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488. Which pair of diagrams best represents the direction, if any, of F'and the distribution of
charge on the sphere when the rod is held close to the sphere?

A negatively charged rod is held close to but does not touch one side of a neutral conducting
sphere that hangs from a rigid, insulated support, as shown.

%
The electric force exerted on the sphere, if present, is F'.

A.

489. What is the electric potential energy of the two-sphere system?

Two nonconducting spheres each have a net charge that is uniformly distributed throughout
the sphere. One sphere has a radius of 0.006 m and a charge of +8 x 10~? C. The other sphere
has a radius of 0.007 m and a charge of +-5 x 10~° C. The centers of the spheres are 0.4 m
apart.

A.5x10°7J

B.9x10°7J

C.1x107%J

D.2 x 107 J

490. Which expression is equal to the time constant of Circuit 2?

In Circuit 1, a battery, a resistor of resistance R, and a capacitor of capacitance Care connected
in series. The time constant of Circuit 1 is 7. In Circuit 2, a battery, a resistor of resistance R, and
N capacitors, each of capacitance C, are connected in series.

D. N%r

491. Which of the following correctly relates I, I, and I3?

The circuit shown consists of a battery and three identical resistors. Currents I, I, and I3 are
indicated.

e The circuit has two horizontal branches and three vertical branches.
¢ From top to bottom, the left vertical branch has a resistor followed by a battery.

e Theinner vertical branch has a resistor, and below that resistor a current | subscript 2 is
directed downward.

e Theright vertical branch has a resistor.

¢ Between the left and inner vertical branches, the top horizontal branch has a current |
subscript 1 that is directed to the right.

e Between the inner and right vertical branches, the bottom horizontal branch has a
current | subscript 3 that is directed to the left.

AL=1=1I
B.I; = I, + I,
CL=I+1I
D.Is =1 + I,



492. Which of the following is equal to the current in one resistor a long time after the switch is
closed?

A battery of emf g, an inductor of inductance L, two identical resistors, and an initially open
switch are connected in series to form a circuit. The time constant of the circuit is 7.

A. Zero
eL

B. ==

c. 2

2eT
D. T~

493. Which of the following is equal to the electric potential at the center of Sphere Y after the
spheres are moved very far apart?

Initially isolated conducting Sphere X has radius Rand charge Q. Initially isolated conducting
Sphere Y has radius 3R and is neutral. The spheres are brought together until they touch.
Later, the spheres are moved very far apart.

A. Zero

kQ
B. 5%

kQ
c.ie

3kQ
D.- &

494, Which of the following correctly compares Fs, F3, and Fy?

Small spheres 1, 2, 3, and 4 with the charges indicated are held fixed along a line. The centers
of adjacent spheres are a distance rapart, as shown.

The magnitudes of the net electric forces exerted on spheres 2, 3, and 4 are Fs, F3, and Fy,
respectively.

A.Fy > F3 > Fy
B. (F2 = F3) > Fy

C.Fy > (F2 = F3)

D.Fy > F3 > F)

495. What is the approximate induced emf in the loop?

Along current-carrying solenoid has 380 turns per meter. A circular conducting loop that has a
radius of 0.01 m is in the center of the section of the solenoid shown.

The area vector of the loop is parallel to the central axis of the solenoid. The current in the
solenoid increases by 0.60 A in 0.090 s at a constant rate.

A.8.0x 1079V
B.1.0 x 107 %v
C.2.0x 107 %y

D.2.0 x 107V

496. What is the kinetic energy of the sphere after the sphere moves through AV?

A sphere with a charge of +-8.0 x 10~ C has an initial kinetic energy of 1.2 x 10 J. The
sphere then moves through an electric potential difference of AV = —50 V. The only force
exerted on the sphere is the electric force.

A.4.0x 10"

B.8.0 x 1077 J

C.1.2x10°%y

D.1.6 x 10 %

497. Which graph could represent the electric potential Valong the y-axis as a function of
position y?

A uniform electric field of magnitude Eis directed in the 4z - direction, as shown.



The line begins in the third quadrant at the left end of the horizontal axis and near the
bottom of the vertical axis, and slants upward and to the right.

It passes through the origin, continues upward and to the right, and ends in the first
quadrant at the right end of the horizontal axis and near the top of the vertical axis.

The line begins in the second quadrant at the left end of the horizontal axis and near the
top of the vertical axis, and slants downward and to the right.

It passes through the origin, continues downward and to the right, and ends in the fourth
quadrant at the right end of the horizontal axis and near the bottom of the vertical axis.

The parabola opens upward.

The parabola begins near the left end of the horizontal axis and at the top of the vertical
axis, and moves downward and to the right rapidly at first and then gradually.

It reaches a minimum and becomes horizontal below the origin at the bottom of the
vertical axis, then moves upward and to the right gradually at first and then rapidly.

It ends near the right end of the horizontal axis and at the top of the vertical axis.

The line begins above the left end of the horizontal axis, halfway up the vertical axis from
the origin.

It moves horizontally to the right, crossing the vertical axis, and continues until it ends
above the right end of the horizontal axis.

498. Which expression is equal to the absolute value of the potential difference between
labeled points X and Y?

The circuit shown consists of a battery of emf € and four identical capacitors.

¢ The top horizontal branch has a battery with emf script uppercase E.

e From left to right, the bottom horizontal branch has a point labeled X, a capacitor, and a
point labeled Y.

¢ To the right of point Y, the bottom horizontal branch splits into two horizontal
subbranches.

e The top subbranch has two capacitors. The bottom subbranch has one capacitor.

w|m

499. Which figure represents possible magnetic field lines and provides a valid justification?

Figures 1 and 2 both show a spherical Gaussian surface in the region of a field. The field lines
are indicated in each figure.

A. Figure 1, because the field in Figure 1 could originate from a U-shaped bar magnet that is
inside of the surface.

B. Figure 1, because the lines in Figure 1 get farther apart as the radial distance from the
surface increases.

C. Figure 2, because the lines in Figure 2 are parallel and only magnetic fields can have parallel
field lines.

D. Figure 2, because the number of field lines that enter the surface in Figure 2 is equal to the
number of field lines that exit the surface.

500. Which of the following correctly describes the induced emf ¢ in the loop as tincreases?



A conducting loop is held fixed in a time-varying magnetic field that is directed along the x-
axis. The area vector of the loop is directed along the x-axis. The x-component of the field as a
function of time tis described by B, = a — (t, where o and 3 are constants.

A. € increases.

B. € decreases.

C. ¢ iis constant and nonzero.

D. € is constant and zero.

501. What is the equivalent resistance of the circuit after the switch has been closed for a long
time?

The circuit shown consists of a battery; a capacitor of capacitance C; resistors of resistances R,
2R, and 3R; and a switch that has been closed for a long time.

e The circuit has three vertical branches and two horizontal branches.
¢ The left vertical branch has a resistor with resistance R.

e Theinner vertical branch has a capacitor with capacitance C.

e The right vertical branch has a battery.

e The top horizontal branch has a resistor with resistance 2 R between the inner and right
vertical branches.

e From left to right, the bottom horizontal branch has a resistor with resistance 3R and a
closed switch between the inner and right vertical branches.

A. Zero

11R
B. ¢

C.5R
D.6R

502. The switch is then opened. The absolute value of the potential difference across the
capacitor as a function of time is | AV(|. Which of the following indicates how | AV¢| changes
after the switch is opened, if at all, and provides a valid justification?

The circuit shown consists of a battery; a capacitor of capacitance C; resistors of resistances R,
2R, and 3R; and a switch that has been closed for a long time.

e Thecircuit has three vertical branches and two horizontal branches.
e The left vertical branch has a resistor with resistance R.

e Theinner vertical branch has a capacitor with capacitance C.

e Theright vertical branch has a battery.

e The top horizontal branch has a resistor with resistance 2 R between the inner and right
vertical branches.

e From left to right, the bottom horizontal branch has a resistor with resistance 3R and a
closed switch between the inner and right vertical branches.

A. |AV(| is constant because the charge on the positive capacitor plate is constant.

B. |AV¢| is constant because the capacitor is in parallel with the battery.

C. |AV¢| decreases because the capacitor is in series with the battery.

D. |AV¢| decreases because the charge on the positive capacitor plate decreases.

503. A solid conducting sphere has radius aand net charge Q. Which expression is equal to the

magnitude of the electric field due to the sphere at a distance 3a from the surface of the
sphere?

ki
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504. Which expression is equal to the electric potential at Point P?

Athin ring of radius a has uniformly distributed net charge Q. Point P is a distance b above the
center of the ring, as shown.
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505. Which expression is equal to the energy stored in the capacitor after steady-state
conditions are established in Circuit 2?

In Circuit 1, a battery of emf ¢, a resistor of resistance R, and an initially uncharged capacitor of
capacitance Care connected in series. After steady-state conditions are established, the energy
stored in the capacitor is U. In Circuit 2, a battery of emf 2¢, a resistor of resistance 3R, and an
initially uncharged capacitor of capacitance Care connected in series.

A.2U
B.4U
C.6U
D.9U

506. Which expression is equal to the resistance of the wire?

A straight wire is placed along the x-axis with one end at the origin and the other end at
position x = L. The wire has cross-sectional area A. The resistivity of the wire as a function of
xis described by p = ax, where ais a constant.

A, oL

B. oL

© 24

507. What is the approximate magnitude of the net electric field at Point P?

Small charged spheres S and T are held fixed on the xy-coordinate system shown. The position
and charge of each sphere are indicated. The position of Point P is also indicated.

e Sphere Sis at the origin with coordinates 0.00 meters comma 0.00 meters and has a
charge of positive 7 nanocoulombs.

e Sphere T has coordinates 0.05 meter comma 0.03 meter and has a charge of negative 4
nanocoulombs.

e Apoint labeled P is located at 0.05 meter comma 0.0 meter on the x axis, directly below
Sphere T.

A.2 x 103N/C
B.1x 10* N/C
€.5 x 10*N/C

D.7 x 10* N/C

508. A positive test charge is held fixed at Point P. Which of the following correctly indicates the

%
signs of the x- and y-components of the net electric force F' exerted on the test charge and
provides a valid justification?

Small charged spheres S and T are held fixed on the xy-coordinate system shown. The position
and charge of each sphere are indicated. The position of Point P is also indicated.

e Sphere Sis at the origin with coordinates 0.00 meters comma 0.00 meters and has a
charge of positive 7 nanocoulombs.

e Sphere T has coordinates 0.05 meter comma 0.03 meter and has a charge of negative 4
nanocoulombs.

e Apoint labeled P is located at 0.05 meter comma 0.0 meter on the x axis, directly below
Sphere T.

— —
A. F' has negative x- and y-components because F'is in the same direction as the net electric
field at Point P.

= =
B. F' has negative x- and y-components because F'is in the opposite direction of the net
electric field at Point P.



— —
C. F' has positive x- and y-components because F'is in the same direction as the net electric
field at Point P.

- —
D. F' has positive x- and y-components because F'is in the opposite direction of the net
electric field at Point P.

509. An electron moves undeflected through a region that has perpendicular electric and
magnetic fields of magnitudes 800 V/m and 4.0 x 1073 T, respectively. What is the speed of
the electron?

A.5.0 x 10" m/s

B.3.2m/s

€.2.0 x 10° m/s

D.1.7 x 10" m/s

510. What is the magnitude of the magnetic force exerted on the right side of the loop in
Scenario 2?

In Scenario 1, a rigid wire loop with nonnegligible resistance is moving to the right at constant
speed vwhile entering an external uniform magnetic field that is out of the page, as shown in

Figure 1. In Scenario 2, the loop is moving to the right at constant speed 2v while entering the
field, as shown in Figure 2.

¢ Ineach figure, a rectangular loop moves horizontally right towards a region of a uniform
magnetic field, with the loop partially in the magnetic field and the field directed out of
the page.

e In Scenario 1, the loop moves with velocity v.

e In Scenario 2, the loop moves with velocity 2 v.

In Scenario 1, the magnitude of the magnetic force exerted on the right side of the loop is F.
A. Zero

F
B. 5

C.F

D.2F
511. What is the approximate capacitance of the capacitor with the material inserted between
the plates?

An air-filled, charged parallel-plate capacitor is isolated. The area of each plate is

2.0 x 10~2 m2. The plates are separated by a distance of 4.0 x 10~% m. The magnitude of
the electric field between the plates is 5.0 % 107° V /m. Later, a dielectric material is fully
inserted between the plates and the new magnitude of the electric field between the plates is
3.0 x 107° V/m.

A.2.7x10710F
B.4.4x 10 F
C.7.4x10710F

D.8.8 x 10710F

512. What is the approximate value of the ratio %?

_>
Uniform electric field E is directed along the horizontal and through a loop that has area
_>
vector A that is initially directed 37° above the horizontal, as shown in Figure 1. The loop is

%
then rotated so that A is directed 53° above the horizontal, as shown in Figure 2. The electric
fluxes through the loop in figures 1 and 2 are ®; and ®5, respectively.

e Each figure shows a side view of a loop, represented by a line segment, that has an area
vector A perpendicular to that line segment.

e Uniform electric field vector E is directed horizontally right, through the loop.

e InFigure 1, the loop is oriented so that its area vector A points upward and to the right at
a 37 degree angle above horizontal.

e InFigure 2, the loop is rotated counterclockwise so that its area vector A points upward
and to the right at a 53 degree angle above horizontal.

A. 0.60
B.0.75
C.0.80

D.1.3



A wire carrying current /is in the xy-plane. The current is directed 30° above the x-axis, as

513. Which of the following indicates how the magnitude a of the acceleration of the electron shown. The wire is in an external uniform magnetic field of magnitude Bin scenarios 1, 2, and
changes as the electron moves and provides a valid justification? 3, as described.

Points A and B are on the equipotential lines shown. An electron moves freely from Point A to e Scenario 1: The field is directed in the +z - direction.

Point B.

e Scenario 2: The field is directed in the +y - direction.

e Scenario 3: The field is directed in the +z - direction.
e From left to right, the lines are labeled negative 10 volts, negative 5 volts, 0 volts, and 5

volts.
¢ The distance between the 0 volt and 5 volt lines is the largest. ¢ Acoordinate basis indicates that the positive x direction points horizontally to the right,
the positive y direction points vertically upward, and the positive z direction points out of
¢ The distance between the negative 5 volt and 0 volt lines is about one half the of the the page.

distance between the 0 volt and 5 volt lines.
e The wire passes diagonally through the origin at an angle of 30 degrees above horizontal.
e The distance between the negative 10 volt and negative 5 volt lines is about one half the

of the distance between the negative 5 volt and 0 volt lines. e Acurrent | is directed upward and to the right through the wire.

e Apoint labeled A is shown on the negative 10 volt line.

« Apoint labeled B is shown on the 5 volt line. The magnitudes of the magnetic forces exerted on the wire in scenarios 1, 2, and 3 are F1, Fy,

and F3, respectively.
A. aincreases because the electron moves from a negative to a positive electric potential.
A.F, > Fy > Fj3
B. aincreases because the change in the electric potential per unit distance increases as the

electron moves. B.Fy > F3 > F»
C. adecreases because the magnitude of the electric field decreases as the electron moves. CF>F >F
D. a decreases because the total change in the electric potential from Point A to Point B is D.F3>Fy, > F
positive.

516. Which expression is equal to the absolute value of the electric flux through the shaded
514. What is the ratio % ? top half of the Gaussian surface?

A small charged sphere is at the center of a spherical Gaussian surface of radius r. The top half

Long, air-filled solenoids 1 and 2 have the same diameter and length. Solenoid 1 has 100 loops.
of the Gaussian surface is shaded, as shown.

Solenoid 2 has 200 loops. The inductances of solenoids 1 and 2 are L1 and Lo, respectively.

1
AL
1
B. 5
C.2 The magnitude of the electric field at the Gaussian surface is E.
1,2
D.4 A. 371'7’ E
B. 72 E

515. Which of the following correctly compares F1y, F5, and F3?




C.2nr’E

D. 47nr2E

517. Which of the following correctly compares Ik, Iy, and I7?

Circuits X, Y, and Z each consist of a battery of emf € and three resistors. The resistances of the
resistors and the currents in the right branches of circuits X, Y and Z are indicated.

® |n each circuit, there are two horizontal branches and three vertical branches.

e Each circuit consists of one battery and three resistors, with each left vertical branch
having a battery with emf script uppercase E.

e Each diagram is as follows:
o Circuit X:
= Theinner vertical branch has a resistor with resistance R.

= From top to bottom, the right vertical branch has a resistor with resistance 3R,
followed by a current | subscript X directed downward, followed by a resistor
with resistance 2 R.

o Circuity:
= Theinner vertical branch has a resistor with resistance 3 R.

= From top to bottom, the right vertical branch has a resistor with resistance R,
followed by a current | subscript y directed downward, followed by a resistor
with resistance 2 R.

o Circuit Z:
= Theinner vertical branch has a resistor with resistance 2 R.

= From top to bottom, the right vertical branch has a resistor with resistance R,
followed by a current | subscript Z directed downward, followed by a resistor
with resistance 3 R.

A Ix > Iy > Iy
B.Ix > Iy > Iy
C.lIy > 17 > Ix

D.Iz > Ix > Iy

518. Which of the following correctly compares Vg, Vg, and V,?

Three small nonconducting spheres with the charges indicated are evenly spaced and held
fixed on the x-axis. Points R, S, and T are evenly spaced such that points S and T are midway
between the centers of the spheres, as shown.

¢ From left to right, the objects along the x axis are as follows:
o Apoint labeled R
o Asphere with charge positive Q
o Apointlabeled S
o Asphere with charge positive Q
o Apointlabeled T

o Asphere with charge negative Q

The electric potentials due to the three spheres at points R, S, and T are Vg, Vs, and V7,
respectively.

AVg >Vsg>Vp

B.Vg > Vg > Vp

CVr>Vr>Vs

D.Vp > Vg > Wy

519. Which expression is equal to the magnitude of the magnetic force exerted on the bar as a
function of tas the bar moves?

A bar with resistance Ris moved in the 4+ - direction by an external force along a U-shaped
loop of conducting rails. The rails are a distance D apart. The bar and the rails are in a uniform
magnetic field of magnitude Bthat is directed out of the page, as shown.

The position of the bar as a function of time tis described by = at?, where acis a positive
constant.



2aB2D%
A, Sa=t
aB2D2t?
B. af 2t

C.2aB2D?%*

D.aB2D?*t?

520. What is the approximate radius of Segment Y?

A wire is made of cylindrical segments X and Y that are connected in series. The uniform
current density in Segment X is 3.8 x 10° A/m2, and the uniform current density in Segment
Yis1.9 x 10° A/mz. The radius of Segment Xis 5.0 x 10 ™% m.

A.5.0x 10" m
B.3.5x 10 *m
C.7.1x10%*m

D.1.0 x 103 m

521. What is the absolute value of the electric flux through the Gaussian sphere?

An object with a charge of +-3.54 X 1075 Ciis enclosed by a Gaussian sphere that has a radius
of 1.0 m. A second object, which has a charge of —3.54 x 107° C, is 2.0 m from the center of
the same Gaussian sphere.

A. Zero

B.3.2 x 10° Xz’
6 N-m?

C.4.0 x 10 <

6 N-m?
D.8.0 x 10 <

522. A wire of radius a carries current /with uniform current density. Which expression is equal

to the magnitude of the magnetic field at a distance rfrom the center of the wire, wherer < a
?

pol
A. 4A7r

mol
B. 27r

C polr
* 4ra?

523. Which of the following provides a diagram that represents the correct placement of the
ammeter in the circuit and correctly compares /to %?

A circuit consists of a battery of emf ¢, a resistor of resistance R, and a nonideal ammeter that
has a resistance that is less than R. A student is asked to connect the ammeter in the circuit to
measure the current /in the resistor.

A.
Circuit Comparison of /to %
— £
I=x3
B.
Circuit Comparison of /to %
I<4¢
C.
Circuit Comparison of /to %
I=%
D.



Circuit Comparison of /to %

I<

o

%
524, Which expression is equal to the magnitude of E?

At time t = 0, a small sphere with mass Mand positive charge +@) is moving with speed vto
the right midway between two large, charged parallel plates. The plates are a distance Dapart,
as shown.

_)
The electric field E¥ between the plates is uniform and constant. Gravitational effects are
negligible. The sphere reaches one plate at time ¢ 4.
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525. Which of the following correctly compares ®5 to ®;?

In Scenario 1, a circular wire loop of radius ris placed in a uniform magnetic field of magnitude
B. In Scenario 2, a circular wire loop of radius 27 is placed in a uniform magnetic field of
magnitude %. In both scenarios, the area vectors of both loops are in the same direction as

the magnetic fields. The magnetic fluxes through the loops in scenarios 1 and 2 are ®; and ®,,
respectively.

A. Py > Py
B. P, < @,

C. (@2 :(I)l) >0

D.&; =P, =0

526. Which expression is equal to the experimental value of mass m?

Small spheres, each of the same unknown mass m but with different amounts of charge g, are
launched at speed vtoward a region with an external uniform magnetic field of magnitude B.
The field is perpendicular to the direction that the spheres are launched. The spheres move
along circular paths after entering the field, as shown in Figure 1. Figure 2 shows values of the
radius rof each circular path for each tested value of 1/q. The slope of the dashed best-fit line
in Figure 2is s.

e Eachfigureis as follows:
o Figurel:

= Asphere of mass m and charge g moves horizontally to the right with velocity
v, entering the top left of a uniform magnetic field B.

= The field is directed out of the page, and the left side of the field is a vertical
line.

= The sphere enters the magnetic field, then moves downward and to the right
along a semicircular path with radius r through the interior of the field, and
would exit the field moving horizontally to the left.

o Figure2:
= Ascatterplot with a line of best fit in the first quadrant of a coordinate plane.

= The horizontal axis is labeled 1 over g, times 10 to the power of 18 inverse
coulombs, and the numbers 0 through 7, in increments of 1, are indicated.

= The vertical axis is labeled r in meters, and the numbers 0.000 through 0.005,
in increments of 0.001, are indicated.

= The line of best fit begins near the origin, slants upward and to the right, and
ends at approximately the point with coordinates 6.2 comma 0.005.
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sB
D.v

527. Which diagram best represents the modified circuit?

The circuit shown consists of a battery of emf g, a resistor of resistance R, and a parallel-plate
capacitor of capacitance C.

Charge Qis stored on the positive capacitor plate when steady-state conditions are
established. The circuit is then modified and reaches steady state with charge 2@ stored on
the positive plate.

A.




