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AP® Physics 1: Algebra-Based 2023 Scoring Guidelines

12 points

Experimental Design

Question 2

1 point

For indicating two quantities that, when graphed together, produce a straight line whose

slope can be used to determine the acceleration a
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Example Response
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1 point

(a)(ii)) The axes have a linear scale and are identified (labels OR units) so that when graphed

correctly, the data will span more than half of the horizontal and vertical axes

1 point

For plotting at least 4 of the data points correctly

1 point

For drawing a best-fit line that approximates the trend of the data
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Alternate Example Response
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Scoring Note: The following tables represent the most common linearized graphs with the

data that were used to determine the acceleration.
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AP® Physics 1: Algebra-Based 2023 Scoring Guidelines

(a)(iii)

. i A . . .. 1 point
For attempting to find the slope, (El—ss) or (Byj , of the best-fit line drawn in part (a)(ii) P
Scoring Note: An indication that a calculator was used for linear regression to determine
the value of the slope may earn this point.
For using the slope in a valid kinematic equation to calculate the acceleration 1 point

Scoring Note: This point can be earned if evidence of a kinematic equation exists in

graphed quantities (e.g., a graph of position as a function of %tz ).

Example Response

Ay  Aposition 048 m — 018 m m
slope = — = = =0375 —
A Atime®  125° - 045> s®
Ax = vyt + %atz
A _ 1),
22

slope x2 =a

m
a=075 =
§2

Total for part (a) 6 points
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(b)(i) For indicating a quantity to be measured 1 point

Accept one of the following:
e The angle 6 with the horizontal
e The height 4 and length L of the ramp

Scoring Note: Stating only the height needs to be measured can earn this point if an
energy approach is used.

(b)(ii) For providing a correct expression relating the acceleration of gravity to the acceleration 1 point
measured

Scoring Note: If cos@ is used, the response must specify that & was measured from the
vertical.

Example Response

MGy, SING = ma

_a
Bexp = sin @
OR
. _h
sinf = 7
(L
exp = ﬁ a
OR

Mmgeph = %mv2

1 2
gexph = EV
v = 1/2gexph
v =at
at = \|2g.,h

2.2

a’t
gexp = 2h

Total for part (b) 2 points
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()i For identifying a physical factor that could have affected the result 1 point

Accept one of the following:

e A physical factor in the materials used (e.g., the wheels have nonnegligible
rotational inertia, the ramp was bumpy, the wheels were wobbly or not perfectly
round, the base of the ramp was not level, the floor was not level.)

e A physical factor in the environment (e.g., the room was being accelerated,
elevator, the experiment was performed at high elevation or on a different planet.)

e A physical error in measurement collection (e.g., time, position, or angle was
measured incorrectly.)

Scoring Note: A statement of “Human error” does not earn this point.

(c)(ii) For correctly indicating the functional dependence between the reason listed in part (c)(i) 1 point

and Zexp

Accept one of the following:
e Correctly indicating the functional dependence between the physical factor in the
materials used and g, (e.g., if the rotational inertia of the rotating wheels is

nonnegligible, the cart will have a smaller acceleration and g, will be smaller.)

e Correctly indicating the functional dependence between the physical factor in the

environment and g, (e.g., if the experiment was performed at a high elevation,
the acceleration will be smaller and g, will be smaller.)

e Correctly indicating the functional dependence between the physical error in the
measurement collection and g, (¢.g., if the angle of the ramp is smaller than the

measured value, the cart will have a smaller acceleration and g, will be smaller.)

Example Response

The expression I derived for the value for g, did not take into consideration that the

wheels had any rotational inertia. If the wheels have rotational inertia and are rotating,

the acceleration of the cart would be less than gsin@, so the value of g, would be less

than 98 22 .
s

Total for part (c) 2 points
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(d)  For sketching a concave up curve with an initially negative slope for the graph of position 1 point
as a function of time

For one of the following: 1 point
e Drawing a line with a positive slope and a negative vertical intercept for the v vs.
t graph
e Drawinga v vs. ¢ graph that is consistent with the x vs. ¢ graph that shows
acceleration

Example Response

X Vv

—
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Scoring Note: The following are alternate example graphs with the points the response

would earn.
X v
A
9] // ' Earns 2 points
o
X v
'
0 1 Earns 1 point
o
X vV
A A
o t Earns 1 point
o
X Vv
A A
0\ t Earns 1 point
o
X Vv
A A
0 t Earns 0 points
o

Total for part (d) 2 points

Total for question 2 12 points
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AP® Physics 1: Algebra-Based 2023 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 Identify a pair of variables (i.e., x vs. #* ) whose slope can be used with kinematics equations to determine
the acceleration of the cart moving down a ramp.

e Apply an appropriate linear scale to the graph.

e Draw a reasonable best-fit line that follows the trend of the data points in the graph and that is not forced to
go through data points or the origin.

e Use the slope of the best-fit line to calculate the acceleration of the cart down the ramp.

* Identify additional information needed to determine a relationship between g, and acceleration.

¢ Derive an equation to determine g, from acceleration.
* Identify a physical reason beyond friction and air resistance that would reduce g, -
¢ Develop arguments to justify a correct functional dependence between the physical reason and g, .

e  Graph the position versus time and the velocity versus time for a cart going up a ramp.

Sample: 2A
Score: 10

Part (a)(i) earned 1 point for correctly identifying two variables that will yield a straight line that could be used to
determine a value for acceleration. If there are multiple conflicting labels, of which at least one is correct, look at
the data table for clarification. If the data in the data table does not help clarify, use the following priority, if
present: quantity, variable, and lastly units. The response initially is unclear if time or ¢ squared was graphed, but
the values in the data table confirm that the response is graphing time squared. Part (a)(ii) earned 3 points. One
point was earned for scaling the axes so that the data spans more than half the horizontal and vertical axes. Both
axes are appropriately identified. The second point was earned for plotting at least four points correctly. The third
point was earned for showing a best-fit line that approximates the trend of the data. Part (a)(iii) earned 1 point for
using two points from the best-fit line to calculate the slope of the line. The second point was not earned because
the response does not use the slope in a valid kinematic equation to calculate the acceleration. Part (b)(i) earned 1
point for correctly identifying a quantity that is needed to calculate g, from a . Part (b)(ii) earned 1 point for

providing a correct expression relating the acceleration of gravity to the acceleration measured. Part (¢)(i) earned
1 point for identifying a physical factor that might have affected the experimentally determined value of g, .
Part (¢)(ii) earned 1 point for correctly indicating the functional dependence between the reason listed in part
(c)(1) and gy, . Part (d) earned 1 point for showing a v versus ¢ line with a positive slope and a negative

intercept. The second half of this graph does not affect this point. The other point was not earned because the
response does not show an x versus ¢ curve that is concave up and has an initially negative slope.

© 2023 College Board.
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AP® Physics 1: Algebra-Based 2023 Scoring Commentary

Question 2 (continued)

Sample: 2B
Score: 5

Part (a)(i) earned 1 point for correctly identifying two variables that will yield a straight line that could be used to
determine a value for acceleration. Part (a)(ii) earned 3 points. One point was earned for scaling the axes so that
the data spans more than half the horizontal and vertical axes. Both axes are appropriately identified. The second
point was earned for plotting at least four points correctly. The third point was earned for showing a best-fit line
that approximates the trend of the data. Part (a)(iii) earned 1 point for using the origin and another point from the
best-fit line to calculate the slope of the line. The second point was not earned because the response does not use
the slope in a valid kinematic equation to calculate the acceleration. Part (b)(i) earned no points because the

response does not correctly identify a quantity that is needed to calculate g, from a . Part (b)(ii) earned no

points because the response does not provide a correct expression relating the acceleration of gravity to the
acceleration measured. Part (c)(i) earned no points because the response does not identify a physical factor that

might have affected the experimentally determined value of g, . Part (c)(ii) earned no points because the
response does not correctly indicate the functional dependence between the reason listed in part (¢)(1) and g, -

Part (d) earned no points because the response does not show an x versus ¢ curve that is concave up and has an
initially negative slope. The second point was not earned because the response shows a v versus ¢ graph that is
neither a line with a positive slope and a negative intercept nor a line consistent with the x versus ¢ graph.

Sample: 2C
Score: 1

Part (a)(i) earned 1 point for correctly identifying two variables that will yield a straight line that could be used to
determine a value for acceleration. Part (a)(ii) earned no points. The first point was not earned because the
response uses a nonlinear scaling, and one axis is unscaled. The second point was not earned because the response
does not plot at least four points correctly. The third point was not earned because the response does not have a
best-fit line that approximates the trend of the data. Part (a)(iii) earned no points. The first point was not earned
because the response does not use correct y values from the best-fit line. The second point was not earned
because the response does not use the slope in a valid kinematic equation to calculate the acceleration. Part (b)(i)
earned no points because the response does not correctly identify a quantity that is needed to calculate g, from

a . Part (b)(ii) earned no points because the response does not provide a correct expression relating the
acceleration of gravity to the acceleration measured. Part (¢)(i) earned no points because the response does not
identify a physical factor that might have affected the experimentally determined value of g, . Part (c)(ii) earned

no points because the response does not correctly indicate the functional dependence between the reason listed in
part (c)(i) and g, . Part (d) earned no points because the response does not show an x versus ¢ curve that is

concave up and has an initially negative slope. The second point was not earned because the response shows a v
versus ¢ graph that is neither a line with a positive slope and a negative intercept nor a line consistent with the x
versus ¢ graph.
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