AP® PHYSICS
2012 SCORING GUIDELINES

General Notes About 2012 AP Physics Scoring Guidelines

The solutions contain the most common method of solving the free-response questions and the
allocation of points for this solution. Some also contain a common alternate solution. Other methods of
solution also receive appropriate credit for correct work.

Generally, double penalty for errors is avoided. For example, if an incorrect answer to part (a) is
correctly substituted into an otherwise correct solution to part (b), full credit will usually be awarded in
part (b). One exception to this practice may occur in cases where the numerical answer to a later part
should easily be recognized as wrong, for example, a speed faster than the speed of light in vacuum.

Implicit statements of concepts normally receive credit. For example, if the use of an equation
expressing a particular concept is worth 1 point, and a student's solution contains the application of
that equation to the problem but the student does not write the basic equation, the point is still
awarded. However, when students are asked to derive an expression, it is normally expected that they
will begin by writing one or more fundamental equations, such as those given on the AP Physics Exam
equation sheets. For a description of the use of such terms as “derive” and “calculate” on the exams,
and what is expected for each, see “The Free-Response Sections — Student Presentation” in the AP
Physics Course Description.

The scoring guidelines typically show numerical results using the value g = 9.8 m/ s? , but use of

10 m/ s? is of course also acceptable. Solutions usually show numerical answers using both values
when they are significantly different.

Strict rules regarding significant digits are usually not applied to numerical answers. However, in some
cases answers containing too many digits may be penalized. In general, two to four significant digits
are acceptable. Numerical answers that differ from the published answer owing to differences in
rounding throughout the question typically receive full credit. Exceptions to these guidelines usually
occur when rounding makes a difference in obtaining a reasonable answer. For example, suppose a
solution requires subtracting two numbers that should have five significant figures and that differ
starting with the fourth digit (e.g., 20.295 and 20.278). Rounding to three digits will eliminate the level
of accuracy required to determine the difference in the numbers, and some credit may be lost.
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM

2012 SCORING GUIDELINES

Question 1

15 points total

(a)

(b)

(©)

3 points

For an expression of Gauss’s Law

g—(:' = $E-dA

For a correct intermediate step indicating that the area of the Gaussian surface is 4rr?

% - E(4nr?)

For a correct final expression, specifically using Q;

Er)=——L o E(r)=*2

4rey p? r

2 points
For indicating that the enclosed charge is the sum of the inner and outer charges

% = pE-dA

For a correct expression for the electric field

1 (Ql + Q())
BT

Note: The correct expression by itself earns both points.
2 points
For using the integral definition of potential in terms of electric field

V(r)-V, = —jE-dr

T 1 Qi Qo
L(r)—_J.—O—( ) )dr

(Ql 0) 1 "
‘/(r) _—; ——

For the correct expression

V(V) _ 1 (Qt +Q0)

4re, r

Note: The correct expression by itself earns both points.
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2012 SCORING GUIDELINES

Question 1 (continued)

Distribution
of points
(©) continued
Alternate solution Alternate points
Outside the shells, the charges on each can be treated as point charges at their centers.
For using the concept of summation of point charge potentials 1 point
1 q;
V(r) = —
(r) 4re, 2 r;
g
drey\ r r
For the correct expression (the correct expression by itself earns both points) 1 point
-+
V (r) — 1 (Ql QO )
4re r
(d) 1 point
The answer from part (c), with O = Q; + Q,, can be solved for Q. Values at the outer
shell are then used to determine a numerical value.
For correct work resulting in the correct value, with units 1 point

Vi) =192 15 020m
drey 1

0 = dmesV(r) = [( (0.20 m)(100 V) ]

9.0 x 10° Nem/C?)

0, =22x107° C
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2012 SCORING GUIDELINES

Question 1 (continued)

Distribution
of points
(e) 3 points
E
F |
500 N/C =+ N~
Y 1 : =7 (M)
(]]l() 0RO 0.30
I
~1000 N/C =+ !
1
|
|
-4000 N/C ==
For a segment indicating an E-field of 0 for » < 0.10 m, explicitly drawn 1 point
For a segment that is concave down and negative for 0.10 m <7 <0.20 m 1 point
For a segment that is concave up and positive for » > 0.20 m. The line must not touch or 1 point
cross the horizontal axis.
Note: The labels on the vertical axis are not to scale and are not required to receive full
credit.
® 4 points
V
3
100V —r
; - t »r(m)
0.1( 0.20 0.30
-100 V =
For a continuous set of segments that have slope discontinuities at » = 0.10 m and at 1 point
r=0.20m
For a segment indicating a constant negative potential for » <0.10 m 1 point
For a segment that is increasing, concave down, and crosses the 7 axis, for 1 point
0.10m<r<020m
For a segment that is concave up and positive for » > 0.20 m. The line must not touch or 1 point

cross the horizontal axis.

Note: The labels on the vertical axis are not scored and are not required to receive full
credit.

© 2012 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



E1-A
PHYSICS C: ELECTRICITY AND MAGNETISM

SECTION II / 0 7L Z-

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
bookiet in the spaces provided after each part.

.

-100V
+100V

E&M. 1.

Two thin, concentric, condugting spherical shells, insulated from each other, have radii of 0.10 m and 0.20 m, as
shown above. The inn®T shell is set at an electric potential of —100 V, and the outer shell is set at an electric

potential of +100 V, with each potential defined relative to the conventional reference point. Let Q, and Q,

represent the net charge on the inner and outer shells, respectively, and let r be the radial distance from the center
of the shells. Express all algebraic answers in terms of Q;, Q,, r, and fundamental constants, as appropriate.

(a) Using Gauss’s Law, derive an algebréic expression for the electric field E(r) for 0.10m <r <020 m .
Bdh-% = E-AE p0
E- R
I~

-—
E= &ner =

- Qs
EQ'B =4 S

(b) Determine an algebraic expression for the electric field E(r) for r > 0.20 m .
- ~_ Q
E.db = =
- Qi+ Q.
::_ ._M-—-__—“__—"——-_
E u‘ Go A Ga

Unauthorized copying or reuse of
any part of this page is lllegal.
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E1-A
(c) Determine an algebraic expression for the electric potential V(r) for r > 0.20 m. _ .
\):«~S§-o(§ = _K4 :mfk@dr ﬁ&f/Z/
r‘
Qi tds L - = Q+Q° ! —Q‘*Q —L]-"M 2
:“—SL%“J&-D") rt d - L"TT'E‘O I(“—--d

T4me,

o ' ) _ Qo+ Q, ya
o - G ey

(d) Using the numerical information given, calculate the value of the total charge Q; on the two spherical shells

(QT“' +Qo) @
SR = -y - 47€,
N=Ge ¥ dr= o0

Q-
“ 00V = Tre: "

(100 (2mS CHPES =Tr = 2.22 %1071 C

(e) On the axes below, sketch the electric field E as a function of r . Let the positive direction be radially

outward.
E J\N
I
0.10 0.20 0.30

=7 (m)
(f) On the axes below, sketch the electric potential V as a function of r.
Vv
« (000 Ju — — “"‘/\
: 1 i »7 (m)
0.]0 0.20 0.30
—00d -
Unautherized copying or reuse of
any part of this page Is lllegal. GO ON TO THE NEXT PAGE.
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E1-B
PHYSICS C: ELECTRICITY AND MA(_}N'ETISM .
SECTION II / (7./ 7
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.

020 m
‘ Ay
-100V 4

+100V
E&M. 1.

Two thin, concentric, conducting spherical shells, insulated from each other, have radii of 0.10 m and 0.20 m, as
shown above. The inner shell is set at an electric potential of —100 V , and the outer shell is set at an electric

potential of +100 V, with each potential defined relative to the conventional reference point. Let Q; and Q,

represent the net charge on the inner and outer shells, respectively, and let  be the radial distance from the center
of the shells. Express all algebraic answers in terms of Q;, Q,, r, and fundamental constants, as appropriate.

(a) Using Gauss’s Law, derive an algebraic expression for the electric field E(r) for 0.10m < r < 0.20 m .
E\S h.: u ﬂ)((‘(mﬁr'(}ﬁ
| (Lwra) = U Gngdt

A

~
¥

(b) Determine an algebraic expression for the electric field E(r) for r > 0.20 m .

'k ng: Uk Gng bisige= (f+ Gy
E(U?) Uy K
| E= K@@ |

A

R

Unauthorized copying or reuse of
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E1-B
(c) Deternu.ne an algebraic expression for the electric potential V(r) for > (.20 m. ; Py 2

VU E ( Qi

(= EU

——
}

(d) Using the numerical information given, calculate the value of the total charge O, on the two spherical shells
(Qr=0+Q,).

V-t
0 u_
¥ (Qu+Q) < -

[ r

(e) On the axes below, sketch the electric field E as a function of r. Let the positive direction be radially
outward.
E -
A

T —— ; - - »r (m)
' 0.10 0.20 0.30

(f) On the axes below, sketch the electric potential V as a function of r.

14
A

—y

‘ 0.10 020 0.30 > (m)

Unauthorized copying or reuse of
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E1-C
PHYSICS C: ELECTRICITY AND MAGNETISM

SECTION II / 0 ][ 7

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. '

020 m

Q.

-100V
+100V

E&M. 1.

Two thin, concentric, conducting spherical shells, insulated from each other, have radii of 0.10 m and 0.20 m, as
shown above. The inner shell is set at an electric potential of —~100 V, and the outer shell is set at an electric

potential of +100 V, with each potential defined relative to the conventional reference point. Let Q; and Q,

represent the net charge on the inner and outer shells, respectively, and let r be the radial distance from the center
of the shells. Express all algebraic answers in terms of Q;, Q,, r, and fundamental constants, as appropriate.

(a) Using Gauss’s Law, derive an algebraic expréssion for the electric field E(r) for 0.10m <r < 0.20m .
§ f . Cf A - gu‘dﬂfﬂp
0
~ Qend
B A =T

e.‘_hr(":’&j—

Co
.// | -

CE e

(b) Determine an algebraic expression for the electric field E(r) for r > 0.20 m .

Qereted

Scn- ==
C fr e QoG

N p——

}AM I&Cﬁuit, oc( :r\sw\s\k‘n.

Unauthorized copying or reuse of
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E1-C

(c) Determine an algebraic expression for the electric potential V(r) for r > 0.20 m. ﬂ % Z

ormation given, calculate the value of the total charge O, on the two spherical shells

QT:_Q; -\—'0\0
ERIPLR
“p'ﬂﬂ'\""(j 3
S\, nNxo ¢

(d) Using the nu

(0r=0+0,). \/ Eﬁ-
. L] = F
Ve ~lool = @x 10" Z)(85) Q-

. 1O m

LS

Q: = —lLdlxp-1¢C

v @f‘-m&'{fw: \/: t_ffr_
Jpo = (Qrt #as?) (85)_5 Qo = 220"
. '?,'90\
(e) On the axes below, sketch the electric field E as a function of . Let the positive direction be radially

outward.

E
'}

’ f ———r (m)
0.10 0.20 0.30

(f) On the axes below, sketch the electric potential V as a function of r.

vV
f 3
"\.—\—_‘ > 7 (m)
0.10 0.20 0.30
q‘.'_____“__n—l
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2012 SCORING COMMENTARY

Question 1
Overview

This question assessed students’ understanding of the concepts of electric charge, electric field strength,
and electric potential, and these concepts’ interdependency in the given two-concentric-conducting-
sphere system at various locations.

Sample: E1-A
Score: 13

Full credit was earned in parts (a) through (d). Gauss's Law is properly used to derive expressions for the
electric field. The potential difference and total charge are correct. One point was lost in part (e) because
the middle segment of the graph should be negative. Another point was lost in part (f) because the middle
segment should not be linear.

Sample: E1-B
Score: 9

In part (a) 2 points were awarded. Although the answer is correct, 1 point was lost for the incorrect
expression of Gauss’s Law. Full credit was earned in part (b); the student had already been penalized for
writing Gauss’s Law incorrectly in part (a). One point was earned in part (c) for beginning the answer with
the idea of a summation of point charge potentials. No credit was awarded in part (d) because the sign is
incorrect and there are no units on the answer. In part (e) full credit was earned. Only 1 point was earned in
part (f) for the correct final segment of the graph.

Sample: E1-C
Score: 6

Full credit was earned in part (a). No credit was awarded in part (b), because the expression for the
enclosed charge is incorrect. Nor were any points earned in part (c), because the student does not
integrate or attempt to sum up point charge potentials. The answer in part (d) is incorrect and earned no

credit. (Note that the student does have the correct answer for the total charge QO but not for QT .) One

point was awarded in part (e) for the correct final segment of the graph. In part (f) 2 points were earned for
the correct first and last segments, but the middle segment is incorrect, and the graph is not continuous.
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