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2010 SCORING GUIDELINES

General Notes

The solutions contain the most common method of solving the free-response questions and the allocation of
points for the solution. Some also contain a common alternate solution. Other methods of solution also
receive appropriate credit for correct work.

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 — for
example, 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 contains the application of that equation to the
problem but the student does not write the basic equation, 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 AP Physics Exams 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 Course Description.

The scoring guidelines typically show numerical results using the value g = 9.8 m/s2 , but use of 10 m/s2

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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Question 6
10 points total Distribution
of points
(@) 3 points

For an unambiguous indication that the induced current in the loop is in the 1 point
counterclockwise direction
For a justification that includes two correct and relevant principles, such as the 2 points
following:
The flux is changing (or increasing into the page).
The induced current will oppose the change in flux.
A counterclockwise current will produce flux out of the page.
The magnetic forces on charges in the right-hand wire will drive a counter-
clockwise current.
Velocity is to the right, and B into the page, so gv x B points toward the top of the
page.
The induced current must produce a magnetic drag force (opposite the motion).
A single relevant principle earns 1 point.

(b)
() 2 points

For writing relevant algebraic expressions for both the current and the emf somewhere 1 point
in the part (b) answer space

_£ _ _ A _
| = R and E = At or € =Blv
| = Bfv/R=(2.0T)(0.10 m)(3.0 m/s)/4.0Q

For the correct magnitude of the current 1 point
| =015A

(i) 1 point

Fg = Bl/sing, where 6 = 90° because the field is perpendicular to the direction of the

current.

For an unambiguous substitution of current and wire length consistent with part (i) and 1 point
the correct magnetic field into a correct expression for force

Fg = (2.0T)(0.15A)(0.10 m)sin90°

Fy = 0.030 N

Units 1 point
For correct units in the answers to both parts (i) and (ii) 1 point
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Question 6 (continued)

Distribution
of points
(c) 3 points
For an unambiguous indication that the net force is zero 1 point
For stating that the current is zero 1 point
For either correctly explaining why the current is zero (such as “there is no change in 1 point

magnetic flux” or “magnetic forces on charges in the two sides of the loop push the
charges in opposite directions”) or explaining how zero current results in zero
magnetic force on the wire loop
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6. (10 points) o
The plastic cart shown in the figure above has mass 2.5 kg and moves with negligible friction on a horizontal
surface. Attached to the cart is a rigid rectangular Joop of wire that is 0.10 m by 0.20 m, has resistance 4.0Q,

and has a mass that is neghgtb!ecompmdtotlmmassofthecm.’l‘heplmeofﬁ;erectangularloop is parallel to
the plane of the page. A uniform magnetic field of 2.0 T, pexpend:culartoandd:mctedmtothepimofthepage.
starts at'x = 0,'as shown above.

(@) Onthcﬂgurebelow, mdicatethedxrecuonofthcmduwdcumntmmcloopwhen mfmntedgexsat

':"‘0121!!.
‘ | Qw’ra't\oim

 Justify your answer. |
he mgmf'cﬂu is increasmg e hﬂv #e Pﬂge %m

ciordy 45 Hhe (012 Low, e Mduced meeri Rl must be divected O
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of #< Prie. Accordiny 4o #e /’Jm‘h“/"-‘ ’wf’ mﬂ;:'w Buers p WW‘*

(b) Wm:xmefmntedgeoftherecmgtﬂarloopisat X = Olzm, n&speedts 30 m,’s Cﬂculatetbefollomng
fm'ﬂmtmstant. :

Themngmtudeofﬂmedmrentmthereamgularloopofm

2 Bvl (2. DT)(SMA)(D:,‘Om) =. 0. 6\/

. ...., 0.8V :
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(c) Atafaxerume,d:ecanaudlooparecomplemlymsxdednemagneucﬁeld.nctcmnnethemgmmdwfthe
netfomeonthcloopntthatumc.lusufyyouxanswer S
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6. (lOpomts)

The plastic cart shown in the ﬁgure above has mass 2.5 kg and moves with neghg1ble friction on a horizontal
surface. Attached to the cart is a rigid rectangular loop-of wire-that is 0.10 m by 0.20 m, has resistance 4.0 2,
and has a mass that is negligible compared to the mass of the cart. The plane of the rectangular loop is parallel to
the plane of the page. A uniform magnetic field of 2.0 T, perpendxclﬂar to and d1rectcd into the plane of the page,
starts atx= 0, as shown above.

(a On the ﬁgure below, indicate the direction of the mduced current in the loop when its front edge is at
x =012 m.

Justify your answer.

Rl Horof Roler

' (b)v When the front edge of the rectangular Iodp isat x = 0.12 m, its speed is 30 m/s. Calculate the foilowing
for that instant. ,
i. The magnitude of the induced current in the rectangular loop of wire

£ =RV
(XYY 2

ii. The magnitude of the net force on the loop

=BT ‘
(1)(\{)(0 | %‘@

() At é later time, the cart and loop are completely inside the magnetic field. Determine the magnitude of the
net force on the loop at that time. Justify your answer.

LQ:* ? Al freas  canet | oub
Y a«agv\‘- sileS oF Néwﬁu‘

heot 9(6’054"' 6' S
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. (10 points)

The plastic cart shown in the figure above has mass 2.5 kg and moves with negligible friction on a horizontal
surface. Attached to the cart is a rigid rectangular loop of wire that is 0.10 m by 0.20 m, has resistance 4.0 Q,

and has a mass that is negligible compared to the mass of the cart. The plane of the rectangular loop is parallel to
the plane of the page. A uniform magnetic field of 2.0 T, perpendicular to and directed into the plane of the page,
starts at x = 0, as shown above.

(a) On the figure below, indicate the direction of the induced current in the loop when its front edge is at
x=0.12m.

0
Justify your answer. " "616\0\
? Q qM’ NM\ rule & Moahm\ &t Ca/Jr ;
electnt
current

(b) When the front edge of the rectangular loop is at x = 0.12 m, its speed is 3.0 m/s. Calculate the following
for that instant. '

i. The magnitude othc i rn'-\ :

(X ’2,, f,‘\ l
AN

i

ii. T’hemagmtudeofthenetfomeonthelwp | R = m: 0,33‘ A
Fg @T,e 517\@

Fo2 10T 0334 0.11m * s 90 = O. 14T N

(c) At alater time, the cart and loop are completely inside the magnetic field. Determine the magnitude of the
net force on the loop at that time. Justify your answer. Q., -L + 0! +0), ’ 2 o4 M

Cf4-1 = LOT-04m 3022 214V

BWSmQ Y-.1= 1"} > 067
?8 1.07: 0. Ch O 4m sndID R

FB 0 L&g N 12 GO ON TO THE NEXT PAGE.
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Question 6
Overview

This question was designed to assess students’ understanding of magnetic induction and magnetic force
on currents.

Sample: B6-A
Score: 10

This full-credit response contains especially complete justifications.

Sample: B6-B
Score: 6

In part (a) the direction is correct, but there is no substantive justification, so only 1 point was earned. Part (b)
received full credit, including the units point. In part (c) 1 point was earned for stating that F' = 0, but the
justification is insufficient.

Sample: B6-C
Score: 3

Part (a) earned no credit. In part (b)(i) both equations are explicitly listed, earning 1 point, but the wrong
length is used so the current magnitude is incorrect. In part (b)(ii) the substitutions use the current found in
part (b)(i) and consistently use the same incorrect length, earning 1 point. The units point for part (b) was
also earned. Part (c) earned no credit.
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