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AP® Physics 1: Algebra-Based 2022 Scoring Guidelines

Question 2: Qualitative/Quantitative Translation 12 points
(a) For two forces directed to the right on Moon A, correctly labeled, with no extraneous forces 1 point

For two horizontal forces in opposite directions on Moon B. The labels on the forces must be 1 point

correct and distinguishable from each other, with no extraneous forces.

Scoring Notes:

e Acceptable labels for forces include: Fy, Fy 15> Foanets Froons Foo Fys Fin 5 €.
e Maximum 1 point can be earned if the arrows do not start on the dot.
Example Response
FAB FBA FB'planet
() : < L >
FA-plauﬁ
Total for part (a) 2 points

(b)(i) For indicating the force vectors on Moon A point in the same direction and therefore, the 1 point

magnitudes add, while the force vectors on Moon B point in opposite directions and the

magnitudes are to be subtracted

Example Response

The force vectors on Moon A point in the same direction and therefore add, while the force

vectors on Moon B point in opposite directions and will subtract.
(b)(ii) For a justification based on the inverse relation between gravitational force and distance 1 point

Scoring Note: This point may be earned in either part (b)(i) or (b)(ii).

For indicating Moon B is closer to the planet than Moon A, and therefore, the gravitational 1 point

force exerted by the planet is larger for Moon B than for Moon A

Example Response

The gravitational force is greater for objects that are closer together, and Moon B is closer to
the planet than Moon A, so the gravitational force from the planet is greater for Moon B than
for Moon A.

Total for part (b)

3 points
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AP® Physics 1: Algebra-Based 2022 Scoring Guidelines

() For using the law of gravitation at least once 1 point
For substituting in correct distances in all expressions 1 point
For substituting in correct masses in all expressions 1 point
For correctly adding terms for £F, and subtracting terms for Fy 1 point
Scoring Note: An overall negative sign on either force is acceptable.

Example Response

Moon A Moon B

L mm, _ S,
r, g G 2 F, g~ G 2
LF, = FAzplanet +Fyy LFy = Fszlanet — Iy,
mym m.> mom m2
SF,=G— + G—— SF=G—F-G—"—
RA (RA - RB) RB (RA - RB)

m m

SF, = Gm, 172 n m, : IF, =Gm, pz - o 3
R (R, —-Ry) Ry (R, —Ry)

Total for part (c) 4 points
(d)(i) For addressing the functional dependence expressed in the equations from part (c) 1 point
Scoring Notes:
e [tis not necessary to use the functional dependence correctly to earn this point.
e This point may be earned in either part (d)(i) or (d)(ii).
For a correct explanation for why the expressions in part (c) either support or do not support 1 point
the reasoning consistent with response in part (b)(i)
Example Response
Yes. For the net force on Moon A, both force terms have the same sign, so they add, while for
the net force on Moon B, the two terms have opposite signs, so they have a canceling effect.
(d)(ii) For a correct explanation for why the expressions in part (¢) either support or do not support 1 point
the reasoning consistent with response in part (b)(ii)
Example Response
The gravitational force has an inverse relationship with distance. If Moon A is very far away,
XF, from part (c) will be small. If Moon B is close to the planet while Moon A is far away,
the force toward the planet would be big while the force toward the moon would be small such
that X Fy could be larger than LF, .
Total for part (d) 3 points

Total for question 2 12 points
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P1 Q2 Sample A p1of 3

Question 2

Begin your response to QUESTION 2 on this page.

Moon A Moon B

[ ___., @ ................

=
®
A &

Note: Figure not drawn to scale.

2. (12 points, suggested time 25 minutes)

Two identical moons, Moon A and Moon B, orbit a planet. The mass my of each moon is significant, but less than
the mass m,, of the planet. At some point in their orbits, the planet and the two moons are aligned as shown in the

figure. )

(a) The following dots represent the two moons when they are at the locations shown in the previous figure. On
each dot, draw and label the forces (not components) exerted on Moon A and on Moon B. Each force must be
represented by a distinct arrow starting on, and pointing away from, the appropriate dot.

%——é hﬂ
F F
Plares MO an Mewm

Moon A Moon B

(b) Consider the net gravitational force exerted on each moon due to the planet and the other moon.

i. Justify why the magnitude of the net force exerted on Moon A could be larger than the magnitude of the
net force exerted on Moon B.

Al clﬁ!li'ﬁ’- ":Oﬂ-@S on ngod A are Jn tHag S%C.- d_fmﬁih‘ %MH}\’, H a fﬂ;*’_’-ﬂ{+

Force. on Meon B howeve, the two main Rorcy, agpied oz ja opposite direchan,
eWh"y te & Smalle~ net force agpligh

Unauthorized copying or reuse of this page is illegal. Page 6 GO ON TO THE NEXT PAGE.
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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 2
Continue your response to QUESTION 2 on this page.
ii. Justify why the magnitude of the net force exerted on Moon B could be larger than the magnitude of the
i net force exerted on Moon A.
The. Astance of cash meoon from the planet S dffferent, Since Mops
A TS Parting from the planer than Mepn B, the $rivitatiomn| force of
tHae planet on Mmap A s much smaller, IF mgo, A TS very far whle
Mogn B s Very Llose 4p biw planet, Hen tve pod Pore 04 Moon B wl be
Fesber Huan Huat oF  Moen A
(c) Derive expressions for both of the following quantities. Express your answers in terms of mg, m,, Ry, Ry, and
physical constants, as appropriate.
* The net force F, exerted on Moon A
F =6 i’-;-‘z" m M m*
¥ . F -G =L (==
Fourr = b Do 7F 1 A R, R, - A
FHplanen), R
e~ o~ B -
emanty = U7 % :
* The net force Fg exerted on Moon B
M ™p
| 3‘*""“"”. R’ F - ™o "¢ - —(ﬂL__
| 2 Net on B RB RA - 4%
. F N
A kg
Unauthorized copying or reuse of this page is illegal. Page 7 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.

0032938 EEEN -
asssar ese e & 0@ o0 (1)
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Question 2

Continue your response to QUESTION 2 on this page.
(d)
i. Could the expressions in part (c) support your reasoning in part (b)(i) ?
VM Yes __No

Explain your reasoning.

Lf F‘A i3 & redlabvdy smgll valye  while bling (trger  ti, R.ﬁ , Pen botn

Fépiwr and E'M are relatvely targe  values, Since Me g, of facse
» g

Valwss 75 buke, | e resulbing ner forme.  would be 1%per for Mag, g 40,
Moon B, Man BY net fore wile \woltld beé closor o O because F
Would Sohemhommmesn regate o lage#  Vllie of te £ Mopu e

3:‘“ *
fd-a

ii. Could the expressions in part (c) support your reasoning in part (b)(ii) ?

Vv Yes __No

Explain your reasoning.

gf k.u K q_mr:lul-:ﬁ "ﬂq-f L;ulm: whilp RB is & Somlt Uatu_e’ the, 4ps
Wwrgw a Y £ | an,uc -

.s‘(w, ""!’1 ma du,g e e o‘c»«ommw ’Qﬁ b&'}\-’_ 5,74/:

Tk?j d.[}o ‘uu-’d‘“(d M o Fsmms Ts = 5:»-\4,” 'Jd..l'ﬂ.t bl‘-f-ﬂ-u..sc. ‘H"IL df'F"""'ftmg ﬁ -p
would be c<lose~ b ‘QA . A~'8
S;ﬂ% Ls 5 a 'jmi-l“ Uﬂl‘*&‘ F}#W* Wﬂ"Ji be a fﬂ/?.;_ oylye. (fnumgg, propoks
8
m*in IS Mﬁ'l A

Unauthorized copying or reuse of this page is illegal. Page 8 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 2

Begin iour rui;‘aon'n"w QUESTION 2 on this page.

T
=
L]

|
1
[ |
i RA i |

Note: Figure not drawn to scale.
2. (12 points, suggested time 25 minutes)

Two identical moons, Moon A and Moon B, orbit a planet. The mass m of each moon is significant, but less than
the mass m,, of the planet. At some point in their orbits, the planet and the two moons are aligned as shown in the
figure. _

(a) The following dots represent the two moons when they are at the locations shown in the previous figure. On

each dot, draw and label the forces (not components) exerted on Moon A and on Moon B. Each force must be
represented by a distinct arrow starting on, and pointing away from, the appropriate dot.

® !g ® ’s

Moon A Moon B

(b) Consider the net gravitational force exerted on each moon due to the planet and the other moon.

i. Justify why the magnitude of the net force exerted on Moon A could be larger than the magnitude of the
net force exerted on Moon B.

1f te  wass of meen A v greader tan
e mass of Mon 6, e magnibnie £ the net freee

oxttded  on Moon A ol be laeyer than et W"“'"‘
of e et foree  extrded .

meor B, by [ b_'g

Unauthorized copying or reuse of this page is illegal. Page 6 GO ON TO THE NEXT PAGE.
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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 2

Continue your response to QUESTION 2 on this page.

ii. Justify why the magnitude of the net force exerted on Moon B could be larger than the magnitude of the
net force exerted on Moon A,

",\?59 ('_:_:?’ sne  the  radius of  Meon ™ (Ra) s less

dom  dhe oo divn & Mo f‘(‘-&), the redt forte exeried ga Moon
B " \aryer ron e nedt farce on Meon A,

Smellr radiws wpuals & boe free osimee ‘60 s in fhe demmine At

(c) Derive expressions for both of the following quantities. Express your answers in terms of mg, m,, Ry, Rg, and
physical constants, as appropriate.

* The net force F, exerted on Moon A
"P‘\ t’f“tmf
ey

* The net force Fy exerted on Moon B
bnomf
IFo -

L‘-)

mmwmdﬂmhm- Page 7 GOONTOTHEHEXTPAG!.

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 2

Continue your response to QUESTION 2 on this page.
(d)
i. Could the expressions in part (¢) support your reasoning in part (b)(i) ?

‘I_Yei __No
Explain your reasoning,.
4 My™Migr
AN . F - 6
Sime ey 35 in e numentor of \Fy\ "‘T-TL:

. *hb
(& rn.\ inteadd 84 $0 J.e ’ the magn buidt J

et Gl extr¥ed en Mo A,
»

i)

ii. Could the expressions in part (c) support your reasoning in part (b)(ii) ?
_J_.Yes __No

Explain your reasoning. 6 momp

Xy hwinu*ﬁr ﬁf \ ;J\ ¥ 'T{- ]

fp Y \

Sime € S IRL

65 ¢ s, Ben e magibede oF B

net Pre (F)  eperded  on Mom B owill ineresse,

Unauthorized copying or reuse of this page is illegal. Page 8 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 2

Begin your response to QUESTION 2 on this page.

e Ry -
]
1

-
ad

Note: Figure not drawn to scale.

2. (12 points, suggested time 25 minutes)

Two identical moons, Moon A and Moon B, orbit a planet. The mass mg of each moon is significant, but less than
the mass m, of the planet. At some point in their orbits, the planet and the two moons are aligned as shown in the
figure.

(a) The following dots represent the two moons when they are at the locations shown in the previous figure. On
each dot, draw and label the forces (not components) exerted on Moon A and on Moon B. Each force must be
represented by a distinct arrow starting on, and pointing away from, the appropriate dot.

! F9g F9n fge
Moon A Moon B

(b) Consider the net gravitational force exerted on each moon due to the planet and the other moon.

i. Justify why the magnitude of the net force exerted on Moon A could be larger than the magnitude of the
net force exerted on Moon B.

The magnityde of e ogf force exerted on Moon A CoUld be I'Q@qm
because he moss 0F Moon A con be greater nap the mass

Mmoon b

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 2

Continue your response to QUESTION 2 on this page.

ii. Justify why the magnitude of the net force exerted on Moon B could be larger than the magnitude of the
net force exerted on Moon A.

e magnitude of the ner force exerted on moon B tould L€
lorger because Moon B nas @ sMauer radlus /distance

o the planet.

(c) Derive expressions for both of the following quantities. Express your answers in terms of mg, mp, Ry, Rp, and
physical constants, as appropriate.

* The net force F, exerted on Moon A

F.-@_m_f[”!?. . §.2Mo
9 6= Fa e 6200
Ka

* The net force Fg exerted on Moon B

F=Gmimg
- ey = & (Moo mo* mp)
(Ra+Rg)”
Unauthorized copying or reuse of this page is illegal. Page 7 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 2

Continue your response to QUESTION 2 on this page.

(d)

i. Could the expressions in part (c) support your reasoning in part (b)(i) ?

_/.Yaa —No

Explain your reasoning,
es, because if 1;;:@ s only  being influenced by tne qmvlr&Hoﬁnn(gI,
force ot Moo B WHIY Fy is jpryenced by both € grayitafi
fyvee of Moon A aNd e planet. e greater e mass, the more
grovirationo wreeoeing exerted . [it mere is a greaker disiar®

r
(ne_gravitatonal fore is fess.

Fq = g, M,
‘-z
ii. Could the expressions in part (c) support your reasoning in part (b)(ii) ?
iYes __No
Explain your reasoning.

\es, because j thewts a greafer distance between both
OD)RCIS, the gmunaﬁona{ foree (5 1655, since Moon R
hOS a \0rger distance, e Fg WoU(d bC 1€ than £z,

Unauthorized copying or reuse of this page is illegal. Page 8 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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AP® Physics 1: Algebra-Based 2022 Scoring Commentary

Question 2
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview
The responses were expected to demonstrate the ability to:

e Describe the gravitational forces between multiple objects of different masses and different distances
from each other.

e C(Create appropriately labeled free-body diagrams for multiple forces exerted on a single object.

e Make a conceptual argument about gravitational interactions between objects.

e Derive an equation using Newton’s second law.

e Determine consistency between reasoning based on a conceptual argument and a derived equation.
Sample: 2A
Score: 11

Part (a) earned 2 points. The first point was earned because the free-body diagram for Moon A is correctly drawn
and labeled. The second point was earned because the free-body diagram for Moon B is correctly drawn and labeled
with different labels for each force. Part (b)(i) earned 1 point because the response correctly states that all applied
forces on Moon A are in the same direction while the forces on Moon B are in opposite directions. Part (b)(ii) earned
2 points. The first point was earned because the response correctly states that a larger distance will result in a smaller
gravitational force. The second point was earned because the response states that because Moon B is closer to the
planet than Moon A, Moon B will experience a larger gravitational force from the planet. Part (c) earned 3 points.
The first point was not earned because the response has an incorrect form of the law of gravitation. The second point
was earned because the response shows the correct substitutions of moon distances. The third point was earned
because the response shows the correct substitutions of moon and planet masses. The fourth point was earned
because the response shows the addition of forces on Moon A and the difference of forces on Moon B. Part (d)(i)
earned 1 point because the response correctly relates the force described as being in the same direction in part (b)(i)
to the addition of forces in the equation in part (c). Part (d)(ii) earned 2 points. The first point was earned because the
response correctly reasons that a smaller distance between Moon B and the planet results in an increase in
gravitational force. The second point was earned because the response correctly states that the increase in force
between Moon B and the planet could overcome the opposing force caused by Moon A if the distance between the
moons is large enough.

Sample: 2B

Score: 6

Part (a) earned 0 points. The first point was not earned because the response shows only one arrow that is not labeled
as a force. The second point was not earned because the response shows only one arrow that is not labeled as a force.
Part (b)(i) earned 0 points because the response incorrectly states that the mass of Moon A is greater than Moon B
and does not address the summation of forces. Part (b)(ii) earned 2 points. The first point was earned for an equation
that demonstrates the inverse relationship between distance and the gravitational force. The second point was earned
for correctly reasoning that Moon B is closer to the planet than Moon A and could, therefore, have a larger net force.
Part (c) earned 3 points. The first point was earned for a response that uses the correct form of the law of gravitation.
The second point was earned for a response that correctly substitutes the distance to each planet into the law of
gravitation relationship. The third point was earned for correctly substituting the masses of the moons and planet.
The fourth point was not earned because the response does not show the addition or subtraction of forces. Part (d)(i)
earned 0 points because the response incorrectly suggests that the mass of the moon may be increased and does not
address the summation of forces. Part (d)(ii) earned 1 point. The first point was earned for a response that correctly
recognizes a functional relationship between distance and force of gravity. The second point was not earned because
the response does not describe how the net force on Moon B relates to Moon A.

© 2022 College Board.
Visit College Board on the web: collegeboard.org.
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Question 2 (continued)

Sample: 2C
Score: 4

Part (a) earned 1 point. The first point was not earned because the response shows only one arrow. The second point
was earned because the free-body diagram for Moon B is correctly drawn and labeled with different labels for each
force. Part (b)(i) earned 0 points because the response incorrectly states that the mass of Moon A is greater than the
mass of Moon B and does not address the summation of forces. Part (b)(ii) earned 1 point. The first point was not
earned because the response does not address the inverse relationship between distance and gravitational force. The
second point was earned for a response that correctly reasons that Moon B is closer to the planet than Moon A and
could, therefore, have a larger net force. Part (¢) earned 1 point. The first point was earned for a response that used
the correct form of the law of gravitation. The second point was not earned because the response does not correctly
substitute the distance to Moon B. The third point was not earned because the response does not correctly substitute
the masses into the law of gravitation. The fourth point was not earned because the response does not correctly show
the addition and subtraction of the forces. Part (d)(i) earned 0 points because the response does not complete the
argument for how the direction of the gravitational forces influence the net force. Part (d)(ii) earned 1 point. The first
point was earned for a response that correctly recognizes a functional relationship between distance and force of
gravity. The second point was not earned because the response incorrectly states the argument that the equation in
part (c) agrees with the argument in part (b)(ii).
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