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AP® PHYSICS
2019 SCORING GUIDELINES

General Notes About 2019 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
2019 SCORING GUIDELINES

Question 1

15 points
y
A
|
|
|
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Note: Figure not drawn to scale.

A very long, thin, nonconducting cylinder of length L is centered on the y-axis, as shown above. The cylinder has
a uniform linear charge density + A . Point P is located on the y-axis at y = ¢, where L >> c.

(a)
1. LO CNV-3.B.a,SP7.A
1 point

On the figure shown below, draw an arrow to indicate the direction of the electric field at point P due to
the long cylinder. The arrow should start on and point away from the dot.

| For drawing an arrow at point P that points upward | | 1 point

ii. LOCNV-2F,SP7.C
1 point

Describe the shape and location of a Gaussian surface that can be used to determine the electric field at
point P due to the long cylinder.

For describing a Gaussian surface that could be used to determine the electric field at 1 point
point P

Example: Drawing a cylinder that is coaxial with the thin cylinder
and whose surface contains point P can be used to determine the electric field at
point P.

Note: Credit is earned if the student draws the correct surface on the figure.
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2019 SCORING GUIDELINES

Question 1 (continued)

(a) continued
iii. LOCNV-2.C,SP5.A,5.E
3 points

Use your Gaussian surface to derive an expression for the magnitude of the electric field at point P.
Express your answer in terms of A, ¢, L, and physical constants, as appropriate.

For using Gauss’s law to determine the electric field at point P 1 point
ene _ [ pugn .. © = k4

o o
For correctly substituting for the charge into the equation above 1 point
For correctly substituting for the area or into the equation above 1 point
AL _ E(27cl) - E = A _ 24

& 2ms,c c

(b) LO ACT-1.D, SP 3.C

2 points

A proton is released from rest at point P. On the axes below, sketch the velocity v as a function of
position y and the acceleration a as a function of position y for the proton.

=
-

v
’.* o
| i A
1 I !
1 ! i
1 ! 1
: : . \
- — . p———— e
0! ' 0! .
i ( | i
1 i
I I
I i
I I
1 I
1 1
For a concave down graph for v as a function of position x that does not start at the 1 point
origin
For a concave up graph for a as a function of position x that has an asymptote at the 1 point
horizontal axis
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2019 SCORING GUIDELINES

Question 1 (continued)

The original cylinder is now replaced with a much shorter thin, nonconducting cylinder with the same uniform
linear charge density + A, as shown in the figure below. The length of the cylinder to the right of the y-axis is a,

and the length of the cylinder to the left of the y-axis is b, where a < b .

y
A
|
I
I
P_+_y:c
+A = N
F—b——fa+

() LO CNV-3.B.a, SP 7.A
2 points

On the figure shown below, draw an arrow to indicate the direction of the electric field at point P due to
the shorter cylinder. The arrow should start on and point away from the dot.

For drawing an arrow at point P that points to the right 1 point
For drawing an arrow at point P that points up and to the right 1 point
(d)
i.andii. LO CNV-2.F,SP7.A
1 point

Is there a single Gaussian surface that can be used with Gauss’s law to derive an expression for the
electric field at point P?

Yes No

If your answer to part (d)(i) is yes, explain how you can use Gauss’s law to derive an expression for the
field at point P. If your answer to part (d)(i) is no, explain why Gauss’s law cannot be applied to derive an
expression for the electric field in this case.

For selecting “No” with a valid explanation 1 point

Claim: Select “No.”

Evidence: The length of the cylinder is not much greater than the distance from the
cylinder to point P and the charge distribution is asymmetric.

Reasoning: Therefore, cannot use the approximation of the constant magnitude of
electric field over a cylindrical surface.
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2019 SCORING GUIDELINES

Question 1 (continued)

y
!
P+y=6
N +A L -
b —a~|

Note: This figure is shown again for reference.

A student in class argues that using the integral shown below might be a useful approach for determining the
electric field at point P.
1 1

4rey

The student uses this approach and writes the following two integrals for the magnitude of the horizontal and
vertical components of the electric field at point P.

dx

a
Horizontal component: |E,| = A I ad
1 4ne, 2, 2\32
e )

Vertical component: |Ey| = 47/:50 ]1.(02 ixz) dy
b

(e)
i. LOCNV-3.A,SP7.A
1 point

One of the two expressions above is not correct. Which expression is not correct?

Horizontal component Vertical component

| For correctly selecting “Vertical component” | | 1 point
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2019 SCORING GUIDELINES

Question 1 (continued)
(e) continued
ii. LOCNV-3.A,SP7.D
4 points

Identify two mistakes in the incorrect expression, and explain how to correct the mistakes.

For indicating the integral is not along the length of the cylinder 1 point

For an appropriate correction 1 point

Claim: Change dy to dx.
Evidence: The integral is not along the cylinder.
Reasoning: This change will make the integral valid.

For indicating the power on the denominator term for the vertical component is incorrect 1 point

For an appropriate correction 1 point

Claim: The power on the term in the denominator should be 3/2.

Evidence: The units of the integrand are not valid.
Reasoning: This change will make the integrand valid.

Learning Objectives

ACT-1.D: Determine the motion of a charged object of specified charge and mass under the influence of an
electrostatic force.

CNV-2.C: State and use Gauss’s law in integral form to derive unknown electric fields for planar, spherical, or
cylindrically symmetrical charge distributions.

CNV-2.F: Describe the general features of an unknown charge distribution, given other features of the system.
CNV-3.A: Derive expressions for the electric field of specified charge distributions using integration and the
principle of superposition. Examples of such charge distributions include a uniformly charged wire, a thin ring of
charge (along the axis of the ring), and a semicircular or part of a semicircular arc.

CNV-3.B.a: Identify and qualitatively describe situations in which the direction and magnitude of the electric
field can be deduced from symmetry considerations and understanding the general behavior of certain charge
distributions.

Science Practices

3.C: Sketch a graph that shows a functional relationship between two quantities.

5.A: Select an appropriate law, definition, or mathematical relationship or model to describe a physical situation.
5.E: Derive a symbolic expression from known quantities by selecting and following a logical algebraic pathway.
7.A: Make a scientific claim.

7.C: Support a claim with evidence from physical representations.

7.D: Provide reasoning to justify a claim using physical principles or laws.
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EQ1ADp1
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.

y
4
1
i
1
i
{
P?y=c
+A ]
= - — — 3~
I L/2 - L/2 - %

Note: Figure not drawn to scale.

1. A very long, thin, nonconducting cylinder of length L is centered on the y-axis, as shown above. The cylinder
has a uniform linear charge density + A . Point P is located on the y-axis at y = ¢, where L >> c.

(@)
i. On the figure shown below, draw an arrow to indicate the direction of the electric field at point P due
to the long cylinder. The arrow should start on and point away from the dot.
|
p[ €

ii. Describe the shape and location of a Gaussian surface that can be used to determine the electric field at
point P due to the long cylinder.

[\ a\,\\\\&rlg, LuvdhivA otk N S Y S L s %
om e Loy gylinder ewn Ve ViAo et e il

iii. Use your Gaussian surface to derive an expression for the magnitude of the electric field at point P.
Express your answer in terms of A, ¢, L, and physical constants, as appropriate.

SE.:‘ = %'\L

Qe
> - C A ™ _)‘_-——
13 i""r\'\ ""—{%- E'-‘E:Io €la e,
[Unauthorlzed copying or reuse cﬂ
S e GO ON TO THE NEXT PAGE.
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EQ1Ap2

(b) A proton is released from rest at point P. On the axes below, sketch the velocity v as a function of
position y and the acceleration a as a function of position y for the proton.

>

Qo

Ty

The original cylinder is now replaced with a much shorter thin, nonconducting cylinder with the same uniform
linear charge density + A, as shown in the figure below. The length of the cylinder to the right of the y-axis is a,

and the length of the cylinder to the left of the y-axis is b, where a < b.

y
P+_y=c
A L -
f— b —f-a-

(c) On the figure shown below, draw an arrow to indicate the direction of the electric field at point P due to the
shorter cylinder. The arrow should start on and point away from the dot.

Question 1 continues on the next page.

Unauthorized copying or reuse of
any part of this page Is lllegal.

GO ON TO THE NEXT PAGE.
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EQ1APp3

i. Is there a single Gaussian surface that can be used with Gauss’s law to derive an expression for the
electric field at point P?

__Yes Y No

@

ii. If your answer to part (d)(i) is yes, explain how you can use Gauss’s law to derive an expression for the

field at point P. If your answer to part (d)(i) is no, explain why Gauss’s law cannot be applied to derive
an expression for the electric field in this case. )
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Note: This figure is shown again for reference.

A student in class argues that using the integral shown below might be a useful approach for determining the
electric field at point P.

_[1 1
E—J'4”£0r2dq

The student uses this approach and writes the following two integrals for the magnitude of the horizontal and
vertical components of the electric field at point P.

a
: A
Horizontal component: |E,| = e - x e dx
0% (c +x )
l a
Vertical component: | Ey| = Y

4re et (cz + xz)

O
i. One of the two expressions above is not correct. Which expression is not correct?
____ Horizontal component L Vertical component
ii. Identify two mistakes in the incorrect expressién, and explain how to correct the mistakes.
Ta W Letftwion Wwe v uld WHW Be wih repet bo
A M 1Y 1) ?\\(3\‘% s\ory v v'\rl'-' o he brov \d O\‘\l-l\s, ¥ on
é‘! Vo 3 AN\yp ) W  dersanvior Y w-\h\'lsrv\ vy o ¥ W pow” 2

v
Unauthorized copying or reuse of S l (S [
any part of this page is illegal.

GO ON TO THE NEXT PAGE.
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E Q1B p1

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.

o
e g

<
]
o

e 1

[ L/2 | L/2 i

Note: Figure not drawn to scale.

1. A very long, thin, nonconducting cylinder of length L is centered on the y-axis, as shown above. The cylinder
has a uniform linear charge density + A . Point P is located on the y-axis at y = ¢, where L >> c.

(a)

i. On the figure shown below, draw an arrow to indicate the direction of the electric field at point P due
to the long cylinder. The arrow should start on and point away from the dot.

ii. Describe the shape and location of a Gaussian surface that can be used to determine the electric field at
point P due to the long cylinder.

A\amprrr Cy\indre \nid dzadwlly  Hab Wreps <roua tae K
Wiy Thn gylndy Wi B Sde 5ol Hnosh jo -

iii. Use your Gaussian surface to derive an expression for the magnitude of the electric field at point P.
Express your answer in terms of A, ¢, L, and physical constants, as appropriate.

fE-M 5% (;z L = _’7_\-'{
E.‘zmr/: _l"'_/ -

o
E —_— L
Unauthorized copying or reuse ofl 2“'(50 L
Sy peniof #v's pages Megsl GO ON TO THE NEXT PAGE.
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E Q1B p2

(b) A proton is released from rest at point P. On the axes below, sketch the velocity v as a function of
position y and the acceleration a as a function of position y for the proton. Fa o ,1q
=\ —

y*

S
+
!
<
S

- gy - -
ey

The original cylinder is now replaced with a much shorter thin, nonconducting cylinder with the same uniform
linear charge density + A, as shown in the figure below. The length of the cylinder to the right of the y-axis is a,

and the length of the cylinder to the left of the y-axis is ‘b, where a < b.

y
P+y —c
A L -
f— b ——f-a-

(c) On the figure shown below, draw an arrow to indicate the direction of the electric field at point P due to the
shorter cylinder. The arrow should start on and point away from the dot.

Question 1 continues on the next page.

Unauthorized copying or reuse of
any part of this page Is iliegal.

GO ON TO THE NEXT PAGE.
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E Q1B p3

i. Is there a single Gaussian surface that can be used with Gauss’s law to derive an expression for the
electric field at point P?

__Yes _X No

ii. If your answer to part (d)(i) is yes, explain how you can use Gauss’s law to derive an expression for the
field at point P. If your answer to part (d)(i) is no, explain why Gauss’s law cannot be applied to derive
an expression for the electric field in this case.

@

Thee 9 ¢ WD '\"'jt.d:?.\'oh sube tha

Yy .
f Vo st -\‘\ma:,\u»'\'
!
«3
axlrd y=¢c
=t
+
- SR — — — — = = e =X
f—b o

Note: This figure is shown again for reference.

A student in class argues that using the integral shown below might be a useful approach for determining the
electric field at point P.

j4ftz-:or

The student uses this approach and writes the following two integrals for the magnitude of the horizontal and
vertical components of the electric field at point P.

a
Horizontal component: |E.| = 4280 J; ( p +x 2)3/2 dx
0 (c” +x

Vertical component:

l yl“ 4me, (Czixz)dy

O
i. One of the two expressions above is not correct. Which expression is not correct?
Horizontal component v Vertical component

ii. Identify two mistakes in the incorrect expression, and explain how to correct the mistakes.

e gututr thowd boc in}o,y.\-i..s N Yy of  ox nd

d?-h\

Vs Wbk C
Unauthorized copying or reuse of 2. e | Ry 1 m n‘M}‘(k\w‘ QM\d b V“r
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E Q1 C p1

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.

y
4
I
1
]
]
!
I
I
1

—_—X

! L/2 5 L/2 %
Note: Figure not drawn to scale.

1. A very long, thin, nonconducting cylinder of length L is centered on the y-axis, as shown above. The cylinder
has a uniform linear charge density +A . Point P is located on the y-axis at y = ¢, where L >> c.

(a)

i. On the figure shown below, draw an arrow to indicate the direction of the electric field at point P-due
to the long cylinder. The arrow should start on and point away from the dot.

ii. Describe the shape and location of a Gaussian surface that can be used to determine the electric field at
point P due to the long cylinder.

Tie Gravssnn 1omtos con oo Lolee Gr L..,-./

iii. Use your Gaussian surface to derive an expression for the magnitude of the electric field at point P.
Express your answer in terms of A, ¢, L, and physical constants, as appropriate.

EA = Tent

€

E (-zr ¢? L) = Teswe

éo
AL =
IUnauthoﬂzed copying or reuse of ' - ‘—’7)__\ T C‘,

any part of this page Is illegal. T’ (/ L GO ON TO THE NEXT PAGE.
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EQ1Cp2

(b) A proton is released from rest at point P. On the axes below, sketch the velocity v as a function of
position y and the acceleration a as a function of position y for the proton.

=)

- e e g o o e e e e e

The original cylinder is now replaced with a much shorter thin, nonconducting cylinder with the same uniform
linear charge density + A, as shown in the figure below. The length of the cylinder to the right of the y-axis is a,

and the length of the cylinder to the left of the y-axis is b, where a < b.

y
|
|
!
|
P+y= c
+A |
P N —— =X
fo— b —=-a~

(c) On the figure shown below, draw an arrow to indicate the direction of the electric field at point P due to the
shorter cylinder. The arrow should start on and point away from the dot.

Question 1 continues on the next page.

Unauthorized copying or reuse of
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EQ1Cp3

@
i. Is there a single Gaussian surface that can be used with Gauss’s law to derive an express1on for the
electric field at poing P?
— Yes \/ No
ii. If your answer to part (d)(i) is yes, explain how you can use Gauss’s law to derive an expression for the

field at point P. If your answer to part (d)(i) is no, explain why Gauss’s law cannot be applied to derive
an expression for the electric field in this case.

G}Mr;(s /&w Co.u,m'( he 470/'- &eo/‘é‘ O/Mrve e Q,X/'D'a.s"’h-?d'\/
ﬂ‘ﬁ e’acé:‘ A _4“1 ceLe hcw

y
A
3
|
P+y=c
B +A L -
f— b —-a~]

Note: This figure is shown again for reference.

A student in class argues that using the integral shown below might be a useful approach for determining the
electric field at point P.

- -[47t180 ,-%

The student uses this approach and writes the following two integrals for the magnitude of the horizontal and
vertical components of the electric field at point P.

Horizontal t E|=% a =5
orizontal component: | xl = 4ne, A (02+ 3/2 q..g-_ (‘L ,,,,Q

y dy

Vertical component: | yl = 4”80 (c2 + x2)

©

i. One of the two expressions above is not correct. Which expression is not correct?
v/ Horizontal component Vertical component

ii. Identify two mistakes in the incorrect expression, and explain how to correct the mistakes.

Tt 15wt sepperes o be (¢ ﬂ)

Unauthorized copying or reuse of
any part of this page is illegal.
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2019 SCORING COMMENTARY

Question 1
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

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

e An understanding of the properties of the electric field due to a charge distribution

e The ability to use Gauss’s law

e The ability to identify an appropriate Gaussian surface

e The ability to graphically describe the motion of a charged particle in an electric field
¢ An understanding of when Gauss’s law is an appropriate approach to solve a problem
e The ability to separate a vector into components

e The ability to carry out integration along a line

Sample: EQ1 A
Score: 15

All parts of this response earned full credit. Part (a)(i) has an arrow pointing upward, so 1 point was earned.

Part (a)(ii) describes an appropriate Gaussian surface, so 1 point was earned. Part (a)(iii) correctly substitutes the
area and charge into Gauss’s law, so 3 points were earned. Part (b) has a concave down curve for the velocity-
position graph that does not start at the origin, and a concave down curve for the acceleration graph with a
horizontal axis asymptote, so 2 points were earned. Part (c) has an arrow pointing up and to the right, so 2 points
were earned. Part (d) has a correct selection and valid explanation, so 1 point was earned. Part (e) has a correct
selection and correctly identifies two mistakes with appropriate corrections, so 5 points were earned.

Sample: EQ1 B
Score: 10

Parts (a)(i), (a)(ii), (c), and (d) earned full credit, 1 point, 1 point, 2 points, and 1 point, respectively. Part (a)(iii)
uses Gauss’s law but incorrectly substitutes for the charge and does not substitute for the radius, so 1 point was
earned. Part (b) has a concave down curve for the acceleration graph with a horizontal axis asymptote but
incorrectly starts the velocity graph at the origin, so 1 point was earned. Part (e) has a correct selection but only
correctly identifies one mistake with appropriate correction, so 3 points were earned.

Sample: EQ1 C
Score: 5

Parts (a)(i) and (c) earned full credit, 1 point and 2 points, respectively. Part (a)(ii) describes an appropriate
Gaussian surface but does not indicate that it is coaxial with the original cylinder, so no points were earned.
Part (a)(iii) uses Gauss’s law and substitutes correctly for the charge but uses an incorrect area, so 2 points
were earned. Part (b) has two incorrect graphs, so no points were earned. Part (d) has an incomplete statement,
S0 no points were earned. Part (e) has an incorrect selection and does not correctly identify any mistakes, so no
points were earned.
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