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AP® PHYSICS
2018 SCORING GUIDELINES

General Notes About 2018 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.

The requirements that have been established for the paragraph-length response in Physics 1 and Physics 2 can
be found on AP Central at
https://secure-media.collegeboard.org/digitalServices/pdf/ap/paragraph-length-response.pdf.

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. One exception to
this may be cases when the numerical answer to a later part should be easily recognized as wrong, e.g., a
speed faster than the speed of light in vacuum.

Implicit statements of concepts normally receive credit. For example, if use of the equation expressing a
particular concept is worth 1 point, and a student’s solution embeds the application of that equation to the
problem in other work, 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 exam equation sheet. 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; Physics C: Mechanics, Physics C: Electricity and Magnetism Course Description or “Terms
Defined” in the AP Physics 1: Algebra-Based Course and Exam Description and the AP Physics 2: Algebra-
Based Course and Exam Description.

The scoring guidelines typically show numerical results using the value g = 9.8 m/ s>, but the 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 due 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 lose the 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
2018 SCORING GUIDELINES

Question 1
15 points total Distribution

of points
\V

@

Conducting Spherical Shell

A solid plastic sphere of radius a and a conducting spherical shell of inner radius b and outer radius c are
shown in the figure above. The shell has an unknown charge. The solid plastic sphere has a charge per unit

volume given by p(r) = Br, where f is a positive constant and 7 is the distance from the center of the
sphere. Express your answers to parts (a), (b), and (c) in terms of f, r, a, and physical constants, as
appropriate.

(a) Consider a Gaussian sphere of radius r concentric with the plastic sphere. Derive an expression for the charge
enclosed by the Gaussian sphere for the following regions.

1. 3 points
r<a
For using the integral to determine the charge enclosed 1 point
Gone = j pdV = j BrdV
For correctly substituting for dV into the integration to determine the charge enclosed 1 point
r'=r 4=
Gone = I(4ﬁr'2)(ﬁr')dr' =4pr J rRdr' = 4ﬁ'7{r—}
4 1.
r'=0 r'=0
For a correct answer 1 point
4
qenc = ﬂ”r
il. 1 points
a<r<b
For an answer consistent with (a)(i) 1 point
qenc = ﬂ”a4
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2018 SCORING GUIDELINES

Question 1 (continued)
Distribution
of points

(b) Use Gauss’s law to derive an expression for the magnitude of the electric field in the following regions.
1. 2 points

r<a

For correctly substituting the area of a Gaussian sphere into Gauss’s law 1 point

enc 1A
Gene _ f Eedd
ae=9

& sphere E(47Z'I"2)

For correctly substituting the charge from part (a)(i) into the equation above 1 point

ﬂz—oﬂ = E(47rr2)

2
E=Pr
4g,

ii. 1 point

a<r<b

For correctly substituting the charge from part (a)(ii) into Gauss’s law to calculate the 1 point
electric field

ﬁﬂa4

% = E(47rr2)

4
E = Ba .
deyr
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2018 SCORING GUIDELINES

Question 1 (continued)

Distribution
of points

(c) At any point outside of the conducting shell, it is observed that the magnitude of the electric field is zero.
1. 2 points

Determine the charge on the inner surface of the conducting shell.
Justify your answer.

For an answer consistent with part (a)(ii) (must have opposite sign) 1 point
4
Dinner = _/Bﬂ-a
For a correct justification 1 point
Denc . .
Eshell =0= ;Zc o bepe = 0= CIsphere + Ginner - Dinner = _QSphere
ii. 1 point

Determine the charge on the outer surface of the conducting shell.

A correct answer 1 point

=0

qouter

(d)

1. 3 points

On the axes below, sketch the electric field £ as a function of distance » from the center of the
sphere. Sketch the graph for the range r =0 at the center of the sphere to r = ¢ at the outside of the
conducting shell.

E

)

(@]
For concave up graph that begins at the origin and increases to » = a 1 point
For a concave up graph that is continuous with the first section and decreases from 1 point
r = a to nonzero value at r=5
For a graph with a value of E=0 forr> b 1 point
Note: Due to scale, discontinuity at point b is not required.
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(d)

ii.

AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2018 SCORING GUIDELINES

Question 1 (continued)

Distribution
of points

(continued)
2 points

The figure below shows the sphere and shell with four points labeled W, X, Y, and Z. Point W is at the
center of the sphere, point X is on the surface of the sphere, and points Y and Z are on the inner and outer
surface of the shell, respectively. Rank the points according to the electric potential at that point, with 1

indicating the largest electric potential. If two points have the same electric potential, give them the same
numerical ranking.

1 W 2 X 3. Y 3 7

@X ' ’

For any ranking that has Y and Z at the same potential 1 point
For ranking the electric potentials: W > X >Y & Z (because Y = Z is the first point) 1 point
© 2018 The College Board.
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PHYSICS C: ELECTRICITY AND MAGNETISM

SECTION II
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.

Conductmg Sphenca] Shell

1. A solid plastic sphere of radius a and a conducting spherical shell of inner radius b and outer radius ¢ are shown
in the figure above. The shell has an unknown charge. The solid plastic sphere has a charge per unit volume
given by p(r) = fBr, where f is a positive constant and r is the distance from the center of the sphere. Express

your answers to parts (a), (b), and (c) in terms of £, r, a, and physical constants, as appropriate.

(a) Consider a Gaussian sphere of radius r concentric with the plastic sphere. Derive an expression for the
charge enclosed by the Gaussian sphere for the foIlowing regions.

1 pudig

§ (O ne 5 pinr*dr= purfe 17

l}% \{3"7'{[{—;&[%&
W Entue (’(ﬁfphc

§12U/w"5

i, a<r<b

o
Unauthorized copying or reuse of
3y part of e page ¢ Teoe GO ON TO THE NEXT PAGE.
-6-
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EQ1ADp2

(b) Use Gauss’s law to derive an expression for the magnitude of the electric field in the following regions.

L r<a KBV S rom od)

/f
boe _ [(Tanh-gp=E4mv?

’ rs_,ﬂgﬁ”/i £ Y F’L;z =

(o]

ii. a<r<b p-[r[z‘*

=+ D 2 B
e é c.dp= Ep=tlUnr
Co 71/" _
ks G e @
éo _ G P‘lf
\EL)= 4
(c) Atany point outside of the conducting shell, it is observed that the magni ic field is zero.

i. Determine the charge on the inner surface of the conducting shell.

Al e %msl de
Justify your answer.

Wi s Any pant 1 condvohng shell has

E =0. Thvs, & m/LL ﬂ/fowus a Bowss an $Uf1DAc,z+l/mov9/1/\
fo shell, S 3B wwst =0, 50 &= 8% = 4

9 g i) -0 g Sl

ii. Determine the charge on the outer surface of the conducting shéll. O{/(mg_e a{-\ ¥ lCl‘S‘{' \ba

Diaw %MSS(W oUtside e

' ﬂluw as \5 %WWo{oecﬁ = QO
(lﬁ @%“)

O
% plastic * w\ + %W{* — %OUT
\//\/\.__J -

Sl e maﬂ VL!'{'WQL o
& Sxerent Sam, &
Question 1 continues on the next page. - O
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EQ1ADp3

i. On the axes below, sketch the electric field E as a function of distance r from the center of the

sphere. Sketch the graph for the range r =0 at the center of the sphere to » =¢ at the outside of the
conducting shell.

(d)

ii. The figure below shows the sphere and shell with four points labeled W, X, Y, and Z. Point W is at the
center of the sphere, point X is on the surface of the sphere, and points Y and Z are on the inner and
outer surface of the shell, respectively. Rank the points according to the electric potential at that point,

with 1 indicating the largest electric potential. If two points have the same electric potential, give them
the same numerical ranking.

_w 7 x Ay B

Unauthorized copying or reuse of
any part of this page is illegal.
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PHYSICS C: ELECTRICITY AND MAGNETISM E Q1 B p1

SECTION 11
Time—45 minutes

3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
booklet in the spaces provided after each part.

Conducting Spherical Shell

1. A solid plastic sphere of radius @ and a conducting spherical shell of inner radius b and outer radius ¢ are shown
in the figure above. The shell has an unknown charge. The solid plastic sphere has a charge per unit volume
given by p(r) = Br, where J is a positive constant and r is the distance from the center of the sphere. Express

your answers to parts (a), (b), and (c) in terms of S, r, a, and physical constants, as appropriate.

(a) Consider a Gaussian sphere of radius r concentric with the plastic sphere. Derive an expression for the
charge enclosed by the Gaussian sphere for the following regions.

i. r<a
{

Ren [//’\/ Qenc: "“/BBW(\'{
L= Br
aﬂc ¥ /{/5 ﬂ'f

- "(A,TT"B

ﬁ.a<r<b

G gae = \/’/0\/

Qenc ) ';{/3 Rr )

v

Qenc L{/f/gﬂ’q
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(b) Use Gauss’s law to derive an expression for the magnitude of the electric field in the following regions.

s L1
E 1% €

ii. a<r<b

o ae
JEIA 4 tne,

¢
E. (Hire )= S o
é) 5
— 1
E - fs-{a(

(c) At any point outside of the conducting shell, it is observed that the magnitude of the electric field is zero.

i. Determine the charge on the inner surface of the conducting shell.
- =Y 3
Q= "Ye Fa

Justify your answer.

Tn af}v/ YC"’ J‘ll.g_ e.(aec!fvt't qf;gf) q“o ,64 zefo)
;}-Ae. .enc(oszsj (Jwvgc of lyo'f": rPLe/es /VL.AS‘PL UM

to zera
ii, Determine the charge on the outer surface of the conducting shell.

Q- Y Pra®

‘Question 1 continues on the next page.
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E Q1B p3
(d

i. On the axes below, sketch the electric field E as a function of distance r from the center of the

sphere. Sketch the graph for the range r =0 at the center of the sphere to » =c¢ at the outside of the
conducting shell.

ii. The figure below shows the sphere and shell with four points labeled W, X, Y, and Z. Point W is at the
center of the sphere, point X is on the surface of the sphere, and points Y and Z are on the inner and
outer surface of the shell, respectively. Rank the points according to the electric potential at that point,

with 1 indicating the largest electric potential. If two points have the same electric potential, give them
the same numerical ranking.

A w _2x Sy Yz
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PHYSICS C: ELECTRICITY AND MAGNETISM

SECTION I
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.

Conducting Spherical Shell

1. A solid plastic sphere of radius a and a conducting spherical shell of inner radius » and outer radius ¢ are shown
in the figure above. The shell has an unknown charge. The solid plastic sphere has a charge per unit volume

given by p(r) = Br, where f is a positive constant and r is the distance from the center of the sphere. Express
your answers to parts (a), (b), and (c) in terms of /3, r, a, and physical constants, as appropriate.

(a) Consider a Gaussian sphere of radius r concentric with the plastic sphere. Derive an expression for the
charge enclosed by the Gaussian sphere for the following regions.

i. r<a

")
Q=oV = oM _”;m“’ = Reiud = M By

il. a<r<b

"
50\ :"”ﬂo‘} = \'\_1: a

5
1R

?
1"
D
B
| <
=
9",
3
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E Q1 C p2

(b) Use Gauss’s law to derive an expression for the magnitude of the electric field in the following regions.
i r<a

o - S = ehn s clhe) < B

° B(‘/'x —ﬁ,‘(::
S A Y

il. a<r<b

éé'm _8. E&‘P‘: E(%T("‘m T~ St
Qo ﬁa\‘h Bot
£ =4 T |t
Yo 2

(¢) Atany point outside of the conducting shell, it is observed that the magnitude of the electric field is zero.

i. Determine the charge on the inner surface of the conducting shell.

Justify your answer.

ii. Determine the charge on the outer surface of the conducting shell.

Question 1 continues on the next page.
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EQ1Cp3

i. On the axes below, sketch the electric field E as a function of distance r from the center of the
sphere. Sketch the graph for the range r =0 at the center of the sphere to r =c¢ at the outside of the
conducting shell.

(@

——————— e Py

ii. The figure below shows the sphere and shell with four points labeled W, X, Y, and Z. Point W is at the
center of the sphere, point X is on the surface of the sphere, and points Y and Z are on the inner and
outer surface of the shell, respectively. Rank the points according to the electric potential at that point,
with 1 indicating the largest electric potential. If two points have the same electric potential, give them
the same numerical ranking.

O w A x LY -’_b_Z
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2018 SCORING COMMENTARY

Question 1
Overview
The responses to this question were expected to demonstrate the following:

e How to apply Gauss’s law for different spherically symmetric distributions of charge.

¢ An understanding of the magnitude of electric fields at various locations for a given charge
distribution.

e The ability to plot the electric field as a function of position and rank the electric potential as a
function of position.

Sample: EQ1 A
Score: 14

All parts except part (a)(ii) earned full credit. In part (a)(i) a correct integral is written, the substitution of 4rxrdr
for dVis made, and a correct answer is shown, which earned all 3 points. In part (a)(ii) the answer uses R
instead of the given radius a, so no points were earned. In part (b)(i) the answer from part (a)(i) is substituted
into Gauss’s law with a correct expression for area, so 2 points were earned. In part (b)(ii) the answer from
part (a)(ii) is substituted into Gauss’s law, earning 1 point. In part (c)(i) the charge from part (a)(ii) is included
in the justification, and the electric field inside the shell is set equal to zero, so 2 points were earned. Part (c)(ii)
earned 1 point for stating that g = 0. In part (d)(i) all three sections of the graph have appropriate shapes, which
earned 3 points. In part (d)(ii) the rankings are correct, so 2 points were earned.

Sample: EQ1 B
Score: 9

Part (a)(i) integrates to derive the expression for charge, but the substitution dV and the answer are incorrect,
so 1 point was earned. Parts (a)(ii) has an answer consistent with part (a)(i), so 1 point was earned. Both parts
for (b) have answers consistent with part (a), so the full credit of 3 points was earned. In part (c)(i) the charge is
consistent with part (a)(ii), but it does not specify that the electric field is zero inside the shell, so 1 point was
earned. Part (c)(ii) has an incorrect answer, so no points were earned. In part (d)(i) the graph is correct for r< a
and from points a to b, but E should equal zero from points b to ¢, so 2 points were earned. In part (d)(ii) the
ranking has the potential at point W > X >Y & Z, but it does not have the potential at point Y equal to the
potential point Z, so 1 point was earned.

Sample: EQ1 C
Score: 6

In part (a)(i) no the integral is shown, there is no clear substitution of 4rr?dr for dV, and the answer is not
correct, so no points were earned. Part (a)(ii) is consistent with (a)(i) and earned 1 point. Part (b) earned full
credit of 3 points because the incorrect answers from (a) are used correctly. Part (c)(i) is blank, so no points
were earned. In part (c)(ii) g is set equal to zero, so 1 point was earned. In part (d)(i) E= 0 for r> b but should
not be a straight horizontal line for r < g, and E should not equal zero when r = b, so 1 point was earned. In
part (d)(ii) the ranking does not indicate that the potential at point Y is equal to the potential point Z, and the
potential at point W is less than the potential at point X, so no points were earned.
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