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AP® Physics 2: Algebra-Based 2021 Scoring Guidelines

Question 2: Experimental Design 12 points
(a) i. For describing a valid method for keeping the temperature constant 1 point
For describing a valid use of the objects of known mass to affect the pressure 1 point
For explicitly measuring the height 4 and the radius r (or diameter) of the piston 1 point
For explicitly obtaining more than two data points 1 point

Example response for part (a)(i)

Place the container in an ice bath, so the part below the piston is submerged. Measure the
radius and height of the piston. For eight different objects of known mass, add each
object on the piston and measure the height of the piston for each object.

ii. For an equation that correctly relates pressure to measured quantities consistent with the 1 point
procedure in (a)(i)

Example response for part (a)(ii)
P, =P, + (mp + Nmo)g/A =P, + (mp + Nmo)g/(ﬂrz), where N is the number

tot atm

of objects on the piston and r is the radius of the piston.

iii. For an equation that correctly relates the density of the gas to measured quantities 1 point

Example response for part (a)(iii)
p =M,V =M,[(xrh)

iv. For referring to the ideal gas law or Boyle’s Law and using the equation to show pressure 1 point
and volume are inversely proportional

For a conclusion based on an analysis of the slope of the graph and a correct relationship 1 point
between pressure and density

Example response for part (a)(iv)

According to the ideal gas law, pressure is proportional to 1/V. Because the mass of this
gas is constant, pressure is, therefore, directly proportional to density. The graph does
not show a linear relationship between density and pressure, so the gas is not ideal.

Total for part (a) 8 points

(b) For indicating that the water pressure, and thus the pressure on the balloon and of the gas, 1 point
increases as the depth is increased

Example response for part (b)
When the balloon goes deeper in the fluid, the pressure increases. This will cause the
volume of the balloon to decrease.
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(©)

For correctly applying Newton’s second law with some specific elements of the problem, 1 point
including one of the two weights

For a correct expression for the weight of the balloon and gas 1 point
For a correct expression for the buoyant force 1 point

Example response for part (c)
ZF:O:FB_Wballoon_W - I

gas student
Fg =p Vg
W=p,Vyg+mg
Fstudent = ,OWng - (ngbg + mbg)

Total for part (c) 3 points

Total for question 2 12 points
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P2 Q2 A p1

Begin your response to QUESTION 2 on this page.

2. (12 points, suggested time 25 minutes)

A group of students design an experiment to investigate the relationship between the density and pressure of a
sample of gas at a constant temperature. The gas may or may not be ideal. They will create a graph of density

as a function of pressure. They have the following materials and equipment.
* A sample of the gas of known mass M, in a sealed, clear, cylindrical container, as shown
above, with a movable piston of known mass m,,

» A collection of objects each of known mass m,,
* A meterstick

(a)
i. Describe the measurements the students should take and a procedure they could use to collect the

. data needed to create the graph. Specifically indicate how the students could keep the temperature
constant. Include enough detail that another student could follow the procedure and obtain similar

data.
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P2 Q2 A p2

Continue your response to QUESTION 2 on this page.

iii. Determine an expression for the density of the gas in terms of measured quantities, given
quantities, and physical constants, as appropriate. Define any symbols used that are not already
defined.

0= Ma | = rodus o piston
Teh | b= helght o piston

PU:'nRT

Pressure

iv. The graph above represents the students’ data. Does the data indicate that the gas is ideal?
Describe the application of physics principles in an analysis of the graph that can be used to arrive
at your answer.
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P2 Q2 A p3

Continue your response to QUESTION 2 on this page.

Another group of students propose that the relationship between density and pressure could also be obtained by
filling a balloon with the gas and submerging it to increasing depths in a deep pool of water.

(b) Why could submerging the balloon to increasing depths be useful for determining the relationship between
the density and pressure of the gas? ¥
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m,, (Balloon only, not gas)

-

(c) The balloon is kept underwater in the deep pool by a student pushing down on the balloon, as shown above.
Let V), represent the volume of the inflated balloon, m;, represent the mass of just the balloon (not including the
mass of the gas), , represent the density of the gas in the balloon, and p, represent the density of the water.
Derive an expression for the force the student must exert to hold the balloon at rest under the water, in terms of
the quantities given in thiis part and physical constants, as appropriate.
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P2 Q2 B p1

Begin your response to QUESTION 2 on this page.

Cylinder

Piston

2. (12 points, suggested time 25 minutes)

A group of students design an experiment to investigate the relationship between the density and pressure of a
sample of gas at a constant temperature. The gas may or may not be ideal. They will create a graph of density
as a function of pressure. They have the following materials and equipment.

* A sample of the gas of known mass M, in a sealed, clear, cylindrical container, as shown
above, with a movable piston of known mass m),
* A collection of objects each of known mass m,
» A meterstick
(a)

i. Describe the measurements the students should take and a procedure they could use to collect the
data needed to create the graph. Specifically indicate how the students could keep the temperature
constant. Include enough detail that another student could follow the procedure and obtain similar
data.
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ii. Determine an expression for thc absolute pressure of the gas in terms of measured quantities,
given quantities, and physical constants, as appropriate. Define any symbols used that are not

already defined. .
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P2 Q2 B p2

Continue your response to QUESTION 2 on this page.

iii. Determine an expression for the density of the gas in terms of measured quantities, given
quantities, and physical constants, as appropriate. Define any symbols used that are not already
defined.
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iv. The graph above represents the students’ data. Does the data indicate that the gas is ideal?
Describe the application of physics principles in an analysis of the graph that can be used to arrive
at your answer.

Dv & W a) gos by, WAART, 0 e baehte of voles end g corshond douF

Ohergt s IV i prpovtinnd 4 4 Jovpante N b ops 15 6 & gos o
Blow Wi o, 0l ag B ok s Yo kg of o doesiky o S gps
h b wes 14 s esmaally Shasimy fod presson TS wstly - propertio
Yo Qursiy (es woss ghec ot dm-g)m wWick Lollas W idal ge¢ o
Hontkort) 925, Fhe g is i),

Unauthorized copying or reuse of this page is illegal. Page 5 GO ON TO THE NEXT PAGE.




P2 Q2 B p3

Continue your response to QUESTION 2 on this page.

Another group of students propose that the relationship between density and pressure could also be obtained by
filling a balloon with the gas and submerging it to increasing depths in a deep pool of water.

(b) Why could submerging the balloon to increasing depths be useful for determining the relationship between
the density and pressure of the gas?
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(c) The balloon is kept underwater in the deep pool by a student pushing down on the balloon, as shown above.
Let Vj, represent the volume of the inflated balloon, mj, represent the mass of just the balloon (not including the
mass of the gas), P, represent the density of the gas in the balloon, and p, represent the density of the water.
Derive an expression for the force the student must exert to hold the balloon at rest under the water, in terms of
the quantities given in this part and physical constants, as appropriate.
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P2 Q2 C p1

Begin your response to QUESTION 2 on this page.

Cylinder

Piston

2. (12 points, suggested time 25 minutes)
A group of students design an experiment to investigate the relationship between the density and pressure of a

sample of gas at a constant temperature. The gas may or may not be ideal. They will create a graph of density
as a function of pressure. They have the following materials and equipment. P\J-_, T

-

* A sample of the gas of known mass M, in a sealed, clear, cylindrical container, as shown
above, with a movable piston of known mass m,

* A collection of objects each of known mass m,

* A meterstick

(a)
i. Describe the measurements the students should take and a procedure they could use to collect the
data needed to create the graph. Specifically indicate how the students could keep the temperature
constant. Include enough detail that another stuﬂen( could follow the procedure and obtain similar
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ii- Determine an expression for the absolute pressure of the gas in terms of measured quantities,
given quantities, and physical constants, as appropriate. Define any symbols used that are not
already defined.
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P2 Q2 C p2

Continue your response to QUESTION 2 on this page.

ili. Determine an expression for the density of the gas in terms of measured quantities, given
quantities, and physical constants, as appropriate. Define any symbols used that are not already
defined.
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iv. The graph above represents the students’ data. Does the data indicate that the gas is ideal?
Describe the application of physics principles in an analysis of the graph that can be used to arrive
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P2 Q2 C p3

Continue your response to QUESTION 2 on this page.

Another group of students propose that the relationship between density and pressure could also be obtained by
filling a balloon with the gas and submerging it to increasing depths in a deep pool of water.

(b) Why could submerging the balloon to increasing depths be useful for determining the relationship between

the density and pressure of the gas? gmm . v)‘m?b _‘L’ ul)'- u.,,-l\\ ’l‘"ﬂ'
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m,, (Balloon only, not gas)

(c) The balloon is kept underwater in the deep pool by a student pushing down on the balloon, as shown above.
Let V,, represent the volume of the inflated balloon, m;, represent the mass of just the balloon (not including the
mass of the gas), Py represent the density of the gas in the balloon, and p_ represent the density of the water.
Derive an expression for the force the student must exert to hold the balloon at rest under the water, in terms of
the quantities given in this part and physical constants, as appropriate.
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AP® Physics 2 2021 Scoring Commentary

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

The responses to this question were expected to demonstrate the following:
e Describe a procedure to investigate the relationship between the density and pressure of a sample of
an ideal gas
e Derive equations for the density and pressure of the gas using measured quantities
e Analyze a density vs. pressure graph to determine whether the sample of gas is indeed ideal
e Compare the first experiment to a new experiment involving a balloon that is submerged underwater
e Derive an equation for the applied force necessary to hold the balloon stationary underwater

Sample: P2Q2 A
Score: 11

Part (a)(i) earned 3 points. One point was earned for indicating a valid method for affecting the pressure by
placing objects on the piston. One point was earned for mentioning that taking measurements of the height
and radius of the cylinder. One point was earned for indicating a valid method for generating more than two
experimental data points. The response does not state a valid experimental method for maintaining a constant
temperature of the gas. Part (a)(ii) earned 1 point for indicating a valid expression that is in terms of measured
quantities from part (a)(i). Part (a)(iii) earned 1 point for indicating a valid expression that is in terms of
measured quantities from part (a)(i). Part (a)(iv) earned 2 points. One point was earned for referring to the ideal
gas law to state an inversely proportional relationship between pressure and volume—note the expression
written to the side of the graph. One point was earned for clearly establishing a linear relationship between
pressure and density and clearly interpreting the shape or slope of the graph in a manner that validates the
nonideal behavior of the gas. Part (b) earned 1 point for clearly indicating that the water pressure increases as
the depth increases. Part (c) earned 3 points. One point was earned by indicating a valid expression for the
buoyant force in terms of the quantities given. One point was earned by indicating a valid expression for the
weights of the gas and balloon in terms of the quantities given. One point was earned by deriving and
establishing a relationship between the buoyant force, the force of the student, and at least one of the weights
via Newton’s second law.

Sample: P2 Q2 B
Score: 6

Part (a)(i) earned 1 point for mentioning the measurements of the height of the cylinder and the radius/diameter
of the piston. No points were earned for not stating a valid experimental method for maintaining a constant
temperature of the gas, not mentioning a valid use of the objects that would affect the pressure of the system
during the experiment, and not indicating a valid method for generating more than two experimental data
points. Part (a)(ii) earned 1 point for providing an equation that is consistent with the procedure provided in
part (a)(i) even though it does not incorporate the objects. Part (a)(iii) earned 1 point for indicating a valid
expression that is in terms of measured quantities from part (a)(i). Part (a)(iv) earned 1 point for referring to the
ideal gas law to state an inversely proportional relationship between pressure and volume. No point was
earned for not clearly interpreting the shape or slope of the graph and the response does not clearly establish a
linear relationship between pressure and density. Part (b) earned 1 point by connecting the increasing force on
the balloon as coming from pressure, the response clearly indicates that the water pressure increases as the
depth increases. Part (c) earned 1 point for indicating a valid expression for the buoyant force in terms of the
quantities given. No other points were earned because the response does not indicate an expression for the
combined weights of the balloon and gas and does not derive and establish a relationship between the buoyant
force, either the weight of the balloon or gas, and the force of the student via Newton’s second law.
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AP® Physics 2 2021 Scoring Commentary

Question 2 (continued)

Sample: P2 Q2 C
Score: 2

Part (a)(i) earned 1 point for indicating the measurement of the height of the piston from the base of the
cylinder and the radius/diameter of the piston. No points were awarded because the response does not state a
valid experimental method for maintaining a constant temperature of the gas, does not mention any use of the
objects during the experiment, and does not elaborate on generating more than two experimental data points.
Part (a)(ii) earned no points for not indicating a valid expression that is in terms of measured quantities from
part (a)(i). Part (a)(iii) earned 1 point for indicating a valid expression that is in terms of measured quantities
from part (a)(i). Part (a)(iv) earned no points. The response does not refer to the ideal gas law to state an
inversely proportional relationship between pressure and volume, does not clearly interpret the shape or slope
of the graph, and does not clearly establish a linear relationship between pressure and density. Part (b) earned
no points because the response indicates that the water pressure changes with depth but does not establish
that the pressure would increase as the depth increases. Part (c) earned no points for not indicating a valid
expression for the buoyant force in terms of the quantities given, not developing a valid expression for the
combined weights of the balloon and gas, and not deriving and establishing a relationship between the
weights, buoyant force, and the force of the student via Newton’s second law.
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