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. Two parallel conducting rails are separated by distance d = 0.30 m. A resistor of resistance R = 0.20 Q) connects
the rails. A conducting bar is placed on a sloped section of the rails at height H above the horizontal section of the

rails. Frictional forces and the resistances of the bar and rails are negligible.

* At time ¢ = 0, the bar is released from rest from position x, and slides down the sloped section
of the rails, as shown in the Perspective View.

* At time #,, the bar reaches position x; and smoothly transitions to the horizontal section of the
rails and enters a uniform magnetic field of magnitude B; = 0.40 T that is directed in the
+y-direction.

* At time t,, the bar reaches position x, and enters a region with no magnetic field.

* At time f3, the bar reaches position x5 and enters a uniform magnetic field of
magnitude By = 0.60 T that is directed in the +z-direction.

* At time #,4, the bar reaches position x, and enters a region with no magnetic field.

he bar is at position xg (shown in Top View) at time fg such that | < 15 < 1,.

GO ON TO THE NEXT PAGE.
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(a) On the following diagram of the bar, as observed from the Top View, draw an arrow indicating the direction of
the net force F; exerted on the bar at time #g. If the net force is zero, write F o = 0.

(b) At time 1, the speed of the bar is v = 2.5 m/s.

i. Calculate the magnitude of the current in the bar at time 7.

ii. Calculate the magnitude of the net force F,,, exerted on the bar at time #g.

(c) On the following axes, sketch a graph of the speed v of the bar as a function of time ¢ between ¢ = 0 and #4.

GO ON TO THE NEXT PAGE.




Name: ( )7 AP Physics C: Electricity and Magnetism: 2023 Set 2

TULIUTTIULY yUUT TUUNUVIIVUUY LV Wk [ IWIY & Vi U PUywv.

(d) The original scenario is repeated but with a new bar that has the same mass but with a nonnegligible
resistance R = 0.20 ). The new bar is released from rest and smoothly transitions to the horizontal section of
the rails and enters the first uniform magnetic field.

1. Determine the total resistance of the closed circuit.

ii. In the original scenario, the magnitude of the acceleration of the bar immediately after the bar enters the
first uniform magnetic field is @qyjgina- In the new scenario, the magnitude of the acceleration of the bar
immediately after the bar enters the first uniform magnetic field is a
equal to dgriging ? Justify your answer.

new- IS apeyw greater than, less than, or

(e) Describe a modification to H, By, or d that will result in a larger induced current in the new bar immediately
after the bar enters the first uniform magnetic field. Justify your answer.

GO ON TO THE NEXT PAGE.
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PHYSICS C: ELECTRICITY AND MAGNETISM
SECTION II

Time—45 minutes

3 Questions

Jirections: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
vhich are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
yooklet in the spaces provided after each part.

A
R, =100 Q L
+ —C,=10pF
V= R,=30Q%  ZRy=60Q ——(,=20yF
- S ——(C,=15uF
S T

1. The circuit shown above is composed of an ideal 10 V battery, three resistors and three capacitors with the
values shown, and an open switch S. The capacitors are initially uncharged. Switch S is now closed.

(a) Calculate the current through R; immediately after switch S is closed.

Switch S has been closed for a long time, and the circuit has reached a steady state.

(b) Calculate the potential difference across R;.

(©)

1. Calculate the charge stored on the positive plate of capacitor C5.

ii. Is the charge stored on capacitor C5 greater than, less than, or equal to the charge stored on capacitor C, ?
Greater than Less than Equal to

Justify your answer.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.
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Switch S is then opened.
(d)

1. Determine the current through R; immediately after the switch is opened.

ii. Calculate the current through R, immediately after the switch is opened.

(e) On the axes below, sketch a graph of the potential difference V across capacitor C, as a function of time ¢
if switch S is opened at time ¢ = 0. Label the maximum value.

- <

Capacitor Cj is replaced by two 10 uF capacitors connected in series, switch S is closed, and the circuit
reaches equilibrium. Switch S is then opened at time 7 = 0.

(f) For ¢t > 0, would the sketch of a graph of the new voltage across C, as a function of time be above, below,
or the same as the sketch for part (e) ?

Above Below The same

Justify your answer.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink onlv. Do NOT write vour name. Do NOT write outside the box.
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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.

v, L R § 2R

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.

(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 ¢(r) 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 7 = 0 to a long time
after the switch is opened. Explicitly label the maxima with numerical values or algebraic expressions,
as appropriate.

Current
 §

> 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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A student performs an experiment to determine the emf € and internal resistance r of a given battery. The
student connects the battery in series to a variable resistance R, with a voltmeter across the variable resistor, as
shown in the figure above, and measures the voltmeter reading V as a function of the resistance R. The data are
shown in the table below.

Trial # Resistance () Voltage (V) 1/R (1/Q) 1/v (1/V)
1 0.50 5.6 2.00 0.179
2 1.0 7.4 1.00 0.135
3 2.0 9.4 0.50 0.106
4 3.0 10.6 0.33 0.094
5 5.0 10.9 0.20 0.092
6 10 11.4 0.10 0.088

(a)

i. Derive an expression for the measured voltage V. Express your answer in terms of R, €, r, and
physical constants, as appropriate.

ii. Rewrite your expression from part (a)-i to express 1/V as a function of 1/R .
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(b) On the grid below, plot data points for the graph of 1/V as a function of 1/R . Clearly scale and label all
axes, including units as appropriate. Draw a straight line that best represents the data.
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(c) Use the straight line from part (b) to obtain values for the following.
i. €

n. r

(d) Using the results of the experiment, calculate the maximum current that the battery can provide.

(e) A voltmeter is to be used to determine the emf of the battery after removing the battery from the circuit.
Two voltmeters are available to take this measurement—one with low internal resistance and one with high
internal resistance. Indicate which voltmeter will provide the most accurate measurement.

The voltmeter with low resistance will provide the most accurate measurement.
The voltmeter with high resistance will provide the most accurate measurement.
The two voltmeters will provide equal accuracy.

Justify your answer.
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SECTION II
Time—45 minutes
3 Questions
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AP Physics C: Electricity and Magnetism: 2014

DC
Power
Supply

PHYSICS C: ELECTRICITY AND MAGNETISM

Potential Difference (V)
Current (mA)

Physics students are analyzing the circuit above. A variable DC power supply is connected to an ammeter and

three resistors. The resistances of two of the resistors are known to be R, = R; = 50 €2, but the resistance of
the third resistor is unknown. The students collect data on the potential difference across the power supply and

the current measured by the ammeter, as follows.

which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
booklet in the spaces provided after each part.

E&M. 1.

Name:(

=
Q
w2
>
p—
-
<
O .
—~
Ct
g S ;
C e T —eTeTe T T
m<m T 1 T e O O A Y T (O I B
=N Ll L1l bbb 1]
2 = I T e R R T T R R Y T Y
= T 1 e N O A N (N AR B B
S @ bbb - —A—d—d4—4—t+—t+—F A=A —+—+—+ — —— o —~+—1
—_— m 1 | | | | 1 | | | | 1 | | | | 1 | | | |
S g, LIS I N N NN N A N O I A Y N N N
RS ey o It e I Y
o = L 1 T (Y N O A N (R (O B B
8 = YR N Y ' YR Y N A S Y NP I Y S (N DU
° 3 R R N N
8 0 P T T T T T T T Y O T T N N B
- okt nll e bk Bl denls dhndh nbd bl et bk Bk dhnks st bl e e
m < T 1 T T O O A O TR (O B B
- um ST Y O A [y Ny A S D
4 N e
© m T O (Y Y (R HO H (O
= .= — b At — 4~ — A — o — ]
o — T T T T T T T Y O T T N N B
E=ER B e e e e e e
m 50 _|ﬂ|1|7J|4|4|4|ﬂ|1|1J|4|4|4|ﬂ|1|74|4|.
o T T T O (Y Y (R N H N B
S S SV Y Y Y [ O Ny I U O AU Y A R I R P
= N
< @ T T T T T T (Y Y R T T N (N B
2« ot e = = | =
o T O (Y Y (R HO H (O
e s Iy Sy S N SR DO
m s [ S T T T Rt e A B
A T T T T T T O O A RO TR TR B B
. — bt b e —
w Q T T T O (Y Y (R N H N B
o = R N
Rl T T T T T T T T T T T T T
= T O N T N E (O
= 1l —_J_1_1 - 1_J_1_1_¥r L _J—J1_1_]
S 2 N
ﬁ = T T T O (Y Y (R N H N B
Z wl —t—tr ===t =t === =t =t =t — ===t — 1
s o T T O (Y Y (R H H (O B
B = SNty Y O A s [y N A S P
&« R e e
a.u | | | | 1 | | | | 1 | | | | 1 | | | |
S'e — b At~ — A — o — ]
< = T T T O (Y Y (R N H N B
T g R
0 = T T T T T T T T T T T T T T T
mﬁm T T T T T T (Y Y R T T N (N B
ST Y Y Y T O Ny I O RN O A MY A N S R D
= 2 I
Mrm L T T T T T T (Y Y R T T N (N B
—t—tr ===t =t == ===t =t =t — == ==t — 1
-~ I T (Y Y O N A Y (R AR N B
3 I I Iy o Iy Iy I A S I IO P A N
o 9 T T T T T T T O N T B
o) M T T O O T (O B B
o bbb A —d— A= — b — | — 4 — ]
o = I T T T T T (Y Y O O O A O TR A B B
= s R e e T N e
= — T T T T I I T T T 117 ]
Qﬂm T T T O (Y T O O O A O T TR N B
L3 Y T T O YRy Iy U S A U Ay Ay I (R DU
S —~ R
=0 =PRSS O O A
O =

(a)




Name: ( )7 AP Physics C: Electricity and Magnetism: 2014

(b) Using the straight line from part (a), calculate the total resistance of the three-resistor combination.
(c) Calculate the value of R,.

The power supply is now fixed at 12 V.

(d) Calculate the current through R, .

(e) Resistor 3 is now removed and replaced by an open switch in series with an uncharged 4 nF capacitor, as
shown below. The power supply is still fixed at 12 V.

@ R, ;/3\(') 9)
12V DC
Sompy 2
4 nF
~

1. Calculate the current in R, immediately after the switch is closed.

ii. A long time after the switch is closed, will the magnitude of the current in R, be greater than, less
than, or equal to the current through R, found in part (d) ?
___Greater than __Less than __Equalto

Justify your answer.

(f) The 4 nF capacitor is replaced with an uncharged 10 nF capacitor. Will the magnitude of the current in R,
immediately after the switch is closed be greater than, less than, or equal to the current in part (e)i?

___QGreater than __Less than __Equal to

Justify your answer.



