AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2008 SCORING GUIDELINES

General Notes About 2008 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.
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 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 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 3

15 points total Distribution
of points
(a)
() 1 point
For indicating that the magnetic field B, at point P is toward the top of the page 1 point
(i) 6 points

R d¢ (In plane of
R p
— loop and
tangent to it.)
For using the Biot-Savart law 1 point
_ Mg Idlxr
B = dr 3
For correctly indicating or applying the fact that d¢ is perpendicular to r 1 point
dB = Uy I dlrsin® :&Idﬁ
4 - 4 2

For recognizing that the net horizontal component will be zero, so that just the vertical 1 point

components are summed

B, = devm = JdBcosa = J.gdB , Where o is the elevation angle of the vector r

For the correct expression for r 1 point
2
_ e BB
r=4R + ) R
IR
B, = JBdB _ [RHIdl _ My J.dg
r rdm 2 J5 )
471(—R)
2
For the correct calculation of jdﬂ 1 point

2
Jdﬁ = fRd/} = 2z R, where S is the angle around the loop
0

For a correct final expression 1 point
IR IR
B =—H" _far= £ oppr=

N
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Question 3 (continued)

Distribution
of points
(b) 2 points
For recognizing that B, is the vector sum of the field generated by the first loop and 1 point
the field generated by the second loop
For recognizing that the B field from top loop is in the same direction and has the same 1 point
magnitude as that from the bottom loop
_op =8 _Hol
Bnet_ZBl_S\/g R
) 2 points
For identifying B as B,,, in a correct expression for magnetic flux 1 point
¢ = [BedA = [B,,dA = B,,A
For correctly substituting the area as s> 1 point
¢ = Bnets2
() 4 points
For using Faraday’s law with ¢ identified as magnetic flux 1 point
E = —% with some work showing understanding of ¢
For recognizing that there is an angular dependence 1 point
o = Bne,s2 cosf
For correctly relating the angle to the angular velocity 1 point
¢ = Bnets2 coswt
For the correct final expression 1 point

E = —Bm%(s2 coswt) = Bne[szwsina)t
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The circular loop of wire in Figure 1 above has a radius of R and carries a current /. Point P is a distance of R/2

above the center of the loop. Express algebraic answers to parts (a) and (b) in terms of R, /, and fundamental
constants.

(a)
i. State the direction of the magnetic field B, at point P due to the current in the loop.

Upwards, by right hand  vule.

ii. Calculate tl_l)e magnitude of the magnetic field B, at point P.

where Y= Rt 25
7 -\
+ © %WM) w2 an\j take B F&(A [

N Fy '}'#?mh:f/ e 2
. I 1R
Bz_ = j)‘ K L = 'M‘."'"
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- > (21_1_ ;‘R_;)yz.

GO ON TO THE NEXT PAGE.
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A second identical loop also carrying a current [ is added at a distance of R above the first loop, as shown in
Figure 2 above.

(b) Determine the magnitude of the net magnetic field B,,, at point P.

ol
Bltd; :LBg--' ‘HR— (%)%

A small square loop of wire in which each side has a length s is now placed at point P with its plane parallel to
the plane of each loop, as shown in Figure 3 above. For parts (c) and (d), assume that the magnetic field between

the two circular loops is uniform in the region of the square loop and has magnitude B,,, .

(¢) Interms of B,,, and s, determine the magnetic flux through the square loop.
& - 4 = 2
@ = Ber A= B,s

(d) The square loop is now rotated about an axis in its plane at an angular speed @ . In terms of B,,,, 5, and @,
calculate the induced emf in the loop as a function of time , assuming that the loop is horizontal at ¢ = 0.

_QFB = BA,,ts’- & Cos @ = B,,&é.gz cos (i)
Bj Faraoﬂ’ajft Law ;

[El=2% - Buyios®cs wBuomiot)

GO ON TO THE NEXT PAGE.
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Figure 1
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The circular loop of wire in Figure 1 above has a radius of R and carries a current I. Point P is a distance of R/2

above the center of the loop. Express algebraic answers to parts (a) and (b) in terms of R, I, and fundamental
constants.

(a)

i. State the direction of the magnetic field B, at point P due to the current in the loop.

M

ii. Calculate the magnitude of the magnetic ficld B, at point P.

M V““\—‘ \,.‘,.ub W\('\

GO ON TO THE NEXT PAGE.
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A second identical loop also carrying a current / is added at a distance of R above the first loop, as shown in
Figure 2 above.

(b) Determine the magnitude of the net magnetic field B,,, at point P.
s a'f “’LL
Fregl L&A mem o Be Qe L aamal ‘H‘

Lo Mmgutic

@ * b;)f :IL Frerefie, ottt Fhis w0 p et ona
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all square Toop of wire in which each side has a length s is now placed at point P with its plane parallel to
the plane of each loop, as shown in Figure 3 above. For parts (c) and (d), assume that the magnetic field between
the two circular loops is uniform in the region of the square loop and has magnitude B, .

(c) Intermsof B,,, and s, determine the magnetic flux through the square loop. d w3 jB A A

(d) The square loop is now rotated about an axis in its plane at an angular speed @ . In terms of B,,,, s,and @,
calculate the induced emf in the loop as a function of time ¢, assuming that the loop is horizontal at ¢ = 0.

MA)*’“"‘" Flr ct tq g & wit L orimal fl‘v“( é’ - e A. ¢f-

it
Boet sFson O(w‘b)
+he [ duetenf
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GO ON TO THE NEXT PAGE.
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The circular loop of wire in Figure 1 above has a radius of R and carries a current I. Point P is a distance of R/2

above the center of the loop. Express algebraic answers to parts (a) and (b) in terms of R, 7, and fundamental
constants.

(a)
i. State the direction of the magnetic field B, at point P due to the current in the loop.

Townds 4 eenter 0§ tle leop.

it. Calculate the magnitude of the magnetic field B, at point P.

F" QVB S @)

k&faciﬁ = M, T
BL-u T
B(#2) =M, T

RB- Mol

- Q/l
B2 4T

7

GO ON TO THE NEXT PAGE.
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A second identical loop also carrying a current / is added at a distance of R above the first loop, as shown in
Figure 2 above.

(b) Determine the magnitude of the net magnetic field B,,, at point P.

BI; Q‘MOI B @ZMOI
R 2T

6 - 2,44,1? , 2»/401:_ L?‘v”oI

rer S P P Teslas
A small square loop of wire in which each side has a length s is now placed at point P with its plane parallel to
the plane of each loop, as shown in Figure 3 above. For parts (c) and (d), assume that the magnetic field between
the two circular loops is uniform in the region of the square loop and has magnitude B, .

(c) In terms of B,,, and s, determine the magnetic flux through the square loop.
&- HedA pss*
b - RAwsad
= CA
[ D= By S e, |

(d) The square loop is now rotated about an axis in its plane at an angulaf speed @ . In terms of B,,,, s, and @,
calculate the induced emf in the loop as a function of time £, assuming that the loop is horizontal at ¢ = 0.
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Question 3
Overview

The intent of this question was to assess students’ understanding of a magnetic field, including its vector
nature. Parts (a) and (b) required a calculation using the Biot-Savart law and an application of the principle
of superposition. Parts (c) and (d) addressed the concept of magnetic flux, both with the loop fixed
perpendicular to a magnetic field, and with the orientation of the loop varying with respect to the direction
of the magnetic field.

Sample: CE3A
Score: 15

The student catches a trigonometry function error in part (d) that would have cost 1 point for an incorrect
final expression.

Sample: CE3B
Score: 11

Part (a)(i) is correct. Three points were earned in part (a)(ii) for using the Biot-Savart law, a correct
expression for the value of r (most easily seen in the diagram), and correctly evaluating jdﬂ . Parts (b) and
(c) earned full credit. Part (d) lost 1 point for an incorrect final answer, since the use of sine and cosine are

reversed.

Sample: CE3C
Score: 6

No points were earned in part (a), while parts (b) and (c) received full credit. Two points were earned in
part (d) for using Faraday's law with ¢ as a magnetic flux and for recognizing an angular dependence.
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