AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2013 SCORING GUIDELINES

Question 1

15 points total Distribution

of points
(a) 5 points

For drawing a Gaussian surface that is a cylinder, contained within and sharing 1 point
the axis of the given cylinder

For using a correct statement of Gauss’s law 1 point

qenc
denc — B EedA
i

For a correct expression for g,,. including the expression for the volume of a 1 point
cylinder

Gone = PVene = p(777L)

For a correct expression for the surface area of the sides of a cylinder 1 point
A =2nrL

Substitute expressions into Gauss’s law:
p(irrzL)

o = E(2nrL)

For a correct answer 1 point
pr

2g,

(b) 1 point

qenc
dene — B EedA
i

enc = thol = p(ﬂ:RzL)
p(nRzL)
——— = E(2nrL)
€o

For a correct answer 1 point
2
E = LR
2gyr
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM

2013 SCORING GUIDELINES

Question 1 (continued)

(c) 3 points

L3 (R
£,

For a graph in the region 0 < » < R that is a straight line starting at the origin,

and with a positive slope

For a graph in the region R < r < 2R that is continuous, decreasing, concave

upward, and not zero at » = 2R

For labeling the maximum value of E on the vertical axis, consistent with part (a)

i. 3 points

For stating the correct relation between the magnitude of the potential difference

and the integral of the electric field
R

AV = —JE «dr (negative sign not required)
0
For substituting the expression for electric field from part (a)

AV = —IRﬂdr
0 250

For integrating with the proper limits or correctly evaluating the constant of

integration
2R 2 2
p|r P (R PR
VR)-V(0)=-L| | =— L% _o|=-
(R) ©) 280|:2:|0 250[2 j 4e,
2 2
|AV| = % (leaving the answer — Zﬁo is also acceptableJ

Note: Graphical integration could also be performed. For students taking this

approach, 1 point was earned for evaluating the area for 0 < » < R, 1 point for
calculating the area of a triangle, and 1 point for a magnitude consistent with

previous results.
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1 point

1 point

1 point

1 point

1 point



AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2013 SCORING GUIDELINES

Question 1 (continued)

Distribution
of points
ii. 1 point
For selecting “r = 0" 1 point
(e) 2 points
E
3
(3
-—
ién ’\“
e T — } r
R 2R
For 0 < r < R, drawing a horizontal graph with £ =0 1 point
For R < r < 2R, drawing a graph consistent with the graph in part (c) in that 1 point
region
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PHYSICS C: ELECTRICITY AND MAGNETISM

SECTIONII
Time-45 minuates

3 Questions

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

E&M 1.

A very long, solid, nonconducting cylinder of radius R has a positive charge of uniform volume density p.

A section of the cylinder far from its ends is shown in the diagram above. Let r represent the radial distance from
the axis of the cylinder. Express all answers in terms of 7, R, p, and fundamental constants, as appropriate.

(a) Using Gauss’s law, derive an expression for the magnitude of the electric ﬁeld at aradius r < R. Draw an
appropriate Ga rf the diagram.
ppropriate Gaussian surface on the diagr Blene) = P’ Wldmg f o kL)C A

AA - @W |
§E-d ks e L

mm~ N
F et 2

(b) Using Gauss’s law, derive an expression for the magnitude of the electric field at a radius r > R.

P Volume = pﬂ(}"/(

‘ \3’ FrdA= Qe'\d Renes =
&
Unauthorized copylng or reuse of
0 oar i peon  llgonk GO ON TO THE NEXT PAGE.
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(c) On the axes below, sketch the graph of electric field E as a function of radial distance r for r =0 to r = 2R.
Explicitly label any intercepts, asymptotes, maxima, or minima with numerical values or algebraic

expressions, as appropriate. ' .
£ E1 A2

- = T s
+ : =7
R 2R
(@
i Derive an expression for the magnitude of the potential difference between r = 0 and r = R.
BE="
- (g Ar e et
Sd\/ §-e 2 or et s P R
Ve~ gEAr = _g Tt A = ¥Es . /L Yts
2 .

ii. Ii?e potential higheratr=0orr=R7?

r=0 r=R

(e) The nonconducting cylinder is replaced with a conducting cylinder of the same shape and same linear charge
density. On the axes below, sketch the electric field E as a function of » for » = 0 to r = 2R. Explicitly label
any intercepts, asymptotes, maxima, or minima with numerical values or algebraic expressions, as
appropriate.

E A
| 2

s
N

Unauthorized copying or reuse of
b GO ON TO THE NEXT PAGE.
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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 vt 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.

E&M 1.

A very long, solid, nonconducting cylinder of radius R has a positive charge of uniform volume density p.

A section of the cylinder far from its ends is shown in the diagram above. Let  represent the radial distance from
the axis of the cylinder. Express all answers in terms of r, R, p, and fundamental constants, as appropriate.

(a) Using Gauss’s law, derive an expression for the magnitude of the electric field at a radius r < R. Draw an
appropriate Gaussian sm"face on the diagram.

[EdA = T

Qin
el &
Ef’

(b) Using Gauss’s law, derive an expression for the magnitude of the electric field at a radius r > R.

[Edp= 22
£ (NYW S

£ «w&fa

Unauthorized copying or reuse of
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E1 B2

(c) On the axes below, sketch the graph of electric field E as a function of radial distance r for r = 0 to r = 2R
Explicitly label any intercepts, asymptotes, maxima, or minima with numerical values or algebraic

expressions, as appropriate.
p E
sp— p !,

wRe,

(@

Derive an expression for the magnitude of the potential difference between r = 0 and r = R.
-9y
E= dr
»Edr4V
(T

?WE

ii. Is the potentlal higheratr=0orr=R?

l —__r=R

(e) The nonconducting cylinder is replaced with a conducting cylinder of the same shape and same linear charge
density. On the axes below, sketch the electric field E as a function of » for r = 0 to r = 2R. Explicitly label
any intercepts, asymptotes, maxima, or minima with numerical values or algebraic expressions, as

appropriate.
E
F 1
W ;
L)
— S =rfF=z0
R 2R
Unauthorized copying or reuse of
2y paiof iie bage s liega. GO ON TO THE NEXT PAGE.
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PHYSICS C: ELECTRICITY AND MAGNETISM

SECTIONII
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.

E&M 1.

A very long, solid, nonconducting cylinder of radius R has a positive charge of uniform volume density p .

A section of the cylinder far from its ends is shown in the diagram above. Let r represent the radial distance from
the axis of the cylinder. Express all answers in terms of 7, R, p, and fundamental constants, as appropriate.

(a) Using Gauss’s law, derive an expression for the magnitude of the electric field at a radius r < R. Draw an
appropriate Gaussian surface on the diagram.

§E_‘AA; %Q?AW\ Um&%\ U\'\”DC 010\3"3’)

s e,

: T —
) K&
. :

.
L

~

(b) Using Gauss’s law, derive an expression for the magnitude of the electric field at a radius 7 > R,

%E‘J/’V’ feo
L, E{neN= ¢

I G

T-Er

r B~
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(c) On the axes below, sketch the graph of electric field E as a function of radial distance r for r=0to r = 2R.
Explicitly label any intercepts, asymptotes, maxima, or minima with numerical values or algebraic
expressions, as appropriate.

E

(d)

i Derive an expression for the magnitude of the potential difference between r = 0 and r = R.

:k& ‘ \/ ey -
\/ - Gc: 0

-

V\Q‘“O _
L.

il Is the potential hi\g}er atr=0o0rr=R?

r=0 r=R

(e) The nonconducting cylinder is replaced with a conducting cylinder of the same shape and same linear charge
density. On the axes below, sketch the electric field £ as a function of » for » = 0 to » = 2R. Explicitly label

any intercepts, asymptotes, maxima, or minima with numerical values or algebraic expressions, as
appropriate.

E
F 3

Unauthorized copying or reuse of
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2013 SCORING COMMENTARY

Question 1
Overview

This question evaluated students’ understanding of Gauss’s law in a classic problem. In the first two parts
of the problem, students were asked to derive an expression for the electric field E as a function of the
distance r from the axis of a cylindrical non-conductor with a uniform charge distribution p and radius R.
In part (a), students performed the derivation for the region inside the cylinder, and in part (b) students
repeated the process for the region outside of the cylinder. In part (c), students sketched a qualitative
graph of F as a function of r for 0 < r < 2R. Part (d) required students to use their expression for E inside the
cylinder to derive an expression for the potential difference AV between the cylinder axis and its surface,
and to identify the point of highest potential as either r = 0 or r = R. In part (e), students sketched another
qualitative graph of E as a function of r for 0 < r < 2R, this time for a cylinder of identical radius and linear
charge distribution but made of a conducting material.

Sample: E1-A
Score: 15

This response is a well-illustrated and completely correct solution. Parts (a) and (b) are both classic
representations of Gauss's law derivations with an appropriate Gaussian surface drawn in the diagram.
Part (c) is a clear and properly labeled graph sketched with the proper shape which clearly does not

touch the horizontal axis at r = 2R. In part (d)(i), there is no deduction for the negative sign even though

a magnitude calculation is requested. The student correctly identifies the higher potential at r = 0 in part
(d)(ii). Part (e) shows a correct graph from r = 0 to r = R, earning the first point. The second point is earned
for the similarity between this graph and the graph in part (c) forr > R.

Sample: E1-B
Score: 10

Part (a) received two points for the correct calculation of the surface area, and for drawing an appropriate
Gaussian surface. The point for Gauss's law is not awarded because there is no indication that the integral
is done over a closed surface. The student does not correctly calculate enclosed charge using

the volume charge density and does not get a correct answer; therefore, 3 points were not earned. Part (b)
earned no credit for the incorrect answer. In part (c), the student correctly sketches the graph of the
expected function, with a maximum consistent with the answer to part (b), and earned full credit. In part
(d)(i), the student starts with a correct integral expression and uses appropriate limits and earned 2 points.
However, the substitution of the electric field function does not come from part (a), so the point was not
earned. The student correctly identifies the higher potential at r = 0 and earned the point in part (d)(ii). The
graph in part (e) earned full credit.

Sample: E1-C
Score: 5

Part (a) earned 2 points for a correct representation of Gauss's law and for an appropriate sketch of a
Gaussian surface. The student earned no additional credit in this section, or in part (b). There is an
attempt to calculate the area of the Gaussian surface, but the formula for volume is used. The sketch

in part (c) has the shape of the curve where r > R, but is incorrect for r < R and does not label the maximum
so only 1 point is earned. No credit was earned in part (d) for the use of the expression for absolute
potential about a spherical charge distribution and an incorrect selection of r = R. Full credit

was earned in part (e) for the zero electric field inside a conducting charged cylinder and for r > R
consistent with part (c).
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