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. Part C
Question 4

In Scenario 2, a new square conducting loop with side length 2s and total resistance 2R is
placed in the same external, uniform, time-varying magnetic field as in Scenario 1.

4. In Scenario 1, a square conducting loop with side length s has total resistance R. The loop is

hﬁld ﬁxeq in the xy-.plan.e in an external, uniform, time-varying magngtic .field that is initially Indicate whether the maximum induced current 7, in Scenario 2 is greater than, less than, or
directed in the +z-direction, as shown. The z-component of the magnetic field changes as a equal to the maximum induced current /; in Scenario 1 by writing one of the following.
function of time ¢ as described by B, = B, cos (271%), where B, and ¢ are positive constants. . L>]
274
. ° . . . . + y . [2 < [1
B, « L=
L] L] L] L] L] L] . . . . . . .
+x Briefly justify your answer by referencing the expression you derived in part B.
L] ° L] ° 1’. ° +Z
R

STOP
END OF EXAM

Part A
Indicate whether the induced current I in the loop is clockwise, counterclockwise, or zero
during the time interval 0 < 7 < % by writing one of the following.

* Iis clockwise.

e [is counterclockwise.
e [Jiszero.

Justify your answer without only manipulating equations.

PartB

Derive an expression for I as a function of ¢t in terms of s, R, By, ¢, t, and physical constants, as
appropriate. Begin your derivation by writing a fundamental physics principle or an equation
from the reference information.
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Begin your response to QUESTION 3 on this page.
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Figure 1

3. A wire is connected to a resistor of resistance R to form a rigid rectangular loop of width L and height 2L. An
external force is exerted on the loop so that the loop always moves with constant speed v in the +x-direction, as
shown in Figure 1. The loop then enters Region 1 of external uniform magnetic field of magnitude B that is
directed in the —z-direction. Region 1 has boundaries x = L and x = 2.5L. The loop later enters Region 2 with
two external, uniform magnetic fields, each of magnitude B, that are parallel but are directed in
opposite z-directions. Region 2 has boundaries x = 2.5L and x = 3.5L. Point S is the midpoint of the leading
edge of the loop and is aligned with the horizontal boundary in Region 2 that separates the two magnetic fields.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 3 on this page.

(a) On the following axes, sketch a graph of the magnetic flux @ through the rectangular loop as a function of the
position x of Point S from x = 0 to x = 4.5L. The +z-direction indicated in Figure 1 corresponds to +®.
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(b) Consider the instant when Point S reaches x = 1.5L.

i. Indicate whether the current I that is induced in the rectangular loop when Point S reaches x = 1.5L
is clockwise, counterclockwise, or zero.

Clockwise Counterclockwise Zero

Briefly justify your answer.

GO ON TO THE NEXT PAGE.




Name: :)7 AP Physics C: Electricity and Magnetism: 2024 Set 1

Continue your response to QUESTION 3 on this page.

ii. Derive an expression for Iy when Point S reaches x = 1.5L. If Iy = 0, indicate how the derived
expression shows that Iy = 0. Express your answer in terms of R, L, v, B, and physical constants, as
appropriate.

iii. Derive an expression for the power P dissipated by the resistor when Point S reaches x = 1.5L.
Express your answer in terms of R, L, v, B, and physical constants, as appropriate.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 3 on this page.

The total energy dissipated by the resistor in the rectangular loop as Point S moves from x = 0 to x = 4.5L
is Eoriginal'

The vertical boundary between regions 1 and 2 is now shifted to x = 1.5L. After the boundary is shifted, the
rectangular loop again moves with speed v in the +x-direction, as shown in Figure 2. The total energy dissipated
by the resistor as Point S moves from x = 0 to x = 4.5L is E .y,
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Figure 2
(c) Indicate whether E\., is greater than, less than, or equal to Eqiginal-

E

—_— new

> E E

original —— Fnew

<E E

original ——— Fnew = Eoriginal

Briefly justify your answer.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 3 on this page.

The original magnetic fields are modified so that the region L < x < 3.5L contains an external uniform magnetic
field of magnitude B that is directed in the —z-direction.

A new wire is connected to a resistor of resistance R to form a rigid triangular loop with base length L and
height 2L. An external force is exerted on the loop so that the loop always moves with speed v in
the +x-direction, as shown in Figure 3. Point S represents the lower-leading corner of the loop.
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(d) On the following axes, sketch a graph of the induced current I in the triangular loop as Point S moves
from x = L to x = 3L.
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GO ON TO THE NEXT PAGE.
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STOP

END OF EXAM
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Begin your response to QUESTION 3 on this page.
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3. A wire is connected to a resistor of resistance R to form a rigid square loop of side length D. An external force is
exerted on the loop so that the loop always moves with constant speed v in the +x direction, as shown in Figure 1.
The loop then enters Region 1 of external uniform magnetic field of magnitude B that is directed in
the +z-direction. Region 1 has boundaries x = D and x = 2D. The loop later enters Region 2 of external uniform
magnetic field of magnitude 2B that is directed in the +z-direction. Region 2 has boundaries x = 2D
and x = 3.5D. Point S is the midpoint of the leading edge of the loop.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 3 on this page.

(a) On the following axes, sketch a graph of the magnetic flux @ through the square loop as a function of the
position x of Point S from x = 0 to x = 4.5D. The +z-direction indicated in Figure 1 corresponds to +®.
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(b) Consider the instant when Point S reaches x = 1.5D.

i. Indicate whether the current /g that is induced in the square loop when Point S reaches x = 1.5D is
clockwise, counterclockwise, or zero.

Clockwise Counterclockwise Zero

Briefly justify your answer.

GO ON TO THE NEXT PAGE.




Name: :)7 AP Physics C: Electricity and Magnetism: 2024 Set 2

Continue your response to QUESTION 3 on this page.

ii. Derive an expression for /g when Point S reaches x = 1.5D. If I5 = 0, indicate how the derived
expression shows that Iy = 0. Express your answer in terms of R, D, v, B, and physical constants, as
appropriate.

iii. Derive an expression for the power P dissipated by the resistor when Point S reaches x = 1.5D.
Express your answer in terms of R, D, v, B, and physical constants, as appropriate.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 3 on this page.

The total energy dissipated by the resistor in the square loop as Point S moves from x = 0 to x = 4.5D
is Eoriginal'

The vertical boundary between regions 1 and 2 is now shifted to x = 2.5D. After the boundary is shifted, the
square loop again moves with speed v in the +x-direction, as shown in Figure 2. The total energy dissipated by

the resistor as Point S moves from x = 0 to x = 4.5D is E ..
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(c) Indicate whether E\., is greater than, less than, or equal to Eqpiging-
— Epew> Eoriginal — Epew< Eorigimll — Egew= Eoriginul

Briefly justify your answer.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 3 on this page.

The original magnetic fields are modified so that the region D < x < 3.5D contains an external uniform magnetic
field of magnitude B that is directed in the +z-direction.

A new wire is connected to a resistor of resistance R to form a rigid triangular loop with base length D and
height D. An external force is exerted on the loop so that the loop always moves with speed v in the +x-direction,
as shown in Figure 3. Point S represents the upper-leading corner of the loop.
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(d) On the following axes, sketch a graph of the induced current /7 in the loop as Point S moves
from x = D to x = 3D.
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STOP

END OF EXAM
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Conducting Bar
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Top View (at time f)

. Two horizontal, parallel, conducting rails are separated by distance L = 0.40 m. A resistor of resistance
R =0.30Q connects the rails. A horizontal ideal spring is located between the rails. The right end of the spring is
free to move and the left end is fixed in place. A conducting bar of mass m = 0.23 kg is placed on the rails and is
in contact with the spring, which is initially compressed. Frictional forces and the resistance of the bar and rails
are negligible.

At time ¢ = 0, the bar is released from rest and is pushed to the right by the spring.

* At time #, the bar loses contact with the spring and slides to the right.

* At time f,, the bar enters and travels through a uniform magnetic field of
magnitude B = 0.50 T that is directed into the page, as shown.

* At time f3, the bar enters a region where the magnitude of the uniform magnetic field is
still B = 0.50 T but is directed out of the page.

* At time t4, the bar enters a region with no magnetic field.

‘onsider time tg such that 1, < 15 < f3.

(a) On the following diagram of the bar, draw an arrow indicating the direction of the net force Fj; exerted on the
bar at time #g. If the net force is zero, write Fo, = 0.

GO ON TO THE NEXT PAGE.

AP Physics C: Electricity and Magnetism: 2023 Set 1

Lonunue your response 10 QUED 1IUN £ On tnis page.

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

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

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

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

<

GO ON TO THE NEXT PAGE.
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Top View (at time fg)
(d) The scenario is repeated but an additional resistor of resistance R = 0.30 Q is connected, as shown.

i. Determine the total resistance Ry, of the closed circuit for the new scenario.

ii. In the original scenario, the magnitude of the acceleration of the bar immediately after the bar enters the
first uniform magnetic field is @iginqr- In the new scenario, the magnitude of the acceleration of the bar

immediately after the bar enters the first uniform magnetic field is @\ Is @y, greater than, less than, or
equal to dgigings ? Justify your answer.

(e) Describe a modification to m, B, or L that will result in a smaller induced potential difference across the
original resistor immediately after the bar enters the first uniform magnetic field. Justify your answer.

GO ON TO THE NEXT PAGE.
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R L] Bl Ll L] . L] L] . . Bz I
— i I { 1‘ } x
0 Xo X1 B X X3 Xy

Top View (at time t)

. 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 ?,, the bar reaches position x, and enters a region with no magnetic field.

* At time 13, the bar reaches position x3 and enters a uniform magnetic field of
magnitude By = 0.60 T that is directed in the +z-direction.

* At time t4, the bar reaches position x4 and enters a region with no magnetic field.

‘he bar is at position xg (shown in Top View) at time tg such that f; < tg < 1,.

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

(a) On the following diagram of the bar, as observed from the Top View, draw an arrow indicating the direction of
the net force Fq exerted on the bar at time tg. If the net force is zero, write F,; = 0.

i. Determine the total resistance of the closed circuit.

(b) At time g, 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. In the original scenario, the magnitude of the acceleration of the bar immediately after the bar enters the
first uniform magnetic field is @qginq1- In the new scenario, the magnitude of the acceleration of the bar
immediately after the bar enters the first uniform magnetic field is a ey Is a0y, greater than, less than, or
equal to dgiging ? Justify your answer.

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

(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.

(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. GO ON TO THE NEXT PAGE.
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. A lightbulb of resistance R = 10.0 Q is connected to a rectangular loop of wire of negligible resistance near a
very long current-carrying wire. The rectangular loop has a length L = 4.0 cm and a width W = 2.0 cm and is
positioned so one of the longer sides of the loop is a distance d = 1.0 cm above and parallel to the long wire, as
shown. The current in the long wire is initially flowing to the right and is given by I(z) = C — Dt, where
C=10.0A and D = 2.0 A/s. At time t = 5.0 s, the current in the long wire is instantaneously zero as the current
changes direction.

(a) What is the direction, if any, of the magnetic field produced by the induced current in the rectangular loop as
the current in the long wire changes direction?

___ Into the page ___ Out of the page __ No direction, because the field is zero

Justify your answer.

(b) Calculate the magnetic flux through the loop due to only the long wire at time ¢ = 3.0 s.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 3 on this page.

(c) Calculate the current through the lightbulb at time 7 = 3.0's.

(d) A group of students attempts to experimentally verify whether the current through the lightbulb is consistent
with the current calculation from part (c). The current in the rectangular loop is measured to be greater than
the current calculated in part (c). Which of the following could explain this discrepancy? Select one answer.

___ The students did not account for Earth’s magnetic field.

___ The rectangular loop is tilted and is not in the same plane as the wire.
___ The resistance of the lightbulb is greater than the recorded value.
___The long side of the rectangular loop is shorter than the recorded value.
___ The current in the long wire changes at a faster rate than expected.

Briefly justify your answer.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 3 on this page.

Td =1.0cm STop

C D—>]

END OF EXAM
(e) Later, the same rectangular loop with lightbulb is rotated such that a short side of the loop is 1.0 cm above and

parallel to the long current-carrying wire, as shown. The current in the wire is again initially flowing from left
to right and given by I(t) = C — Dt, where C = 10.0 A and D = 2.0 A/s. The current through the lightbulb in
the loop’s new orientation at time ¢ = 3.0s is I,. Which of the following correctly relates the current I, to I,
the current through the lightbulb in part (c)?

_12 < Il _12 = Il _ 12 > Il

Justify your answer.

GO ON TO THE NEXT PAGE.
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Note: Figures not drawn to scale.

. A single loop of wire with resistance 3.0 Q2 and radius 0.10 m is placed inside a solenoid, with the normal to the
loop parallel to the axis of the solenoid. The solenoid has 500 turns, is 0.25 m long, and is connected to a power
supply that is not shown. At time # = 0, the power supply is turned on, and the current / in the solenoid as a
function of ¢ is given by the equation I(¢) = ft, where 8 = 5.0 A/s. The direction of the current in the solenoid is
clockwise, as shown in the end view.

(a) At time ¢ = 2.0, is the induced current in the loop, as seen from the end view shown, clockwise,

counterclockwise, or zero?
Clockwise Counterclockwise Zero

Justify your answer.

(b) Calculate the current in the loop of wire at time # = 2.0s.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 3 on this page.

(c) Calculate the total energy dissipated by the loop of wire from time ¢ = 0 to time # = 2.0's.

(d) A group of students attempts to verify experimentally the calculation of the current from part (b). The current
in the inner circular loop at time ¢ = 2.0’ s is measured to be less than the current calculated in part (b). Which
of the following could explain this discrepancy? Select one answer.

__ The experiment did not account for Earth’s magnetic field.

___The plane of the loop is not perpendicular to the axis of the solenoid.
___The center of the loop is not on the axis of the solenoid.

___The resistance of the loop is less than the given value.

___The radius of the loop is actually larger than 0.10 m.

Justify your answer.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 3 on this page.

(e) The power supply is now turned off. The original loop of wire is then replaced with a second loop made from
wire that has the same thickness and is made from the same material as the original loop of wire. The second
loop has radius 0.20 m, is placed in the same orientation as the original loop, and fits completely inside the
solenoid. The power supply is turned on, and the current / in the solenoid as a function of ¢ is again given by STOP

I
the equation /(r) = B, where B = 5.0 A/s. Which of the following expressions correctly indicates the ratio 2

I END OF EXAM

where I; represents the current induced in the original loop of wire in part (b) and I, represents the current
induced in the second loop of wire?

L
—7

L
=1 1l<=x<2 = =2 =>2

Justify your answer.

GO ON TO THE NEXT PAGE.
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Note: Figures not drawn to scale.

3. A solenoid is used to generate a magnetic field. The solenoid has an inner radius a, length ¢, and N total turns
of wire. A power supply, not shown, is connected to the solenoid and generates current /, as shown in the figure
on the left above. The x-axis runs along the axis of the solenoid. Point P is in the middle of the solenoid at the
origin of the xyz-coordinate system, as shown in the cutaway view on the right above. Assume ¢ >> a.

(a) Select the correct direction of the magnetic field at point P.
_ +x-direction ____+y-direction _ +z-direction
_ —x-direction ____ —y-direction _ —z-direction
Justify your selection.

(b)

i. On the cutaway view below, clearly draw an Amperian loop that can be used to determine the magnetic
field at point P at the center of the solenoid.

Solenoid P

Cutaway View

ii. Use Ampere’s law to derive an expression for the magnetic field strength at point P. Express your
answer in terms of /, /, N, a, and physical constants, as appropriate.

AP Physics C: Electricity and Magnetism: 2019 Set 1

Some physics students conduct an experiment to determine the resistance Rg of a solenoid with radius

a =0.015 m, total turns N = 100, and total length ¢ = 0.40 m. The students connect the solenoid to

a variable power supply. A magnetic field sensor is used to measure the magnetic field strength along the central
axis at the center of the solenoid. The plot of the magnetic field strength B as a function of the emf € of the
power supply is shown below.

3.0

2.5

2.0

B(Tx10™% 1.5

1.0

0.5

(©
i. On the graph above, draw a best-fit line for the data.

ii. Use the straight line to determine the resistance Ry of the solenoid used in the experiment.

(d) One of the students notes that the horizontal component of the magnetic field of Earth is 2.5 X 10° T.

i. Is there evidence from the graph that the horizontal orientation of the solenoid affects the measured
values for B ?
Yes No

Justify your answer.

ii. Would the horizontal orientation of the solenoid affect the calculated value for Rg ?

Yes No

Justify your answer.
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Counterclockwm:/ \(‘Zlockwme wire 1 1
|
|
A Solenoid !
|
1 Wire 2 d |
- _ Wire 1 | d— ) 1
1 1 op 12 P
I
d Note: Wire 1 and
1 point P are a
Loop Wire 2 distance d above
S ———————-————————————————— 3 ——- Wire 2
A thin conducting loop of radius b and resistance R, is placed concentric with the solenoid, as shown above. I
The current in the solenoid is decreased from [ to zero over time At. Figure 1. Side view Figure 2. Top view
(e) 3. The figures above represent different views of two long, straight, horizontal wires, 1 and 2, carrying currents
i. Is the direction of the induced current in the loop clockwise or counterclockwise during the time period Iy =1 and I, = 21, respectively, in the directions shown. The wires are held in place. In Figure 1, the current in
that the current in the solenoid is decreasing? wire 1 is directed out of the page, and wire 1 is a distance d above wire 2. Point P is a horizontal distance d from
Clockwise Counterclockwise wire 1 and a distance d directly above wire 2. Express your answers to parts (a) and (b) in terms of /, d, and

physical constants, as appropriate.
Justify your answer. . . . e . .
vy (a) Use Ampere’s law to derive an expression for the magnitude of the magnetic field at point P due to wire 1.

ii. Derive an equation for the average induced current ipyp in the loop during the time period that the (b) Derive an expression for the magnitude of the net magnetic field at point P

current in the solenoid is decreasing. Express your answer in terms of I, ¢, N, a, b, R,, R, At, and . . . . L
& BApIESS Y L s (c) Calculate the numerical value of the angle to the horizontal for the direction of the net magnetic field at

physical constants, as appropriate. point P.

(d) Wire 1 is now released. Which of the following best describes the initial motion of wire 1 due to the
magnetic field of wire 2 ? Assume gravitational effects are negligible.
Wire 1 will not move.
Wire 1 will move upward as viewed in Figure 1.

Wire 1 will move downward as viewed in Figure 1.

STOP
END OF EXAM

Wire 1 will rotate clockwise as viewed in Figure 2.
Wire 1 will rotate counterclockwise as viewed in Figure 2.

Justify your answer.
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Loop l
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Figure 3. Side view

Wire 1 is now replaced by a conducting rectangular loop of length ¢, width w, and resistance R. The loop is
placed a distance d from wire 2, as shown. The loop, wire, and distance d are all in the plane of the page. The
long side of the loop is parallel to the wire. The current 7, for wire 2 is decreasing linearly as a function of

time 7 according to the equation Z, =21 (1 — k), where k is a positive constant with units of 5 !

(e) Of the following, select the integration that will give an expression for the flux ® as a function of time 7 .

r=d+w

J‘ #0(210)(1_1“)/‘4"1 7q)=’].”’#0(2[0)(1_k1)gwd

2r

r=d+w r=w
I Mo (24y) (1 = kt) kt) o= J Hoy 210)(1—1“)[[1
2xr 2xr

r=

(f) Given that the flux through the rectangular loop as a function of time ¢ is given by the equation

D = H OIOZS — ki) In ( d ; W) , derive an expression for the magnitude of the current, if any, induced in the

loop. Express your answers in terms of /,, d, r, R, w, k, /, and physical constants, as appropriate.
(g) What is the direction of the current, if any, induced in the loop as seen in Figure 3 ?

__ Clockwise __ Counterclockwise

__ Undefined, because there is no current induced in the loop

Justify your answer.

STOP
END OF EXAM

AP Physics C: Electricity and Magnetism: 2016

X X R X X
—AA—
L]
X x "Cx X
M, L
X X X X
D Vertically down
X X X X
B
X X X X

E&M.3.

A conducting bar of mass M, length L, and negligible resistance is connected to two long vertical conducting
rails of negligible resistance. The two rails are connected by a resistor of resistance R at the top. The entire
apparatus is located in a magnetic field of magnitude B directed into the page, as shown in the figure above.
The bar is released from rest and slides without friction down the rails.

(a) What is the direction of the current in the resistor?
Left Right

(b)

i. Is the magnitude of the net magnetic field above the bar at point C greater than, less than, or equal to
the magnitude of the net magnetic field before the bar is released?

Greater than Less than Equal to

Justify your answer.

ii. While the bar is above point D, is the magnitude of the net magnetic field at point D greater than, less
than, or equal to the magnitude of the net magnetic field before the bar is released?

Greater than Less than Equal to
Justify your answer.
Express your answers to parts (c) and (d) in terms of M, L, R, B, and physical constants, as appropriate.

(c) Write, but do NOT solve, a differential equation that could be used to determine the velocity of the falling
bar as a function of time .

(d) Determine an expression for the terminal velocity v, of the bar.
Express your answers to parts (e) and (f) in terms of v; , M, L, R, B, and physical constants, as appropriate.
(e) Derive an expression for the power dissipated in the resistor when the bar is falling at terminal velocity.

(f) Using your differential equation from part (c), derive an expression for the speed of the falling bar v(z) as a
function of time .

STOP
END OF EXAM
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E&M. 3.

A circular wire loop with radius 0.10 m and resistance 50 Q is held in place horizontally in a magnetic field B
directed upward at an angle of 60° with the vertical, as shown in the figure above. The magnetic field in the

direction shown is given as a function of time ¢ by B(r) = a(1— bt), wherea=4.0 Tand b=0.20 s~'.

(a) Derive an expression for the magnetic flux through the loop as a function of time .

(b) Calculate the numerical value of the induced emf in the loop.

(©)
i. Calculate the numerical value of the induced current in the loop.
ii. What is the direction of the induced current in the loop as viewed from point P ?
_ Clockwise __ Counterclockwise

Justify your answer.
(d) Assuming the loop stays in its current position, calculate the energy dissipated in the loop in 4.0 seconds.

(e) Indicate whether the net magnetic force and net magnetic torque on the loop are zero or nonzero while the
loop is in the magnetic field.

Net magnetic force: Zero Nonzero
Net magnetic torque: Zero Nonzero

Justify both of your answers.

STOP
END OF EXAM

B
vy X X X X X
L/4 —h
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E&M. 2.

The rectangular loop of wire shown on the left in the figure above has mass M, length L, width L/4, and
resistance R. It is initially moving to the right at constant speed v, , with no net force acting on it. At time ¢ = 0
the loop enters a region of length 2L that contains a uniform magnetic field of magnitude B directed into the
page. The loop emerges from the field at time 7, with final speed v, . Express all algebraic answers to the

following in terms of M, L, R, B, v, , and fundamental constants, as appropriate.
(a) Let x represent the position of the right end of the loop. Place a check mark in the appropriate box in each

column in the table below to indicate whether the speed of the loop increases, decreases, or stays the same as
the loop moves to the right.

Position of Right End of Loop

Speed of Loop L<x<2L 2L<x<3L | 3L<x<4L | 4L<x<5L

Increases

Decreases

Stays the same

(b) Derive an expression for the magnitude of the current induced in the loop as its right edge enters the field.
(c) What is the direction of the induced current determined in part (b) ?

_ Clockwise __ Counterclockwise

Justify your answer.

(d) Write, but do not solve, a differential equation for the speed v as a function of time as the loop enters the
field.

(e) What is the direction of the acceleration of the loop just before its left edge leaves the field?
Left ___ Right Up Down

Justify your answer.



