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AP® PHYSICS
2017 SCORING GUIDELINES

General Notes About 2017 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 one 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 and AP Physics 2: Algebra-Based
Course and Exam Description.

The scoring guidelines typically show numerical results using the value g = 9.8 rn/ 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 signifcant 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
2017 SCORING GUIDELINES

Question 1
15 points total

(a)
I. 1 point
I R
For correctly drawing a single vector pointing upward at point R
ii. 1point
I S
For correctly drawing a single vector pointing downward at point S
(b)

i 2 points

For using Gauss’s law to calculate the electric flux

p-L2 _pY
) &o
For a correct answer
D = PoAh
)
ii. 3 points

For correctly applying Gauss’s law to the slab
Q.  EvdA = EA
€

top + EAbott()m

For substituting the flux from part (b)(i) into equation above and for including the
contributions of the top and bottom parts of the Gaussian surface

PoAh
2
For correctly relating h to 2z

pOA(zz) =2FEA
€

=2FA

E - Pt
€o
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2017 SCORING GUIDELINES

Question 1 (continued)
Distribution
of points

(©
I. 1 point

Selecting “z5 <0~
For a correct justification 1 point
Example: The electric field due to the plates alone is directed toward the top of the page.

Therefore, the net electric field can only be zero where the electric field of the slab

is directed toward the bottom of the page. So the net electric field can only be zero

when z, < 0.

ii. 3points
For setting the net electric field between the plates equal to zero and relating it to the 1 point
sum of the electric fields of the plates and the slab

Etutal =0= Eplate + Eslab
For using the correct formula for the electric field between the plates regardless of sign 1 point
o _ P
o €o
(o2
0= ——

Po
Substitute into equation above

) (20x107° ¢/m?)

Z =
* (1ox107 ¢/m?)
For an answer that is consistent with the formula provided by the student above (must

1 point

include units)
% =-20x107 m
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(d)

AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2017 SCORING GUIDELINES

Question 1 (continued)

Distribution
of points
4 points
For using the sum of the electric potential of the slab and the plates as the total potential 1 point
difference between the center and top of the slab
AV = AV.v[ab + AVp[ate
AV = IEZ()tal dr = J-(Eslab + Eplate)dr
AV = [Egudr + [ Epdr
For integrating with proper limits or constants of integration 1 point
z=0.005 z z=0.005
AV = I pider J. C 4z
o €o
z=0 z=0
For correctly integrating each term regardless of whether they contain the correct 1 point
expressions
o[ 2T o vows P o
AV = 201 2 O 70005 — Lo (0052 — 0) +-Z(0.005 —
p { 5 } e [0 26 (0.005* - 0) + . (0.005 — 0)
z=0
2
AV = Po*_ | oz
26 &
2
(10x107 ¢/m*)(50x107 m)”  (20x107° ¢/m*)(5.0x107 m)
AV = “12 2 2 + C12 2 2
(2)(8.85x107"* C*/Nem?) (885x107"% €*/Nem?)
For a correct answer 1 point
AV =2540 V
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E&M Q1 A1

PHYSICS C: ELECTRICITY AND MAGNETISM

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.

T
d y

_/W

f——% |

Perspective View Side View

Note: Figures not drawn to scale.

1. A very large nonconducting slab with a uniform positive volume charge density p, is fixed with the origin of

the xyz-axes at its center, as shown in the figure above. The thickness of the slab is 4, the length is L, and the
width is W, where L >> d and W >> d. The large faces of the slab are parallel to the xy-plane.

Consider a Gaussian cylinder with a cross-sectional area A and height A that is positioned with its axis along
the z-axis, as shown in the figure below.

4
z
T z=+d/2
d y
4 2=—dI2
Perspective View Side View
Note: Figures not drawn to scale.
Unauthorized copying or reuse of
SHiy Pt oF i POOS 6 Taghs. GO ON TO THE NEXT PAGE.
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E&M Q1 A2

(a) Draw a single vector on each of the dots below representing the direction of the electric field at the given
points. If the electric field at either point is zero, write “E = 0" next to the point.

i ii.

* R S

(b) Use Gauss’s law to derive expressions for the following. Express your answers in terms of p,, A, d, h, z,
and physical constants, as appropriate. L "

i. Derive an expression for the total flux @ through the Gaussian surface shown.

v
4 ¢=f£ ﬂ/A = 7/-2' Glvss's Lew

= /‘)V/éz

h

ii. Derive an expression for the magnitude of the electric field as a function of z for any position inside

the slab, and show that it is equal to E = L =

e 0

¢ A

o M ; /E’ ) 2/%
o

e

2z

v 6 E(14) = ?“/f" Gaws’ls Lew

& awtint cnss 4 )op el
4l Ud to 2218 et &%
pafyored g

Question 1 continues on the next 2 pages

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE.
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E&M Q1 A3

6=-2.0x 1078 C/m?

&V

=0

‘/ = Mat’("
o=+2.0x10"%C/m?

Note: Figure not drawn to scale.

The charged slab is now placed between two large metal plates separated by a distance of 0.010 m, which is
approximately the thickness of the slab, but the slab does not contact either metal plate. The metal plates are

charged, resulting in the surface charge densities o = £2.0 X 107 C/ m?, as shown in the figure above.
Assume the charge distribution inside the slab remains unchanged by the presence of the charged plates and that
the slab’s volume charge density is p, = 1.00 x 10~ C/m?.

A sl v M

(©)

i. The magnitude of the electric field inside the slab is zero on the z-axis at position z, . Which of the
following correctly indicates the value for z; ?

- 2y i>0 . Zy=l0 _Kz{, <0

Justify your answer.

e

Sl

- 6“ = Eleler
] 4 &
'Ed-’-é-" [kl "2 ) ¥ 2.0k
A 4
Eplates = 2ows* /_é) 2z -0.602 M
(8 %

L IR

[é&!-w 2”0{, Eslel ,ovn}r M,
ii. Calculate the value Zq . bolencin, ok il E fun

—

Unauthorized copying or reuse of
any part of this page I:ITlugll.

GO ON TO THE NEXT PAGE.
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E&M Q1 A4

(d) Calculate the magnitude of the electric potential difference from the center of the slab to the top of the slab.

0.005
AV = —fa E ds

= f"""r Loorw Sz
F

Vi 4
[ aw” 2 ) 0008
2 'z'"/ ;

(4124 V

- £d
) /&!ﬁ")@,m)

£,
= JI29.9

-

Az

)

A.V';A.sfé'/f: 2800 V

Unauthorized copying or reuse of
any part of this page Is illegal. GO ON TO THE NEXT PAGE.
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E&M Q1 B1

PHYSICS C: ELECTRICITY AND MAGNETISM

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.

p—2——L |

Perspective View Side View
Note: Figures not drawn to scale.

1. A very large nonconducting slab with a uniform positive volume charge density' Py is fixed with the origin of
the xyz-axes at its center, as shown in the figure above. The thickness of the slab is d, the length is L, and the
width is W, where L >> d and W >> d. The large faces of the slab are parallel to the xy-plane.

Consider a Gaussian cylinder with a cross-sectional area A and height A that is positioned with its axis along
the z-axis, as shown in the figure below.

Perspective View Side View

Note: Figures not drawn to scale.

Unauthorized copying or reuse of

any part of this page Is llegal. GO ON TO THE NEXT PAGE.
6- .
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E&M Q1 B2

(a) Draw a single vector on each of the dots below representing the direction of the electric field at the given
points. If the electric field at either point is zero, write “E = 0 next to the point.

i ii.

. s

2
E

mb

(b) Use Gauss’s law to derive expressions for the following. Express your answers in terms of pg, A, d, h, z,
and physical constants, as appropriate.

i. Derive an expression for the total flux @ through the Gaussian surface shown.

= = M.\— = EA

§E-af o §E'

T = A @e~= Po Vo = /D°A—h
o

ii. Derive an expression for the magnitude of the electric field as a function of z for any position inside

the slab, and show that it is equal to E = % .
0
A=
fean= b gun= fr
Eo
o A=
ea= F
o
Question 1 continues on the next 2 pages
Unauthorized copying or reuse of
Sy periof fie oge s Begst GO ON TO THE NEXT PAGE.
o
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E&M Q1 B3

N G = 2.0 x 1076 C/m?

6=+2.0x 1075 C/m?
Note: Figure not drawn to scale.

The charged slab is now placed between two large metal plates separated by a distance of 0.010 m, which is
approximately the thickness of the slab, but the slab does not contact either metal plate. The metal plates are

charged, resulting in the surface charge densities o = 2.0 X 107 C/ m? , as shown in the figure above.

Assume the charge distribution inside the slab remains unchanged by the presence of the charged plates and that
the slab’s volume charge density is p, = 1.00 x 1073 C/ m?.

©)

i. The magnitude of the electric field inside the slab is zero on the z-axis at position z,. Which of the
following correctly indicates the value for zg ?

F4) >0 Zy =0 /Zo <0

Justify your answer.

bewoe o EGud & dwe h Do skb ady aweq
fa W Yo z2=0 ,anfie  E QoA A fo i
choyel it 5 vp, e 2 Ges vt
ura he By paels deenved (E<OD .

ii. Calculate the value z,. _ ﬁ}: - ®» -

E.= PE 3 § fped= g 2
= Z. -
E)p\uh A=

sh

ge

Eﬂab = "2. Ep\m\b _6;
T

Ep(ak =
P. z _ -2 o
J A “«
Unauthorized copying or reuse of
any part of this page s legal. GO ON TO THE NEXT PAGE.
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E&M Q1 B4

(d) Calculate the magnitude of the electric potential difference from the center of the slab to the top of the slab.

e a
sV= - \Zzar . ~ 20 v

-t &
N e
N

Unauthorized copying or reuse of

any part of this page is Hiegal. GO ON TO THE NEXT PAGE.
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E&M Q1 C1

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.

I L :

Perspective View Side View

Note: Figures not drawn to scale.

1. A very large nonconducting slab with a nrwﬂ@ﬂa_ghg_rge density p, is fixed with the origin of
the xyz-axes at its center, as shown in the figure above. The thickness of the slab is d, the length is L, and the
width is W, where L >> d and W >> d . The large faces of the slab are parallel to the xy-plane.

Consider a Gaussian cylinder with a cross-sectional area A and height h that is positioned with its axis along
the z-axis, as shown in the figure below.

Z

z=+d/2
Y
z=-dl2
Perspective View - Side View
Note: Figures not drawn to scale.
Unauthorized copying or reuse of
S0y port of is poge » Ifege GO ON TO THE NEXT PAGE.
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E&M Q1 C2

(a) Draw a single vector on each of the dots below representing the direction of the electric field at the given
points. If the electric field at either point is zero, write “E = 0" next to the point.

i ii.

L v

(b) Use Gauss’s law to derive expressions for the following. Express your answers in terms of p,, A, d, h, z,

¢

and physical constants, as appropriate.
i. Derive an expression for the total flux ® through the Gaussian surface shown.
o _ b
V) e > ‘w.l 5

Aiq= Cox WO, P

ii. Derive an expression for the magnitude of the electric field as a function of z for any position inside
PoZz

the slab, and show that it is equal to £ = =
0

Question 1 continues on the next 2 pages

Unauthorized copying or reuse of

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

o
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E&M Q1 C3

6=-2.0x 1075 C/m?

6=+2.0x 1075 C/m?

Note: Figure not drawn to scale.

The charged slab is now placed between two large metal plates separated by a distance of 0.010 m, which is
approximately the thickness of the slab, but the slab does not contact either metal plate. The metal plates are

charged, resulting in the surface charge densities o = +2.0 X 107 C/ m? , as shown in the figure above.
Assume the charge distribution inside the slab remains unchanged by the presence of the charged plates and that
the slab’s volume charge density is p, = 1.00 x 107> C/m®.

(c)

i. The magnitude of the electric field inside the slab is zero on the z-axis at position z, . Which of the
fo\ll?ying correctly indicates the value for z, ?

zp >0 zg =0 zy <0

Justify your answer.

Wha € = Oo\)r T, W geuts ehweon
a1 plofes of &\M‘N!&, el

ii. Calculate the value z.

E M.n_z — q“‘
7N

0= ’Ax\(]"
(T e ™ A

or reuse of

Unauthorized copying
any part of this page s illegal. GO ON TO THE NEXT PAGE.
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(d) Calculate the magnitude of the electric potential difference from the center of the slab to the top of the slab.

\W«NNW E}‘c Pﬂf_ A_\] e 220 Yot TR
V= ko
{

- Q,n?f"
= T
V= 2 §8x07%7

or reuse of

Unauthorized copying or
any part of this page Is lliegal. GO ON TO THE NEXT PAGE.
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2017 SCORING COMMENTARY

Question 1
Overview

The responses to this question were expected to demonstrate the following:

e The ability to determine the direction of an electric field from a positively charged object.
The ability to determine the flux through a Gaussian surface.
The ability to apply Gauss's Law to determine the electric field at a particular location.
An understanding of the electric field generated by a very large uniformly charged plate.
An understanding that the total electric field can be found by finding the superposition of
component fields.
The ability to integrate the electric field over a given displacement to determine the electric
potential difference between two locations.

Sample: E&M Q1 A
Score: 15

This paper earned full credit for all parts. Part (a) shows vectors that are pointing up at R and down at S. Part
(b)(i) uses Gauss's Law to calculate the electric flux. Part (b)(ii) uses this flux to determine the magnitude of
the electric field as a function of z. Part (c)(i) has a correct selection and justification. Part (c)(ii) uses the
superposition of the electric fields of the slab and plates to determine where the electric field is zero. Part (d)
sums the electric potential of the slab and plates, explicitly integrates the electric field for the slab, and uses
the correct relationship between E and V for a uniform field.

Sample: E&M Q1 B
Score: 8

Parts (a) and (b)(i) earned full credit. Part (b)(ii) applies Gauss's Law but does not substitute the flux or
correctly relate h to z, so 1 point was earned. While the correct final answer is obtained, the solution should
have used 2z in the expression for the enclosed charge and 2A in evaluating the flux. Part (c¢)(i) has a correct
selection and justification, so full credit was earned. Part (c)(ii) relates the electric fields from the slab and
plates, but the substitution for the plates is incorrect, and the numerical answer is not given, so 1 point was
earned. In part (d) the integration is correct for the electric field equation shown, but the sum of the potentials
is not indicated, and the limits are not correct, so 1 point was earned.

Sample: E&M Q1 C
Score: 4

Part (a) earned full credit. Part (b)(i) uses Gauss's Law to calculate the electric flux, but the answer is
incorrect, so 1 point was earned. Part (b)(ii) applies Gauss’'s Law but does not substitute the flux or correctly
relate h to z, so 1 point was earned. Parts (c¢) and (d) received no credit. Part (c)(i) has an incorrect selection
and justification. Part (c)(ii) has no superposition of the electric field for the slab and plates and has no correct
expression for the electric field of the plates. Part (d) has no attempt to sum the electric potentials of the slab
and plates, and there is no attempt to integrate.
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