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Exam Instructions

The following contains instructions taken from
the 2011-12 AP Exam Instructions book.



AP® Physics C: Electricity and Magnetism Exam

Regularly Scheduled Exam Date: Monday afternoon, May 14, 2012
Late-Testing Exam Date: Friday afternoon, May 25, 2012

Section I: At a Glance Section I: Multiple Choice Booklet Instructions

Total Time: Section I of this exam contains 35 multiple-choice questions. For
45 minutes these questions, fill in only the circles for numbers 1 through 35 on

Number of Questions: your answer sheet. A table of information that may be helpful is in the
35 booklet. Rulers and straightedges may be used in this section.

Percent of Total Score:

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

. . Use your time effectively, working as quickly as you can without losing
Section II: At a Glance accuracy. Do not spend too much time on any one question. Go on to

other questions and come back to the ones you have not answered if

50%
Writing Instrument:
Pencil required
Electronic Device:
None allowed

Total r[jime: you have time. It is not expected that everyone will know the answers
45 minutes to all of the multiple-choice questions.
Number of Questions:

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

Percent of Total Score: incorrect answers or unanswered questions.
50% \_ J

Writing Instrument:
Either pencil or pen with black

or dark blue ink Section II: Free Response Booklet Instructions
Electronic Device:

Weciglcl:l_lator allowed The questions for Section II are printed in this booklet. You may

use any blank space in the booklet for scratch work, but you must
write your answers in the spaces provided for each answer. A table

The questions are weighted
equally.

) of information and lists of equations that may be helpful are in the
booklet. Calculators, rulers, and straightedges may be used in this
section.

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

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

Manage your time carefully. You may proceed freely from one question
to the next. You may review your responses if you finish before the end
of the exam is announced.

\_ J
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Physics C: Electricity and Magnetism

What Proctors Need to Bring to This Exam

« Exam packets o Pencil sharpener
» Answer sheets  Extra No. 2 pencils with erasers
o AP Student Packs + Extra pens with black or dark blue ink
o 2011-12 AP Coordinator’s Manual + Extra paper
o This book — AP Exam Instructions o Stapler
 School Code and Home-School/Self- « Watch
Study Codes « Signs for the door to the testing room
o Extra calculators — “Exam in Progress”
« Extra rulers or straightedges — “Cell phones are prohibited in the

testing room”

Students are permitted to use four-function, scientific, programmable, or graphing calculators

on parts of this exam. Review the section “Calculator Policy” on pages 40-42 of the 2011-12 AP
Coordinator’s Manual. Before starting the exam administration, make sure each student has an
appropriate calculator and any student with a graphing calculator has a model from the approved
list on page 42 of the 2011-12 AP Coordinator’s Manual. If a student does not have a calculator or has
a graphing calculator not on the approved list, you may provide one from your supply. If the student
does not want to use the calculator you provide or does not want to use a calculator at all, he or she
must hand copy, date, and sign the release statement on page 41 of the 2011-12 AP Coordinator’s
Manual. Rulers and straightedges may be used for the entire exam. Since graphing calculators can be
used to store data, including text, proctors should monitor that students are using their calculators
appropriately. Attempts by students to use the calculator to remove exam questions and/or answers
from the room may result in the cancellation of AP Exam scores.

Students may take both Physics C exams, Mechanics only, or Electricity and Magnetism only. The
Mechanics exam is administered first, after which students taking both exams are given a break.
Then, the Electricity and Magnetism exam is administered. Prior to testing day, determine which
students are taking only Electricity and Magnetism, and tell them to report to the testing room

at approximately 2 p.m. (1 p.m. in Alaska). You should instruct them to wait quietly outside the
room until told to come in, since students taking Mechanics may not have been dismissed yet. If
all students are taking Electricity and Magnetism only, you must not begin the exam before 2 p.m.

SECTION I: Multiple Choice

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

This exam includes survey questions. The time allowed for the survey questions is in addition to
the actual test-taking time.
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AP Exam Instructions

Make sure that you begin the exam at the designated time.

If you are giving the regularly scheduled exam, say:

It is Monday afternoon, May 14, and you will be taking the AP Physics C:
Electricity and Magnetism Exam.

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

It is Friday afternoon, May 25, and you will be taking the AP Physics C:
Electricity and Magnetism Exam.

In a moment, you will open the packet that contains your exam materials.
By opening this packet, you agree to all of the AP Program’s policies and
procedures outlined in the 2077-12 Bulletin for AP Students and Parents. You
may now remove the shrinkwrap from your exam packet and take out the
Section | booklet, but do not open the booklet or the shrinkwrapped Section Il
materials. Put the white seals aside. . . .

Look at page 1 of your answer sheet and locate the dark blue box near the
top right-hand corner that states, “Take the AP Exam label from your Section |
booklet and place the label here.”. ..

Now look at the front cover of your exam booklet and locate the AP Exam
label near the top left of the cover. . ..

Carefully peel off the AP Exam label and place it on your answer sheet on
the dark blue box that we just identified. . . .

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

Sign your name and write today’s date. Look up when you
have finished. . ..

Now print your full legal name where indicated. Are there any questions? . ..

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

Are there any questions? . ..

Section | is the multiple-choice portion of the exam. You may never
discuss these specific multiple-choice questions at any time in any form
with anyone, including your teacher and other students. If you disclose
these questions through any means, your AP Exam score will be canceled.
Are there any questions? . ..

You must complete the answer sheet using a No. 2 pencil only. Mark

all of your responses on your answer sheet, one response per question.
Completely fill in the circles. If you need to erase, do so carefully and
completely. No credit will be given for anything written in the exam booklet.
Scratch paper is not allowed, but you may use the margins or any blank
space in the exam booklet for scratch work. Rulers and straightedges may be
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Physics C: Electricity and Magnetism

used for the entire exam, but calculators are not allowed for Section I. Please
put all of your calculators under your chair. Are there any questions? . ..

You have 45 minutes for this section. Open your Section | booklet and begin.

% Note Start Timehere . Note Stop Timehere . Check that students are
marking their answers in pencil on their answer sheets, and that they are not looking at their
shrinkwrapped Section II booklets. After 45 minutes, say:

Stop working and turn to the last page of your booklet. . . .

You have 2 minutes to answer Questions 101-106. These are survey
questions and will not affect your score. You may not go back to work on
any of the exam questions. You may now begin.

To help you and your proctors make sure students are not working on the exam questions, the
two pages with the survey questions are identified with a large S on the upper corner of each
page. Give students 2 minutes to answer the survey questions. Then say:

Close your booklet and put your answer sheet on your desk, face up. Make
sure you have your AP number label and an AP Exam label on page 1 of your
answer sheet. | will now collect your answer sheet.

Collect an answer sheet from each student. Check that each answer sheet has an AP
number label and an AP Exam label. Then say:

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

SECTION II: Free Response

Check that each student has signed the front cover of the sealed Section I booklet. When all
Section I materials have been collected and accounted for, say:

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

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

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

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

Read the last statement. . ..

Using your pen, print the first, middle and last initials of your legal name
in the boxes and print today’s date where indicated. This constitutes your
signature and your agreement to the statements on the front cover. . ..
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AP Exam Instructions

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

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

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

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

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

While Student Packs are being collected, read the information on the back
cover of the exam booklet. Do not open the booklet until you are told to do
so0. Look up when you have finished. . . .

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

Calculators may be used for Section Il. You may get your calculators from
under your chair and place them on your desk. . . .

You have 45 minutes to complete Section Il. You are responsible for pacing
yourself, and may proceed freely from one question to the next. You must
write your answers in the exam booklet using a pen or a No. 2 pencil. If you
use a pencil, be sure that your writing is dark enough to be easily read. If you
need more paper during the exam, raise your hand. At the top of each extra
piece of paper you use be sure to write only your AP number and the number
of the question you are working on. Do not write your name. Are there any
questions? . ..

You may begin.

% Note Start Timehere . Note Stop Timehere . Check that students are
writing their answers in the exam booklet. You should also make sure that calculators’ infrared
ports are not facing each other. After 35 minutes, say:

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

If any students used extra paper for the free-response section, have those students staple the extra
sheet/s to the first page corresponding to that question in their exam booklets. Then say:

Remain in your seat, without talking, while the exam materials
are collected. . ..
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Physics C: Electricity and Magnetism

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

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

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

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

If you are giving the regularly scheduled exam, say:

You may not discuss these specific free-response questions with anyone unless
they are released on the College Board website in about two days. You should
receive your score report in the mail about the third week of July.

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

None of the questions in this exam may ever be discussed or shared in any way
at any time. You should receive your score report in the mail about the third week
of July.

If any students completed the AP number card at the beginning of this exam, say:
Please remember to take your AP number card with you.

Then say:
You are now dismissed.

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

o Fill in the appropriate section number circle in order to view a separate AP Instructional
Planning Report (for regularly scheduled exams only) or Subject Score Roster at the
class section or teacher level. See “Post-Exam Activities” in the 2011-12 AP Coordinator’s
Manual.

o Check your list of students who are eligible for fee reductions and fill in the appropriate
circle on their registration answer sheets.
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GO ON TO THE NEXT PAGE.



Student Answer Sheet for
the Multiple-Choice Section

Use this section to capture student responses. (Note that the following
answer sheet is a sample, and may differ from one used in an actual exam.)
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PAGE 2

R. SURVEY QUESTIONS — Answer the survey questions in the AP Student Pack. Do not put responses to exam questions in this section.

INGIOICICICIGIOICIO, “ @EeOCOBEEEMO 7T ®WeOOOEOEOGG®O
2 @EOOOEOOGOMO 5 @ECOGEEHO 8 WOOOOEOGOGO
3 WE®OOOEOOGOMO 6 @EOCOEEOHO ° ®WOOOOOO®O®

S. LANGUAGE — Do not complete this section unless instructed to do so.

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

1. Have you lived or studied for one month or more in a country where the language of the 2. Do you regularly speak or hear the language at home?
exam you are now taking is spoken?
O Yes O No O Yes O No

Indicate your answers to the exam questions in this section. If a question has only four answer options, do not mark

option E. Your answer sheet will be scored by machine. Use only No. 2 pencils to mark your answers on pages 2 and 3 (one
response per question). After you have determined your response, be sure to completely fill in the corresponding circle next
to the number of the question you are answering. Stray marks and smudges could be read as answers, so erase carefully and
completely. Any improper gridding may affect your score. Answers written in the multiple-choice booklet will not be scored.

1 ®WEOO®G % WEOOG 51 W®OOG
2 @EOO®® 27 W®OOG 522 W®OOE
3 WEOOG 8 WEOOG 53 WE®OOG
4 @WEOO®O 22 WEOOG 5 WE®OOG
5 @E®OO®O % WEOOG 55 WE®OOE
6 @EOO®O 31 WEeOOG % WEOOG
7 @E®OO®O 2 WEeOOG 57 @®OOG
8 @WEOO®O 3 WEOOG 8 WE®OOG
s @WEOO®® # WEOOG 5 WEOOG
10 @W@EOO®O B WEOOG 0 WEeOO®
LOIOICIONG; 8 WEOOG 6 WE®OOE
2 WEeOO®G 7 W®OOG 2 WEeOOE
B ®WEOO®O B8 WEOOG 8 WeOO®®
1" ®EOO®O 38 WEOOG 4 WE®OOO®
15 WEOO®O 0w WEOO® 65 WE®OO®®
1 ®@EOO®O a4 WEeOOG 6 W®OOO
7 ®@EOO®O 2 WeOO® 7 W@®OO®
1B ®EOO®O 8 WEeOOG 8 WE®OO®®
v ®@EOO®O “4 WEeOOG 88 WE®OO®
20 WEOOG s WEOOG T ®WEeEOO®
21 WEeOOG % WEOOG n GWeEOO®®
2 WEeOO® 7 WEeOOG 7 WeOO®®
23 WEOOG 8 WEOOG B WEOOE
2 WEOOG 9 WEOOG n MEOO®O
%5 WEOOG 50 @®OOE B WEOOE
R w o oTHER R w o
ETS 48, 55, 62, PTO02 TOTAL
gﬁf_v 75,87 PT03
PT04

FIOOO0O0O0OOOO0OOOOOOOOOOOO00
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PAGE 3
QUESTIONS 76-120

Be sure each mark is dark and completely fills the circle. If a question has only four answer options, do not mark option E.
% WEOOG o ®HEOOO® 16 WEOOG
7 ®EOOG 2 ®EeOO® 107 @EOOG
B ®HEOOG 8 ®EOOG 18 WEOOG
7 ®EOOG “u ®HEOOO® 100 ®EOOG
0 ®HEOO® s ®HEOOO® 1 ®HEOOG
8 ®EeOO® % ®HEOOG m ®»EO00®
2 ®EeOO® 7 ®EOO® 2 ®EeOOG
8 ®EOO® 8 ®HEOOG 1 ®HEOOG
g ®E®OO® ¥ ®EOOO® 1M ®»EOOG
& ®E®OO® 100 ®EOO® 11 ®HEOOG
8 ®HE®OO® 1M @EOOG e ®HEOOG
7 ®E®OO® 112 ®eOO® 7 ®EOOG
8 ®E®OO® 118 WEOO® 1 ®HEOOG
8 ®EOO® 11 WEOO® M ®HEOOG
% ®HEOO®G 105 ®HEOOG 120 HEOO®
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Section I: Multiple-Choice Questions

This is the multiple-choice section of the 2012 AP exam. It includes cover material and
other administrative instructions to help familiarize students with the mechanics of
the exam. (Note that future exams may differ in look from the following content.)
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AP’ Physics C: Electricity
and Magnetism Exam

SECTION I: Multiple Choice

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

f At a Glance )

Total Time
45 minutes

Number of Questions
35

Percent of Total Score
50%

Writing Instrument
Pencil required

Electronic Device
None allowed

Y
&

Instructions

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

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

Sample Question ~ Sample Answer
Chicago is a OF XCOICIG

(A) state
(B) city

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

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

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

Form I

Form Code 4IBP4-S

Minimum 20% post-consumer waste

PLACE SEAL HERE 8 2

DO NOT seal answer sheet inside



TABLE OF INFORMATION DEVELOPED FOR 2012

CONSTANTS AND CONVERSION FACTORS

Proton mass, m, =1.67 x 1077 kg

Neutron mass, m, = 1.67 x 107" kg

Electron charge magnitude,

1 electron volt,

e=160x10"" C
leV =1.60x10"" ]

Electron mass, m, = 9.11 x 107! kg Speed of light, ¢ =3.00x10° m/s
Avogadro’s number, N, = 6.02 x 102 mol’! Universal gravcléit;farﬁl G =667x10"" m*/kgss>

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

Boltzmann’s constant, k, = 1.38 x 107 J/K

Acceleration due to gravity

- 2
at Earth’s surface, 8~ 9.8 m/ s

1 unified atomic mass unit,

Planck’s constant,

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

Magnetic constant,

lu=166x10" kg = 931 MeV/c?
h=663x107%Js =4.14x1077 eV.s

he =1.99 x 107 Jom = 1.24 x 10° eV.nm

€ = 8.85x 1072 C2/N.m?
k = 1/4me, = 9.0 x 10° Nom?/C?

o = 4z x 1077 (T.m)/A
k' = o /4 =1x107" (T-m)/A

1 atmosphere pressure, latm = 1.0x 10° N/m> =1.0 x 10° Pa

meter, m mole, mol watt, w farad, F
kilogram, kg hertz, Hz coulomb, C tesla, T
UNIT second S newton N volt A" degree Celsius °C
SYMBOLS ’ ’ ’ & ’
ampere, A pascal, Pa ohm, Q electron-volt, eV
kelvin, K joule, J henry, H
PREFIXES VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON ANGLES
Factor  Prefix =~ Symbol 2] o 30° 37° 45° 53° 60° 90°
100 giga G sin @ 0 2 | 35 | V22| 45 | B2 |
10° mega M cosf 1 B2 | 45 | 22 | 35 1/2 0
10° kilo k tan 0 | V33| 34 1 43 | ¥3 oo
1072 centi c
3 1 The following conventions are used in this exam.
10 i m I. Unless otherwise stated, the frame of reference of any problem is
1076 micro u assumed to be inertial.
9 II. The direction of any electric current is the direction of flow of positive
10 nano n .
charge (conventional current).
1072 pico p III. For any isolated electric charge, the electric potential is defined as zero at
an infinite distance from the charge.
IV. For mechanics and thermodynamics equations, W represents the work

done on a system.




PHYSICS C: ELECTRICITY AND MAGNETISM
SECTION I
Time—45 minutes
35 Questions

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

1. A proton moving along the positive x-axis enters 3. The magnitude of the force on the particle with
an electric field that is directed along the positive charge +¢ due to the other two charges is
y-axis. What is the direction of the electric force
acting on the proton after it enters the electric (A) kqQ
field? a
(A) Along the negative z-axis (B) 2kqQ
(B) Along the positive z-axis a
(C) Along the negative y-axis
(D) Along the positive y-axis (©) 2kqQ
(E) The direction cannot be determined since the a

magnitude of the electric field is not known.
2kqQ sin 60°
(D) =R
a
uestions 2-4
Q E) 2kqQ 02()s60°
+g a
A
//éO:’\\ 4. The potential energy of the particle with charge +¢
a/ Na due to the other two charges is
/ \
/é’o 60\\ (A) zero
760° O
+Q oo >-0 .
a (B) 2;(Q
Three particles having charges of +¢, +Q, and —Q kGO
are placed at the corners of an equilateral triangle of (@) Lbia
side a, as shown above. a
2kqQ

2. The net force on the particle with charge +¢ due (D) “a
to the other two charges is in the plane of the page
and directed (E) %;QZQ

a

(A) vertically upward

(B) vertically downward
(C) horizontally to the right
(D) horizontally to the left
(E) toward the charge —Q

Unauthorized copying or reuse of

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




5. All the following statements about an isolated, 6. Assuming the resistance of wire X is constant,
solid charged conductor are correct EXCEPT: which of the following graphs correctly illustrates
the magnitude of the magnetic force F on wire X

(A) All parts of the conductor are at the same as a function of the voltage V applied to the wire?

potential.
(B) All excess charge resides on the outer surface. (A) F
(C) The net charge enclosed by any surface lying A
entirely within the conductor must equal
Zero.
(D) The electric field E just outside the conductor
is directed parallel to the surface. 0 -V
(E) The electric field intensity inside the

conductor is zero. (B) f
Questions 6-8
> Wire X 0 o
Iy
< F
Wire Y 1
Two long, straight, parallel wires are held fixed, as
shown above. A voltage is applied to wire X, creating v
a current [y to the right, and the wire experiences 0 -
a magnetic force of magnitude Fj toward wire Y. D) F
4
0 >V
B r
4
0 >V

Unauthorized copying or reuse of

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




7. Which of the following could be true of wire Y ?

I. It carries a current in the same direction as
the current in wire X.
II. It experiences a force directed away from
wire X.
III. It experiences a force of different magnitude
than the force on wire X.

(A) None
(B) Ionly
(C) I only
(D) III only
(E) Torll

8. If the distance between the two wires is tripled,
what is the magnitude of the new magnetic force
exerted on wire X ?

(A) Fg/9
(B) Fy/3
©) Fy

(D) 3F
(BE) 9Fy

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

@

. A proton moving to the right at constant speed v

enters a region containing uniform magnetic and

electric fields and continues to move in a straight
line. The magnetic field B is directed toward the
top of the page, as shown above. The direction of
the electric field must be

(A) into the page

(B) out of the page

(C) to the left

(D) toward the top of the page

(E) toward the bottom of the page

GO ON TO THE NEXT PAGE.



Questions 10-11 12. The electric potential along an x-axis is given
by the expression V = ax — bx?, where a and b
are constants. At what point on the x-axis is the

g ﬁ 24 electric field zero?
‘ e == (A) ¥=0

(B) x=al2b
(C) x=alb
Capacitor | Capacitor II Capacitor 111 (D) x=3al2b

(E) Atno point
The plate areas and separations for three capacitors
are shown in the diagram above. The space between

the plates in each capacitor is filled with air. B=12T

10. Suppose all three capacitors have charge +Q on 30° /
the top plate and charge —Q on the bottom plate. B el 0.10 m
Which of the following is true of the potential ad ¥
difference across the plates of the three A 020 m——
capacitors?
(A) Itis greatest for I 13. A uniform magnetic field B of magnitude 1.2 T
(B) It is greatest for Ii passes through a rectangular loop of wire, which
(C) Tt is greatest for IIi. measures 0.10 m by 0.20 m. The field is oriented
(D) It is the same for II and III and least for 1. 30° with respect to the plane of the loop, as shown
(E) Ttis the same for all three capacitors. above. What is the magnetic flux through the loop?

(A) Zero
11. Suppose all three capacitors are connected in (B) 0.012 T-m?

parallel with a 9 V battery. Which of the
following is true of the electric field between
the plates?

(C) 0.02 T'm?
(D) 0.024 T-m?
(E) 0.048 T-m?
(A) Itis greatest for L.

(B) Itis greatest for II.

(C) Itis greatest for III.

(D) It is the same for I and III and least for II.

(E) Itis the same for I and II and least for III.

Unauthorized copying or reuse of

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




Note: Figure not drawn to scale.

14. A metal sphere with radius 7; has a total electric
charge of magnitude g. An uncharged metal
sphere with radius », (with 1, > r,) is then

connected by a wire to the first sphere, as
illustrated above. The separation of the spheres is
much greater than the radius of either sphere.
When equilibrium is reached, the spheres

will have

(A) charges on their surfaces of equal magnitude
and the same sign

(B) charges on their surfaces of equal magnitude
and opposite sign

(C) equal electric fields at their surfaces

(D) equal capacitances

(E) equal electric potentials

15. A negatively charged conductor attracts a second
object. The second object could be which of the
following?

I. A conductor with positive net charge
II. A conductor with zero net charge
III. An insulator with zero net charge

(A) Tonly

(B) I only

(C) TorIII only
(D) II or III only
(E) LI, or III

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

16. Three resistors having resistances of 3 Q, 6 Q,

and 9 Q, respectively, are connected in parallel
with a 10 V battery. True statements about the
circuit include which of the following?

I. The current in the 9 Q resistor is three times
the current in the 3 Q resistor.
II. The potential difference across each resistor
is the same.
III. The power dissipated in the 9 € resistor is
greater than the power dissipated in either of
the other two resistors.

(A) Tonly

(B) I only

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

17. When two resistors having resistances R, and R,

are connected in parallel, the equivalent resistance
of the combination is 10 Q. Which of the
following statements about the resistances is true?
(A) Both R, and R, are greater than 10 Q.

(B) Both R, and R, are equal to 10 Q.

(C) Both R, and R, are less than 10 Q.

(D) The sumof R, and R, is 10 Q.

(E) One of the resistances is greater than 10
and the other is less than 10 Q.

GO ON TO THE NEXT PAGE.



18. Two particles each with a charge —Q are fixed a
distance L apart as shown above. Each particle
experiences a net electric force F. A particle with
a charge +¢ is now fixed midway between the
original two particles. As a result, the net electric
force experienced by each negatively charged
particle is reduced to F/2. The value of g is

*) Q
®) £
© £
@) £
® £

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

y
!
_q+
|
|
+ +
e R
e S
Top View

19. Two objects on a horizontal frictionless surface

each have charge +Q and each are fixed in place
on the x axis at the same distance d from the
origin as shown in the figure above. A particle of
charge —g constrained to move along the y axis is
released from rest. After release, the particle will

(A) stay where it is

(B) exhibit oscillatory motion

(C) move in the direction of increasing y

(D) move in the direction of decreasing y and
stop at the origin

(E) move in the direction of decreasing y and
keep going to negative infinity

GO ON TO THE NEXT PAGE.
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20. A uniform electric field E exists between the

two large, oppositely charged plates shown above.

If the distance between the plates is increased
without changing the charges on the plates, which
of the following statements can be justified?

(A) The electric field strength decreases.

(B) The electric field strength increases.

(C) The potential difference between the plates
decreases.

(D) The potential difference between the plates
increases.

(E) There will be no change in either the electric
field strength or the potential difference.

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

21. When two identical resistors are connected in

series to a battery, the total power dissipated is P.

When the same two resistors are connected in
parallel to the same battery, the total power
dissipated is

(A) ;P
1

(B) P

< P
(D) 2P
(E) 4P

22. A positively charged particle in a uniform
magnetic field is moving in a circular path
of radius r perpendicular to the field. How
much work does the magnetic force F do on
the charge for half a revolution?

(A) 7r*F
(B) 2nrF
(C) =mrF
(D) 2rF
(E) Zero

GO ON TO THE NEXT PAGE.



Questions 23-25

equipotential lines produced by a charge distribution.

+6V
+4V
A +2V
C oV
-2V
-4V
-6V

The diagram above shows a cross section of

Points A, B, C, and D lie in the plane of the page.

23

24.

. For which two points can a negatively charged

particle be moved from rest at one point to rest
at the other with no work being done by the
electric field?

(A) A and B
(B) A and C
(C) A and D
(D) B and C
(E) B and D

A positively charged particle is moved by an
external force from rest at one point to rest at
another. For which of the following motions
would net positive work be required by the
external force?

(A) From A to D
(B) From B to A
(C) From C to A
(D) From C to D
(E) From D to B

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

-10-

25. The electric potential shown in the diagram could

be created by which of the following?

(A) A ring of positive charge

(B) A large sheet of positive charge

(C) Two negative point charges

(D) Two long lines of charge: one positive and
one negative

(E) A long line of positive charge and a negative
point charge

GO ON TO THE NEXT PAGE.



26. A magnetic field perpendicular to the plane of a

27.

wire loop is uniform in space but changes with
time ¢ in the region of the loop. If the induced
emf in the loop increases linearly with time 7,
then the magnitude of the magnetic field must
be proportional to

(A) 1

(B) 1*

(O

(D) t° (i.e., constant)

(E) t1/2
e« « +B-
oI .

A loop of wire carrying a steady current / is
initially at rest perpendicular to a uniform magnetic
field of magnitude B, as shown above. The loop is
then rotated about a diameter at a constant rate. The
torque on the loop is maximum when the loop has
rotated, with respect to its initial position, through
an angle of

(A)  30°
(B) 45°
©)  90°
(D) 180°
(E) 360°

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

-11-

28. The solid conducting sphere of radius R shown

above has a charge +Q distributed uniformly on

its surface. The potential at the center of the solid
sphere is

1 9
(A) +47T60 R
_1 9
(B) _471'60 R
1 0
© _472'60 R
(D) zero

(E) undefined

GO ON TO THE NEXT PAGE.



Questions 29-31

A circuit consists of a resistor R, an inductor L,
and an open switch S connected in series with a
battery. The switch is then closed at time ¢ = 0.

29. If the current in the circuit is / at time ¢, what
energy is stored in the circuit in addition to that
stored in the battery?

(A) LI
(B) I’R
1,2
(C) Eu
(D) LI+1I*R

(E) %le +I°R

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

-12-

0 >

30. Which of the following quantities could be

31.

represented as a function of time by the graph
shown above?

I. The potential difference across the resistor
II. The potential difference across the inductor
III. The current in the circuit

(A) Ionly

(B) II only

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

The change in current when the switch is closed is
determined by the inductive time constant 7. If
the inductance is doubled and the resistance is
halved, the new inductive time constant 7’

equals

(A)
B)
©
(D) 21

(E) 41

GO ON TO THE NEXT PAGE.



s/

_— Cl J— C2 = 2C1

32. A capacitor of capacitance C| is charged and then

connected to another initially uncharged capacitor
of capacitance C, = 2C, as shown above, with the

switch § in the open position. When S is closed
and the system comes to equilibrium, which of the
following is true of the charges on the capacitors
and the potential differences across them?

Charge Potential Difference
1 1
(A) 0 = EQz Vi = EVZ

B) 0 = %Qz Vi=V,

© 0 =0 ="V
©0=0, V=3V,

(E) 0 =20, i=V,

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

-13-

Metal
'é Sheet

33. An air-gap capacitor originally has capacitance C.

If a thin sheet of metal is placed halfway between
the plates of the capacitor without touching either
plate, as shown above, the effective capacitance is

(A) 4C
(B) 2C
O C

(D) C2
(E) C/4

GO ON TO THE NEXT PAGE.



E 2

Magnetic
Field B R
Out of Page
(R>a)
B . . . .

35. A long, straight wire of radius a carries a current /
out of the page, which is uniformly distributed
over the cross section of the wire. The value of

A

qSB-d € , the line integral of the magnetic field

B around the wedge-shaped path, equals which of
the following?

34. The figure above shows the paths of five particles

as they pass through the region inside the box that (A) HoBT
contains a uniform magnetic field B directed out 2
of the page. Which particle has a positive charge? 11,01
0
(A) A B) 23
(B) B
(ONe Ho0!
(D) D © wr
(E) E
(D) Hol
ra*
(E) Mol
TR*

END OF ELECTRICITY AND MAGNETISM SECTION |

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

DO NOT TURN TO ANY OTHER TEST MATERIALS.

MAKE SURE YOU HAVE DONE THE FOLLOWING.

e PLACED YOUR AP NUMBER LABEL ON YOUR ANSWER SHEET

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

e TAKEN THE AP EXAM LABEL FROM THE FRONT OF THIS BOOKLET
AND PLACED IT ON YOUR ANSWER SHEET

Unauthorized copying or reuse of
any part of this page is illegal.
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Section II: Free-Response Questions

This is the free-response section of the 2012 AP exam. It includes cover material and
other administrative instructions to help familiarize students with the mechanics of
the exam. (Note that future exams may differ in look from the following content.)



AP’ Physics C: Electricity
and Magnetism Exam

(SECTION II: Free Response )

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

( At a Glance )

Total Time
45 minutes

Number of Questions
3

Percent of Total Score
50%

Writing Instrument
Either pencil or pen with
black or dark blue ink

Electronic Devices
Calculator allowed

Weight
The questions are
weighted equally.

<o

Minimum 20% post-consumer waste

IMPORTANT Identification Information

PLEASE PRINT WITH PEN:

1. Firsttwo letters of your last name D]
First letter of your first name |:|

2. Date of birth

Month Day Year
3. Six-digit school code
its reporting.

| | | | | | | No, | do not grant the College Board

these rights.
. ’ J

Instructions

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

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

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

4. Unless | check the box below, | grant the
College Board the unlimited right to use,
reproduce, and publish my free-response
materials, both written and oral, for
educational research and instructional

purposes. My name and the name of my

| | school will not be used in any way in

connection with my free-response

materials. | understand that | am free to
mark “No” with no effect on my score or

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

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

Manage your time carefully. You may proceed freely from one question to the next. You
may review your responses if you finish before the end of the exam is announced.

Form I

Form Code 4IBP-S2

82



TABLE OF INFORMATION DEVELOPED FOR 2012
CONSTANTS AND CONVERSION FACTORS

Proton mass, m, =1.67 x 1077 kg Electron charge magnitude, e = 1.60 x 107° C
Neutron mass, m, =1.67x107" kg 1 electron volt, 1eV = 1.60 x 107° J
Electron mass, m, = 9.11 x 107! kg Speed of light, ¢ =3.00x10° m/s
Avogadro’s number, N, = 6.02 x 10 mol’! Universal gravciéit;farﬁ G =667x10"" m*/kgss>
Universal gas constant, R = 8.31 J/(mol.K) Acceleratzili)ré;lrliﬁ,tsosirrgiz g=98 m/ s
Boltzmann’s constant, k, = 1.38 x 107 J/K
1 unified atomic mass unit, lu=1.66x10"% kg =931 MeV/ ?
Planck’s constant, h=663x107* Jus = 4.14x 