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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 3
15 points total Distribution
of points
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Figure 1. Side view Figure 2. Top view

The figures above represent different views of two long, straight, horizontal wires, 1 and 2, carrying currents
I, =1 and I, = 21, respectively, in the directions shown. The wires are held in place. In Figure 1, the current

in wire 1 is directed out of the page, and wire 1 is a distance d above wire 2. Point P is a horizontal distance d

from wire 1 and a distance d directly above wire 2. Express your answers to parts (a) and (b) in terms of [, d,
and physical constants, as appropriate.

(a) 2 points

Use Ampere’s law to derive an expression for the magnitude of the magnetic field at point P due to wire 1.

For attempting to use Ampere’s law to calculate the magnetic field at point P 1 point
B(27d) = pyl
For a correct answer 1 point

_ Mol
b= 2rd

(b) 2 points

Derive an expression for the magnitude of the net magnetic field at point P.

For indicating B, = 2B, 1 point
_ ! _ H(2) el
B = 2rd &5, = 27d  nd
For an indication that the magnitude of the magnetic field is the vector sum 1 point
of B) and B,
2 2
I 1o (21) Sl
B =B +B: =B*+ B2 = |t | ([£o _ Nty
net \/ ! 2 I 27d 27d 27d
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2018 SCORING GUIDELINES

Question 3 (continued)

Distribution
of points
(c) 2 points

Calculate the numerical value of the angle to the horizontal for the direction of the net magnetic field at
point P.
For correctly relating the angle to the individual magnetic fields 1 point

B
0 =tan”! (—1)

B,
For correctly substituting B, and B, into the equation 1 point

(527
2rd

0 = tan_l(ﬁj —tan | AT | = tan_l(l) =26.6°

B, 2

&

(d) 2 points
Wire 1 is now released. Which of the following best describes the initial motion of wire 1 due to the
magnetic field of wire 2? Assume gravitational effects are negligible.
_____ Wire 1 will not move.
_____ Wire 1 will move upward as viewed in Figure 1.
___Wire 1 will move downward as viewed in Figure 1.
____ Wire | will rotate clockwise as viewed in Figure 2.
_____Wire 1 will rotate counterclockwise as viewed in Figure 2.

Justify your answer.

For stating there is no translational motion since the magnetic forces on the wire cancel 1 point

For stating there is a net torque which causes rotation 1 point

Example: In Figure 2, the top portion of wire 1 will be in a magnetic field into the page
from wire 2 and, thus, will experience a force to the right. The bottom portion of
wire 1 will be in a magnetic field out of the page from wire 2 and, thus, will
experience a force to the left. So the net force will be zero, but there will be a net
clockwise torque, so the wire will rotate clockwise.
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2018 SCORING GUIDELINES

Question 3 (continued)
Distribution
of points

Rectangular
Loop

!
|

Wire 2

Figure 3. Side view

Wire 1 is now replaced by a conducting rectangular loop of length /, width w, and resistance R. The loop
is placed a distance d from wire 2, as shown. The loop, wire, and distance d are all in the plane of the page.
The long side of the loop is parallel to the wire. The current 7, for wire 2 is decreasing linearly as a function

of time ¢ according to the equation 7, = 27, (1 — kt), where k is a positive constant with units

of 57!
(e) 1 point
Of the following, select the integration that will give an expression for the flux @ as a function of
time ¢.
r=d+w
21,)(1 = kt) ! 21,)(1 = kt) ¢
J. ILIO( 0)( kt) Wdl” J. :u0( 0)( kt) Wd}"
r=d+w r=w
- 21,)(1 — kt
B J‘ Ho (21p)(1 kt)ﬁdr O = J‘ Ho (21p)( )Ed
2rr 2rr
r=d+w 1 point
21,)(1 -kt P
For selecting @ = I Ho (210 )( ) ldr
2rr
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2018 SCORING GUIDELINES

Question 3 (continued)
Distribution
of points

® 3 points

Given that the flux through the rectangular loop as a function of time ¢ is given by the equation

o= H olol (1~ kt) ln( d + W) , derive an expression for the magnitude of the current, if any, induced in
T

the loop. Express your answers in terms of /,, d, r, R, w, k, [, and physical constants, as appropriate.

For attempting to take the time derivative of the magnetic flux to calculate the emf 1 point
dCI)l ,U()[of (d+w)‘d ‘
E="ar|” 7 g gl #)]
&= ILIOIOké) 11’1(d + W)
T d
For dividing the emf by the resistance to calculate the current 1 point
IUOIOk(} h’l(d + W)
I — é — T d
R R
For a correct answer 1 point
_ Holokt (d + W)
1 R In 7
(2) 3 points

What is the direction of the current, if any, induced in the loop as seen in Figure 3?
Clockwise Counterclockwise
Undefined because there is no current induced in the loop

Justify your answer.

For selecting “Clockwise” with an attempt at a relevant justification 1 point
For indicating that the flux inside the loop will decrease 1 point
For using Lenz’s law to relate the decrease in the flux to the clockwise current 1 point

Example: Because the current in the wire is decreasing, the flux in the loop will
decrease. According to Lenz’s law, the induced current should create a magnetic
field to oppose this decrease. Thus the induced magnetic field must be into the page,
and the current in the loop must be clockwise.
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3. The figures above represent different views of two long, straight, horizontal wires, 1 and 2, carrying currents
I, = 1 and I, = 21, respectively, in the directions shown. The wires are held in place. In Figure 1, the current in

wire | is directed out of the page, and wire 1 is a distance d above wire 2. Point P is a horizontal distance d from

wire 1 and a distance d directly above wire 2. Express your answers to parts (a) and (b) in terms of I.d, and
physical constants, as appropriate.

(a) Use Ampere’s law to derive an expression for the magnitude of the magnetic field at point P due to wire 1.

ApReS \ad
&= Ao 1 [5 Moy = /QO’L
il Snd zad

(b) Derive an expression for the magnitude of the net magnetic field at point P.

. ";_. _-1.1'1.:,(,101
?)1 QL‘L ‘B E /ﬂoj:lt Bm’%& \l—u\?ti Q_mL 4—6

e 2 B L
2 Mo Vo /“OL = o (35 L ) - Mo Eﬁf
- \1—’“ ‘l—n? ards g

(c) Calculate the numerical value of the angle to the horizontal for the direction of the net magnetic field at

point P. B
g%@ %

o * ~ % =
{un‘&‘- ’%‘z: % 4 \—Qp (_,‘2)—-0
— 2 =]
4‘021-_ s Lk Sb
271
Llnau‘thorlzed_copylng or reuse of
any part of this page s Tege. GO ON TO THE NEXT PAGE.
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(d) Wire 1 is now released. Which of the following best describes the initial motion of wire 1 due to the
magnetic field of wire 2 7 Assume gravitational effects are negligible.

Wire 1 will not move.

__ Wire | will move upward as viewed in Figure 1.

__ Wire | will move downward as viewed in Figure 1.

_ Wire 1 will rotate clockwise as viewed in Figure 2.

_ Wire 1 will rotate counterclockwise as viewed in Figure 2. . .

Justify your answer. Pv(lﬁfﬂj‘\ﬁ o Yre ﬁ%’\\\"\‘{‘a\“\“}“\)\{"' e mwﬁht’\j} Hleid Cﬂ'@w\ﬁd m
o2 2 Wil e kg e quige, WO neens B 15 Povalet
wie L s 2 TR | Ve g wi\\ ' 200 as B (Tare
9m’del N

Rectangular SC X ><>{—>(>< T1

P AR XX
| " .
d é "—\r o} L“*
Wire 2 S fw
s et ¥ Tnc

Figure 3. Side view I LK fo
Do

Wire 1 is now replaced by a conducting rectangular loop of length 4, width w, and resistance R. The loop is

placed a distance d from wire 2, as shown. The loop, wire, and distance d are all in the plane of the page. The
long side of the loop is parallel to the wire. The current 7, for wire 2 is decreasing linearly as a function of

time ¢ according to the equation /, = 2/ (1 — kt) , where k is a positive constant with units of ™.

(e) Of the following, select the integration that will give an expression for the flux @ as a function of time ¢ .

r=d+w r=w w/
= /¢ B 4
= J’ ,uO(ZIU)z(l kr)..wdr oe _[ Ho U}él kr}_wdr
& = Ey  2E

r.uu(yn)(l —kt) odr

2rr 2mr

r=d+w :
L ®-= I MMM,- )
r=d ’

Question 3 continues on the next page.

Unauthorized copying or reuse of
any part of this page is illegal.
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(f) Given that the flux through the rectangular loop as a function of time  is given by the equation

I e(1 - . § . 2 ; %
o = Hodo 2 k) ln(d ; w) . derive an expression for the magnitude of the current, if any, induced in the

loop. Express your answers in terms of /,, d, r, R, w, k, £, and physical constants, as appropriate.

T £ e\ b))

T = o Qk : |
L ’”ﬂ;‘c ¢ «fh(d%‘-"/)

(2) What is the direction of the current, if any, induced in the loop as seen in Figure 3 ?
lockwise _ Counterclockwise
__Undefined, because there is no current induced in the loop
Justify your answer. = ) ) e )
Ao Yo the equalon adove, @ = Aoﬁu__l;kﬂ 1’«“(6’*5 )u as bme ?%ﬁ
et ' : 3 . ,"e‘J L\
D decrenses. Auoding Yo W N, wirp 2 CrEA |
Field inte Yhe page S This weny At becae the -1 o i
and P ceen stays thesame, § inte R Qe must be 6(\}%‘:‘; seidab)
ko oppese s dhange i Hux, Lere’s Ve Shalks “ﬁ%wm\«\t:(ﬁzwﬁf B
e creaked by an inded cupent. To coepemate i R ok Yhe page
Aeckwise Yo geale o N AL 4 P ‘J e
(o YR paf Phe coment musT IO clo

Unauthorized copying or reuse of
any part of this page is illegal.
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3." The figures above represent different views of two long, straight, horizontal wires, 1 and 2, carrying currents
I, =1 and I, = 21, respectively, in the directions shown. The wires are held in place. In Figure 1, the current in

wire 1 is directed out of the page, and wire 1 is a distance d above wire 2. Point P is a horizontal distance d from

wire 1 and a distance d directly above wire 2. Express your answers to parts (a) and (b) in terms of /, d, and
physical constants, as appropriate.

(a) Use Ampere’s law to derive an expression for the magnitude of the magnetic field at point P due to wire 1.

S =T

% 9}
b 274

(b) Derive an expression for the magnitude of the net magnetic field at point P.

_MoTa TS SR v e -
b5 B &w%;%ﬁ(%

(c) Calculate the numerical value of the angle to the horizontal for the direction of the net magnetic field at

[B.[=B] 0 pef - 1S

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE.
=14=~
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(d) Wire 1 is now released. Which of the following best describes the initial motion of wire 1 due to the
magnetic field of wire 2 ? Assume gravitational effects are negligible.

Wire 1 will not move.

/
Wire 1 will move upward as viewed in Figure 1. {/ - B I Q
Ke 1 will move downward as viewed in Figure 1.
Wire 1 will rotate clockwise as viewed in Figure 2. F - /L[ 6 I ( I-._,
Wire 1 will rotate counterclockwise as viewed in Figure 2. 27( J f,

Justify your answer.

| ¢ |
Rectangular 3=~ T
Loo W
P
x > yse=— ||
v |7
d
Wire 2
e, T L
L

Figure 3. Side view

Wire 1 is now replaced by a conducting rectangular loop of length ¢, width w, and resistance R. The loop is

placed a distance d from wire 2, as shown. The loop, wire, and distance d are all in the plane of the page. The
long side of the loop is parallel to the wire. The current 7, for wire 2 is decreasing linearly as a function of

time # accofding to the equation I, = 21, (1 — kt), where k is a positive constant with units of s7'.

(e) Of the following, select the integration that will give an expression for the flux @ as a function of time ¢ .

r=d+w r=w
o LK)y, o T hC)I-B)w,
- 2 I 27
r=d r=d
r=dtw - r=w
D= /10(210)(1_kt)£dr D = J. IUO(ZIO)(I kt)édl‘
2zr 2zr
r=d r=d
Question 3 continues on the next page. ‘(g
Unauthorized copying or reuse of *
any part of this page is illegal. GO ON TO THE NEXT PAGE
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E Q3B p3

(f) Given that the flux through the rectangular loop as a function of time 7 is given by the equation

o = i QIOEE: - k) In ( d ; w) , derive an expression for the magnitude of the current, if any, induced in the

loop. Express your answers in terms of Iy, d, r, R, w, k, £, and physical constants, as appropriate.

b T %&u)[,\(ﬁu)

:f{,_g/:,
z e 1%

AL () TR

I = Kf%gln(d‘?‘) ((’kb

(g) Whatis the direction of the current, if any, induced in the loop as seen in Figure 3 ?
. Clockwise Counterclockwise
Undefined, because there is no current induced in the loop

N A fm S (g nto pjf

{ln@( W(La,l/, ,F/u.)c m{o /)a;j,a

Y@‘?M" restove ‘f (ux  afi Pt
Co (b wient

Unauthorized copying or reuse of
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Figure 1. Side view Figure 2. Top view

3. The figures above represent different views of two long, straight, horizontal wires, 1 and 2, carrying currents
I, = I and I, = 21, respectively, in the directions shown. The wires are held in place. In Figure 1, the current in

wire 1 is directed out of the page, and wire 1 is a distance d above wire 2. Point P is a horizontal distance d from

wire 1 and a distance d directly above wire 2. Express your answers to parts (a) and (b) in terms of /, d, and
physical constants, as appropriate.

(a) Use Ampere’s law to derive an expression for the magnitude of the magnetic field at point P due to wire 1.

OB sl = T

iz T
LTr Mo —
% AT

'.?.’
(L d = Moz & 273

(b) Derive an expression for the magnitude of the net magnetic field at point P._ ,T
!

bH~HMo A N\t
’3 i : Mo+ 51’ ...---—-hMo -
v o &8 _ T ."

Lo Mo
CERE ML

—_

M &
.-:-/ -‘-—‘.T:-—.\'F? e ——
(c) Calculate the numerical value of the angle to the horizontal for the direction of the netmagnetic field at >
point P.
378
LUs
Unauthorized copying or reuse of
any part of this page is illegal. GO ON TO THE NEXT PAGE.
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E Q3 C p2

(d) Wire 1 is now released. Which of the following best describes the initial motion of wire 1 due to the
magnetic field of wire 2 ? Assume gravitational effects are negligible.

% Wire 1 will not move.

_ Wire | will move upward as viewed in Figure 1.

__ Wire | will move downward as viewed in Figure 1.

— Wire 1 will rotate clockwise as viewed in Figure 2.
__Wire | will rotate counterclockwise as viewed in Figure 2.

Justify your answer. .
fy y 1' S C)o S

, PO o
Mg e 75 met jn potiea J
: ecieyitnct A magne € ‘G/c"'- R d@"“—’
Mo+t '

ney g & R $rox Rving twrew TA

t ¢ %
Rectangular T
Loop I
d
Wire 2
- -
1,

Figure 3. Side view

Wire | is now replaced by a wnduc.tmg rectangular loop of length / width w, and resistance R. The loop is

placed a distance d from wire 2, as shown. The loop, wire, and distance d are all in the plane of the page. The
long side of the loop is parallel to the wire. The current 7, for wire 2 is decreasing linearly as a function of

time ¢ according to the equation /, = 2/, (1 - kt), where & is a positive constant with units of s

(e) Of the following, select the integration that will give an expression for the flux @ as a function of time ¢ .

""*"M.(zfu)(l—kr)fn " o (21g)(1 = k) tw
J @ B | 2 ui]
r=d % S&
r=d+w r=w
2; I #0(210)( kr)f?dr ® — J Mo (21p)(1 — ke idr
2rr, -
r=d
Question 3 continues on the next page.
Unauthorized copying or reuse of
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E Q3 C p3

(f) Given that the flux through the rectangular loop as a function of time ¢ is given by the equation
& = tolol (1 — kt) In(d +w

T d

loop. Express your answers in terms of /,, d, r, R, w, k, £, and physical constants, as appropriate.

) , derive an expression for the magnitude of the current, if any, induced in the

(g) What is the direction of the current, if any, induced in the loop as seen in Figure 3 ?

Clockwise Counterclockwise

é Undefined, because there is no current induced in the loop

Justify your answer.
tre l@o? ‘Yd 4

.—-\-—wr! /I'AUS’{ ZJL & fﬂi/ffné 1N “ir
t o be & Jercv to go 23RS
i S I 4
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2018 SCORING COMMENTARY

Question 3

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

e The ability to apply Ampere’s law.

e An understanding of the superposition of magnetic fields.

¢ An understanding of magnetic forces and their effects on current-carrying wires placed in a
nonuniform magnetic field.

e The ability to apply Faraday’s law.

e The ability to apply Lenz’s law.

Sample: EQ3 A
Score: 13

Parts (b), (c), (e), (f), and (g) earned full credit. Part (a) has a correct answer but does not show how Ampere’s
law is used, so 1 point was earned. Part (b) has the correct relationship between the two magnetic fields and
has a correct vector sum, which earned 2 points. Part (c) has a correct substitution into an expression that
correctly relates the angle to the fields, which earned 2 points. Part (d) has a correct explanation that the net
force is equal to zero but has no mention of torques, so 1 point was earned. Part (e) has the correct selection,
which earned 1 point. Part (f) shows the correct derivative of the flux, a correct use of Ohm’s law, and a correct
answer, which earned 3 points. Part (g) has a correct selection and correct explanations of flux and Lenz’s law,
which earned 3 points.

Sample: EQ3 B
Score: 7

Parts (a) correctly uses Ampere’s law and has a correct answer, which earned full credit of 2 points. Part (b)
correctly uses vector addition of the magnitudes of the fields but has an incorrect value for B, so 1 point was
earned. Part (c) does not show a correct relation between the angle and the magnetic fields, so no points were
earned. Part (d) has no discussion of the forces or the torques, which earned no points. Part (e) has an incorrect
selection, which earned no points. Part (f) shows the derivative of the flux and uses Ohm’s law but has an
incorrect answer, so 2 points were earned. Part (g) has a correct selection and a correct explanation of the flux
and Lenz’s law, which earned 2 points.

Sample: EQ3 C
Score: 5

Parts (a) and (b) earned full credit of 4 points. In part (c) no substitution or expression relating the angle to the
fields are indicated, so no points were earned. Part (d) has an insufficient justification, so no points were
earned. Part (e) has a correct selection and earned 1 point. Part (f) does not show the derivative of the flux or
the use Ohm’s law, so no points were earned. Part (g) has no mention of flux or Lenz’s law, so no points were
earned.
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