AP° Physics C: Mechanics Exam

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO.

f At a Glance )

Total Time
45 minutes

Number of Questions
35

Percent of Total Score
50%

Writing Instrument
Pencil required

Electronic Device
Calculator allowed

Instructions

Section I of this exam contains 35 multiple-choice questions. For these questions, fill in
only the circles for numbers 1 through 35 on your answer sheet. A table of information
and lists of equations that may be helpful are in the booklet. Calculators, rulers and
straightedges may be used in this section.

Indicate all of your answers to the multiple-choice questions on the answer sheet. No
credit will be given for anything written in this exam booklet, but you may use the booklet
for notes or scratch work. After you have decided which of the suggested answers is best,
completely fill in the corresponding circle on the answer sheet. Give only one answer to
each question. If you change an answer, be sure that the previous mark is erased
completely. Here is a sample question and answer.

Sample Question ~ Sample Answer

Chicago is a OF XCOICIG

(A) state
(B) city

(C) country
(D) continent
(E) village

Use your time effectively, working as quickly as you can without losing accuracy. Do not
spend too much time on any one question. Go on to other questions and come back to
the ones you have not answered if you have time. It is not expected that everyone will
know the answers to all of the multiple-choice questions.

Your total score on the multiple-choice section is based only on the number of questions
answered correctly. Points are not deducted for incorrect answers or unanswered
questions.

Form I
Form Code 4ANBP4-S
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ADVANCED PLACEMENT PHYSICS C TABLE OF INFORMATION

CONSTANTS AND CONVERSION FACTORS

Proton mass, m, = 1.67 X 1077 kg
m, =1.67 %107 kg

m, =9.11x107" kg

Neutron mass,

Electron mass,

Avogadro’s number, N, = 6.02 X 10% mol™!

Universal gas constant, R = 8.31 J/(mol.K)

Boltzmann’s constant, k, =1.38 X 1072 /K

Electron charge magnitude, e=1.60x10" C

1 electron volt, 1 eV =1.60 x 107197

Speed of light, ¢ =3.00 x 10® m/s
Universal gravitational G =667 x107!! (N-mz) /k gz
constant,

Acceleration due to gravity

- 2
at Barth’s surface, 8~ 9.8 In/ S

1 unified atomic mass unit,

Planck’s constant,

Vacuum permittivity,
Coulomb’s law constant,
Vacuum permeability,

Magnetic constant,

1 atmosphere pressure,

lu=166x10" kg = 931 MeV/c?
h=663x107% J.s =414 x 107" eV.s
he =1.99 x 107 J.m = 1.24 x 10* eV.nm
gy =8.85x107"> C*/(N.m?)
k =1/(47,) = 9.0x10° (N-m?) /C?
ty =47 x 1077 (T.m)/A
K = uy/(4n) =1x 107" (T-m)/A
latm = 1.0 x 10° N/m? = 1.0 x 10° Pa

meter, m mole, mol watt, w farad, F
kilogram, kg hertz, Hz coulomb, C tesla, T
UNIT - S
SYMBOLS second, S newton, N volt, A\ degree Celsius, C
ampere, A pascal, Pa ohm, Q electron volt, eV
kelvin, K joule, J henry, H
PREFIXES VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON ANGLES
Factor | Prefix | Symbol 0 ) 30° 37° 45° 33° 60° 90°
10° giga G sin@ 0 1/2 35 | V32 | 45 | B2 |
10° | mega M cos@ 1 V32 | 45 | J2/2 | 35 1/2 0
103 kilo k tan 0 V3/3 3/4 1 4/3 V3 o0
1072 centi c
10~ milli m The following assumptions are used in this exam.
1076 micro m I. The firame of reference of any problem is inertial unless otherwise
stated.
10~ nano n II. The direction of current is the direction in which positive charges
10—]2 piCO p would drlft ) . o ) ]
III.  The electric potential is zero at an infinite distance from an isolated
point charge.
IV. All batteries and meters are ideal unless otherwise stated.
V. Edge effects for the electric field of a parallel plate capacitor are
negligible unless otherwise stated.




ADVANCED PLACEMENT PHYSICS C EQUATIONS

MECHANICS
Ve =V tat a = acceleration
1 5 E = energy
X = Xp + Vyol +§axt F = force
= frequenc
vii= vt +2a, (x - xp) J;l _ hei(;ht Y
— — I = rotational inertia
a= 2F = Foes J = impulse
" " K = kinetic energy

— 7 k = spring constant
= % ¢ = length

L = angular momentum
J=|Fdt = Ap m = mass

P = power
p = mv p = momentum

r = radius or distance
|Ff| < /U|FN| T = Period

t = time
AE = W = J' Fodi U = potential energy

v = velocity or speed

= —my

dE
p=%

dt
P=Fev
AU, = mgAh

V2
(1027:[01’
T=FxF
—~_2?_?net
ST T

V=re
L=Fxp=1d
K:%Iwz

w0 =, + ot

W = work done on a system
X = position
u = coefficient of friction
6 = angle
T = torque
® = angular speed
o = angular acceleration
¢ = phase angle
F, = —kAx
1 2
Uy =5 k(Ax)

2r 1
T:—:—
o f

T, =2m|7
14
szzﬂg
- Gmym
F.l= 1772
|G| 2
U, = Gmym,

ELECTRICITY AND MAGNETISM

= 1 (919
Fy| = —112
| E| 47[80 r2
E=fE
q
CJ}E.d”: Q9
200
dv
Ee =~
AV = —jE-df
Ly
drey “ 1,
1 99
U. = =
E dmey r
Y
AV ==
C
_ KeyA
¢= d
L _y L
Cs ;Ci
do
] —=
dt
Ue = Loav = Le(avy
¢ 2 2
pl
R=—
A
E=pJ
I = Nev, A
AV
[ =—
R

= area

= magnetic field

= capacitance

= distance

= electric field

= emf

= force

= current

= current density

= inductance

= length

= number of loops of wire
per unit length

= number of charge carriers
per unit volume

= power

= charge

= point charge

= resistance

= radius or distance

= time

= potential or stored energy

= electric potential

velocity or speed

resistivity

= flux

= dielectric constant

d~_&ld?x;
dr 2
F:jld?xB
_fm. . dPp
E=0QFEdl = 7
__pdar
E = Ldt
_1,p
U, =Ll




ADVANCED PLACEMENT PHYSICS C EQUATIONS

GEOMETRY AND TRIGONOMETRY

Rectangle A =area
A= bh C =circumference
. V =volume
Triangle
S =surface area
4= 1 bh b =Dbase
2 h =height
Circle (= ]ength
[ w =width
r =radius
C =2nr s = arc length
s =r6 6 =angle
Rectangular Solid
V=twh .
Cylinder )
V =i Q

S =271l + 2mr” \

Sphere " ,

Right Triangle

a’> +b* =¢?

sing = 4
c
_b <
cos6 = 5 90°
u b
tanf = —

CALCULUS

af _dfdu
dx  du dx
%(x") = nx" !
d ax ax
%(e ) = qge
d 1

1 -1
dx(nax) .

di.
a[sm(ax)] = acos(ax)

d .
a[cos(ax)] = —asin(ax)

Jx"dx = 1 RN R |

Jeax dx = leax
a

dx
xX+a

= In|x + a|

J‘ 1.
cos(ax)dx = —sin (ax)

J‘ . 1
sin(ax)dx = —Ecos(ax)

VECTOR PRODUCTS

AeB = ABcos@
|A x B| = ABsin®




PHYSICS C: MECHANICS
SECTION I
Time—45 minutes
35 Questions

Directions: Each of the questions or incomplete statements below is followed by five suggested answers or
completions. Select the one that is best in each case and then fill in the corresponding circle on the answer sheet.

Note: To simplify calculations, you may use g = 10m/ s inall problems.

1. A plane starts at rest on a straight runway. For
the first 30 s, the plane’s acceleration a is given

as a function of time ¢ by the equation a = ﬁtz,
where 8 =1/90 m/s* and tis in seconds.

What is the plane’s speed at t =30 s ?
(A) 10 m/s
(B) 30 m/s
(C) 100 m/s
(D) 150 m/s
(E) 300 m/s

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE
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2. Student 1 is standing on a cart holding a small
stone, while student 2 is standing at rest on the
ground, as shown in the figure above. The cart is

\<

moving at a constant speed v in the +x-direction,

as indicated by the coordinate system shown.
Student 1 drops the stone precisely when passing
student 2. Which of the following best represents
the path of the falling stone relative to student 1
and the path of the falling stone relative to
student 2 ?

Student 1 Student 2
(A Y y
B) Y y
ux LX
<y y
ux LX
D) ¥ y
| \‘ A l
> X e X
(E) ¥ y
/ \‘ A \‘
i\ i

Unauthorized copying or reuse of
any part of this page is illegal.

3. A particle of mass 2.0 kg is moving in the

xy-plane at a constant speed of 0.80 m/s in the
+x-direction along the line y =4 m. As the particle
travels from x = —3 m to x = +3 m, the magnitude
of its angular momentum with respect to the
origin is

(A) not constant

B) 0

(C) 438 kg-m2 / ]

(D) 6.4 kgom? /s

(E) 8.0 kg-m2 / S

. Suppose that a spherical star spinning at an initial

angular velocity @ suddenly collapses to half
of its original radius without any loss of mass.
Assume the star has uniform density before and
after the collapse. What will the angular velocity
of the star be after the collapse?

(A) /4
(B) o/2
© o

(D) 2w
(B) 4o

. Two identical, unlabeled boxes are transported to

an orbiting space station. The astronauts know
that one box is filled with a light sample of ants
for an experiment, and the other is filled with
heavy tools for repairs. How can the astronauts
tell, without opening the boxes, which box has
the tools?

(A) Weigh each box on a spring scale. The box
with the tools will have a higher reading.

(B) Shake each box. The box with the tools will
be harder to move back and forth.

(C) Push each box. The box with the tools
will travel farther before it stops.

(D) Place each box on opposite sides of
a balance. The box on the side that goes
down lower will be the box with the tools.

(E) Toss each box straight up. The box with
the tools will go higher before coming
back down.

GO ON TO THE NEXT PAGE.



6. A block of mass M, is connected by a string to a
sphere of mass M, . The block is on a frictionless
plane inclined at an angle of 30°, as shown in the
figure above. The string passes over a pulley of
negligible mass and friction, and the sphere hangs

freely. Which of the following is always true if
the block is accelerating down the incline?

(A) M, <M,
B) M, =M,

(©) M, < M,(sin30°)
(D) M, (sin30°) <M,
(E) M, (sin30°) > M,

Unauthorized copying or reuse of
any part of this page is illegal.

A |— ww B

Figure 1

~—| A |vooo~ B |—

Figure 2

7. Two carts of equal mass are on a horizontal

surface with negligible friction. Cart A is
approaching cart B, which is at rest, as shown in
Figure 1 above. Attached to cart B is a spring that
is initially compressed. At the moment cart A
collides with cart B, the spring is released and
pushes on cart A, as shown in Figure 2 above.
Which of the following correctly states what
happens to the kinetic energy and the momentum
of the two-cart system as a result of the collision
compared to those quantities before the collision?

Magnitude of
Kinetic energy Momentum
(A) Increases Decreases
(B) Increases Stays the same
(C) Increases Increases
(D) Stays the same Increases
(E) Stays the same Stays the same

. A ball of mass m is dropped from rest from a

height 4 and collides elastically with the floor,
rebounding to its original height. What is the
magnitude of the average force applied by the
floor on the ball during the time the ball is in
contact with the floor?

(A) Zero

(B) mg

(©) 2mg

(D) 4mg

(E) It cannot be determined without knowing the
length of time that the ball is in contact with
the floor.

GO ON TO THE NEXT PAGE.



Questions 9-10

B Vo A
® °
x=0 x=2D

Particle A and particle B, each of mass M,
move along the x-axis exerting a force on each other.
The potential energy of the system of two particles
associated with the force is given by the equation
U= ,B/ 7 , where r is the distance between the
two particles and f is a positive constant. At
time ¢ = 0, particle A is located at x = 2D with an
initial speed of v, to the left, and particle B is at
rest at the origin, as shown in the figure above.

9. Attime ¢ = T}, particle A is observed to be
traveling with speed 2v,/3 to the left. The speed
and direction of motion of particle B is

(A) 2v,/3to the left
(B) v, /3 to the left
(C) v,/3 to the right
(D) 2v,/3to the right
(E) 5v,/3to the right

10. Which of the following equations could be used to
find 7,y , the minimum distance between the

masses as particle A approaches particle B?

2
A Lormi =2 +M(V—0)
4D "'MIN 2

2
® L+l =L +M(V—0)
(©) iz+le§ = f +1Mv§
(D) _ﬁ2 i = f
(E) —/32 + MV = f

Unauthorized copying or reuse of
any part of this page is illegal.

11. A 2 kg object is released from rest from a height
of 3 m above Earth’s surface. How much kinetic
energy does the object have when it reaches a
height of 1 m?

(A) 257
(B) 107]
(C) 207
(D) 307J
(B) 407

30° 302

12. A sphere of mass m hangs from two strings that
each make an angle of 30° with the horizontal, as
shown in the figure above. What is the tension T
in one of the strings?

(A) mg/6
B) mg/4
©) mg/2
(D) mg

(E) 3mg/2

13. A skier is traveling down a slope that is
inclined 30° above the horizontal. The
coefficient of kinetic friction between the
skier and the slope is 0.10. Which of the
following best describes the acceleration
of the skier?

(A) Itis zero.

(B) Itis about 4.0 m/sz.
(C) Itis about 9.0 m/s?.

(D) It is about 10 m/s?.

(E) It cannot be determined without knowing the
mass of the skier.

GO ON TO THE NEXT PAGE.



Questions 14-16 14. What is the ball’s acceleration at time # =1 s?

A ball of mass 2.0 kg is thrown vertically upward (A) -10 m/ 57
from the top of a building. The ball’s velocity v B) -5m / §2
is given as a function of time ¢ by the equation

) < 0
v(t)= R - St,where R =5 m/s and S =10 m/s>. D) 5m/s?
The positive direction is upward. 5

(E) 10 m/s

15. At what time does the ball reach its maximum
height above the building?

(A) 0.2's
(B) 045
(C) 05
(D) 1.0
(E) 2.0

16. If the ball reaches the ground at = 2.0 s, what is
the height of the building?

(A) 5m
(B) 10m
(C) 15m
(D) 20 m
(E) 30 m

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE
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Questions 17-19

A solid disk of mass M and radius R is freely
rotating horizontally in a counterclockwise direction
with angular speed @ about a vertical axis through its
center with negligible friction. The rotational inertia

of the disk is ]\4R2/ 2. A second identical disk is at

rest and suspended above the first disk with the
centers of the two disks aligned, as shown in the
figure above. There is no contact between the disks.
The second disk is dropped onto the first disk, and
after a short time they rotate counterclockwise with
the same angular speed @ =

Unauthorized copying or reuse of
any part of this page is illegal.

-11-

17.

18.

19.

Which of the following properties of the
two-disk system must be conserved between

the time the second disk is dropped on the first
disk and the time that the two disks begin rotating
with the same speed?

(A) Kinetic energy only

(B) Angular momentum only

(C) Both kinetic energy and angular momentum

(D) Neither kinetic energy nor angular
momentum

(E) It cannot be determined without knowing the
nature of the forces between the two disks.

The interval of time At is the elapsed time from
the moment of first contact between the two disks
until they are both spinning at the same angular
velocity. Which of the following expressions
gives the magnitude of the average torque that
the first disk exerts on the second disk?

(A) MR’0
2
MR“w ’
At
2
MR oy
2A¢
2
2MR @ I
At

(E) It cannot be determined without knowing the
nature of the forces between the two disks.

B)

©

D)

The two disks are now shifted so that the axis of
rotation goes through a point on the edge of the
disks. The rotational inertia of the two-disk
system is now

(A) 2MR?

(B) 3MR?

(C) 4MR?

(D) 5MR?

(E) 10MR?

GO ON TO THE NEXT PAGE.



20. A student throws a metal sphere, which

21.

follows the path shown above. If air resistance

is negligible, which of the following is a correct
relationship between the magnitudes of the
accelerations ay , a; , and a,, at the three points

shown?

(A) ag =a; =ay
B) ax =a; > ay
©) ag =ay >a;
D) ax >a; =ay
E) ax >ay > a;

A cannonball is shot from the top of a 30 m
high hill at a velocity of 25 m/s and at an

angle of 40° above the horizontal and lands on
the ground below. The speed of the cannonball
at the top of its path is most nearly

A) 0

(B) 16 m/s

(C) 19 m/s

(D) 25 m/s

(E) 29 m/s

Unauthorized copying or reuse of
any part of this page is illegal.
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22.

23.

A 1500 kg car is pushing a 4000 kg truck. The car
and truck are accelerating at 2.0 m/ s2. Assuming
that the frictional force on the truck is negligible,
what force is the truck exerting on the car?

(A) ON
(B) 3000 N
(C) 5000 N
(D) 8000 N
(E) 11,000 N

Y
The figure above shows the directions and relative
magnitudes of all three forces that are acting on an

object. Which of the following best shows the
direction of the object’s acceleration?

&

(B) /

©

D)

(E) ——

GO ON TO THE NEXT PAGE.



Questions 24-26

Note: Figure not drawn to scale.

Two satellites of masses m; and m, orbit a planet

of mass M in circular orbits. The satellites travel in

opposite directions with speeds v; and v, , as shown

in the figure above. Their orbital radii are R and R, ,

respectively. Assume that M >> m, > m; .

Unauthorized copying or reuse of
any part of this page is illegal.

-13-

24.

25.

26.

The ratio of the speeds v, / v, is
(A) R, /R,
(B) R /R,

() my[m,

(D)
(E) 1

ml/mZ

The magnitude of the angular momentum of the
two-satellite system is best represented by

(A) |myy + myv,|

(B) [myvy — mywy|

(©) [mwRy + myv,Ry |

(D) [mwRy — myv,Ry |

(E) [mv /Ry + myv, /Ry

If U, is the potential energy of the planet-satellite
system containing the satellite of mass m; and

U, is the potential energy of the planet-satellite
system containing the satellite of mass m, , which
of the following expressions best represents the
ratio U, /U, ?

m R,

&) myR,

myR,
m R

B)

mR,
myR

©

m,R
D 2°M
()—mle

2
mR;

2
my Ry

(E)

GO ON TO THE NEXT PAGE.
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27. The graph above shows a variable force F that

acts on an object as it moves along a straight line

as a function of time ¢#. What is the change in

momentum of the object from¢t=2stor=4s?

(A) lkg-m/s
(B) 2 kgem/s
(C) 4 kgem/s
(D) 6 kgem/s
(E) 8 kgem/s

Unauthorized copying or reuse of
any part of this page is illegal.

-14-

Block A

Block B Block C

28. Blocks A, B, and C are aligned along a straight

line on a horizontal frictionless surface. The
masses of the blocks are M, 2M, and 3M,
respectively. Block A is initially moving to the
right along the same line at a speed v, as shown in
the figure above. Blocks B and C are initially at
rest. Block A collides with and sticks to block B.
The two blocks then collide with and stick to
block C. What is the speed of block C after the
collisions?

(A) O

(B) v/6
© v/3
(D) v/2
(E) 6v

GO ON TO THE NEXT PAGE.



29.

30.

o 0.05 0.10

The graph above shows a conservative force F,

as a function of position x acting on an object in
a closed system. If this is the only force acting
on the object, what happens to the potential
energy of the system as the object moves from
0Omto 0.10 m?

(A) It increases only.

(B) It decreases only.

(C) It increases and then decreases.
(D) It decreases and then increases.
(E) It does not change.

How does the work required to accelerate a
particle from 10 m/s to 20 m/s compare to that

required to accelerate it from 20 m/s to 30 m/s?

(A) Itis less.

(B) It is the same.

(C) Itis greater.

(D) It cannot be determined without knowing
the magnitude of the force exerted on
the particle.

(E) It cannot be determined without knowing
the mass of the particle.

Unauthorized copying or reuse of
any part of this page is illegal.
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Questions 31-32

Particle

Top View

A particle of mass m moves counterclockwise
around a horizontal circle of radius r, as shown
above. The angular speed of the particle is given as a

function of time t by @(¢) = bt , where b is a
positive constant and ¢ > 0.

31. Which of the following best describes the
acceleration vector for the particle at the
moment shown in the diagram?

(A) It is directed toward the left.

(B) Itis directed toward the bottom of the page.

(C) Itis directed toward the top of the page.

(D) It has components directed toward the right
and toward the bottom of the page.

(E) It has components directed toward the left
and toward the bottom of the page.

32. What is the magnitude of the angular momentum
of the particle about the center of the circle as a
function of time?

(A) mbt/r
(B) mbrt
© mbr’t
(D) mb*rt?
(E) mb*r?s?

GO ON TO THE NEXT PAGE.



Questions 33-35

\;_

\

=~
\ -
PRg) c.
\-~, | Positive
x=0cm \«~ | Direction
15cm ',

T
\
\__//

An object is initially hanging in equilibrium from
a vertical spring. The object is pulled down 15 cm
from its equilibrium position, as illustrated above, and
released at time ¢ = 0. The object then oscillates with a
period of 2.0 s. Let x = 0 be the equilibrium position
and let the positive direction be upward.

Unauthorized copying or reuse of
any part of this page is illegal.
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33. What is the position of the object at # = 3.0 s?

(A) 15cm
B) 75cm
(&) Ocm
(D) -7.5cm
(E) —15cm

34. What is the total distance traveled by the object

during the first 2.0 s of its motion?

(A) 90 cm
(B) 75 cm
(C) 60 cm
(D) 45 cm
(E) 30 cm

35. Which of the following statements is true of the

magnitude of the acceleration of the object at time
t=1.0s?

(A) Itis equal to zero.

(B) Itisequal to g.

(C) It has its minimum value that is not zero.

(D) It has its maximum value.

(E) It has a value between zero and its maximum
value.

GO ON TO THE NEXT PAGE.



STOP

END OF MECHANICS SECTION |

IF YOU FINISH BEFORE TIME IS CALLED,
YOU MAY CHECK YOUR WORK ON MECHANICS SECTION | ONLY.

DO NOT TURN TO ANY OTHER TEST MATERIALS.

MAKE SURE YOU HAVE DONE THE FOLLOWING.

e PLACED YOUR AP NUMBER LABEL ON YOUR ANSWER SHEET

e WRITTEN AND GRIDDED YOUR AP NUMBER CORRECTLY ON YOUR
ANSWER SHEET

e TAKEN THE AP EXAM LABEL FROM THE FRONT OF THIS BOOKLET
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AP’ Physics C: Mechanics Exam

(SECTION II: Free Response )

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO.

( At a Glance ) IMPORTANT Identification Information

Total Time PLEASE PRINT WITH PEN:

45 minutes 1. First two letters of your last name D] 4. Unless | check the box below, | grant the
Number of Questions College Board the unlimited right to use,

3 First letter of your first name |:| reproduce, and publish my free-response
Percent of Total Score materials, both written and oral, for

50% 2. Date of birth educational research and instructional

Writing Instrument |
Either pencil or pen with

| | purposes. My name and the name of my
school will not be used in any way in

black or dark blue ink Month Day Year conneption with my free-response
Electronic Device 3. Six-digit school code materlllals.nl understand that | am free to
mark “No” with no effect on my score or
Calculator allowed | | | | | | | its reporting.
W‘I?A?ah;uestions are No, I do not grant the College Board
weighted equally. ) N these rights. J
Instructions

The questions for Section II are printed in this booklet. You may use any blank space in

the booklet for scratch work, but you must write your answers in the spaces provided for
each answer. A table of information and lists of equations that may be helpful are in the

booklet. Calculators, rulers, and straightedges may be used in this section.

All final numerical answers should include appropriate units. Credit for your work
depends on demonstrating that you know which physical principles would be appropriate
to apply in a particular situation. Therefore, you should show your work for each part in
the space provided after that part. If you need more space, be sure to clearly indicate
where you continue your work. Credit will be awarded only for work that is clearly
designated as the solution to a specific part of a question. Credit also depends on the
quality of your solutions and explanations, so you should show your work.

Write clearly and legibly. Cross out any errors you make; erased or crossed-out work will
not be scored. You may lose credit for incorrect work that is not crossed out.

Manage your time carefully. You may proceed freely from one question to the next. You
may review your responses if you finish before the end of the exam is announced.
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ADVANCED PLACEMENT PHYSICS C TABLE OF INFORMATION

CONSTANTS AND CONVERSION FACTORS

Proton mass, m, = 1.67 X 1077 kg
m, =1.67 %107 kg

m, =9.11x107" kg

Neutron mass,

Electron mass,

Avogadro’s number, N, = 6.02 X 10% mol™!

Universal gas constant, R = 8.31 J/(mol.K)

Boltzmann’s constant, k, =1.38 X 1072 /K

Electron charge magnitude, e=1.60x10" C

1 electron volt, 1 eV =1.60 x 107197

Speed of light, ¢ =3.00 x 10® m/s
Universal gravitational G =667 x107!! (N-mz) /k gz
constant,

Acceleration due to gravity

- 2
at Barth’s surface, 8~ 9.8 In/ S

1 unified atomic mass unit,

Planck’s constant,

Vacuum permittivity,
Coulomb’s law constant,
Vacuum permeability,

Magnetic constant,

1 atmosphere pressure,

lu=166x10" kg = 931 MeV/c?
h=663x107% J.s =414 x 107" eV.s
he =1.99 x 107 J.m = 1.24 x 10* eV.nm
gy =8.85x107"> C*/(N.m?)
k =1/(47,) = 9.0x10° (N-m?) /C?
ty =47 x 1077 (T.m)/A
K = uy/(4n) =1x 107" (T-m)/A
latm = 1.0 x 10° N/m? = 1.0 x 10° Pa

meter, m mole, mol watt, w farad, F
kilogram, kg hertz, Hz coulomb, C tesla, T
UNIT - S
SYMBOLS second, S newton, N volt, A\ degree Celsius, C
ampere, A pascal, Pa ohm, Q electron volt, eV
kelvin, K joule, J henry, H
PREFIXES VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON ANGLES
Factor | Prefix | Symbol 0 ) 30° 37° 45° 33° 60° 90°
10° giga G sin@ 0 1/2 35 | V32 | 45 | B2 |
10° | mega M cos@ 1 V32 | 45 | J2/2 | 35 1/2 0
103 kilo k tan 0 V3/3 3/4 1 4/3 V3 o0
1072 centi c
10~ milli m The following assumptions are used in this exam.
1076 micro m I. The firame of reference of any problem is inertial unless otherwise
stated.
10~ nano n II. The direction of current is the direction in which positive charges
10—]2 piCO p would drlft ) . o ) ]
III.  The electric potential is zero at an infinite distance from an isolated
point charge.
IV. All batteries and meters are ideal unless otherwise stated.
V. Edge effects for the electric field of a parallel plate capacitor are
negligible unless otherwise stated.




ADVANCED PLACEMENT PHYSICS C EQUATIONS

MECHANICS
Ve =V tat a = acceleration
1 5 E = energy
X = Xp + Vyol +§axt F = force
= frequenc
vii= vt +2a, (x - xp) J;l _ hei(;ht Y
— — I = rotational inertia
a= 2F = Foes J = impulse
" " K = kinetic energy

— 7 k = spring constant
= % ¢ = length

L = angular momentum
J=|Fdt = Ap m = mass

P = power
p = mv p = momentum

r = radius or distance
|Ff| < /U|FN| T = Period

t = time
AE = W = J' Fodi U = potential energy

v = velocity or speed

= —my

dE
p=%

dt
P=Fev
AU, = mgAh

V2
(1027:[01’
T=FxF
—~_2?_?net
ST T

V=re
L=Fxp=1d
K:%Iwz

w0 =, + ot

W = work done on a system
X = position
u = coefficient of friction
6 = angle
T = torque
® = angular speed
o = angular acceleration
¢ = phase angle
F, = —kAx
1 2
Uy =5 k(Ax)

2r 1
T:—:—
o f

T, =2m|7
14
szzﬂg
- Gmym
F.l= 1772
|G| 2
U, = Gmym,

ELECTRICITY AND MAGNETISM

= 1 (919
Fy| = —112
| E| 47[80 r2
E=fE
q
CJ}E.d”: Q9
200
dv
Ee =~
AV = —jE-df
Ly
drey “ 1,
1 99
U. = =
E dmey r
Y
AV ==
C
_ KeyA
¢= d
L _y L
Cs ;Ci
do
] —=
dt
Ue = Loav = Le(avy
¢ 2 2
pl
R=—
A
E=pJ
I = Nev, A
AV
[ =—
R

= area

= magnetic field

= capacitance

= distance

= electric field

= emf

= force

= current

= current density

= inductance

= length

= number of loops of wire
per unit length

= number of charge carriers
per unit volume

= power

= charge

= point charge

= resistance

= radius or distance

= time

= potential or stored energy

= electric potential

velocity or speed

resistivity

= flux

= dielectric constant

d~_&ld?x;
dr 2
F:jld?xB
_fm. . dPp
E=0QFEdl = 7
__pdar
E = Ldt
_1,p
U, =Ll




ADVANCED PLACEMENT PHYSICS C EQUATIONS

GEOMETRY AND TRIGONOMETRY

Rectangle A =area
A= bh C =circumference
. V =volume
Triangle
S =surface area
4= 1 bh b =Dbase
2 h =height
Circle (= ]ength
[ w =width
r =radius
C =2nr s = arc length
s =r6 6 =angle
Rectangular Solid
V=twh .
Cylinder )
V =i Q

S =271l + 2mr” \

Sphere " ,

Right Triangle

a’> +b* =¢?

sing = 4
c
_b <
cos6 = 5 90°
u b
tanf = —

CALCULUS

af _dfdu
dx  du dx
%(x") = nx" !
d ax ax
%(e ) = qge
d 1

1 -1
dx(nax) .

di.
a[sm(ax)] = acos(ax)

d .
a[cos(ax)] = —asin(ax)

Jx"dx = 1 RN R |

Jeax dx = leax
a

dx
xX+a

= In|x + a|

J‘ 1.
cos(ax)dx = —sin (ax)

J‘ . 1
sin(ax)dx = —Ecos(ax)

VECTOR PRODUCTS

AeB = ABcos@
|A x B| = ABsin®




THIS PAGE MAY BE USED FOR SCRATCH WORK.

GO ON TO THE NEXT PAGE.



PHYSICS C: MECHANICS
SECTION II
Time—45 minutes
3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
booklet in the spaces provided after each part.

Block at
Unstretched  Equilibrium
Spring Position
*o0
1.0 kg

1. A spring of negligible mass and with a spring constant of 50 N/m is hung vertically, as shown above in the
figure on the left. A block of mass 1.0 kg is attached to the spring and slowly lowered a distance x,, until it
hangs at rest at the equilibrium position, as shown above in the figure on the right.

(a) On the dot below that represents the block, draw and label the forces (not components) that act on the block
when it is at the equilibrium position shown. Each force must be represented by a distinct arrow starting on,
and pointing away from, the dot.

(b) Calculate the distance x, that the spring is stretched from its original length to the equilibrium position.

Question 1 continues on the next 2 pages.

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE




1.0kg

N
A :_5.() m/s
at impact

1.0m

T ( ) v, at ground

While the 1.0 kg block is in equilibrium, a 0.20 kg ball of clay is launched with speed v, vertically from the
ground 1.0 meter below the hanging block. The clay has speed v; = 5.0 m/s when it collides with the block.

(c) Calculate the speed v .

Upon impact, the clay sticks to the 1.0 kg block.
(d)

i. Calculate the speed of the block immediately after the collision.

ii. Calculate the kinetic energy lost in the collision.

Unauthorized copying or reuse of
any part of this page is illegal.

GO ON TO THE NEXT PAGE.



iii. Determine the period of oscillation for the block-clay-spring system.

(e) When the oscillating block-clay-spring system reaches its maximum speed after the collision, will the spring
be stretched from its original length by a distance greater than, less than, or equal to x, ?

Greater than Less than Equal to

Justify your answer.

(f) The collision is repeated using a rubber ball with the same mass as the ball of clay. The rubber ball is
launched vertically with the same speed v, . The collision between the rubber ball and the block is elastic.

Will the speed of the block immediately after colliding with the rubber ball be greater than, less than, or
equal to the speed of the block you calculated in part (d)i ?

Greater than Less than Equal to

Justify your answer.

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE
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2. A cart of mass M is on a level, horizontal track. The cart is attached to one end of an ideal spring, and the
other end of the spring is attached to a vertical support. The spring has a spring constant k. The cart is pulled
to the right, stretching the spring a distance d, as shown above, and released from rest at time ¢ = 0. The
cart-spring system begins to oscillate, and the position x of the cart as a function of time ¢ is given by the
equation x(¢) = d cos(ar) , where x is in meters, @ is in rad/s, and  is in seconds. Assume the mass of the

cart’s wheels to be negligible.

(a) Derive an equation for the velocity of the cart v as a function of time ¢ .

(b) On the axes below, sketch a graph of the velocity v of the cart as a function of time ¢ for two complete
oscillations. On the graph, T represents the time for one complete oscillation. Explicitly label asymptotes,

maxima, or minima with algebraic expressions, as appropriate.

(c) Express all answers in part (c) in terms of o , ¢, M, d, k, and physical constants, as appropriate.

i. Determine an expression for the kinetic energy K of the system as a function of time ¢.

ii. Determine an expression for the potential energy U of the system as a function of time ¢.

iii. Using the equations from parts (c)i and (c)ii, show that the rate of change of the total energy of the
system dE/dt is zero.

Question 2 continues on the next 2 pages.

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE
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Two springs identical to the spring above are attached to each side of the cart of unknown mass M, as shown in
Figure 1 above. The cart is on a level, horizontal track of negligible friction. A piece of clay is added to the top
of the cart so that it will stick to the cart. The cart is displaced to the left a distance d and released from rest, as

shown in Figure 2 above. The period of oscillation is recorded. This procedure is repeated for several different

pieces of clay of different masses. In each trial, the cart is displaced the same distance d. The data are shown

below on the linear graph of T° > as a function of m, where T is the period of oscillation and m. represents the

mass of the clay.

1.0

d

0.8 v

0.6 /.
0.4 >

%
74

72 (s%)

0.2 /

0.0
0.0 0.5 1.0 1.5 2.0

me (kg)

(d) From the graph, determine the following.

i. k, the spring constant of each spring

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE

-12-



ii. M, the mass of the cart

(e) The experiment is repeated, but in a second set of trials, the cart is pulled back a distance D, where D > d .
Describe any changes that will occur for the straight line on the graph in part (d).

Justify your answer.

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE
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3. A sphere of mass m and radius r is released from rest at the top of a curved track of height H. The sphere travels
down the curved track and around a loop of radius R. The sphere rolls without slipping during the entire motion.
Point A on the loop is at height R, and point B is at the top of the loop. The rotational inertia of the sphere is

2mr? / 5. Express all of your answers in parts (a) through (d) in terms of m, r, H, R, and physical constants, as
appropriate. Assume r << R.

(a) On the dots below, which represent the sphere, draw and label the forces (not components) that are exerted
on the sphere at point A and at point B, respectively. Each force must be represented by a distinct arrow
starting on and pointing away from the dot.

Sphere at Point A Sphere at Point B

(b)

i. Derive an expression for the speed of the sphere at point A.

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE
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ii. Derive an expression for the normal force the track exerts on the sphere at point A.

(c) Calculate the ratio of the rotational kinetic energy to the translational kinetic energy of the sphere at point A.

(d) The minimum release height necessary for the sphere to travel around the loop and not lose contact with the
loop at point B is H ), . The sphere is replaced with a hoop of the same mass and radius. Will the value of

H,,y increase, decrease, or stay the same?

Increase Decrease Stay the same

Justify your answer.

Question 3 continues on the next page.

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE
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The sphere is again released from a known height H and eventually leaves the track at point C, which is a
height R above the bottom of the loop, as shown in the figure above. The track makes an angle of & above the

horizontal at point C. Express your answer in part (e) in terms of m, r, H, R, 6, and physical constants, as
appropriate.

(e) Calculate the maximum height above the bottom of the loop that the sphere will reach.

Unauthorized copying or reuse of
any part of this page is illegal.

GO ON TO THE NEXT PAGE.
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APPENDIX - ANSWERS

Matching multiple-choice answers and free-response scoring follow.



Practice Exam, Section I

Question 1: C
Question 2: C
Question 3: D
Question 4: E
Question 5: B
Question 6: E
Question 7: B
Question 8: E
Question 9: B
Question 10:
Question 11:
Question 12:
Question 13:
Question 14:
Question 15:
Question 16:
Question 17:

Question 18:
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Question 19:
Question 20:
Question 21:
Question 22:
Question 23:
Question 24:
Question 25:
Question 26:
Question 27:
Question 28:
Question 29:
Question 30:
Question 31:
Question 32:
Question 33:
Question 34:

Question 35:

Answer Key for AP Physics C: Mechanics
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Free-Response Scoring Guidelines

The following contains the scoring guidelines
for the free-response questions in this exam.



AP® PHYSICS C: MECHANICS
2017 SCORING GUIDELINES

Question 1

15 points total

(a)

(b)

(©)

2 points

mg

For correctly drawing and labeling the weight of the block
For correctly drawing and labeling the force of the spring
Note: A maximum of one point can be earned if there are any extraneous vectors.

2 points

For correctly substituting an expression for the spring force and the gravitational force
into Newton's second law

Fg = mg
kx = mg
%o = mg/k = (1.0 kg)(9:8 m/s”) /(50 N/m)

For a correct answer
Xy =020 m

2 points

For using an appropriate kinematics equation to determine the initial speed of the clay

v12 = vg + 2aAy

v =i —2a8y = (5.0 m/s)’ - (2)(-9.8 m/s?)(1.0 m)
For a correct answer with units
vy = 6.68 m/s

Alternate Solution
For using an equation for the conservation of energy to determine the initial speed of
the clay

K=K, +U, - (1/2)mvi = (1/2)mv3 + mgh,
v =} +2gh = (50 m/s)’ +(2)(98 m/s?)(1.0 m)

For a correct answer with units
v, = 6.68 m/s

© 2017 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

Alternate points
1 point

1 point



(d)

(e)

)

iii)

AP® PHYSICS C: MECHANICS
2017 SCORING GUIDELINES

Question 1 (continued)

2 points

For using conservation of momentum to determine the speed of the block after the
collision

py=py - myyy = (my +my)v,
v, = myv, /(my + my) = (0.20 kg)(5.0 m/s)/(0.20 kg + 1.0 kg)

For a correct answer with units
v, =083 m/s

2 points

For substituting the correct mass and initial speed OR the same mass and initial speed as
part (d)(1) into the kinetic energy equation

K, = (1/2)mp? = (1/2)(0.20 kg)(5.0 m/s)* = 251

For calculating the total kinetic energy after the collision using the combined mass and
using the speed from part (d)(i)

K, = (1/2)(m + mz)vg =(1/2)(0.20 kg + 1.0 kg)(0.83 m/s)2 =041]J

Subtract the two kinetic energies

AK =K, -K,=25]-041J=21]

Note: A maximum of one point can be earned if any other energy is included in the
calculations above.

1 point

For using the combined mass in the equation for the period of oscillation of a spring

B (m; +my) (1.0 kg + 0.20 kg)
T =2n 3 =2r (50 N/m)

=0.97s

2 points
Select “Greater than”

For any correct equilibrium statement even if the wrong selection is made
For indicating that the greater mass will stretch the spring more at equilibrium and the
corresponding checkbox is selected

Example: Since maximum velocity occurs when the block is at equilibrium and there
is now more mass attached to the spring, the spring will be longer when the
block-spring system is at maximum velocity.

© 2017 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



Q)

AP® PHYSICS C: MECHANICS
2017 SCORING GUIDELINES

Question 1 (continued)

Distribution
of points
2 points
For correctly selecting “Greater than” and attempting to justify the selection 1 point
For a correct justification 1 point

Example: Since kinetic energy is conserved in an elastic collision, the speed of the target

object (block) will be greater after the collision with the rubber ball than it was with
the piece of clay.

Note: If incorrect selection is made, the justification cannot earn credit.

© 2017 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



AP® PHYSICS C: MECHANICS
2017 SCORING GUIDELINES

Question 2

15 points total

(a)

(b)

(©)

2 points

For indicating that the velocity is the derivative of the position

o) =&
d(dcos(wt))
o[t

For correctly taking the derivative of the position
v(t) = —wdsin(ot)

3 points

For labeling maximum and/or minimum velocity as @d and/or —a@d respectively OR
labels consistent with the expression in part (a)

For beginning the graph at zero and in the negative direction

For drawing two sinusoidal curves with the first ending at 7" and the second ending at 2T

1 point

For an answer consistent with part (a)

K(t) = 2mv(1)? = (%)(M)(—a)dsin(a)t))z _M “;2“’2 sin? (wr)

1 point

For an answer consistent with the position function used in part (a)

U(e) = She(1) = (%)(k)(dcos(a)t))z _ %cosz(wt)

© 2017 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)

iii)

AP® PHYSICS C: MECHANICS
2017 SCORING GUIDELINES

Question 2 (continued)

(continued)
2 points

For indicating that the total energy is the sum of the equations for parts (c)(i) and (c)(ii)

2 12 2
Mo'd” ;2 (o) + %cos2 (o)

E(t)=K(t)+U(t) =

For correctly indicating that the derivative of the above equation is zero

P (i

kd

——— 7 sin*(wr) + Z—cos® (wr)
E(t) = ﬁzsm 2(at) +ﬁ2cosz(a)t) = kd” (sm (ot) + cos (a)t)) kd”
2 2 2 2
dE _d(ki*)_
de —drl 2 )
2 points

For correctly calculating the slope using the best-fit line and not the data points
Example:

ar? (0.88-0.38)(s%)
Am,.  (15-05)(kg)

slope = =0.50 sz/kg

clay

Acceptable range of answers: 0.48 — 0.60 s? / kg
For correctly relating the slope to the equivalent spring constant for the two-spring

system
Example:
2
472 47? (47[ )
T =27 |2 > = (4n < slope = 2 - k = =
keg ( )Zk Pe = 2k 2(slope)  (2)(0.50 s*/kg)
k=395 N/m

Acceptable range of answers: 32.5 — 41.5 N/m

© 2017 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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of points

1 point

1 point

1 point

1 point



(d)

(e)

ii)

AP® PHYSICS C: MECHANICS
2017 SCORING GUIDELINES

Question 2 (continued)

(continued)
2 points

For relating the mass of the cart to the period and substituting values of a point from the
graph
For substituting the value for the spring constant from part (d)(i)

Example:
M 2 2)(39.5 N/m)(0.50 s*
T’ =(472'2)%.'.M=2]€—Tz—mC =( A / 2)( ) - 0.75kg
2k 4z (477)
m = 0.25 kg
2 points

For indicating that the line would not change

For a correct justification

Example: Since the period does not depend on the amplitude of oscillation, the graph
would not change.

Note: If student does not indicate the line would not change, the justification cannot earn
credit.

© 2017 The College Board.
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of points

1 point

1 point

1 point
1 point



AP® PHYSICS C: MECHANICS

2017 SCORING GUIDELINES

Question 3

15 points total

(a)

(b)

3 points
Sphere at Point A

Sphere at Point B

For correctly drawing and labeling the weight and normal force at point 4
For correctly drawing and labeling the weight and normal force at point B

For correctly drawing and labeling the frictional force at point 4

Note: A maximum of 2 points can be earned if there are any extraneous vectors.

2 points

For using the equation for conservation of energy for the sphere

mgH = ng-I—lmv2 +lla)2
2 2
U W AT R R A
mg(H — R) = 5y +2(5mr )(r) =10™
For a correct answer
v = W01 - R)
7
2 points

For correctly setting the normal force equal to the centripetal force

2
,
For an answer consistent with part (b)(i) above
_ 10mg(H - R)
N 7R

© 2017 The College Board.
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1 point
1 point
1 point

1 point

1 point
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AP® PHYSICS C: MECHANICS
2017 SCORING GUIDELINES

Question 3 (continued)
Distribution
of points
(©) 2 points

For using the equation for the ratio of the rotational and translational kinetic energies 1 point

22)(2)
Kp (1/2)I0* \35 r
Ky (1/2)mv? mv?
For a correct answer: 1 point

Kn 2

Note: Credit is given if units are included.

(d) 2 points
Correct answer: “Increase”

For a statement indicating the rotational inertia of the hoop is greater 1 point
For a statement indicating the effect of the greater rotational inertia on the linear speed 1 point
of the hoop

Example: Since the rotational inertia of the hoop is higher than that of the sphere, if the
hoop and sphere start at the same height, the hoop will rotate at a slower speed and
thus have a lower linear speed. Therefore, you need to start it at a higher initial
height so that it travels fast enough to make it through the loop.

(e) 4 points

For using an appropriate kinematics equation to determine the maximum height of the 1 point
sphere

v% = v12 + 2aly

For using only the vertical component of the velocity at point C to calculate the 1 point
maximum height of the sphere

0 = (vesind)” +2(—g)Ay

For indicating that the speed at point C is the same as the speed at point 4 1 point
_ (vosin®)’

Ay = 22

%g(H — R)sin’ @

Ymax — R = 28
For a correct answer 1 point
Yaux = R+ %(H — R)sin® 0

Alternate solution on next page

© 2017 The College Board.
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(e)

AP® PHYSICS C: MECHANICS
2017 SCORING GUIDELINES

Question 3 (continued)

Distribution
of points
(continued)
Alternate solution Alternate points
For using conservation of energy to determine the maximum height of the sphere and 1 point
indicating the rotational kinetic energy does not change
1 2 1 T2 ho= 1 2 1 T2
M +5 w; + mgh, =5 mv) +§ w, + mgh,
%mvl2 +mgh, = %mv% + mgh,
For using only the horizontal component of the velocity at point C to determine the 1 point
kinetic energy when the sphere is at its maximum height
%vé +gh = %(Vc cosH)2 + gh,
For indicating that the speed at point C is the same as the speed at point A 1 point
l(mg(H - R)) +gR = l(mg(H - R))cos2 0 + ghyax
2\ 7 2\ 7
S(H-R)+R=2(H-R)cos?0 + h
7( - R)+ —7( = R)cos™ 0 + hyax
For a correct answer 1 point

© 2017 The College Board.
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