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Exam Instructions



IPho 2019;: Mechanics

Read through the following examination instructions very

Section I: At a Glance

Total Time:

45 minutes

Number of Questions:
35

Percent of Total Score:
50%

Writing Instrument:
Pencil required

Electronic Device:
None allowed

Section II: At a Glance

Total Time:
45 minutes

Number of Questions:
3

Percent of Total Score:
50%

Writing Instrument:
Either pencil or pen with black
or dark blue ir11£j

Electronic Device:
Calculator allowed

Weight:

The q_luestions are weighted
equally.

carefully

[ Section I: Multiple Choice Booklet 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 that may be helpfulisin the
booklet. 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 writtenin 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
toeach question.If youchange an answer, besure that the previous
mark is erased completely.

Useyourtimeeffectively, workingasquickly asyoucanwithoutlosing
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. Itis 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.

[ Section Il: Free Response Booklet 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 thatis clearly designated as the solution to aspecific part
of aquestion. Creditalso 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. Youmay lose credit for incorrect
work that is not crossed out.

Manageyourtimecarefully. Youmay proceed freely fromonequestion
tothe next. Youmay review your responsesif you finish before the end
of the exam isannounced.




Student Answer Sheet for
the Multiple-Choice Section
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exam you are now taking is spoken?

O Yes O No O Yes O No

Indicate your answers to the exam questions in this section. If a question has only four answer options, do not mark
option E.Your answer sheet will be scored by machine. Use only No. 2 pencils to mark your answers on pages 2 and 3 (one
response per question). After you have determined your response, be sure to completely fill in the corresponding circle next
to the number of the question you are answering. Stray marks and smudges could be read as answers, so erase carefully and
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Physics C: Mechanics Exam
SECTION I: Multiple Choice

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
None allowed

Instructions

Section] 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
that may be helpful is in the booklet. Rulers and straightedges may be used in this section.

Indicateall 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,
completelyfillin 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

o
T4

Chicago is a
(A) state

(B) city

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

OX JOXOIG)

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 havenotanswered if youhave time. Itis notexpected thateveryone 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 1

Form Code 4I1BP4-S

Minimum 20% post-consumer waste

30

PLACE SEAL HERE
DO NOT seal answer sheet inside



TABLE OF INFORMATION DEVELOPED FOR 2019

CONSTANTS AND CONVERSION FACTORS

Proton mass, m, = 1.67 ¥ 10 kg Electron charge magnitude, e = 1.60¥ 10™ C
Neutron mass, m, = 1.67 ¥ 10 kg 1 electron volt, 1 eV = 1.60 ¥ 10™J
Electron mass, m, = 9.11 ¥ 10°*! kg Speed of light, ¢ = 3.00 ¥ 10°ms  /
Avogadro’s number, Ny = 6.02 ¥ 10% mol™ Universal gra(\;/ci)tnag[ti;r?[al G = 6.67 ¥ 10 m® kgis?
Universal gas constant, R = 8.31 J (mpliK Acceleration due to gravity _ 2
g ( P ) at Earth’s surface, g=98 m/é
Boltzmann’s constant, kg = 1.38 ¥ 102 K
1 unified atomic mass unit, 1u=1.66¥10% kg = 931 MeV ¢2
Planck’s constant, h=6.63¥ 10 Jis = 4.14 ¥ 10™ eVis
hc = 1.99 ¥ 10 Jim = 1.24 ¥ 10° eVinm
Vacuum permittivity, Co = 8.85 ¥ 1072 C? Nim?
Coulomb’s law constant, k = 1 4pc, = 9.0 ¥ 10° Nim? C?/
Vacuum permeability, my = 4p ¥ 107 (Tim) A&
Magnetic constant, k ¢ = moAp = 1 ¥ 107 (Tim) A/
1 atmosphere pressure, latm=1.0¥ 10°Nh’ = 1.0 ¥ 10° Pa
meter, m mole,  mol watt, W farad, F
kilogram, kg hertz, Hz coulomb, C tesla, T
UNIT d t N It V | degree Celsi oC
SYMBOLS second, s newton, volt, egree Celsius,
ampere, A pascal, Pa ohm, W electron-volt, eV
kelvin, K joule, J henry, H
PREFIXES VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON ANGLES
Factor  Prefix  Symbol q 0° 30° 37° 45° 53° 60° 90°
10° giga G singq 0 L2 | 35 22 | 45 32 1
106 mega M cosq 1 32 | 45 22| 35 12 0
103 kilo k tan q 0 33 | 34 1 4/3 3 -
centi ¢
i The following conventions are used in this exam.
milli  m i .
6 . I.  Unless otherwise stated, the frame of reference of any problem is
10 micro m assumed to be inertial.
107° nano n Il. The direction of any electric current is the direction of flow of positive
10712 ico charge (conventional current).
P P I1l. For any isolated electric charge, the electric potential is defined as zero at

an infinite distance from the charge.
IV. For mechanics and thermodynamics equations, W represents the work
done on a system.



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 = 10 m/ s?inall problems.

Questions 1-2

A ball is struck at time t = 0 and follows the
parabolic path shown in the diagram above. The
following graphs show quantities possibly associated
with the motion as a function of time t. Assume that
air resistance is negligible and that the positive
directions are upward and to the right.

(A) B)

©

GEN

0 t

1. Which graph represents the horizontal component
of the velocity of the ball?

2. Which graph represents the vertical component
of the velocity of the ball?

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

"o/'

3. An object with initial velocity v, as shown above,
slides up and then down a long, frictionless,
inclined plane. Which of the following is true
of the object as it moves?

(A) It has a constant acceleration while moving
up the plane and a greater acceleration when
moving down the plane.

(B) It has a constant acceleration while moving
up the plane and a smaller acceleration
when moving down the plane.

(C) It moves with a constant velocity both up
and down the plane.

(D) It has the same acceleration as it moves up
and down the plane.

(E) It has a continually varying acceleration
as it moves up and down the plane.

GO ON TO THE NEXT PAGE.
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T,

m,

m

4. Two blocks of masses m; and m, are connected
by a massless string that passes over a wheel of
mass m, as shown above. The string does not slip
on the wheel and exerts forces T, and T, on the
blocks. When the wheel is released from rest in
the position shown, it undergoes an angular
acceleration and rotates clockwise. Which of the
following statements about T, and T, is correct?

A T,=T, because the wheel has mass.

(B) T,=T,because both blocks have the same
acceleration.

(C) T,>T,because my is farther from the wheel
than m,.

(D) T,>T,because m, acceleratesupward.

(E) T,> T, because an unbalanced clockwise
torque is needed to accelerate the wheel
clockwise.

3 kg 5kg 2 kg
———+——F——+—e—»x ()
O 1 2 3 4 5

5. Three objects are located along the x-axis as
shown above. The center of mass of the objects
isatx =

(A) 1.0m
(B) 1.5m
(C) 20m
(D) 25m
(E) 3.0m

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

. Which of the following is equivalent to a unit of

momentum?

(A) Joule

(B) Newton

(C) Joule - second
(D) Newton - second
(E) Newton - meter

. Two objects are dropped from rest from the same

height. Object A falls through a distance da
during a time t, and object B falls through a
distance dg during a time 2t. If air resistance is
negligible, what is the relationship between du
and dg ?

1

(A) dp= _4dB
1
(B) dA = 2dB
(C) da =2dg
(D) da =4dg

(E) It cannot be determined from the information
given.

GO ON TO THE NEXT PAGE.



8. The maximum mass that can be hung vertically

from a string without breaking the string is 10 kg.

A length of this string that is 2 m long is used to
rotate a 0.5 kg object in a circle on a frictionless
table with the string horizontal. The maximum
speed that the mass can attain under these
conditions without the string breaking is most
nearly

(A)  5mifs
(B) 10m/s
(C) 14m/s
(D) 20m/s
(E) 100 m/s

9. An object moving on a horizontal, frictionless
surface makes a glancing collision with another
object initially at rest on the surface. In this case
which of the following is true about momentum
and kinetic energy?

(A) Momentum is always conserved, and kinetic
energy may be conserved.

(B) Kinetic energy is always conserved, and
momentum may be conserved.

(C) Momentum is always conserved, and kinetic
energy is never conserved.

(D) Both momentum and kinetic energy are
always conserved.

(E) Neither momentum nor kinetic energy is
conserved.

10. A particle of mass m starts from rest at
position x = 0 and time t = 0. It moves along
the positive x-axis under the influence of a
single force F, = bt , where b is a constant.
The velocity u of the particle is given by

™ 2

() 2L

2m

© o

() bt

® 2
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11. Three blocks, A, B, and C, of masses 1, 2, and

3 kg, respectively, are initially at rest on a
frictionless surface as indicated in the figure
above. What force F has to be applied on block C

to accelerate the three blocks at 2 m ,éz ?

(A) 0.33N
(B) 15N
(C) 30N
(D) 6.0N
(E) 12N

12. An electrical motor provides 0.50 W of

mechanical power. How much time will it take
the motor to lift a 0.1 kg mass at constant speed
from the floor to a shelf 2.0 m above the floor?

(A) 0.255
(B) 0.40's
(C) 1.0
(D) 2.0s
(E) 4.0s

13. A block slides from rest with negligible friction

down the track above, descending a vertical
height of 5.0 m to point P at the bottom. It then
slides on the horizontal surface. The coefficient of
friction between the block and the horizontal
surface is 0.20. How far does the block slide on
the horizontal surface before it comes to rest?

(A) 0.40m
(B) 1.0m
(C) 25m
(D) 10m
(E) 25m

GO ON TO THE NEXT PAGE.
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14. The graph above shows velocity as a function of
time for an object moving along a straight line.
For which of the following sections of the graph
is the acceleration constant and nonzero?

(A) QR only

(B) ST only

(C) PQand TU only
(D) RS and ST only

(E) PQ, RS, ST, and TU

15. The velocity of a particle moving along the x-axis
is given as a function of time by the expression

u (t) = 3.0t - 2.0t + 4.0, where u is in meters
per second and t is in seconds. What is the
acceleration of the particle att=2.0 s?

(A) 4.0 m/s?
(B) 6.0m/s
(C) 8.0m/s’
(D) 10.0 m/s?
(E) 12.0 m/s?

Unauthorized copying or reuse of
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Questions 16-17

0

—0.10

m)

O AR AR AR AR
—0.30

y

-0.40

0 1.0 2.0 3.0
£ (s)

4.0

An unstretched ideal spring hangs vertically from
a fixed support. A 0.4 kg object is then attached to the
lower end of the spring. The object is pulled down to
a distance of 0.35 m below the unstretched position
and released from rest at time t = 0 . A graph of the
subsequent vertical position y of the lower end of the
spring as a function of t is given above, wherey = 0

when the spring was initially unstretched.

16. At which of the following times is the upward
velocity of the object the greatest?

(A) 0.00s
(B) 0.255s
(C) 0.50's
(D) 0.755s
(E) 1.00 s

17. What is the spring constant of the spring?

(A) 16 N/m
(B) 20 N/m
(C) 32 N/m
(D) 40 N/m
(E) 64 N/m

GO ON TO THE NEXT PAGE.



18. Identical net forces act for the same length of

time on two different spherical masses. Which of
the following describes the change in linear
momentum of the smaller mass compared to

that of the larger mass?

(A) Itis smaller than the change in linear
momentum of the larger mass but not zero.

(B) Itis larger than the change in linear
momentum of the larger mass.

(C) Iltisequal to the change in linear momentum
of the larger mass.

(D) ltis zero.

(E) It depends on the relative diameters of the
two masses.

19. The uniform thin rod shown above has mass m

and length A . The moment of inertia of the rod
about an axis through its center and perpendicular
to the rod is (1 }Z)mAZ. What is the moment of

inertia of the rod about an axis perpendicular to the
rod and passing through point P, which is halfway
between the center and the end of the rod?

1 .2

“mA
(A) "
® ;™

6

©) —1 - mA?

(D) ymA°

(E) — mA2

Unauthorized copying or reuse of
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20. A certain one-dimensional conservative force

is given as a function of x by the expression
F = -kx®, where F is in newtons and x is in

meters. A possible potential energy function
U for this force s

(A) U—;lzkx
@)U-;i
(€) U—;—4k
(D) U——4k
(E) U = -3kx’

21. Which of the following is a differential equation

that correctly describes Newton’s second law for a
simple harmonic oscillator of mass m and
restoring force constant k ?

(A) kx = m%;x_
(B) -kx=m d—)%
&
(©) -ku = ma
dx
(D) kx = m; N
(E) Mg -ku=m a

GO ON TO THE NEXT PAGE.



Questions 22-24

e
Note: Figure not drawn to scale.

The elliptical orbit of a comet is shown above.
Positions 1 and 2 are, respectively, the farthest and
nearest positions to the Sun, and at position 1 the
distance from the comet to the Sun is 10 times that
at position 2.

22. At position 2, the comet’s kinetic energy is

(A) the same as at position 1

(B) less than at position 1

(C) at its maximum value for the orbit

(D) at its minimum value for the orbit, but greater
than zero

(E) equal to zero

23. What is the ratio u; i, of the speed of the comet
at position 1 to the speed at position 2 ?
(A) 1100
(B)1410
© 1
(D) 10
(E) 100

24. What is the ratio F,0f the force on the
comet at position 1 to the force on the comet
at position 2 ?

(A) 1100
(B)110
€1
(D) 10
(E) 100

Unauthorized copying or reuse of
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25. A block of mass m is pulled across a rough

26.

surface, as shown above. The coefficient of
friction between the block and the surface is m,.
The force F that pulls the block is exerted at the
angle f shown. Which of the following is an
expression for the magnitude of the frictional
force on the block if it is moving at constant
speed?

(A) mymg

(B) m,Fcosf

(C) my(Fsinf + mg)

(D) my(Fsinf- mg)

(E) my(mg - Fsinf)

4 kg 4 kg

Two 4 kg blocks hang from a rope that passes
over two frictionless pulleys, as shown in the
figure above. What is the tension in the horizontal
portion of the rope if the blocks are not moving
and the rope and the two pulleys have negligible
mass?

(A) 4N
(B) 8N
(C) 20N
(D) 40N
(E) 80N

GO ON TO THE NEXT PAGE.



27. A person throws a ball of mass 0.20 kg. The ball
starts from rest, accelerates horizontally and
uniformly through a distance of 0.90 m, and
leaves the person’s hand at 30 m/s. The average
horizontal force applied to the ball by the person’s
hand is

(A) 33N
(B) 16.7N
(C) 81N
(D) 100 N
(E) 200N

28. A railroad car of mass 1500 kg rolls to the right
at 4 m/s and collides with another railroad car
of mass 3000 kg that is rolling to the left at 3 m/s.
The cars stick together. Their speed immediately
after the collision is

(A) £ mis
(B) 1 mis

© 3 mis

10
(D) 3 mfs

(E) 7 m/s

29. A meterstick of negligible mass is placed on a
fulcrum at the 0.4 m mark, with a 1 kg mass hung
at the zero mark and a 0.5 kg mass hung at the
1.0 m mark. The meterstick is held horizontal and
released. Immediately after release, the magnitude
of the net torque on the meterstick about the
fulcrum is most nearly

(A) 1N-m
(B) 2N-m
(C) 25N'm
(D) 7N:m
(E) 7.5N-m

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

0

30. An object undergoes simple harmonic motion

along the x-axis shown above, where x = 0 is
the object’s equilibrium position. Which of the
following graphs best shows the relationship
between the object’s acceleration a and its
displacement x from equilibrium? (Assume
positive a to be acceleration directed to the right.)

(A) a
5 - X

(B) a
. X

(0]

© a

A
5 - X

(D) a
S - X

(E) a

GO ON TO THE NEXT PAGE.



1 32. Suppose that the potential energy of a particle
- ® constrained to move along the x-axis canbe
1
described by the function U(x) = ; ka® - ax,
h where both k and a are positive constants.
Uo Stable equilibrium points, about which the
T particle oscillates, are located at
v @2
(A) x=0 only
31. Ball 1 is dropped from rest at time t = 0 froma
tower of height h, as shown above. At the same (B) x = a only
instant, ball 2 is launched upward from the k
ground with initial speed uy . If air resistance is (C) x = 2a only
negligible, at what time t will the two balls pass k
each other? (D) x=0and 2
1h k
(A) 4u 2a
1h0 (E) x=0and ==
in K
®) ; Uy
© h 33. A ball of mass m falls vertically, hits the floor
Ug with a speed ;, and rebounds with a speed u ;.
D) 2 h What is the magnitude of the impulse exerted on
(©) Ug the ball by the floor?
(E) 4UL (A) 2m(uf - Ui)
0
® m(y -u)
(C) m(Uf + Ui)
(D) muy;
(E) mu

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE
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Questions 34-35

A particle moves in a circle in such a way that the
X- and y-coordinates of its motion, given in meters as
functions of time t in seconds, are:

x =5 cos(3t)
y = 5 sin(3t).

34. What is the radius of the circle?

(A) 2m
B) Jm

(C) 5m
(D) 10 m
(E) 15m
35. Which of the following is true of the speed of the

particle?

(A) Itis always equal to 5 m/s.

(B) Itisalways equal to 15 m/s.

(C) It oscillates with a range of 0 to 5 m/s.
(D) It oscillates with a range of 0 to 15 m/s.
(E) It oscillates with a range of 5 to 15 m/s.

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.
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Section II: Free-Response Questions

This is the free-response section of the 2019 IPho exam. It includes cover material
and other administrative instructions to help familiarize students with the
mechanics of the exam. (Note that future exams may differ in look from the
following content.
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TABLE OF INFORMATION DEVELOPED FOR 2019

CONSTANTS AND CONVERSION FACTORS

Proton mass, m, = 1.67 ¥ 10" kg
Neutron mass, m, = 1.67 ¥ 10% kg
Electron mass, m, = 9.11 ¥ 10! kg

Avogadro’s number, Ny = 6.02 ¥ 10 mol™

Universal gas constant, R = 8.31] (rryoliK)

Boltzmann’s constant, kg = 1.38 ¥ 102 /K

Electron charge magnitude, e =

Acceleration due to gravity

Uni

1.60¥ 10 C
1 electron volt, 1 eV = 1.60 ¥ 10

Speed of light, c =3.00¥ 10° ms /

versal gravitational

— -11 .3 o2
constant, @ = 6:67¥ 107 kass

_ 2
at Earth’s surface, g=98 m/é

1 unified atomic mass unit,
Planck’s constant,

Vacuum permittivity,

Coulomb’s law constant, k = 1 4pcy = 9.0 ¥ 10° Nim? Cz/
My = 4p ¥ 107 (Tim) A
my/4p = 1¥107 (Tim) A
latm = 1.0¥ 10°Nfh® = 1.0 ¥ 10° Pa

Vacuum permeability,

Magnetic constant,
1 atmosphere pressure,

ke

lu
h
hc
Co

= 1.66 ¥ 102" kg = 931 MeV ¢2

= 6.63¥10* Jis = 414 ¥ 10 eVis
=1.99 ¥ 10% Jm = 1.24 ¥ 10° eVinm
= 8.85 ¥ 102 C? Nim?

meter, m mole,  mol watt, W farad, F
kilogram, kg hertz, Hz coulomb, C tesla, T
UNIT second S newton N volt \ degree Celsius wC
SYMBOLS : : ’ ’
ampere, A pascal, Pa ohm, W electron-volt, eV
kelvin, K joule, J henry, H
PREFIXES VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON ANGLES
Factor  Prefix ~ Symbol q 0° 30° 37° 45° 53° 60° 90°
10° giga G sin g 0 12 | 35 22| 45 32 1
10° mega M cosq 1 32 | 45 22| 3b 12 0
103 kilo K tan g 0 33 | 34 1 4/3 3 -
1072 centi c ) ] o
3 o The following conventions are used in this exam.
10 mitli m . Unless otherwise stated, the frame of reference of any problem is
10 micro m assumed to be inertial.
9 Il. The direction of any electric current is the direction of flow of positive
10 nano n .
1 ) charge (conventional current).
100 pico p I1l. For any isolated electric charge, the electric potential is defined as zero at

an infinite distance from the charge.



ADVANCED PLACEMENT PHYSICS C EQUATIONS DEVELOPED FOR 2019

MECHANICS

U=U0+a'[

X = Xg + u0t+12at2

u?=up” +2a(x- %)

AFanetzma

dp
F=

dt
J=|JFdt=Dp
p=mv
Firic £ MN
w=JFidr
K = £ mu

2

dw
p-dw

t
P=Fiv
DUg = mgh
ac =i=w2r

r
T=r¥F

AT = Tnet = Ia
| = Jr’dm = Amr?

rem = Amr/Am

u=rw
L=r¥p=1Iw
1,2
= lw
2
w=w, +at

QZQO+W0t+%at2

a = acceleration

F = force

f = frequency

h=height =

| = rotational inertia

J = impulse

K = Kkinetic energy

k = spring constant

A = length

L = angular momentum
m = mass

N = normal force

P = power

p = momentum

r = radius or distance

r = position vector

T = period

t =time

U = potential energy

u = velocity or speed

W = work done on a system
X = position

m = coefficient of friction
g = angle

t = torque

w = angular speed

a = angular acceleration
f = phase angle

Fs = -kx
Us = Lk
2

X = Xmay COS(Wt + f)

r-2._1

w f
A

Gmm

ELECTRICITY AND MAGNETISM

_ 1 GG
4pCq r?
e-E
q
Q
fEidA=
E-_ Vv
dr
1 A0
V = — hl
4pc0Ai‘ri
Uu =qv __1 9
E 4pcy, r
C=‘Q
\Y
kcoA
c=-2
d
1
1 _ Al
Cs _'?\Ci
I:d—o"
dt
u=2qv =tcv?
¢ 2 2
_T1A
R= A
E=rJ
I = NeugA
V=1IR
R,= AR

A =area

B = magnetic field

C = capacitance

d = distance _

E = electric field

e =emf

F = force

| = current

J = current density

L = inductance

A = length

n = number of loops of wire
per unit length

N = number of charge carriers
per unit volume

P = power

Q = charge

g = point charge

R = resistance

r = distance

t =time

U = potential or stored energy

V = electric potential

u = velocity or speed

r = resistivity

f,, = magnetic flux
k = dielectric constant

§Bid9= ml
dB= Mol d9¥r
4p B

F={)1d9¥B
B = mgnl
fmn=|BidA
df
€=§Eido=—- "
dt
e=-L4
dt
1 5
U = 2Ll




ADVANCED PLACEMENT PHYSICS C EQUATIONS DEVELOPED FOR 2019

GEOMETRY AND TRIGONOMETRY

Rectangle A= area
A = bh C = circumference
. V = volume
Trlanglel S = surface area
A= —bh b = base
' 2 h = height
Circle A =length
A= pr w = width
r = radius
C =2pr
Rectangular Solid
V = Awh
Cylinder
V = priA
S = 2prA + 2pr?
Sphere
= é pr3
3
S = 4pr?
Right Triangle
a’+bh? =¢?
sing = 2 ¢
c
b q 909
cosq =
a
tanqg = b

CALCULUS
df _dfdu
dx  du dx
Bofp <o
d X
dxve
dx )

d 1
“dnxy= =
dx(I ) X

d
dxs@n X 3 COS X

d :
dx (cos x) = -sinx

n+1
Uexdx:eX
dx
U?:m}( |

U cos X dx = sin X

U
Usmxdx = -COSX




PHYSICS C: MECHANICS
SECTION 11
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.

/ Equilibrium Position

Spring Constant k :

|
|
|

x=0

Mech. 1.

Experiment 1. A block of mass 0.30 kg is placed on a frictionless table and is attached to one end of a horizontal
spring of spring constant k, as shown above. The other end of the spring is attached to a fixed wall. The block is
set into oscillatory motion by stretching the spring and releasing the block from rest at time t = 0. A motion
detector is used to record the position of the block as it oscillates. The resulting graph of velocity u versus time t
is shown below. The positive direction for all quantities is to the right.

3
0.2}

N

0.1F

Velocity v (m/s)
o

|
|
|
|
T
|
|
|
|
|
|
|
|

] T T T

1 | | |

T | | [
01" J / { | {
i Lo I | 1\ I

1 Lo I | I Lo

0.0 0.5 1.0 1.5 2.0

Time #(s)

(a) Determine the equation for u(t) , including numerical values for all constants.

(b) Given that the equilibrium position is at x = 0, determine the equation for x(t), including numerical values
for all constants.
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(c) Calculate the value of k.

Experiment 2. The block and spring arrangement is now placed on a rough surface, as shown below. The block
is displaced so that the spring is compressed a distance d and released from rest.

d

l/ Equilibrium Position
|

TQQQQQQQQ}_ i Rough Surface
\

(d) On the dots below that represent the block, draw and label the forces (not components) that act on the block
when the spring is compressed adistance x = d 2 and the block is moving in the direction indicated below
each dot.

o [
Toward Away from
the equilibrium position the equilibrium position

(e) Draw a sketch of u versus t in this case. Assume that there is a negligible change in the period and that the
positive direction is still to the right.

T T
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Velocity v (m/s)
o

0.0 0.5 1015 2.0
Time 1(s)
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Mech. 2.

You are to perform an experiment investigating the conservation of mechanical energy involving a
transformation from initial gravitational potential energy to translational kinetic energy.

(&) You are given the equipment listed below, all the supports required to hold the equipment, and a lab table.
On the list below, indicate each piece of equipment you would use by checking the line next to eachitem.

Track Meterstick Set of objects of different masses
Cart Electronic balance Lightweight low-friction pulley
String Stopwatch

(b) Outline a procedure for performing the experiment. Include a diagram of your experimental setup. Label the
equipment in your diagram. Also include a description of the measurements you would make and a symbol
for each measurement.

Unauthorized copying or reuse of
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(c) Give a detailed account of the calculations of gravitational potential energy and translational kinetic energy
both before and after the transformation, in terms of the quantities measured in part (b).

(d) After your first trial, your calculations show that the energy increased during the experiment. Assuming you
made no mathematical errors, give a reasonable explanation for this result.

(e) On all other trials, your calculations show that the energy decreased during the experiment. Assuming you
made no mathematical errors, give a reasonable physical explanation for the fact that the average energy you
determined decreased. Include references to conservative and nonconservative forces, as appropriate.
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t=0
Mech. 3.

A ring of mass M, radius R, and rotational inertia MR? is initially sliding on a frictionless surface at constant
velocity ug to the right, as shown above. At time t = 0 it encounters a surface with coefficient of friction m and

begins sliding and rotating. After traveling a distance L, the ring begins rolling without sliding. Express all

answers to the following in terms of M, R, ug, m, and fundamental constants, as appropriate.

(a) Starting from Newton’s second law in either translational or rotational form, as appropriate, derive a
differential equation that can be used to solve for the magnitude of the following as the ring is sliding and
rotating.

i.  The linear velocity u of the ring as a function of time t

ii. The angular velocity w of the ring as a function of time t

(b) Derive an expression for the magnitude of the following as the ring is sliding and rotating.
i. The linear velocity u of the ring as a function of time t

ii. The angular velocity w of the ring as a function of time t

Unauthorized copying or reuse of
any part of this page is illegal.
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(c) Derive an expression for the time it takes the ring to travel the distance L.

(d) Derive an expression for the magnitude of the velocity of the ring immediately after it has traveled the
distance L.

(e) Derive an expression for the distance L.

Unauthorized copying or reuse of
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THIS PAGE MAY BE USED FOR SCRATCH WORK.

STOP

END OF EXAM

THE FOLLOWING INSTRUCTIONS APPLY TO THE COVERS OF THE
SECTION Il BOOKLET.

e MAKE SURE YOU HAVE COMPLETED THE IDENTIFICATION
INFORMATION AS REQUESTED ON THE FRONT AND BACK
COVERS OF THE SECTION Il BOOKLET.

e CHECK TO SEE THAT YOUR AP NUMBER LABEL APPEARS IN
THE BOX(ES) ON THE COVER(S).

e MAKE SURE YOU HAVE USED THE SAME SET OF AP
NUMBER LABELS ON ALL AP EXAMS YOU HAVE TAKEN
THIS YEAR
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