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This chapter will give you a brief overview of what
goes on behind the scenes during the development
and grading of the AP Physics Exams. You can find
more detailed information in the “Technical Corner”
of the AP website (www.collegeboard.org/ap).

Who Develops the
AP Physics Exams?

The AP Physics Development Committee, working
with physics content experts at Educational Testing
Service (ETS), is responsible for creating both the
Physics B and Physics C exams. This committee is
made up of six teachers, male and female, from second-
ary schools, colleges, and universities in different parts
of the United States. The members provide different
perspectives: AP high school teachers offer valuable
advice regarding realistic expectations when matters of
content coverage, skills required, levels of sophistication,
and clarity of phrasing are addressed. On the other
hand, college and university faculty members ensure
that the questions are at the appropriate level of

difficulty for an introductory college course in Physics.
Each member typically serves for three years; a person
may serve an additional three years as chair of the
committee. A list of the members who worked on the
1998 exam is printed on the back cover of this book.

Another person who helps in the development
process is the Chief Faculty Consultant (CFC). He or
she attends every committee meeting to ensure that
the free-response questions selected for the exam can
be scored reliably. You can find out more about the
role of the CFC, and the scoring process in general,
on pages 3 and 4.

s

How Do They Develop Them?

Committee members individually write exam questions
for both the multiple-choice and free-response portions
of the exams. They each receive copies of all these draft
questions prior to discussing them at a committee
meeting. The committee meets twice a year; in the fall,
and in the spring. At the fall meeting they begin the
development of the exams that will be administered
18 months later.

The development process is different for multiple-
choice and free-response sections:

Section

1. Each committee member independently writes a
selection of multiple-choice questions.

2. At the spring meeting, the committee reviews and
revises these draft questions. Many of these ques-
tions are then tried out on college students enrolled

in appropriate physics courses before being used
in the AP Exams.

Content experts at ETS assemble questions from

Qo

the pool of multiple-choice items for each exam
that complement the free-response questions (see
below) in content and skills, so that the total draft

exams meet the test specifications.
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4. Ata Subsequent spring meeting, the committee
reviews and revises these draft exams.

5. The questions are then typeset, and at the next
fall meeting (immediately preceding the adminis-
tration of the exams in which they will appear),
the committee reviews the exams once more before
they are printed in the exam booklets.

The committee controls the level of difficulty of the
multiple-choice section by including a variety of
questions at different levels of difficulty.

Section i

1. Individual committee members write a selection of
free-response questions.

2. At the fall meeting, the cemmittee chooses ques-
tions for the two exams, and extens!jfvely’reviews
and refines them. They consider, for example,
whether the questions will offer an appropriate level
of difficulty and whether they will elicit answers
that allow faculty consultants to discriminate
among the responses along a particular scoring
scale. An ideal question enables the stronger
students to demonstrate their accomplishments
while revealing the limitations of less advanced
students.

LN

At the spring meeting, the committee reviews and
revises the questions once more, then, at the
following fall meeting, they give approval to a final
draft of all free-response questions, along with the

multiple-choice questions.

Question Types

The AP Physics B Exam contains a 90-minute multiple-
choice section and a 90-minute free-response section.
The Physics C Exam contains two parts, Mechanics and
Electricity & Magnetism, each of which receives a
separate grade. Each part contains a 45-minute multiple-
choice section and a 45-minute free-response section.
The two sections are designed to complement each
other and to meet the overall course objectives and
exam specifications.

Multiple-choice questions age obviously useful for
measuring the breadth of content in the curriculum.
In addition, they have three other strengths:

1. They are highly reliable. Reliability, or the likeli-
hood that candidates of similar ability levels taking
a different form of the exam will receive the same
scores, 1s controlled more effectively with multiple-
choice questions than with free-response questions.

2. They allow the Development Committee to
include a selection of questions at various levels of
difficulty, thereby ensuring that the measurement of
differences in students’ achievement is optimized. -
For AP Exams, the most important distinctions
among students are between those earning the grades
of 2 and 3, and 3 and 4. These distinctions are
usually best accomplished by using many questions
of middle difﬁculty; that is, questions answered
correctly by approximately 40-60% of the students.

3. They allow the CFC to compare the ability level
of the current candidates with those from another
year. A number of questions from an earlier exam
are included in the current one, thereby allowing
comparisons to be made between the scores of the
carlier group of candidates and the current group.
This information, along with other data, is used by
the CFC to establish AP grades that reflect the
competence demanded by the Advanced Placement

Program, and that compare with earlier grades.

Free-response guestions on the AP Physics Exams
require students to demonstrate a more extended chain
of reasoning. Specifically, they:

1. allow candidates to exercise their problem-solving
skills;

2. allow students to use their powers of logic and
analysis; and

3. permit students to demonstrate their ability to
communicate scientific concepts verbally and
mathematically.

Free-response and multiple-choice questions are
analyzed both individually and collectively after each
administration, and the conclusions are used to improve
the following year’s exam.




Scoring the Exams

Who Scores the AP Physics Exams?

The people who score the free-response sections of
the AP Physics B and Physics C Exams are known as
“faculty consultants.” These faculty consultants are
experienced Physics instructors who either teach the AP
course in a high school, or the equivalent course at a
college or university. Most have served previously as
faculty consultants; 20-25 percent are new each year.
Great care is taken to get a broad and balanced group of
teachers. Among the factors considered before appoint-
ing someone to the role are school locale and setting
(urban, rural, etc.), gender, ethnicity, and years of
teaching experience. If you are interested in applying
to be a faculty consultant at a future AP Reading,
you can complete and submit an online application
in the “Teacher’s Section” of the AP website
(www.collegeboard.org/ap), or request a printed
application by calling (609) 406-5384.

For the 1998 Physics Reading, the consultants
were divided into eight groups, with each group being
supervised by an experienced faculty consultant referred
to as a table leader. Since the 1998 free-response sections
comprised a total of 14 separate questions, each table
leader and his or her group of faculty consultants were
responsible for the scoring of either one or two ques-
tions. Faculty consultants were given initial question
assignments based on whether they most commonly
taught the B-level or C-level course. At any given time
a faculty consultant scored student responses to only a
single question. As the Reading progressed,-consultants
were occasionally re-assigned to different questions in
orderto complete the-grading of the various questions
on time and, as nearly as possible, simultaneously.

Ensuring Accuracy

The primary goal of the scoring process is to have each
faculty consultant score his or her set of papers fairly,
uniformly, and to the same standard as the other faculty
consultants. This is achieved through the creation of
detailed scoring guidelines, the thorough training of all
faculty consultants, and various “checks and balances”

applied throughout the AP Reading.

How the Scoring Guideﬂéne§ are Created

1. Before the AP Reading, each tabfe leader prepares a
draft of the scoring guidelines for the free-response
question(s) for which he or she is responsible.

2. The CFC, table leaders, and ETS content experts
meet at the Reading site. They review and revise
the draft scoring guidelines, and address possible
alternative methods students might use in solving
problems, as well as likely common mistakes.

3. When these discussions are completed, each table
leader looks through several hundred student
responses to the question(s) for which he or she is
responsible. During this process, the table leaders
select representative student exams which are
formed into training packs to be used in acquaint-
ing the readers with typical student responses and
the application of scoring'standards. At this time,
the table leader may notice that there is a particular
aspect of typical responses that may necessitate
modifying the scoring guidelines. Table leaders also
select a handful of student responses that exemplify
some of the potential difficulties of any scoring
standard that may be developed.

4. The table leaders conduct sessions for each of
their free-response questions, which are attended
by all the faculty consultants in their group. The
solutions and draft scoring standards are discussed.
Each faculty consultant contributes to the establish-
ment of the final scoring guidelines; if problems or
ambiguities become apparent, the scoring guide-
lines are revised and refined until a final consensus
is reached. -

Training Faculty Consultants to Apply

the Scoring Guidelines

Since the training of the faculty consultants is so vital
in ensuring that students receive a grade that accurately
reflects their performance, the process is thorough:

1. Groups of faculty consultants provisionally score
the training packs of exams formed earlier, and
the results of this practice scoring are compared
and discussed. k

2. Disagreements between these preliminary
scorings are used to put final touches on the

scoring guidelines.




3. When the table leader is satisfied that the faculty
consultants have arrived at a conseénsus, and
that the guideline is being consistently applied,
the actual scoring of the exams begins. Faculty
consultants are encouraged to seek advice from
each other and the table leaders, or the CFC when
in doubt about a score. A student response that is
problematic receives multiple readings and
evaluations.

Maintaining the Scormg
Guidelines

A potential problem is that a faculty consultant could
give an answer a higher or lower score than it deserves
because the same student has performed well or poorly
on other questions. The following steps.are taken to
prevent this so-called “halo effect:” 7 -

B  Each question is read by a different faculty
consultant.

B  Exams are shuffled before being formed into packs
of 25, so that exams of students from the same
school are not read in sequence.

All scores given by other faculty consultants are
completely masked.

B The candidate’s identification information is
covered.

Using these practices permits each faculty consultant to
evaluate free-response answers without being prejudiced
by knowledge about individual candidates. Here are
some other methods that help ensure that everyone is
adhering closely to the scoring guidelines:

B “Spot checks,” in which a group of papers is read
by two or more faculty consultants in the group,
are conducted on a regular basis. These checks
allow individual scores to be compared, and
provide information on retraining needs.

Each faculty consultant is asked at least once to
rescore a set of selected papers that he or she has
already scored, without seeing the previously
assigned score. When differences berween the
original and rescored evaluations occur, the faculty
consultant reconsiders the final score, perhaps in
consultation with colleagues or the table leader.

The CFC and the table leadeps monitor use of the
full range of the scoring scale for the group and
for each faculty consultant by checking the results

for papers scored multiple times.

Preparing Students for the Exams

The AP Physics B course is a full academic year,
algebra-based course covering all major topics in
physics. It is comparable to similar introductory survey
courses in colleges and universities. The AP Physics C
course consists of a semester of Mechanics and a
semester of Electricity & Magnetism, both calculus-
based. It is comparable to material typically covered

in the first two semesters of a three- or four-semester
introductory course sequence in colleges and
universities. N

While some highly motivated students can succeed
in studying AP Physics as their first course in physics, in
general students should have completed a high-school
level course in physics that includes a laboratory
component before taking an AP course. For Physics B,
they should have completed mathematics courses that
include algebra, geometry, and trigonometry. For
Physics C, students should also have studied or be
concurrently enrolled in a calculus course.

The AP Physics course should allow students to
develop their understanding of the concepts of physics.
This includes use of a variety of ways of expressing these
concepts: verbal, mathematical, and graphical. They
should also develop their skills in solving problems
analytically (expressing answers in both symbolic and
numeric forms), constructing and interpreting graphs,
and writing explanations to show their reasoning or
justify their answers. A more detailed list of skills
appropriate to the study of physics that are assessed by
the exams can be found on pages 7-8 and pages 117-
118. This list includes laboratory skills. Introductory
college-level physics courses include a lab component,
and it is important that AP Physics students have an
appropriate lab experience if the course is to be compa-
rable to college courses. A student who has developed
the skills included in these lists will be well prepared for
their future studies, whether or not these plans include
additional study of physics.



Teacher Support

There are a number of resources available to help

teachers prepare their students — and themselves —

for the AP course and exam.

AP workshops and summer institutes. New
and experienced teachers are invited to attend workshops
and seminars to learn the rudiments of teaching an AP
course as well as the latest in each course’s expectations.
Sessions of one day to several weeks in length are held
year-round. Dates, locations, topics, and fees are available
through the College Board’s Regional Offices (see the
inside front cover for contact information), in the
publication Graduate Summer Courses and Institutes, or
in the “Teachers” section of our website (see below).

AP’s corner of College Board Online
(www.collegeboard.org/ap). You can supplement
your AP course and preparation for the exam with
advice and resources from our AP web pages. Check
out the “Teacher’s Corner” and the “Students’ and

»

Parents’ Channel

Online discussion groups. The AP Program has
developed an electronic mailing list for each AP subject.
Many AP teachers find this free resource to be an
invaluable tool for sharing ideas with colleagues on
syllabi, course texts, teaching techniques, and so on,
and for discussing other AP issues and topics as they
arise. To find out how to subscribe, go to the teachers
section of our website.

AP publications and videos. Seg the Appendix for
descriptions of a variety of useful magerials for teachers.
Of particular interest are two publications that comple-
ment this Released Exam — the Packer of 10 1998 AP
PZ?}/;Z'C; B Examinations and the Packet of 10 1998 AP
Physics C Examinations. Teachers can use these multiple
copies of the 1998 exams, which come with blank
answer sheets, to simulate a national administration

in their classroom.

AP videoconferences. Several videoconferences
are held each year so that AP teachers can converse
electronically with the high school and college teachers
who develop AP courses and exams. Schools that
participate in the AP Program are notified of the time,
date, and subject of the videoconference in advance.
Or, you can contact your Regional Office for more
information. Videotapes of each conference are
available shortly after the event; see the Appendix for
ordering information.

L5 |
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The 1998 AP Physics

ination

Exam

B Exam Content and Format

B  Giving a Practice Exam

Instructions for Administering the Exam

# The Exam

Exam Content and Format

The Physics B Examination covers material at the level
of an introductory survey course that does not use
calculus. It is three hours long and is divided equally in
time between a 70-question multiple-choice section and
a free-response section. The two sections are weighted
equally, and a single grade is reported. A student is
expected to spend about 10 or 15 minutes answering
each free-response question, depending on the length
of the question. For the 1998 examination, there were
two free-response questions with a suggested time of
15 minutes, and six with a suggested time of 10 minutes.

The percentages to be devoted to each major cat-
egory are as follows. A more detailed outline can be
found in the AP Physics Course Description.

Content Area Percentage Goals

for Physics

[. Newtonian Mechanics 35%
A. Kinemarics 7%

B. Newton’s laws of motion 9%

€. Work, energy, power 5%

D. Systems of particles, liner momentum 4%

E. Circular mortion and rotation 4%

F. Oscillations and gravitation 6%

II. Thermal Physics 10%
A. Temperature and heat 3%

B. Kinetic theory and thermodynamics 7%

I1I. Electricity and Magnetism 25%
A. Electrostatics 5%

B. Conductors, capacitors, dielectrics 4%

C. Electric circuits 7%

D. Magnetostatics 4%

E. Electromagnetism 5%

IV. Waves and Optics 15%
A. Wave motion (including sound) 5%
B. Physical optics ) 5%
C. Geometric optics 5%
V. Atomic and Nuclear Physics 15%
A. Atomic physics and quantum effects  10%
B. Nuclear physics 5%

Laboratory and experimental situations: Each
examination will include one or more questions
or parts of questions posed in a laboratory or
experimental setting. These questions are classified
according to the content area that provides the
setting for the situation, and each content area
may include such questions. These questions
generally assess some understanding of content
as well as experimental skills.

Miscellaneous: Each examination may include
occasional questions that overlap several major
topical areas, or questions on miscellaneous topics
such as identification of vectors and scalars, vector
mathematics, graphs of functions, history of physics,
or contemporary topics in physics.

Departures from these percentages in the free-response
sections in any given year are compensated for in the
multiple-choice sections so that the overall topic distribu-
tion for the entire examinarion is achieved as closely as
possible, although it may not be reached exactly.

The examination is designed to test students’ ability
to interpret and apply their knowledge of physics both
qualitatively and quantitatively. The multiple-choice
section of the examination emphasizes the breadth of
the students’ knowledge and understanding of the basic
principles of physics. The free-response section empha-
sizes the application of these principles in greater depth
in solving more extended problems. In general, ques-

tions may ask students to:

B determine directions of vectors or paths of particles;

draw or interpret diagrams;

7 ]
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B interpret or express physical relationships in
graphical form;
account for observed phenomena;

interpret experimental data, including their limita-
tions and uncertainties;

B construct and use conceptual models and explain
their limitations;

B explain steps taken to arrive at a result or to predict
future physical behavior;

B manipulate equations that describe physical
relationships;

obtain reasonable estimates; or

B solve problems that require the determination of
physical quantities in either numerical or symbolic
form and that may require the application of single

or multiple physical concepts.

Laboratory-related questions may ask students to:
B design experiments, including identifying equipment
needed and describing how it is to be used, drawing
diagrams or providing descriptions of experimental
setups, or describing procedures to be used, includ-
ing controls and measurements to be taken;
analyze data, including displaying data in graphical
or tabular form, fitting lines and curves to data
points in graphs, performing calculations with data,
or making extrapolations and interpolations from
data;
analyze errors, including identifying sources of
errors and how they propagate, estimating magni-
tude and direction of errors, determining signifi-
cant digits, or identifying ways to reduce errors; or
B _communicate results, including drawing inferences
and conclusions from experimental data, suggesting
ways to improve experiments, or proposing ques-
tions for further study.

In grading the free-response sections, credit for the
answers depends on the quality of the solutions and
explanations given, so students should show their work.
If students make a mistake, they may cross our or erase
it. Crossed-out work will not be graded. Credit may be
lost for incorrect work that is not crossed out.

The complete examination is designed to provide the
maximum information about differences in students’
achievement in physics. Therefore, it is intended that

the average scores be abourt 50 pefcent of the maximum
possible scores for each multiple=choice and free-
response section. Thus, students should be aware that
they may find these examinations more difficult than
most classroom examinations. However, it is possible
for students who have studied most but not all topics
in the outline to obtain acceptable grades.

The International System (SI) of units is used
predominantly in the examination. The use of rulers or
straightedges is permitted on the free-response section to
facilitate the sketching of graphs or diagrams that might
be required. Calculators are not permitted on the
multiple-choice section. They are allowed on the free-
response section. Any programmable or graphing
calculator may be used except for those with typewriter-
style (QWERTY) keyboards, and memories do not have
to be cleared. Calculators cafinot be shared with other
students. Also, tables containing commonly used physics
equations are printed on the green insert (pages 40-42)
provided with each examination for students to use when
taking the free-response section. These equations are not
permitted for the multiple-choice section. (This policy is
subject to change; see the current AP Physics Course
Description for the policy pertaining to the present year’s

examination.)

Gﬁvéng a Practice Exam

The following pages contain the instructions, as printed
in the 1998 Coordinators Manual, for administering
the AP Physics B and Physics C Exams. Following these
instructions is a copy of the 1998 Physics B exam. If
you wish to use this released exam to test your students,
you may wish to use the instructions to create an exam
situation that closely resembles a national administra-
tion. If so, read only the directions in the boxes to the
students; all other instructions are for the person
administering the text and need not be read aloud.
Some instructions, such as those referring to the date,
the time, and page numbers, are no longer relevant;
please ignore them.

Another publication that you might find useful is
the so-called “Packet of 10.” They are just that: packets
of ten of the 1998 AP Physics B Exam, and blank
answer sheets. For ordering information, see the back

of this book. -

L
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Instructions for Administering the Exam N

IMPORTANT: For the AP Physics examinations,
students are permitted to use scientific, programmable,
or graphing calculators ON SECTION II ONLY.
Students may NOT have calculators on their desks
during the administration of Section [. Calculators
with QWERTY keyboards are notallowed. Calculators
with infrared capabilities are permitted; however,
since datacanbe exchanged between these calculators
if they are aligned and very close together, proctors
should ensure that students keep their calculators
sufficiently far apart and that calculators’ infrared
ports are not facing each other. Before starting the
exam administration, make sure no student has a
calculator with the features that are not permitted. If
a candidate has such a calculator, give the candidate
a calculator from your supply. If a candidate does not
want to use the calculator you have provided, have
him or her write, date, and sign the statement in the
Calculators for Chemistry and Physics subheading
under “Calculators” on page 16.

Make sure candidates do not share calculators
during the examination.

READ CAREFULLY ALL THE FOLLOWING
INSTRUCTIONS WELL IN ADVANCE OF THE
ADMINISTRATION.

Examinees may exercise different options; they may be
taking the entire B Examination, the entire C Examination,
Mechanics only of the C Examination, or Electricity and
Magnetism only of the C Examination. Before giving the
exams, determine which options will be exercised by each
candidate.

If only the B Examination is to be given, fol the

instructions for giving the B Examination labeled

—

If only the C Examination is to be given, follow the
instructions for giving the C Examination labeled
page 105. These instructions also include instructions for
administering Mechanics only and Electricity and
Magnetism only.

Ifboth the B Examination and either or both parts of the
C Examination are to be given, you should arrange, if
possible, for the B and C Examinations to take place in
separate rooms, so only one set of instructions needs to be
followed in each room.

If this is not possible, you should separate those taking
the B Exam from those taking the C Exam in the testing
room inorderto facilitate following both sets of instructions.
In this case, you may wish to start one set of candidates first,
before instructions are read to the other group, a procedure
that requires two watches since the two sets of candidates
will start and finish at different times. Or you may wish to

read the instructions for one examination, asking the
candidates taking that examination to wait until the
instructions for the other examination are read. That way
both sets of candidates can begin and end at the same time,
so only a single watch is needed.

nstructions for Giving the Physics B Examination
Make sure you have completed the general instructions

beginning on page 27.

——AT ALL ADMINISTRATIONS, SAY:——

It is Thursday afternoon, May 14, and you will be
taking the AP Physics B Exam. Put your calculators
under your chairs now. No calculators are allowed
for this section of the examination. . . . Print your
name, last name first, on the front cover of the
unsealed Section I booklet and read the directions
on the back cover of the booklet. When you have
finished, look up. . ..

Work only on Section I until time is called. You
are not to open the sealed Section II booklet until
you are told to do so. Scratch paper is not allowed,
but you may use the margins of your Section [
booklet. Remember, when you come to the end of
the multiple-choice questions, there will be answer
ovals left on your answer sheet.

When 1 tell you, open your Section I booklet and
begin. Near the front of the Section I booklet, you
will find a table of information that may be
helpful. Are there any questions?

Answer all questions regarding procedure. Set your watch
at 12:59. When it reads exactly 1:00, say:

Begin work on Section L

While the candidates are working on Section I, you and your
proctors should make sure they are marking answers on
their answer sheets in pencil and are not looking at their
Section II booklets.

—AT 2:30——

Stop working. Turn to page 20 in your Section I
booklet. Answer questions 101 through 107.
These are survey questions and will not influence
your examination grade. You may not go back
at this time to work on any of the previous
questions.

To help you and your proctors make sure students do not
work on any other part of the examination, the two pages
containing the survey questions are identified with a large S
on the upper outside corner of each page.
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Give students two minutes to answer the survey questions.
Then say:

Close your Section I booklet and keep it closed on
your desk. Make sure you printed your name on
the front cover of your booklet. . . . Do not insert
your answer sheet in the booklet. I will now collect
the answer sheets.

After you have collected an answer sheet from every
candidate, say:

Seal your Section I booklet with the three seals
provided. Pull off each seal from the backing sheet
and press it on the front cover so it just covers the
area marked “PLACE SEAL HERE.” Fold it
over the open edge and press it to the back cover.
Use one seal for each open edge. Be careful not to
let the seals touch anything except the marked
areas. . .. -

Collect the sealed Section I exam booklets. Be sure you
receive one from every candidate; then give your break
instructions. A five-minute break is permitted. Students
may talk, move about, or leave the room together to get a
drink of water or go to the rest room (see “Breaks During the
Examination™).

GIVE YOUR BREAK INSTRUCTIONS.
After the break, say:

Youmay now place your calculators on your desks.
Open the package containing your Section II
booklet. Tarn to the back cover of the booklet, and
read the instructions at the upper left. . . . Print
your identification information, in pen or pencil,
in the boxes. . . . Taking care not te tear the
sheet beneath the cover, detach the perforation
at the top. . . . Fold the flap down, and moisten
and press the glue strip firmly along the entire
lower edge.... Your identification information
should noew be covered and will not be known by
those scoring your answers.

Read the instructions at the upper right of the
back cover. Print your initials in the three boxes
provided.. .. Next, take two AP number Iabels
from your Candidate Pack and place them in the
two boxed areas, one below the instructions and
one to the left. If you don’t have number labels left,
copy your number from the back cover of your
Candidate Pack within both of the boxed areas.

.

... Item 6 provides you with the option of giving
permission to Educational Testing Service to use
your free-response materials for educational
research and instructional purposes. Your name
would not be used in connection with the
free-response materials. Read the statement and
answer either “yes” or “no.’...Are there any
questions?

Answer all questions regarding procedure. Then say:
o te)

If you will be taking another AP Examination, I
will collect your Candidate Pack. You may keep
your Candidate Pack if this is your last or only AP
Examination.

Collect the Candidate Packs. Then say:

Read the directions for Section II on the back
of your booklet. Look up when you have
finished. . . . If you need more paper, raise your
hand. Are there any questions?

Answer all questions regarding procedure. Set your watch
at 2:29. When it reads exactly 2:30, say:

Open the Section [ booklet and turn to the center
of the booklet. Tear out the insert. . . . You may
use the insert for notes, but write all your answers
in the Section II booklet, in the spaces provided
after each part. Print your name, teacher, and
school in the upper left-hand corner of the insert.
I will be collecting this insert at the end of the
administration. It will be returned fo you atalater
date by your teacher= Begin work on Section II.

You and your proctors should check to be sure all candidates
are writing their answers in the Section II booklets.
Communication between calculators is prohibited during
the exam. Proctors should walk around and ensure that
calculators’ infrared ports are not facing each other.

AT 4:00——

Stop working. Close your Section II booklet
and keep it closed on your desk. I will now collect
your booklets. Remain in your seats, without
talking, while the exam materials are being
collected.




Collect the Section II booklets and green inserts. Be sure
you have one from every candidate. Check the back of each
booklet to make sure the candidate’s AP number appears in
the two boxes. The green inserts may be given to the appro-
priate teacher for return to the students 48 hours
after the administration.

Fill in the necessary information for the Physics B
Examination on the S&R Form. Put the exam materials in
locked storage until they are returned to ETS in one shipment
after your school’s last administration. See “Activities After
the Exam.”

Instructions for Giving the Physics C Examination
To help you and your proctors make sure students
. work on the correct parts of the Physics C Examination,
| the parts are identified as follows. The Mechanics parts of
Sections [ and II have a line of M’s across the top of each
page. The Electricity and Magnetism parts of Sections |
and II have a line of E’s. The two pages containing the
survey questions have a large S on the uppex outside corner
of each page.

Make sure you have completed the %nel al instructions
beginning on page 27.

IF ALL CANDIDATES ARE TAKING
MECHANICS ONLY OR ELECTRICITY
AND MAGNETISM ONLY, GO TO PAGE 167 AND
START WITH THE INSTRUCTIONS MARKED
WITH AN ASTERISK(:k).

[F SOME CANDIDATES ARE TAKING
MECHANICS ONLY OR ELECTRICITY AND
MAGNETISM ONLY, AND SOME ARE TAKING
THE ENTIRE C EXAMINATION, GO TO PAGE 108
AND START WITH THE INSTRUCTIONS
MARKED WITH A DAGGER ("%‘).

I¥ ALL CANDIDATES ARE TAKING
THE ENTIRE C EXAMINATION,
START HERE AND SAY:

It is Thursday afternoon, May 14, and you will be

-taking the AP Physics C Exam. Put your calculators
under your chairs. No calculators are allowed for
this section of the examination. Print your name,
last name first, on the front cover of the unsealed
Section I booklet and read the directions on the
back cover of the booklet. When you have finished,
look up. ...

You will work only on Section I, Mechanics
(pages 4-14 of the C Examination) for the first 45
minutes.

You are not to open your sealed Section II
booklet until you are told to do so. Scratch paper
is not allowed, but you may use the margins of

)

your Section I booklet. Remember, when you
come to the end of the multiple-choice questions,
there will be answer ovals left on your answer
sheet.

When I tell you, open your Section I booklet and
begin. Near the front of the Section I booklet, you
will find a table of information that may be helpful
throughout the examination. Are thel e any
questions?

Answer all questions regarding procedure. Set your watch
at 12:59. When it reads exactly 1:00, say:

Begin work on Section 1.

While the candidates are working on Section I, youand your
proctors should make sure they are marking answers on
their answer sheets in pencil and are not looking at their
Section I1 booklets. -

AT 1:45

Stop working. Close your Section I booklet and
keep it closed on your desk. You will work only on
the multiple-choice questions in Section I,
Electricity and Magnetism (pages 16-26 of the C
Examination), during the next 45 minutes. Do not
start until 1 tell you to do so. Your calculators
should remain under your chair. No calculators
are permitted for this section of the examination.

Answer all questions regarding procedure. Set your watch
at 1:44. When it reads exactly 1:45, say:

Begin working.

AT 2:30

Stop werking.

Candidates should now be instructed to answer the survey
guestions on pages 28-29 of the Section I booklet. Say:

Turn to page 28 of the Section I booklet and answer
questions 101 through 107. These are survey
questions and will not affect your examination
grade. You may not go back at this time to work on
any of the previous questions.




Give students two minutes to answer the survey questions.
Then say:

Close your Section I booklet and keep it closed on
your desk.

Make sure you have printed your name, last
name first, on the front cover of your Section I
booklet. . . . Do not insert your answer sheet in the
booklet. I will now collect the answer sheets.

After you have collected an answer sheet from each
candidate, say:

Seal your Section I booklets with the three seals
provided. Pull off each seal from the backing
sheet and press it on the front cover so it just
covers the area marked “PLACE SEAL HERE.”
Fold it over the open edge and press it to the back
cover. Useoneseal for each open edgé’. Be careful
not to let the seals touch anything except the
marked areas.

Collect the sealed Section [ exam booklets. Be sure you
have one from each candidate.

When these exam materials have been collected, give
your break instructions (see “Breaks During the
Examination”). The break should be a maximum of five
minutes. Say:

You will now have a five-minute break.

After the break, say:

You may use your calculator for Section II of the
examination. Place your calculator on the desk.
Open the package containing your Section II
booklet. Turn to the back cover of the Section II
booklet, and read the instructions at the upper
left. . . . Using either a ballpoint pen or a pencil,
print your identification information in the
boxes. . . . Taking care not to tear the sheet beneath
the cover, detach the perforation at the top....
Fold the flap down, and moisten and press the glue
strip firmly along the entire lower edge. . . . Your
identification information should now be covered

two boxed areas, one below the<instructions and
one to the left. If you don’t have number labels left,
copy your number from the back cover of your
Candidate Pack within both of the boxed areas. . . .
Item 6 provides you with the option of giving
permission to Educational Testing Service to use
your free-response materials for educational
research and instructional purposes. Your name
would not be used in connection with the free-
response materials. Read the statement and answer
either “yes” or “no.”. . . Are there any questions?

Answer all questions regarding procedure. Then say:

If you will be taking another AP Examination, I
will collect your Candidate Pack. You may keep
your Candidate Pack if this is your last or only AP
Examination. A

Collect the Candidate Packs. Then say:

Read the directions for Section II on the back of
your booklet. Mark the box on the back cover
indicating you are taking Mechanics as well as
Electricity and Magnetism. Look up when you
have finished. ... If you need more paper, raise
your hand. You are to work only on the Mechanics
questions on pages 4-15 during the next 45 minutes.
Are there any questions?

Answer all questions regarding procedure. Set your watch

at 2:29. When it reads exactly 2:30, say:

Open the Section IT booklet and turn to the center
of the booklet. Tear out the insert. . . . You may use
the insert for notes, but write all your answers in
the Section Il booklet, in the spaces provided after
each part. Print your name, teacher, and school in
the upper left-hand corner of the insert. I will be
collecting the insert at the end of the administration.
It will be returned to you at a later date by your
teacher. Begin work on Section II.

and will not be knewn by those scoring your
answers.

Read the instructions at the upper right of the
back cover. Print your initials in the three boxes
provided. . .. Next, take two AP number labels
from your Candidate Pack and place them in the

You and your proctors should check to be sure all candidates
are writing their answers in the Section II booklets.
Communication between calculators is not permitted during
the exam. Proctors should walk around and make sure
calculators’ infrared ports are not facing each other.
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—AT 3:15——

Stop working on Mechanics and begin work on
Electricity and Magnetism, pages 16-25,

—AT 4:00——

Stop working. Close your booklet and keep it
closed on your desk. I will now collect the Section
IT booklets and green inserts. Remain in your
seats, without talking, while the exam materials
are being collected. )

Collect the Section II booklets and green inserts. Be sure
you have one from every candidate. Check the back of each
booklet to make sure the candidate’s AP number appears in
the two boxes. ~ ,

Forall Section Il booklets collected, make certain the box
on the back cover is marked indicating the candidate took
both Mechanics and Electricity and Magnetism.

The green inserts may be given to the appropriate teacher
for return to the students 48 hours after the administration.

Fill in the necessary information for the Physics C
Examination on the S&R Form. Put the exam materials in
locked storage until they are returned to ETS in one shipment
after your school’s last administration. See “Activities After
the Exam.”

>k IF ALL CANDIDATES ARE TAKING MECHANICS

ONLY OR ELECTRICITY AND MAGNETISM
ONLY, START HERE AND SAY:

It is Thursday afternoon, May 14, and you will be
taking the AP Physics C Exam. Put your calculators
under your chairs. No calculators are allowed for
this section of the examination. Print your name,
last name first, on the front cover of the unsealed
Section I booklet and read the directions on the

* back cover of the booklet. When you have finished,
look up. ...

If you are taking Mechanics only, you will work
only on Section I, Mechanics (pages 4-14 of the
C Examination) for the first 45 minutes.

If you are taking Electricity and Magnetism
only, you will work on Section I, Electricity and
Magnetism (pages 16-26 of the C Examination) for
the first 45 minutes.

You are not to open your sealed Section II
booklet until you are told to do so. Scratch paper
isnot allowed, but you may use the margins of your
Section I booklet. Remember, when you come to
the end of the multiple-choice questions, there will
be answer ovals left on your answer sheet.

When I tell you, open yourSeetion I booklet and
begin. Near the front of the Section I booklet, you
will find a table of information that may be helpful
throughout the examination. Are there any
questions?

Answer all questions regarding procedure. Set your watch
at 12:59. When it reads exactly 1:00, say:

Begin work on Section 1.

While the candidates are working on Section I, you and your ~
proctors should make sure they are marking answers on
their answer sheets in pencil and are not [ooking at their
Section Il booklets.

AT 1:45

-

Stop working.

Please turn to page 28 of the Section I booklet and
answer questions 101 through 107. These are
survey questions and will not affect your
examination grade. You may not go back at this
time to work on any of the previous questions.

Give students two minutes to answer the survey questions.
Then say:

Close your Section I booklet and keep it closed on
your desk.

Make sure you have printed your name, last
name first, on the front cover of your Section |
booklet. . . . Do notinsert your answer sheet in the
booklet. I will now collect the answer sheets.

After you have collected an answer sheet from each
candidate, say:

Seal your Section I booklets with the three seals
provided. Pull off each-seal from the backing
sheet and press it on the front cover so it just
covers the area marked “PLACE SEAL HERE.”
Fold it over the open edge and press it to the back
cover. Use oneseal for each open edge. Be careful
not to let the seals touch anything except the
marked areas. . . . Youmay stretch now, butdonot
talk while the materials are being collected.
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Collect the sealed Section I exam booklets. Be sure you
receive one from each candidate. When all materials have
been collected, say: ‘

Open the package containing your Section 11
booklet. Turn to the back cover of the Section 11
booklet, and read the instructions at the upper
left. . . . Print your identification information, in
pen or pencil, in the boxes. . . . Taking care not to
tear the sheet beneath the cover, detach the
perforation at the top. . . . Fold the flap down, and
moisten and press the glue strip firmly along the
entire lower edge.... Your identification
information should now be covered and will not be
known by those scoring your answers.

Read the instructions at the upper right of the
back cover. Print your initials in the three boxes
provided. ... Next, take two AP number labels
from your Candidate Pack and place them in the
two boxed areas, one below the instructions and
one to the left. If you don’t have number labels left,
copy your number from the back cover of your
Candidate Pack within both of the boxed areas. . . .
Item 6 provides you with the option of giving
permission to Educational Testing Service to use
your free-response materials for educational
research and instructional purposes. Your name
would not be used in connection with the free-
response materials. Read the statement and answer
either “yes” or “no.”. .. Are there any questions?

Answer all questions regarding procedure. Then say:

If you will be taking another AP Examination, I
will collect your Candidate Pack. You may keep
your Candidate Pack if this is your last or only AP
Examination.

Collect the Candidate Packs. Then say:

You may use your calculator for Section II of the
examination. Place your calculator on the desk.
Read the directions for Section II on the back
cover of your sealed booklet. Mark one of the
boxes on the back cover to indicate which
examination you are taking. Look up when you
have finished. ... If you need more paper, raise
your hand. The Section II Mechanics questions
are on pages 4-15, and the Section II Electricity
and Magnetism questions are on pages 16-25. Are
there any questions?

Answer all questions regarding procedure. Set your watch
at 1:44. When it reads exactly 1:45, s‘ay:

,70pen the Section 11 booklet and turn to the center
of the booklet. Tear out the insert. . . . You may use
the insert for notes, but write all your answers in
the Section I booklet, in the spaces provided after
each part. Print your name, teacher, and school
in the upper left-hand corner of the insert. I will
be collecting this insert at the end of the
administration. It will be returned to you atalater
date by your teacher. Begin work on Section I1.

You and your proctors should check to be sure all candidates
are writing their answers in the Section II booklets.
Communication between calculators is not permitted during
the exam. Proctors should walk around and make sure
calculators’ infrared ports are not facing each other.

— AT 2:30——

Stop working and close your examination booklets.
Please remainseated. I will now cellect your Section
I booklet and green insert.

Collect the Section II booklets and green inserts.

Check the back of each booklet to make sure the
candidate’s AP number appears in the two boxes; also make
certain the appropriate box indicating which Physics C
Exam the candidate took has been checked. The green
inserts may be given to the appropriate teacher 48 hours
after the administration.

Fill in the necessary information for the Physics C
Examination on the S&R Form. Put the exam materials in
locked storage until they are returned to ETS in one shipment
after your school’s last administration. See “Activities After
the Exam.” _

FOR CANDIDATES WHO ARE TAKING
MECHANICS ONLY OR ELECTRICITY AND
MAGNETISM ONLY ALONG WITH CANDIDATES
WHO ARE TAKING THE ENTIRE C EXAM,
START HERE AND SAY:

It is Thursday afternoon, May 14, and you will be
taking the AP Physics C Exam. Put your calculators
under your chairs. No calculators are allowed for
this section of the examination. Print your name,
last name first, on the front cover of the unsealed
Section [ booklet and read the directions on the
back cover of the booklet. When you have finished,
fook up....




If you are taking the entire C Examination
or Mechanics only, you will work only on Section
I, Mechanics (pages 4-14 of the C Examination)
for the first 45 minutes.

If you are taking Electricity and Magnetism
only, you will work on Section I, Electricity and
Magnetism (pages 16-26 of the C Examination) for
the first 45 minutes.

You are not to open your sealed Section II
booklet until you are told to do so. Scratch paper
is not allowed, but you may use the margins of
your Section I booklet. Remember, when you
come to the end of the multiple-choice questions,
there will be answer ovals left on your answer
sheet.

When I tell you, open your Section I booklet and
begin. Near the front of the Section I booklet, you
will find a table of information that may be helpful
throughout the examination. Are there any
questions?

Answer all questions regarding procedure. Set your watch
at 12:59. When it reads exactly 1:00, say:

Begin work on Section I.

While the candidates are working on Section [, you and your
proctors should make sure they are marking answers on
their answer sheets in pencil and are not looking at their
Section II booklets.

—AT 1:45——

Stop working. If you are taking the entire C
examination, close your Section I booklet and keep
it closed on your desk. Please sit quietly while

- instructions are being given to candidates who are
taking Mechanics only or Electricity and
Magnetism only.

Candidates who are taking Mechanics only or Electricity and
Magnetism only should now be instructed to answer the
survey questions on pages 28-29 of the Section I booklet.
Say:

If you are taking Mechanics only or Electricity and
Magnetism only, turn to page 28 of the Section I
booklet and answer questions 101 through 107.
These are survey questions and will not affect your
examination grade. You may not go back at this time
to work on any of the previous questions.

|
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Give students two minutes to answér the survey questions.
Then say: o=

Close your Section I booklet and keep it closed on
your desk. ;

if you are taking Mechanics only or Electricity
and Magnetism only, make sure you have printed
your name, last name first, on the front cover of
your Section I booklet. . . . Do not insert your
answer sheet in the booklet. I will now collect your
answer sheets.

After you have collected an answer sheet from these candi-
dates, say:

If T have just collected your answer sheet, seal your
Section I booklets with the three seals provided.
Pull off each seal from the backing sheet and press
it on the front cover se-it just covers the area
marked “PLACE SEAL HERE.” Fold it over the
open edge and press it to the back cover. Use one
seal for each open edge. Be careful not to let the
seals touch anything except the marked areas.

Collect the sealed Section I exam booklets. Be sure you
have one from each candidate.

If you are taking Mechanics only or Electricity
and Magnetism only you will be working on Section
1I for the next 45 minutes. You may use your
calculator for Section Il of the examination. Place
your calculators on the desk. Open the package
containing your Section II booklet. Turn to the
back cover of the Section II booklet, and read the
instructions at the upper left. . . . Using either a
ballpoint pen or apencil, print your identification
information in the boxes. . . . Taking care not to
tear the sheet beneath the cover, detach the
perforation at the top. . . . Fold the flap down,
and moisten and press the glue strip firmly along
the entire lower edge. . . . Your identification
information should now be covered and will not
be known by those scoring your answers.

Read the instructions at the upper right of the
back cover. Print your initials in the three boxes
provided. . . . Next, take two AP number labels
from your Candidate Pack and place them in the
two boxed areas, one below theinstructions and
one to the left. If you don’t have number labels
left, copy your number from the back cover of
your Candidate Pack within both of the boxed




areas. . ., Item 6 provides you with the option of
giving permission to Educational Testing Service
to use your free-response materials for educational
research and instructional purposes. Your name
would not be used in connection with the free-
response materials. Read the statement and answer
either “yes” or “no.”’. . . Are there any questions?

Answer all questions regarding procedure. Then say:

If you will be taking another AP Examination, I
will collect your Candidate Pack. You may keep
your Candidate Pack if this is your last or only AP
Examination.

Collect the Candidate Packs. Then say:

Read the directions for Section II on«tjhe back of
your bookiet. Mark one of the boxes on the back
cover to indicate which exam you are taking. Look
up when you have finished. . . . If you need more
paper, raise your hand. The Section II Mechanics
questions are on pages 4-15 and the Electricity and
Magnetism questions are on pages 16-25. Are
there any questions?

Answer all questions regarding procedure. Then say:

When [ tell you to begin, open the Section II
booklet and turn to the center of the booklet. Tear
out the insert. ... You may use the insert for notes,
but write all your answers in the Section II booklet,
in the spaces provided after each part. Print your
name, teacher, and school in the upperleft-hand
corner of the insert. I will be collecting the insert
attheend of the administration. It will be returned
to you at a later date by your teacher. If you are
taking the entire exam, you will work only on the
multiple-choice questions in Section I, Electricity
and Magnetism (pages 16-21 of the C Examination),
during the next 45 minutes. Do not start until I tell
youto dose. Your calculators should remain under
your chair. No calculators are permitted for this
section of the examination.

Answer all questions regarding procedure. Set your watch
at 1:44. When it reads exactly 1:45, say:

Begin working.

—AT 2:30——

Stop working. If you are taking Mechanics only or
Electricity and Magnetism only, close your booklets
and keep them closed on your desk.

Candidates who are taking the entire exam should now be
instructed to answer the survey questions on pages 28-29 of
the Section [ booklet. Say:

If you are taking the entire C exam, turn to page 28
of the Section I booklet and answer questions 101
through 107. These are survey questions and will
not affect your examination grade. You may not go
back at this time to work on any of the previous
questions.

Give students two minutes to answer the survey questions.
Then say:

Close your Section I booklet and keep it closed on
your desk.

Make sure you have printed your name, last
name first, on the front cover of your Section I
booklet. . .. Do not insert your answer sheet in the
booklet. I will now collect the answer sheets.

After you have collected an answer sheet each candidate,
say:

Seal your Section I booklets with the three
seals provided. Pull off each seal from the backing
sheet and press it on the front cover so it just covers
the area marked “PLACE SEAL HERE.” Fold it
over the open edge and press it to the back cover.
Use one seal for each open edge. Be careful not to
let the seals touch anything except the marked
areas.
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Collect the sealed Section I exam booklets. Be sure you
have one from each candidate.

When these exam materials have been collected, ONLY
STUDENTS TAKING THE ENTIRE EXAM WILL
HAVE A BREAK. The students taking Mechanics only or
Electricity and Magnetism only must remain seated during
the break, and must not be allowed to talk to the students
who receive the break. Give your break instructions (see
“Breaks During the Examination”). The break should be a
maximum of five minutes. Say:

Students who are taking the entire exam will now
have a five-minute break. Students who are taking
Mechanics only or Electricity and Magnetism only
must remain seated until the other students have
returned from their break. I will now collect your
Section II booklets and green inserts. Remain
in your seats, without talking, while the exam
materials are being collecied. ’

Collect the Section II booklets and green inserts. Be sure
you have one from each candidate. Check the back of each
booklet to make sure the candidate’s AP number appears in
the two boxes.

Forall Section Il booklets collected, make certain the box
ontheback coveris marked indicating whether the candidate
took Mechanics or Electricity and Magnetism.

When all students have returned from the break, you
should dismiss candidates who are taking Mechanics only
or Electricity and Magnetism only.

After the break, say:

You may use your calculator for Section II of the
examination. Place your calculators on the desk.
Open the package containing your Section II
booklet. Turn to the back cover of the Section I1
booklet, and read the instructions at the upper
left. . . . Using either a ballpoint pen or a
pencil, print your identification information in
* the boxes. . . . Taking care not to tear the sheet
beneath the cover, detach the perforation at the
top. . . . Fold the flap down, and moisten and
press the glue strip firmly along the entire lower
edge. . .. Your identification information should
now be covered and will not be known by those

»

your Candidate Pack within both of the boxed
areas. . . . Iitem 6 provides you with the option of
giving permission to Educational Testing Service
to use your free-response materials for educational
research and instructional purposes. Your name
would not be used in connection with the free-
response materials. Read the statement and answer
either “yes” or “no.”. .. Are there any questions?

Answer all questions regarding procedure. Then say:

If you will be taking another AP Examiﬂation, I
will collect your Candidate Pack. You may keep
your Candidate Pack if this is your last or only AP
Examination.

Collect the Candidate Packs. Then say:

Read the directions for Section II on the back of
your bookiet. Mark the box on the back cover
indicating you are taking Mechanics as well as
Electricity and Magnetism. Look up when you
have finished. . . . If you need more paper, raise
your hand. You are to work only on the Mechanics
questions on pages 4-15 during the next 45 minutes.
Are there any questions?

Answer all questions regarding procedure. Set your watch
at 2:29. When it reads exactly 2:30, say:

Open the Section I booklet and turn to the center
of the booklet. Tear out the insert. . .. You may use
the insert for notes, but write all your answers in
the Section Il booklet, in the spaces provided after
each part. Print your name on the upper left-hand
corner of the insert. I will be collecting the insert at
the end of the administration. It will be returned
to you at a later date by your teacher. Begin work
on Section I1.

scoring your answers.

Read the instructions at the upper right of the
back cover. Print your initials in the three boxes
provided. . . . Next, take two AP number labels
from your Candidate Pack and place them in the
two boxed areas, one below the instructions and
one to the left. If you don’t have number labels
left, copy your number from the back cover of
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—AT 3:15——

Stop working on Mechanics and begin work on
Electricity and Magnetism, pages 16-25.

—AT 4:00——

Stop working. Close your booklet and keep it
closed on your desk. I will now collect the Section
IT booklets and green inserts. Remain in your
seats, without talking, while the exam materials
are being collected. )

Collect the Section II booklets and green inserts. Be sure
you have one from every candidate. Check the back of each
booklet to make sure the candidate’s AP number appears in -
the two boxes.

For all Section 11 booklets collected, make certain the box
on the back cover is marked indicating the candidate took
both Mechanics and Electricity and Magnetism.

The green inserts may be given to the appropriate teacher
for return to the students 48 hours after the administration.

Fill in the necessary information for the Physics C
Examination on the S&R Form. Put the exam materials in
locked storage until they are returned to ETS in one shipment
after your school’s last administration. See “Activities Afte!
the Exam.” . E
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PHYSICS B ¥
You must take the entire B Exam as follows: k

First 90 minutes Section I — Multiple Choice
70 Questions
This booklet, pp. 3-19
No calculators allowed
Percent of Total Grade — 50

2-minute interval ~ Survey Questions
7 Questions (101-107)
This booklet, pp. 20-21

Second 90 minutes Section II — Free Response
8 Questions - . -
Pink Booklet, pp. 4-20
Any battery-operated, hand-held calculator allowed
Percent of Total Grade — 50

Each multiple-choice question has equal weight. Rulers or straightedges may be used in both sections. However,
calculators may be used in Sectiofi II only, ISOT in Section 1. Calculators may not be shared. A table of information that
may be helpful is found on page 2 of this book. ~ -

Section I of this examination contains 70 multiple -choice questions. Therefore, please be careful to fill in only the
ovals that are preceded by numbers 1 through 70 on your answer sheet. Also, please be careful to fill in the ovals
preceded by the numbers 101 through 107 when answering the survey questions.

General Instructions

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

INDICATE ALL YOUR ANSWERS TO QUESTIONS IN SECTION I ON THE SEPARATE ANSWER SHEET.

No credit will be given for anything written in this examination booklet, but you may use the booklet for notes or
scratchwork. After you have decided which of the suggested answers is best, COMPLETELY fill in the corresponding
oval 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. )

Example: Sample Answer
Chicagoisa , ® ©m D
(A) state ;
(B) city =

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

Many candidates wonder whether or not to guess the answers to questions about which they are not certain. In this section
of the examination, as a correction for haphazard guessing, one-fourth of the number of questions you answer incorrectly
will be subtracted from the number of questions you answer correctly. It is improbable, thercfore, that mere guessing will
improve your score significantly; it may even lower your score, and it does take time. If, however, you are not sure of the
correct answer but have some knowledge of the question and are able to eliminate one or more of the answer choices as
wrong, your chance of getting the right answer is improved, and it may be to your advantage to answer such a question.

Use your time effectively, working as rapidly as you can without losing accuracy. Do not spend too much time on
questions that are too difficult. Go on to other questions and come back to the difficult ones later if you-have time. It is not
expected that everyone will be able to answer all the multiple-choice questions.

Copyright © 1998 by College Entrance Examination Board and Educational Testing Service. All rights reserved.
Certain test materials are copyrighted solely in the name of ETS.
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TABLE OF INFORMATION FOR 1998 ¥

’ CONSTANTS AND CONVERSION FACTORS UNITS PREFIXES
I unified atomic mass unit, lu= 166x107" kg Name Symbol Factor Prefix Symbol
= 93] MeV/c¢ meter m 107 giga G
i ( -
Proton mass, m, = 167x 107 kg kilogram kg 10° mega M
Neutron mass, m, = 1.67x 107 kg second s 10° kilo k
Electron mass, mo= 9.11x 107 ke 102 s )
: o . ) 19 ampere A centt - ¢
Magnitude of the electron charge, e = 160x10°7C
) -3 .
A\/andro's nurber, N() - 6.02 x ]02,4 THOI/‘ kelvin K 10 milli m
. -6 .
Universal gas constant, R = 8311/ (mol - K) | | 107 micro 1
. mole mo
o Boltzmann's constant, ko= 138x 1077 1/K 10 nano n h
> . ? ! hertz Hz
Speed of light, ¢ =3.00x10° m/s 10712 pico p
Planck's constant, h=663x10" 1 g newton N
1=0 ascal Pa VALUES OF TRIGONOMETRIC FUNCTIONS
= 414107 eV -5 P FOR COMMON ANGLES
- he =1.99x 107 1+ m joule J 4 6:\ sin 8 cos© | tan O
a0 =124%10" eV - pm watt W 0% 0 1 0
S p 2 lomb C
Vacuum tivity, = /N cou °
cuum permittivity € = 885x 10 C*/N-m 30 12 VAn W
Coulomb's law constant, k=1/4m€e, = 9.0x 10’ N+ m’/C’ volt v
Vacuum permeability, e = 4wx 107 (T - m)/A ohm Q 37° 3/5 4/5 3/4
Magnetic constant, K =p/4n = 10'7(T “m)/A henry H
Universal gravitational constant, G=667Tx10" m'/ke-s farad F 45° V272 V212 1
Acceleration due to gravity tesla T
at the Earth's surface, _— 2 o
g =98m/s degree 53 4/5 3/5 | 413
1 atmosphere pressure, latm = 1.0x 10° N/m’ Celsius °C
= 1.0x 10" Pa electron- 600 \[5/2 172 \/§
_19 volt eV
| electron volt, leV = 1.60x10™" 1 :
1 angstrom, A =1x10"m 90 1 0 oo

The following conventions are used in this examination.
I. Unless otherwise stated, the frame of reference of any*problem is assumed to be inertial.
1I. The direction of any electric current is the direction of flow of positive charge (conventional current).
111. For any isolated electric charge, the electric potential is defined as zero at an infinite distance from the charge.

IV. The work done by a thermodynamic system is defined as a positive quantity.
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PHYSICS B
SECTION 1
Time—90 minutes
70 Questions

Physics B

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

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

L.

[N

A solid metal ball and a hollow plastic ball of the
same external radius are released from rest in a
large vacuum chamber. When each has fallen 1 m,
they both have the same

(A) inertia

(B) speed

(C) momentum -
(D) kinetic energy

(E) change in potential energy

A student weighing 700 N climbs at constant speed
to the top of an 8 m vertical rope in 10 s. The
average power expended by the student to overcome
gravity is most nearly

(A) 1.1 W
B) 875 W
(C) 560W
D)y 8I5W
(E) 5,600 W

. A railroad car of mass m is moving at speed ¥

when it collides with a second railroad car of
mass M which is at rest. The two cars lock
together instantaneously and move along the track.
What is the speed of the cars immediately after the
collision?

(A) 5

muv

®

Mo
m

(m + M)v

m

©

D)

muv

(E) m+ M

21

4.

An open cart on a level surface is rolling without
frictional loss through a vertical downpour of rain,
as shown above. As the cart rolls, an appreciable
amount of rainwater accumulates in the cart. The
speed of the cart will

(A) increase because of conservation of momentum

(B) increase because of conservation of mechanical
energy

(C) decrease because of conservation of momentum

(D) decrease because of conservation of mechanical
energy

(E) remain the same because the raindrops are
falling perpendicular to the direction of the
cart’s motion

. Units of power include which of the following?

[. Watt
II. Joule per second
II. Kilowatt-hour

(A) Tonly

(B) III only

(C) I'and I only
(D) II and HI only
(E) L 11, and III




6. A 2 kg object moves in a circle of radius 4 m at a
constant speed of 3 m/s. A net force of 4.5 N acts
on the object. What is the angular momentum of
the object with respect to an axis perpendicular to
the circle and through its center?

N-m
A 95 F
B) 121
®) 12

7. Three forces act on an object?If the object is in
translational equilibrium, which of the following
must be true?

I. The vector sum of the three forces must equal
zero.
II. The magnitudes of the three forces must be
equal.
III. All three forces must be parallel.

(A) T only

(B) II only

(C) I and III only

(D) I and 11 only

(B) 1, 11, and III '

22




Physics B

— e X
—Xp 0 Xg

8. The graph above represents the potential energy U as a function of displace-
ment x for an object on the end of a spring oscillating in simple harmonic : : -
motion with amplitude x;. Which of the following graphs represents the
kinetic energy K of the object as a function of displacement x ?

A) K (B) K

YL 4 , 4

Uot

—Xg

(©) K D)

= X

(E)

23




10.

12.

. A child pushes horizontally on a box of mass m

which moves with constant speed v across a hori-
zontal floor. The coefficient of friction between the
box and the floor is p. At what rate does the child
do work on the box?

(A) mgy
(B) mgv

(C) viumg
D) wmeglv
(B) umv?

Quantum transitions that result in the characteristic
sharp lines of the X-ray spectrum always involve

(A) the inner electron shells

(B) electron energy levels that have the same
principal quantum number

(C) emission of beta particles from the nucleus

(D) neutrons within the micleus |

(E) protons within the nucleus

. Which of the following experiments provided

evidence that electrons exhibit wave properties?

I. Millikan oil-drop experiment
II. Davisson-Germer electron-diffraction
experiment
1. J. J. Thomson’s mcasurement of the charge-
to-mass ratio of electrons

(A) T only

(B) II only

(C) T and III only
(D) I and III only
(E) L 11, and 111

Quantities that are conserved in all nuclear reactions
include which of the following?

I. Electric charge
II. Number of nuclei
III. Number of protons

(A) T only

(B) II only

(C) I and III only
(D) II and IIT only
(E) L 1I, and III

13.

14.

N

Which of the following is true about the net force
on an uncharged conducting_sphere in a uniform
electric field?

(A) It is zero.

(B) It is in the direction of the field.

(C) It is in the direction opposite to the field.

(D) It produces a torque on the sphere about the
direction of the field.

(E) It causes the sphere to oscillate about an
equilibrium position. ’

Two parallel conducting plates are connected to a
constant voltage source. The magnitude of the elec-
tric field between the plates is 2,000 N/C. If the
voltage is doubled and the distance between the
plates is reduced to 1/5 the original distance, the
magnitude of the new electric field is

(A) S0ONC -
(B) 1,600N/C -
(C) 2400 N/IC
(D) 5,000 N/C
(E) 20,000 N/C
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Physics B

Questions 15-16 refer to the following diagram that Questions 17-18
shows part of a closed electrical circuit. - o
+
1Q 30 g_ ________ )
AM—A : E
1
X Y ! 1 d
B @ i :
H
S S 3
MV +0
20
The figure above shows two particles, each with a
15. The electrical resistance of the part of the circuit charge of +Q, that are located at the opposite corners
shown between point X and point Y is of a square of side d.
(A) 1l Q
3 17. What is the direction of the net electric field at
(B) 2Q point P ?
© 220 - ISAN )
D) 4Q A ®) )
(E) 6 Q © ¥
D
16. When there is a steady current in the circuit, the D) N
amount of charge passing a point per unit of time is (E) $
(A) the same everywhere in the circuit
(B) greater at point X than at point Y 18. What is the potential energy of a particle of charge
(C) greater in the 1 £ resistor than in the 2 Q +g that is held at point P ?
resistor
(D) greater in the 1 Q resistor than in the 3 Q (A) Zero
resistor .
(E) greater in the 2 Q resistor than in the 3 Q
resistor (B) ﬂ qQ
47[60 d
]

©

&

T

(=]

B
a
m

[=3

E
N
2 A
] R 2R

tri
N
£ ‘
a
m
(=]

N




Questions 22-23

_____ B [)

© 66 60 0 D
. . . . Poy————=- Ty
19. A rectangular wire loop is at rest in a uniform mag- 3 |
netic field B of magnitude 2 T that is directed out 0 : } %
of the page. The loop measures 5 cm by 8 c¢m, and Vs Vo
the plane of the loop is perpendicular to the field, 2

.- as shown above. The total magnetic flux through

the loop is A certain quantity of an ideal gas initially at tempert-
ature Ty, pressure py, and volume V|, is compressed
(A) zero to one-half its initial volume. As shown above, the process

may be adiabatic (process 1), isothermal (process 2), or

G2
(B) 2x 10" Tom isobaric (process 3).

(C) 8 x 107 T:m’ .
(D) 2 x 107" T-m*

22. Which of the followingTis true of the mechanical

21.

(BE) 8 x 107 T-m’

. A certain coffeepot draws 4.0 A of current when it

is operated on 120 V household lines. If electrical
energy costs 10 cents per kilowatt-hour, how much
does it cost to operate the coffeepot for 2 hours?

(A) 2.4 cents
(B) 4.8 cents
(C) 8.0 cents
(D) 9.6 cents
(E) 16 cents

An electron is in a uniform magnetic field B that
is directed out of the plane of the page, as shown
above. When the electron is moving in the plane of
the page in the direction indicated by the arrow, the
force on the electron is directed

(A) toward the right

(B) out of the page

(C) into the page

(D) toward the top of the page
(E) toward the bottom of the page

o

work done on the gas?

(A) Tt is greatest for process 1.

(B) It is greatest for process 3.

(C) It is the same for processes 1 and 2 and less
for process 3.

(D) It 1s the same for processes 2 and 3 and less
for process 1.

(E) Tt is the same for all three processes.

23. Which of the following is true of the final tempera-

ture of this gas?

(A) It is greatest for process 1.
(B) It is greatest for process 2.
(C) It is greatest for process 3.
(D) Tt is the same for processes | and 2.
(E) Itis the same for processes | and 3.




24.

25.

26.

27.

In a certain process, 400 J of heat is added to a
system and the system simultaneously does 100 J
of work. The change in internal energy of the
system is

(A) 5007
(B) 4001]
(C) 3001
(D) =100 J
(E) 30017

An ice cube of mass m and specific heat ¢; is
initially at temperature T,, where T, < 273 K.

If L is the latent heat of fusion of water, and the
specific heat of water is ¢,,, how much energy is
required to convert the ice cube to water at temper-
ature T,, where 273 K < T, < 373 K?

(A mle;273 - T\) + L + ¢y, (373 ~_T2)]
(B) m[ci(273 = T) + L + ¢y (T, = 273)]"
(C) ¢;i(273 = T)) + ¢y (T, — 273)

D) mL + ¢,,(T, = T})

Cyw + ¢

(E) mL + < 5 )(Tz - 1)

A concave mirror with a radius of curvature of
1.0 m is used to collect light from a distant star.
The distance between the mirror and the image of
the star is most nearly

(A) 0.25 m
(B) 0.50 m
(C) 0.75 m
(D) 1.0m
(E) 20m

When light passes from air into water, the frequency
of the light remains the same. What happens to the
speed and the wavelength of light as it crosses the
boundary in going from air into water?

Speed

(A) Increases
(B) Remains the same
(C) Remains the same
(D) Decreases
(E) Decreases

Wavelength

Remains the same
Decreases
Remains the same
Increases
Decreases

28.

29.

27

Physics B

A physics student places an object 6.0 ¢cm from a
converging lens of focal length 9.0 cm. What is
the magnitude of the magnification of the image
produced?

(A) 0.6
B) 15
© 2.0
(D) 3.0
(E) 3.6

One end of a horizontal string is fixed to a wall. A
transverse wave pulse is generated at the other end,
moves toward the wall as shown above, and is
reflected at the wall. Properties of the reflected
pulse include which of the following?

I. It has a greater speed than that of the incident
pulse.

II. It has a greater amplitude than that of the

incident pulse.

It is on the opposite side of the string from the

incident pulse.

1.

(A) Tonly

(B) III only

(C) T and IT only
(D) II and III only
(E) L 11, and 111




30.

31.

!

5 f

R

-

An object is placed at a distance of 1.5f from a
converging lens of focal length f, as shown above.
What type of image is formed and what is its size
relative to the object?

Type Size
(A) Virtual Larger
(B) Virtual Same size
(C) Virtual Smaller
(D) Real Larger
(E) Real Smaller
1 2 3

7

n, n, ny

A light ray passes through substances 1, 2, and 3,
as shown above. The indices of refraction for these
three substances are n;, n,, and n3, respectively.
Ray segments in | and in 3 are parallel. From the
directions of the ray, one can conclude that

(A) ny must be the same as n,
(B) n, must be less than n,
(C) n, must be less than 7y

-(D) n, must be equal to 1.00

(E) all three indices must be the same

. At noon a radioactive sample decays at a rate of

4,000 counts per minute. At 12:30 pM. the decay
rate has decreased to 2,000 counts per minute. The
predicted decay rate at 1:30 pM. is

(A) 0 counts per minute
(B) 500 counts per minute
(C) 667 counts per minute
(D) 1,000 counts per minute
(E) 1,333 counts per minute

33. A negative beta particle and g gamma ray are

emitted during the radioaetive decay of a nucleus
of 2éng. Which of the following is the resulting

nucleus?

(A) 210Hg
(B) 24T
(@) Zé%Bi
(D) 2§§Bi

218
(E) 2i8Po

. If the momentum of an electron doubles, its

de Broglie wavelength is multiplied by a factor of
(A)

(B)

[

©) 1
(D) 2

(E) 4

. Quantum concepts are critical in explaining all of

the following EXCEPT

(A) Rutherford’s scattering experiments
(B) Bohr’s theory of the hydrogen atom
(C) Compton scattering

(D) the blackbody spectrum

(E) the photoelectric effect




Number of
Undecayed Atoms
N

0

i 1

> Time

0

36. The graph above shows the decay of a sample of

37.

carbon 14 that initially contained N, atoms.
Which of the lettered points on the time axis could
represent the half-life of carbon 14 ?

(A) A i
(B) B
© C
D) D
(E) E

If photons of light of frequency f have momentum
p, photons of light of frequency 2f will have a
momentum of

(A) 2p
(B) V2p
© p
P
(D) =
(E) 1p

38.

39.

40.

Physics B

4 kg

A block of mass 3.0 kg is hung from a spring,
causing it to stretch {2 cm at equilibrium, as
shown above. The 3.0 kg block is then replaced by
a 4.0 kg block, and the new block is réleased from
the position shown above, at which the spring is
unstretched. How far will the 4.0 kg block fall
before its direction is reversed? R

(A) 9cm

(B) 18 cm

(€) 24 cm

D) 32 cm

(E) 48 cm

An object has a weight W when it is on the
surface of a planet of radius R. What will be

the gravitational force on the object after it has
been moved to a distance of 4R from the center
of the planet?

(A) 16W
(B) 4W
C) w
D) W
(B) =W

What is the kinetic energy of a satellite of mass m
that orbits the Earth, of mass M, in a circular
orbit of radius R ?

(A) Zero

1 GMm
(B) 3R

1 GMm
© 3%

1 GMm
N

GMm
e

E)




41.

Two objects of mass 0.2 kg and 0.1 kg, respec-
tively, move parallel to the x-axis, as shown above.
The 0.2 kg object overtakes and collides with the
0.1 kg object. Immediately after the collision, the
y-component of the velocity of the 0.2 kg object is
1 m/s upward. What is the y-component of the

velocity of the 0.1 kg object immediately after the
collision?

(A} 2 m/s downward

(B) 0.5 m/s downward
(C) Om/s

(D) 0.5 m/s upward

(E) 2 m/s upward -

Spectrum

Incident Red
Light Prism Violet

. A beam of white light is incident on a triangular

glass prism with an index of refraction of about 1.5
for visible hght, producing a spectrum. Initially, the
prism is in a glass aquarium filled with air, as
shown above. If the aquarium is filled with water
with an index of refraction of 1.3, which of the
following is true?

(A) No spectrum is produced.

(B) A spectrum is produced, but the deviation of
the beam is opposite to that if air.

(C) The positions of red and violet are reversed in
the spectrum.

(D) The spectrum produced has greater separation
between red and violet than that produced
in air.

(E) The spectrum produced has less separation
between red and violet than that produced
in air.

Aguarium

Questions 43-44

Three objects can only move along a straight, level

path. The graphs below show the position d of each
of the objects plotted as a function of time r.

d

IS
N

43.

44.

I I 1II

The magnitude of the momentum of the object is
increasing in which of the cases?

(A) II only

(B) Il only

(C) Iand Il only
(D) I and III only
(E) L II, and 111

The sum of the forces on the object is zero in
which of the cases?

(A) 11 only

(B) I only

(C) Tand IT only
(D) T and III only
(E) 1, II, and I1I




Physics B

Questions 46-47

A magnetic field of 0.1 T forc€s a proton beam
of 1.5 mA to move in a circle of radius 0.1 m. The
_plane of the circle is perpendicular to the magnetic
field.

46. Of the following, which is the best estimate of the
work done by the magnetic field on the protons
during one complete orbit of the circle?

X X X X X

45. A metal spring has its ends attached so that it forms A) 07
a circle. It is placed in a uniform magnetic field, as -2
- shown above. Which of the following will NOT (B) 107 i
: cause a current to be induced in the spring? © 1073
2
(A) Changing the magnitude of the magnetic field ) 10201
(B) Increasing the diameter of the circle by (E) 1077
stretching the spring
(C) Rotating the spring about a diameter 47. Of the following, which:is the best estimate of the

(D) Moving the spring parallel to the‘magnetic field
(E) Moving the spring in and out of the magnetic
field

speed of a proton in the beam as it moves in the
circle?

(A) 107 m/s

(B) 10° m/s

(C) 10° m/s

(D) 10* m/s

(E) 10" m/s

i
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48.

49.

© 0 0 0
-B

© /0 O\ O

©\o O 06

© © 0 0

A single circular loop of wire in the plane of the
page is perpendicular to a uniform magnetic field B
directed out of the page, as shown above. If the
magnitude of the magnetic field is decreasing, then
the induced current in the wire is

(A) directed upward out of the paper
(B) directed downward into the paper
(C) clockwise around the loop

(D) counterclockwise around the loop
(E) zero (no current is induced)

o8B
140 &
D°

A small vibrating object on the surface of a ripple
tank is the source of waves of frequency 20 Hz and
speed 60 cm/s. If the source S is moving to the
right, as shown above, with speed 20 cm/s, at which
of the labeled points will the frequency measured
by a stationary observer be greatest?-

(A A

(B) B
< C
Dy D
(E) It will be the same at all four points.

32 |

Mirror
PEg

50. An object, slanted at an angle of 45°, is placed in

front of a vertical plane mirror, ag shown above.
Which of the following shows the apparent position
and orientation of the object’s image?

e
(D)




51

52

7P
N
—_— 7 13.0m
Sound f['_/_/ _____ Lo

A=0.12m T

. Plane sound waves of wavelength 0.12 m are inci-
dent on two narrow slits in a box with nonreflecting
walls, as shown above. At a distance of 5.0 m from
the center of the slits, a first-order maximum occurs
at point P, which is 3.0 m from the central maxi-
mum. The distance between the slits is most nearly

(A) 0.07 m
(B) 0.09 m
(C) 0.16 m
(D) 0.20 m
(E) 0.24 m

Py

0

. An ideal gas is initially in a state that corresponds
to point 1 on the graph above, where it has pres-
sure p;, volume V), and temperature Tj. The gas
undergoes an isothermal process represented by the
curve shown, which takes it to a final state 3 at
temperature 73. If 7, and T, are the tempera-
tures the gas would have at points 2 and 4, respec-
tively, which of the following relationships is true?

(A) T,
BT, <1,
OC) T, <T,
YT, =T,
(B) T, =T,

< T;

53.

54.

55.

=N

The absolute temperature of a sample of monatomic
ideal gas is doubled at constant vdlume. What effect,
if any, does this have on the pressure and density of
the sample of gas?

Pressure Density
(A) Remains the same Remains the same
(B) Remains the same Doubles

(C) Doubles
(D) Doubles

Remains the same

Is multiplied by a
factor of 4

(E) Is multiplied by a Doubles

factor of 4

The disk-shaped head of a pin is 1.0 mm in diameter.
Which of the following is the best estimate of the
number of atoms in the layer of atoms on the top
surface of the pinhead?

) 10°
(B) I014 -~
© 10*
(D) 10™
(E) 10

In an experiment, light of a particular wavelength
is incident on a metal surface, and electrons are
emitted from the surface as a result. To produce
more electrons per unit time but with less kinetic
energy per electron, the experimenter should do
which of the following?

(A) Increase the intensity and decrease the wave-
length of the light.

(B) Increase the intensity and the wavelength of
the light.

(C) Decrease the intensity and the wavelength of
the light. =

(D) Decrease the intensity and increase the wave-
length of the light.

(E) None of the above would produce the desired
result.




56. An object moves up and down the y-axis with an
acceleration given as a function of time ¢ by the
expression a = A sin @, where A and o are

57.

constants. What is the period of this motion?

(A) o
(B) 2nw

©

8[
o:N

D)

Yle el¥

(E)

A ball of mass 0.4 kg is initially at rest on the
ground. It is kicked and leaves the kicker’s foot

58. A wheel of radius R and negligible mass is mounted

with a speed of 5.0 m/s in a direction 60° above

the horizontal. The magnitude of the impulse
imparted by the ball to the foot is most nearly

(A) 1 Nes
(B) V3 N-s
(C) 2 Nos
D) = N-s
D) NG $
(E) 4 N-s

on a horizontal frictionless axle so that the wheel is
in a vertical plane. Three small objects having
masses m, M, and 2M, respectively, are mounted
on the rim of the wheel, as shown above. If the
system is in static equilibrium, what is the value of
m in terms of M ?

O

B M

M T
2

D) 2M

s
2

©

E)
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Questions 59-60

A rock of mass m is thrown horizontally off a
building from a height h, as shown above. The speed
of the rock as it leaves the thrower’s hand at the edge
of the building is vy.

59. How much time does it take the rock to travel from
the edge of the building to the’ground?

(A) Vho,
(B) hiv,
(C) hvylg
(D) 2hlg
(E) 2h/g

60. What is the kinetic energy of the rock just before it
hits the ground?

(A) mgh
| 2

(B) 5mvy
|

(<) 5mVo — imgh
D)

D) 1 m Ué + mgh

(E) mgh — %mv%

61.

62.

63.

64.

Physics B

Which of the following statements is NOT a correct
assumption of the classical model of an ideal gas?
(A) The molecules are in random motion. ,
(B) The volume of the molecules is negligible com-
pared with the volume occupied by the gas.
(C) The molecules obey Newton’s laws of motion.
(D) The collisions between molecules are inelastic.
(E) The only appreciable forces on the molecules
are those that occur during collisions.

A sample of an ideal gas is in a tank of constant
volume. The sample absorbs heat energy so that
its temperature changes from 300 K to 600 K.
If v, is the average speed of the gas molecules
before the absorption of heat and v, is their
average speed after the absorption of heat, what
1s the ratio v,/ v; ?

1
(A) 3
B) 1
© V2
D) 2

(B) 4

Two people of unequal mass are initially standing
still on ice with negligible friction. They then simul-
taneously push each other horizontally. Afterward,
which of the following is true?

(A) The kinetic energies of the two people are equal.

(B) The speeds of the two people are equal.

(C) The momenta of the two people are of equal
magnitude.

(D) The center of mass of the two-person system
moves in the direction of the less massive
persom.

(E) The less massive person has a smaller initial
acceleration than the more massive person.

Two parallel conducting plates, separated by a

distance d, are connected to a battery of emf €.
Which of the following is correct if the plate separa-
tion is doubled while the battery remains connected?

(A) The electric charge on the plates is doubled.

(B) The electric charge on the plates is halved.

(C) The potential difference between the plates is
doubled.

(D) The potential difference between the plates is halved.

(E) The capacitance is unchanged.




Questions 65-66 1

mV

mV

67. A stationary object explodes, breaking into three
pieces of masses m, m, and 3m. The two pieces
of mass m move off at right angles to each other
with the same magnitude of momentum mV, as
shown in the diagram above. What are the magni-
tude and direction of the velocity of the piece
having mass 3m ?

Two concentric circular loops of radii b and 2b,
made of the same type of wire, lie in the plane of the Magnitude Direction
page, as shown above.

v
- . A A
65. The total resistance of the wire loop of radius b is R. (*) V3 »/
What is the resistance of the wire loop of radius 2b ? "
® = /
(A) R/4 V3
(B) R/2 NG
Vv
©) 2 © 3 /
(D) 2R
(E) 4R NoRY
D) -5~ '
® 2V e

66. A uniform magnetic field B that is perpendicular
to the plane of the page now passes through the
loops, as shown above. The field is confined to a
region of radius a, where a < b, and is changing
at a constant rate. The induced emf in the wire loop
of radius b is €. What is the induced emf in the
wire loop of radius 2b ?

(A) Zero
B) €2
©) ¢
(D) 2&
(E) 4¢
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View from Above

68. A rod on a horizontal tabletop is pivoted at one end

and is free to rotate without friction about a vertical
axis, as shown above. A force I is applied at the
other end, at an angle @ to the rod. If F were to be
applied perpendicular to the rod, at what distance
from the axis should it be applied in order to pro-
duce the same torque?

(A) Lsin 6
(B) Lcos 8
O L

(D) Ltan 8
(E) 2L

69.

70.

Which of the following imposes, a limit on the
number of electrons in an energy state of an atom?

(A) The Heisenberg uncertainty principle
(B) The Pauli exclusion principle

(C) The Bohr model of the hydrogen atom
(D) The theory of relativity

(E) The law of conservation of energy

A 4 pF capacitor is charged to a potential differ-
ence of 100 V. The electrical energy stored in the
capacitor is

(A) 2% 10707
B) 2 x 107°%7
(C) 2% 10°7
D) 2x 1077
(B) 2x 1077

STOP

END OF SECTION I

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

DO NOT GO ON TO SECTION II UNTIL YOU ARE TOLD TO' DO SO.
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PHYSICS B
SECTION Ii - -
Free—Response Questions
Time—90 minutes
Required questions 1-2 on pages 4-7—15 points each
Required questions 3-8 on pages 8- 19—10 points each

Percent of total grade—50

General Instructions

When you are told to begin, carefully tear out the green insert, and start work. The questions in the green insert
are duplicates of those in this booklet, except that in this booklet space has been left after each part of each
question for you to write your answers. The green insert may be used for reference only as you answer the free-
response questions. NO CREDIT WILL BE GIVEN FOR ANYTHING WRITTEN IN THE GREEN INSERT.

A table of information and lists of equations that may be helpful are on pages 1-3 of the green insert. Show your
work and write your answers t6 each question in the pink booklet only. Be sure to write CLEARLY and
LEGIBLY. Credit for your answers depends on your 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 NOT be awarded for work that is not clearly designated as the solution to a specific part of a
question. Credit for your work also depends on the quality of your solutions and explanations, so you should
SHOW YOUR WORK. If you make an error, you may save time by crossing it out rather than trying to erase it.
Crossed-out work will not be graded. You may lose credit for incorrect work that is not crossed out.
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The College Board

Advanced Placement Examination -~ -
PHYSICS B
SECTION II

TABLE OF INFORMATION FOR 1998

CONSTANTS AND CONVERSION FACTORS UNITS PREFIXES
1 unified atomic mass unit, lu = 1.66x 1077 kg Name Symbol Factor Prefix Symbol
= 931 MeV/c® meter m 10° giga * G
Proton mass, n, = 1.67x 107 kg Kilogram kg 10° mega M
Neutron mass, m, = 167x 107 kg second s 10° kilo k
- - Electron mass, — -3 . -
o m, = 911x10" kg ‘ R 102 centi c
. Magnitude of the electron charge, e = 1.60%10°°C ampere
3 e
Avogadro's number, Ny = 6.02x 10 mol™ kelvin K 10 milli m
.6 .
Universal gas constant, = . 10 micro i
g R = 8311/ (mol " K) mole mol
Boltzmann's constant, ky = 138x 107 1/K 1079 nano n
E . - . . hertz Hz .
Speed of light, c=300%x10" m/s - 10712~ pico P
S Planck’s constant, o SRR newton N s
h=663x10° s paseal Pa VALUES OF TRIGONOMETRIC FUNCTIONS
=414%x107" eV s FOR COMMON ANGLES
he = 1.99 x 10":5 Jm joule J ¢] sin 6 cos 8 tan O
= 124%10° eV * nm watt w 00 0 1 0
N BRI 2 coulomb C
Vacuum permittivity, = 8. 0"l m cou o
P ’ € = BEIXI0TC/Nm 30 12 | 3 (N33
Coulomb's law constant, k=1/4m€, = 9.0x10° N - m*/C volt v
Vacuum permeability, ty = 4 x 107 (T - m) /A ohm Q 37° 3/5 4/5 3/4
Magnetic constant, K =pysdn = 107(T m) /A henry H
Universal gravitational constant, G =667x10" m/ kg - s farad F 45° N2 \5/2 1
Acceleration due to gravity tesla T
at the Earth's surface, y 2 ’ o
& =98m/s degree 53 4/5 35 | 4/3
I atmosphere pressure, Jatm = 1.0x 10° N/m’ Celsius °C
5
= 10% 10° Pa electron- 60" V312 12 | V3
19 volt eV
1 electron volt, eV = 1.60%x 1077
I angstrom, 1A =1x10"m . 90c : 1 0 o

The following conventions are used in this examination.
1. Unless otherwise stated, the frame of reference of any problem is assumed to be inertial.
11, The direction of any electric current is the direction of flow of positive charge (conventional current).
IIl. For any isolated electric charge, the electric potential is defined as zero at an infinite distance from the charge.

IV. The work done by a thermodynamic system is defined as a positive quantity.

This insert may be used for reference and/or scratchwork as you answer the free-response questions, but be
sure to show all your work and your answers in the pink booklet. No credit will be given for work shown on
this green insert.

Copyright © 1998 by College Entrance Examination Board and Educational Testing Service.
All rights reserved.

For face-to-face teaching purposes, classroom teachers are permitted to reproduce only the questions in this green insert.
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ADVANCED PLACEMENT PHYSICS B EQUATIONS FOR 1998

NEWTONIAN MECHANICS

v = g+ at a = acceleration
F = force
1 5 f = frequency
§ =S85+ Vol + 5 at = heigh[
- J = impulse

K = kinetic energy

R
= p,> + 2als — .
0" = v + 2als = o) k = spring constant

¢ = length

2F = Fppr = ma m = mass
N = normal force

Fpic S BN P = power
p = momentum

2 r = distance
v .

ac ==~ s = displacement

T = period
i t = tjime
T=rFsin @ U = potential energy

v = velocity or speed
p =mv W = work
x = displacement

I = FAt = Ap [ = coefficient of friction
6 = angle
| , T = torque
K=5muv

AUg = mgh

W=F-s=Fscos 6

Pavg = 95
P=Fry
Fy = —kx
Us'——-%kx2

1
T= }

Gmym,
Fog=—-——"7—
G r2

Gmym
Ug = -2

ELECTRICITY AND MAGNETISM

FVZ 1 99 A = area
drep r? B = magnetic ficld
F C = capacitance
E= 7 d = distance
| E = electric field
=qV = 9192 = emf
Ue=4qV 4meq r F = force
I = current
Eavg = L/ ¢ = length
d P = power
1 9 @O = charge
V= 4neozr g = point charge
R = resistance
C= 9} r = distance
% ! = time
U = potential (stored) energy
C= €A : V-= electric potential or
T d T potential difference
| . v = velocity or speed
U.==0V==CV* p = resistivily
€72 Q 2 ¢, = magnetic flux
AQ
]avg = E
R=5E
V =1IR
P=1V
q:Zq
1
1_sl
Cs ™ Ci

1 1

Fg=qvBsin 8

Fg = Bl¢ sin 8
=Ml

B—27cr

6, =B-A=BAcos 8

A
Eavg =~ ;D;,,

£ =By
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ADVANCED PLACEMENT PHYSICS B EQUATIONS FOR 1998

THERMAL PHYSICS

Ag = agAT
Q=mL

Q = mcAT

3
i
>

pV = nRT

3
Kavg =5 ksT

W = pAV

Q = ncAT

AU=Q - W

AU = neyAT

LW _Ou-0
Oy Oy

e THT"” T

3RT 3ksT_
Urms = M _/l_

A = area

¢ = specific heat or molar
specific heat

e = efficiency

= force

K,wg = average molecular
kmenc energy

L = heat of transformation

¢ = length

M = molar mass

m = mass of sample

n = number of moles

p = pressure

Q = heat transferred

T = temperature

U = intgrnal energy
V = volume ~
Vs = rOOL-mean-square

velocity
W = work done by system
o = coefficient of linear
expansion
1 = mass of molecule

ATOMIC AND NUCLEAR PHYSICS

E = hv =pc

E = energy,
Komax = hv — 0 fl = ‘;I;:«SC energy
h p = momentum
A= p A = wavelength
v = frequency
= (Am)c2 ¢ = work function

WAVES AND OPTICS
U= VA

n =

SR

ny sin B, = n, sin 6,

n,
sin 6, = n
1,11
si s f
_hi s
M= hy ~ S
R
f=3
dsin 8 = mh
mAL
Am = a4

d = separation

f = focal'length

h = height

L = distance

M = magnification

m = an integer

n = index of refraction
R = radius of curvature
s = distance

U = speed

x = distance

A = wavelength
v = frequency
6 = angle

GEOMETRY AND TRIGONOMETRY

Rectangle
A =bh
Triangle

1
A:zbh

= area
circumference
volume

mtacc area

S
bas
he 10ht
length
w = width
r = radius

v [

Circle
A=nr’

C = 2nr
Parallelepiped
V =€wh

Cylinder R
V=nr¢
S = 2mre + 2nr
Sphere

N\@‘Cﬂ‘<ﬁ>

V:%an

S = 4nr’
Rxght Tr:angle
a+bi=c’

sin 8 =

(@]
o]
@
[eal
|

tan 0 =

SR o OISR

s
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Physics B

PHYSICS B
- SECTION I
Time — 90 minutes
8 Questioné
Directions:  Answer all eight questions, which are weighted according to the points indicated. The suggested time
is about 15 minutes for answering each of questions | and 2, which are worth 15 points each, and about 10 minutes

for answering each of questions 3-8, which are worth 10 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, NOT in the green insert.

Alml___ .

1. (15 points)
Two small blocks, each of mass m. are connected by a string of constant length 44 and negligible mass. Block A
is placed on a smooth tabletop as shown above, and block B hangs over the edge of the table. The tablctop is a
distance 2h above the floor. Block B is then released from rest at a distance A above the floor at time 1 = 0.
Express all algebraic answers in terms of h, m, and g.

(a) Determine the acceleration of block B as it descends.

(b) Block B strikes the floor and does not bounce. Determine the time 1, at which block B strikes the floor.




(¢) Describe the motion of block A from time ¢ = 0 to the time when block B strikes the floor.

(d) Describe the motion of block A from the time block B sirikes the floor to the time block A
leaves the table. : ’

(e) Determine the distance between the landing points of the two blocks.




Physics B

0.30m

z {(out)

0.01 kg
~80.0uC

2. (15 points) R ‘ T
A wall has a negative charge distribution producing a uniform horizontal electric field. A small plastic ball of
mass 0.01 kg, carrying a charge of —80.0 uC, is suspended by an uncharged, nonconducting thread 0.30 m long.
The thread is attached to the wall and the ball hangs in equilibrium, as shown above, in the electric and gravita-
tional fields. The electric force on the ball has a magnitude of 0.032 N.

(a) On the diagram below, draw and label the forces acting on the ball.

Rl ST
|
{
i
|
{
1
[
M

(b) Calculate the magnitude of the electric field at the ball’s location due to the charged wall, and state its direc-
tion relative to the coordinate axes shown.




(c) Determine the perpendicular distance from the wall to the center of the ball.

(d) The string is now cut.

i. Calculate the magnitude of the resulting acceleration of the ball, and state its direction relative to the
coordinate axes shown.

ii. Describe the resulting path of the ball.

NTO THENEXT P A i

N
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\/\HOHOW Sphere _ ‘_

? A\« Valve

Horizontal
Axis

““\__ Hollow Tube

filled with
Lead Beads . e

3. (10 points)
Students are designing an experiment to demonstrate the conversion of mechanical energy into thermal energy.
They have designed the apparatus shown in the figure above. Small lead beads of total mass M and specific
heat ¢ fill the lower hollow sphere. The valves between the spheres and the hollow tube can be opened or closed
to control the flow of the lead beads. Initially both valves are open.

(a) The lower valve is closed and a student turns the apparatus 180° about a horizontal axis, so that the filled
sphere is now on top. This elevates the center of mass of the lead beads by a vertical distance #. What
minimum amount of work must the student do to accomplish this?

(b) The valve is now opened and the lead beads tumble down the hollow tube into the other hollow sphere. If all
of the gravitational potential energy is converted into thermal energy in the lead beads, what is the tempera-
ture increase of the lead?




(c) The values of M, h, and ¢ for the students’ apparatus are M = 3.0 kg, # = 2.00 m, asnd
¢ = 128 J/(kg - K). The students measure the initial temperature of the lead beads and then conduct
100 repetitions of the “elevate-and-drain” process. Again, assume that all of the gravitational potential
energy is converted into thermal energy in the lead beads. Calculate the theoretical cumulative temperature
increase after the 100 repetitions. .

(d) Suppose that the experiment were conducted using smaller reservoirs, so that M was one-tenth as large (but
h was unchanged). Would your answers to parts (b) and (c) be changed? If so, in what way, and why? If
not, why not?

(e) When the experiment is actually done, the temperature increase is less than calculated in part (c). Identify a
physical effect that might account for this discrepancy and explain why it lowers the temperature.




. (10 points) - .

In the circuit shown above, A, B, C. and D arc identical lightbulbs. Assume that the battery maintains a
constant potential difference between its terminals (i.c., the internal resistance of the battery is assumed to be
negligible) and the resistance of each lightbulb remains constant.

(a) Draw a diagram of the circuit in the box below, using the following symbols to represent the components in
your diagram. Label the resistors A, B, C. and D to refer to the corresponding lightbulbs.

| .
T ANV AN =AM —AM—

Battery Resistors

Draw your diagram in this box only.




(b) List the bulbs in order of their brightnesses, from brightest to least bright. If any two or miore bulbs have
the same brightness, state which ones. Justify your answer. - -

(c) Bulb D is then removed from its Sécket’. v e

i. Describe the change in the brightness, if any, of bulb A when bulb D is removed from its socket.
Justify your answer.

1. Describe the change in the brightncss:, if any, of bulb B when bulb D is removed from its socket.
Justify your answer. -
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(D ‘1 Pulle kg

Tuning For

5. (10 points)
To demonstrate standing waves, one end of a string is attached to a tuning fork with frequency 120 Hz. The other
end of the string passes over a pulley and is connected to a suspended mass M as showan in the figure above.
The value of M is such that the standing wave pattern has four “loops.” The length &f the string from the
tuning fork to the point where the string touches the top of the pulley is 1.20 m. The linear density of the string
is 1.0 x 107 kg/m, and remains constant throughout the experiment.

(a) Determine the wavelength of the standing wave.

(b) Determine the speed of transverse waves along the string.

GO ON TO THE NEXT PAGE

51




{c) The speed of waves along the string increases with increasing tension in the string. Indicate whether the

value of M should be increased or decreased in order to double the number of loops in the standing wave
pattern. Justify your answer. )

(d) If a point on the string at an antinode moves a total vertical distance of 4 cm during one complete cycle,
what is the amplitude of the standing wave?
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6. (10 points)
A heavy ball swings at the end of a string as shown above, with negligible air resistance. Point P is the lowest
point reached by the ball in its motion, and point Q is one of the two highest points. : - -

(a) On the following diagrams draw and label vectors that could represent the velocity and acceleration of the
ball at points P and Q. If a vector is zero, explicitly state this fact. The dashed lines indicate horizontal
and vertical directions.

i. Point P

it. Point Q

| GO ON TO THE NEXT PAGE

e




(b) After several swings, the string breaks. The mass of the string and air resistance are negligtble. On the
following diagrams, sketch the path of the ball if the break occurs when the ball is at poimt P or point Q.
In each case, briefly describe the motion of the ball after the break.

i. Point P

ii. Point Q
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Meter Stick \/\4

Diffraction
Grating

SHo]e aty=0

Sy
= Q} Hydrogen Discharge Tube

’
/

- . “Hy, =428 mm (first-order red)

"

Note: Figure is drawn to scale.

7. (10 points) ) - : -
A transmission diffraction grating with 600 lines/mm is used to study the line spectrum of the light produced
by a hydrogen discharge tube with the setup shown above. The grating is 1.0 m from the source (a hole at the
center of the meter stick). An observer sees the first-order red line at a distance y, = 428 mm from the hole.

(a) Calculate the wavelength of the red line in the hydrogen spectrum.

55




(b) According to the Bohr model, the energy levels of the hydrogen atom are given by E, = +13.6 eVin’,
where n is an integer labeling the levels. The red line is a transition to a final level with_n = 2. Use
the Bohr model to determine the value of n for the initial level of the transition.

(¢) Qualitatively describe how the location of the first-order red line would change if a diffraction grating
with 800 lines/mm were used instead of one with 600 lines/mm.

GO ON TO THE NEXT PAGE.

56




Physics B
P

?"‘ ““““““ 1‘
L

I

Figure |

8. (10 points)
The long, straight wire shown in Figure | above is in the plane of the page and carries a current /. Point P is
also in the plane of the page and is a perpendicular distance d from the wire. Gravitational effects are negligible. -

~

(a) With reference to the coordinate system in Figure 1, what is the direction of the magnetic field at point P
due to the current in the wire?

A particle of mass m and positive charge ¢ is initially moving parallel to the wire with a speed v, when
it is at point P, as shown in Figure 2 below.

~

Figure 2

(b) With reference to the coordinate system in Figure 2, what is the direction of the magnetic force acting on the
particle at point P ?

57




(c) Determine the magnitude of the magnetic force acting on the particle at point P in terms of the given
quantities and fundamental constants.

g

(d) An electric field is applied that causes the net force on the particle to be zero at pojiit P.

i. With reference to the coordinate system in Figure 2, what is the direction of the electric field at point P
that could accomplish this?

ii. Determine the magnitude of the electric field in terms of the given quantities and fundamental constants.

End of Examination
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Answers to the 1998 AP Physics

L]

Section I: Multiple Choice Section I: Multiple Choice

& Blank Answer Sheet . -
Listed below are the correct answers to the multiple-

B Section II: Free Response choice questions and the percentage of AP candidates
who answered each question correctly. A copy of the
blank answer sheet appears on the following pages.

Answer Key and Percent Answering Correctly

~ Percent
Correct
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_A. SIGNATURE To maintain the security of the exam and the validity of my AP grade. | vill allow no one other
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Literature Examination, please answer the following questions. (Your responses will not affect your grade.)

1. Have you lived or studied for one month or more in a country where the
language of the exam you are now taking is spoken? O Yes O Neo

2. Do you regularly speak or hear the language at home? O Yes O No
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Section li: Free Response

On the next several pages, you will find a general analysis
of each question, and the students” performance on it, by
the Chief Faculty Consultant. Following these are the
scoring guidelines used by the faculty consultants ar the

.
— -

AP Reading. There are also sample student responses for

~each question, along with comments indicating why they

received the score they did. A distribution of student scores
on each free-response question appears on page 217.

Question 1 (15 points) — Scoring Guidelines

This mechanics question uses a modification of the classic Atwood’s machine arrangement of two connected
masses. In a very traditional way it tests the student’s understanding of Newton’s laws, straight-line kinematics,
and projectile motion. The different conditions before and after the hanging mass strikes the floor provide for a

good test of the student’s depth of understanding, The symbolic nature of the solutions provides another

challenge to the less able student. Most parts of the problem could be correctly solved by more than one method.
Many students were clearly not comfortable with describing physical situations verbally.

Distribution
of points
(a) 3 points -
For a force diagram or a correct abplication of Newton’s second law for block 4 1 point
N
T OR ma=1
l m N
For a force diagram or a correct application of Newton’s second law for block B 1 point
7/
OR ma=mg—T
"
Combining the two equations to eli@inatc T
ma =mg —ma : =
2ma = mg
For the correct answer 1 point
a=£
2
(Alternate solution) (Alternate points)
For treating the system as a one-body problem (of mass 2m), with the proper
gravitational force acting 1 point
For correctly applying Newton's second law 1 point
2ma =mg
For the correct answer 1 point

g

a=—
2



Question 1 (continued)

(b) 3 points

For using the kinematic equation for distance

1 2
§ =5, + Vi +Eat

For correctly substituting values, including the value of acceleration from part (a)

h:—l—(éj 2
212

For the correct answer

r=2|2

g -

(Alternate solution)

For equating the work done as block B falls to the change in kinetic energy of

the blocks during this time
W=AK

mgh = —;— (2my*

For using the kinematic equation for speed to determine the velocity of the

blocks just before block B strikes the floor

V=0, +ai
oy
2

Combining the two equations

1 2
mgh= > (2m{—§— t)

g 2
h=| L1
& [2j

g
h=5
Jeh -

For the correct answer

r=2 2

g

/Distribution
of peints

1 point

1 point

1 point

(Alternate points)

1 point

1 point

1 point



Hjoping

Question 1 (continued)

©

(d

(e)

2 points
For indicating that block 4 accelerates across the table

For also having no incorrect statements about the block’s motion
(‘This point was only awarded if the previous point was received.)

2 points

For any indication that block 4 is still in motion after block B strikes the floor
(e.g. referring to the block’s velocity)

For indicating that the block’s velocity is constant

One point was awarded for a statémerit that the velocity would decrease if friction -
was present

5 points

Since block B falls straight to the floor and stops, the distance between the landing
points is equal to the horizontal distance of block 4 from the edge of the table

Determining the constant horizontal speed v at which block 4 travels:

For equating the work done as block B falls to the change in kinetic energy of
the blocks during this time

W=AK

~ mgh :%(Zm)v2

For determining the velocity of the blocks just before block B strikes the floor

- *

For the correct kinematic equation for the horizontal distance x traveled by block 4,
with zero acceleration
x="0t

Determining the time # during which block 4 falls;
For using the correct kinematic equation for the distance y that block 4 falls

1 2
Y=y, +voyt+5ai

66

Distribution
of points

1 point

1 point

1 point

1 point

1 point

1 point

1 point

1 point



Question 1 (continued)
(e) (continued)

Substituting the appropriate values and solving for the time of fall

1
2h=—gt’
28’
Y
g

Substituting into the equation for x
x= 1/hg [2 \/Z }
g

For the correct answer (consistent with values obtained for v and 1)
x=2h ‘

(Alternate solution for first two points)

For using the kinematic equation for speed to determine the velocity of the
blocks just before block B strikes the floor
V=1, t+at

Substituting the correct values
g |2h

2V g

For determining the velocity of the blocks just before block B strikes the floor

v=Jhg

67

Physics & [EXEEEEA)
Answers and Samples
Distribution
_ _ of points

N-f- 1 point
(Alternate points)

1 point

1 point



Very Good Student Response: 13 points

'B@L_%

!
|

1. (15 points)
Two small blocks, each of mass m, are connected by a string of constant length 4k and negligible mass. Block A

is placed on a smooth tabletop as shown above, and block B hangs over the edge of the table. The tabletop is a
distance 2h above the floor. Block B is then released from rest at a distance h above the floor at time ¢ = 0.

Express all algebraic answers in tcgtms of h, m, and g. : :y

e

(a) Determine the acceleration of block B as it descends.

mg - 7 =mo-

T ar%
mg- mea.= M-

m(9:2mm

__’17—:4
ApA

(b) Block B strikes the floor and does not bounce. Determine the time #; at which block B strikes the floor.
Ay=ut+% at”
he0-39%°

e 2ot
VRN
g

A




Physics B
Answers and Samples

(c) Describe the motion of block A from time ¢ = 0 to the time when block B strikes the fldor.

LBrocx A wre rmeveE FROm CEFT TE REHT o FHE FerFR &
op e FRECE IwE IRCNIrpE OF BCRELERR v o FfOX SlLock
/71 il BE EQRQUITL O IHE PIFOA S TUDE I~ FROCOELE R T7IAS FOL

Grocr &S, (= )

(d) Describe the motion of block A from the time block B strikes the floor to the time block A
leaves the table.

ﬂ/VCé‘ BLock L3 STRIKES THE Aok BLOCK /"7'7 WLt

CEASE 70 A E e RATE, Lr WILL QONTIPUE BT
fr QONSTRN 7 ELOQITY N7/ /7  REACHES THE LD

OF 7AE TABLE,

(e) Determine the distance between the landing points of the two blocks.

at=v ot Z/‘+ R
5.“_:\/

2U5) - d%@-ﬂ)(z,}—)
AyzptT2°

] oz
'ZA-__ f" A7(~5;W/

JZA
AX=
Y+

j%= 2/% @

and recewes qu crecht fon a ﬁnal answer that is con31stent: wn:h the mcorrect tu’ne calculated m T‘ o
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Good Student Response: 10 points

Am _

1. (15 points) :
Two small blocks, each of mass m, are connected by a string of constant length 4h and negligible mass. Block A
is placed on a smooth tabletop as shown above, and block B hangs over the edge of the table. The tablctop is a
distance 2h. above the floor. Block- B is then released from rest at a distance h ab@ve the floor at time ¢ = 0.

Express all algebraic answers in terms of h, m, and g.

(a) Determine the acceleration of block B as it descends.

y s ‘@}MW@@}J&'L 6.{/3“/42

(b) Block B strikes the floor and does not bounce. Determine the time #; at which block B strikes the floor.
i

-

| 2 ; |
L\-’—j{&f’ -
,}_—-9;3’!

ﬁ%



Physics B

Answers and Samples

(c) Describe the motion of block A4 from time 7 = 0 to the time when block B strikes the ﬂoor

/%’ Hy follisy Sk, ,Mﬁ;

(d) Describe the motion of block A from the time block B strikes the floor to the time block A
leaves the table.

Aftn Mochs & St %WJ%;@M o e
{12 4%;% 9V et Sy
v=3(,JI’7/f_.)

(e) Determine the distance between the landing points of the two blocks.

L"o{‘;z‘.jl-f?é?#rf

V= 01/?‘

.1L-2 :_: 14 ( ’f’)
The = BNGEAL 2%’7
+'= L”"/ﬁ ')..._—
/(:f;J’z

e




Question 2 (15 points) — Scoring Guidelines

— -

The conditions of static equilibrium and the force on a charge in an electrostatic field are examined in this
question. A common mistake was to treat the electric field as one that decreased with distance from the charged
wall. The physical scenario of this problem makes for a somewhat unusual situation in the last part of this
problem. Constant acceleration in both the horizontal and vertical directions is seldom encountered in textbook
problems. As a result the last part is an excellent test of physical understanding.

Distribution
of points
(a) 3 points y
A
!
i
TR
|k
———————— ————aX
mg L
‘l > . . .
One point for each correctly drawn and labeled force 3 points
One point was deducted (up to a maximum of three points) for each extra force,
for any missing arrowheads, and for any missing labels
(b) 3 points
For using the correct expression for the magnitude of the electric field (as indicated
by either of the following two equations) 1 point
E=F/q
E=0.032N/80.0x10° C
For the correct magnitude of the field 1 point
E =400 N/C
For indicating the correct direction for the field (e.g. ~x, or to the left) ~— ‘ 1 point
(© 4 points
For some indication of resolving the tension into x and y components 1 point
y
A
‘”l
T4 o
A4
______ ! — e o X
mJ
|
i
For the correct force equations using these components ) 1 point
T sin 8 = mg
T cos 06=mg




Question 2 (continued)

(c) (continued)

Dividing these equations
tanf = L3
mg

For determining the value of the angle 6

(0.032N)

tan §

0=18°

Using trigonometry to find the perpendicular distance x from the wall

sin@=
0.30

8 ms?J0.01kg)

m

For the correct value for x

x=0.09m

(Alternate solution I)

For some indication that the three forces are in equilibrium, e.g. drawing the

triangle representing the vector addition

For using trigonomefry to find the angle 6

mg

F

€

For determining the value of the angle 6

anf — (0.032N)
(9.8 m/s? J0.01kg)
6=18°

Physics B {515
Answers and Samples
Distribution
~ T of points

1 point

1 point
(Alternate points)

1 point

1 point

1 point



Distribution
— - of points
Question 2 (continued)

(c) (continued)

Using trigonometry to find the perpendicular distance x from the wall

sin@ = _*
030m

For the correct value for x 1 point
x=0.09m

(Alternate solution 11) (Alternate points)

For indicating both triangles to be used in the method of similar triangles 2 points

£, X

Calculating the length of the hypotenuse (the tension) in the force triangle
T=4/(0098 NY + (0032 N)’ =0103 N

For correctly setting up the proportionality between the sides of the triangles 1 point
x _0.032N
030m O0.103N

For the correct answer ‘ I point
x=009m -

74




Question 2 (continued)

(@

i

ii,

4 points

For using Newton’s law to calculate the acceleration due to the electric force
F  0.032N

For vector addition of the two accelerations
& = (32ms*f + 08 mvs2 )

For the correct magnitude of the resultant acceleration
a=10.3m/s .

Using trigonometry to calculate the angle 6
9.8 m/s*

tanf = 3
3.2 m/s

(One could also realize that the acceleration must be opposite the tension, whose
angle may have been determined in part (¢) )

For the correct value of 4
6 = 72° below the x-axis or 18° to the right of the y-axis

1 point
For correctly indicating that the ball moves in a straight line, down and to the

right (via words or a figure), or indicating that the ball has a horizontal
acceleration and a vertical acceleration due to gravity

Physics B
Answers and Samples

Distribution
— =of points

1 point

1 point

1 point

1 point

1 point



Excellent Student Response: 15 pgéhts

0.30m

z {(out)

0.01 kg
-80.0 uC

2. (15 points)
A wall has a negauve charge ¢ distribution producmg@mform horizontal electric fleﬂ small plastic ball of
mass 0.01 kg, carrying a charge of ~80.0 pC, is suspendcd by an uncharged, nonconductmg thread 0.30 m long.
Thethread s attached to the wall-and-the ball hangs in equilibrium, as shown above, in the electric and gravita-
tional fields. The electric force on the ball has a magnitude of 0.032 N.

~omem——
(a) On the diagram below, draw and label the forces acting on the ball.

G e et

(b) Calculate the magnitude of the electric field at the ball’s locatlon due to the charged wall, and state its direc-
tion relative to the coordmat?a?es"s‘ﬁown

Fo= U=
, 032N= (80K wte) €

E =-looMle N |
+owgrel Thi %e;-g%s‘("’x oKl S
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{c) Determine the perpendicular distance from the wall to the center of the ball.

iy\s O=W - TSING=0 -
RN - T8in6=0 S IN= Tsin6 ‘

-
in——O =F — TCos6=0
3, 125N=Lanb
Q=13 .25°

Ngyz.ameosqaasY =, 09m

{d) The string is now cut Y\I T
i. Calculate the magnitude of the resulting acceleration of the ball, and state its direction relative to the
coordinate axes shown.

F*e/oo’bzr\j
B <@ T Fresutani®, |V

- N | W

o b e . AN = 26 °
r NN g ton 7 TR
F=ma&= N

4 = -2.25° below

.IN=(olkg)a O omls* ot Y SN S

ii. Describe the resultmg path of the ball.

Thee boll WO Jd mavEs along o Shraig
£ bal =
?cxhz ok A2 25° below X a3

- - -—

) g0

o menta ry :

tdent presents an extremely good solution. Note that for part © the student has defined 8 as the Iarger .
’ gie of the trtangle, 50 that the sine and cosine are switched when comparing these answers to the scoring.
de. In part (d) the student shows an understandmg of the need to add the two force vectors and then makes g
L easonable approxnnanon for the resultant force.




Very Good Student Response: 13 points

0.30 m

0.01 kg
—-80.0 uC

2. (15 points)
A wall has a negative charge distribution producing a uniform horizontal electric field. A small plastic ball of
mass 0.01 kg, carrying a charge of —80.0 pC, is suspended by an uncharged, nonconducting thread 0.30 m long.
The thread is attached to the wall and the ball hangs in equilibrium, as shown above, in the electric and gravita-
tional fields. The electric force on the ball has a magnitude of 0.032 N.

(a) On the diagram below, draw and label the forces acting on the ball.

(b) Calculate the magnitude of the electric field at the ball’s location due to the charged wall, and state its direc-
tion relative to the coordinate axes shown.

- 032N

5800 < 16%x

N H

o
E:%’LIOO /\)/C]: = 4nn N/C:Lmﬂ%/@i}uxfﬁegf_?dfwm
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(c) Determine the perpendicular distance from the wall to the center of the ball

les

--

0 X
ain 1€ = 3w
O07m = %

(d) The string is now cut.

i. Calculate the magnitude of the resulting acceleration of the ball, and state its direction relative to the
coordinate axes shown.

. .o328)
F =wno. w167 T
N 73,0097/\J$mq
-, \
S ,0093 N = (o]) a
./'"72 C}? w= O
N T0%E A
ot 72"
ii. Describe the resulting path of the ball. -
/(-X &(}ié( & /0}/’" - / 1 -3
/0 M X 12
.__—-—-(:"_\ l/vxa(
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Question 3 (10 points) — Scoring Guidelines

— -

This calorimetry question deals with a classic experimentaily based situation, some version of which many
students have probably encountered in their laboratory experience. Students are required to equate the
gravitational potential energy of the lead shot to the heat gained by the shot. The last part of the question requires
the student to investigate the assumptions made in the ideal treatment of the problem.

Distribution
of points
(a) 1 point
’ For the correct value of work required to raise the center of mass of the lead ‘ ’1 point
W =mgh
(b) 3 points
For a correct expression for the change in gravitational potential energy, mgh * 1 point
For a correct expression for the change in thermal energy, mcAT 1 point
This point was also awarded for using the expression nc, AT, but in this case the
final point was not awarded
Equating the two energy changes
mgh = mcAT
For the correct answer 1point
ar=28"
c
(c) 2 points
For correctly substituting values in the answer to part (b) and a correct calculation 1 point
For multiplying that value by 100 1 point
8m/s” |2,
AT, =100 (9 8 m/s )(2 00m)
128J/kg K
AT, =153K (15.6 K whenusing g =10m/s?.)
(d) 2 points
The answers to parts (b) and (c) will not change, because AT does not depend on the mass.
For correctly saying “no” and including a correct physical explanation ‘ 2 points

Full credit was awarded for “yes” plus an explanation if this was consistent with
student’s answers to (b) and (c).
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-Distribution
-~ = of points
Question 3 (continued)
(e) 2 points
For any completely correct answer referring o energy transfer 2 points

For example: There is friction between the lead and the apparatus, resulting in a loss
of heat to the surroundings.

Only one point was awarded for an answer that had a correct reference to energy
transfer but also had incorrect statements.

Only one point was awarded for a correct answer without elaboration, for example,
“Friction”, “Air resistance”, or “Time elapsed”

e




Excellent Student Response: 10 points

JHollcw Sphere

T
)
r\/ Valve
b f%’? Izzir;zomal

““\_ Hollow Tube

filled with
Lead Beads

3. (10 points)
Students are designing an experiment to demonstrate the conversion of mechanical energy into thermal energy.

They have designed the apparatus shown in the figure above. Small lead beads of total mass M and specific
heat ¢ fill the lower hollow sphere. The valves between the spheres and the hollow tube can be opened or closed

to control the flow of the lead beads. Initially both valves are open.

(a) The lower valve is closed and a student turns the apparatus 180° about a horizontal axis, so that the filled
sphere is now on top. This elevates the center of mass of the lead beads by a vertical distance A. What

minimum amount of work must the student do to accomplish this?

S%uécb? ; ves SfLﬁrc {)JJC/T ‘al evffj e v{/\\) Ei)& M5
,', 1([6(,\03‘ f:;u,?( 18 N\Sh -

(b) The valve is now opened and the lead beads tumble down the hollow tube into the other hollow sphere. If all
of the gravitational potential energy is converted into thermal €énergy in the lead beads, what is the tempera-

?E:lefr Q=M a7 PE:Q\
-
m/ﬁh :Mc AT jl’:l cAT Al%
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(c) The values of M, h, and c for the students’ apparatus are M = 3.0 kg, h = 2.00 m, and
¢ = 128 J/(kg - K). The students measure the initial temperature of the lead beads and then—conduct
100 repeutlons of the “elevate-and-drain™ process. Again, assume that all of the gravitational potential
energy is converted into thermal energy in the lead beads Calculate the theoretical cumulative temperature
increase after the 100 repetitions.
C’c ?”’ I e 02 ¥

9&" (port b) DT = =%
AT= byom p 28 Yy K
AT-.152125 ¥

AT = AT 100 = 5128100 <15 2125 &)

i N
{ umu 't

&= -

(d) Suppose that the experiment were con'élucte'd using smaller reservoirs, so that M was one-tenth as large (but
h was unchanged). Would your answers to parts (b) and (c) be changed? If so, in what way, and why? If
not, why not?

MO, %qu b\xoulo{ ot Q\ww«jc

@Ol%}l’{al E’fﬁ"jy epd ”C él@ﬁ\‘} Ox.g(jf(j 07 € Laal*tw
o\(vcmuv; pre tor Liom ol Fo He madp

d

PE= Meh=McnT = Q Moh=M DT ey cosge i
e IS (,)(H hot &D-C(c“f ‘}L’; CL‘an £ it T{,’ﬂ‘lt‘rﬁ}!&,‘;é

(¢) When the experiment is actually done, the temperature increase 1s less than calctlated in part (c). Identify a
physical effect that might account for this discrepancy and explain why it lowers the temperature.

Hza\f ‘\’V&N‘j‘er
)f\@i’ L\)C\b.\-(; ‘e’i‘;& i‘f&b«&‘ft'w{i )DIOM 'He )oe@é,p ."L“ ILZC

I3 N

Oklﬁ&’&‘ikf’ th\ bymﬂ; vfc re %0 (‘{: a7, H:acw} mi” Hou ﬁé‘& /aJ'?{‘
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Good Student Response: 7 points

J Hollow Sphere

O
yk Valve

| Horizontal
- h.- (2l \~ Axis
| ““\__ Hollow Tube
a, N - : r\/Va]ve

M * -
"’\/ Hollow Sphere

filled with
Lead Beads

I
N b

3. (10 points)
Students are designing an experiment to demonstrate the conversion of mechanical energy into thermal energy.
They have designed the apparatus shown in the figure above. Small lead beads of total mass M and specific
heat ¢ fill the lower hollow sphere. The valves between the spheres and the hollow tube can be opened or closed
to control the flow of the lead beads. Initially both valves are open.

(a) The lower valve is closed and a student turns the apparatus 180° about a horizontal axis, so that the filled
sphere is now on top. This elevates the center of mass of the lead beads by a vertical distance h. What
minimum amount of work must the student do to accomplish this?

W= Fdislne

N -

W'/W\%\“

(b) The valve is now opened and the lead beads tumble down the hollow tube into the other hollow sphere. If all
of the gravitational potential energy is converted into thermal energy in the lead beads, what is the tempera-
ture increase of the lead?
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(c) The values of M, h, and ¢ for the students’ apparatus are M = 3.0kg, h = 2.00 m, and
¢ = 128 J/(kg - K). The students measure the initial temperature of the lead beads and then cofiduct
100 repetitions of the “elevate-and-drain” process. Again, assume that all of the gravitational potential

energy is converted into thermal energy in the lead beads. Calculate the theoretical cumulative temperature
increase after the 100 repetitions.

AT~ CI_OW%*YZ‘““‘) = Mo x 100repn = ‘@OK
0B

yu

(d) Suppose that the experiment were conducted using smaller reservoirs, so that M was one-tenth as large (but
h was unchanged). Would your an

hy not? wers to parts (b) and () be changed? If so, in what way, and why? If
e e‘\\’wt‘)- LCCU:(_C% hou€ nem Cwud: LG Same
o dnu ol oAUl e dhe
Ok b\/\m\%‘- o~ MR,

Mcoww\ﬁiw Sl ne?

(e) When the experiment is actually done, the temperature increase is less than calculated in part (c). Identify a
physical effect that might account for this discrepancy and explain why it lowers the temperature.

Not G o dire Qriohfial pnersy
widd  Wawe popn mwmed |
WD el oneigy , Osme
hon (el comitriesd D

ANT Y wwrng Dp55ibly
Sl Gvtdd e fyieh o
WM S s o A

—
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Question 4 (10 points) — Scoring Guidelines

——

This DC circuit question is completely quélitative, requiring no numerical calculations. To successfully complete
this question the student is required to demonstrate a good understanding of Ohm’s law, the electrical power’s
dependence on voltage and current, and the characteristics of series and parallel connections of circuit elements.

Distribution
of points
(a) 3 points
Draw your diagram in this box only.
- D R
A c B

For connecting bulbs A4, B, and C end to end, in the correct order - 1 point

For connecting bulb D in parallel across both B and C 1 point

For connecting the battery so that current exists in all four bulbs 1 point
(b) 3 points

For indicating that bulb 4 is brightest, and bulb D is brighter than both bulb B and C 1 point

For indicating that bulbs B and C have the same brightness ‘ 1 point

For correct justifications 1 point

For example, bulb 4 has the largest current through it, making it brightest. The voltage
across bulb D is the same as that across bulbs B and C combined, so it is next brightest, -
leaving B and C as least bright. Bulbs B and C are in series, and thus have the same
current through them, so they must be equally bright. '
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-*Distribution
~ = of points
Question 4 (continued)
©
i. 2 points
For indicating that the brightness of bulb A decreases . 1 point
For a correct justification 1 point

For example: The total resistance of the circuit increases, so the current in bulb 4 decreases

2 points
For indicating that the brightness of bulb B increases 1 point
For a correct justification - , o~ 1 point

For example: The current in bulb B increases, or the voltage across it increases
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Excellent Student Response: 10 points

4. (10 points)
In the circuit shown above, A, B, C, and D are identical lightbulbs. Assume that the battery maintains a
constant potential difference between its terminals (i.e., the internal resistance of the battery is assumed to be
negligible) and the resistance of each lightbulb remains constant.

(a) Draw a diagram of the circuit in ‘the box below, using the following symbols to *r;present the components in
.your diagram. Label the resistors A, B, C, and D to refer to the corresponding lightbulbs.

T —MA—  —AM— —AM—  —A—
Battery Resistors

Draw your diagram in this box only.




Answers and Samp!es

(b) List the bulbs in order of their brightnesses, from brightest to least bright. If any two_og more bulbs have
the same brightness, state which ones. Justify your answer.

——?ﬁamwAJW Mot Ao enront il M A

M oo poeHmen T Bad €

T Bad C o ”%MM//MNWMO’%\

(c) Bulb D is then removed from its socket

i. Describe the change in the brightness, if any, of bulb A when bulb D is removed from its socket.
Justify your answer.

ii. Describe the change in the brightneés, if any, of bulb B when bulb D is removed from its socket.
Justify your answer.

B Pt S i e e n bl P

nvies that are both clear
en figure can be made.

8o |



Very Good Student Response: 8 points

4. (10 points)
In the circuit shown above, A, B, C, and D are identical lightbulbs. Assume that the battery maintains a
constant potential difference between its terminals (i.e., the internal resistance of the battery is assumed to be

negligible) and the resistance of each lightbulb remains constant.

(a) Draw a diagram of the circuit in the box below, using the following symbols 6 represent the components in
your diagram. Label the resistors A, B, C, and D to refer to the corresponding lightbulbs.

T —MA—  —AMA—  —MA—  —AA—
Battery Resistors

Draw your diagram in this box only.

90




Physics B

Answers and Samples

(b) List the bulbs in order of their brightnesses, from brightest to least bright. If any two or more butbs have

the same brightness, state which ones. Justify your answer. o }\ |
A s brs Lrest - & I &%Lg current Llows thraugh
{e.—

a Sthee M@h-&cwrre@*" PQ% rf%\feﬁk
?\5 | bfififfie Heareu't- than P dHer be ol
T=res m%m\l@ S opesd ytaine
BeordC oot o tle. (@.,&J;'G’ ool t{\fgg;f@”
e tanse, o ave- M seryed ened Ve
hone. Lo Sait, CurTeyie

(c) Bulb D is then removed from its socket

i. Describe the change in the brightness, if any, of bulb A when bulb D is removed from its socket.
Justify your answer.

The beis \AH—Q;,Q of bl & shouldd rot

Chreirée- stinee *(iag@w@;# tuem oot o€
correrr Wil w= ronnik 3 Preoslr (F

ii. Describe the change in the brightness, if any, of bulb B when bulb D is removed from its socket.

bolb Qmﬂ & A S/Af}%«f‘” horanJeQ g’f“’*

\mll get- Tl <ol surrent= ‘”f}ww\)jlﬁ
Not tle paftal or sonce travecwll
@» re @ e o quErt ORED

dfeerrete. ek

clear and Weﬂ orgamzed as the prewous paper However this studem misses s the
D'ﬁ'affects the total current in the circuit, and gets part (c)1 wrong

rzﬁﬁ



Question 5 (10 points) — Scoring Guidelines

— -

In recent years assessment of student understanding of waves has been primarily accomplished by inclusion of an
optics problem involving interference of some sort. In this question the conditions for production of standing
waves in a string under tension are investigated. The question is very straightforward, and most students did well
on it with the exception of the last part, which required a very careful reading in order to be answered correctly.
While specifically intended to see if students understood how the point corresponding to an antinode in a standing
wave moved, the widespread misinterpretation of the reference to the distance moved was neither intended nor
anticipated. Part (c) tested knowledge of the dependencies of the relevant variables without requiring the student
to recall the equation for the velocity of a wave on a string under tension.
Distribution
== . . .of points _

(a) 2 points

Using a relationship between the wavelength A and the length L of the string, for

example the general relz;tionship fl = 3{”- , where 7 is the number of loops inthe .

-

standing wave pattern, or the specific relationship for this case 24 = L which
can be developed directly from information in the question

For correct substitution of values 1 point
P 2(1.:;0 m)

For the correct answer 1 point
A=0.60m

(b) 2 points

Using the relationship for the speed of a wave
v=vA

For correct substitution of values - ‘ 1 point
v=(120Hz)0.60m)

For the correct answer 1 point
v=T72m/s

(¢) 3 points
For indicating that the mass should be decreased 1 point

For any two of the statements in the following explanation, one point each - 2 points
= The wavelength must decrease for there to be more loops on the string ‘
= Given that the frequency is constant, the speed of the waves must decrease if
the wavelength does
= This means that the tension must decrease, so the mass must be decreased

92




Physics B
Answers and Samples

-*Distribution
— = of points

Question 5 (continued)
(d) 2 points

In one complete cycle, a point on the string begins at some position and travels
until it returns to that position. For example, a point at an antinode that is at its
highest point at the beginning of the cycle travels to its lowest point, and then
back to the highest point. The amplitude of the standing wave is the distance
from the center point (where the string would be straight) to one of these extremes,
or one fourth the distance traveled.

For the correct answer 2 points
Amplitude = 1 cm

One point was awarded for answering 2 cm, which is the result of interpreting .
“total vertical distance” as the distance between the highest and lowest points of ™
the antinode and then correctly calculating an amplitude of 2 ¢cm based on

that interpretation.

For having all units on answers correct 1 point




Excellent Student Response: 10 points

- - —_ - -

IS

Tuning For

VA4

5. (10 points)

To demonstrate standing waves, one end of a string is attached to a tuning fork with frequency 120 Hz. The other
end of the string passes over a pulley and is connected to a suspended mass M as shown in the figure above.
The value of M is such that the standing wave pattern has four “loops.” The length of the string from the
tuning fork to the point where the string touches the top of the pulley is 1.20 m. The linear density of the string
is 1.0 x 107 kg/m, and remains constant throughout the experiment.

(a) Determine the wavelength of the standing wave.

lervy
)\ - o W
_hLam
= E

A= bm

(b) Determine the speed of transverse waves along the string.
V= af
=((a0)
Jam /@c
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(c) The speed of waves along the string increases with increasing tension in the string. Indicate whether the

value of M should be increased or decreased in order to double the number of loops in the-standing wave
pattern. Justify your answer.

Iﬂf M 3 M,’/ WVD XW/} /\S%MIWW
N tensign Would gerase ok dcatase o yershr
Ksld decrease The speed of The vanes as SVied and ie
freguenty IS comstal e fenglh wanild ARCASE s
Jertozd. vl h yars o€ JogPs 0 LA oF Top,

(d) If a point on the string at an antinode moves a total vertical distance of 4 ¢cm during one complete cycle,
what is the amplitude of the standing wave?

lcm’]\
C?mpl/ Tien = e

complete, logical explanation for part (
dicate that the student understands the motion being



Very Good Student Response: 8 points

o
- -

1 Pulley Tuning Fork

M

5. (10 points) R -
To demonstrate standing waves, one end of a string is attached to a tuning fork with frequency 120 Hz. The other
end of the string passes over a pulley and is connected to a suspended mass M as shown in the figure above.
The value of M is such that the standing wave pattern has four “loops.” The length of the string from the
tuning fork to the point where the string touches the top of the pulley is 1.20 m. The linear density of the string
is 1.0 x 107 kg/m, and remains constant throughout the experiment.

(a) Determine the wavelength of the standing wave.

| ,90m

(b) Determine the speed of transverse waves along the string. -

=)

V=180 H2)(D.60m) = 28 /s
Y
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(c) The speed of waves along the string increases with increasing tension in the string. Indigate whether the

value of M should be increased or decreased in order to double the number of loops in the standing wave
pattern. Justify your answer.

The Valug of M shodd be
= ,},‘>\ do e reases o decrose the feasie.,

V= v =g

T
T XV

NS

(d) If a point on the string at an antinode moves a total vertical distance of 4 cm during one complete cycle,
what is the amplitude of the standing wave?

Tle  amplifvde of e wave s Den

AN
24.!
—~z
M
d= 7 -

:Com mentary

This studentis mlssmg one additmnal statemem needeci to receive fuﬂ credu: for pa,rt' ©

;of the many am.wets tha): showed an Ltndeistandmo of amphtude, but a mmmterpz etation
“the string’s. motzon .
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Question 6 (10 points) — Scoring Guidelines

— -

This question deals with the variation of the velocity and acceleration of a mass on the end of a string as it swings
as a pendulum. While requiring no numerical calculation, this question proved difficult for many students. It is
an excellent test of physical understanding. Performance on this question indicates that many students are not yet
comfortable with giving accurate verbal descriptions of a physical phenomenon. A common mistake was to
interchange the correct motions in parts (b)-i and (b)-ii, revealing a persisting Aristotelian conception of motion.

Distribution
of points
()
== i. 2 points . . . R
a
i : -
L Nlor Yothe 1eSY)
!
For a correctly drawn velocity vector, directed along the horizontal line, either to
the right or the left 1 point
For the correctly drawn acceleration vector, directed upward along the string 1 point
Vectors must be labeled, and have an arrowhead to show their direction
ii. 3 points
!
]
a |
For indicating that the velocity is zero 1 point

For the correctly drawn acceleration vector, pointing down and to the left,

perpendicular to the string 2 points
One of these points was awarded if the vector was in the proper quadrant, not

perpendicular to the string, and not on either the vertical or horizontal lines

e
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Distribution
. of points
Question 6 (continued)
3 points
T } = —

! ~ -

! ~

: \\

(A po*e\ dromm to Yhe £t jsadse co V"’“‘—"’t)
For indicating that the path is initiaily horizontal (via figure or words) . 1 point
For indicating that the horizontal velocity is constant 1 point
For indicating that the vertical motion is under constant acceleration or free-fall 1 point
The last two points were also awarded for describing the path as a parabola, or
indicating that the ball is a projectile
A maximum of 2 points were awarded for a correct figure with no description or
a correct description with no path drawn on the figure
ii. 2 points

For correctly indicating that the ball falls straight down ) 1 point
For indicating that the vertical motion is under constant acceleration or free-fall 1 point

A maximum of 1 point was awarded for a correct figure with no description or (
a correct description with no path drawn on the figure

99




Very Good Student Response: 9 points

N e e
’

!
/
!
1

6. (10 points)
A heavy ball swings at the end of a string as shown above, with negligible air resistance. Point P is the lowest

point reached by the ball in its motion, and point Q is one of the two highest points.

(a) On the following diagrams draw and label vectors that could represent the velocity and acceleration of the
ball at points P and Q. If a vector is zero, explicitly state this fact. The dashed lines indicate horizontal

and vertical directions. -

i. Point P

0\:()

it. Point Q
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(b) After several swings, the string breaks. The mass of the string and air resistance are ncglig’ible. On the
following diagrams, sketch the path of the ball if the break occurs when the ball is at poiit P or point Q.
In each case, briefly describe the motion of the ball after the break.

1. Point P

TL\& })o»” \aJO'U\OL QL+ o3 r-é\ # were —Hr\j‘ewv\
Fls\'ﬁ’ oF o cerfn yels U‘L\f, i Mo Aurectt ow.LA) ot
c /\.O :A\'{"\,\ v l.og;‘{‘cr WA <HA.¢, \]l — A S — \\]

RS

ii. Point Q

The Dol ooy

ﬁ*’* w by M,Qmja o O and. 113 @Ccﬁf o~ e Q/l due
01\,7& "‘6 SP‘*V“[-%




Good Student Response: 7 points

6. (10 points)
A hecavy ball swings at the end of a string as shown above, with negligible air resistance. Point P is the lowest
point reached by the ball in its motion, and point Q is one of the two highest points.

(a) On the following diagrams draw and label vectors that could represent the velocity and acceleration of the
ball at points P and . If a veetor is zcro, cxplicitly state this fact. The dashed lines indicate horizontal

and vertical dircctions.

RS

1. Point P

i
i
H
i
i

ii. Point Q

\/@.‘OQ‘F"\/: O
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(b) After several swings, the string breaks. The mass of the string and air resistance are negligible. On the
following diagrams, sketch the path of the ball if the break occurs when the ball is at point_ P or point Q.
In cach case, bricfly describe the motion -of the ball after the break.

i. Point P

Tle bell will Hrovel NS
parabobic dewnward wre
due to it ve gc\“%\/ and o |
C\CCQferq’%‘\Oh of ?rﬁ\\“‘\/ . - L.\\

ii. Point Q

The ball kas o \;ﬁ@q,ﬁ\f
a N ' ’
o T wali mrc ;e S“’rm{(}‘»& B

clowty Ch‘"% to %ﬁ?\v\'ﬁ“y,
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Question 7 (10 points) — Scoring Guidelines

This question examines understanding of both diffraction by a grating and the hydrogen spectrum, using an
arrangement that is more typically found in a laboratory situation than in a textbook problem. To correctly
answer the first part of the problem the student must use the equation giving the locations of the maxima
produced by a diffraction grating. The small angle approximation that is heavily emphasized in textbook
examples is not applicable under the conditions of this problem. The mean score on this question was the lowest
on the exam, no doubt due in part to the somewhat unusual nature of the problem and in part to the inclusion of
some atomic physics, which many students have not covered,

Distribution

of points

(a) 4 points

Using the expression for the location of lines in the diffraction pattern
d sin 6 = mA
For using the correct value for d ] 1 point

T 1 ie7x10% @ ‘ .
e 600 lines/mm

For finding the value of 8, the angle between the two dashed lines in the figure 1 point

tan@:;}.}_:m
L 1.0m
0 =23°

For correct substitutions into the first equation 1 point
(167 %107 m)sin23°= (1)1

For the correct answer ' 1 point
A=657nm or 6.57x107 m

If the small angle approximation was used (sin & =~ tan 6, resulting in an answer
of 713 nm), the point for finding the angle was not awarded -

(b) ~ 4 points
For using the correct equation(s) relating energy and wavelength 1 point
E=%C— OR E =hv and c=vi
Substituting
_f2ax107 evenm) o L (Looxi0 Jom)
657 nm 657 nm
For the correct photon energy 1 point

E=1.89eV OR 3.03x107°7J
Credit was also awarded for an energy consistent with a wrong answer for part (a),

for example, using 713 nm and obtaining 1.74 eV or 2.79x107 J
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Distribution
- - of points
Question 7 (continued)
(b) (continued)
For some indication that this photon energy is the difference between two energy levels 1 point

©

For example, a statement on conservation of energy, an energy level diagram, a statement
saying the photon energy is the energy released when an electron drops to a lower energy
level, or an equation involving the appropriate energies

Using the energy-level equation

E=E -FE,
189 eV = (-13.6 eV)(J———l—)
’ : n2 22
-014 =[—12——1j ) -
n o
1
01l=—
n2
n* =91
For the correct answer 1 point
n=3

Full credit was earned using 713 nm (resulting in » = 2.86) if the student realized
that » must be an integer and indicated n = 3

Three points were awarded for an answer of n = 3 with no work shown
2 points

For any reasonable indication that the line would move farther away from »
the principal axis ' - 2 points
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Excellent Student Resppnse; 10 points

Meter Stick \/\L

Diffraction
Grating

|

. (10 points)

. Note: Figure is drawn to scale.

Holeaty=0

oy

=~ Hydrogen Discharge Tube

A
e

¥, = 428 mm (first-order red)

A transmission diffraction grating with 600 lines/mm is used to study the line spectrum of the light produced
by a hydrogen discharge tube with the setup shown above. The grating is 1.0 m from the source (a hole at the
center of the meter stick). An observer sees the first-order red line at a distance y, = 428 mm from the hole.

(a) Calculate the wavelength of the red line in the hydrogen spectrum.

Jsﬁn@:’ a /\

e Zegm < (Tax' 7425)
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(b) According to the Bohr model, the energy levels of the hydrogen atom are given by E, = ~13.6 eV/n z
where n is an integer labeling the levels. The red line is a transition to a final level with- == 2. Use
the Bohr model to determine the value of n for the initial level of the transition.

(c) Qualitatively describe how the location of the first-order red line would change if a diffraction grating
with 800 lines/mm were used instead of one with 600 lines/mm.

%%M%

 (2) from the inicial
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Very Good Student Response: 8 points

Meter Stick -/ ]
Diffraction
S Grating
Holeaty=0

P ‘ 1.0m S '
Q TIT T T T T T —nA —Z\O/E Hydrogen Discharge Tube

S~ N
Eye S~

\W ¥, =428 mm (first-order red)
" Note: Figure is drawn to scale. -

7. (10 points)
A transmission diffraction grating with 600 lines/mm is used to study the line spectrum of the light produced
by a hydrogen discharge tube with the setup shown above. The grating is 1.0 m from the source (a hole at the
center of the meter stick). An observer sees the first-order red line at a distance y, = 428 mm from the hole.

(a) Calculate the wavelength of the red line in ¢he hydrogen spectrum.

X.. mAL

Y28 - () (1020 2
y 00167 o

A:( Y2 8/5(%%7))
— m -

(000 ’

Az 7,133 o™ e o
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{b) According to the Bohr model, the energy levels of the hydrogen atom are given by E, = '—"13.6 eVin®,
where n is an integer labeling the levels. The red line is a transition to a final level with n = 2. Use
the Bohr model to determine the value of n for the initial level of the transition

n=2M

l.73% el L
Nn=2 =34 eV £ _1-3—-1—&3——:?«‘/
(Z)

L{;”' .’3»‘{ e\/
oy =36 ev E . he _ -3¢
. » er 35

X

he x? =3, é)(7l3 am)
X 7 32
X= £ 2,79

(c) Qualitatively describe how the location of the first-order red line would change if a diffraction grating
with 800 lines/mm were used instead of one with 600 lines/mm.

{L& /0C47§‘9n 0# %\‘L "»65’{ line Wc\/[& éﬁ 74\/7%\6»’" A_/(/ovka

C\/ O Je(augc he diffanc 5sz;cm shits would be
ten o /X
[

Sonmeg /./Cr—'

= M.-——-—-)L> Wov(d f"fo&(l/éﬁ & /“"963" Mo
M A |

Shown X, = (G335 00 fne) (1000 ]
(00/7/.5 mm)

Xoe 570,64 mm (ot aony)
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Question 8 (10 points) — Scoring Guidelines

— -

Each part of this question is individually straightforward, but the student is required to use understanding of a
number of topics to successfully complete the entire question. The question deals with the production of a
magnetic field by a long straight wire, magnetic forces on moving electric charges, and the electrostatic force on
an electric charge. An important part of a complete solution to the problem also requires the student to
understand the relationships between the directions of the various forces and fields.
Distribution
of points

(a) 2 points

For indicating that the magnetic field is along the z axis, or indicating that the

right-hand rule applies 1 point
For indicating the correct direction along the z axis (e.g. -z, or info the page) 1 point
(b) 2 points B 4 -

For indicating that the magnetic force is along the y axis, or indicating that the
right-hand rule applies 1 point

For indicating the correct direction along the y axis {e.g. -y, down, toward wire) 1 point

Full credit was awarded for an answer that was consistent with the answer to part (a)
according to the right-hand rule

(¢) 3 points

For using the appropriate equation for the magnetic force ' 1 point
F=quBsin

For using the appropriate equation for the magnetic field i point
1 ’ :

p=til o 21 -

2nr ¥

For the correct answer (which must have the substitutions sin @=1andr=4d) 1 point
o qUo ] or 2k’qu,l
27d d

Two points were awarded if one of the equations for  or B was incorrect, but the above
substitutions were made.
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.Distribution
- - of points

Question 8 (continued)

@

i.

ii.

1 point

For indicating that the electric field is in the +y-direction (e.g. up, opposite the

magnetic force) 1 point

Full credit was awarded for an answer that was consistent with the answer to part (b)

2 points

For any indication that the electric and magnetic forces are equal and opposite 1 point

Fp =k i ;

qE =quB L ~ -

gE = Ay -
2nd

For the correct answer 1 point

E _ UOIUOI
2nd



Excellent Student Response: 10 points

Figure 1

8. (10 points)
The long, straight wire shown in Figure 1 above is in the plane of the page and carries a current /. Point P is
also in the plane of the page and is a perpendicular distance d from the wire. Gravitational effects are negligible.

(2) With reference to the coordinate system in Figure 1, what is the direction of the magnetic field at point P
due to the current in the wire? . . i

DR fy the ULWQ:\J\ M A W, Ha hﬂa.ghefn freld oF
it 0l o Jeinting o thg_ QAP@‘\' ( Rrafit=hand Rule |

A particle of mass m and positive charge ¢ is initially moving parallel to the wire with a speed v, when
it is at point P, as shown in Figure 2 below. .

~n

Figure 2

(b) With reference to the coordinate system in Figure 2, what is the direction of the magnetic force acting on the
particle at point P ?

T magnefi® e ACfing g ke Pawh*de o petP

—

7 mm\)d@w\ 1o utton, tt He Mge (@iw ~\\m\d Rule)
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(c) Determine the magnitude of the magnetic force acting on the particle at point P in terms of the given
quantities and fundamental constarits.

T mageete free O on A @R OF pane P guan by

and Since | \5@ g%%iﬂzm c,\wrgQ G Ond Speezf Vs, o 0 pefween

magsie field ond ok v diredion o 90°,
SN %Uog

N -
ol B = L S aTh
\ -
N Fa= FbB= Glb (2xi0 )
2K GV T

- d
(d) An electric field is applied that causes the net force on the particle to be zero at point P.

i. With reference to the coordinate system in Figure 2, what is the direction of the electric field at point P
that could accomplish this? .: - ’ o

The diedmn of dedtic @l Shold e W;“’M p 1w

Wt of R pak, o th e frce and slcre
e wold  cncel ot and pof foree brcome 200
ii. Determine the magnitude of the electric field in terms of the given quantities and fundamental constants.
Since \Fel:[ﬁs‘ 5
\ (: _ 2fe %UOI-
ANIN e — d

Ml s E = -%‘ Cand chorgR ot tho paudicie © -
W E= 2/7430q G VoL

d

T
- 22X ’o:} /%-Vo’\;

O T maﬂmmée ot ‘H,\Q dedvic freld s _lei VoI




Very Good Student Response: 8 points

1 (out of
page)

Figure 1

8. (10 points)
The long, straight wire shown in Figure 1 above is in the plane of the page and carries a current /. Point P is
also in the plane of the page and is a perpendicular distance d from the wire. Gravitational effects are negligible.

(a) With reference to the coordinate system in Figure 1, what is the direction of the magnetic field at point P
due to the current in the wire? -\ : o=
Ut ¢ Q‘b‘“ ~He A @u\(
—’T\(_\ ‘J\«’ijn. Q }fiﬁ— Q< c,\c)\ QAV D \3

Ohveckech  along

< 2 ads o Pegg-

A particle of mass m and positive charge ¢ is initially moving parallel to the wire with a speed v, when
it is at point P, as shown in Figure 2 below. :

~ R

Figure 2

(b) With reference to the coordinate system in Figure 2, what is the direction of the magnetic force acting on the

particle at point P ?
\)c,\\;—K QJ\ <®\/\Xr - \A;w/\ Q\/\Q " :
(N V\"QQDV\J("\Q Q'DCCQ o \D {\'\z)”

‘ Q}mwi\\AOJCz\' ‘

L —axis
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(c) Determine the magnitude of the magnetic force acting on the particle at point P in terms of the given
quantities and fundamental constants. -

T= QeBanO Q=%
> 1T

/-————-——

?: Q\) bo L ‘2% C

(d) An electric field is applied that causes the net force on the particle to be zero at point™ P.

i. With reference to the coordinate system in Figure 2, what is the direction of the electric field at point P
that could accomplish this?

e Q,\.Q}T L Qtl AN e {)Q\Y‘ec)—g&
@é CX\\O\MG. kj - ‘7(:5. o UQ Ay Q)\CA ,

}

ii. Determine the magnitude of the electric field in terms of the given quantities and fundamental constants.







The 1998 AP Physics C Examination -

B Exam Content and Format
B Giving a Practice Exam

B Instructions for Administering the Exam

B The Fxam

Exam Content and Format

The Physics C Examination consists of two parts, one
covering mechanics and the other covering electricity &
magnetism, at the level of an introductory: survey course
that uses calculus. Each part is 90 minutes long and is
divided equally in time between a 35-question multiple-
choice section and a three-question free-response
section. For each part, the two sections are weighted
equally, and a single grade is reported. A student is
expected to spend about 15 minutes answering each
free-response question.

The percentages to be devoted to each major category
are as follows. (A more detailed outline can be found in
the Advanced Placement Course Description in Physics;
see the back of this book for ordering information.)

Content Area Percentage Goals

for Physics € exam

1. Newtonian Mechanics - 50%
A. Kinematics L 9%
B. Newton’s laws of motion 10%
C. Work, energy, power 7%
D. Systems of particles, liner momentum 6%
E. Circular motion and rotation 9%
E Oscillations and gravitation 9%

II. Electricity and Magnetism 50%
A. Electrostatics 15%
B. Conductors, capacitors, dielectrics 7%
C. Electric circuits 10%
D. Magnetostatics 10%
E. Electromagnetism 8%

Laboratory and experimental situations: Each
examination will include one or more questions

or parts of questions posed in a laboratory or
experimental setting. These questions are classified
according to the content area that provides the
setting for the situation, and each content area
may include such questions. These questions
generally assess some understanding of content

as well as experimental skills.

Miscellaneous: Each examination may include
occasional questions that overlap several major
topical areas, or questions on miscellaneous topics
such as identification of vectors and scalars, vector
mathematics, graphs of functions, history of physics,
or contemporary topics in physics.

Departures from these percentages in the free-response
sections in any given year are compensated for in the
multiple-choice sections so that the overall topic distribu-
tion for the entire examination is achieved as closely as
possible, although it may not be reached exactly.

The examination is designed to test students ability
to interpret and apply their knowledge of physics both
qualitatively and quantitatively. The multiple-choice
section of the examination emphasizes the breadth of
the students’” knowledge and understanding of the basic
principles of physics. The free-response section empha-
sizes the application of these principles in greater depth
in solving more extended problems. In general, questions
may ask students to:

B determine directions of vectors or paths of particles;
B  draw or interpret diagrams;

B interpret or express physical relationships in
graphical form;

B account for observed phenomena;

interpret experimental data, including their limita-

tions and uncertainties;

B construct and use conceptual models and explain
their limitations;

B explain steps taken to arrive at a result or to predict

future physical behavior;



# manipulate equations that describe physical

relationships; )

obtain reasonable estimates; or

B solve problems that require the determination of
physical quantities in either numerical or symbolic
form and that may require the application of single
or multiple physical concepts.

Laboratory-related questions may ask students to

B design experiments, including identifying equipment
needed and describing how it is to be used, drawing
diagrams or providing descriptions of experimental
setups, or describing procedures to be used, includ-
ing controls and measurements to be taken;

B analyze data, including displaying data in graphical
or tabular form, fitting lines and curves to data
points in graphs, performi,ng calculations with
data, or making extrapolations and interpolations
from data;

B analyze errors, including identifying sources of
errors and how they propagate, estimating magni-
tude and direction of errors, determining signifi-
cant digits, or identifying ways to reduce errors; or

communicate results, including drawing inferences
and conclusions from experimental darta, suggesting
ways to improve experiments, or proposing ques-
tions for further study.

In grading the free-response sections, credit for the
answers depends on the quality of the solutions and
explanations given, so students should show their work.
If students make a mistake, they may cross out or erase
it. Crossed-out work will not be graded. Credit may be
Jost for incorrect work that is not crossed out.

The complete examination is designed to provide the
maximum information about differences in students’
achievement in physics. Therefore, it is intended that
the average scores be about 50 percent of the maximum
possible scores for each multiple-choice and free-
response section. Thus, students should be aware that

they may find these examinations fnore difficule than
most classroom examinations. FoWwever, it is possible
for students who have studied most but not all topics

. in the outline to obtain acceptable grades.

The International System (SI) of units is used
predominantly in the examination. The use of rulers or
straightedges is permitted on the free-response sections
to facilitate the sketching of graphs or diagrams that
might be required. Calculators are not permitted on
the multiple-choice sections. They are allowed on the
free-response sections. Any programmable or graphing
calculator may be used except for those with type- =
writer-style (QWERTY) keyboards, and memories do
not have to be cleared. Calculators cannot be shared
with other students. Also, tables containing commonly
used physics equations are printed on the green insert
(pages 146-148) -provided with each examination for
students to use when taking the free-response sections.
These equations are not permitted for the multiple-
choice sections. This policy is subject to change; sce
the current AP Physics Course Description for the
policy pertaining to the present year’s examination.

Giving a Practice Exam

You may wish to create an exam situation for your
students that closely resembles a national administra-
tion. Pages 9-18 contain the instructions, as printed in
the 1998 Coordinator’s Manual, for administering the
AP Physics C Exam, along with those for the AP
Physics B Exam. Read only the directions in the boxes
to the students; all other instructions are for the person
administering the texeand need not be read aloud.
Some instructions, such as those referring to the date,
the time, and page numbers, are no longer relevant;
please ignore them.

Another publication that you might find useful is the
so-called “Packet of 10.” It is just that: a packet of ten of
the 1998 AP Physics C Exam, and blank answer sheets.
For ordering information, see the back of this book.
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You may take the entire C Exam or Mechanics only or Electricity and Magnetism only as follows:

Entire C Exam -

PHYSICS C

Both Mech. & Elect. and Mag. Mechanics only

Physics C

Electricity and

First 45 min.  Sec. I, Mech. Sec. I, Mech. Sec. 1, Elect. and Mag.
35 questions 35 questions 35 questions
this booklet, pp. 4-14 this booklet, pp. 4-14 this booklet, pp. 16-26
2-mainute Survey Questions Survey Questions
interval 7 questions (101-107) 7 questions (101-107)

Second 45 min.

Sec. I, Elect. and Mag.
35 questions
this booklet, pp. 16-26

this booklet, pp. 28-29

Sec. II, Mech.
3 questions
pink booklet, pp. 4-15

this booklet, pp. 28-29

Sec. II, Elect. and Mag.
3 questions
pink booklet, pp. 16-25

2-minute Survey Questions
interval 7 questions (101-107)

this booklet, pp. 28-29
Third 45 min.  Sec. II, Mech.

3 questions
pink bapklet, pp. 4-15

Fourth 45 min. Sec. 11, Elec. andlj\r/lag.‘ » -
3 questions
pink booklet, pp. 16-25

Separate grades are reported for Mechanics and for Electricity and Magnetism. Each section of each examination is 50 percent of the
total grade; each question in a section has equal weight. Rulers or straightedges may be used in all parts of this examination. However,
calculators may only be used in the two parts of Section II, NOT in Section 1. Calculators may not be shared. A table of information
that may be helpful is found on page 2 of this booklet.

This examination contains a total of 70 multiple-choice questions. If you are taking

- Mechanics only, please be careful to use the answer sheet ovals numbered 1-35.
- Electricity and Magnetism only, please be careful to use the answer sheet ovals numbered 36-70.

— the enfire examination (Mechanics and Electricity and Magnetism), please be careful to use the answer sheet
ovals numbered 1-70 on your answer sheet.

Also, please be careful to use the ovals numbered 101-107 when answering the Survey Questions.
General Instructions )
DO NOT OPEN THIS BOOKLET UNTIL YOU ARE INSTRUCTED TO DO SO.

INDICATE ALL YOUR ANSWERS TO QUESTIONS IN SECTION I ON THE SEPARATE ANSWER SHEET. No credit will be
given for anything written in this examination booklet, but you may use the booklet for notes or scratchwork. After you have decided
which of the suggested answers is best, COMPLETELY fill in the corresponding oval on the answer sheet. lee only one answer to

each question. If you change an answer, be sure that the previous mark is erased completely.

Example: Sample Answer
) Chicago isa & OB E®
(A) state
(B) city

(C) country

(D) continent

(E) village
Many candidates wonder whether or not to guess the answers to questions about which they are not certain. In this section of the
examination, as a correction for haphazard guessing, one-fourth of the number of questions you answer incorrectly will be subtracted
from the number of questions you answer correctly. It is improbable, therefore, that mere guessing will improve your score
significantly; it may even lower your score, and it does take time. If, however, you are not sure of the correct answer but have some
knowledge of the question and are able to eliminate one or more of the answer choices as wrong, your chance of getting the right
answer is improved, and it may be to your advantage to answer such a question. ‘

Use your time effectively, working as rapidly as you can without losing accuracy. Do not spend too much time on questions that are
too difficult. Go on to other questions and come back to the difficult ones later if you have time. It is not expected that everyone will
be able to answer all the multiple-choice questions.

Copyright © 1998 by College Entrance Examination Board and Educational Testing Service. All rights reserved.
Certain test materials are copyrighted solely in the name of ETS.
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TABLE OF INFORMATION FOR 1998 .

CONSTANTS AND CONVERSION FACTORS UNITS PREFIXES
1 unified atomic mass unit, lu = 1.66x107 kg ’ Name Symbol Factor Prefix Symbol
= 931 MeV/c meter m 10” giga G
Proton mass, m, = 1.67 x 10_27 kg kilogram kg 106 mega
Neutron mass, - -27 3 .
m, = 1.67x107" kg second s 10 kilo k
Electron mass, _ -3t
r m, = 911 x10" kg A 102 centi o
Magnitude of the electron charge, e = 160x107"C ampere
.3 .
Avogadro's number, Ny = 6.02% 107 mot™ kelvin K 1o mitli m
6 .
Uni 1 tant, _ . 10 micro i
niversal gas constan R = 831 J/(mol K) mole mol
Boltzmann's constant, ky = 138x 107 J/K 10° nano’ n -
. hertz Hz
Speed of light, ¢ = 300x10°m/s 1072 pico P
\ newton N
Planck's constant, ho=663x10 1 s
- ascal Pa VALUES OF TRIGONOMETRIC FUNCTIONS
= 414x10% eV - s P FOR COMMON ANGLES
- he = 199%10% 1+ m joule: ] 0 sin 8 cos© | tan O
=124%10° eV - nm watt w o 0 1 0
- B 2 lomb C
Vacuum permittivity, = 2e/N-m cou °
acuum p y € = 885%x100°C/N'm 30 12 V32 N33
Coulomb's law constant, k=1/4n€, = 9.0x 10° N - m*/C? volt v
Vacuum permeability, U, = 4mx 1077 (T m)/A ohm Q 37° 3/5 4/5 3/4
Magnetic constant, k= p/an = 107(T* m)/A henry H _
Universal gravitational constant, G =667x10" m’/kg s farad F 45° N2/ a2 1
Acceleration due to gravity tesla T
at the Earth's surface, ;= 98 /s °
g =781 degree 53 4/5 3/5 4/3
I atmosphere pressure, latm = 1.0x 10° N/m’ Celsius °C
= 1.0x 10’ Pa electron- 60° V312 1/2 V3
1 electron volt, leV = 1.60x 10773 volt eV
1 angstrom, 1A=1x10"m 90’ 1 0 ©0

The following conventions are used in this examination.
1. Unless otherwise stated, the frame of reference of any problem is assumed to be inertial.
1. The direction of any electric current is the direction of flow of positive charge (conventional current).

[I1. For any isolated electric charge, the electric potential is defined as zero at an infinite distance from the charge.
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Physics C: Mechanics

PHYSICS C
SECTION I, MECHANICS -
Time—45 minutes
35 Questyions
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 oval on the answer sheet.

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

2. The velocity of a projectile at launch has a hori-

zontal component U, and a vertical component D,,.

Air resistance is negligible. When the projectile

is at the highest point of its trajectory, which of the

1. Aforce F isexerted by a broom handle on the following show the vertical and horizontal compo-
bead of the broom, which l.las amass m. The handle nents of its velocity and the vertical component of
is at an angle 8 to the horizontal, as shown-above. =

: H tan? PR
The work done by the force on the head of the its acceleration’
broom as it moves a distance d across a horizontal Vertical Horizontal Vertical
floor is Velocity Velocity Acceleration
(A) Fdsin 6 (A) v, v, 0
(B) Fdcos® (B) v, 0 0
(C) Fmcos 9 (©) 0 v, 0
D) Fm tar.l 6 (D) 0 0 2
E) Fmd sin 6 (E) 0 Uh g

GO ON TO THE NEXT PAGE |
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3. The graph above shows the velocity U as a function of time ¢ for an object moving in a straight line. Which
of the following graphs shows the corresponding displacement x as a function of time ¢ for the same time

interval?

(A) ¥

(B) x

<€ x

122
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P4 i

4. The position of a toy locomotive moving on a

straight track along the x-axis is given by the equa-
tion x = £ — 612 + 9, where x is in meters and
¢t is in seconds. The net force on the locomotive is
equal to zero when ¢ is equal to

(A) zero
(B) 2s
(C) 3s
(D) 4s
(E) 5s

3R

i
: F~
F

. A system of two wheels fixed to each other is free

to rotate about a frictionless axis through the
common center of the wheels and perpendicular to
the page. Four forces are exerted tangentially to the
rims of the wheels, as shown above. The magnitude
of the net torque on the system about the axis is

(A) zero
B) FR
C) 2FR
(D) S5FR
(E) 14FR

123
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A wheel of mass M and radius -R rolls on a level
surface without slipping. If the aagular velocity of
the wheel is @, what is its linear momentum?

(A) MoR
(B) Mw*R
(C) MwR?

Mao*R?
2

(E) Zero

D)

GO ON TO THE NEXT PAGE




Questions 7-8 refer to a ball that is tossed straight up
from the surface of a small, spherical asteroid with no
atmosphere. The ball rises to a height equal to the
asteroid’s radius and then falls straight down toward
the surface of the asteroid.

7. What forces, if any, act on the ball while it is on the

way up?

(A) Only a decreasing gravitational force that acts
downward

(B) Only an increasing gravitational force that acts
downward

(C) Only a constant gravitational force that acts
downward

(D) Both a constant gravitational force that acts
downward and a decreasing force that acts
upward

(E) No forces act on the ball.

. The acceleration of the ball at the topi)f its path is

(A) atits maximum value for the ball’s flight

(B) equal to the acceleration at the surface of the
asteroid

(C) equal to one-half the acceleration at the surface
of the asteroid

(D) equal to one-fourth the acceleration at the
surface of the asteroid

(E) zero

9. The equation of motion of a simple harmonic oscil-

d*x

lator is s = ~Ox, where x is displacement and
t

t is time. The period of oscillation is

(A) 6m
®) 5
© 5
®) 2
® 2

124

10.

1.

A pendulum with a period of } son Earth, where
the acceleration due to gravity is g, is taken to
another planet, where its period is 2 s. The accel-
eration due to gravity on the other planet is most
nearly

(A) g/4
(B) g/2
© ¢

(D) 2¢
(E) 4g

A satellite of mass M moves in a circular orbit of
radius R with constant speed V. True statements
about this satellite include which of the following?

I. TIts angular speed is U/R.

II. Its tangential acceleration is zero.
III. The magnitude of its centripetal
acceleration is_constant,

(A) Tonly e
(B) I only

(C) Iand Il only

(D) I and U1 only

(E) LI, andIII
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12.

Force (N)
A

10

0 ; = 4’>Time (s)

~104+

The graph above shows the force on an object of

mass M as a function of time. For the time interval

0 to 4 s, the total change in the momentum of the

object is

(A) 40 kg-m/s

(B) 20 kg-m/s

(C)  0kg-m/s

(D) 20 kg-m/s

(E) indeterminable unless the mass M of the
object is known -7 i

. 2
@

Top View

. As shown in the top view above, a disc of mass m

is moving horizontally to the right with speed D on
a table with negligible friction when it collides with
a second disc of mass 2m. The second disc is
moving horizontally to the right with speed % at the
moment of impact. The two discs stick together
upon impact. The speed of the composite body

immediately after the collision is

A %
® 5
© 2
) 2
(E) 2v
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Questions 14-15
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Top View

A spring has a force constant of 100 N/m and an
unstretched length of 0.07 m. One end is attached to
a post that is free to rotate in the center of a smooth
table, as shown in the top view above. The other end
is attached to a 1 kg disc moving in uniform circular
motion on the table, which stretthes the spring by
0.03 m. Friction is negligible.

14. What is the centripetal force on the disc?

(A) 03N
(B) 3N
(C) 10N
(D) 300N
(E) 1,000N

15. What is the work done on the disc by the spring
during one full circle?

(A) 0J
(B) 947
(©) 1867
(D) 3147
(E) 62817




Questions 16-17 refer to the following graph, which represents a hypothetical potential energy curve for a particle of
mass . : - -

Ulr)
A

.17/

v
~

16. If the particle is released from rest at position 1y, 17. If the potential energy function is given by

its speed at position 2r, is most nearly U(r) = br>? + ¢, where b and ¢ are constants

w0 -

’U R which of the followingmis an expression for the
A) o : AR

m force on the particle?

6U,
®B) 5 (A) %b_ 512

4U, -
© {2 (B) 3L,

3 -2

7 D) 2brV? +er

® % 2% s
E) " +er

0 TH NEXTPAGE
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18.

20.

Physics C: Mechanics Sectlonl

A frictionless pendulum of length 3 m swings with Questions 21-22 ,
an amplitude of 10°. At its maximum displacement, ’ P
the potential energy of the pendulum is 10 J. What o7
is the kinetic energy of the pendulum when its
potential energy is 5] ? , 0]
(A) 331 m
B) 51 [ —
<y 6717 S
(D) 107 ) )
(E) 1517 A block of mass m is accelerated across a rough
surface by a force of magnitude F that is exerted at
Cable an angle ¢ with the horizontal, as shown above. The
| frictional force on the block exerted by the surface has
N magnitude f. ) )
Ul 1,000 ke Elevator
21. What is the acceleration of the block?
_______ V=0
f ' F
8$m A
______________ =0 -
Fcosg- .
3 (B) —— ¢ -
. A descending elevator of mass 1,000 kg is uni-
formly decelerated to rest over a distance of 8 m (©) F-F
by a cable in which the tension is 11,000 N. The "
speed U; of the elevator at the beginning of the D) Fcos¢g - f
8 m descent is most nearly m
(A) 4m/s @) [fsing - me
(B) 10m/s m
(C) 13m/s
(D) 16 m/s 22. What is the coefficient of friction between the block
(E) 21 m/s and the surface?
f
D (A mg
PN m
N ®) “F
Mi o M : ©) mg — Fcosg
v / f
/
N // . f
T (D) mg — F cos ¢
Two identical stars, a fixed distance D apart, ¥
revolve in a circle about their mutual center of (E) g —Fsnd

mass, as shown above. Each star has mass M and
speed V. G is the universal gravitational constant.
Which of the following is a correct relationship
among these quantities?

(A) V' = GM/D
(B) v’ = GM/2D
©) v* = GM/D?
(D) v* = MGD
(B) v* =2GM?*/D

I

| GO ON TO THE NEXT PAGE
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23. This question was not counted when the exam S R

was scored. ; -
P Q
25. A figure of a dancer on a music box moves coun-
terclockwise at constant speed around the path
shown above. The path is such that the lengths of
its segments, PO, OR, RS, and SP, are equal.
Arcs QR and SP are semicircles. Which of the
o _ ' o following best represents the magnitude of the
24. Two people are initially standing still on frictionless dancer’s acceleration as a function of time ¢ during
ice. They push on each other so that one person, of one trip around the path, beginning at pint P ?
mass 120 kg, moves to the left at 2 m/s, while the
other person, of mass 80 kg, moves to the right at (A) a
3 m/s. What is the velocity of their center of mass? .
(A) Zero
(B) 0.5m/stotheleft - : 0 : - — e}
(C) 1 mys to the right S th  ty g g Ip
(D) 2.4 m/s to the left
(E) 2.5 m/s to the right ( (B)
a
0] i |
[P tQ e Iy Ip
©
\
0 , f
tP tQ Ip Z‘S Ip
™
0; A A t
Ip ZQ ZR I‘S Ip
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10 m

=71

3m

. Atarget T lies flat on the ground 3 m from the

side of a building that is 10 m tall, as shown above.
A student rolls a ball off the horizontal roof of the
building in the direction of the target. Air resistance
is negligible. The horizontal speed with which the
ball must leave the roof if it is to strike the target is
most nearly

(A) % m/s
(B) 2 mJ/s -
(©) 37— m/s

"

(D) 3 m/s

(E) IOE m/s

27. To stretch a certain nonlinear spring by an amount

x requires a force F givenby F = 40x — 6x2,
where F isin newtons and x is in meters. What
is the change in potential energy when the spring is
stretched 2 meters from its equilibrium position?

(A) 167
(B) 287
(C) 5617
(D) 647
(E) 807

. When a block slides a certain distance down an

incline, the work done by gravity is 300 J. What is
the work done by gravity if this block slides the
same distance up the incline?

(A) 30017

(B) Zero

(C) -3001

(D) It cannot be determined without knowing the
distance the block slides.

(E) It cannot be determined without knowing the
coefficient of friction.

Physics C: Mechanics [ ST

29. A particle moves in the xy-plane with coordinates

given by -~ -
x = Acoswt and y = A sinwy,

where 4 = 1.5 meters and ® = 2.0 radians per
second. What is the magnitude of the particle’s
acceleration?

(A) Zero
(B) 1.3 m/s?
(€ 3.0 mss’
(D) 4.5 m/s? . -

(E) 6.0m/s*

ﬂ’ll

30. For the wheel-and-axle system shown above, which
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of the following expresses the condition required
for the system to be in static equilibrium?

(A m = m,
(B) am; = bm,._
(C) am, = bm,

(D) azml = b’m,

(B) b*m = a’m,




: —_— e Questions 32-33

— -

31. An object having an initial momentum that may A wheel with rotational inertia / 1s mounted on
be represented by the vector above strikes an object a fixed, frictionless axle. The angular speed @ of
that 1s initially at rest. Which of the following sets - the wheel is increased from zero to @, inatime
of vectors may represent the momenta of the two interval T.
objects after the collision?

(A) 32. What is the average net torque on the wheel during
this time interval?
, o,
(B) — - A -
.
. , ®) % . i
- (C) = . 72
" lo?
f
©) —
D) lo;
8 . D) —
: I -
7 f
\ ® -7
33. What is the average power input to the wheel during
(E) this time interval?
Iw
S
A -7
lw}
(B) —%
lo?
C S
© 27’
D Izw/»
) 277
Fow}?
LT : E) /
e 3 277 -
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34, An objectis released from rest at time t = 0 and

falls through the air, which exerts a resistive force
such that the acceleration a of the object is given
by a = g — bv, where U is the object’s speed
and b is a constant. If limiting cases for large and
small values of ¢ are considered, which of the
following is a possible expression for the speed of
the object as an explicit function of time?

(A v=g(t-e")/b
B) v = (ge") /b

©) v =gr— b

(D) v = (g + aytfb

(E) v=0vg+ g, Up%0

STOP

35. An ideal massless spring is fixed to the wall at one

end, as shown above. A block of mass M attached
to the other end of the spring oscillates with ampli-
tude A on a frictionless, horizontal surface. The
maximum speed of the block is 1,,. The force
constant of the spring is
Mg

A
Mgy,
MU}

2A

(A)

©

D) ——

€) =

END OF SECTION I, MECHANICS

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK
ON-SECTION I, MECHANICS, ONLY.
DO NOT TURN TO ANY OTHER TEST MATERIALS.
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Physics C: Electricity & Magnetism

PHYSICS C
SECTION I, ELECTRICITY AND MAGNETISM . ,
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 oval on the answer sheet.

36. Aresistor R and a capacitor C are connected in
series to a battery of terminal voltage V. Which of
the following equations relating the current / in the

circuit and the charge @ on the capacitor describes

this circuit? 38. Two initially uncharged conductors, 1 and 2, are
d on insulating stands and are in contact, as
A) V,+0C-T*PR=0 mounte & conact,
(A) Vo + 0 shown above. A negatively charged rod is brought
0 near but does not touch them. With the rod held in
B) Vy ~ ol IR =0 - . place, conductor 2 is moved to the right by pushing
its stand, so that the conductors are separated.

© v2-1 o 1R = 0 Which of the following is now true of conductor 2 ?
A =
2 ¢ (A) Itisuncharged.
dgQ 2, (B) Ttis positively charged.
D)y % -Cgr - I"R=0 (C) Itis negatively charged.
(D) Itis charged, but its sign cannot be predicted.
(E) %— -IR=0 (E) Itis at the same potential that it was before the

charged rod was brought near.

37. Which of the following combinations of 4 £ resis-
tors would dissipate 24 W when connected to a
12 V battery?

(A) (B) (&)

(D) (E)




Questions 39-40

+Qe-mmmmmmm '

As shown above, two particles, each of charge +0Q,

are fixed at opposite corners of a square that lies in the
plane of the page. A positive test charge +¢ is placed
at a third corner.

39.

40.

What is the direction of the force on the test charge
due to the two other charges?

(A) /

® —
© \\
(D)

(E) /

If F is the magnitude of the force on the test
charge due to only one of the other charges, what is
the magnitude of the net force acting on the test
charge due to both of these charges?

(A) Zero

“(B) F/2

©) F
(D) 2 F
(E) 2F
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41.

42.

Gauss’s law provides a convenient way to calcu-
late the electric field outside and near each of the
following isolated charged conductors EXCEPT a

(A)
(B)
©
D)
(E)

large plate

sphere

cube

long, solid rod

long, hollow cylinder

A wire of resistance R dissipates power P when
a current [ passes through it. The wire is replaced
by another wire with resistance 3R. The power
dissipated by the new wire when the same current
passes through it is ' )

(A)

B)

T Wy oy

©
D)

(E) 6P
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Questions 43-44

A narrow beam of protons produces a current of
1.6 x 107> A. There are 10° protons in each meter
along the beam.

43. Of the following, which is the best estimate of the
average speed of the protons in the beam?
(A) 107 m/s
B) 107" m/s
(€) 107 m/s
(D) 107 m/s
(E) 10" m/s
44, Which of the following describes the lines of mag-

netic field in the vicinity of the beam due to the
beam’s current? b )

(A) Concentric circles around the beam’
(B) Parallel to the beam

(C) Radial and toward the beam

(D) Radial and away from the beam
(E) There is no magnetic field.

Physics C: Electricity & Magnetism |} o

Questions 45-46 refer to two charges Jocated on the line
shown in the figure below, in which_the charge at point I
is +3¢g and the charge at point Il is +24. Point Il is

halfway between points I and II1.

+3q +2q
I I m

45. Other than at infinity, the electric field strength is
zero at a point on the line in which of the following
ranges?

(A) Totheleft of I

(B) BetweenIand Il ' ’ -
(C) Between II and III

(D) To the right of III

(E) None; the field is zero only at infinity.

46. The electric potential is negative at some points on
the line in which of the following ranges?

(A) Totheleftof I

(B) BetweenI and Il

(C) BetweenII and III

(D) To the right of 111

(E) None; this potential is never negative.

GO ON TO THE NEXT PAGE
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1% L
B P=s—"1C
A E,
A <+ D
B
0 &= X <—
D I
C . . .
49. A rigid, rectangular wire loop ABCD carrying
current /; lies in the plane of the page above a
47. The graph above shows the electric potential V in very long wire carrying current /,, as shown
aregion of space as a function of position along above. The net force on the loop is

the x-axis. At which point would a charged particle .

- . . (A) toward the wire

- experience the force of greatest magnitude? .
(B) away from the wire

(A) A (C) toward the left
(B) B (D) toward the right
< C (E) zero
- (D) D N ) ) -
(E) E S 2

48. The work that must be done by an external agent to
move a point charge of 2 mC from the origin to a
point 3 m away is 5 J. What is the potential differ- \
ence between the two points?
(A) 4x107* Vv
(B) 1072V
(© 25x10°V
(D) 2 x10°V
(E) 6x10°V

50. A uniform magnetic field B is parallel to the
Coe . xy-plane and in the +y-direction, as shown above.
o A proton p initially moves with velocity v in the
xy-plane at an angle 6 to the magnetic field and the
y-axis. The proton will subsequently follow what
kind of path?

(A) A straight-line path in the direction of v

(B) A circular path in the xy-plane

(C) A circular path in the yz-plane

(D) A helical path with its axis parallel to the
y-axis

(E) A helical path with its axis parallel to the
Z-axis

136




5L

52.

A parallel-plate capacitor has charge +Q on

one plate and charge —Q on the other. The plates,
each of area A, are a distance d apart and are
separated by a vacuum. A single proton of charge
+e, released from rest at the surface of the posi-
tively charged plate, will arrive at the other plate
with kinetic energy proportional to

A)

edQ

I
2

® 2

AeQ

© 2

2
ed

eQ2 -
(v

(D)

In which of the following cases does there exist a
nonzero magnetic field that can be conveniently
determined by using Ampere’s law?

(A) Outside a point charge that is at rest

(B) Inside a stationary cylinder carrying a
uniformly distributed charge

(C) Inside a very long current-carrying solenoid

(D) At the center of a current-carrying loop of wire

(E) Outside a square current-carrying loop of wire

Physics C: Electricity & Magnetism
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53. A beam of protons moves parallel to the x-axis in

the positive x-direction, as shown.above, through
a region of crossed electric and magnetic fields
balanced for zero deflection of the beam. If the
magnetic field is pointed in the positive y-direction,
in what direction must the electric field be pointed?

(A) Positive y-direction
(B) Positive z-direction “™
(C) Negative x-direction
(D) Negative y-direction
(E) Negative z-direction

(&=~}

—V

. A vertical length of copper wire moves to the

right with a steady velocity v in the direction
of a constant horizontal magnetic field B, as
shown above. Which of the following describes
the induced charges on the ends of the wire?

Top End Bottom End
(A) Positive Negative
(B) Negative Positive
(C) Negative Zeto
(D) Zevo Negative
(E) Zero Zero .




55. Suppose that an electron (charge —¢) could orbit

a proton (charge +e) in a circular orbit of constant % v ©  x T« .
radius R. Assuming that the proton is stationary PEE NS
and only electrostatic forces act on the particles, v x xS x  x\ x X
which of the following represents the kinetic energy 4 §
of the two-particle system? N~ x A % Irx g% %
1 e X X x\ /x X X
A) Z7e; R
1 &2 % X X X X X
®) g7, K
0 . . . . .
57. A negatively charged particle in a uniform magnetic
©) - 1 52_ field B moves in a circular path of radius r, as
Brey R ’ shown above. Which of the following graphs best
| 2 depicts how the frequency of revolution f of the
(D) Tneg ——;7 particle depends on the radius r ?
L e f f
B - T 72 ) .~ (A ) _ ®)
B
O — e
. . ’ . . . . 0 " 0 "
e e o o o o f
j © 1 ®) %
e © o e L e e -
‘0 r  SE—
56. A square wire loop with side L and resistance R
is held at rest in a uniform magnetic field of magni- E Vi
tude B directed out of the page, as shown above. E) 3
The field decreases with time ¢ according to the
equation B = a — bt, where a and b are posi- -
tive constants. The current / induced in the loop is
A) zero
( 0 r

(B) aLz/R, clockwise
) al* / R, counterclockwise
(D) bLz/R, clockwise
(E) bLZ/R, counterclockwise
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58. If the only force acting on an electron is due to a Questions 59-60

uniform electric field, the electron moves with - =
constant : In a region of space, a spherically symmetric electric
potential is given as a function of r, the distance from

(A) acceleration in a direction opposite to that of o ; - i
the field “the origin, by the equation V(r) = kr*, where k isa

(B) acceleration in the direction of the field positive constant.

(C) acceleration in a direction perpendicular to that i ) ] )
of the field 59. What is the magnitude of the electric field at a point

(D) speed in a direction opposite to that of the field adistance r, from the origin’

(E) speed in the direction of the field (A) Zero

(B) kn
(C) 2k
(D) kny?

E) %k’

60. What is the direction of the electric field at a point
adistance r, from the origin and the direction of

the force on an electron placed at this point?

Electric Field Force on Electron
(A) Toward origin Toward origin
(B) Toward origin Away from origin
(C) Away from origin Toward origin
(D) Away from origin Away from origin
(E) Undefined, since Undefined, since the
the field is zero force is zero
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61. Two charged particles, each with a charge of +¢, are located along the x-axisat x = 2 and x = 4, as shown

above. Which of the following shows the graph of the magnitude of the electric field along the x-axis from the origin
tox =67 ‘

E E

\ ®)

(A)

°
—
SO A
W
[ R
W
o+
o
—
[NCY
w
I A —
K
)

GO ON TO THE NEXT PAGE
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62. A positive electric charge is moved at a constant
speed between two locations in an electric field,
with no work done by or against the field at any
time during the motion. This situation can occur
only if the

{A) charge is moved in the direction of the field
(B) charge is moved opposite to the direction of

the field 63. The nonconducting hollow sphere of radius R
(C) charge is moved perpendicular to an shown above carries a large charge +Q, which is
equipotential line uniformly distributed on its surface. There is a

(D) charge is moved along an equipotential line

. () electric field is uniform ) initially located at point P, adistance r from the

v center of the sphere. If k = 1/4né0, what is the
work that must be done by an external agent in

small hole in the sphere. A small charge +g is

moving the charge +gq from P through the hole
to the center O of the sphere?

(A) Zero - ‘

kqQ
r

©

(B)

® k0% -7

GO ONTO THE NEXT PAGE
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Questions 64-65
[ :
| | 3.0 pF
X 30pF |} [
[
||
| |
30 uF
lyly
i
12V

Three identical capacitors, each of capacitance
3.0 uF, are connected in a circuit with a 12 'V battery
as shown above.

64. The equivalent capacitance between points X
and Z is - :

(A) 1.OpF
(B) 2.0 uF
(C) 4.5 F
(D) 6.0 uF
(E) 9.0 pF

65. The potential difference between points Y
and Z is

(A) zero
(B) 3V
< 4V
(D) 8V
(E) 9V

142

66.

67.

(E) Nothing

Brulb\l Bulb 2
~ = AN
T

___ng
|||L

The circuit in the figure above contains two iden-
tical lightbulbs in series with a battery. At first both
bulbs glow with equal brightness.,When switch §
is closed, which of the following occurs to the
bulbs?

Bulb 1 ~Bulb2
(A) Goes out Gets brighter
(B) Gets brighter Goes out
(C) Gets brighter Gets slightly dimmer
(D) Gets slightly dimmer Gets brighter
Goes out

(N slj

A bar magnet and a wire loop carrying current /
are arranged as shown above. In which direction,
if any, is the force on the current loop due to the
magnet?

(A) Toward the magnet

(B) Away from the magnet

(C) Toward the top of the page

(D) Toward the bottom of the page

(E) There is no force on the current loop.
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Physics C: Electricity & Magnetism

B (into page) uestions 69-70
xox X X X _ A capacitor is constructed of tWwoidentical conducting
X % plates parallel to each other and separated by a distance d.
- The capacitor is charged to a potential difference of Vj,
X X

by a battery, which is then disconnected.

X X X x X
69. If any edge effects are negligible, what is the mag-

68. A wire loop of area A is placed in a time-varying nitude of the electric field between the plates?
but spatially uniform magnetic field that is (A) Vd
perpendicular to the plane of the loop, as shown B) Vy/d
above. The induced emf in the loop is given by 0
E = bAr'"?  where b is a constant. The time- © 4y, : .
varying magnetic field could be given by D) V, /dz
0
W Loar ® 1/
(B) 1 b2 ) 70. A sheet of insulating plastic material is inserted
2 G between the plates withqut otherwise disturbing
c Ly the system. What effect does this have on the
© b capacitance?
(D) 2 papr? (A) It causes the capacitance to increase.
3 (B) It causes the capacitance to decrease.
(E) 2 b2 (C) None; the capacitance does not change.
3 (D) Nothing can be said about the effect without

knowing the dielectric constant of the plastic.
(E) Nothing can be said about the effect without
knowing the thickness of the sheet.

STOP

END OF SECTION I, ELECTRICITY AND MAGNETISM

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

DO NOT GO ON TO SECTION II UNTIL YOU ARE TOLD TO DO SO.
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PHYSICS C
SECTION II
Free-Response Questions

Mechanics 45 minutes 3 required questions of equal weight on pages 4-15
Electricity and Magnetism 45 minutes 3 required questions of equal weight on pages 16-25
Section II is 50 percent of the total grade for each of the two examinations.
Mark one of the three boxes below to indicate which questions you are answering. . .
[ ] Mechanics only
D Electricity and Magnetism only

[] Both Mechanics and Electricity and Magnetism

~General Instructions

When you are told to begin, carefully tear out the green insert and start work. The questions in the green insert
are duplicates of those in this booklet, except that in this booklet space has been left after each part of each

question for you to write your answers. The green insert may be used for reference only as you answer the free-
response questions. NO CREDIT WILL BE GIVEN FOR ANYTHING WRITTEN IN THE GREEN INSERT.

A table of information and lists of equations that may be helpful are on pages 1-3 of the green insert. Show
your work and write your answers to each question in the pink booklet only. Be sure to write CLEARLY
and LEGIBLY. Credit for your answers depends on your 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 indicate clearly where you
continue your work. Credit will NOT be awarded for work that is not clearly designated as the solution to a
specific part of a question. Credit for your work also depends on the quality of your solutions and explana-
tions, so you should SHOW YOUR WORK. If you make an error, you may save time by crossing it out
rather than trying to erase it. Crossed-out work will not be graded. You may lose credit for incorrect work
that is not crossed out.
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The Green Insert

The College Board
= : Advanced Placement Examination - -
PHYSICS C

SECTION II

TABLE OF INFORMATION FOR 1998

CONSTANTS AND CONVERSION FACTORS UNITS PREFIXES
1 unified atomic mass unit, tu = 1.66x 107 kg Name Symbol Factor Prefix Symbol
= 931 MeV/c’ meter m 10° giga G
Proton mass, m, = 167x 1077 kg kilogram kg 109 mega M
Neutron mass, m, = 167x 1077 kg second s 103 kilo K
. Electron mass, - -3 ) - -
. m, =911 x10" kg A 102 centi c
Magnitude of the electron charge, e = 160%x 107°C ampere
3 e
Avogadro’s number, Ny = 6.02x 10™ mol™ kelvin K 10 milli m
.6 .
Universal gas constant, = . 10 micro n
iversal g R = 8311/(mol - K) mole mol
o Boltzmann's constant, . ky = .1.38x% 107 J/K 107 nano n
by . . . hertz Hz .
: Speed of light, ¢ :_‘:3400 % 10 m/s 10127 pico p
Planck’s constant, h=663x107] s newton N
! s pascal Pa VALUES OF TRIGONOMETRIC FUNCTIONS
=414x107" eV s FOR COMMON ANGLES
he = 199 % 10‘25 JI'm joule J Angle Sin Cos Tan
= 124x 10’ eV - nm watt w 0 0 1 0
Vacuum permittivity, € = 885x 107 C*/N - m’ coulomb C .
30 12 V312 (V33
Coulomb’s law constant, k=1/4m€, = 9.0x 10° N misc? volt v
Vacuum permeability, Ly = 4nx 1077 (T m) /A ohm Q 37° 3/5 4/5 3/4
Magnetic constant, K =up/dn = 107(T m) /A henry H
Universal gravitational constant, G=667x10" m'/kg- s farad F 45° \2/2 N2 1
Acceleration due to grz;vity tesla T
at the Earth's surface, ) - 2
g =98m/s degree 53° 4/5 35 | 43
I atmosphere pressure, latm = 1.0x {0° N/m’ Celsius °C
5 o
= 10X 10" Pa electron- 60 V312 172 V3
1 electron volt, leV = 160x 1077 J volt ev
1 angstrom, 1A =1x10"m 90° 1 0 o

The following conventions are used in this examination.
1. Unless otherwise stated, the frame of reference of any problem is assumed to be inertial.
I1. The direction of any electric current is the direction of flow of positive charge (conventional current).

[II. For any isolated electric charge, the electric potential is defined as zero at an infinite distance from the charge.

This insert may be used for reference and/or scratchwork as you answer the free-response questions, but be
sure to show all your work and your answers in the pink booklet. No credit will be given for work shown on
this green insert.

Copyright © 1998 by College Entrance Examination Board and Educational Testing Service.
All rights reserved.

For face-to-face teaching purposes, classroom teachers are permitted to reproduce only the questions in this green insert.
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U:Z)()'f‘a[
I 2
S=SO+1)0[+§CU

2 2
v = vy + 2a(s — sp)

2F = Fper = ma
_4p
F—dr
J=|Fd=Ap
p =myv
FfricSuN
W=[F-ds
K==mp
_aw
P dt
AUg = mgh

2
ae=L = o
T=rxXF

27 = Tpet =l
I = [r’dm = Smr*
Yom = omr/Em

V=T
L=rxp=lo»
1, 2

K-§1(D

® =+ ot

- 1 2
0= 6y + Ot + 5 0t

2
Fo = —kx
U5=%kx2
2r 1
T—-—(E—},
Ty = 21 %
I4
Gmym
Fg=-—3%=
UG:__Gm,mg

a = acceleration
F = force
f = frequency
h = height
= rotational nertia
J = impulse

K = kinetic energy

k = spring constant

£ = length

L = angular momentum
m = mass

N = normal force

P = power

p = momentum
r = distance

s = displacement
T =period .

r = time

U = potential energy

v = velocity or speed

W = work

x = displacement

p = coefficient of friction
6 = angle

T = torque

® = angular speed

o = angular acceleration

ELECTRICITY AND MAGNETISM

_ 1 a4
F_41t€0 r2
E:E
q
$E-dA =2
dv
E=-%
=1 39
4neozr
_ _ 1 aq
UE_qV_41teo r
=@
C"V
_ XK€pA
C= d
Cp =2 Ci
1l _s1
CS_. ¢ Cl
- 40
I= dt

V=IR
Rs=2Ri
1 l 1
Rp ~ R;
P=1Iv
Fy=qgvxB
§B-de=pgl
F=[Id¢xB
Bs = pwon!
Om=]B-dA
g=-14
U= LI"

area
magnetic field
capacitance

d = distance

E = clectric ficld

LS
oo

& = emf

F = force

I = current

L = inductance
£ = length

n = number of loops of wire
per unit length

P = power

QO = charge

g = point charge

R = resistance

r= distance

t-= time

U = potential or stored energy

V = electric potential

v = velocity or speed

p = resistivity

¢,, = magnetic flux

¥ = dielectric constant
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GEOMETRY AND TRIGONOMETRY

Rectangle A = area
A = bh C = circumference
Triangle V = volume
1 S = surface area
A= 2 bh b = base
Circle | h = height
A=m1r" £ = length
C = 2xr w = width
Parallelepiped r = radius
V = fwh
Cylinder _
V=mnr/
S = 2mr £+ 2
Sphere
V= % T ) ; |
RPE S = 4nr’ ) . e
. Right Triangle : m

2 2 2
a +b =¢

. a a
sin 9—-; o 900
cos 9——'é b
c
tan 9=%
CALCULUS
& d de
dx du dx
d  n n
p xH)=n
d  x _
L) =e¢ -
d |
d-x(ln x) = T

% (sin x) = cos x

c%‘ (cos x) = —sin x

1 n+ 1
— X
n+1

Jexdx =¢"

jé&':m x|
X

Jcos x dx = sin x

fxndx = ,n#E =]

['sin x dx = —cos x
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PHYSICS C
SECTION II, MECHANICS - -
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, NOT in the green insert.

Bron

A T B

Lk

.- 0.90 kg » 0.60 kg

Air Track

Mech. 1. Two gliders move freely on an air track with negligible friction, as shown above. Glider A has a mass of 0.90 kg and
Lo glider B has a mass of 0.60 kg. Initially, glider A moves toward glider B, which is at rest. A spring of negligible
e mass is attached to the right side of glider. A. Strobe photography is used to record successive positions of glider A at
0.10 s intervals over a total time of 2.00 s, during which time it collides with glider B.”

The following diagram represents the data for the motion of glider A. Positions of glider A at the end of each 0.10 s
interval are indicated by the symbol A against a metric ruler. The total elapsed time t after each 0.50 s is also indi-
cated.

Om 0.0 020 030 040 050 060 070 08 090 100 1.10 120 130m
bbb b b e oo eed o e
A A A A ¢ A A A A »’l\/\/\/\/\li\/\/\/\/\ﬁ\

0.00s 0.50s 1.00s 1.50s  2.00s ¢

(a) Determine the average speed of glider A for the following time intervals.

i. 0.105t00.30s

il. 0.90st01.10s

iil. 1.70st01.90s
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consistent with the data above, of the speed of glider A as a function

sketch a graph,

>

of time ¢t for the 2.00 s interval.
v(m/s)

{b) On the axes below

~~ o~ 5
<z N .
= = %
4 A =
. =
'l*l'.l-|1l1ld|1|]|.1l.lnl11l1.|_|1|-.ll|1||.O. ’ p |..I..ul'._ll.i.lls!.l«llql-JlJlil.luJ-.l..l.l._l.__llJ‘J-llOa L} N 4
R T T T A T T T T I I I A N a [ T T T T Y Y SO O T B ~ .
R o © b b -
ST TTCTTRT T T T = #_‘ TR T T T T =
R T O T T T O T T T A A w I T T T T R T S S R S O = |
TR TN N O O O PO e I O T O g o bbb e b o
A M e e A R A A T R R i i e 2 T 2 R R e =
[ T T T I O T e E I T T Y T O T TR T T B B =
SRR SO S R TN DU DR (0K SO NN N SN DUy N Y O » = ST U TS Y R Y SN U N N S N T =
N o % [ T T R T R T T R R T A =
[ T T T T T O T S T O (Y 5] [ T T T T S S Y T S R o
RSO A Y SR | N P W S S JU WP FO T =] = B i U NN NS S T e O R X T
[ T T T T N Y Y O O a, .2 I T Y T T O N A A | o
I T T Y Y N A T R S T (O = Q = I O O (T Y O SN O RO N T <
SR R RN PN S QRS PO PN T SV QY S U S O S @ & SRS G NS WP U S OGS N AU S PG SO SR S W
R r— = = [ R I I R R Y R e R —
[ T T T T (R T S T B B B = Gt T T T T T T O T S S T S R
i sl bt i Rk wlis ol mher s et e Bk o Bl s o 2 « I e ket e Rt ey Bl o el g e Rl o e s o
T N T T O T S O A R b= @ 1 T T T T Y Y O O O O O B
[ T O I S A O O A P A o SR VO T T O T T T Y I O O I O
) I T I Ay Mt A T O O R T B - M ) 1 T [ T e T s T A B By e
I T T T T T T R Y Y A N R B I3 [ T T T O O T O A
SRR VOO VDN NP N U NPT N RO OO SO SR S N S N k=] bt R WU RSO I TR Ay OO N S O S SO BN SN O
RN 5 2 RN
I T T T O T T T O T A R o = [ T T T S O S O O T T
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T T e ST oy ST Mg Wy - Y R Y S Y W R W N P W S I
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R T T T e S S e e e e e e e 5 & R e L e S B e e e e e e e o
R T T T T T O TR S N Y N i) o | T T A T T T T T A
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o o o) i = ~ o) =)
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(c) 1
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Physics C: Mechanics |

A graph of the total kinetic energy K for the two-glider system over the 2.00 s interval has the following shape.
K, is the total kinetic energy of the system at time ¢t = 0.

—

K()
4
KO
—— e e ~t(s;
0 0.50 1.00 1.50 2.00

g
¥

(d) i. Isthe collision elastic? Justify your answer.

ii. Briefly explain why there is a minimum in the kinetic energy curve at t = 1.00s.

GO ON TO THE NEXT PAGE
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Mech. 2. A space shuttle astronaut in a circular orbit around the Earth has an assembly consisting of,two small dense spheres,
each of mass m, whose centers are connected by a rigid rod of length ¢ and negligible mgss. The astronaut also has
a device that will launch a small lump of clay of mass m at speed U, . Express your answers in terms of m, U, , &,
and fundamental constants. ‘

—

m

@ @
= TUO
. ®

m

m

(a) Initially, the assembly is “floating” freely at rest relative to the cabin, and the astronaut launches the clay R
lump so that it perpendicularly strikes and sticks to the midpoint of the rod, as shown above.

i. Determine the total kinetic energy of the system (assembly and clay lump) after the collision.

ii. Determine the change in kinetic energy as a result of the collision.

| GO ON TO THE NEXT PAGE
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3
®
® -
3

!

&

—_—
]
o)

3@

(b) The assembly is brought to rest, the clay lump removed, and the experiment is repeated as shown above, with
the clay lump striking perpendicular to the rod but this time sticking to one of the spheres of the assembly.

i. Determine the distance from the left end of the rod to the center of mass of the system (assembly and clay
lump) immediately after the collision. (Assume that the radii of the spheres and clay lump are much smaller
than the separation of the spheres.)

e ¢

1. On the figure above, indicate the direction of the motion of the center of mass immediately after the
collision.

[~on

iil. Determine the speed of the center of mass immediately after the collision.

| GO ON TO THE NEXT PAGE




iv. Determine the angular speed of the system (assembly and clay lump) immediately after the collision.

— -

v. Determine the change in kinetic energy:as a result of the collision. e

| GO ON TO THE NEXT PAGE
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Mech., 3.
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m,

- Coefficient Between
Blocks 1 and 2

Block 1 of mass m;, is placed on block 2 of mass m,, which is then placed on a table. A string connecting block 2 )
to a hanging mass M passes over a pulley attached to one end of the table, as shown above. The mass and friction

of the pulley are negligible. The coefficients of friction between blocks 1 and 2 and between block 2 and the tabletop
are nonzero and are given in the following table.

Coefficient Between
" Block 2 and the Tabletop

Static

,usl

,us?,

Kinetic

My

9%

Express your answers in terms of the masses, coefficients of friction, and g, the acceleration due to gravity.

(a) Suppose that the value of M is small enough that the blocks remain at rest when released. For each of the

following forces, determine the magnitude of the force and draw a vector on the block provided to indicate
the direction of the force if it is nonzero.

i. The normal force N, exerted on block 1 by block 2

ii. The friction force f; exerted on block I by block 2

155
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P

1. The force T exerted on block 2 by the string

iv. The normal force N, exerted on block 2 by the tabletop

v. The friction force f, exerted on block 2 by the tabletop

(b) Determine the largest value of M for which the blocks can remain at rest

156
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(c) Now suppose that M is large enough that the hanging block descends when the blocks are released. Assume
that blocks 1 and 2 are moving as a unit (no slippage). Determine the magnitude a of their aceeleration.

(d) Now suppose that M is large enough that as the hanging block descends, block 1 is slipping on block 2.
Determine each of the following.

i. The magnitude a; of the acceleration of block 1

ii. The magnitude a, of the acceleration of block 2

STOP

END OF SECTION II, MECHANICS

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON SECTION II,
.. MECHANICS, ONLY. DO NOT TURN TO ANY OTHER TEST MATERIALS. -
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Physics C: Electricity & Magnetism

PHYSICS C
SEC'ﬁON I, ELECTRICITY AND MAGNETISM o=
Time—45 minutes
3 Queétions

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, NOT in the green insert.

A

| 1.5m | ’ -

Note: Figure not drawn to scale.

E & M. 1. The small sphere A in the diagram above has a charge of 120 pC. The large sphere B, is a thin shell of

nonconducting material with a net charge that is uniformly distributed over its surface. Sphere B, has a mass
of 0.025 kg, a radius of 0.05 m, and is suspended from an uncharged, nonconducting thread. Sphere B, is in

equilibrium when the thread makes an angle 8 = 20° with the vertical. The centers of the spheres are at the same
vertical height and are a horizontal distance of 1.5 m apart, as shown.

(a) Calculate the charge on sphere B,.

159




(b) Suppose that sphere B, is replaced by a second suspended sphere B, that has the same mass, radius.
and charge, but that is conducting. Equilibrium is again established when sphere A is 1.5-m.from sphere
B, and their centers are at the same vertical height. State whether the equilibrium angle 6, will be less
than, equal to, or greater than 20°. Justify your answer.

The sphere B, is now replaced by a very long, horizontal, nonconducting tube, as shown in the top view
below. The tube is hollow with thin walls of radius R = 0.20 m and a uniform positive charge per unit length

of A = +0.10 pC/m.

" _ Tube (radius R) ‘ 2

/

[Py,

MAAN

Top View

(c) Use Gauss’s law to show that the electric field at a perpendicular distance » from the tube is given

1.8 x 10°
r

by the expression E = N/C, where r>R and r is in meters.

GO ON TO THE NEXT PAGE
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(d) The small sphere A with charge 120 1 C is now brought into the vicinity of the tube and is held.at a
distance of r = 1.5 m from the center of the tube. Calculate the repulsive force that the tube exests
on the sphere. :

(e) Calculate the work done against the electrostatic repulsion to move sphere A toward the tube from a
distance r = L5 mto adistance r = 0.3 m from the tube.

GO ON TO THE NEXT PAGE |
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EIN

R=10Q ¢ B

£€=20V=— C=15uF §L=2.0H

W
R,=20Q

E & M. 2. In the circuit shown above, the switch § is initially in the open position shown, and the capacitor is uncharged.
A voltmeter (not shown) is used to measure the correct potential difference across resistor R,. -

(a) On the circuit diagram above, draw the voltmeter with the proper connections for correctly measuring
the potential difference across resistor R;.

(b) Attime ¢ = 0, the S\%/itchwis moved to position A. Determine the voltmeter reading for the time
immediately after ¢+ = 0. o

(c) After a long time, a measurement of potential difference across R, is again taken. Determine for this later
time each of the following.

i. The voltmeter reading

ii. The charge on the capacitor

| Go on T THE NEXT PAGE
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(d) Atastill latertime t = T, the switch S is moved to position B. Determine the voltmeter reading for the
time immediately after + = T.

— -

(e) Alongtime after + = T, the currentin R, reaches a constant final value /;.

i. Determine I;. ) ‘ -

ii. Determine the final energy stored in the inductor.

(f) Write, but do not solve, a differential equation for the current in resistor R, as a function of time ¢ after
the switch is moved to position B.

GO ON TO THE NEXT PAGE.

163




E& M. 3.

A conducting bar of mass m is placed on two long conducting rails a distance £ apart. The rails are inclined at
an angle 6 with respect to the horizontal, as shown above, and the bar is able to slide on the rails with negligible
friction. The bar and rails are in'a uniform and constant magnetic field of magnitude B oriénted perpendicular to
the incline. A resistor of resistance R connects the upper ends of the rails and completes the circuit as shown. The
bar is released from rest at the top of the incline. Express your answers to parts (a) through (d) in terms of m, €, 6,
B, R,and g.

(a) Determine the-current in the circuit when the bar has reached a constant final speed.

e

(b) Determine the constant final speed of the bar.

G0 0N T0 THENEXT PAGE.
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Physics C: Electricity & Magnetism

(c) Determine the rate at which energy is being dissipated in the circuit when the bar has reached its_,
constant final speed. )

—

(d) Express the speed of the bar as a function of time r from the time it is released at ¢+ = 0.

(e) Suppose that the experiment is performed again, this time with a second identical resistor connecting the

rails at the bottom of the incline. Will this affect the final speed attained by the bar, and if so, how? Justify
your answer. :

STOP

END OF SECTION II, ELECTRICITY AND MAGNETISM

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON SECTION II,
ELECTRICITY AND MAGNETISM, ONLY. DO NOT TURN TO ANY OTHER TEST MATERIALS.

165
L —= |







Chapter \ Answers to the 1998 AP Physics C Examination

B Section I: Multiple Choice Section |: Multiple Choice
@ Blank Answer Sheet _ ]
‘ Listed below are the correct answers to the multiple-
B Section II: Free Response choice questions and the percentage of AP candidates

who answered each question correctly.  +

Answer Key and Percent Answering Correctly

Correct- -~ Percent
Answer ... Correct

Dwprwsorwo0m 00 > b

*This question was not counted when the exam was scored. -
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Section lI: Free Response

3

On the next several pages, you will find a general
analysis of each question, and the students’ performance
on it, by the Chief Faculty Consultant. Following these
are the scoring guidelines used by the faculty consult-
ants at the AP Reading. There are also sample student

—

responses for each question, along with comments
indicating why they received the score they did. A

" distribution of student scores on each free-response

question is given on page 218.-
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Physics C
Answers and Samples
Mechanics Question 1 (15 points) — Scoring Guidelines

This question, while not at all difficult from a calculational point of view, provides an excellent test of
conceptual understanding. The format in which the information is provided in this question gives it an
experimental flavor. Not only does the question test the student’s understanding of energy and momentum
concepts, but also the ability to extract the necessary information from data which is graphically presented.
A correct answer requires an understanding of the relationship between displacement, velocity, and time for
both accelerated and non-accelerated motion. In general, students performed very well on this question.

Distribution
(@ of points
i. 1 point
For correct answer ) 1 point
— _As 030m-0.10m ‘ ]
D=—-= =1.00m/s
At 0.30s-0.10s
ii. 1 point
For correct answer . . 1 point
— As 09m-087m o = - : o~
DV=—= =0.60m/s —
At 1.10s-0.90s
iii. 1 point
For correct answer 1 point
— As 1.18m-1.14m
m—=—=020m/s
At 1.90s-1.70s
(b) 3 points
v(m/s)
i 1 | t I ! H 1 i | 1 | i i | 1 i | 1 i i
i 1 1 I i 1 1 1 N H t ] i § 1 i ! ! i i
1.50 === e m A m m e e e e e e
N IR TN U VY U AN VR NIV PRI SNV SSOH AR UV NN SN SOUPY SO NUNON N
1 1 ; [ ] i i 1 i i ! | | 4 i ! 1 | ] 1
R e e T e S B e R it SEEE ERPR P |
1 t | i t t i i ! { 1 i i | i i
b S s Bty P~y st el Bt iy S S B S S MRS Sunh S SR R S MR |
S INPWIN DR PRSI JE RPN ISP TR L SRRSO TP AU KGN SO PRV PO SN RIS SN SUpUpU FU
i i R 1 i Iy i 1 i i ! § 1 i t | ! H
100 T T 1 T T T T ¢ Suthee Zhubans hunied nbenienl mabenias henientie Seniuul afandly tl sl Aniair Rt
B IR SR FENI DEVSVO: Ry SN SN T J SOV AN IRGENRIIY FONE ARPNN GNP HPRUNN NUPUN IR IR N
¥ i ) ] } J | ] | i t ] i I i 1 [
e e A B e e e e B e el el o e e e e e e A
i i i i H I ! i ! i | | ! i i
B P S S S il Sty iy i A il e e et Et it R I
-t-—1-—-(—--4--4--—;-—-x-——t--4—-+_— QU Y UV P U R OUOs PR SN YR B
i i i i | i I i I | 1 I 1
0.50" b s ks Aententy sl abuet et Inthatiy ity uieadntuls AR N SRl St M B Ry R ) M |
P AU U PRRDION DRGNS SPIN U QU FUpUIPN DERSIN AP RPURpI G INPUUN PP SUIpIY SpUUpII S e Y
1 1 1] H 1 1 i } l 1 ! } ]
s it e et Ratesks sl ahubey exentent inbae Subus s sl Sk U i S s S i ety Sk
8 IS T N SN AU DUV SNV N DR SSUONY Y AU [T T W) NN R S
i 1 i I i i | i i i i i ! I i i T 1 | 1
R e e e e o e e B e e e e Ao e B St it i Sl Bl
[ I I N I I I N UM I A A NN OSN =~ 1(s)
T T T T T T T L T ¥ T T T 13 T T T T T ].
0 0.50 1.00 1.50 T 2.00
For line I horizontal at v = 1.00 nvs or at answer obtained for (a)i. 1 point

For line II with monotonic, negative slope between points Py and P,
P at (0.70 - 0.80, 1.00) or (0.70 - 0.80, answer to (a)i.), and -
P, at (1.20 - 1.30, 0.20) or (1.20 - 1.30, answer to (a)iii.) "1 point
(This line may be straight, which is consistent with the data, or slightly
curved as shown, which is consistent with the behavior of springs)

For line III horizontal at v = 0,20 m/s or at answer obtained for (a)iii. 1 point
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sttrlbutmn

_ of points
Mech. 1 (continued)
(©)
i. 3 points
For any statement of conservation of momentum or energy 1 point
For proper conservation of momentum or energy equation 1 point
Method 1: Conservation of momentum
My Uy =M40 4 + Mg Up
B (0.90 kg)(l.OO m/s) = (0.90 kg)(Q.ZO m/s) + (0.60 kg)vB X
Method 2: Recognize from part (d) that energy is also conserved.
L w2 =L 02 4102
7 aVai 7 AaYaf 5 BYEB
1 - 1 : 1 ‘ .
> (0.90kg)1.00m/s)* = 2 (0.90kg}0.20 m/s)* + > (0.60kgp: - -
For correct answer 1 point
Uy =12 m/fs
ii. 3 points
v(m/s)
A
L O O FO U O O O SO O A T
1.50 ==t o o e e e o e e e e e
N O S U RNV S O AU AN SRR AN Y SO S AU SR U JOCU R N S |
| { i i | { | t [ ] 4 | i 1 ! i 3 [} i
] O T A VO 1O O U O O N MO 4 N A e M A W
B I A Dy Ry S S I R R AR SR R R (| T T T T 1
_-_-:_-u..},___i_._.:.__IL__:___L_.....J__.L_._.L....L.——. A e d b b
LR R e et et e e Sl e e B e e o e e S it it el et Rt
____L___{..__l__.i____g__._:-__J__J__.L.....L.... b
i e el e e e e o R e Al e e B B e e e s Dl
! i ! i f i
T T T T TR T T T T
1 -
0‘50""""'l"ﬂ"'l"T"r"'!‘""I‘;‘“'I‘_T' T T T T T T T T I T T
_____:___{.__..i_._.:.__.:...__}__...l_._._l_._i JAEN SRS FUR U MR SN U WU S SO (U N |
b it Buhathet hlunte Reshauly Shadhall mbeniny ithentinl anfeniy Sanient” saafals sluniund athashus? bl ety St by sluniek slbeniios bttt ndonds |
-___L___.IIj___L__L__I..__L_.J._ (SRR AUy SO SO SN URIPR SV AU SO N
1 1 I i i I 1 i I | i i i
e ke b e Tl S T T e e e e e B e e et S e ik
e
0 0.50

For line T horizontal at v=0

For line II with monotonic, positive slope between points P; and P,,
P; at (0.70 - 0.80, 0), and
P, at (1.20 - 1.30, 1.20) or (1.20 - 1.30, answer to (c)i.) » 1 point
(This line may be straight, which is consistent with the data, or slightly
curved as shown, which is consistent with the behavior of springs)

For line III horizontal at v= 1.20 m/s or at answer obtained for (C)i. 1 point
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Distribution
_of points
Mech. 1 (continued)

@
i. 2 points

For correct answer 1 point
Yes, the collision is elastic. :

For any reasonable justification 1 point
Examples: - . . -
The final kinetic energy equals the initial kinetic energy.
The spring force is conservative meaning the total energy stored equals the total
energy released.
The compressed spring stores and releases energy in equal amounts.

(The justification point was not awarded if student answered “no” to the question.)
ii. 1 point

For any reasonable explanation 1 point
Examples:

The compressed spring stores maximum amount of kinetic energy.

Attimet =1 s, there is maximum kinetic energy stored as potential energy.

Attime t = 1 s, the spring has maximum potential or elastic energy.
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Excellent Student Response: 15 points

2o

A —> B
(il

|————— 0.90 kg 0.60 kg

Air Track

Mech. 1. Two gliders move freely on an air track with negligible friction, as shown above. Glider A has a mass of 0.90 kg and
glider B has a mass of 0.60 kg. Initially, glider A moves toward glider B, which is at rest. A spring of negligible
mass is attached to the right side of glider A. Strobe photography is used to record successive positions of glider A at
0.10 s intervals over a total time of 2.00 s, during which time it collides with glider B. . .

The following diagram represents the data for the motion of glider A. Positions of glider A at the end of each 0.10 s
interval are indicated by the symbol A against a metric ruler. The total elapsed time ¢ after each 0.50 s is also indi-
cated.

Om 010 020 030 040 - 050 060 070 080 090 100~ 110 120 130m
hHIIIIIlIIIIIIIII|IIHIIIIHIIIIIIHII'IIII[IIIIIIIIIlIIIIIIIIIIIIIIIHHIIIIIIIIHIIHI|HHIHHII llHI'IHIUHIIIUIIHIII
? :? ? AT/\AAA{\

))9

0.00s 0.50s 4 100s  1.50s 2.00s ¢

(a) Determine the average speed of glider A for the following time intervals.

i OlOstoO30s

;/% (\"/s

i. 0.90s§1.105 qqm~ T Ad :@
T\S: /f} T e 925

L AS

iti. 1.70st01.90s L
_ ) \‘%m— l'quh - O Q M/S
VY ae e
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A graph of the total kinetic energy K for the two-glider system over the 2.00 s interval has the following shape.

K, is the total kinetic energy of the system at time ¢t = 0. -
K@)
Ko v
—t > 1(s)
0 0.50 1.00 1.50 2.00

(d) i Isthe collision elastic? Justify your answer. R vs \;, ecauvse
e\askr ¢, W 13 8

Nes e collision S \ & \
" i B ™M - a Se 'S e
Mﬁmen\om s conServek ( aNa = MANG -\m%\u) hxl,,@c\ \L E uoo}é

Ewnel -T'C AA'*.'5 ece an '\ne\ask e Ls,an,
haif\jV e C_onS’(’.ﬁIe—l '\oe_c‘qUSZ e WOV‘ N'\ IOSAV Au('\’.\j
e o jecs,Qﬂé t\~ wol

PR MO\& 1ef\ O‘Q A&h
%\& & i:: e ‘g 0\3’('0 \“qut eh@\(j Q_,JA‘&/\ m“ \X\e (\V\O J
ae La:\,}ec s el o c@ %\ﬂl‘ each oﬁ\aec,

ii, Briefly explam why there is a minimum in the kinetic energy curve at ¢t = 1.00 s

01 0 tC \J\/x@
3@(‘(\ \De chY\Q ‘\L[& O\e et >3 {g CONP\A \)\/
Lom@};lﬁe& “neceloie XQ\,\@ Gx)fc\g afe \oacc)/
a\:‘ﬂf\j' m\é (\f\oéf D*Q’ Q\\a « ',pa‘}“c @*fijy
\';a& pheE mxr@ &)c“\a r\\-lc{{ é%i{j \/ gjvoa
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Very Good Student Response: 13 points

.
T

i

l————— 0.90 kg 0.60 kg

Air Track

A

Mech. 1. Two gliders move freely on an air track with negligible friction, as shown above. Glider A has a mass of 0.90 kg and
glider B has a mass of 0.60 kg. Initially, glider A moves toward glider B, which is at rest. A spring of negligible
mass is attached to the right side of glider A. Strobe photography is used to record successive positions of glider A at
0.10 s intervals over a total time of 2.00 s, during which time it collides with glider B.

The following diagram represents the data for the motion of glider A. Positions of glider A at the end of each 0.10's
interval are indicated by the symbol A against a metric ruler. The total elapsed time ¢t after each 0.50 s is also indi-
cated.

Om 0.0 020 030 040 _}o.so 060 070 0.80 090 1.00~ 1.10 120 130m
Lo o b bt oot Deeodee Lo e bl
? . A A A A Ir A A A A /I\ A A A/\T/\AI\/\?

0.00s 0.50s 1.00s 1.50s 2.00s ¢

(a) Determine the average speed of glider A for the following time intervals.
i. 0.10st00.30s
Avesd. = Xo-x. _ 32707 L .32 1 00™/s

L3035 -.00 35 PRCIE S

ii. 0.90st01.10s

Yo X, 99m 2t p w0 s
ot Ides-708

|

iii. 1.70st01.90s

¥z - % YLl oy 205

+, -t r.qos-1.70s
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Physics C
Answers and Samples

A graph of the total kinetic energy K for the two-glider system over the 2.00 s interval has the following shape.

Ky is the total kinetic energy of the system at time ¢ = 0. - -
K@)
A
Ko ________________
e (s)
0 0.50 1.00 1.50 2.00

(d) 1. Isthe collision elastic? Justify your answer.

Yes, both linetie maergy

end Mot enstum
oce cengesped. | < -
K before colli sion = Lﬁ@

k og’{'ts‘ ro“isim = '/45
Masses of ‘ﬁ)‘ﬁ\ sl;eler“; al e mns“'(m{

ii. Briefly explain why there is a minimum in the kinetic energy curve at 1 = 1.00 s.

¢ Ahe St;éqs
Sam-e, o %Q, kinc_‘(",e.. 'ﬁﬂfx‘a\f 'S

+¢—mf€ré~"§~{y de"“’“’*&d 5. Qo%ﬁs\%;m\ eneryy
RS (RPN he (‘aml:rﬂsgé& &fﬁié\g‘ s Potentiod

caergy s evendeall, comvertedl puck i~
}f.‘n«eﬂi‘\c w1 ELGY .
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Mechanics Question 2 (15 points) — Scoring Guidelines -

This question tests understanding of the concepts of linear and angular momentum conservation, kinetic
energy, and center of mass. Just as importantly, the student must understand when kinetic energy is, and is
not, conserved. Many students incorrectly assumed that kinetic energy was conserved in these decidedly
inelastic collisions. This problem involved no complicated calculations, but rather required real
understanding of motion of the center of mass and motion about the center of mass for a correct solution.

Distribution
of points
(a)
i. 3 points
For a statement that momentum is conserved oOr p; = pr 1 point
mvy = (3mv,
For the correct final speed S -1 point
Yo
V, =—
K
For correct substitutions and answer 1 point
2 2
() mv,
K pper L =l(3m =2 ==
2 2 3 6
1
(1 point awarded for K, = (3m )% if student found wrong v, or
could not find v, .)
ii. 2 points
2 2
mv;  mv,
AK =K, — K =0
after before 6 9
For correct sign of answer _ 1 point
For correct magnitude of answer 1 point
A =TV
3

. 1
(2 points awarded for any wrong answer from (a)i. minus —imvg )

(1 point awarded for —é—mvé minus any wrong answer from (a)i.)
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Mech. 2 (continued)
(b)
i. 2 points

For correct substitutions into the center of mass equation
_Zmyr,  m(0)+2m(f)
o Xm, m+2m

For correct answer
2
¥ o = —3-6

ii. 1 point -

For vertical arrow anywhere on diagram or in answer space
iii. 1 point

Linear momentum is conserved.

Pi = Pr :

mv, + 3m(0) = (3m)vf :
_ For correct answer

v
Ky
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Distribation
of points

1 point

1 point

1 point

1 point



Distribution
of points
Mech. 2 (continued) .

iv. 3 points

Angular momentum is conserved.

Lbcforc = Lafier
For determining the angular momenta about the center of mass 1 point:

Lyofore =MV, Rsin 0 =mu, G)— EJ

Lqﬁer = a)]

For determining the moment of inertia 1 point

2 2
I =Xmr? =m(—2—€j +2m[—1—5j zgméz
3 3 /. 3

Substituting into Liefore = Lafter,

mvo(—l—ﬁj =—2—mZ2a)
3 3

For correct answer 1 point

v
0=—>
2/

v. 3 points

K, =-1—-m1)§
2

1

For recognizing that final kinetic energy is translational plus rotational 1 point

1 s 1. 4 .
K, =—mv;+—iw -
F o Ty

For correct substitutions and final kinefic energy 1 point
2 2
v v
K, =—l—(3m) Dol 102 0212 =lmv§
2 3 2,3 20 4
L2 1. 2
AK=K,-K, :vao ——imvo

For correct answer ~ . 1point
1 .
AK = —=mv,’
4

(Correct answer point awarded for either positive or negative sign.)
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Physics C

Answers and Samples
Excellent Student Response: 15 points

-

Mech. 2. A space shuttle astronaut in a circular orbit around the Earth has an assembly consisting of two small dense spheres,
each of mass m, whose centers are connected by a rigid rod of length £ and negligible mass. The astronaut also has

a device that will launch a small lump of clay of mass m atspeed v, . Express your answers in terms of m, 7, ¢,
and fundamental constants.

L {
—

& ®
®
m

(a) Initially, the assembly is “floating” freely at rest relative to the cabin, and the astronaut launches the clay
lump so that it perpendicularly strikes and sticks to the midpoint of the rod, as shown above.

m

m

1. Determine the total liinetié energy of the system (assembly and clay lurff;;) after the collision.
= T m} Vv
My, OnZ I
mVo = 3wy £

ii. Determine the change in kinetic energy as a result of the collision

» KE= KE{,“ KEQ

= R RS
= zm%é 7 MY,
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(b) The assembly is brought to rest, the clay lump removed, and the experiment is repeated as shown above, with
the clay lump striking perpendicular to the rod but this time sticking to one of the spheres of the assembly.

i. Determine the distance from the left end of the rod to the center of mass of the system (assembly and ¢lay
lump) immediately after the collision. (Assume that the radii of the spheres and clay lump are much smaller

than the separation of the spheres.) P (5;‘(\&& Jodiiof s ?Mﬁ ' ad Nﬁ(\ bh.,

- 2w R md | Z /
Ko S mtZe ;’Ev—; '[—é—L

PO

ii. On the figure above, indicate the direction of the motion of the center of mass immediately after the
collision.

iii. Determine the speed of the center of mass immediately after the collision.

mv, = (3m) Vew ¢
VC = W\Vo \/0 I
me =
- Sm 2

182 |
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iv. Determine the angular speed of the system (assembly and clay lump) immediately after the collision.
Lo = Lg | o
txpe = Luwg
{Bsn” = (m (3o (45

W\QVb____ s W\L

1 _ ) 7
2 V{/y‘/o" Z’g\(y(ﬁ W

= vo
We ™ fz‘ﬂ

v. Determine the change in kinetic eneégy as a result of the collision.
QKE = K E;’; - KE&o
= A
= 2 1 | 2 1
ﬂKE 7/(§W\>Vm + ZI(A T ZW\\/O

5 (3 3(\/0 t2(Em] >( A

- l z )

il

i 'L___._’_ 1+ |
y MY zZ MV = LZ}'WPVo
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Very Good Student Response: 13 points

— -

Mech. 2. A space shuttle astronaut in a circular orbit arouind the Earth has an assembly consisting of two small dense spheres,

each of mass m, whose centers are connected by a rigid rod of length £ and negligible mass. The astronaut also has

a device that will launch a small lump of clay of mass m at speed v, . Express your answers in terms of m, 7, ,
and fundamental constants.

—t——

m@

m

1
L
m

(a) Initially, the assembly is “floating” freely at rest relative to the cabin, and the astronaut launches the clay
lump so that it perpendicularly strikes and sticks to the midpoint of the rod, as shown above.

i. Determine the total kinetic energy of the system (assembly and clay lurip) after the collision.

Ogg e = 30k ve

.V

V{— _30‘
4 5. L Vo)_a‘,
KE;;\&MV - KBMKLZ =

it. Determine the change in kinetic energy as a result of the collision.

KE;MT:A' —ké—.p;,\,,/ = é KE i

L a |
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—_— -

=~
-

m@— @nm
Ug
@
m
(b) The assembly is brought to rest, the clay lump removed, and the experiment is repeated as shown above, with
the clay lump striking perpendicular to the rod but this time sticking to one of the spheres of the assembly.
i. Determine the distance from the left end of the rod to the center of mass of the system (assembly and clay

lump) immediately after the collision. (Assume that the radii of the spheres and clay lump are much smaller
than the separation of the spheres.)

Center of wasy = ﬂxo-ramxﬁ: @
. 3Im b

ii. On the figure above, indicate the direction of the motion of the center of mass immediately after the
collision.

iii. Determine the speed of the center of mass immediately after the collision.

MVe = Im Ve
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iv. Determine the angular speed of the system (assembly and clay lump) immediately after the collision.

— - -

] co . me”
TN oo, bl m<3!2) T g

& Ve [AmGYT (397 4

oy

RS
\ !
RN}
+

v. Determine the change in kinetic energ’y: as a result of the collision.

AKE = &XF

Hnear

l)KEmju‘” -
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Mechanics Question 3 (15 points) — Scoring Guidelines

This question deals with application of Newton’s 2™ and 3 laws to a system of objects. Although a
somewhat complicated problem, this complexity is mitigated by the first part of the question, which
requires the student to think carefully about the forces acting on each of the parts of the system and their
interrelationships.

Distribution
of points
(a) 5 points
For each correct vector -- ¥2 point
For each correct magnitude -- ¥2 point
If the score for part (a) contdined an 0dd number of half-points, the total score
was truncated by dropping one half-point.
i 3 v,
m, T M =mg 1 point
ii.
my fi=0 1 point
iii. T
T=Mg 1 point
A
iv. Mz
2 Ny = (m1 + ma)g 1 point
V.
£ my f=Mg 1 point
(b) 3 points
For expression for the maximum frictional force 1 point
Somayy = Ny = Ly (my +15)g
For equating this force to the tension 7' = Mg 1 point
Mg = pt, (my +my)g
For the correct answer 1 point

leu.ﬂ(ml +m2)
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Distribution

—of points
Mech. 3 (continued)
(c) 3 points
P T
i M, ! -
1 : . )
vomy T ' )
&) ; -1
2N e~ .
M9
For correctly applying Newton’s second law to the hanging block 1 point
2F =ma
Mg —T = Ma (equation 1)
For correctly applying Newton’s second law to the system of the two W
blocks on the plane -~ 1point

ZF=(m, +m,)a
T - f, =(m, +m,)a (equation 2)

For combining equations 1 and 2 to eliminate 7, substituting for f; and solving fora 1 point
For example, solve each equation for 7" and set them equal.
Jo +(my +my)a=Mg~ Ma

o (my +my )g + (my +my)a = Mg — Ma

_l:M“,Ukz(ml +”’2)}
a= g
M+m +m,

(Alternate solution) N Rl (Alternate points)

A a—
22 Mgy (my+my) 9
Apply Newton’s second law to the three-block system, realizing that the pulley acts
only to change the direction of the force produced by the tension in the string.
XF=ma

For correct substitutions in left side of equation above 1 point

For correct substitutions in right side of equation above 1 point
Mg — pryy (my +my )g = (M +my +my)a |

For correct solution for a 1 point
_I:M‘ﬂkz(ml +”’2):l
a= g

M+ m +m,
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Mech. 3 (continued)

(d

i.

2 points

For correct value of f;
Ji=Hamg

For correct answer

m
a =HnhE =Hn8
m
ii. 2 points
T T )
p/ Gopn !

Apply Newton’s second law to the hanging block.
ZF =ma
Mg —T = Ma, (equation 1)

For correctly applying Newton’s second law to block 2
2F =ma
T - f, - f, =m,a, (equation 2)

For combining equations 1 and 2 to eliminate 7, substituting for the
frictional forces and solving for a;.

For example, solve each equation for 7 and set them equal.
fi+fy +mya, = Mg — Ma,

Ma, +mya, = Mg — [ g — 1Ly, (m1 +mz)g

o = M"ﬂkl”ﬁ“ﬂkz(ml"‘mz) 2
2 M+m,
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Distribution

-of_points

1 point -

1 point

1 point

1 point



Excellent Student Response: 15 points

mny

m,

L

Mech. 3. Block 1 of mass m, is placed on block 2 of mass m,, which is then placed on a table. A string connecting block 2
to a hanging mass M passes over a pulley attached to one end of the table, as shown above. The mass and friction
of the pulley are negligible. The coefficients of friction between blocks 1 and 2 and between block 2 and the tabletop
are nonzero and are given in the following table. : o~

Coefficient Between Coefficient Between
Blocks 1 and 2 Block 2 and the Tabletop
Static Ha Hs2
Kinetic Hi Hia

Express your answers in terms of the masses, coefficients of friction, and g, the acceleration due to gravity.

(a) Suppose that the value of A is small enough that the blocks remain at rest when released. For each of the
following forces, determine the magnitude of the force and draw a vector on the block provided to indicate
the direction of the forge if it is nonzero.

i. The normal force N exerted on block 1 by block 2
i? N R ‘o‘} -
il ™

it. The friction force fj exerted on block 1 by block 2 \/

Y '\\ \7\. (\ N 0 '@’f;iﬁ "%@ SIS ";\J

&
7
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iii. The force T exerted on block 2 by the string

T:.N\ﬁ
m, —:...,._.,__%

iv. The normal force N, exerted on block 2 by the tabletop
I‘ N'z: (f"\'\'mss

}

v. The friction force f, exerted on block 2 by the tabletop

L= P‘$“

m,

b et Ny ) P w1 by,
Fe7  Msy (‘"“"{""‘1\}.‘3 N
%2'3‘: mﬂ

£z
-

(b) Determine the largest value of M for which the blocks can remain at rest.

Tz N\g = 5;_\2{": }Ast(m.’%m,dsﬂ

R . e S
3 s s i A

e, “k\’“*n.,_‘_\ -
Mo T Psa Cmitmay ™
—— v

-
T % e st bt y e s T
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{c) Now suppose that # is large enough that the hanging block descends when the blacks are released. Assume
that blocks 1 and 2 are moving as a unit (no slippage). Determine the magnitude. a_ of their acceleration.

Mg 7= Ba S T- 7ot Foer ™ Mo
el Na [N
- Mn(‘"":*“"bf)- Cmdr 1 \_T“?

e,

\ Ma= muleimdg

<.~.,\_\2",\ .
Ey 13

(d) Now suppose that M is large enough that as the hanging block descends, block 1 is slipping on block 2.

Determine each of the following. IR
- ~ R _w o "‘» \’
i. The magnitude g, of the acceleration of block 1 - gj» o

koA

Ml‘ﬁ\":

le\ =<
a, =

B e

ii. The magnitude a, of the acceleration of block 2 ‘

T~ }3\\&1(~N\ﬁm?_\ 9 et AR (f\’\\jb - m'zq 2,
[\4\5- T = N\ﬁ\z
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Very Good Student Response: 12 points

my

my

T2/

Mech. 3. Block 1 of mass m, is placed on block 2 of mass m,, which is then placed on a table. A string connecting block 2
to a hanging mass A passes over a pulley attached to one end of the table, as shown above. The mass and friction
of the pulley are negligible. The coefficients of friction between blocks 1 and 2 and between block 2 and the tabletop
are nonzero and are given in the "folloiwing table. -

Coefficient Between Coefficient Between
Blocks 1 and 2 Block 2 and the Tabletop
Static U 2073
Kinetic Hn Hiz

Express your answers in terms of the masses, coefficients of friction, and g, the acceleration due to gravity.

(a) Suppose that the value of M is small enough that the blocks remain at rest when released. For each of the

following forces, determine the magnitude of the force and draw a vector on the block provided to indicate
the direction of the force if it is nonzero.

J

i. The normal force N, exerted on block 1 by block 2

T N "

my

U

ii. The friction force f; exerted on block 1 by block 2

m,gusl
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iii. The force T exerted on block 2 by the string

4. Ms, = T
( ”5)3;

iv. The normal force N, exerted on block 2 by the tabletop

TQA'\LMj)ﬁ =N,

v. The friction force f, exerted on block 2 by the tabletop

M|1‘M) //‘g
Lt
Fa

(b) Determine the largest value of A for which the blocks can remain at rest.

£Fmaz0 Mo T=Na0
lmoLQ =)= T_o (wi'w;\)jugR N% = T _ .

) ’/"19 '[M,fmﬁﬂ Hs,
(m, ’%)5'“31-"\’{3’

M ‘Q‘/‘ﬂ’y"z)'“@g,

-
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(c) Now suppose that M is large enough that the hanging block descends when the blocks are released. Assume
that blocks 1 and 2 are moving as a unit (no slippage). Determine the magnitude a of their acceleration.

ZF =ma
M a :Nﬁ’T (#, “WB)&:T'@*M)%'&“-L |
T= NG)«MQ (m W\Qq N(QMO (W‘\“'"‘i) Mk

s

(d) Now suppose that M is large enough that as the hanging block descends, block 1 is slipping on block 2.
Determine each of the following.

i. The magnitude a; of the acceleration of block 1 : -

éF =y
/V\,al = m‘ﬁlafk‘

d :%SH

ii. The magnitude a, of the acceleration of block 2

& F =My, May= Mg T
Mydy = T = Q“‘:“N\Qy& - m)ﬂ’uk, _




Electricity and Magnetism Question 1 (15 points) — Scoring Guidelines

— -

A somewhat non-traditional application of the laws of electrostatics and the conditions for static
equilibrium is required in this question. As such, it is a very good test of the student’s grasp of these
concepts. In addition, the difference between the behavior of conductors and non-conductors in an
electrostatic field is tested. Many students incorrectly concluded that “same vertical height,” in part (b)
implied the same equilibrium angle. A straightforward application of calculus to the determination of the
work done against electrostatic repulsion is needed in the last part of the question.

Distribution

of points

(a) 4 points

For magnitudes of electric and gravitational forces, Fy and F, 1 point
For equating F, and F, to components of 7' 1 point
Tcosf=F, =mg

Tsin@=F, ::&’ZQB;
s

Eliminate 7 between these two equations and solve for Og.
For example from 1% equation,

0.025 kg ){9.8 m/s”
o 0025 k)98 mis)

cos20°
Substituting into the 2™ equation,
©x10°N-m?/C?){120x107 C)p,

(“i.Sm)2 »

For proper substitutions 1 point
For the correct answer 1 point
0=186x10" C (or 1.9x 107 C)

=026 N

(0.26 N)sin 20° =

(b) 2 points

For correct answer | 1 pointk
The new equilibrium angle will be less than 20° (or it decreases).

For reasonable justification that indicates charges moved on conductor so positive
charge is farther apart or that indicates that 7, is smaller. 1 point
Example: ,
The conductor allows charges to move. Positive charge will be on the far side
of B from 4 and with a greater distance the electric force will be smaller.
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E & M 1 (continued)

(¢) 3 points

(d)

(©)

Using Gauss’s law

§ E. dA=2
o

For evaluation of integral in equation above

For correct expression for charge enclosed

EQnrt) = K
2
A 0.10x10™° C/m
2, 277(8.85x10™ C2/N-m?)
For either of the two expressions aboye for £
18x10° :

E=——-N/C
T

E=

2 points

F=qE
For proper substitutions in equation above

3
F=(20x10" c{lﬁg%—o—}\v/c

For correct answer
F=014N

4 points

For expression for work, such as W =gAV or j qEdr

For integral with proper limits

For the proper evaluation of integral and substitution

For example,

W=TF‘ds=—f[qur— q‘a[l 8x10° /4

W= —(120x1o"6)(1.8><103)J—1-dr =-216[ln 7’2 =-216(n0.3~1n1.5)
¥

For the correct answer
W=0.35]

Alternately, one could find AV using a similar integral and then use W = gA7V,
with assignment of points similar to the above to maximum of 4 points.
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Distribution
-of points

1 point
1 point

1 point

1 point

1 point

1 point

1 point
1 point

1 point



Excellent Student Response: 15 points

Yzl st

A

‘,— 1.5m

Note: Figure not drawn to scale.

E& M. 1. The small sphere A in the diagram above has a charge of 120 nC. The large sphere B; is a thin shell of
nonconducting material with a net charge that is uniformly distributed over its surface. Sphere B, has a mass
of 0.025 kg, a radius of 0.05 m, and is suspended from an uncharged, nonconducting thread. Sphere B, is in

T equilibrium when the thread makes an angle 6 = 20° with the vertical. The centers of the spheres are at the same
\ vemcal height and are a horizontal distance of 1.5 m apart, as shown. -

t (a) Calculate the charge on sphere B;.

D:T°°‘7~°° Ginee Une G?LQU. \v & QU\\‘ko{(UW‘7

sF TC°¢QO°= O,ch;a’
l T = 0,201

0.025 % Tem20° = F
0.0 3% N

k (120,.)(R)

| g*

F

7

LEO0DD @

B6x107 ¢

———

198



Physics C
Answers and Samples

(b) Suppose that sphere B; is replaced by a second suspended sphere B, that has the same mass, fadius,
and charge, but that is conducting. Equilibrium is again established when sphere A is 1.5 m, ffgm sphere
B, and their centers are at the same vertical height. State whether the equilibrium angle 6, will be less
than, equal to, or greater than 20°. Justify your answer.

o, b e Lt Waon 200, lg/ B, o & kav\&m,\-x‘wg
%?W&} o %\'\%\\}\«3 M \uqyb\}w«e d«u% M\L)
ol e indoed e oo (u@ﬁ s, %
B, . Tas will lesenw F,

- The sphere B, is now replaced by a very long, horizontal, nonconducting tube, as shown in the top view

below. The tube is hollow with thin walls of radius R = 0.20 m and a uniform positive charge per unit length
of A = +010pC/m.

- : / Tube (radius R)

»

A
N

AN

[

EY— ‘o >

-~

\

[
PAAANN

Top View

(c) Use Gauss’s law to show that the electric field at a perpendicular di;tance r from the tube is given

by the expression £ = lﬁl(r—l—OiN/C,where r>R and r is in meters.
(oot BBUSS A Qfaes, @ ¢ o™
walil fo b ond ik Ui Stons

Condec b Gdios () |
d}w\»: EA<2mcdE (otwss o NAvh u\&

a N/
Gk = ’ % -
2mY( 79_45 ":/Q X/ o

— >\ "’D/*(“/AM/ 2
£= /zrr(io

—\z - . {0
2y (349 ¥\o™ cf‘/NM\ = \ji%”" Y’

il
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(d) The small sphere A with charge 120 L C is now brought into the vicinity of the tube and is held at a
distance of r = 1.5 m from the center of the tube. Calculate the repulsive force that the tube e;kerts
on the sphere. o

F:’.E%

:(L;\S_,’él_?i\t\»lc ‘ \207‘1@-"%&

= 0.199 y

e

(e) Calculate the work done against the electrostatic repulsion to move sphere A toward the tube from a
distance r = 1.5 mto adistance r = 0.3 m from the tube. o

W :-S F dy

9% 5.0
{5 ey,
le S 2

O,’i &Y
[, S ’><

:“DIZ\Q

Commentary:

* This student gives an excellent solution, including clear figures that supplement the work shown.
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Good Student Response: 10 points

3

— -

A

Y MESE

! 1.5m |
Note: Figure not drawn to scale.

E &M. 1. The small sphere A in the diagram above has a charge of 120 pC. The large sphere B, is a thin shell of
nonconducting material with a net charge that is uniformly distributed over its surface. Sphere B, has a mass
of 0.025 kg, a radius of 0.05 m, and ‘is suspended from an uncharged, nonconducting thread. Sphere B, is in

equilibrium when the thread makes an angle & = 20° with the vertical. The centers of the spheres are at the same
vertical height anc are a horizontal distance of 1.5 m apart, as shown. -

,,_...) L\ [-L5n6

(a) Calculate the charge on fphere B,.
‘,__ .-//’ P :’,:AZG ( 2.0{’6) Qﬁ/__m

F - _______,,_,..m{ js-cose

{5

u (U— Lc(llé(c) Qs %Sj «?T% /hj%_( §m£9)

3




(b) Suppose that sphere B, is replaced by a second suspended sphere B, that has the same mass, radius,
and charge, but that is conducting. Equilibrium is again established when sphere A is 1. 5 m from sphere
B, and their centers are at the same vertical height. State whether the equilibrium angle 62 will be less
than, equal to, or greater than 20°. Justify your answer

/Q << ‘/’L\U‘V\‘ S'\/\Q’/Q (_ 5’/9"\,&!)\ ;% C-’O"\:i\/\(,)r\mj
///l\\ g/Ao’x U\/»”f()!’aﬂlx ani W\n flq\y\\f"\ 7 /Q’£SQ/

CI’SWL”\"W<L {‘o 7Q‘f'ff/o D«?\MI\\VM"

The sphere B, is now replaced by a very long, horizontal, nonconducting tube, as shown in the top view
below. The tube is hollow with thin walls of radius R = 0.20 m and a uniform positive charge per unit length
of A = +0.10uC/m.

/ Tube (radius R) ) *

|
S ot o))
d

Top View

(c) Use Gauss’s law to show that the electric field at a perpendicular distance r from the tube is given Q }\ jg

3
l@.i‘;_l_o_ N/C, where r>R and r is in meters. ‘:{cja =
P S

by the expression E =

~3
e 9% /O
=
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(d) The small sphere A with charge 120 uC is now brought into the vicinity of the tube and is held at a

distance of r = 1.5 m from the center of the tube. Calculate the repulsive force that the tube exerts
on the sphere.

- Qe - (006 e

;Mum

A

(e) Calculate the work done against the electrostatic repulsion to move sphere A toward the tube from a
distance r = 1.5 mto adistance r = 0.3 m from the tube

-,

. (6 el -(Lo<-6)

— dr
< g[’1> QLOQ é> %}

149 j}

o —— e e+ s,

1S

203



Electricity and Magnetism Question 2 (15 points) — Scoring Guidelines

— -

This question deals with very traditional RL and RC circuits and the behavior over time of the current and voltage
in such circuits. In spite of the fact that both these circuits are analyzed in great detail in the typical E & M course,
a number of students had difficulty with the last part of the problem that requires only an application, but not a
solution, of Kirchhoff’s 1oop rule to this specific circuit. The mean score on this problem was relatively high,
indicating that most students understand these fundamental types of circuits well.

Distribution
. of points
(a) 2 points
R=10Q 1 5
"—W\I———\
For correct placement of voltmeter: - 2 points
(b) 3 points
For correct application of Ohm’s law 1 point
& 20V
R+R, 30Q 7 _
For correct value of current 1 point
I=24
3
For correct value of voltage across R; . 1 point
V1 =]R=%A><10£2=6.67V
(Alternate solution using voltage divider) (Alternate points)
For voltage divider equation ) ' 1 point
=R
R +R,
For correct substitution 1 point
. L N
10Q2+20Q
For correct answer : 1 point
V=667V )
©
i. 2 points
For correct answer 2 points
V=0 -

(1 point awarded for stating that no current flows)
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, Distribution
of points

—

E & M 2 (continued)

(¢) (continued)
ii. 1 point

0=CV

For correct substitutions and answer 1 point
O =15uFx20V =300uC ‘

(d) 2 points

For correct answer 2 points
V=0
(1 point awarded for no current or realization of new initial conditions)

© i

i. 2 points S .

For correct application of Ohm’s law and answer 2 points
__ & _20V_2
" R+R, 30Q 3
20V
10Q2

(1 point awarded for

)
ii. 1 point

For correct substitution in energy equation and correct answer 1 point
3 :

m:lLﬁ=l@H{3A)=QMMJ
2 2 3

(1 point also awarded if incorrect current in (e)i. (except zero) was substituted
and answer was consistent with this current.)

(® 2 points

For correct equation 2 points

dI
E-IR+R)-L= =0
( 1 2) dt

(1 point only awarded if one sign incorrect)

One point was subtracted from the final score for two or more wrong or absent units for parts where the answer
was given, except where the answer was zero, in which case units were not counted.
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Excellent Student Response: 15 points

8=2OV'J

E & M. 2. In the circuit shown above, the switch § is initially in the open position shown, and the capacitor is uncharged.
A voltmeter (not shown) is used to measure the correct potential difference across resistor R, .

= (a) On the circuit diagrami above, draw the voltmeter with the proper connections for correctly measuring
the potential difference across resistor R;.

(b) Attime r = 0, the switch is moved to position A. Determine the voltmeter reading for the time

immediately after + = 0. +he COP“G“{O/\ s ke e shord clpewds 50,
- }0 s 7
S g ® Al u v
V oo b alty

(c) After a long time, a measurement of potential difference across R, is again taken. Determine for this later
time each of the following.

i. The voltmeter reading _
+he ac\‘:«:\t‘zi‘ow o hke oo apei fifeaif 20,

0 velts )

ii. The charge on the capacitor

Q= VC =ho 15kl = 300 4C

‘2061,
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(d) Atastill later time ¢ = T, the switch S is moved to position B. Determine the voltmeter readifg for the
time immediately after r = T. B

the tndduetor s likke a1 open Cide it s0,

O valts

(e) Alongtime after + = T, the currentin R; reaches a constant final value I;.
i. Determine I;. - . - -
\ ) [} N . v,
now ‘VICJ\{,\,C"{ Qf S )l/(@ Jlﬁc‘l’"f' Zalew! 7 S0,

. 30V
(\c+)\o)ﬂ#\(g7A » .

ii. Determine the final energy stored in the inductor.

E=5lT> & 407

(f) Write, but do not solve, a differential equation for the current in resistor R, as a function of time ¢ after

the switch is moved to position B. ¢
0t

T
L5

R, "'"71:

L
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Very Good Student Response: 13 points

E & M. 2. In the circuit shown above, the switch S is initially in the open position shown, and the capacitor is uncharged.
A voltmeter (not shown) is used to measure the correct potential difference across resistor R;.

(a) On the circuit diagram above, draw the voltmeter with the proper connections for correctly measuring
the potential difference across resistor R,. —

(b) Attime r = 0, the switch is moved to position A. Determine the voltmeter reading for the time
immediately after ¢t = 0. .

m
\
Vo

_.@-’J-—\J
30=NVpa ™ & 7 VA

so= (\o+30DL Vg, = WD) =

foe D
L= 73 A
(c) After along time, a measurement of potential difference across R, is again taken. Determine for this later
time each of the following.

i. The voltmeter reading

i’fﬁ\// b/c (=2 O wnwte circndt pe ¢ e dw'»'ged

ii. The charge on the capacitor

“Q:BOV

Q
ES

- myia-b o
C= HYo 20

P ——

/*ab =3 xlo‘{\é>

e

208 |



VR

Physics C

Answers and Samples
(d) Atastill latertime ¢t = T, the switch S is moved to position B. Determine the voltmeter readihg for the
time immediately after t = T. ~ -
'\l — O‘/ M(&_LL(}Q < 6Y\\k‘{ S d\zLL(:e AN & pghen

Yhe current Ts c,‘nangmﬁ

(e) Alongtime after ¢t = T, the currentin R; reaches a constant final value I,
i. Determine I;.

20=1, C I0+30)
TP =/'67A

ii. Determine the final energy stored in the inductor.

the switch is moved to position B.

Q%W R gudioly inCfess ant increaseg

(f) Write, but do not solve, a differential equation for the current in resistor R, as a function of time 1 after
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Electricity and Magnetism Question 3 (15 points) — Sco_ri;r"\g Guidelines

This question is a modification of a very standard problem involving the induced emf produced by a moving
conductor that forms part of a closed circuit. The somewhat unusual aspect of the question is that the conductor
moves under the influence of both magnetic and gravitational forces. Lenz’s law then requires that the conductor
reach a terminal velocity, and that terminal velocity and its dependence on various factors is a focus of much of the
question. The typical student had difficulty with part (d). The last part of the question really tests the student’s
understanding of the problem, particularly since the correct answer is somewhat counterintuitive.

Distribution
of points
(a) 4 points )
Using Newton’s 2™ law along the ramp,
F, sin6 - F,, =ma, where F = force of gravity, and F;, = magnetic force
At constant speed, a =0, so /7, sin6 — F, =0
For the following expression for F, - ’ S 1 point
F, =F,sin@
For substituting F, = mg 1 point
F, =mgsin @
For substituting F,, =148 1 point
!B =mg sin 6
For correct answer 1 point
;=8 siné
B
(b) 4 points
’ 6‘ == d¢]\/{ ‘ -
dt
- For correct expression for ¢,, 1 point
Gy = Blx
For the time deriviative of ¢,, 1 point
d
D _ ppy
di
For correct use of Ohm’s law to find current 1 point
E=1IR
=& B
R R
For equating this expression to the expression for / from part (a) and solving for v 1 point
Blv _mgsin®
R Bl -
D= mgRsin @
B*¢*
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Distribution
~ -of points
E & M 3 (continued)
(¢) 2 points
For correct expression for power 1 point
P=I’R
For correction substitution of the expression for J from part (a) 1 point
p= (m2g2 sin? )R
- B
(d) 3 points
For either of the following two expressions * - lpoint
mi’i=mgsme-m; ; T
dt
dv . 2%y
— =gsind -
dt mR
For rearranging terms in either expression to set up intergral 1 point
For example,
dv S
. B ¢*v
gsinf —
mR
For integrating this expression, and applying v(0) =0 to get answer 1 point
. 292
o(E) = mRg sin @ - exp| B0t
B*¢? mR
(e) 2 points
For correct answer 1 point
Yes, the final speed of the bar decreases
For any reasonable justification ’ 1 point

For example;

Since the two resistors are in parallel across the emf in the bar, the new effective

mgR sin &
B*¢?

R .
resistance is 5 And since v = from part (b), then if R decreases,

the speed decreases.



Very Good Student Response: 13 points

E & M. 3. A conducting bar of mass m is placed on two long conducting rails a distance £ apart. The rails are inclined at
an angle 6 with respect to the horizontal, as shown above, and the bar is able to slide on the rails with negligible
friction. The bar and rails are in a uniform and constant magnetic field of magnitude B oriented perpendicular to
the incline. A resistor of resistance R connects the upper ends of the rails and completes the circuit as shown. The
bar is released from rest at the:top of the incline. Express your answers to parts (a)through (d) in terms of m, ¢, 6,
B, R,and g. '

(a) Determine the current in the circuit when the bar has reached a constant final speed.

(b) Determine the constant final speed of the bar.

; | : QiinéwwA = IK= o
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(c) Determine the rate at which energy is being dissipated in the circuit when the bar has reached its’
constant final speed. -

P=T¢=T°R

SSrall

(d) Express the speed of the bar as a function of time ¢ from the time it is released at 1 = 0.

Ciomyand-Fp  Fer108

~ ) ¢ .
ol o, 51 3- %\\4 @)SJ 1= %\VE 33:(._;{
= 9o Telidd  GomR by

(\":\“”35‘-‘1\ R

(X\f = .3 4N 3"%%'2 \!_..(\r\%

(e) Suppose that the experiment is performed again, this time with a second identical resistor connecting the
rails at the bottom of the-incline. Will this affect the final speed attained by the bar, and if so, how? Justify
your answer.

\{cﬁ - %L& resis éS‘OCJ afC Cerné g“( g:’ in Je
\ . %‘v\
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wre not properly separated for integration and a
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Good Student Response: 11 points

E & M. 3. A conducting bar of mass m is placed on two long conducting rails a distance ¢ apart. The rails are inclined at
an angle 8 with respect to the horizontal, as shown above, and the bar is able to slide on the rails with negligible
friction. The bar and rails are in a uniform and constant magnetic field of magnitude B oriented perpendicular to
the incline. A resistor of resistance R connects the upper ends of the rails and completes the circuit as shown. The
bar is released from rest at the top of the incline. Express your answers to parts (2) through (d) in terms of m, %, 6,
B, R,and g. L : -

e -

(a) Determine the current in the circuit when the bar has reached a constant final speed.

~€F=m&

(b) Determine the constant final speed of the bar,

Cwdb
IR - ’““’,fi/j B
M@Q - A AR
L | |
WG Ao o Rﬁ ‘
IR v
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Physics C [Euatlel)
Answers and Samples

(c) Determine the rate at which energy is being dissipated in the circuit when the bar has reached its -*
constant final speed. - -

-- p ﬁ\?f ) MO@ * : -
: (d) Express the speed of the bar asafuilction of time ¢ from the time it is released at + = 0.
QVC_/'M@* 1£5>/&‘ = s pjgﬁ@@’
| Ar dg
WL/ 4 B - £ KB A < jw”(/"/
= M\/

(e) Suppose that the experiment is performed again, this time with a second identical resistor connecting the
rails at the bottom of the incline. Will this affect the final speed attained by the bar, and if so, how? Justify
your answer.

gmf k. Tha  th el evitone

215




A R




Statistical Information o |
\ — |
@ Section II Scores 8 Section [ Scores and AP Grades B Reporting AP Grades
# How AP Grades are Determined 8 College Comparability Studies B Purpose of AP Grades
B Grade Distributions B Reminders for all Grade Report Recipients

Table 4.1 — Section |l Scores
The following tables show the score distributions for AP candidates on each
. free-response question from the 1998 Physics exams.
| Physics B
i

=
ES




_ Physics C: Mechanics

Numberof - %At Number of
Students Score Students

Number of Y%At Nurﬁberof,
Students. Score - |.Students

wal Can
Mean '
Standard Deviation.

Meanas%of
Maximum Score

% At
Score

% At

Score

Number of A
Students Score ™

| Number of

Students- Skcofré:fﬁ




= How AP Grades are Determined section contributing up to 9Q_pk§ints. The Scoring

Worksheet details the process of converting section

On the Physics B Exam, students could have received . .
scores to composite scores for this exam. For each

anywhere between 0 and 70 points for Section I, and . . )
Physics C exam, the maximum composite score was

0 and 90 points for Section II. On either part of the 90, with cach section contributing up to 45 points.

Physics C Exam, they could have earned between 0 and
35 points for Section I*, and up to 45 points for Section 4. AP grades are calculated. The Chief Faculty

- I1. However, these raw scores are not released to the Consultant sets the four cut points that divide the

! student, school, or college. Instead, they are converted composite scores into groups. A variety of informa-
to grades on an AP 5-point scale, and it is these grades tion is available to help the CFC determine the
that are reported. This conversion involves a number score ranges into which the exam grades should fall:

of steps, which are detailed on the Scoring Worksheets Coa . : .
ps, °© B Distributions of scores on each portion of the

on the next three pages: . . .
pag multiple-choice and free-response sections of

1. The multiple-choice score is calculated. To adjust the exam are provided, along with totals for
for random guessing, a fraction of the number of each section and the composite score total.
wrong answers is subtracted from the number of

tight answers. This fraction s 1/4 for five-choice With these tables and special statistical tables

#y g

. : resenting erade disttibutions from previous
questions (as on the Physics exams), so that the P ©o P

. ] years, the CFC can compare the exam at hand
expected score from random guessing will be zero.

to results of other years.
2. The free-response and multiple choice scores

are each weighted. When either of the sections For each composite score, a roster summarizes

includes two or more parts, those parts are student performance on all sections of the exam.

weighted according to the value assigned to them B Finally, on the basis of professional judgment
by the Development Committee. This allows the regarding the quality of performance

. . . D
committee to place more importance on certain represented by the achieved scores, the CFC

skills to correspond to their emphasis in the determines the candidates’ final AP grades.

corresponding college curriculum.

See Table 4.3 for the 1998 AP Physics Exams

. A composite score i . ighti s
3 pos s calculated. Weighting also grade distributions.

L comes into play when looking at the multiple-

choice section in comparison to the free-response If you're interested in more detailed information about

: section. In consultation with experts from the this process, please see the “Technical Corner” of our
College Board and ETS, the Physics committee website: www.collegeboard.org/ap. There you'll also find
decided that each section should contribute an information about how the AP Exams are developed,
equal amount to the total score. For Physics B, the how validity and reliability studies are conducted, and
maximum composite score was 180, with each other nuts-and-bolts data on all AP subjects.

* Question 23 on the Physics C: Mechanics exam was not scored, and so students could only have earned up to 34 points on that part.
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Table 4.2 — Scoring Worksheet — AP Physics B

__Section |: Multiple Choice
o - (UAX )X 1.2857= -
Number correct Number wrong Multiple-Choice ~ Weighted
{out of 70) Score Section I
(DO not round. Score
If less than zero, -
enter zero.) = :
=l
Section ll: Free Response :
. 2 .
y Question 1 X 1.000 = z
(out of 15) 5
Question 2 X 1.000 = .
(out of 15)
@
. s -
ST Question 3 X 1.000 = =
R {out of 10) ) &
‘ B
Question 4 X 1.000 = =
(out of 10) ®
5
Question 5 X 1.000 = =
(out of 10) b
Question 6 o - 1:000= 1 . AP Grade Conversion Chart
e a: . Physics B ‘
i X 1.000 = . .,
Question 7 {out of 10) 1000 aEr g Composite AP Grade
. or Score Range*
Question 8 X 1.000 = o
(out of 10) s 5
LT < Sum =
| i Weighted
Section II
Score
Composite Score
+ =
Weighted Weighted  Composite Score
Section I Section 11 {(Round to nearest
Score Score whole number.) a
- w5
s
E »
i,
= 2]
fsmswmEme 288 EE 88 S BB B R B E BN Y EREEEEEBES® R




Table 4.2 — Scoring Worksheet — AP Physics C: Mechanics

— (1/4 X )| X 1.3235 = =
Number correct Number wrong Multiple-Choice Weighted
(out of 34) Score Section [
(Do not round.) Score
B
n
;
Section lI: Free Response =
Question 1 X 1.000 = -8
{out of 15) =
B
Question 2 X 1.000 = .
(out of 15} ]
B
]
- Question 3 X 1.000 = . = -
: CoFTE] : e
fouto 4 AP Grade Conversmn Cha
hysncs C M chamcs
Comp051te AP Grade
Sum =
Score Range*
Weighted
Section 11 55-90 5
Score 43-54 4
(Do not round)
32~42 3
o1 2
0-20 1
+ = fo yxeid raw compasrte cores;t
. . . ‘ Faculty Consultant is responsrbf
Section [ Section II {(Round to nearest “‘AP'scale; . 1
Score Score whole number.)




Table 4.2 — Scoring Worksheet — AP Physics C: Electricity & Magnetism

Number correct
{out of 35)

)] X 1.2857 =

(174 X

Number wrong

Question 1

Question 2

Question 3

+

X 1.000 =
(out of 15)

X 1.000 =
{out of 15)

X 1.000 =
(out of 15)

Sum =
Weighted

Section II

Score
(Do not round.)

Weighted
Section 1
Score

o

4]
i
#
#

Weighted ~ Composite Score
Section 11 {Round to nearest
Score whole number.)

v
W
]
%
il
z
w
%
]
i
%
3
B
]
i
“
]
]
i
4
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Score
{Do not round.)

Section [
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Table 4.3 — Grade Distributions

: Physics B
Nearly two thirds of the AP students who took this exam earned a qualifying grade of 3 or abové.

. .E)‘(‘émination Grade Nﬁmber:df Studeﬁts . _Pércéht at Grade -

Physncs C — Mechanics -
More than two thirds of the AP students who took this exam earned a quahfymg grade of3 or above.

i g

No recommendation -

"'~kTotai Number Qf Students ‘

 Standard Deviation

Physics C — Electricity & Magnetism
Nearly two thirds of the AP students who took this exam earned a qualifying grade of 3, or above.

Total Number of Student
‘ ‘fMean Grade

~ Standard Devzatioh' o SRR (i 140 '
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_ Table 4.4 — Section | Scores and AP Grades
: The following tables give the probabilities that a student would receive a particular grade on_each of the 1998 AP
Physics Exams given that student’s score on. the multiple-choice section of that exam. ~

Physics B

Physics C: Mlechanics
AP Grade

18.0%




Ism

Electricity & Magnet

Physics C

)
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&
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)
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=
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College Comparability Studies

The Advanced Placement Program has conducted
college grade comparability studies in various AP
subjects. These studies have compared the performance
of AP Exam candidates with that of college students in
related courses who have taken the AP Exam at the end
of their course. In general, these studies indicate that
the lowest AP 5 is equivalent to the average A student
in college, the lowest AP 4 equivalent to the average

B student, and the lowest AP 3 equivalent to the
average C student.

- Average
College Grade
5 ) .
A o
4
B
3
C
2
D
1

Other studies conducted by colleges and universities
indicate that AP students generally receive higher grades
in advanced courses than do the students who have
taken the regular freshman-level courses at the institu-
tion. Each college is encouraged to undertake such
studies in order to establish appropriate policy for the
acceptance of AP grades. Data for these studies are
readily available as large percentages of AP students
successfully handle the associated course work. Some
institutions have found that until these studies are
undertaken, placing students into advanced classes but
allowing them to transfer to a lower-level course if
necessary, is a desirable educational strategy.

Reminders for All Grade Report
Recipients -

o

AP Examinations are designed to provide accurate
assessments of achievement. However, any examination
has limitations, especially when used for purposes
other than those intended. Presented here are some
suggestions for teachers to aid in the use and
interpretation of AP grades.

B AP Examinations are developed and evaluated
independently of each other. They are linked only
by common purpose, format, and method of
reporting results. Therefore, comparisons should
not be made between grades on different AP
Examinations. An AP grade in one subject may not
have the same meaning as the same AP grade in
another subject, just as pational and college
standards vary from ong discipline to another.

B AP grades are not exactly comparable to college
course grades. However, the AP Program conducts
research studies every few years in each AP subject
to ensure that the AP grading standards are compa-
rable to those used in colleges with similar courses.

B The confidentiality of candidate grade reports
should be recognized and maintained. All individu-
als who have access to AP grades should be aware of
the confidential nature of the grades and agree to
maintain their security. In addition, school districts
and states should not release data about high school
performance without the school’s permission.

AP Examinations are not designed as instruments
for teacher or school evaluation. A large number
of factors influence AP Exam performance in a
particular course or school in any given year. As a
result, differences in AP Exam performance should
be carefully studied before being attributed to the
teacher or school.

Where evaluation of AP students, teachers, or
courses is desired, local evaluation models should be
developed. An important aspect of any evaluation
model is the use of an appropriate method of
comparison or frame of reference to account for
yearly changes in student composition and ability,
as well as local differences in resources, educational
methods, and socioeconomic factors.
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The “Report to AP Teachers” can be a useful
diagnostic tool in reviewing course results. This
report identifies areas of strength and weakness for
each AP course. This information may also help
to guide your students in identifying their own
strengths and weaknesses in preparation for future
study. (See right for information on how to obtain
this report.)

B Many factors can influence course results. AP Exam
performance may be due to the degree of agreement
between your course and the course defined in the
relevant AP Course Description, use of different
instructional methods, differences in emphasis or
preparation on particular parts of the examination,
differences in pre-AP curriculum, or differences in
student background and preparation in comparison
with the national group. F

Reporting AP Grades

The results of AP Examinations are disseminated in
several ways to candidates, their secondary schools,
and the colleges they select.

B College and candidate grade reports contain a
cumulative record of all grades earned by the
candidate on AP Exams during the current or
previous years. These reports are sent in early July.
(School grade reports are sent shortly thereafter.)

Group results for AP Examinations are available to
AP teachers whenever five or more candidates ar a
school have taken a particular AP Exam. This
“Report to AP Teachers” provides useful informa-
tion comparing local candidarte performance with
that of the total group of candidates taking an
exam, as well as details on different subsections

of the exam.

Several other reports produced by the AP Program
provide summary information on AP Examinations.

State and National Reports show the distribution of
grades obtained on each AP Exam for all candidates
and for subsets of candidates broken down by sex
and by ethnic group.

The Program also produces a one-page summary of
AP grade distributions for all exams in a given year.

For information on any of the above, please call AP
Services at (609) 771-7300 or contact them via e-mail

at apexams@ets.org.

Purpose of AP Grades

AP grades are intended to allow participating colleges
and universities to award college credit, advanced
placement, or both to qualified students. In general,
an AP grade of 3 or higher indicates sufficient mastery
of course content to allow placement in the succeeding
college course, or credit for and exemption from a
college course comparable to the AP course. Credit
and placement policies are determined by each college
or university, however, and students should be urged
to contact their colleges directly to ask for specific
Advanced Placement policies in writing.
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P Publications and Videas -

A number of AP publications and videos are available to
help students, parents, AP Coordinators, and high
school and college faculty learn more about the AP
Program and its courses and exams. To sort out those
publications that may be of particular use to you,

refer to the following key:

Students and Parents  SP
Teachers T
AP Coordinators

and Administrators A
College Faculty C

You can order many items onkine through the

AP Aisle of the College Board Online store at
http://cbweb2.collegeboard.org/shopping/. Alternatively,
call AP Order Services at (609) 771-7243. American
Express, VISA, and MasterCard are accepted for payment.

If you are mailing your order, send it to the
Advanced Placement Program, Dept. E-05, P.O. Box
6670, Princeton, NJ 08541-6670. Payment must
accompany all orders not on an institutional purchase
order or credit card, and checks should be made payable
to the College Board.

The College Board pays fourth-class book rate
postage (or its equivalent) on all prepaid orders; you
should allow between four and six weeks for delivery.
Postage will be charged on all orders requiring billing
and/or requesting a faster method of shipment.

Publications may be returned within 30 days of
receipt if postage is prepaid and publications are in
resdlable condition and still in print. Unless otherwise
specified, orders will be filled with the currently available
edition; prices are subject to change without notice.

AP Bulletin for Students and Parents: Free SpP
This bulletin provides a general description of the

AP Program, including policies and procedures for
preparing to take the exams, and registering for the

AP courses. It describes each AP Exam, lists the advan-
tages of taking the exams, describes the grade and award
options available to students, and includes the upcom-
ing exam schedule.

[ 228 |

~ College and University Guide to the AP Program:

$10 CA
This guide is intended to help college and university
faculty and administrators understand the benefits of
having a coherent, equitable AP policy. Topics included
are validity of AP grades; developing and maintaining
scoring standards; ensuring equivalent achievement;

state legislation supporting AP; and quantitative profiles
of AP students by each AP subject.

The College Handbook with College Explorer®
CD-ROM: $25.95 SBTAC
Includes brief outlines of AP placement and credit
policies at two- dnd four-yeatcolleges across the country.
Notes number of freshmen granted placement and/or
credit for AP in the prior year.

ST, A,C

Course Descriptions provide an outline of the AP

Course Descriptions: $12

course content, explain the kinds of skills students are
expected to demonstrate in the corresponding introduc-
tory college-level course, and describe the AP Exam.
They also provide sample multiple-choice questions
with an answer key, as well as sample free-response
questions. A set of Course Descriptions is available for
$100. Not included in this set are Course Descriptions
for Computer Science, Government and Politics, and
Statistics, which are available for downloading from the
AP section of the College Board website (free of charge).

Five-Year Set of Free-Response Questions: $5 T
This is our no-frills publication. Each booklet contains
copies of all the free-response questions from the last
five exams in its subject; nothing more, nothing less.
Collectively, the questions represent a comprehensive
sampling of the concepts assessed on the exam in recent
years and will give teachers plenty of materials to use for
essay-writing or problem-solving practice during the
year. (If there have been any content changes to the
exam in the past five years, it will be noted on the cover

of the booklet.)




Grading, Interpreting, and Using Advanced
ACT

A booklet containing information on the develop-

Placement Examinations: Free

ment of scoring standards, the AP Reading, grade-
setting procedures, and suggestions on how to
interpret AP grades.

Guide to the Advanced Placement Program: Free A
Written for both administrators and AP Coordinators,
this guide is divided into two sections. The first
section provides general information about AD, such as
how to organize an AP program at your high school,
the kind of training and support that is available for
AP teachers, and a look at the AP Exams and grades.
The second section contains more specific details

about testing procedures and policies and is intended
for AP Coordinators.

Released Exams: $20 E T
About every four years, on a staggered schedule, the AP
Program releases a complete copy (multiple-choice and
free-response sections) of each exam, as in the case of
the 1998 Physics B and Physics C Exams.

Packets of 10 ($30): For each subject with a released
exam, you can purchase a packet of 10 copies of that
year’s exams for use in your classroom (e.g., to simulate
an AP Exam administration).

Secondary School Guide to the AP Program: $10
A, T
This guide is a comprehensive consideration of the
AP Program. It covers topics such as: developing or
expanding an AP program; gaining faculty, administra-
tion, and community support; AP grade reports, their
use and interpretation; AP Scholar Awards; receiving
college credit for AP; AP teacher training resources;
descriptions of successful AP programs in nine schools
around the country; and “Voices of Experience,” a
collection of ideas and tips from AP teachers and
administrators.

Teacher’s Guides: $12 T
Whether you're about to teach an AP course for the first
time, or you've done it for years but would like to get
some fresh ideas for your classroom, the Teacher’s Guide
can be your adviser. It contains syllabi developed by

high school teachers currently teaching the AP course
and college faculty who teach the equivalent course ar
their institution. Along with detailed course outlines
and innovative teaching tips, you'll also find extensive
lists of recommended teaching resources.

AP Pathway to Success (video available

in English and Spanish): $15 SET,AC
This 25-minute-long video takes a look at the AP
Program through the eyes of people who know AP:
students, parents, teachers, and college admissions staff.
They answer such questions as “Why Do 12", “Who
Teaches AP Courses?”, and “Is AP For You?”. College
students discuss the advantages they gained through
taking AP, such as academic self-confidence, writing
skills, and course credit. AP teachers explain what the
challenge of teaching AP courses means to them and
their school, and admissions gtaff explain how they view
students who have stretched themselves by taking AP
Exams. There is also a discussion of the impact that an
AP program has on an entire school and its community,
and a look at resources available to help AP teachers,
such as regional workshops, teacher conferences, and
summer institutes.

SPTAC

AP conducts live, interactive videoconferences for

Videoconference Tapes: $15

various subjects, enabling AP teachers and students to
talk directly with the Development Committees that
design the AP Exams. Tapes of these events are available
in VHS format and are approximately 90 minutes long.

What’s in a Grade? (video): $15 T, C
AP Exams are composed of multiple-choice questions
(scored by computer), and free-response questions that
are scored by qualified professors and teachers. This
video presents a behind-the-scenes look at the scoring
process featuring footage shot on location at the 1992
AP Reading at Clemson University and other Reading
sites. Using the AP European History Exam as a basis,
the video documents the scori}lg process. It shows AP
faculty consultants in action as they engage in scholarly
debate to define precise scoring standards, then train
others to recognize and apply those standards. Footage
of other subjects, interviews with AP faculty consult-
ants, and explanatory graphics round out the video.
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