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AP® Physics 1 2021 Scoring Guidelines

Question 2: Experimental Design 12 points

(a) For measuring the radius or diameter of rods with different radii using an appropriate tool 1 point
For measuring force using an appropriate tool 1 point
For a plausible/practical way to directly or indirectly determine F, _for a given rod 1 point
For attempting to reduce experimental uncertainty in an experiment that involves breaking 1 point
the rods

Example response for part (a)

Measure the diameter D of each rod with a ruler.

Students should pull on the rod with the force probe until the rod breaks.
Record the force F,,

Repeat each trial several times to reduce error.
Then trade for a new set of rods with different radii.
Repeat this experiment for several different radii rods.

just before breaking.

ax

Total for part (a) 4 points

(b) R . F, 1 point
For a straight-line graph marked “A” with a slope of —
Ty
For a graph marked “B” that is concave up 1 point
For a graph marked “B” that shows a quadratic relationship at the correct points 1 point
For two graphs that both contain the point (ro, E)) 1 point

Example response for part (b)
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Total for part (b) 4 points
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AP® Physics 1 2021 Scoring Guidelines

(c) For linear scales with appropriate labels and units 1 point
AND
for a graph where the plotted points cover at least half of the grid’s width and height
For plotting the points correctly 1 point
For drawing a reasonable best-fit curve 1 point
Example response for part (c)
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200/~
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Rod Radius (mm)
Total for part (c) 3 points
(d)  For identifying Model B and for indicating that F,__ increases as the square of the radius 1 point
increases

Example response for part (d)

In this graph, F,,, seems to be proportional to R?, so that if we graph F,,, on the

ax

vertical axis and R* on the horizontal axis, it should show a linear graph.

Total for question 2 12 points
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P1Q2A p1

Begin your response to QUESTION 2 on this page.

H RO

2. (12 points, suggested time 25 minutes)

A group of students is investigating how the thickness of a plastic rod affects the maximum force F,,,, with which
the rod can be pulled without breaking. Two students are discussing models to represent how F,,, depends on rod
thickness. '

Student A claims that F,,, is directly proportional to the radius of the rod.

Student B claims that F,,, is directly proportional to the cross-sectional area of the rod—the area of the base of the
cylinder, shaded gray in the figure above. Mr*

(a) The students have a collection of many rods of the same material. The rods are all the same length but come
in a range of six different thicknesses. Design an experimental procedure to determine which student’s model,
if either, correctly represents how F,, depends on rod thickness.

In the table below, list the quantities that would be measured in your experiment. Define a symbol to represent
each quantity, and also list the equipment that would be used to measure each quantity. You do not need to fill
in every row. If you need additional rows, you may add them to the space just below the table.

Quantity to be Measured Symbol for Quantity Equipment for Measurement
needed Yo
Foree b N FO\'(! Sentnv
Radivs ofF rod mm Ruler
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P1Q2A p2

Continue your response to QUESTION 2 on this page.

Describe the overall procedure to be used, referring to the table. Provide enough detail so that another student
could replicate the experiment, including any steps necessary to reduce experimental uncertainty. As needed,
use the symbols defined in the table and/or include a simple diagram of the setup.
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(b) For a rod of radius 7, it is determined that Finax is Fy, as indicated by the dot on the grid below. On the
grid, draw and label graphs corresponding to the two students’ models of the dependence of Fnax on rod
radius. Clearly label each graph “A” M“B.“oormspoqdingloﬂie appropriate model.
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P1Q2ADp3

Continue your response to QUESTION 2 on this page.

The table below shows results of measurements taken by another group of students for rods of different

thicknesses.

2.5

2.0

520

1.5

320

1.0

120

0.5

Rod radius (mm)
Frnax (N)

(c) On the grid below, plot the data points from the table. Clearly scale and label all axes, including units.

Draw either a straight line or a curve that best represents the data.

:‘t
F\ﬂ-
3

2.5

| 2 O | LI I | LI I I | T 1 0 1 LI |
[ | LI ) L | L L Ll
sy raT T T T T T T YT T et raT
[ | [ ] [ ] (BN [
b d b dabdabdeb bl LA
[ I ] oy | | LI | LI I |
L T T O T U U O L O e
aTraTr L o |
o ] (B (N I | B ]
B R o Bk R e e e Sl R S B o B o B
[ ] [ | L I I | [ I
L I I T | Ll 1 1
LI} UL LI LB
[ [ | [ A | [ I |
===ttt = t=f =t
[} [ I I | [ I | [ |
daldol ol ALl LY LdoLd.
; L I I B | [ I | [ |
(! [ i1
..I-I._.I_I.a.l_.l.-.lil.,_.lql [=r1=ra=
I [ [ ]
- bdabdeibdolb ddedded el dalkd b dabda
[ | 1 [ Lo
1 i1 L | [} 1 1 L | L]
=T 1 ™1 171 T T 1171 ™1 171
[ | L | [ 3N} ) [ | [ |
e o BT TRF AT I S = b= = = =
[ I | (] [ | (]
1 A N e e . _ _
F-FA-F - PR - H-H
e | oo 11 T
o ot e ] e e e ] e e e o s o e o -
[ oo [ [ [ 11
1..-1_.1..‘_:_!P1_1._-LI. HSoLll 4 Ly-Ldo
[ R] Frora [ 1 ] 11
[ L) [ [ L] [ 1 [
1Tt pp—— pp—p— — T ™
LI I B | LI I I | [ I ] [ | [
hd b deab debdabde b el e g el o S
L A | L I | I I | [ | [ 3 ]
[ L ) L | LI ] [ | L
FITrasryeTraTraT T T T T Y “ra=
LI I A | LI I I | LI I | [ | [ )
A=k d-bkd-bd-bd-td-d -t 4 -4 -
LN A ) LI I | LI I | [ | '
IO N T N YA O A O ]
ITraTreTrTTaT T TOhT T
P10 Li m 11 L I I | [ |
[ ] [ | [ | [
Ny R N S D R N T Y T A
(BTN o [ L] [
[ I B | [ I | [ I [ |
Fi-r4-rq-t+r—-t+r41-fr4—++—+41+t-r+1-
101 | I I | I I | [ I |
bdabdoabdebdalldogdolb el o dol
[N I | | I I | i [ I |
[ L] [ i [ |
b e Dt e L e A e A e S i B
LI B | LI I | LI I I | LI |
M 1 P .
[N I I | LI I | LI I I | Fvni
(O L I T T I A A
=TT raaTTT T T T T
[N I B | LI I I | LI I I | LI I I |
e e e Bl e e et e e e e s o B S ]
[ I | [ | [ I | [ I I |
] ]
BTl et e e Rl
[ ] I I I | I | [ |
Ft=rF1=-Fq=-tr=-t-1=f=--t+-r—-+-f+t-F+--
[0 I A | LI I | I I I | LI I I |
L L 'l L L Ll

o

(d) Which student’s model is more closely represented by the evidence shown in the graph you drew in

part (c) ?

Finax is directly proportional to the radius of the rod.

Student A’s model:

K4

Student B’s model: F,,, is directly proportional to the cross-sectional area of the rod.
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P1 Q2 B p1
Begin your response to QUESTION 2 on this page.

CH 1)

2. (12 points, suggested time 25 minutes)

A group of students is investigating how the thickness of a plastic rod affects the maximum force Fy,, with which
the rod can be pulled without breaking. Two students are discussing models to represent how F,,,, depends on rod
thickness.

Student A claims that F,,, is directly proportional to the radius of the rod.

Student B claims that F},,, is directly proportional to the cross-sectional area of the rod—the area of the base of the
cylinder, shaded gray in the figure above.

(a) The students have a collection of many rods of the same material. The rods are all the same length but come
in a range of six different thicknesses. Design an experimental procedure to determine which student’s model,
if either, correctly represents how F;,,, depends on rod thickness.

In the table below, list the quantities that would be measured in your experiment. Define a symbol to represent
each quantity, and also list the equipment that would be used to measure each quantity. You do not need to fill
in every row. If you need additional rows, you may add them to the space just below the table.

Quantity to be Measured Symbol for Quantity Equipment for Measurement
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P1 Q2B p2

Continue your response to QUESTION 2 on this page.

Describe the overall procedure to be used, referring to the table. Provide enough detail so that another student
could replicate the experiment, including any steps necessary to reduce experimental uncertainty. As needed,
use the symbols defined in the table and/or include a simple diagram of the setup.
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(b) For a rod of radius r, it is determined that Fy,,, is Fy, as indicated by the dot on the grid below. On the
grid, draw and label graphs corresponding to the two students’ models of the dependence of Fp,, on rod
radius, Clearly label each graph “A” or “B,” corresponding to the appropriate model.
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P1 Q2B p3

Continue your response to QUESTION 2 on this page.
The table below shows results of measurements taken by another group of students for rods of different

thicknesses.
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() On the grid below, plot the data points from the table, Clearly scale and label all axes, including units.

Draw either a straight line or a curve that best represents the data.
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(d) Which student’s model is more closely represented by the evidence shown in the graph you drew in

part (¢) ?

crO3¥-spckion(l preph

Y Student A's model: F,,, is directly proportional to the radius of the rod.
—. Student B's model: F,,, is directly proportional to the cross-sectional area of the rod.

Explain your reasoning.
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P1 Q2 C p1

Begin your response to QUESTION 2 on this page.

CH O

2. (12 points, suggested time 25 minutes)

A group of students is investigating how the thickness of a plastic rod affects the maximum force F,,,, with which
the rod can be pulled without breaking. Two students are discussing models to represent how F,,. depends on rod
thickness.

Student A claims that F,,,, is directly proportional to the radius of the rod.

Student B claims that F,, is directly proportional to the cross-sectional area of the rod—the area of the base of the
cylinder, shaded gray in the figure above.

(a) The students have a collection of many rods of the same material. The rods are all the same length but come

in a range of six different thicknesses. Design an experimental procedure to determine which student’s model,
if ¢ither, correctly represents how F,,, depends on rod thickness.

In the table below, list the quantities that would be measured in your experiment. Define a symbol to represent
each quantity, and also list the equipment that would be used to measure each quantity. You do not need to fill
in every row. If you need additional rows, you may add them to the space just below the table.

Quantity to be Measured Symbol for Quantity Equipment for Measurement
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P1Q2 C p2

Continue your response to QUESTION 2 on this page.

Describe the overall procedure to be used, referring to the table. Provide enough detail so that another student
could replicate the experiment, including any steps necessary to reduce experimental uncertainty. As needed,
use the symbols defined in the table and/or include a simple diagram of the setup. s bot Seme lenyth.
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(b) For a rod of radius r, it is determined that F,,,, is Fj, as indicated by the dot on the grid below. On the
grid, draw and label graphs corresponding to the two students’ models of the dependence of F,, on rod
radius. Clearly label each graph “A™ or “B,” corresponding to the appropriate model.
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Continue your response to QUESTION 2 on this page.

Rod radius (mm)

T
I
|
I
I
I
T

e O T LT Ty T e B e

™

L]
]
1
1
1
1
1
Ll

—h

T
I
]
A
]
1
]
L]
i

T
I
|
L
|
I
[}
I

I

The table below shows results of measurements taken by another group of students for rods of different

thicknesses.
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(c) On the grid below, plot the data points from the table. Clearly scale and label all axes, including units,

Draw either a straight line or a curve that best represents the data.
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(d) Which student’s model is more closely

part () ?
\/.Z Student A’s model:

Fpax 18 directly proportional to the radius of the rod.

iStndent B’s model: F,, is directly proportional to the cross-sectional area of the rod.

Explain your reasoning.
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AP® Physics 1 2021 Scoring Commentary

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

Responses to this question were expected to demonstrate an understanding of Science Practice 4,
Experimental Methods. Students designed an experiment to determine whether the relationship between two
variables was more accurately described as linear or quadratic. Students had to realize they would need to
perform trials with different values of the independent variable, rod thickness, to determine how thickness
affects breaking force. The response also needed to devise practical ways to apply and measure the force
necessary to break a rod and be specific about how that force would be applied to the rod using common
laboratory equipment. The response needed to include steps to reduce experimental error, such as repeating
the same measurement multiple times.

Responses to this question were expected to demonstrate Science Practice 1, Modeling. Students were asked
to re-express two opposing narrative models as graphical models. Students were required to sketch a graph of
what experimental results would look like if breaking force depended on radius and what the results would
look like if breaking force depended on area.

Responses to this question needed to demonstrate well-developed graphing skills, such as making
appropriately scaled axes, labeling axes, including units, and sketching an appropriate line of best fit.

Sample: P1 Q2 A
Score: 11

The response did not earn the first point in part (a). Although the response does mention measuring radius
with a ruler, the response does not refer to measuring the radius of rods with different thicknesses. The
response earned each of the other points.

Sample: P1 Q2 B
Score: 6

Part (a) earned 3 points. In the table, the response mentions measuring radius with a ruler. The last sentence of
the procedure states to “repeat (the procedure) with all six tubes.” Because the response includes instructions
to measure the radii of rods of different thicknesses with an appropriate tool, it earned the first point. In the
table, the response mentions measuring force with “spring w/ hook and scale,” which is a spring scale, an
appropriate tool for measuring force, so it earned the second point. The response further describes pulling the
rod with this device. The response mentions attaching one end of the rod to a hook on the wall and the other
end to the device used to measure force. Although the response refers to the time the tube lasts, the response
specifically states to write down the force it took to break the tube, so it earned the third point. Although the
response states to repeat the procedure with all six tubes, the response does not mention repeating the
measurement with tubes of equal radius, so the fourth point was not earned. Part (b) earned 1 point. The graph
marked A in the response is not linear, nor does it have the correct slope. The graph marked B in the response
is concave down and does not show the correct quadratic relationship. Both graphs contain the point (r, Fo), so
it earned this point. Part (c) earned 2 points. In this response, the scale on the vertical axis is not linear, as the
force interval between the bottom two major grid lines is 100 N while the interval between other adjacent major
grid lines is 200 N. The points are plotted correctly relative to the scale on the axes, so the response earned 1
point. The best-fit line drawn in this response is appropriate for the points that are plotted, so the response
earned 1 point. Part (d) earned no points because the response does not indicate that student B's model is more
closely represented by the evidence shown in the graph.
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Question 2 (continued)

Sample: P1 Q2 C
Score: 2

Part (a) earned no points. The response does not mention measuring the radius with an appropriate tool and
does not mention repeating the measurement of breaking force with identical rods. The response does not
include an appropriate tool for measuring force and does not include a practical way to measure the breaking
force. Part (b) earned 1 point. The response only earned the fourth point in part (b) because both graphed lines
contain the point (r, Fo). Part (c) earned 1 point for the points being plotted correctly. The vertical axis in the
response is not labeled, and the plotted points are connected by a series of line segments instead of a smooth
curve, so the response did not earn these points. Part (d) earned no points because the response does not
identify student B's model as the one most closely represented by the evidence shown in the graph.
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