AP Physics 1: 2025

Question 3: Experimental Design and Analysis (LAB) 10 points

A

For describing a procedure that includes both of the following: Point A1

e Attaching the block to the meterstick
e Measuring the force exerted on the left end of the meterstick while the block is
attached

For a procedure that indicates a reasonable method of reducing experimental Point A2
uncertainty

Examples of acceptable responses may include the following:

e Repeating the force measurement for one location of the block
e Collecting force measurements for multiple locations of the block

Example Response

Attach the block of unknown mass my, through one of the small holes in the meterstick.

Measure the distance from the stand to the block. Record the force reading from the
spring scale when the meterstick is horizontal. Repeat data collection by attaching the
block to the meterstick through a different small hole in the meterstick. Repeat the
measurements by attaching the block at each of the small hole locations numerous
times.
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For indicating appropriate quantities that can be plotted so that m,, can be determined

Scoring Notes:

e Any response that correctly identifies the functional dependence between force

and distance earns this point, regardless of any coefficients that contain
numbers or physical/fundamental constants, or which axis is chosen to graph

each of those quantities.

e This point may be earned independently of the response in part A.

For describing how the slope is related to the unknown mass m;,

Examples of acceptable responses may include the following:

Graph

Analysis

Force as a function of the
distance from the stand to the
block

The slope is equal to m,, times g divided by the
distance from the stand to the spring scale.

OR

my 1is equal to the slope times the distance from
the stand to the spring scale divided by g .

Force as a function of the ratio of
the distance from the stand to the
block to the distance from the
stand to the spring scale

The slope is equal to m,, times g .

OR
my is equal to the slope divided by g .

Force as a function of g times

the distance from the stand to the
block

The slope is equal to m,, divided by the distance
from the stand to the spring scale.

OR

my 1is equal to the slope times the distance from
the stand to the spring scale.

Force as a function of g times

the ratio of the distance from the
stand to the block to the distance
from the stand to the spring scale

The slope is equal to m;, .
OR

my 1s equal to the slope.

Force times the distance from the
stand to the spring scale as a
function of the distance from the
stand to the block

The slope is equal to m,, times g .

OR
my is equal to the slope divided by g .

Force times the distance from the
stand to the spring scale as a
function of g times the distance

from the stand to the block

The slope is equal to m, .

OR

my is equal to the slope.

Point B1

Point B2
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Example Response

A graph of the force as a function of the distance from the stand to the block could be
used to determine the unknown mass. The slope of the graph times the distance from the
stand to the spring scale divided by g will result in the value of the unknown mass my, .

®

(i)

(iii)

For listing a quantity that could be plotted on the vertical axis to produce a linear graph Point C1
whose slope can be used to determine the mass of the meterstick!

Examples of acceptable responses may include the following:

° FT

Scoring Note: Any response that correctly identifies the functional dependence
between tension and angle earns this point, regardless of any coefficients that contain
numbers or physical/fundamental constants.

Example Response

Vertical axis: Fp

For labeling the vertical axis (including units) with a linear scale Point C2

For correctly plotting data points consistent with one of the following: Point C3

e The quantities indicated in part C (i)
e The quantities indicated on the axes
e The quantities indicated in Table 2

For drawing an appropriate best-fit line that approximates the trend of the plotted data Point C4

Scoring Note: If the graph produced is nonlinear, then a line or curve that approximates
the trend of that data can earn this point.
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Example Response
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For correctly relating the slope of the best-fit line to the value of M

Examples of acceptable responses may include the following:

Graph Analysis
5
slope = gMg
1
.= OR
Frvs sind
6 slope
=3 4
slope = EM
Fy 1 6
—— VS. —
g sin@ OR
M = gslope
6 Fy 1 slope = M
——— VS. —
5¢g sind OR
M = slope
slope = Mg
6 1
gFT S Sing OR
M- slope
g

For a value of M within a range of 0.90 kg to 1.15kg

Example Response

_ SMg
T~ 6sin@
S ]
Fr=sMe 5o
slope =%Mg
M _ 6(slope)
5¢

dope = 2ON-4N
PC="54-05

slope = 8.4 N

y— (0)B4N)

(5)(9.8 k—l‘;j

M =1.0kg

Point D1

Point D2
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Question 3: Qualitative/Quantitative Translation 12 points
(a) For drawing the gravitational force at the center of the beam that is directed downward 1 point

For drawing the tension force at the right end of the beam that is directed upward and 1 point

leftward

For a diagram with three force vectors that represent a system in equilibrium 1 point

Example Response

r 1 N

Fg

Scoring Note: Examples of appropriate labels for the gravitational force include Fy;, F,,

Fgrav , W, mg , Mg, “grav force,” F Earth on beam,” “ F on beam by Earth,”

Fiarth on Beam > FE.Beam » OT Fpeam g - The labels G or g are not appropriate labels for the

gravitational force.

Scoring Note: Examples of appropriate labels for the normal force include F,, Fy,, N,

“normal force,” or “wall force.”

Scoring Note: Examples of appropriate labels for the tension force include F,,, Fy, Fr,

Frension > string force,” or “tension force.”

Total for part (a) 3 points
or selectin > with an attempt at a relevant justitication poin

(b) F lecting “ Fr, > Fr,” with p 1 justificati 1 point

For a justification that includes one of the following: 1 point

e For relating the vertical component of the tension in the string to the weight of the bar
e For relating the force needed to exert the same torque to the angle of the string

Example Response

In order for the beam to remain horizontal and at equilibrium, the torque exerted by the
string must remain the same for all angles. When the angle decreases, the perpendicular
component of the tension remains the same. Therefore, the tension in the string is greater for
a smaller angle.

Total for part (b)

2 points
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(c)

For a multi-step derivation that begins with Newton’s second law for rotation, £7 = /& or
Xz =0

1 point

For indicating one of the following:

e The net torque is zero
e The net force is zero

1 point

For indicating one of the following:
e The magnitude of the torque from the string is (F; sin &)L
e The magnitude of the torque from the weight of the beam is Mg%

Mg
2sin@

e The correct answer, Fp =

1 point

Example Response

Yr=1a

+ 7, =0

Tgravity string

L. o .
(Fg)3(51n90 )— Fr(L)sin@ =0
Mgé = (Fysinf)L
__Msg
'™ 2sin@

Total for part (c)

3 points

(d)

For an attempt to use functional dependance to relate the derivation in part (c) to the
reasoning used in part (b)

Scoring Note: The functional dependance does not need to be used correctly to earn this
point.

1 point

For an explanation that correctly relates the derivation in part (c) to the reasoning used in
part (b)

1 point

Example Response

The equation agrees with my explanation because my equation shows that the tension is

inversely proportional to sin@ and for 6 < 90°, sin@ decreases as 0 decreases, so the

tension would be greater for smaller angles.

Total for part (d)

2 points
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(e) For drawing a graph that is monotonically increasing

1 point

For drawing a concave down curve

1 point

Example Response

Angular
Speed
4

» Time

0

Total for part (¢) 2 points

Total for question 3 12 points



