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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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Question 3
15 points total Distribution
of points
A= (%)x
L
— ]
e
x=0 x=L

A triangular rod, shown above, has length L, mass M, and a nonuniform linear mass density given by the

equation A = 2L—A2/Ix , Where x is the distance from one end of the rod.
@ 3 points

Using integral calculus, show that the rotational inertia of the rod about its left end is ML2/2.

For relating x to r properly in an integral to calculate the moment of inertia 1 point
I =Ir2dm =Ix2dm
For correctly using the linear mass density to substitute into the equation above 1 point
m = j/ldx = j(ZM/LZ)xdx - dm = (2M/L* ) xdx
| =j(2|v|/L2)x3dx
For integrating using the correct limits or constant of integration 1 point
x=L (2M/L2)x4 x=L 4
_ 2\ 3y _ _2MIL )2 M2
I_X.[O(ZM/L)xdx_{ 7 = L2(4 OJ—ML/Z
= x=0
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Question 3 (continued)
Distribution

of points

Figure 1 Figure 2

The thin hoop shown above in Figure 1 has a mass M, radius L, and a rotational inertia around its center
of MI*. Three rods identical to the rod from part (a) are now fastened to the thin hoop, as shown in Figure 2
above.

(b) 2 points

Derive an expression for the rotational inertia /,,, of the hoop-rods system about the center of the hoop.
Express your answer in terms of M, L, and physical constants, as appropriate.

For setting the total rotational inertia for the hoop-rod system equal to the sum of the 1 point
rotational inertias of the hoop and the three rods

I =3loq + Ihoop

| =3(ML*/2) + ML?

For a correct answer with work 1 point

_ 92
I =ML

The hoop-rods system is initially at rest and held in place but is free to rotate around its center. A constant
force F is exerted tangent to the hoop for a time Ar.

(©) 3 points

Derive an expression for the final angular speed @ of the hoop-rods system. Express your answer in
terms of M, L, F, At, and physical constants, as appropriate.

For using an appropriate equation to determine the final angular speed of the hoop 1 point
At =1 (@, — @)
Frat = lo
FrAt
w = —|
For relating the lever arm to the length of the rod 1 point
FLAt
w = —|
For correct substitution from part (b) 1 point
__FLAt _ 2FAt
( g ) M2 SML
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AP® PHYSICS C: MECHANICS
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Question 3 (continued)
Distribution
of points

The hoop-rods system is rolling without slipping along a level horizontal surface with the angular speed @
found in part (c). Attime ¢ = O, the system begins rolling without slipping up a ramp, as shown in the figure
above.

(d)
i. 3 points
On the figure of the hoop-rods system below, draw and label the forces (not components) that act on the

system. Each force must be represented by a distinct arrow starting at, and pointing away from, the point
at which the force is exerted on the system.

Fy
f -
- - v FW
For drawing the weight of the hoop-rod system in the correct direction 1 point
For drawing the normal force in the correct direction 1 point
For drawing the frictional force in the correct direction 1 point

Note: A maximum of two points can be earned if there are any extraneous vectors or any
vector has an incorrect point of exertion.
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Question 3 (continued)

Distribution
of points
ii. 1point
Justify your choice for the direction of each of the forces drawn in part (d)(i).
For a correct justification of the direction of the forces in part (d)(i) 1 point

Example: The normal force is always perpendicular to the surface, so it will be directed
up and to the left. The gravitational force is always vertically downward. The
friction will be opposite of the direction of rotation; therefore, it is directed up the
incline.

3 points

Derive an expression for the change in height of the center of the hoop from the moment it reaches the
bottom of the ramp until the moment it reaches its maximum height. Express your answer in terms of M,

L, /,,,, @, and physical constants, as appropriate.

For including both linear and rotational kinetic energy in an equation for the 1 point
conservation of energy to determine the final height of the hoop
1 2 1, 2
2mv + 5 lo® = mgH
Lovz 1102
H=2 2
mg
For correct substitution of v = Lw 1 point
1 2,1 2
H— Em(La)) +§It0ta)
mg
l(mtotL2 + |tot)w2
H=2
Miot 9
For correct substitution of inertias into energy equation 1 point
1 2 2
o S(BM ML+l )o®  (aMLZ + 1) o
B (3M + M)g - 8Mg
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x=0 x=1L

3. A triangular rod, shown above, has length L, mass M, and a nonuniform linear mass density given by the
equation A = %{x , where x is the distance from one end of the rod.

(a) Using integral calculus, show that the rotational inertia of the rod about its left end is MI? / 2.

. A
T=) Rm "'}_23 ﬁ L :.%%}“ =M\
- - v
=37 ATy x

Figure 1 Figure 2

The thin hoop shown above in Figure 1 has a mass M, radius L, and a rotational inertia around its center of ML .
Three rods identical to the rod from part (a) are now fastened to the thin hoop, as shown in Figure 2 above.

(b) Derive an expression for the rotational inertia /,,, of the hoop-rods system about the center of the hoop.
Express your answer in terms of M, L, and physical constants, as appropriate.

L= E\*SI;\ ("]LB‘ f’\\:a“"é'm

The hoop-rods system is initially at rest and held in place but is free to rotate around its center. A constant force
F'is exerted tangent to the hoop for a time A¢.

(c) Derive an expression for the final angular speed @ of the hoop-rods system, Express your answer in terms
of M, L, F, At, and physical constants, as appropriate,

TOVLOW

o)
= gy o N \F\‘\Usﬁ QAT
Do =g ™ T hamx 5
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The hoop-rods system is rolling without slipping along a level horizontal surface with the angular speed @
found in part (c). At time ¢ = 0, the system begins rolling without slipping up a ramp, as shown in the figure
above.

(d)

i. On the figure of the hoop-rods system below, draw and label the forces (not components) that act on
the system. Each force must be represented by a distinct arrow starting at, and pointing away from, the
point at which the force is exerted on the system.

ii. Justify your choice for the direction of each of the forces drawn in part (d)i.

\&t\gh"r & always Yama e conter ot Cavtly,,- DOV tA

tThs cnse

Nowwal is dveded orthogually Geom Hiae surface

Leiehion moek pm'wt covnderclockwlse betuse Yhe (logkwide \
Corebion, o€, s 1o 5, 0ich SO BBy B ST S gl fudar 80 5

(e) Derive an expression for the change in hei e om the moment 1 W oAV
bottom of the ramp until the moment it reaches its maximum height. Express your answer in terms of ﬂ-}, &,, w%&

I,,;, @, and physical constants, as appropriate. \
\}\B‘

Crtineg = 2 T W ‘ANM\@\
- Qar=im g H UmgH =3 ooy W Qe
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A = (ZM)
LZ
"]
B —
x=0 x=L
3. A triangular rod, shown above, has length I, mass M, and a nonuniform linear mass density given by the

equation A = 2M

2 x , where x is the distance from one end of the rod.

(a) Using integral calculus, show that the rotational inertia of the rod about its left end is ML / 2

T= Y dm _5,. Ads = S 'zlmﬁdv = Q_m x"uh

O &

Figure 1 Figure 2

The thin hoop shown above in Figure 1 has a mass M, radius L, and a rotational inertia around its center of MIZ.
Three rods identical to the rod from part (a) are now fastened to the thin hoop, as shown in Figure 2 above.

(b) Derive an expression for the rotational inertia /,,, of the hoop-rods system about the center of the hoop.

L

bta) -1

Express your answer in terms of M, L, and physical constants, as appropriate.

i [
W + * y IR

The hoop-rods system is initially at rest and held in place but is free to rotate around its center. A constant force
F is exerted tangent to the hoop for a time Af.

(c) Derive an expression for the final angular speed @ of the hoop-rods system. Express your answer in terms
of M, L, F, At, and physical constants, as appropriate.

Fendo= LF F1-T o b = b ead
LF=5ml & W s oAY

1 .

Q;if—-w-_,,g: YF Ld{:_,_

Gl o
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The hoop-rods system is rolling without slipping along a level horizontal surface with the angular speed @

found in part (c). Attime 7 =0, the system begins rolling without slipping up a ramp, as shown in the figure
above.

(d

i. On the figure of the hoop-rods system below, draw and label the forces (not components) that act on
the system. Each force must be represented by a distinct arrow starting at, and pointing away from, the
point at which the force is exerted on the system.

ii. Justify your choice for the direction of each of the forces drawn in part (d)i.
Frebva has b bz 2 Fo  the divebom Wﬂ‘“ﬁ;"t@
wWhowt a% /50 [ Hon lqu'b'vor\ foe
Mg abwra  5hag\t Jon B (rAg o

R ol W b ovaee  dune gt ] Conhad;

(e) Derive an expression for the change in height of the center of the hoop from the moment it reaches the
bottom of the ramp until the moment it reaches its maximum height. Express your answer in terms of M, L,
I, @, and physical constants, as appropriate.

RE, Kfzm = [E,

1. Lo -
g x5 Sk (BEAE )™
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A= [—Z%ijx
L
..—ﬁ
 —
x=0 x=L
3. A triangular rod, shown above, has length L, mass M, and a nonuniform linear mass density given by the
equation A = %:c , where x is the distance from one end of the rod.

L2

(a) Using mtegral calculus, show that the rotational inertia of the rod about its left end is M / 2.

== gl‘—;}m g .
L | = LHE _ApL?
A R )

(8]

Figure 1 Figure 2

The thin hoop shown above in Figure 1 has a mass M, radius L, and a rotational inertia around its center of MI?,
Three rods identical to the rod from part (a) are now fastened to the thin hoop, as shown in Figure 2 above.

(b) Derive an expression for the rotational inertia /,,, of the hoop-rods system about the center of the hoop.
Express your answer in terms of M, L, and physical constants, as appropriate.

Tase = Lo ¥ M"LL
ML ML

&
ML

The hoop-rods system is initially at rest and held in place but is free to rotate around its center. A constant force
F is exerted tangent to the hoop for a time Az.

—

(c) Derive an expression for the final angular speed @ of the hoop-rods system. Express your answer in terms
of M, L, F, At, and physical constants, as appropriate. I s N

2 Tt =Ta W=, +akF w0

ﬁ: =L
= MR

‘.[:.'
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The hoop-rods system is rolling without slipping along a level horizontal surface with the angular speed @

found in part (¢). Attime ¢ = 0, the system begins rolling without slipping up a ramp, as shown in the ﬁgure
above.

(d

i. On the figure of the hoop-rods system below, draw and label the forces (not components) that act on

the system. Each force must be represented by a distinct arrow starting at, and pointing away from, the
point at which the force is exerted on the system.

N

ii. Justify your choice for the direction of each of the forces drawn in part (di. .

Novmea) ?:ovc,e % P“P‘“A“'“\("v > e ng)La,c:e
The Fovét 0‘?_' 3\%\“}\( 3 Agwmuk\r&.& toweds %L( (,(_d-c-y mf JJKM

(¢) Derive an expression for the change in height of the center of the hoop from the moment it reaches the
bottom of the ramp until the moment it reaches its maximum height, Express your answer in terms of M, L,
l,,+» @, and physical constants, as appropriate.

(_ou,svw-.)ah o Pﬂ;&."r&w.( ]{.au]wc, 'waj\(
-

~Tw = Mg\f‘

‘)E_Iw w = H\%b\ 5
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AP® PHYSICS C: MECHANICS
2018 SCORING COMMENTARY

Question 3
Overview
The responses to this question were expected to demonstrate the following:

e The ability to determine the moment of inertia of an object with varying mass density.

e An understanding of how to use the principle of superposition and the rotational inertia of basic
objects to determine the total rotational inertia for complicated objects.

e The ability to determine the forces that are acting on the object as it rolls without slipping.

e An understanding of the conservation of energy as the hoop moves.

Sample: MQ3 A
Score: 12

All parts earned full credit. In part (a) x is related to r, dm is related to Adx, and the equation is integrated with
correct limits, which earned 3 points. In part (b) the rotational inertias of the hoop and three rods are added
together, and a correct answer is given, which earned 2 points. In part (c) an appropriate equation for angular
speed is used, the lever arm is related to L, and a correct substitution for Atis shown, which earned 3 points. In
part (d)(i) all three forces are shown correctly with the friction correctly up the incline, so 3 points were earned.
In part (d)(ii) the justification for all forces is correct, so 1 point was earned. In part (e) both linear and
rotational kinetic energy are included in the equation, and the substitutions of v = oL is shown, and the inertias
(Iot and 4M) are correct, so 3 points were earned.

Sample: MQ3 B
Score: 10

Parts (a), (b), and (c) earned full credit for a total of 8 points. In part (d)(i) the weight is shown correctly, but the
point of exertion for the normal force is incorrect, and friction is not shown, so 1 point was earned. In

part (d)(ii) the justification for friction is incorrect, so no points were earned. In part (e) both linear and
rotational kinetic energy are included in the equation, but the substitutions of v = wl. and 4M are not indicated,
so 1 point was earned.

Sample: MQ3C
Score: 3

In part (a) the relation of x to rand dm to Adx are not correct, and the integration is not set up correctly, so no
points were earned. Part (b) does not include all three rods in the inertia equation, so no points were earned. In
part (c) the substitutions from part (b) are made, but the correct equation is not shown, so 1 point was earned.
In part (d)(i) the weight is correctly shown, but the normal forces do not have the correct point of exertion, and
friction is not shown, so 1 point was earned. In part (d)(ii) the justification is correct for both forces drawn in
part (d)(i), so 1 point was earned. In part (e) linear kinetic energy is not included in the equation, and 4M is not
substituted, so no points were earned.
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