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I SECTIONN .
' 1988 AP Pi“mm C Examination

For Ncwtansan law. ZE = ma,.;;;_. .
-'ZF = Ncokd — mg = 0 :

Zﬁ =NSII}"9=-mv2

CT T
a2 .

EhmmateN tan9=§. i e Al
s grm15°=}6m,ts
(h) 4 points g ’

1 point awarded for each force with correct labe] -

' 1 point awarded if no extraneoss or incofrect forccs <

are included. A pseudoforce is acceptable ifftis
~ correctly explamed and used.
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“Physics C
Solutiens Distelioiton
~ (©) 6 points P BEron T (By N
For proper resolution of Newton’s 2nd law: .. |
ZF =Ncosb — fsin 6 — mg —0
2 points
ZF = Nsin 8 +fcosl9==m"2
For solving for N, f:
2
N = E_il_ 8in 6 + mg cos 0
2 points

f==—-i'fcosﬂ mgsmo

R E’Wt‘r?m i

s =0._32 (correct calculation): Rt 1 point

X For h‘néauj force relation: F = kx : 1 point
3 @N=k;(010m) (Cometuneofmluasfmm gplt). “ 2 points

1 point

1 point

/_\.K] [AU| ==area1mderforcegraph from --
/" OR one of the equivalent methods in part (b) above~> N\ 2 points
' |AK| = 2] *1 point




1993 Physics C Solutions Distribution

of Points
Mech 2.

(a) 3 points

(i
ky

dn

1 point for Fy correctly drawn and labeled 1 point
1 point for kv correctly drawn and labeled 1 point
1 point for N and mg correctly drawn and labeled 1 point
(b) 3 points
Fnet = ma 1 point’
But Fpet = Fy — kv, therefore: 1 point
Fg — kv = ma
Solving for a:
a = (Fg — kv)/m 1 peoint
(¢) 5 points
dv ;
iy 1 point
Using the equation from part b:
dvu (FG = kU)
(1) e Wt
Re-arranging and integrating:
dv 1 §
RS e = o
(2) I g I = de 1 poin

Changing variables by letting u = Fg — kv, du = —k dv: B

...};J‘g%-jidt ? 1 point

In(Fy — kv) — InC = - ﬁ t, where C is a constant

-kt/m ]

U o= % [FO — Ce



1993 Physics C Solutions Distribution

of Points
Mech 2. (continued)
(c) (continued)
To evaluate €, use initial conditions t = 0, v = 0 1l peint
C‘-Fn
F -
SO U = —% [1 - e kt/n ] 1 point
Equation (2) can also be integated using limits 0 and v for the
left-hand side and 0 and t for the right-hand side to
obtain the same answer for full credit.
(Alternate Method to solve equation (1)) (Alternate points)
Recognizing that the solution will be in exponential form, try:
v = aeBt 4 C, where A, B, and C are constants (1 point)
Substituting into equation (1) 5
F .
aBeBt - & _ K., Br ;0
m m
F,
ABeBt - _u._..@] _ kA eBt }. (1 point)
m m m
Equating coefficients to evaluate B and C,
k Fo
iy .
Therefore, v = Ae'kc/m e
k v
To evaluate A, use initial conditions ¢ = 0, v = 0 (1 point)
Fo
A = gt
F, =
SO U = EE [ it g E/ } (1 point)
(d) 2 points
v
4
%hﬂ*——_*———'_ SEM s Sm— —
o -[
For correct maximum value Fy/k 1 point
For correct shape of curve 1 point



(b)

(c)

Mechanics 2 Scoring Guide (15 points)

Solutions

Jo

3 points

For indicating, via an equation or a free-body diagram, that the net force
is the sum of gravity and the normal force exerted by the platform

Using Newton's second law:

mg — N = ma,

Solving for the force exerted by the platform:
N=m(g-a,)

For correctly substituting both accelerations
N = (300kg)(10 m/s* - L5 m/s’)

For the correct answer

N =2550 N (or 2490 N if using 9.8 m/s’)

2 points

For indicating that the frictional force is the only horizontal force exerted
f =ma,

f = (300 kg)2 m/s’*)
For the correct answer
f=600N

3 points

Expressing the frictional force in terms of the normal force:
f=uN

p=f/N

For correctly substituting the frictional force from part (b)
For correctly substituting the normal force from part (a)

1 = (600 N)/(2550 N)

For the correct answer, with no units

p=0.24

Distribution
of points

1 point

1 point

1 point

] point

! point

1 point
1 point

1 point
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AP® PHYSICS C - MECHANICS
2014 SCORING GUIDELINES

Questio.n 2

5 points total Distribution
of points
(a) 3 points
For some correct application of conservation of energy 1 point
For substituting correct expressions for potential and kinetic energy 1 point
vl a9
mgh, = > My
L >
h=—v
8 2 0
For a correct answer : 1 point
2
5o b
28
Alternate solution Alternate points
For using correct kinematics and dynamics equations 1 point
v} = vf + Za(sf - S,-]
F=ma
For substituting correct variables 1 point
mgsin® = ma, sin@ = h/L where L is the length of the ramp, so a = gh/L
v =0+ 2(%);&
For a correct answer 1 point
v
h=—
2g
(b)
1. 2 points
For selecting "Zero” 1 point
For a correct explanation of why the vertical component of the net force is zero. 1 point
The explanation must be linked to the fact that there is no acceleration.
Example:

The block does not accelerate vertically, therefore the component of the net force
in the vertical direction must be zero.
Note: No credit is earned if an incorrect choice is selected.

© 2014 The College Board.
Visit the College Board on the Web: www .collegeboard.org.



(b)

(c)

ii.

AP® PHYSICS C - MECHANICS
2014 SCORING GUIDELINES

Question 2 (continued)

(continued)
3 points

op View

For drawing a single arrow pointing into the third quadrant

For correct justification of both components

Example:

The horizontal component of the net force must provide a centripetal force and also
slow down the block. So it must point inward and against the direction of
motion.

Note: If components are drawn, partial credit can be earned for the following.

For drawing an arrow pointing left (toward the center of the circle) with correct
justification

For drawing an arrow pointing toward the bottom of the page with correct
Justification

A point is deducted for each incorrect vector drawn, with a maximum 2 point
deduction

1 point

The normal force exerted by the wall is the centripetal force.

Fy =F

For a correct answer
b |

F, = m*/R

Note: Since the statement of part (c) says to “determine” an expression, credit is
given for just stating the correct answer.

3 points

For correctly using the frictional force in an expression of Newton's second law

el

_nIuFl" = Fﬂ'ai‘

For substituting the normal force from part (c) into a correct expression

—umv® /R = ma,

For an answer consistent with part (c)

a, = —uv’ /R

Note: Since the question asks for the magnitude of the acceleration, the negative
sign is not needed but students are not penalized for including it.

© 2014 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

Distribution
of points

2 points
1 point

1 point

1 point

1 point

1 point

1 point

1 point



(e)

AP® PHYSICS C - MECHANICS
2014 SCORING GUIDELINES

Question 2 (continued)

Distribution
of points
3 points
For substituting du/ dt for a into the answer from part (d), or substituting dv/dt for 1 point
a and the friction force for F,,, into Newton's second law
dv ,uu2 dv
—-— == or m— =-F
dt R dt f
For including the negative sign 1 point
Substituting for F 7 produces the same relationship as the first equation above.
For separation of variables and using correct limits 1 point
1 U
—dv = -=dt
v? R
v t
J %dv = _[ —Ea
up 0 R

Integrate the equation to solve forv .
T -4
v up R 0

1 ut

I v
v v, R
Ry, Y
v = or
R + pugt 1+ uypt/R

© 2014 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



(a)

(c)

AP® PHYSICS C: MECHANICS
2013 SCORING GUIDELINES

Question 2

/ 15 points total

4 points

-

For correctly showing and labeling the applied force directed to the right
For correctly showing and labeling the downward gravitational force

For correctly showing and labeling the upward normal force

For correctly showing and labeling the drag force directed to the left
One earned point was deducted for having any extraneous vectors

2 points

FHGI
For the correct substitution into Newton's second law

F,—kv=ma

= ma

For a correct differential equation

dv
FA—ku=mE

1 point

v
Set dv = 0 in the equation from part (b)

dt
For the correct expression for the terminal velocity
Fy
b

© 2013 The College Board.
Visit the College Board on the Web: www.collegeboard org.

Distribution
of points

1 point
1 point
1 point
1 point

1 point

1 point

1 point



(d)

AP® PHYSICS C: MECHANICS
2013 SCORING GUIDELINES

Question 2 (continued)

5 points

Use the differential equation from part (b)

dv
FA—kvsz

For demonstrating separation of variables

1
"n:df = —P;i —kvdv

For demonstrating that the equation must be integrated
) 1
—dt = '[w-—dv
For demonstrating substitution using initial and final values (or evaluating the
constant of integration using the boundary conditions)

t] u(1) 1
J.u;dt % Jo F,- ok
tlog o o)
!:Elr] = —E[IH(FA — kb‘) 0
For attempting to solve for v(¢)
3 N
_ﬂ i ln[f::‘f kU(IJJ

m F,
e—h/m = FA 55 kv(l‘) G k‘U(I)
Fy £y
kl)(f] =1 _e—.hfm
FA

For a correct answer

U(f] e _1%1;(1 5 e—k.’fm]

© 2013 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

Distribution
of points

1 point

1 point

1 point

1 point

1 point



AP® PHYSICS C: MECHANICS
2013 SCORING GUIDELINES

Question 2 (continued)

Distribution
of points
(e) 3 points
L7
i A U e T
la-
0 ’
For a graph that begins at the origin, with a non-negative slope everywhere, 1 point
and is concave downward

For a graph with a horizontal asymptote 1 point
For the correct label of the expression for the asymptote or maximum on the 1 point

vertical axis

© 2013 The College Board.
Visit the College Board on the Web: www collegeboard.org.



AP® PHYSICS C: MECHANICS
2016 SCORING GUIDELINES

Note: Full credit can be earned if the axes are switched.

© 2016 The College Board.
Visit the College Board on the Web: www collegeboard.org.

Question 1
“15 points total Distribution
of points
(a) 3 points
Fy
A
4«.————* Fy
v
g
For correctly drawing and labeling the force of tension 1 point
For correctly drawing and labeling the force of friction 1 point
For correctly drawing and labeling both forces in the vertical direction 1 point
Note: A maximum of two points may be earned if there are any extraneous vectors.
(b)
i. 3 points
i [} ¥ # L} *
1 i 1 | P4
1 i ¥ E I L
1 i i ¥ i H
1 i ] g ¥ ] .
1 T : I FR | A 1
G50 = = mmme o fommeen e = — D Rttt fmmm———-
e i ¥ e L '
P A I i S | i
“» i 2 | H i i
“?x‘? 1 ] 1 +of ' o 4
-t b A W T e P 1 M O 17
fd i § i H H i
- 4~ # ' § i '
- F | i i ] i
= ] i i } i i
by 1 I i 1 i
el 7 e e e | - i . e Rl L e
29 = | i .
ot 1 i 1 i
& i i i :
¥ I t -
i | ] i
0.8 4 ~nn ot R R FS
i ¥ i oo ]
F | 1 § i i i
[ | i ] e 1 E
ot ¥ I R | i ¥
: : fiag : L
Z - i I I
G50 & 0 5¢ @ B0
borce Sensor Reading (N)
For a correct scale that uses more than half the grid 1 point
For correctly plotting the given data 1 point
For drawing a straight line consistent with the given data 1 point



ii.

111

AP® PHYSICS C: MECHANICS
2016 SCORING GUIDELINES

Question 1 (continued)

2 points

For correctly calculating slope using the best-fit straight line and not data points
(» =») _(0.70-0.16), _ o

e : =216k,
(x, —x)  (0.60—0.335) & loke
Note: Linear regression gives slope = 2.12 kg_l.

For correctly calculating the mass of the cart using the slope
| 1

slope (2,16 kg™)
Correct answer:
m = 0.463 kg (Note: linear regression gives m = 0.472 kg)

slope =

1 point

For an answer with correct units consistent with the x-intercept of the graph from

(b)i.
f=0272N

1 point

Applying Newton's second law and substituting the values from part (b)

ZF =ma=F, - f
a=ta—f _045N-0272N
m 0.463 kg

For an answer with correct units consistent with part (b), either from the graph or
calculated using the mass and frictional force.

a =0.376 m/52

& 2016 The College Board.
Visit the College Board on the Web: www.collegehoard.org.

Distribution
of points

1 point

1 point

1 point

1 point




AP® PHYSICS C: MECHANICS
2016 SCORING GUIDELINES

Question 1 (continued)

Distribution
of points

(c)

ii. 3 points

For using a correct equation to solve for the speed of the cart when the string 1 point
breaks, with an acceleration consistent with part (c) i.
Vv, =V + at

v, = 0+(0.376 m/s?)(2.0 5)
vy = 0.752 m/s
For recognizing that the acceleration of the cart after the string breaks is due to 1 point

the frictional force determined in part (b)

Use a correct equation to solve for the time for the cart to stop after the string
breaks

Vo =V +at

0=v - if
m

For using the final velocity before the string breaks as the initial velocity for the 1 point
cart stopping in the correct equation for time
my,

f‘
(0.463 kg)(0.752 m/s)

(0.272 N)

Correct answer
t=128s

I =

Alternate solution Alternate points

For setting the magnitude of the impulse before the string breaks equal to the 1 point
magnitude of the impulse after the string breaks
k= B,

For correctly using the proper force (e.g., the tension force minus the friction force) 1 point
for F,

For correctly using the proper force (e.q., the friction force) for F, 1 point
Correct answer
t=128s

(d)
1. 1 point
For selecting “Equal to” 1 point
il 1 point

For selecting "Greater than” 1 point

© 2016 The College Board.
Visit the College Board on the Web: www collegeboard.org.




