AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2016 SCORING GUIDELINES

Question 1
15 points total Distribution
of points
(a) 3 points
For indicating that the total potential is the sum of the potential from individual 1 point
point charges
Example using point B: V, =0 =V, +V,
For correctly substituting into the above equation (signs are ignored at this step) 1 point
Vi ="
_kay _ kay
h p)
B 4 ~ (2.0nC)
(5x0.5m) (2 x0.5m)
For a correct answer with correct sign and units 1 point
q; = —-5.0nC
(b) 2 points
3
-16 V
TR TN
—’_TR |
For drawing a vector perpendicular to the equipotential line for C 1 point
For drawing a vector in the direction of the -16 V line 1 point
(c) 2 points
For using the equation relating the electric field to potential difference 1 point
dav
E=-——"—
dx
AV
El=—
| | Ax
For substituting values from the figure 1 point
£ (20 V —(-24V))
(2 x 0.1 m)
E =20 N/C
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2016 SCORING GUIDELINES

Question 1 (continued)

2 points

For using a correct equation for the electric flux

_ Yenc
0

(2.0 nC)
(8.85x 107 C*/(Nem?))
For a correct answer with units
@, =226 (Nem’) /C

@E:

2 points

For using an equation that relates the work done to the change in potential energy
W =—gAV = -(1.6 x 107 C)(—4 V = (4 V))

For a correct answer including sign and units

W=128x10")=80eV

2 points

For indicating that the kinetic energy of the proton at E will be equal to the work
done

W =AK = %mvz

For correctly substituting the answer from part (e) i. into the above equation

(128 %107 1) = (%)(1.67 x 1077 kg)v?

v =3.92x10* m/s
2 points

For correctly selecting Left

For a correct justification

Example: Electrons accelerate in the direction perpendicular to equipotential
surfaces and toward higher potential. Therefore, at point B, an electron would
accelerate toward the left.

No points are earned if the wrong answer is selected.
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E Q1 A1

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.
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Two point charges, g, and g,, are fixed in place on the x-axis at positions x; = —1.00 m and x, = +0.50 m,
respectively. Charge g, has a value of +2.0 nC. Values of electric potential are illustrated by the given
equipotentials in the diagram shown above, which is drawn to scale.

(a) Calculate the value of g, .
e, Ko A
v =0 [ 25

(b) At point C on the diagram, draw a vector representing the direction of the electric field at that point.
(c) Calculate the approximate magnitude of the electric field strength at point D on the diagram.

godv_ % 24w
Ax 4 =1
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EQ1A2

(d) The equipotential labeled 0 V is the cross section of a nearly spherical surface. Calculate the electric flux
for this surface.

¢E7: §E'Al{'z %

- @tQhC

(e) A proton is placed at point A and then released from rest.

i. Calculate the work done by the electric field on the proton as it moves from point A to point E.

L=q AV = (LEE-1)(~4 H) <[H.2TE-R T |

ii. Calculate the speed of the proton when it reaches point E.

gy'= V=12
- Jalize-l9)
v @:)
'( vz 3152 mk \

(f) An electron is released from rest at point B. Which of the following indicates the direction of the initial
acceleration, if any, of the electron?

Up Down
X, Left Right
Into the page Out of the page

The direction is undeﬁn;:d since the acceleration is zero.

Justifzy youf answer. e per Yevler ks wHa?e fres

Hefcc. foll G\ﬂ T7\L ﬁj E-Geld s h ho mskl <l piat ‘.

wlbar Yo Yoo W iagr. Ihed mesns BTV ¢ "
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B2 & ote\er oyt o H" ket

Unauthorized copying or reuse of
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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.
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E&M.1.

Two point charges, g, and g,, are fixed in place on the x-axis at positions x; = —=1.00 m and x, = +0.50 m,

respectively. Charge ¢, has a value of +2.0 nC. Values of electric potential are illustrated by the given
equipotentials in the diagram shown above, which is drawn to scale.

H WEK

(a) Calculate the value of ¢, .

-

X = |
Vo w23 A= keq

Y
(b) At point C on the diagram, draw a vector representing the direction of the electric field at that point.

(c) Calculate the approximate magnitude of the electric field strength at point D on the diagram.

Fopy OVol 4.3
O a0
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E Q1B2

(d) The equipotential labeled 0 V is the cross section of a nearly spherical surface. Calculate the electric flux
for this surface. :l* W0~

_ 0 - /,\1:1’16}\3ﬁl

§Ec\ar% Loz St

(e) A proton is placed at point A and then released from rest.

i. Calculate the work done by the electric field on the proton as it moves from point A to point E.

W=nE E:q:\,"

- : 14
U\}‘EE'EH q—,\bVlO
W=oq- Y -q-4

Qu 135 HO‘B

ii. Calculate the speed of the proton when it reaches point E.

Y= = | o
W=Dz Zwve - Twvt -0

ALY
LAY T Loy,
a\'\f\ Vs
\ V=34192.71 mis

(f) An electron is released from rest at point B. Which of the following indicates the direction of the initial
acceleration, if any, of the electron?

__Up ____Down
A Left ____ Right
Into the page Out of the page

The direction is undefined since the acceleration is zero.

Justify your answer.

The eltchvon will e Yo acctievate
Yowa(ds o Weouse it ostive,
and  tledvons o Gguinst  electnc field
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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.
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E&M.1.
Two point charges, ¢, and g,, are fixed in place on the x-axis at positions x; = =1.00 m and x, = +0.50 m,
respectively. Charge ¢, has a value of +2.0 nC. Va]ues of electric potential are illustrated by the given

equipotentials in the diagram shown above, which i is drawn to scale.

(a) Calculate the value of g, . . \! > \gg \\’ | . O ¢
-4 = ¥ (4) ( ;C\¢1‘67N

S

_ N YA = AR

(b) At point C on the diagram, draw a vector representing the direction of the electric field at that point.
(c) Calculate the approximate magnitude of the electric field strength at point D on the diagram.

vg,/xxV
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EQ1C2

(d) The equipotential labeled 0 V is the cross section of a nearly spherical surface. Calculate the electric flux
for this surface. V= )l

Y

(ﬁ T r;,

) : AT :/ I( ) / )!
lUX = A= T T . L
f fiy= 7.0b;

(e) A ins placed at point A and then released from rest.
i. Calculate the work done by the electric field on the proton as it moves from point A to point E.
C o

: —\"\
A "t (e D e
N \ Wz 1"9\@“9433—

i

ii. Calculate the speed of the proton when it reaches pomt E.

“7\‘\2\
it g LW (DI A
V = qurg:?.’?m)g

-

(f) An electron is released from rest at point B. Which of the following indicates the direction of the initial
acceleration, if any, of the electron?

__Up ____Down
_ Left ____Right
_____Jnto the page ____Out of the page
\/ﬂhe direction is undefined since the acceleration is zero.
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2016 SCORING COMMENTARY

Question 1
Overview

The intent was to assess understanding of electrical potential maps, the principal of superposition, the
relation between potential and the electric field vector, the work done on charges, the direction of
acceleration of a charge in an electric field, and Gauss's law.

Sample: EQ1 A
Score: 15

Part (a) earned 3 points for correctly summing the electric potentials from the individual point charges,
substituting, and calculating a correct answer with units. Part (b) earned 2 points for drawing an arrow
perpendicular to point C and pointing toward the —16 V line. Part (c) earned 2 points for using a correct
equation and substituting from the figure to calculate the electric field. Part (d) earned 2 points for using a
correct equation to determine the electric flux and calculating a correct answer with units. Part (e)(i) earned

2 points for using a correct equation to determine the work done by the electric field and calculating a correct
answer with units and sign. Part (e)(ii) earned 2 points for using the work-energy theorem and substituting
for work from part (e)(i). Part (f) earned 2 points for selecting “Left” and a justification that correctly states that
the electric field points perpendicularly toward lower potential and the electrons experience a force toward
higher potentials.

Sample: EQ1B
Score: 11

Part (a) earned no credit because there is no indication that a correct equation was used. Parts (b) and (c)
earned full credit. Part (d) earned 1 point for using a correct equation to determine the electric flux; however,
the answer had no units. Part (e) earned full credit. Part (f) earned 2 points for selecting “Left” and a correct
justification that stated electrons move in a direction opposite to the electric field.

Sample: EQ1C
Score: b

Part (a) earned no credit because there is no indication that a correct equation was used. Part (b) earned

1 point for an arrow drawn perpendicular to point C, but the arrow pointed away from the —16 V line. Parts (c)
and (d) earned no credit because there is no indication that correct equations were used. Part (e) earned full
credit. Part (f) earned no credit for an incorrect selection.
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