2019 AP® PHYSICS C: ELECTRICITY AND MAGNETISM FREE-RESPONSE QUESTIONS

PHYSICS C: ELECTRICITY AND MAGNETISM

SECTION 11
Time —45 minutes

3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
booklet in the spaces provided after each part.
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1. The circuit represented above is composed of three resistors with the resistances shown, a battery of voltage V),

a capacitor of capacitance C, and a switch S. The switch is closed, and after a long time, the circuit reaches
steady-state conditions. Answer the following questions in terms of V|;, R, C, and fundamental constants, as
appropriate.
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(a) Derive an expression for the steady-state current supplied by the battery.
(b) Derive an expression for the charge on the capacitor.
(c) Derive an expression for the energy stored in the capacitor.

Now the switch is opened at time ¢ = 0.

(d) Write, but do NOT solve, a differential equation that could be used to solve for the charge ¢(¢) on the
capacitor as a function of the time ¢ after the switch is opened.
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(e)

i. Calculate the current in resistor R immediately after the switch is opened.

ii. On the axes below, sketch the current in the circuit as a function of time from time ¢ = 0 to a long time
after the switch is opened. Explicitly label the maxima with numerical values or algebraic expressions,
as appropriate.

Current

0 > Time

(f) Is the total amount of energy dissipated in the resistors after the switch is opened greater than, less than, or
equal to the amount of energy stored in the capacitor calculated in part (c) ?

Greater than Less than Equal to

Justify your answer.
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+p

0.030 m

0.050 m

2. A nonconducting hollow sphere of inner radius 0.030 m and outer radius 0.050 m carries a positive volume
charge density p, as shown in the figure above. The charge density p of the sphere is given as a function of the

distance r from the center of the sphere, in meters, by the following.

r<0.030m: p=0

0.030 m < r <0.050 m: p = b/r, where b =1.6x107° C/m’
r>0050m: p=0
(a) Calculate the total charge of the sphere.

(b) Using Gauss’s law, calculate the magnitude of the electric field E at the outer surface of the sphere.

(c) On the axes below, sketch the magnitude of the electric field E as a function of distance r from the center
of the sphere.

E
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2019 SCORING GUIDELINES

Question 1
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The circuit represented above is composed of three resistors with the resistances shown, a battery of
voltage V},, a capacitor of capacitance C, and a switch S. The switch is closed, and after a long time, the

15 points

circuit reaches steady-state conditions. Answer the following questions in terms of 7}, R, C, and
fundamental constants, as appropriate.

LOCNV-7.B.a,SP5.A,5.E
2 points

Derive an expression for the steady-state current supplied by the battery.

For using Ohm’s law 1 point
1=V __ W
Ry (2R+R)
For correct substitution leading to correct answer 1 point
V.
1=
3R

LO CNV-7.B.b,SP5.A,5.E
2 points

Derive an expression for the charge on the capacitor.

For using the equation relating stored charge to capacitance 1 point

q=CV =CVq=Cly

For determining 7, and substituting into the above equation 1 point

vo—mm=| 2o |r=1y,
3R) 3

1 1
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Question 1 (continued)

(c) LO CNV-7.B.b, SP 5.A, S.E
2 points

Derive an expression for the energy stored in the capacitor.

For any correct equation for energy stored in a capacitor 1 point
2
-9
=3¢
Substitute charge and/or voltage from part (b) 1 point
(CV/3)?
V=" T8 15V

Now the switch is opened at time ¢ = 0.

(d) LO CNV-7.D.a,SP5.A,5.E
2 points

Write, but do NOT solve, a differential equation that could be used to solve for the charge ¢ (7) on the
capacitor as a function of the time 7 after the switch is opened.

For any correct voltage loop equation 1 point

q(1) _
T— 1(R+2R)

Note: Any correct loop equation for when the switch is open earns the point

For substituting —dg/dt or dgq/dt for the current, consistent with loop equation 1 point

q(t) _
3R 44 dt
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Question 1 (continued)

Learning Objectives

CNV-7.B.a: Calculate the potential difference across a capacitor in a circuit arrangement containing capacitors,
resistors, and an energy source under steady-state conditions.

CNV-7.B.b: Calculate the stored charge on a capacitor in a circuit arrangement containing capacitors, resistors,
and an energy source under steady-state conditions.

CNV-7.D.a: Derive expressions using calculus to describe the time dependence of the stored charge or potential
difference across the capacitor, or the current or potential difference across the resistor in an RC circuit when
charging or discharging a capacitor.

CNYV-7.E.b: Describe the behavior of the voltage or current behavior over time for a circuit that contains resistors
and capacitors in a multi-loop arrangement.

CNV-7.G.a: Describe the energy transfer in charging or discharging a capacitor in an RC circuit.

Science Practices

3.C: Sketch a graph that shows a functional relationship between two quantities.

5.A: Select an appropriate law, definition, or mathematical relationship or model to describe a physical situation.
5.E: Derive a symbolic expression from known quantities by selecting and following a logical algebraic pathway.
7.A: Make a scientific claim.

7.C: Support a claim with evidence from physical representations.
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