AP® PHYSICS
2012 SCORING GUIDELINES

General Notes About 2012 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.

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 in
part (b). One exception to this practice may occur in cases where the numerical answer to a later part
should easily be 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 the use of an 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 Exam
equation sheets. 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/ 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 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 owing 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 eliminate the level
of accuracy required to determine the difference in the numbers, and some credit may be lost.
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Question 3

15 points total

(a)

(b)

(©)

1 point

B, = [BedA

For a correct answer

2 points

For a correct direction arrow

For a valid justification using Lenz’s Law or the right-hand rule, if the direction is also
correct

Examples
The flux is decreasing as the area is decreasing, and a current to the right would

cause an inward magnetic field that would increase flux.
The force on the falling positive charge carriers is to the right, which causes a
conventional current to the right.

3 points

For a correct relationship between current, voltage, and resistance
E

I =—
R
For a correct relationship between the induced emf and the magnetic field
_ a9,
|8| - dt
dh
E| = B,L—
| | 0 dt

For a correct answer
I = ByLv / R

Note: If only the correct answer is given, with no accompanying work, only 1 point can
be awarded.
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Question 3 (continued)

Distribution
of points
(d) 4 points
For a correct net force equation showing opposite directions for the gravitational and 1 point
magnetic forces, F, and F),
2F=ma=Fg—FM =mg — Fy,
Fy
a=g
For using an appropriate equation to find F), 1 point
Fy = [1|d€ xB| = 1LB,
For substituting the current from part (c) 1 point
ByLv BjL’v
Fy =| %= |LBy ==
="
For expressing acceleration a as dv/dt 1 point
dv _ BiLv
a ¢ mR
(e) 2 points
For setting the gravitational force equal to the magnetic force 1 point
a = 0; therefore F, = Fg
For correct substitution of expressions for the forces 1 point
mg = ILB, = B2[*v, /R
mgR
br="2n
BjL

Note: If the correct expression for v, is stated without support, 2 points are awarded.
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Question 3 (continued)

Distribution
of points
3 points
For correctly checking “Increases” 1 point
Note: If an incorrect choice is made for the change in terminal speed, the justification
points cannot be earned.
For indicating the inverse relationship between resistance and current 1 point
For indicating that a smaller current produces a smaller magnetic force on the bar, 1 point

leading to the conclusion that to achieve a magnetic force equal to the bar’s weight,
the bar must be moving faster to produce the necessary current in the bar.

Note: If the only justification is stating that v, o« R from the equation for v, in

part (e), only 1 justification point is awarded, because the question specifically asks
for the answer in terms of forces on the crossbar.
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E&M. 3.

A closed loop is made of a U-shaped metal wire of negligible resistance and a movable metal crossbar of
resistance R. THe crossbar has mass m and length L. It is initially located a distance A, from the other end of the

loop. The loop is placed vertically in a uniform horizontal magnetic field of magnitude B, in the direction
shown in the figure above. Express all algebraic answers to the questions below in terms of By, L, m, hy, R, and
fundamental constants, as appropriate,

(a) Determine the magnitude of the magnetic flux.thy hen the crossbar is in the position shown.

‘The crossbar is released from rest and slides with negligible friction down the U-shaped wire without losing
electrical contact.

(b) On the figure below, indicate the direction of the current in the crossbar as it falls.

Justify your answer. n f o -{-Lp_,

/] F/ |
Yo ¢ Xass bat ‘Falls the pragret'c Tlyx il g,
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he Y
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: E3-A
(c) Calculate the magnitude of the current in the crossbar as it falls as a function of the crossbar’s speed v. i 0 / 2

N1b= 1
4

(d) Derive, but do NOT solve the differential equanon that could be used to determine the speed v of the
crossbar as a function of time z.

AL § | S

TN -

- P L S L e b,
e

(e) Determine the terminal speed vT of thc crossbar.

SFzrma

g4 )( B)=0
ma- ( 72 (f‘ 2
gL Vr
mg = —
o ° Vt
(f) If the resistance R of the cross T ;"d0es the terminal speed increase, decrease, or remain the
same? /(
Increases Decreases _ __Remains the same
Give a physical justification for your answer in terms of the forces on the crossbar, -
Thete ave Ywo Ffor Le,gmv.imhgnqi

e and the ma veh'c ¥orce, The gmu&h-ba«
oree chees notchavige bay e Mmagret<
-ﬁ) e does chQvge ia cesgonse fo he resistance
w‘ th mere registance ard il the cumne
Vm-y -Fem ind MEJ cuire nt decrmxos

that.a- wequr force, Lhich —~
G'lmf;-ja i \hcfwﬂd ﬁfM:nafjf‘Ed
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E&M. 3.

A closed loop is made of a U-shaped metal wire of negligible resistance and a movable metal crossbar of
resistance R. The crossbar has mass m and length L. It is initially located a distance A, from the other end of the

loop. The loop is placed vertically in a uniform horizontal magnetic field of magnitude B, in the direction
shown in the figure above. Express all algebraic answers to the questions below in terms of B, L, m, hy, R, and
fundamental constants, as appropriate.

(a) Determine the magnitude of the magnetic flux through the loop when the crossbar is in the position shown.

g2 (Rdn = B0=0

The crossbar is released from rest and slides with negligible friction down the U-shaped wire. without losing
electrical contact. ’

(b) On the figure below, indicate the direction of the currit in the crossbar as it falls.

Justify your answer. ¢3 5% ' JP. C) Ar ( 0
oo dr V3

“ {0
[)"Oppofef e chipyt h Mo\jﬁtmﬁ‘l
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(c) Calculate the magnitude of the current in the crossbar as it falls as a function of the crossbar’s speed v .

V‘:‘. 1 R ‘L: "% S]T-J—B I L ) A= B
Z %fc/ﬂ-.‘: JA

(d) Derive, but do NOT sblve, the differen on that could be used to determine the speed v of the
crossbar as a function of time ¢.

(e) Determine the terminal speed v of the crossbar.
=X F=
F=2ixd 7 sF=0
VT of (v} Whin Mg ,ISLYQ) y /
- 8Lt Ly
Mmy< .
Kl AV
s §

(f) If the resistance R of the crossbar is increased, does the terminal speed increase, decrease, or remain the

same? J
Increases . Decreases Remains the same

Give a physical justification for your answer in terms of the forces on the crossbar.

\\'f' G\ 'DAU{?J‘U 1 J'{(‘r(’_wg, V:IA

feon
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E&M. 3.

A closed loop is made of a U-shaped metal wire of negligible resistance and a movable metal crossbar of
resistance R. The crossbar has mass m and length L. It is initially located a distance hq from the other end of the

loop. The loop is placed vertically in a uniform horizontal magnetic field of magnitude B, in the direction

shown in the figure above. Express all algebraic answers to the questions below in terms of By, L, m, hy, R, and
fundamental constants, as appropriate.

(a) Determine the magnitude of the magnetic flux through the loop when the crossbar is in the position shown.

N A Y,

Ry /A =

~ The crossbar is released from rest and slides with negligible friction down the U-shaped wire without losing
electrical contact.

(b) On the figure below, indicate the direction of the current in the crogp_,ar as it falls.
+—
e

Justify your answer.
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(c) Calculate the magnitude of the current in the crossbar as it falls as a function of the crossbar’s speed v .
- -~ -

m ’/_

—_—

__ -

(d) Derive, but do NOT solve, the di tal €quation that could be used to determine the speed v of the
crossbar as a function of time 7.

(e) Determine the terminal speed vy of the crossbar.

ET%L"& =V

2

() If the resiV of the crossbar ig#creased, does the terminal speed increase, decrease, or remain the
same?

Increases Decreases Remains the same

Give a physical justification for your answer in terms of the forces on the crossbar.
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2012 SCORING COMMENTARY

Question 3
Overview

This question assessed students’ understanding of Faraday’'s and Lenz's Laws in the scenario of dropping
a bar in a uniform magnetic field.

Sample: E3-A
Score: 13

This is an excellent and well-organized response. Points were lost only in part (¢). When the question says
to “calculate,” students must show their work to receive full credit. This response received only 1 point in
part (c) for the correct answer. Also note that in part (b) no penalty was imposed for giving a direction to
the flux, even though it is a scalar.

Sample: E3-B
Score: 9

The answer in part (a) is incorrect and earned no credit. In part (b) 1 point was earned for the correct
direction, but the justification is insufficient. Full credit was earned in parts (c), (e), and (f). Part (d) shows
no useful work, so no credit was awarded.

Sample: E3-C
Score: 6

Full credit was earned in parts (a) and (b). In parts (c) and (e) no useful work is presented, so no credit was
awarded. Two points were earned in part (d) for the correct expression of magnetic force and for
substituting dv/dt for a. In part (f) 1 point was earned for selecting the correct answer, but the justification
is insufficient.
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