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Exam Instructions

The following contains instructions taken from
the 2016-17 AP Exam Instructions book.



AP° Physics 1: Algebra-Based Exam

Regularly Scheduled Exam Date: Tuesday afternoon, May 2, 2017
Late-Testing Exam Date: Thursday afernoon, May 18, 2017

AP° Physics 2: Algebra-Based Exam

Regularly Scheduled Exam Date: Wednesday afternoon, May 3, 2017
Late-Testing Exam Date: Friday morning, May 19, 2017

Sectionl Total Time: 1 hour 30 minutes Section Il Total Time: 1 hour 30 minutes
Calculator allowed Calculator allowed
Number of Questions: 50* Number of Questions Physics 1: 5
Percent of Total Score: 50% Number of Questions Physics 2: 4
Writing Instrument: Pencil required Percent of Total Score: 50%
*The number of questions may vary slightly Writing Instrument: Pen with black or
depending on the form of the exam. dark blue ink, or pencil

What Proctors Need to Bring to This Exam

» Exam packets « Container for students’ electronic
« Answer sheets devices (if needed)
« AP Student Packs » Extra No. 2 pencils with erasers
e 2016-17 AP Coordinator’s Manual o Extra pens with black or dark blue ink
« 'This book — AP Exam Instructions + Extra paper
« AP Exam Seating Chart template « Stapler
» School Code and Home-School/Self- + Watch
Study Codes o Signs for the door to the testing room
» Extra calculators - “Exam in Progress”
o Extra rulers or straightedges — “Cell phones are prohibited in the
o Pencil sharpener testing room”

Before Distributing Exams: Check that the title on all exam covers is Physics 1: Algebra-Based
or Physics 2: Algebra-Based. If there are any exam booklets with a different title, contact the AP
coordinator immediately.

Students are permitted to use rulers, straightedges, and four-function, scientific, or graphing
calculators for these entire exams (Sections I and II). Before starting the exam administration,
make sure each student has an appropriate calculator, and any student with a graphing calculator
has a model from the approved list on page 49 of the 2016-17 AP Coordinator’s Manual. See
pages 46-49 of the AP Coordinator’s Manual for more information. If a student does not have an
appropriate calculator or has a graphing calculator not on the approved list, you may provide one
from your supply. If the student does not want to use the calculator you provide or does not want
to use a calculator at all, he or she must hand copy, date, and sign the release statement on page 47
of the AP Coordinator’s Manual.
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Physics 1 and Physics 2

Students may have no more than two calculators on their desks. Calculators may not be shared.
Calculator memories do not need to be cleared before or after the exam. Students with Hewlett-
Packard 48-50 Series and Casio FX-9860 graphing calculators may use cards designed for use
with these calculators. Proctors should make sure infrared ports (Hewlett-Packard) are not facing
each other. Since graphing calculators can be used to store data, including text, proctors
should monitor that students are using their calculators appropriately. Attempts by students
to use the calculator to remove exam questions and/or answers from the room may result in
the cancellation of AP Exam scores.

Tables containing equations commonly used in physics are included in each AP Exam booklet,
for use during the entire exam. Students are NOT allowed to bring their own copies of the
equation tables to the exam room.

SECTION I: Multiple Choice

Do not begin the exam instructions below until you have completed the appropriate
® General Instructions for your group.

Make sure you begin the exam at the designated time. Remember, you must complete a seating
chart for this exam. See pages 325-326 for a seating chart template and instructions. See the
2016-17 AP Coordinator’s Manual for exam seating requirements (pages 51-54).

Physics 1: Algebra-Based

If you are giving the regularly scheduled exam, say:

It is Tuesday afternoon, May 2, and you will be taking the AP Physics 1:
Algebra-Based Exam.

If you are giving the alternate exam for late testing, say:

It is Thursday afternoon, May 18, and you will be taking the AP Physics 1:
Algebra-Based Exam.

Physics 2: Algebra-Based
If you are giving the regularly scheduled exam, say:

It is Wednesday afternoon, May 3, and you will be taking the AP Physics 2:
Algebra-Based Exam.

If you are giving the alternate exam for late testing, say:

It is Friday morning, May 19, and you will be taking the AP Physics 2:
Algebra-Based Exam.

In a moment, you will open the packet that contains your exam materials.
By opening this packet, you agree to all of the AP Program’s policies and
procedures outlined in the 2016-17 Bulletin for AP Students and Parents.
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AP Exam Instructions

If you are giving the Physics 1: Algebra-Based Exam, say:

Look at your exam packet and confirm that the exam title is “AP Physics 1:
Algebra-Based.” Raise your hand if your exam packet contains any title other
than “AP Physics 1: Algebra-Based” and | will help you.

If you are giving the Physics 2: Algebra-Based Exam, say:

Look at your exam packet and confirm that the exam title is “AP Physics 2:
Algebra-Based.” Raise your hand if your exam packet contains any title other
than “AP Physics 2: Algebra-Based” and I will help you.

Once you confirm that all students have the correct exam, say:

You may now remove the shrinkwrap from your exam packet and take out the
Section | booklet, but do not open the booklet or the shrinkwrapped Section Il
materials. Put the white seals aside. . ..

Carefully remove the AP Exam label found near the top left of your exam
booklet cover. Now place it on page 1 of your answer sheet on the light blue
box near the top right corner that reads “AP Exam Label.”

If students accidentally place the exam label in the space for the number label or vice versa, advise
them to leave the labels in place. They should not try to remove the label; their exam can still be
processed correctly.

Read the statements on the front cover of Section | and look up when you
have finished. . ..

Sign your name and write today’s date. Look up when you have finished. . . .
Now print your full legal name where indicated. Are there any questions? . ..

Turn to the back cover of your exam booklet and read it completely. Look up
when you have finished. . ..

Are there any questions? . ..

You will now take the multiple-choice portion of the exam. You should have

in front of you the multiple-choice booklet and your answer sheet. You may
never discuss the multiple-choice exam content at any time in any form

with anyone, including your teacher and other students. If you disclose the
multiple-choice exam content through any means, your AP Exam score will be
canceled.

Open your answer sheet to page 2. You must complete the answer sheet using
a No. 2 pencil only. Mark all of your responses on pages 2 and 3 of your answer
sheet. Remember, for numbers 1 through 45 on answer sheet page 2, mark only
the single best answer to each question. The answer sheet has circles marked
A-E for each of these questions. For this exam, you will use only the circles
marked A-D. For numbers 131 through 135 at the bottom of answer sheet page 3,
mark the two best answer choices for each question. Completely fill in the circles.
If you need to erase, do so carefully and completely. No credit will be given for
anything written in the exam booklet. Scratch paper is not allowed, but you may
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Physics 1 and Physics 2

use the margins or any blank space in the exam booklet for scratch work. Rulers,
straightedges, and calculators may be used for the entire exam. You may place
these items on your desk. Are there any questions? . ..

You have 1 hour and 30 minutes for this section. Open your Section | booklet
and begin.

% Note Start Timehere . Note Stop Timehere . Check that students
are marking their answers in pencil on their answer sheets and that they are not looking at their
shrinkwrapped Section II booklets. After 1 hour and 20 minutes, say:

There are 10 minutes remaining.
After 10 minutes, say:

Stop working. Close your booklet and put your answer sheet on your desk,
face up. Make sure you have your AP number label and an AP Exam label on
page 1 of your answer sheet. Sit quietly while I collect your answer sheets.

Collect an answer sheet from each student. Check that each answer sheet has an AP number label
and an AP Exam label. After all answer sheets have been collected, say:

Now you must seal your exam booklet using the white seals you set aside
earlier. Remove the white seals from the backing and press one on each area
of your exam booklet cover marked “PLACE SEAL HERE.” Fold each seal over
the back cover. When you have finished, place the booklet on your desk, face
up. | will now collect your Section | booklet. . ..

Collect a Section I booklet from each student. Check that each student has signed the front cover
of the sealed Section I booklet.

There is a 10-minute break between Sections I and II. When all Section I materials have been
collected and accounted for and you are ready for the break, say:

Please listen carefully to these instructions before we take a 10-minute
break. Please put all of your calculators under your chair. Your calculators and
all items you placed under your chair at the beginning of this exam must stay
there, and you are not permitted to open or access them in any way. Leave
your shrinkwrapped Section Il packet on your desk during the break. You are
not allowed to consult teachers, other students, notes, or textbooks during
the break. You may not make phone calls, send text messages, check email,
use a social networking site, or access any electronic or communication
device. Remember, you may never discuss the multiple-choice exam content
at any time in any form with anyone, including your teacher and other
students. If you disclose the multiple-choice exam content through any
means, your AP Exam score will be canceled. Are there any questions? . ..

@ You may begin your break. Testing will resume at
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AP Exam Instructions

SECTION II: Free Response
After the break, say:

May | have everyone’s attention? Place your Student Pack on your desk. . ..

You may now remove the shrinkwrap from the Section Il packet, but do not
open the exam booklet until you are told to do so. . ..

Read the bulleted statements on the front cover of the exam booklet. Look
up when you have finished. . . .

Now take an AP number label from your Student Pack and place it on the
shaded box. If you don’t have any AP number labels, write your AP number in
the box. Look up when you have finished. . . .

Read the last statement. . ..

Using a pen with black or dark blue ink, print the first, middle, and last
initials of your legal name in the boxes and print today’s date where
indicated. This constitutes your signature and your agreement to the
statements on the front cover. . ..

Turn to the back cover and, using your pen, complete Item 1 under “Important
Identification Information.” Print the first two letters of your last name and the
first letter of your first name in the boxes. Look up when you have finished. . . .

In Item 2, print your date of birth in the boxes. . ..

In Item 3, write the school code you printed on the front of your Student
Pack in the boxes. . ..

Read Iltem 4. . ..
Are there any questions? . ..

I need to collect the Student Pack from anyone who will be taking another
AP Exam. You may keep it only if you are not taking any other AP Exams this
year. If you have no other AP Exams to take, place your Student Pack under
your chair now. . ..

Read the information on the back cover of the exam booklet. Do not open the
booklet until you are told to do so. Look up when you have finished. . ..

Collect the Student Packs. Then say:
Are there any questions? . ..

Rulers, straightedges, and calculators may be used for Section Il. Be sure
these items are on your desk. . ..

You have 1 hour and 30 minutes to complete Section Il. You are responsible for
pacing yourself, and you may proceed freely from one question to the next.
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Physics 1 and Physics 2

If you are giving the AP Physics 1: Algebra-Based Exam, say:

Section Il has 5 questions. It is suggested that you spend approximately
25 minutes each for questions 2 and 3, and 13 minutes each for questions 1,
4, and 5.

If you are giving the AP Physics 2: Algebra-Based Exam, say:

Section Il has 4 questions. It is suggested that you spend approximately
25 minutes each for questions 2 and 3, and 20 minutes each for questions 1
and 4.

You must write your answers in the exam booklet using a pen with black or
dark blue ink or a No. 2 pencil. If you use a pencil, be sure that your writing is
dark enough to be easily read. If you need more paper during the exam, raise
your hand. At the top of each extra sheet of paper you use, be sure to write
only your AP number and the question number you are working on. Do not
write your name. Are there any questions? . ..

You may begin.

% Note Start Timehere . Note Stop Timehere . You should also make
sure that Hewlett-Packard calculators’ infrared ports are not facing each other and that students
are not sharing calculators. After 1 hour and 20 minutes, say:

There are 10 minutes remaining.
After 10 minutes, say:
Stop working and close your exam booklet. Place it on your desk, face up. ...

If any students used extra paper for a question in the free-response section, have those students
staple the extra sheet(s) to the first page corresponding to that question in their exam booklets.
Complete an Incident Report. A single Incident Report may be completed for multiple students
per exam subject per administration (regular or late testing) as long as all of the required
information is provided. Include all exam booklets with extra sheets of paper in an Incident
Report return envelope (see page 62 of the 2016-17 AP Coordinator’s Manual for complete details).
Then say:

Remain in your seat, without talking, while the exam materials are collected. ...

Collect a Section IT booklet from each student. Check for the following:

« Exam booklet front cover: The student placed an AP number label on the shaded box
and printed his or her initials and today’s date.

o Exam booklet back cover: The student completed the “Important Identification
Information” area.

When all exam materials have been collected and accounted for, return to students any electronic
devices you may have collected before the start of the exam.
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AP Exam Instructions

If you are giving the regularly scheduled exam, say:

You may not discuss or share the free-response exam content with anyone unless
it is released on the College Board website in about two days. Your AP Exam score
results will be available online in July.

If you are giving the alternate exam for late testing, say:

None of the content in this exam may ever be discussed or shared in any way

at any time. Your AP Exam score results will be available online in July.

If any students completed the AP number card at the beginning of this exam, say:

Please remember to take your AP number card with you. You will need the
information on this card to view your scores and order AP score reporting
services online.

Then say:

You are now dismissed.

Post-Exam Tasks

Be sure to give the completed seating chart to the AP coordinator. Schools must retain seating
charts for at least six months (unless the state or district requires that they be retained for a longer
period of time). Schools should not return any seating charts in their exam shipments unless they
are required as part of an Incident Report.

The exam proctor should complete the following tasks if asked to do so by the AP coordinator.
Otherwise, the AP coordinator must complete these tasks.

All exam materials must be placed in secure storage until they are returned to the AP Program
after your school’s last administration. Before storing materials, check the “School Use Only”
section on page 1 of the answer sheet and:

o Fill in the appropriate section number circle in order to access a separate AP
Instructional Planning Report (for regularly scheduled exams only) or subject
score roster at the class section or teacher level. See “Post-Exam Activities” in the
2016-17 AP Coordinator’s Manual.

o Check your list of students who are eligible for fee reductions and fill in the
appropriate circle on their registration answer sheets.
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Student Answer Sheet for
the Multiple-Choice Section

Use this section to capture student responses. (Note that the following
answer sheet is a sample, and may differ from one used in an actual exam.)
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PAGE 2 ®
COMPLETE THIS AREA AT EACH EXAM (IF APPLICABLE).

P. SURVEY QUESTIONS — Answer the survey questions in the AP Student Pack. Do not put responses to exam questions in this section.
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Q. LANGUAGE — Do not complete this section unless instructed to do so.

If this answer sheet is for the French Language and Culture, German Language and Culture, Italian Language and Culture, Spanish Language
and Culture, or Spanish Literature and Culture Exam, please answer the following questions. Your responses will not affect your score.

1. Have you lived or studied for one month or more in a country where the language of the 2. Do you regularly speak or hear the language at home?
exam you are now taking is spoken?
O Yes O No O Yes O No
QUESTIONS 1-75
Indicate your answers to the exam questions in this section (pages 2 and 3). Mark only one response per question
for Questions 1 through 120. If a question has only four answer options, do not mark option E. Answers written in
the multiple-choice booklet will not be scored.
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PAGE 3
QUESTIONS 76-120
Be sure each mark is dark and completely fills the circle. If a question has only four answer options, do not mark option E.
% ®GEOO® 1 BHEOO®® 16 ®EOOEO
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QUESTIONS 121-126
For Students Taking AP Biology
Write your answer in the boxes at the top of the griddable area and fill in the corresponding circles.
Mark only one circle in any column. You will receive credit only if the circles are filled in correctly.
121 122 123 124 125 126
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QUESTIONS 131-142
For Students Taking AP Computer Science Principles, AP Physics 1, or AP Physics 2
Mark two responses per question. You will receive credit only if both correct responses are selected.
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Section |: Multiple-Choice Questions

This is the multiple-choice section of the 2017 AP 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.)

For purposes of test security and/or statistical analysis, some questions
have been removed from the version of the exam that was administered
in 2017. Therefore, the timing indicated here may not be appropriate
for a practice exam.



AP’ Physics 1: Algebra-Based Exam

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

Total Time
1 hour, 30 minutes

Number of Questions
40

Percent of Total Score
50%

Writing Instrument
Pencil required

Electronic Device
Calculator allowed

-

( At a Glance )

Instructions

Section I of this exam contains 40 multiple-choice questions. Pages containing equations
and other information are also printed in this 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.

Because this section offers only four answer options for each question, do not mark the
(E) answer circle for any question. If you change an answer, be sure that the previous
mark is erased completely.

For questions 1 through 36, select the single best answer choice for each question. After
you have decided which of the choices is best, completely fill in the corresponding circle
on the answer sheet. Here is a sample question and answer.

Chicagoisa
{A] state

(B) city

(C) country
(I} continent

For questions 131 through 134, select the two best answer choices for each question.
After you have decided which two choices are best, completely fill in the two
corresponding circles on the answer sheet. Here is a sample question and answer.

Hg]mzl;‘ Qluestion S ]])plg Answer

New York is a o9 oo
[A] state
(B} city

(C) country

(I3} continent

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 Section I 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

83



AP PHYSICS 1 TABLE OF INFORMATION

CONSTANTS AND CONVERSION FACTORS

Proton mass,
Neutron mass,

Electron mass,

m, =1.67x107 kg
m, =1.67x107 kg

m, =9.11x 107" kg

e=1.60x107" C
k = 1/4xe, = 9.0 x 10° Nem?/C?

Electron charge magnitude,
Coulomb’s law constant,

Universal gravitational

_ 113 2
constan, G = 667107 m /kess

. _ 8 i Acceleration due to gravity _ 2
Speed of light, ¢ =3.00 x10° m/s at Barth's sarface, € = 98 m/s
meter, m kelvin, K watt, W degree Celsius, °C
UNIT kilogram, kg hertz, Hz coulomb, C
SYMBOLS second, s newton, N volt, \"
ampere, A joule, J ohm, Q
PREFIXES VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON ANGLES
Factor | Prefi Symbol o o o o 0 0 0
> 2 0 00 | 307 | 377 | 45 | 53 | 60" | 90
10 tera T
00 giga G sin@ 0 1/2 35 | N2/2 | 4/5 | V32 1
10° mega M cosf 1 V3/2 | 45 | N2/2 | 3/5 1/2 0
10° kilo k tan@ 0o | V33 | 3/4 1 43 | 3 oo
1072 centi c
107 milli m The following conventions are used in this exam.
1076 micro u I. The fra.me of reference of any problem is assumed to be inertial unless
5 otherwise stated.
10~ nano n II. Assume air resistance is negligible unless otherwise stated.
10712 pico p III. In all situations, positive work is defined as work done on a system.
IV. The direction of current is conventional current: the direction in which
positive charge would drift.
V. Assume all batteries and meters are ideal unless otherwise stated.




AP® PHYSICS 1 EQUATIONS

MECHANICS

VX = VXO + axt

| )
X = XO +VX0[+§axl

vi = Vio +2a,(x— xy)

a= L — ﬁnet
m m
|Fy| < ulF,)|
V2
a. :T
p=nw
Ap = F At
K =—my

AE =W = F”d = FdcosO

_AE
At

1

o=, +ot
x = Acos(2xft)

*_zf_fnel
CETT T

T=rF =rFsin@

L=1Iow
AL =N\t
K =%I(o2
|F| = Kl
U, = 11
m
P:V

TN DV TERATHFIISQUONTES DI AT mARR
I

= acceleration
amplitude
distance

energy
frequency

force

rotational inertia
kinetic energy
spring constant
angular momentum
length

mass

power

momentum

radius or separation
= period

= time

= potential energy

= volume

= speed

position

height

angular acccleration
coefficient of friction

angle
density

torque
angular speed

AU, = mgAy
Tz%’%%
T, =2r %
Tp=2n'\/§
|Fg|_GmlT2
r
y, = -Smm

ELECTRICITY
S 17 XS A = area
|FE| =k 2 F = force
Aq [ = current
=— { = length
At
y P = power
R=2Fr q = charge
A R = resistance
I= AV r = separation
R t = time
P=TAV V = electric potential
R, = YR p = resistivity
1 1
RP ;Ri
WAVES
f = frequency
1= y = speed

f

A = wavelength

= work done on a system

GEOMETRY AND TRIGONOMETRY

Rectangle
A =bh

Triangle
1
A=—=bh
2

Circle

A = mr?

C=2nr

Rectangular solid

V = lwh
Cylinder

V = nr’t

S =2mrl + 2nr?

Sphere
V= %n’r3
S = dnr?

A = area
C = circumference
V = volume
S = surface area
b = base
h = height
{ = length
w = width
r = radius
Right triangle
=d>+b
sing = 4
c
cosf = b
c
a
tan@ = —
b




PHYSICS 1
Section I
40 Questions

Time—90 minutes

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

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

1. A blue sphere and a red sphere with the same
diameter are released from rest at the top of
a ramp. The red sphere takes a longer time to
reach the bottom of the ramp. The spheres are §
then rolled off a horizontal table at the same time A B c
with the same speed and fall freely to the floor.
Which sphere reaches the floor first?

Amplitudes
(A) The red sphere Time t | Point A | Point B | Point C
(B) The blue sphere 0s 0.2m 0 0.3 m
(C) The sphere with the greater mass 0.2s 0 X 0
(D) Neither; the spheres reach the floor at the 04s y 0 z

same time.
3. The figure above shows two wave pulses on a

. A 12 kg box sliding on a horizontal floor has
an initial speed of 4.0 m/s . The coefficient of

friction between the box and the floor is 0.20.
The box moves a distance of 4.0 m in 2.0 s. The
magnitude of the change in momentum of the box
during this time is most nearly

(A) 12 kgem/s
(B) 48 kgem/s
(C) 60 kgem/s
(D) 96 kgem/s

spring traveling toward each other at time # = 0.
At t = 0.2 s the pulses completely overlap.

A student measures the amplitudes at points A, B,
and C at the three times shown in the table.
Which of the following is the most likely set of
values that the student recorded for x, y, and z in
the table?

X B <
A)0S5m 02m 03m
B)05Sm 03m 02m
C©)01m 02m 03m
M) 0.Im 03m 02m

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

GO ON TO THE NEXT PAGE.




4. A rubber ball with mass 0.20 kg is dropped

vertically from a height of 1.5 m above a floor.
The ball bounces off of the floor, and during the
bounce 0.60 J of energy is dissipated. What is the
maximum height of the ball after the bounce?

(A) 030 m
(B) 0.90 m
(C) 1.2m
(D) 1.5m

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

5. A sled slides down a hill with friction between

the sled and hill but negligible air resistance.
Which of the following must be correct about
the resulting change in energy of the sled-Earth
system?

(A) The sum of the kinetic energy and the
gravitational potential energy changes by
an amount equal to the energy dissipated
by friction.

(B) The gravitational potential energy decreases
and the kinetic energy is constant.

(C) The decrease in the gravitational potential
energy is equal to the increase in kinetic
energy.

(D) The gravitational potential energy and the
kinetic energy must both decrease.

GO ON TO THE NEXT PAGE.



Questions 6-8 refer to the following material.

A
4 \/\“ v‘\\\
.oj)jo& 02 03\ 04 05§06 07 08\09 10

-4 \N‘w'p W

Time (s)

Displacement (cm)

A student sets an object attached to a spring into oscillatory motion and uses a position sensor to record the
displacement of the object from equilibrium as a function of time. A portion of the recorded data is shown
in the figure above.

6. The speed of the object at time ¢ = 0.65 s is most nearly equal to which of the following?

(A) The value of the graph at 0.65 s

(B) The slope of the line connecting the origin and the point on the graph at 0.65 s

(C) The slope of the line connecting the point where the graph crosses the time axis near 0.57 s and the point on
the graph at 0.65 s

(D) The slope of the tangent to a best-fit sinusoidal curve at 0.65 s

7. The total distance traveled by the object between 0.35 s and 0.40 s is most nearly

(A) Ocm
(B) 2cm
(C) 4cm
(D) 6 cm

8. The frequency of oscillation is most nearly

(A) 0.5 Hz
(B) 0.7 Hz
(C) 1.4Hz
(D) 2.0 Hz

Unauthorized copying or reuse of

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




9. An object is moving to the west at a constant
speed. Three forces are exerted on the object.
One force is 10 N directed due north, and another
is 10 N directed due west. What is the magnitude
and direction of the third force if the object is to
continue moving to the west at a constant speed?

(A) 1043 N, directed northwest 10. Block A of mass 2.0 kg is released from rest at

(B) 10V3 N, directed southeast the top of 2 3.6 m longilanc inclined at an angle

(C) 10v2 N, directed northwest of 30°, as shown in the figure above. After sliding

(D) 10v2 N, directed southeast on the horizontal surface, block A hits and sticks
to block B, which is at rest and has mass 3.0 kg.
Assume friction is negligible. The speed of the
blocks after the collision is most nearly

(A) 2.4 m/s
(B) 3.2 m/s
(©) 3.8 m/s
(D) 6.0 m/s

Unauthorized copying or reuse of

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




Figure |

Figure 2

11. A student is asked to move a box from ground

level to the top of a loading dock platform, as
shown in the figures above. In Figure 1, the
student pushes the box up an incline with
negligible [riction. In Figure 2, the student lifts
the box straight up from ground level to the
loading dock platform. In which case does the
student do more work on the box, and why?

(A) Lifting the box straight up, because it
requires a larger applied force to lift it
straight up

(B) Pushing the box up the incline, because
the force is applied for a longer distance

(C) Lifting the box straight up, because the
incline acts as a simple machine and
reduces the force required

(D) Neither method, because the work is the
same in both cases, since using the ramp
decreases the force by the same factor that
it increases the distance

I d I

12. Two charged conducting spheres are separated
by a distance d, as shown in the figure above.
One sphere has charge +5Q, the other has
charge —Q, and the diameter of each sphere is
much smaller than d. Each sphere exerts a force
of magnitude F on the other. The spheres are
brought together and touch briefly. After
touching, the left sphere has charge +20 .

The spheres are then returned to their original
locations. What is the magnitude of the new force
between the spheres?

2

) $F

(B) TF

©)
D)

9
5
4F

13. The wheel on a vehicle has a rotational inertia
of 2.0 kgem? . At the instant the wheel has a
counterclockwise angular velocity of 6.0 rad/s,

an average counterclockwise torque of 5.0 Nem
is applied, and continues for 4.0 s. What is the
change in angular momentum of the wheel?

(A) 12 kgem? /s
(B) 16 kgem?/s
(C) 20 kgem? /s
(D) 32 kgem?/s

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

GO ON TO THE NEXT PAGE.




14. A student uses a spring scale to exert a horizontal
force on a block, pulling the block over a smooth
floor. The student repeats the procedure several
times, each time pulling the block from rest
through a distance of 1.0 m. For which of the
following graphs of force as a function of distance
will the block be moving the fastest at the end of
the 1.0 m?

(A) ;

S
o

lorce (N)
(98]
<o

<
<

0.5 1.0
Distance (m)

(B) ;

l'orce (N)
[9%)
o

0
0 0.5 1.0
Distance (m)
©) ]
_ 6.0
<
L 3.0
2
T 0
0 0.5 1.0
Distance (m)
(D) ]
_ 6.0
<
L 3.0
2
T 0
0 0.5 1.0

Distance (m)

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

15.

16.

A projectile fired into the air explodes and

splits into two halves of equal mass that hit the
ground at the same time. If the projectile had not
exploded, it would have landed at point X, which
is a distance R to the right of the launch point.
After the explosion, one of the halves lands at
point Y, which is a distance 2R to the right of the
launch point. If air resistance is negligible, where
did the other half land?

(A) To the left of the launch point

(B) At the launch point

(C) Between the launch point and point X
(D) Between points X and Y

An elevator carrying a person of mass m is

moving upward and slowing down. How does the

magnitude F of the force exerted on the person

by the elevator floor compare with the magnitude

myg of the gravitational force?

(A) F <mg

(B) F =mg

(C) F >mg

(D) F can be greater than or less than mg,
depending on the speed of the elevator.

GO ON TO THE NEXT PAGE.



17. A soft foam block of mass m slides without

friction in the positive x-direction with speed v.
Attime ¢t = 0, a student briefly pushes the block
with a force probe in the positive x-direction.
The graph above shows the force probe’s
measurements as a function of time during the
push. Which of the following statements is true
about the block’s momentum between ¢ = 0

and t =1, 7

(A) The momentum of the block has decreased
to zero at time ¢;.

(B) The momentum of the block has increased by
approximately %Fotl.

(C) The momentum of the block has decreased by
approximately %Fot] .

(D) The change in momentum cannot be
determined without knowing the distance
by which the force probe compressed the
block.

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

=10-

A
10
z 5
g.—))
< >
= 05 1 2 3 4
s | I

x (m)

18. A cart is moving on a level track in the positive

x-direction. A force acting parallel to the x-axis
is exerted on the cart. The graph above shows
the net force exerted on the cart as a function of
displacement. As the cart travels from x = 0 m
to x = 4 m, what is the net change in the kinetic
energy of the cart?

(A) An increase of 20J
(B) Anincrease of 10J
(C) A decrease of 20J
(D) A decrease of 10 J

GO ON TO THE NEXT PAGE.



Questions 19-20 refer to the following material.

40 R,
- 2A

MA
R,

In the circuit shown above, the sum of the
resistances of resistors R, and R, is 16 Q.

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

=11-

19.

20.

What is the current in the right branch of the
circuit?

(A) 0.25 A
(B) 0.50 A
(C) 1.00 A
(D) 2.00 A

Resistor R, and the 4 Q resistor are now
swapped. How does the current through
the battery change, and why?

(A) The current does not change, because the
resistance does not change.

(B) The current increases, because the total
resistance will always decrease.

(C) The current decreases, because the total
resistance will always increase.

(D) The change in current cannot be determined
without knowing the resistances of

R, and R, .

GO ON TO THE NEXT PAGE.
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21. A transverse periodic wave travels along a string

that is stretched along the x-axis. The figure above
shows the y-position of a point on the string as a
function of time. What further information, if any,
is needed to determine the wavelength of the
wave?

(A) The velocity of the wave

(B) The amplitude of the wave

(C) The frequency of the wave

(D) No further information is needed to
determine the wavelength.

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

-12-

22. Two objects, A and B, move toward one another.

Object A has twice the mass and half the speed of
object B. Which of the following describes the
forces the objects exert on each other when they
collide and provides the best explanation?

(A) The force exerted by A on B will be twice
as great as the force exerted by B on A,
because A has twice the mass of B.

(B) The force exerted by A on B will be half
as great as the force exerted by B on A,
because A has half the speed of B.

(C) The forces exerted by each object on the
other are the same, because the product of
mass and speed is the same for both objects.

(D) The forces exerted by each object on the
other are the same, because interacting
objects cannot exert forces of different
magnitude on each other.

GO ON TO THE NEXT PAGE.



23. Three spheres, with masses indicated above,

are initially far away from each other, and the
gravitational potential energy of the three-sphere
system is zero. The spheres are then brought
together until each sphere is a distance r from the
other two, as shown above. What is the new
gravitational potential energy of the three-sphere
system?

2
(A) — Gm

2

B) — 2Gm
r

2

©) - 4Gm
r

D) — 5Gm~
r

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

-13-

s

. Steel sphere A of mass M is moving along a

horizontal surface with constant speed v. Identical
steel sphere B is at rest and hangs on a string of
length R attached to a support at point P, as
shown in the figure above. The spheres collide,
and as a result sphere A stops and sphere B swings
a vertical height / before coming momentarily to
rest. Knowing values for which of the following
will allow determination of the angular impulse
on sphere B with respect to P due to the collision?

(A) M and v only
(B) M, v, and h
(C) Rand h

(D) R, M, and v

GO ON TO THE NEXT PAGE.



Block position with
— 7 —_—
1 b unstretched spring 1
| o 0.20 m

Figure | Figure 2

25. A 1.0 kg block is attached to an unstretched spring of spring constant 50 N/m and released from rest from the

position shown in Figure 1 above. The block oscillates for a while and eventually stops moving 0.20 m below its
starting point, as shown in Figure 2. What is the change in potential energy of the block-spring-Earth system
between Figure 1 and Figure 2 ?

(A) -1.07
B) 07
€ 1.01]
D) 3.0J

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAG E.
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27. A student shakes a horizontally-stretched cord,
creating waves. The graph above shows the
vertical position y as a function of time f for a
26. Blocks A and B, of masses m, and my, are at point on the cord. The student then tightens the
rest on a frictionless surface, as shown above, cord so that waves on it will travel faster than
with block A fixed to the table. Block C of before. How should the student now shake the
mass m is suspended by a string that is tied cord to make the graph of y versus ¢ for the point
to block B over an ideal pulley. Which of the look the same as above?
following gives the magnitude of the force (A) With fewer shakes per second than before
exerted by block A on block B ? (B) With the same number of shakes per second
as before
(A) mpg (C) With more shakes per second than before
(B) mcg (D) The answer cannot be determined without
knowing the wavelength of the waves.
) e
my + mp
mpghic
(D) my + mg &

Unauthorized copying or reuse of
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28. A cart of mass m is moving with negligible Questions 29-30 refer to the following material.
friction along a track with known speed v; to the
right. It collides with and sticks to a cart of
mass 4m moving with known speed v, to the

AanJdinsg

right. Which of the two principles, conservation
of momentum and conservation of mechanical
energy, must be applied to determine the final
speed of the carts, and why?

(A) Only conservation of momentum, because the
momentum lost by one cart is gained by the
other and there is only one unknown

The figure above shows a pole with a spring
around it and a 2.5 kg block with a hole in the middle
hanging from the spring. A light horizontal cord is

quantity. . . . attached to the block and a wall. The block is
(B) Both conservation of mechanical energy and oscillating at 10.0 Hz, and the standing wave shown
conservation of momentum, because both is formed

principles apply in any collision.

(C) Both conservation of mechanical energy and
conservation of momentum, because neither
cart changes direction.

(D) Either conservation of momentum or
conservation of mechanical energy, because (A) 10 N/m
only one equation is required to solve for (B) 100 N/m
the one unknown variable.

29. The spring constant of the spring is approximately
which of the following?

(C) 1x10° N/m
(D) 1x10* N/m

30. What additional measurement is needed to
determine the speed of the wave on the cord?

(A) The thickness of the cord

(B) The unstretched length of the spring
(C) The average kinetic energy of the block
(D) The distance between nodes on the cord

Unauthorized copying or reuse of
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31. The figure above shows a uniform meterstick

that is set on a fulcrum at its center. A force of

32. In a classroom at time ¢ = 0, a sphere is thrown
upward at a 45° angle to the horizontal. At
time #,, while the sphere is still rising, it bounces

off the ceiling elastically and with no friction.

Which of the following pairs of graphs could

represent the sphere’s horizontal velocity and

vertical velocity as functions of time ¢ ?

magnitude F toward tl}e bottom of t'h.e page is Horizontal Vertical
exerteq on the meterstick at.the position shown. Velocity Velocity
At which of the labeled positions must an upward
force of magnitude 2F be exerted on the (A) v, ¥
meterstick to keep the meterstick in equilibrium? *
(A) A 0 r 0 t
(B) B :
(©) ¢ : .
D) D ; '
(B) v, ¥,
3 f L
0 : 7 0 % {
3 t
© ¥ Yy
] '
I
0 e O '
I
I f
D) ¥ L
{l T n% !
f

7
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33. Two satellites are in circular orbits around Earth.

Satellite A has speed v, . Satellite B has an
orbital radius nine times that of satellite A.
What is the speed of satellite B ?

(A) v,/9
(B) VA/3
(C) 3v,
D) 9v,

34. In trial 1 of an experiment, a cart moves with

speed v, on a frictionless, horizontal track and

collides elastically with another cart that is
initially at rest. In trial 2, the setup is identical
except that the carts stick together during the
collision. How does the speed of the two-cart
system’s center of mass change, if at all, during

the collision in each trial?
Trial 1 Trial 2

(A) Does not change Does not change

(B) Does not change Decreases
(C) Decreases Does not change
(D) Decreases Decreases

Unauthorized copying or reuse of
any part of this page is illegal.
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36. The graph above shows the force exerted by
a spring as a function of the length of the spring.
A block on a frictionless table is pushed against
the spring that is fastened to a wall. The spring
is compressed until its length is 20 cm. The block
is then released. Which of the following values is
closest to the kinetic energy with which the block
leaves the spring?

35. Two astronauts are connected by a taut cable and
are initially at rest with respect to a nearby space
station. Astronaut X throws a large container to
Astronaut Y. Figure 1 above shows the astronauts
immediately after the container is thrown by
Astronaut X, and Figure 2 shows the astronauts
immediately after the container is caught by

Astronaut Y. Which of the following describes (A) 37

the motion of Astronaut Y in Figures 1 and 2 ? (B) 617
Figure 1 Figure 2 Eg)) }g ‘JI

(A) Does not move Moves to the right

(B) Moves to the left Moves to the right

(C) Does not move Does not move

(D) Moves to the left Does not move

Unauthorized copying or reuse of
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Directions: For cach of the questions or incomplete statements below, two of the suggested answers will be correct.
For each of these questions, you must select both correct choices to earn credit. No partial credit will be earned if
only one correct choice is selected. Select the two that are best in each case and then fill in the corresponding circles
that begin with number 131 on page 3 of the answer sheet.

lf
I
I -
1,
1y R, 2R,
AN A
R, R,

131. Which of the following equations correctly
represent the total potential difference for a
complete loop in the circuit diagram above?
Select two answers.

(A) V — LR — I;(R; + R}) = 0

B) V=5LR — LR — (R +R) =0
(©) V—Ii(R, + R)— LR, =0

(D) V —I,R + LR, =0

Unauthorized copying or reuse of
any part of this page is illegal. GO ON TO THE NEXT PAGE.
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Cart 1

m 1.0 m/s

Cart 2

Cart 2

) [ ) e

Before Collision

After Collision

132. Two lab carts have the same mass and are free to move on a horizontal track. The carts’ wheels have negligible
mass. Cart 1 travels to the right at 1.0 m/ S and collides with cart 2, which is initially at rest, as shown at left

above. Cart 2 has a compressed spring-loaded plunger with a nonnegligible amount of stored energy. During

the collision, the spring-loaded plunger pops out, staying in contact with cart 1 for 0.10 s as the spring

decompresses. Negligible mechanical energy dissipates during the collision. Taking rightward as positive,

the carts’ velocities after the collision could be which of the following? Select two answers.

Cart 1
A 0
B) 0.5 m/s
(C) =0.5 m/s
(D) —1.0 m/s

Cart 2
1.0 m/s
0.5 m/s

1.5 m/s

2.0 m/s

Unauthorized copying or reuse of
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133. A block of mass m is at rest on a rough incline,

as shown in the figure above. Which of the
following forces must have a magnitude
equal to mg ? Select two answers.

(A) The total force exerted on the block by the
incline

(B) The normal force exerted on the block by the
incline

(C) The force of friction exerted on the block by
the incline

(D) The gravitational force exerted on Earth by
the block

Unauthorized copying or reuse of
any part of this page is illegal.
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134. A tuning fork is held above the opening of a pipe

that is partially submerged in water, as shown in
the figure above. The tuning fork is vibrating at
known frequency f. Which of the following
additional pieces of information, by itself, would
allow the speed of sound in air to be determined?
Select two answers.

(A) The shortest air column length that gives
a resonance

(B) The longest air column length that gives
a resonance

(C) The difference between air column lengths
that give two consecutive resonances

(D) The average of the air column lengths that
give two consecutive resonances

GO ON TO THE NEXT PAGE.
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Section Il: Free-Response Questions

This is the free-response section of the 2017 AP 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.)



AP’ Physics 1: Algebra-Based Exam

(SECTION II: Free Response )

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

Total Time
1 hour, 30 minutes

Number of Questions
5

Percent of Total Score
50%

Writing Instrument

black or dark blue ink
Electronic Device
Calculator allowed
Suggested Time
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questions 2 and 3 and
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questions 1, 4, and 5
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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.

4. Unless | check the box below, | grant the
College Board the unlimited right to use,
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school will not be used in any way in
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materials. | understand that | am free to
mark “No” with no effect on my score or

Year

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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AP PHYSICS 1 TABLE OF INFORMATION

CONSTANTS AND CONVERSION FACTORS

Proton mass,
Neutron mass,

Electron mass,

m, =1.67x107 kg
m, =1.67x107 kg

m, =9.11x 107" kg

e=1.60x107" C
k = 1/4xe, = 9.0 x 10° Nem?/C?

Electron charge magnitude,
Coulomb’s law constant,

Universal gravitational

_ 113 2
constan, G = 667107 m /kess

. _ 8 i Acceleration due to gravity _ 2
Speed of light, ¢ =3.00 x10° m/s at Barth's sarface, € = 98 m/s
meter, m kelvin, K watt, W degree Celsius, °C
UNIT kilogram, kg hertz, Hz coulomb, C
SYMBOLS second, s newton, N volt, \"
ampere, A joule, J ohm, Q
PREFIXES VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON ANGLES
Factor | Prefi Symbol o o o o 0 0 0
> 2 0 00 | 307 | 377 | 45 | 53 | 60" | 90
10 tera T
00 giga G sin@ 0 1/2 35 | N2/2 | 4/5 | V32 1
10° mega M cosf 1 V3/2 | 45 | N2/2 | 3/5 1/2 0
10° kilo k tan@ 0o | V33 | 3/4 1 43 | 3 oo
1072 centi c
107 milli m The following conventions are used in this exam.
1076 micro u I. The fra.me of reference of any problem is assumed to be inertial unless
5 otherwise stated.
10~ nano n II. Assume air resistance is negligible unless otherwise stated.
10712 pico p III. In all situations, positive work is defined as work done on a system.
IV. The direction of current is conventional current: the direction in which
positive charge would drift.
V. Assume all batteries and meters are ideal unless otherwise stated.




AP® PHYSICS 1 EQUATIONS

MECHANICS

VX = VXO + axt

| )
X = XO +VX0[+§axl

vi = Vio +2a,(x— xy)

a= L — ﬁnet
m m
|Fy| < ulF,)|
V2
a. :T
p=nw
Ap = F At
K =—my

AE =W = F”d = FdcosO

_AE
At

1

o=, +ot
x = Acos(2xft)

*_zf_fnel
CETT T

T=rF =rFsin@

L=1Iow
AL =N\t
K =%I(o2
|F| = Kl
U, = 11
m
P:V

TN DV TERATHFIISQUONTES DI AT mARR
I

= acceleration
amplitude
distance

energy
frequency

force

rotational inertia
kinetic energy
spring constant
angular momentum
length

mass

power

momentum

radius or separation
= period

= time

= potential energy

= volume

= speed

position

height

angular acccleration
coefficient of friction

angle
density

torque
angular speed

AU, = mgAy
Tz%’%%
T, =2r %
Tp=2n'\/§
|Fg|_GmlT2
r
y, = -Smm

ELECTRICITY
S 17 XS A = area
|FE| =k 2 F = force
Aq [ = current
=— { = length
At
y P = power
R=2Fr q = charge
A R = resistance
I= AV r = separation
R t = time
P=TAV V = electric potential
R, = YR p = resistivity
1 1
RP ;Ri
WAVES
f = frequency
1= y = speed

f

A = wavelength

= work done on a system

GEOMETRY AND TRIGONOMETRY

Rectangle
A =bh

Triangle
1
A=—=bh
2

Circle

A = mr?

C=2nr

Rectangular solid

V = lwh
Cylinder

V = nr’t

S =2mrl + 2nr?

Sphere
V= %n’r3
S = dnr?

A = area
C = circumference
V = volume
S = surface area
b = base
h = height
{ = length
w = width
r = radius
Right triangle
=d>+b
sing = 4
c
cosf = b
c
a
tan@ = —
b




PHYSICS 1
Section II
5 Questions

Time—90 minutes

Directions: Questions 1, 4, and 5 are short free-response questions that require about 13 minutes each to answer and
are worth 7 points each. Questions 2 and 3 are long free-response questions that require about 25 minutes each to
answer and are worth 12 points each. Show your work for each part in the space provided after that part.

R,
A
ISV= & Rz§
R,
1 B
WMh—s

1. (7 points, suggested time 13 minutes)
A student assembles a circuit with four resistors connected to a 15 V battery, as shown above. Let I; be the
current through resistor R;, I, be the current through resistor R, , and so on. The ranking of the resistances of
the resistorsis Ry > Ry > R, > R,.
(a) Rank the four currents /; through I, in order from greatest to least. If any of the currents are the same,
indicate that explicitly.
Ranking:

Briefly explain your reasoning.
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(b) The student connects a separate voltmeter across each resistor. Let AV;, AV,, AV;, and AV, be the
voltmeter readings across resistors R, R,, R;, and R,, respectively. The student measures AV, =1V

and AV, = 9 V. Based on these measurements, determine the voltmeter readings AV, and AV;.

Briefly explain your reasoning.

(¢) The student now connects a wire from point A to point B. When this wire is connected, does the current /,

in resistor R, increase, decrease, or stay the same?

Increase Decrease Stay the same

Briefly explain your reasoning.

Unauthorized copying or reuse of
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2. (12 points, suggested time 25 minutes)

A disk-shaped platform has a known rotational inertia. The platform is mounted on a fixed axle and rotates in a
horizontal plane, as shown above. A student wishes to determine the frictional torque exerted on the platform by
the axle as the platform rotates. The student has access to equipment that would usually be found in a school
physics laboratory.

(a) Describe an experimental procedure the student could use to collect the data needed to find the frictional
torque exerted on the platform while it rotates.

i. What quantities would be measured?

ii. What equipment would be used for the measurements, and how would that equipment be used?

iii. Describe the overall procedure to be used, including any steps necessary to reduce experimental
uncertainty. Give enough detail so that another student could replicate the experiment.

Unauthorized copying or reuse of
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(b) Describe how the data from the measurements could be analyzed to determine the frictional torque exerted
on the rotating platform.

It is often assumed that the frictional force between two surfaces is independent of their relative speed. However,
the details of the axle’s construction are unknown, and it is possible that the frictional torque for the axle
depends on the platform’s angular speed.

(c) Does the experiment described in parts (a) and (b) depend on the assumption that the frictional torque is
independent of the platform’s angular speed?

Yes No

Note: Either answer may be correct, depending on your experimental design.
If you answered yes, describe which part of your analysis depends on this assumption.
If you answered no, explain how your analysis does not depend on this assumption.

(d) Briefly describe how the experimental procedure described in parts (a) and (b) could be modified to
determine whether the frictional torque stays constant as the angular speed changes. If no modification is
necessary, state that explicitly. In either case, describe how the data could be analyzed to determine whether
the frictional torque stays constant as the angular speed changes.

Unauthorized copying or reuse of
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3. (12 points, suggested time 25 minutes)

Food scientists have created a new oil. At room temperature, the oil is a liquid. As the oil gets colder, however, it
stiffens (thickens) into a sticky gel.

To explore the properties of the oil, the scientists fill a container with the oil to a height D, as shown in the figure
above on the left. They drop a small steel ball of mass M from rest at the top of the oil. Using video to capture
the ball’s motion, the scientists calculate E,_ , the mechanical energy lost by the ball-Earth system from the

time the ball enters the oil to the time just before the ball strikes the bottom of the container.
The scientists also define the “stiffness” S of the oil as a quantity proportional to the force required to move a rod
through the oil at a standard constant speed. The scientists calculate E, , and S at several different temperatures,

ranging from room temperature to the lowest temperature at which the ball still falls through the oil. The graph
above on the right shows E| , as a function of S for the calculated data points and a best-fit curve.

(a) Give a physical reason why the curve in the graph would not reach the vertical ( £}, ) axis even if the
scientists had taken data over a broader range of temperatures.

(b) As Sincreases, E,., approaches a maximum value labeled E,,  on the graph above. Write an equation for

E .. interms of M, D, and physical constants, as appropriate.

Justify your answer.

Unauthorized copying or reuse of
any part of this page is illegal.
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(c) One of the scientists, in trying to represent the relationship between the oil stiffness and the mechanical
energy lost, writes down the equation Ej., = CS*, where C is a constant with appropriate units. Another

scientist points out that this equation cannot be correct. Give two reasons why the equation cannot be
correct.

(d) Further attempting to model the ball’s motion, the scientists write the following equation for the time ¢ the

ball takes to fall through the oil: t = %, where Z is a constant with appropriate units. Is this equation

plausible—in other words, does it make physical sense?
Plausible Not plausible

Briefly explain your reasoning.

(e) AK is the change in kinetic energy of the ball between the time it is released from rest and the time just

before the ball strikes the bottom of the container. On the axes below, sketch AK as a function of S, the
oil stiffness.

Change in Ball’s
Kinetic Energy AK

Stiffness §

Unauthorized copying or reuse of
any part of this page is illegal.
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4. (7 points, suggested time 13 minutes)

An archer tests various arrowheads by shooting
arrows at a pumpkin that is suspended from a tree
branch by a rope, as shown to the right. When struck
head-on by the arrow, the pumpkin swings upward
on the rope. The maximum angle @ that the rope
makes with the vertical is different for each
arrowhead that the archer tests. Each arrow,
including its arrowhead, has the same mass m and

is shot with the same velocity v, toward the right. i p—

The arrowheads are made of different materials, g

however, and each behaves differently when it Pumpkin
strikes the pumpkin, as described below.

Rope

* Embedded arrow: Strikes the pumpkin and remains embedded, while the pumpkin swings to angle 6, .

* Pass arrow: Passes all the way through the pumpkin and continues traveling away from the archer, while the
pumpkin swings to angle 6.

* Bounce arrow: Bounces off the pumpkin back toward the archer, while the pumpkin swings to angle 6, .. -

(a) Rank the three angles 6, , Opass » and 6, ... from greatest to least in the spaces indicated below. Use “1”

for the greatest angle, “2” for the next greatest, and so on. If any two or all three angles are the same, use the
same number for their ranking.

em ——— Vpass _ ebounce

(b) In a clear, coherent, paragraph-length response that may also contain figures and/or equations, justify your
ranking.

Unauthorized copying or reuse of
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5. (7 points, suggested time 13 minutes)

The right end of a long, flexible string is attached to a fixed point on a wall. The left end of the string is held by a
student. The student creates a symmetric wave pulse traveling to the right, as shown in Figure 1 above. When the
pulse reaches the wall, it inverts as it reflects from the wall, as shown in Figure 2 above. The figure below
represents what the string looks like at the instant the peak (midpoint) of the pulse reaches the wall; at this
instant the string is horizontal everywhere.
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| | | | 1 I |
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I I 1 I I I
I I 1 | I I
I I I I | |

(a) At the instant shown above, does the wave pulse carry energy?
Yes No

Briefly explain your answer.

Question 5 continues on the next page.
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(b) The student then creates a second symmetric wave pulse traveling to the right on the same string. The
amplitude of the second pulse is half the amplitude of the original pulse. Which pulse, if either, travels at a

higher speed?
The higher-amplitude The lower-amplitude Neither; both pulses travel
pulse pulse at the same speed.

Briefly explain your reasoning.

(c) The figure below shows an idealized wave pulse traveling to the right.
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i. Consider the instant when the center of the pulse reaches the wall, which is also the instant when the
right half of the pulse has reflected from the wall but the left half has not. On the grid below, sketch
what the string looks like at that instant.

Note: Do any scratch (practice) work on the grids on the following page. You will be graded only for
the sketch made on the grid below.
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ii. Now consider an instant sometime after the entire pulse has reflected from the wall and is moving to
the left. On the grid below, sketch what the string looks like at that instant.

Note: Do any scratch (practice) work on the grids on the following page. You will be graded only for
the sketch made on the grid below.
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The grids below are provided for scratch work only. Sketches made below will NOT be graded.
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GO ON TO THE NEXT PAGE.

Unauthorized copying or reuse of
any part of this page is illegal.
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THIS PAGE MAY BE USED FOR SCRATCH WORK.

STOP
END OF EXAM

IF YOU FINISH BEFORE TIME IS CALLED,
YOU MAY CHECK YOUR WORK ON THIS SECTION.

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

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

CHECK TO SEE THAT YOUR AP NUMBER LABEL APPEARS
IN THE BOX ON THE FRONT COVER.

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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