AP PHYSICS C: ELECTRICITY AND MAGNETISM 2025 = FREE-RESPONSE QUESTIONS

Question 2: Version J

2. A rotating, circular, conducting loop of area A and resistance R is in an external uniform
magnetic field of magnitude B that is directed in the —z-direction. At time 7 = 0, the magnetic
field is perpendicular to the plane of the loop, as shown in Figure 1. The loop is rotating with
constant angular speed @ and period 7" about the dashed line that is along the diameter of the
loop. The value of the magnetic flux through the loop as a function of time ¢ is ® = B4 cos(wt).
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A. The absolute value of the induced emf in the loop is |€|. The partially completed bar chart in

Figure 2 shows a bar that represents |€| at ¢ = %T . In Figure 2, draw bars to represent |£| at

times ¢ = 0, %T, and le relative to || shown at %T .If |e|= 0, write a “0” in that column.
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AP PHYSICS C: ELECTRICITY AND MAGNETISM 2025 = FREE-RESPONSE QUESTIONS

B. Derive an expression for the maximum induced current in the loop in terms of A, R, B,
w, and physical constants, as appropriate. Begin your derivation by writing a fundamental
physics principle or an equation from the reference information.

C. On the axes shown in Figure 3, sketch a graph of the instantaneous power P dissipated by
the loop as a function of ¢ during the time interval 0 <7< T.
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D. Indicate whether the sketch you drew in part C is or is not consistent with the bars that
you drew in part A. Briefly justify your answer by referencing the functional dependence
between P and |&|.
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AP PHYSICS C: ELECTRICITY AND MAGNETISM 2025 = FREE-RESPONSE QUESTIONS

3. In Experiment 1, students are asked to use a graph to determine the resistivity p; of a circuit
element that is connected to a variable power supply, as shown in Figure 1. The circuit element
is cylindrical and has uniform resistivity. The students have access to a voltmeter, an ammeter,
and a ruler.

Figure 1

S
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Circuit Element

A. Describe a procedure for collecting data that would allow the students to use a graph to
determine p;, including any steps necessary to reduce experimental uncertainty.

B. Describe how the collected data could be graphed and how that graph would be analyzed to
determine p;.

In Experiment 2, the students are asked to use a graph to determine the resistivity p, of solid,
cylindrical resistors made of the same material but of different lengths L. The cross-sectional

area of each resistor is 5.0x10"® m?. The students directly measure the resistance R between the
ends of each resistor. Table 1 provides L and R for each resistor.

Table 1
L(m) | R(Q)
0.010 | 0.90
0.020 | 1.6
0.030 | 2.5
0.040 | 3.2
0.050 | 4.0

i. Indicate two quantities, either measured quantities from Table 1 or additional calculated
quantities, that could be graphed to produce a straight line that could be used to
determine ps.

Vertical axis: Horizontal axis:
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AP® Physics C: Electricity and Magnetism 2025 Scoring Guidelines

Question 2: Translation Between Representations (TBR) 12 points
A ) 1 Point A1l
For drawing a bar at ZT
. 1 ) i Point A2
For drawing a bar at ZT that has a height of 3 units
T . . 1 Point A3
For indicating that |E | is zero at times £ =0 and —T
Example Response
€]
0 0
=0 1T 1T 3r
Figure 2
dd i
B For a multistep derivation that includes the equation £ = — 7 B Point B1
t
Scoring Note: The negative sign does not have to be present in the expression for
this point to be earned.
For a correct expression for the induced emf (e.g., £ = BAwsin (a)l‘) ) Point B2
. & Point B3
For using Ohm’s law to relate current and emf (e.g., / =—)
For a correct expression for the absolute value of the maximum induced current Point B4

BAw
eg., [ =——
(e.g 2 )
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AP® Physics C: Electricity and Magnetism 2025 Scoring Guidelines
Example Response
do,
ot

d )
E= _ZI:BA cos(a)t)] = BAwsin (ot)

& = BAw
AV &
] =
R R
& BAw
max R R
C For a curve that is approximately sinusoidal Point C1
For a curve that shows exactly two cycles Point C2
For a curve that starts at the origin and has equal maximum values and equal minimum Point C3
values

Scoring Note: A curve that starts and ends at P =0 and has a single maximum can
earn this point.

Example Response
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D For correctly indicating whether the representations are consistent in parts A and C Point D1
For a correct justification that indicates that the maxima and/or minima of the graph in Point D2

part C align with the bars drawn in part A because P is proportional to &

Example Response

Yes, part C is consistent with part A. P is proportional to £ . When |5 | is maximum, P

s maximum.
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