AP® PHYSICS C: MECHANICS
2015 SCORING GUIDELINES

Question 3
15 points total

(a) 3 points

Writing an integral to derive the rotational inertia of the rod

I = Jrzdm

For a correct expression for dm

A=MJ/L, M = AL, dn = Adr

For using the correct limits of integration or a correct constant of integration
r=L

I = J Artdr
r=0

For correctly evaluating the integral above, leading to the answer MI? / 3

r=L
I= [%ﬁl:o - %z(ﬁ ~0)= %(%)(E) - %MLZ

(b) 4 points

For using any expression of conservation of energy

For a correct energy expression relating gravitational potential energy to rotational

kinetic energy
mgh; = %I wg
For correctly substituting L/ 2 for the change in height
Mg(L/2) = %(%MLz)wz
For using v = r@ with r =L to solve for the velocity of the end of the rod
S|

v = 43¢gL

(c) 1 point

For correctly identifying a relationship between length and velocity that will result

in a straight line
Example 1: Horizontal axis: velocity

Vertical axis: 4 length

Example 2: Horizontal axis: (Velocity)2
Vertical axis: length

Note: Each of the above axis choices can also be switched to yield a straight line.
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AP® PHYSICS C: MECHANICS
2015 SCORING GUIDELINES

Question 3 (continued)

Distribution
of points
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e Data O Points for slope calculation

For a correct scale that uses at least half the grid and for correctly labeling the
axes, including units

For plotting data consistent with quantities in the data table in part (c)

For drawing a straight line consistent with the data in part (c)

2 points

For correctly calculating the slope using the straight line drawn in part (d), and not
using data points unless the points lie on the line

Y, =y 6.70 — 2.50
Exz - xig - ((1.30 - 0.45; = 4.94 Jm/s
For correctly calculating g using the slope
m =3
g = m2/3 = (494 ym/s)’ /3 = 8.1 m/s>
Alternate Solution
For stating that linear regression was used and getting one of the results noted

below
For correctly calculating g using the slope

When plotting velocity as a function of / length | the slope is 4.94 x/ﬁ/ s and
g =8.14 m/s>.

When plotting the square of velocity as a function of length, the slope is
25.77 m/s2 and g = 8.59 m/sz.

m =
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AP® PHYSICS C: MECHANICS
2015 SCORING GUIDELINES

Question 3 (continued)

(e) (continued)
ii. 2 points

For one example that directly decreases the effect of air resistance
For another example that directly decreases the effect of air resistance
Some examples include:

Do the experiment in a vacuum

Use shorter rod lengths

Use more massive (or denser) rods

Use a more aerodynamic shape for the rods
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Pivot Point

Mech.3.

&~

MQ3 A1

A uniform, thin rod of length L and mass M is allowed to pivot about its end, as shown in the figure above.

(a) Using integral calculus, derive the ritjtional inertia for the rod around its end to show that it is MI? / 3.
X

X

L L
T= iﬂ - §$nﬁ

=

M= AL
L

J\/\ X d =

A[;i] AL ML

0

1A

The rod is fixed at one end and allowed to fall from the horizontal position A through the vertical position B.

(b) Derive an expression for the velocity of the free end of the rod at position B. Express your answer in terms

of M, L, and physical constants, as appropriate.

N =31

Question 3 continues on the next page.
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MQ3 A2

An experiment is designed to test the validity of the expression found in part (b). A student uses rods of
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horizontal position A and uses photogates to measure the velocity of the free end at position B. The data are

various lengths that all have a uniform mass distribution. The student releases each of the rods from the
recorded below.

(c) Indicate below which quantities should be graphed to yield a straight line whose slope could be used to

calculate a numerical value for the acceleration due to gravity g.

| eng H;

Squace, Velocity

Horizontal axis:

=

Vertical axis:

Use the remaining rows in the table above, as needed, to record any quantities that you indicated that are not

given. Label each row you use and include units.

(d) Plot the straight line data points on the grid below. Clearly scale and label all axes, including units as

appropriate. Draw a straight line that best represents the data.
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MQ3 A3

(e)

i. Using your straight line, determine an experimental value for g.

(0.75,20)
(.5, o) 39= (“5) 2]

2= 3l ;c/;”/

ii. Describe two ways in which the effects of air resistance could be reduced.

Alr f@SlS{dth (ﬂu’o L {‘e/‘{q[e(j!
r
Ly usmg Q L\eawer rOJ or q H\ml\

rod.
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MQ3 B1
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Pivot Point

~

Mech.3.

A uniform, thin rod of length L and mass M is allowed to pivot about its end, as shown in the figure above.

(a) Using integral calculus, derive the rotational inertia for the rod around its end to show that it is mI? /3 :

I: S(ZO\W\

—

1= S'L;* A
e A
1 - M“.’/b

The rod is fixed at one end and allowed to fall from the horizontal position A through the vertical position B.

(b) Derive an expression for the velocity of the free end of the rod at position B. Express your answer in terms
of M, L, and physical constants, as appropriate.

\45 U p . ’ o

\ = /

- 0 U= A 9 2
Question 3 continues on the next page. \( - 2’9 1:,-
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MQ3 B2

GO ON TO THE NEXT PAGE.

An experiment is designed to test the validity of the expression found in part (b). A student uses rods of

various lengths that all have a uniform mass distribution. The student releases each of the rods from the

horizontal position A and uses photogates to measure the velocity of the free end at position B. The data are

recorded below.
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(c) Indicate below which quantities should be graphed to yield a straight line whose slope could be used to

calculate a numerical value for the acceleration due to gravity g.

2-\argth

Horizontal axis:

v

Vo lo <4 udque red

Vertical axis:

Use the remaining rows in the table above, as needed, to record any quantities that you indicated that are not

given. Label each row you use and include units.

(d) Plot the suéight line data points on the grid below. Clearly écale and label all axes, including units as

appropriate. Draw a straight line that best represents the data.
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MQ3 B3
(e)

i. Using your straight line, determine an experimental value for g

sloge  6F \igc =
W= i [ ooy |
S k= -

ii. Describe two ways in which the effects of air resistance could be reduced.
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MQ3 C1
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Pivot Point

Mech.3.

A uniform, thin rod of length L and mass M is allowed to pivot about its end, as shown in the figure above.

(a) Using integral calculus, derive the rotational inertia for the rod around its end to show that it is MI? /3 :
- 1 - < rv R
e 5 U < PA !
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The rod is fixed at one end and allowed to fall from the horizontal position A through the vertical position B.

(b) Derive an expression for the velocity of the free end of the rod at position B. Express your answer in terms
of M, L, and physical constants, as appropriate.
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MQ3 C2

An experiment is designed to test the validity of the expression found in part (b). A student uses rods of
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horizontal position A and uses photogates to measure the velocity of the free end at position B. The data are

various lengths that all have a uniform mass distribution. The student releases each of the rods from the
recorded below.

calculate a numerical value for the acceleration due to gravity g.

Horizontal axis: LQ A 9 + }\

(c) Indicate below which quantities should be graphed to yield a straight line whose slope could be used to
Vertical axis:

J

Use the remaining rows in the table above, as needed, to record any quantities that you indicated that are not

given. Label each row you use and include units.

appropriate. Draw a straight line that best represents the data.

(d) Plot the straight line data points on the grid below. Clearly scale and label all axes, including units as
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MQ3 C3
(©)

i. Using your straight line, determine an experimental value for g.

(5, 2.8)

(I s¢)

2875F . Tk =[G M
TR _.5 S )

ii. Describe two ways in which the effects of air resistance could be reduced.

O -\ +he road was In a
voccuum

(L)~ £ +ne rod Yhad (ess mMas
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AP® PHYSICS C: MECHANICS
2015 SCORING COMMENTARY

Question 3

Overview

This is a rotational dynamics question that requires integration and graphical analysis of data (identifying
sources of error) to determine g.

Sample: MQ3 A
Score: 15

Part (a) of this response earned all 3 points, since all substitutions, bounds, and the evaluated integral were
stated correctly. Part (b) earned all 4 points for use of the correct relationship between gravitational potential
energy and rotational kinetic energy, the correct substitution for the change in height of the center of mass,
and the correct substitution for angular velocity. In the line of three equations, there appears to be an erasure

in the middle equation resulting in a missing factor of w* , but it correctly reappears in the right-hand
equation. Part (c) earned 1 point for a correct relationship between velocity and length that will result in a
straight line. Part (d) earned all 3 points for a graph that includes all the required elements and is consistent
with the data table in part (c). Part (e)(i) earned 2 points for use of data points from the straight line to
calculate slope and for using this slope to determine a value for g. Part (e)(ii) earned 2 points for two different
methods to decrease the effect of air resistance.

Sample: MQ3 B
Score: 8

Part (a) of this response earned 0 points, since there is no indication that integration is used correctly. Part (b)
earned only 1 point for use of conservation of energy equation. Part (c) earned 1 point for a correct
relationship between velocity and length that will result in a straight line. Part (d) earned all 3 points for a
graph that includes all the required elements and is consistent with the data table in part (c). Part (e)(i)
earned 2 points for use of data points from the straight line to calculate slope and the use of this slope to
determine a value for g that is consistent with part (b). Part (e)(ii) earned 1 point for one method to decrease
the effect of air resistance.

Sample: MQ3 C
Score: 4

Part (a) of this response earned 0 points, since there is no indication that integration is used correctly. Part (b)
earned 0 points since the method is incorrect. Part (c) earned 0 points for an incorrect relationship between
velocity and length, which is not even consistent with the incorrect answer in (b). Part (d) earned 2 points for
correct labels and scale and data plotted correctly; however, the line drawn does not represent a best-fit line
to show the trend. Part (e)(i) earned 1 point for using points on the line but neglected to use the relationship
between slope and g from part (b). Part (e)(ii) earned 1 point for only one valid method to decrease the effect
of air resistance.
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