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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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AP® PHYSICS 2
2019 SCORING GUIDELINES

Question 3

12 points

Ice

Container of Slab of Plastic
Boiling Water

Water Collected

Hot Plate —

A group of students use the apparatus shown above to determine the thermal conductivity of a certain type of
plastic. A hot plate is used to keep water in a container boiling at a temperature of 100°C. They place a slab
of the plastic with area 0.025 m” and thickness 0.010 m above the container so that the bottom surface of the
slab is at a temperature of 100°C. They put a large block of ice with temperature 0°C on top of the plastic
slab. Some of the ice melts, and the students measure the amount of water collected during a time Af. The
students correctly calculate the amount of energy Q delivered to the ice and thus determine Q/Ar. They

repeat this experiment several times, each time adding an identical slab to increase the total thickness L of
plastic. Their results are shown in the table below.

Table with sample entries for part (a)(ii)

Energy Flow Rate Q/Ar (J/s) 97 53 31 27 18
Total Thickness of Plastic (m) 0.01 0.02 0.03 0.04 0.05
1/Thickness (1/m) 100 50 33.3 25 20

(a)
The students want to create a graph to yield a straight line whose slope could be used to calculate the thermal
conductivity of the plastic.
Sample graph using above data
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AP® PHYSICS 2
2019 SCORING GUIDELINES

Question 3 (continued)

(a) (continued)

i. LOI1.EJ3.1,SP4.1,5.1
1 point

Label the axes below to indicate a pair of quantities that could be graphed to yield a straight line. Include
units for the quantities.

O  kAAT

At L

For labeling the axes with two quantities that would produce a linear graph, including 1 point
units

Example: Q/At and 1/thickness

ii. LO1.E.3.1,SP4.1,5.1
3 points

On the grid on the previous page, create a linear graph using the values for the quantities indicated in
part (a)(i). Be sure to do the following:
e Add to the data table the values of any quantities to be plotted that are not already given.

e Scale the axes.

e Plot the data from the table.

e Draw a line that best represents the data.
For scaling the axes linearly so the data extends over at least half of each axis 1 point
For accurately plotting the data 1 point
For a best-fit curve or line that fits the trend in the data 1 point

iii. LO1.E.3.1,5.1
2 points

Use the graph to calculate the thermal conductivity of the plastic.

For a correct method for calculating the slope using points on the best-fit line 1 point

(80 — 20)(3/s)

For the graph above, slope = m =1.0 Jem/s

For determining the thermal conductivity k, with or without units using the slope found 1 point
above

O _ KAAT _

il so slope = kKAAT

Using slope above: k = slope/AAT = l(J-m/s)/(0.0ZS mZ)(IOOO C) = 0.40 J/ssm°C

© 2019 The College Board.
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(b)

(©)

(d)

AP® PHYSICS 2
2019 SCORING GUIDELINES

Question 3 (continued)

LO5.B.6.1,SP1.2
2 points

Indicate one potential problem with the setup that could lead to an experimental value for the thermal
conductivity that is different from the actual value. Use physics principles to explain the effect this problem
could have on the experimental value.

For any valid indication of an additional thermal interaction with the environment 1 point
For a reasonable explanation of how additional energy added or lost could change the 1 point
experimental value of conductivity
Example 1: The given setup allows energy to be transferred to the ice from the air
around it. This means the values of Q/At contain energy that did not go through the
plastic slab, resulting in a value of k that is too large.
Example 2: The given setup allows energy to be lost out the sides of the plastic slab.
This means the values of Q/At do not contain all the energy that went through the
plastic slab, resulting in a value of k& that is too small.
Claim: The problem leads to a value of k that is too small/large.
Evidence: The problem allows energy transfer into/out of the system that is not
accounted for.
Reasoning: The values of Q/At contain less/more energy than went through the plastic
slab, resulting in a value of & that is too small/large.
LO4.C3.1,SP64
1 point
The rectangle below represents a side view of the plastic slab. Draw a single arrow on the diagram
representing the direction of the net flow of energy through the plastic.
| For drawing an arrow toward the top of the page 1 point |

LO4.C3.1,SP6.4;,LO5B.6.1,SP1.2;LO5.D.1.6,SP 6.4
2 points

Describe what occurs in the plastic at the microscopic level that explains the energy flow you indicated in

part (c).
For indicating that particles at the bottom (or a location consistent with part (c)) have a 1 point
higher temperature or kinetic energy, so they vibrate faster
For indicating that particles collide with neighboring particles, transferring energy from 1 point

faster to slower particles in the process

Example: Energy absorbed at the lower surface makes particles jiggle faster, they jiggle
particles above them, and so forth until energy reaches the other side.

© 2019 The College Board.
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AP® PHYSICS 2
2019 SCORING GUIDELINES

Question 3 (continued)

(e) LO 1.E3.1,SP4.1,4.2
1 point

An extra plastic slab sits on a wood surface, with both the plastic slab and the wood surface at room
temperature. A student touches each and finds that the plastic slab feels cooler than the wood surface. Explain
what causes this observation.

For indicating that the slab and wood have different thermal conductivities or that 1 point
energy is transferred into the plastic and wood at different rates, with no incorrect
statements

Learning Objectives

LO 1.E.3.1: The student is able to design an experiment and analyze data from it to examine thermal
conductivity. [See Science Practices 4.1, 4.2, 5.1]

LO 4.C.3.1: The student is able to make predictions about the direction of energy transfer due to temperature
differences based on interactions at the microscopic level. [See Science Practices 6.4]

LO 5.B.6.1: The student is able to describe the models that represent processes by which energy can be
transferred between a system and its environment because of differences in temperature: conduction,
convection, and radiation. [See Science Practices 1.2]

LO 5.D.1.6: The student is able to make predictions of the dynamical properties of a system undergoing a
collision by application of the principle of linear momentum conservation and the principle of the
conservation of energy in situations in which an elastic collision may also be assumed. [See Science
Practices 6.4]

© 2019 The College Board.
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P2 Q3 A p1

Ice
Container of Slab of Plastic

Boiling Water
Hot Plate — zr Water Collected

3. (12 points, suggested time 25 minutes)

A group of students use the apparatus shown above to determine the thermal conductivity of a certain type of
plastic. A hot plate is used to keep water in a container boiling at a temperature of 100°C . They place a slab of

the plastic with area 0.025 m? and thickness 0.010 m above the container so that the bottom surface of the slab
is at a temperature of 100°C . They put a large block of ice with temperature 0°C on top of the plastic slab.
Some of the ice melts, and the students measure the amount of water collected during a time Az. The students
correctly calculate the amount of energy Q delivered to the ice and thus determine Q/At . They repeat this

experiment several times, each time adding an identical slab to increase the total thickness L of plastic. Their
results are shown in the table below.

Energy flow rate Q/At (J/s) 97 . |53 31 27 18
Total thickness of plastic L (m) | 0.010 0.020 0.030 0.040 0.050
thlﬁdmsaﬁﬁqﬂu'h(%J (0o $0 33 25 20

(a) The students want to create a graph to yield a straight line whose slope could be used to calculate the

thermal conductivity of the plastic. .

i. Label.the axes below to indicate a pair of quantities that could be graphed to yield a straight line. Include
units for the quantities.
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P2 Q3 A p2

ii. On the grid on the previous page, create a linear graph using the values for the quantities indicated in
part (a)(i). Be sure to do the following.
e Add to the data table the values of any quantities to be plotted that are not already given.

Scale the axes.

Plot the data from the table.

Draw a line that best represents the data.

iii. Use the graph to calculate the thermal conductivity of the plastic. LSl ot
s .
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(b) Indicate one potential problem with the setup that could lead to an experimental value for the thermal
conductivity that is different from the actual value. Use physics principles to explain the effect this problem

could have on the experimental value. R
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H the hote glake, dome of 4na enary ™ l-a¢\ ¥ Ve wmmlnws\
stead b Ameabeceny ¥ e folo oF T Thiy decresses tha
ML NN -kmr.—v.hrr\ s Y e&ux‘n\ oxd th Auen The o
- » et o.mmr\"’ o€ e et reclied %"‘

o
T I’"""

gonmller Alecrnal CDﬁS‘u&VN &0 4 &ﬁqlf\N\(ﬂb‘ Ao it

o

(c) The rectangle below represents a side view of the plastic slab. Draw a single arrow on the diagram
representing the direction of the net flow of energy through the plastic.

4‘ .

Plastic Slab
Quesﬁon 3 continues on the next page.
Unauthorized copying or reuse of
2y pertof e page s Mo GO ON TO THE NEXT PAGE.
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P2 Q3 A p3

(d) Describe what occurs in the plastic at the microscopic level that explains the energy flow you indicated in
part (c).
Thacemal enetyy U given R by T hed plabe ohddn hn  aneryy 1S drergQeuved
Tato A Plnh‘; os Heremal MQ,..‘““’I‘\- ?uth\h.s become  @xkited a.r\o\%uh
ed]- Bra  wore Thy anergy B ten dunberrd Yo el Sl abav v

h‘. tn -“Nmn\ u-\cesg‘ T m&t'\j A ?\kﬂ*t.

(e) An extra plastic slab sits on a wood surface, with both the plastic slab and the wood surface at room
temperature. A student touches each and finds that the plastic slab feels cooler than the wood surface.

Explain what causes this observation.
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P2 Q3 B p1

Container of Slab of Plastlc

Boiling Water
" HotPlate —_ Water Collected

3. (12 points, suggested time 25 minutes)

A group of students use the apparatus shown above to determine the thermal conductivity of a certain type of
plastic. A hot plate is used to keep water in a container boiling at a temperature of 100°C . They place a slab of

the plastic with area 0.025 m? and thickness 0.010 m above the container so that the bottom surface of the slab
is at a temperature of 100°C . They put a large block of ice with temperature 0°C on top of the plastic slab.
Some of the ice melts, and the students measure the amount of water collected during a time At . The students
correctly calculate the amount of energy Q delivered to the ice and thus determine Q/At .-They repeat this

experiment several times, each time adding an identical slab to increase the total thickness L of plastic. Their
results are shown in the table below.

Energy flow rate Q/At (J/s) | 97 53 31 27 18
Total thickness of plastic L (m) | 0.010 0.020 0.030 0.040 0.050
ADLT/L (mK) 960 | 125 [83,33]| 625 | %0

(a) The students want to create a graph to yield a straight line whose slope could be used to calculate the
thermal conductivity. of the plastic.

i. Label the axes helqw to indicate a pair of quantities that could be graphed to y1e1d a straight line. Include
units for the quantities.
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P2 Q3 B p2

ii. On the grid on the previous page, create a linear graph using the values for the quantities indicated in
part (a)(i). Be sure to do the following.

¢ Add to the data table the values of any quantities to be plotted that are not already given.
Scale the axes.

L J
¢ Plot the data from the table.
e Draw a line that best represents the data.

iii. Use the graph to calculate the thermal conductivity of the plastic.

q2/250 =38 N table 9resh y
53/]25,: l‘f::q " 1,136 _ .sqsz Qo/s-o =

83v33_: ’ 5 -
23;;61.5 = M32 @ZM/H M f‘ﬂ
18/50=.36

(b) Indicate one potentiall problem with the setup that could lead to an experimental value for the thermal
conductivity that is different from the actual value. Use physics principles to explain the effect this problem
could have on the experimental value.

iy W the data

" +em fatyre can Gﬁ,olm Véry MJ 5;(; ’

%Shh The lcc Way Wiolt foSto- or

sloweiy.
| , : J e ol covid hens

¥ Plote hedts the gir teo do
LMMHGNHIJ{ of Hee comfelmer, Thus, cavsing the Jee
o melt faster

(c) The rectangle below represents a side view of the plastic slab. Draw a single arrow on the diagram
representing the direction of the net flow of energy through the plastic.

T Plastic Slab

Question 3 continues on the next page.
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(d) Describe what occurs in the plastic at the microscopic level that explains the energy flow you indicated in
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(e) An extra plastic slab sits on a wood surface, with both the plastic slab and the wood surface at room
temperature. A student touches each and finds that the plastic slab feels cooler than the wood surface.

Explain what causes this observation. ‘
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P2 Q3 C p1

Ice

Container of Slab of Plastic
Boiling Water

Hot Plate —__, 2 Water Collected

3. (12 points, suggested time 25 minutes)

A group of students use the apparatus shown above to determine the thermal conductivity of a certain type of
plastic. A hot plate is used to keep water in a container boiling at a temperature of 100°C . They place a slab of

the plastic with area 0.025 m? and thickness 0.010 m above the container so that the bottom surface of the slab
is at a temperature of 100°C. They put a large block of ice with temperature 0°C on top of the plastic slab.
Some of the ice melts, and the students measure the amount of water collected during a time Atz . The students
correctly calculate the amount of energy Q delivered to the ice and thus determine Q/At . They repeat this

experiment several times, each time adding an identical slab to increase the total thickness L of plastic. Their
results are shown in the table below.

Energy flow rate Q/At (J/s) 97 53 31 27 18
Total thickness of plastic L (m) | 0.010 0.020 0.030 0.040 0.050

Bk S| PEE) o) | 97 | 1.0¢ | 43 [1.08 | .4
Api—— L TC) 9.5 | 2.5 |26 [2.5 |26

(a) The students want to create a graph to yield a straight line whose slope could be used to calculate the
thermal conductivity of the plastic. ) -

i. Label the axes below to indicate a pair of quantities that could be graphed to yield a straight line. Include
units for the quantities.
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P2 Q3 C p2

ii. On the grid on the previous page, create a linear graph using the values for the quantities indicated in
part (a)(i). Be sure to do.the following.

Add to the data table the values of any quantities to be plotted that are not already given.
e Scale the axes.

e Plot the data from the table.

e Draw a line that best represents the data.

iii. Use the graph to calculate the thermal conductivity of the plastic.

(b) Indicate one potential problem with the setup that could lead to an experimental value for the thermal
conductivity that is different from the actual value. Use physics principles to explain the effect this problem
could have on the experimental value.

CNE POTGN ﬂ’m PROPLEM zs

TRAT

(c) The rectangle below represents a side view of the plastic slab. Draw a single arrow on the diagram
representing the direction of the net flow of energy through the plastic.

T Plastic Slab

Question 3 continues on the next page.
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P2 Q3 C p3.

(d) Describe what occurs in the plastic at the microscopic level that explains the energy flow you indicated in
part (¢).
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(e) An extra plastic slab sits on a wood surface, with both the plastic slab and the wood surface at room
temperature. A student touches each and finds that the plastic slab feels cooler than the wood surface.

Explain what causes this observation.

THze  HAPPEVS Becase rE PLASTE <
Wts ~ # KHeaHAR JHERM A cenbLer zuryy 4y,
WD BECALSE ad
e p» THE PlAs rze Zs
7
Mere LT pecl © lowpuer  gligan, .
G o7 CoF = A
EZ{&F v 7HE H AV ~pop
LisEF TH8Y g Yo D
Unauthorized copying or reuse of -
L GO ON TO THE NEXT PAGE.

any part of this page Is lllegal.

-12-

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



AP® PHYSICS 2
2019 SCORING COMMENTARY

Question 3
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

Parts (a) and (b) of this question assessed students’ laboratory and graphing skills. In part (a) students were
expected to determine which quantities to graph to linearize the data, graph the data, and extract experimental
results from the slope. Part (b) assessed student understanding of experimental error. Parts (c), (d), and (e)
assessed student understanding of energy transfer via thermal processes, specifically that energy flows from hot
to cold objects (through increased kinetic energy and collisions) and that thermal conductivity is a property of a
material that determines energy flow.

Sample: P2 Q3 A
Score: 10

Full credit was earned in part (a). The graph has correct labels, scaling, plotted points, and best-fit line. The slope
of the best-fit line of the graph is used to determine the value of k by substituting constants into the equation. Full
credit was earned for part (b) for indicating that energy lost to the surroundings as a source of error would yield a
lower experimental value for k. Part (c) earned 1 point for an arrow pointing up. No credit was earned for part (d)
because energy transferred by collisions between neighboring molecules is not addressed. Part (e) earned full
credit because plastic is identified as the better thermal conductor.

Sample: P2 Q3 B
Score: 8

Full credit was earned in parts (a)(i) and (a)(ii) for correct labels, scaling, plotted points, and best-fit line. There
was no penalty for labeling the horizontal axis with K when the values are expressed in °C . No credit was earned
for (a)(iii) because the first data point values are averaged, and then one point on the graph is used to determine
k. In part (b) 1 of 2 points was earned for recognizing that the surrounding air was a possible source of error in
this experiment. In part (c) full credit was earned for an arrow pointing up. In part (d) 1 of 2 points was earned for
indicating that higher-temperature particles move faster. Full credit was earned for part (e) for stating that
materials with greater thermal conductivity feel cooler.

Sample: P2Q3 C
Score: 4

Part (a)(i) earned 1 point for axis labels with units that would produce a linear graph. Part (a)(ii) earned no points
because the data points do not extend over at least half of the vertical axis, the data is not correctly plotted, and a
best-fit line is not drawn. Part (a)(iii) earned no points because a method for determining k using a best-fit line is
not provided. Part (b) earned no points because no problem is indicated. Part (c) earned 1 point for an arrow
pointing up. Part (d) earned 1 point for indicating that higher-temperature particles move faster. Part (e) earned 1
point for indicating that plastic is a better thermal conductor.
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