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AP® PHYSICS C: MECHANICS
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Question 1

15 points total

(a)

(b)

2 points

J= _[th

For a correct equation relating the given force, time and impulse

J, = F,At

For the correct answer
At=1J,[F,,
Alternate solution

For using both kinematics and Newton'’s second law
v, =0+a,,Ar

avg

Favg = maavg

Combining the above equations

v
Fas = [ 5

Fo At =mv, =J,

avg
For the correct answer

At =1J,/F,,

2 points

For the correct relationship between impulse and the change in momentum
J = Ap = mAv

J,=m(v, —0)=mv,

p
For the correct answer
m=J,/v,

Note: A correct kinematics and Newton’s laws approach is also acceptable.
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Question 1 (continued)

3 points

For using the work-energy theorem

W = AK

W =0-2m?

For substituting the expression for m from part (b)
17y o

W=--—
2v, Vx
1

W = _EJP v,

For an indication that the work done is negative

Alternate Solution
Using kinematics and Newton'’s second law to determine the average net force

2 _ .2 _
vy =V = 2a,,d

2 _
—vy = 2a,,d
2
U
avyg 2d
Favg = maavg

For substituting this expression for the force into the equation for work

2
vx
W= [Fedr = F,,d = m[—ﬁjd
2
-
W=-m 5
For substituting the expression for m from part (b)
2
- v
v, 2
W = —lJ
= 2 p UX

For an indication that the work done is negative
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Question 1 (continued)

Distribution
of points
2 points
W = [Fedr = F,, r
For using F, as the average force in the equation for work 1 point
W
F, =—
b d
For substituting the expression for W from part (c), with or without a negative sign 1 point
J, v
_p%x
=24
4 points
Applying the work-energy relationship
K, +W =K,
For correctly relating the initial kinetic energy of the projectile with the work done by 1 point
the block on the projectile and the work done on the block by friction with the table
Ki + Wblack + Wfrictian =0
For substituting for the work done by the block on the projectile (i.e., the energy lost to 1 point

heat in the block-projectile collision)
Ki - den + Wfrictivn =0

For substituting the work done on the block by friction with the table (i.e., the energy 1 point
lost to heat as the block slides to rest on the table)
K, -Fd,—- ffD=0
The initial kinetic energy of the projectile is the same as in the first case when the block
was clamped. Therefore, it can be equated to the work done in stopping the
projectile from part (d).
For substituting F,d for the initial kinetic energy of the block 1 point
Fyd - Fyd, — frD = 0
Full credit could not be earned for just writing this equation. The student needed to have
some indication that the work-energy relationship was being applied, and that F,
was associated with the initial kinetic energy.

n Fb
d,=d-1p
Fh
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Question 1 (continued)

Distribution
of points
2 points
For a correct application of conservation of momentum to the block-projectile collision 1 point

mv, = (M +m)V

_ . m
VE e m Y
The kinetic energy of the block/projectile system immediately after the collision is equal
to the work done by friction in stopping it.
1
ﬂM+mHﬂ=ﬁD

For substituting for V' 1 point

From part (c) the kinetic energy factor in the equation above is equal to the total work
done. From part (d) that work is equal to F,d .

m
M+m

Using the expression Fyd, = F,d — f;D from part (e) to substitute for f.D

Fyd = frD

m

m = —_—
Mm@ =

_ _ m
%‘db M+m)

Note: Because the work for parts (¢) and (f) is interrelated, the two parts are scored as a
whole. Credit is earned for work related to part (f) even when it is shown in part (e)
and vice versa.
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Question 2

15 points total Distribution

(a)

(b)

(©)

of points
2 points

For either a weight force or a normal force, correctly drawn and labeled 1 point
For the second correct force and no additional forces, arrows or components 1 point

1 point

For a correct expression for the centripetal force in terms of the forces drawn in part (a) 1 point
For the example above:
F. = Fy — Mgsing

Alternate Solution Alternate points
Applying conservation of energy, with the loss of potential energy equal to the kinetic
energy at point C

Mg Dh = Mué/z

ug = 2gDh

Dh = 3R/4 + Rsing

ué = 2g(3R/4 + Rsinq)

F. = Mu2 /R

F. = M(2g9(3R/4 + Rsing))/R

For a correct answer 1 point
F. = 2Mg(3/4 + sinq)

2 points

For applying conservation of energy, with the loss of potential energy equal to the 1 point
kinetic energy at point D

Mg Dh = Mu3 /2

u3 = 2g Dh

Dh = 3R/4 + R = 7TR/4

w3 = 29(7R/4)

For a correct answer 1 point

up =+(7/2)gR
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Question 2 (continued)
Distribution
of points
3 points

Work-energy approach
For equating the work done by the friction force to the kinetic energy of the 1 point
compartment at point D

1.2
W = DK = 0-5Muj

For a correct expression for the frictional force 1 point
f =M = nMg

W = FeDr = fdcos180 = —(nMg)d
(nMg)d = 2 Mu3
For substituting the expression for uy from part (c), and d = 3R 1 point

_ 1wz
(MMg)3R = 5 M(ZgR)
_ 17
sm= 313}
m= 7/12
Note: Full credit is also earned for setting the initial potential energy at point A,

U, = mg(?) , equal to the work done by the frictional force, and solving for .

Alternate solution Alternate points
For using both Newton’s second law and a correct kinematics equation 1 point
Fret = Ma

u? —u? = 2ad

For a correct expression for the frictional force 1 point
f =M = nMg

-nMg = Ma

a=-ng

Substituting for a, and the final and initial speeds in the kinematic equation

~u3 = 2(-ng)d

For substituting the expression for uy from part (c), and d = 3R 1 point

2R = 2(my)3R
m= 7/12

© 2011 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



(€)

AP® PHYSICS C: MECHANICS
2011 SCORING GUIDELINES

Question 2 (continued)

2 points

SF =ma

For substituting the braking force into Newton’s second law as the net force
For substituting the time derivative of velocity for the acceleration

—ku = M(du/dt)

2 points
For separating the variables and integrating
du/u = —(k/M)dt

t

u

[ du/u = ~(k/m) [ dt
up 0

Inul, = —(k/M)t

Inu—Inuy = In(u/up) = —(k/M)t
u/up = VM

For a correct expression for the velocity as a function of time

u = uge M
3 points

Magnitude of
Acceleration

Vpk

M

asamyrm
0 Time

Taking the derivative of the equation for u from part (e) ii
a = du/dt = d(uDe’k‘/M)/dt = —(k/M)uge™ /M
Att=0, a=-kup/M

For a graph with a finite intercept on the vertical axis
For a graph that is concave upward and asymptotic to zero
For labeling the initial acceleration with the correct value
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Question 3

15 points total

(a)

(b)

3 points

For a statement of Newton’s second law for rotation

Xt =lo

For substituting the given torque expression for the net torque Xz
lo = -0

For substituting the second derivative of angular position for angular acceleration

d*e
145 = -po
dr’

3 points

Applying Newton’s second law for translation to a mass on a spring gives

2
md—fz—kx,anda)z\/z.
dt m

2
For this torsion pendulum, / % =-p6.
t
Comparing differential equations, / is analogous to m and S is analogous to .
For the correct expression for w

_|B
PN
For the correct relationship between @ and T
T =27
®

For the correct answer
1
T =2r,|—
\B

Alternate Solution
The period of a mass on a springis T = 271\/%.

For recognizing that I is analogous to m
For recognizing that B is analogous to k

For the correct answer

T:Zn\/%
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Question 3 (continued)

Distribution
of points
(o) 2 points
Sample graph
)
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&) e
P e
6.0 —
—
Pl
4.0
/,
P
20
0 0.02 0.04 0.06 0.08 0.10
I of Disk (kg-m?)
For correctly plotting the data 1 point
For drawing a reasonable, best-fit straight line 1 point
Note: For correctly plotted data, a reasonable, best-fit straight line does NOT pass
through the origin.
(d) 3 points
The general equation for a straight line is y(x) = mx + b, where m is the slope and b is
the y-intercept.
T? =ml +b
m = A(T?) /a1
For using two points from the best-fit line to calculate the slope 1 point
(11.5 s 2.0 sz)
Example from the graph shown: m = 5 3
(0.07 kgem® - 0.00 kgem®)
m = 135 sz/kg-m2
For an intercept calculated or directly read from the graph 1 point
b=20s"
For using the variables 72 and / in the equation 1 point

T? = (135 s*/kgem® )1 +2.0 s
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Question 3 (continued)

3 points

Using the equation from part (b)

T:27r\/%

I _ 4r’
T? =47° 2 =22
BB
2
For comparing this to part (d) and noting that % is the slope of the line
4’ _
B

For using the value of the slope determined in part (d)
B = 472 _ 47
m 135 s* / kgem?
B = 0.292 kgem?/s>
For the correct units on the numerical answer

1 point

For a correct physical explanation for the intercept that mentions the effect of the

flexible rod

Example: The intercept is the square of the period of oscillation of the flexible rod.
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