c) agree with your reasoning in part (a)(ii) ?

Yes No

Briefly explain your reasoning by addressing why, according to your equation, the acceleration becomes (or
approaches) a certain value when m 4 is much less than mp.

Becast when, Block A wnd Fue Tablebp have o Lrebion
Kose TN e ating s mer T Free < g

K/\CL ’n\-e/&‘{://‘& 'h'\ﬂ ﬁ(oc“f LI ‘»( ML&(E/ﬂJ‘& CL'{‘ ‘H'\t
Fole € rP’.JYMJ‘-\/' ’ ‘

(e) While the blocks are accelerating, the tension in the vertical portion of the string is 7. Next, the pulley of
negﬁgible mass is replaced with a second pulley whose mass is not negligible. When the blocks are
accelerating in this scenario, the tension in the vertical portion of the string is T,. How do the two tensions
compare to each other?

T, >T, .,=T1 — 5L <A

Briefly explain your reasoning.

/\\A?’ Mas% o¢ L8 P*&\\e7 -aﬂt«;'/\\|~ 91A'P€cl‘ +L\( {en sion

~ %(ec‘(, . T € W 2
o 2 < e 5 .c(\(,\’\uv\ v )(l\( ?‘dlé‘/%,,\ %e

Blocks. accelerdion Do\ (hatge bk fle thang ¢ 31 ke

ﬁ‘kl\@.\/\f me5G 0@064,@‘ Q@go\’ )‘(,\d_, ~(f‘,\<}0,\_

Unauthorized copying or reuse of

any part of this page s ilegal. GO ON TO THE NEXT PAGE.
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AP® PHYSICS 1
2019 SCORING COMMENTARY

Question 2
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

This question asked students to describe the limiting case behavior of a modified Atwood machine: a mass on a
table connected across a pulley to a hanging mass. The responses to this question were expected to demonstrate
an understanding of the following concepts:

e The hanging mass will exert a force to accelerate the entire mass of the two-body system. A hanging
mass much smaller than the mass on the surface corresponds to a very small force acting on a large total
mass and therefore very small acceleration. A hanging mass much larger than the mass on the surface
will essentially be in free fall, with an acceleration close to g.

e Free-body diagrams can be drawn, indicating the type and direction of forces acting on each mass. This
demonstrates skill in producing a common, pictorial representation of forces.

e Newton’s second law can be applied to each block or the entire system to determine the acceleration of
the blocks, requiring that students demonstrate skill in writing mathematical equations representing
physical laws, and then manipulating those equations.

Sample: 2A
Score: 11

In part (a)(i) both points were earned for stating that acceleration is near zero with justification and for correctly
reasoning that a small force (weight of block B) exerted on a large mass will lead to an acceleration close to zero.
In part (a)(ii) the point was earned for reasoning that tension is negligible on block B such that it falls as if only
gravity was acting on it, with an acceleration of g. In part (b) the full 3 points were earned for correctly drawing
and labeling vectors for the normal force, the tension forces, and the gravitational forces. In part (c) the full

3 points were earned. The student writes Newton’s second law equations for each block on the left side of the
response, correctly combines these equations in terms of m ,, mj, and g using the fact that the tensions and

accelerations are the same, and writes a correct final answer. The answer is sufficiently clear to earn the point for
a correct final equation, although it would be advisable to include parentheses around the total mass or write the
numerator above the denominator for clarity. In part (d) the point is earned for using mathematical reasoning to
show that the equation derived in part (c) approaches a = g in the case that m , is much smaller than my, which

is equivalent to the answer stated in (a)(ii), and checking “yes.” In part (e) 1 of the 2 points was earned for
recognizing that the acceleration of the system is smaller but incorrectly concluding that 7, must, therefore, be

smaller than 7; based on Newton’s second law.

Sample: 2B
Score: 6

In part (a)(i) both points were earned for stating that acceleration is zero with justification and for correctly
reasoning that a small force exerted by block B would have little effect and produce no movement of block A in
the case that m , is much greater than m . In part (a)(ii) the point was earned for reasoning that block B would

simply fall with an acceleration of g and pull block A at the same acceleration. In part (b) the full 3 points were
earned for correctly drawing and labeling vectors for the normal force, the tension forces, and the gravitational
forces. In part (c) none of the 3 points were earned because the student does not clearly use Newton’s second law
for both blocks or write a correct equation for the entire system. Therefore the second point for combining two
Newton’s second law equations or writing a system equation with the correct net force and total mass was not
earned. The final answer is not correct. In part (d) the point was not earned because the student incorrectly
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concludes that the equation derived in part (c) approaches a = g in the case that m , is much smaller than m . In

part (e) neither of the 2 points were earned because the student does not indicate that the acceleration of the
system is smaller and does not relate 7, to 7; consistent with a change (or lack thereof) in acceleration and

Newton’s second law for block B.

Sample: 2C
Score: 3

In part (a)(i) neither point was earned because the student does not state that the acceleration will be very small,
or zero, and incorrectly reasons that the mass of block A has no effect. In part (a)(ii) the point was not earned
because the student concludes that the acceleration is mzg and that block B has no external forces acting on it.

In part (b) the full 3 points were earned for correctly drawing and labeling vectors for the normal force, the
tension forces, and the gravitational forces. In part (c) none of the 3 points were earned because the student does
not clearly use Newton’s second law for both blocks or write a correct equation for the entire system. Therefore
the second point for combining two Newton’s second law equations or writing a system equation with the correct
net force and total mass was not earned. The final answer is not correct. In part (d) the point was not earned
because the student does not use mathematical reasoning from an equation derived in part (c) to conclude an
answer consistent with the acceleration listed in part (a)(ii). In part (e) neither of the 2 points were earned. The
first point was not earned because the student does not indicate that the acceleration of the system is smaller.
The student indicates that if there was friction the acceleration would change but does not explicitly indicate
whether acceleration changes in this case and relate 7, and 7, accordingly, consistent with Newton’s second

law for block B; therefore, the second point was not earned.
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