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1. Students perform an experiment to determine the value of vacuum permittivity £. Sphere 1 is nonconducting
with charge +¢ and is attached to an insulating rod. Sphere 2 is nonconducting with charge +Q and has
mass M. Sphere 2 is hung from a string of negligible mass and length L. Sphere 1 is brought near, without
touching, Sphere 2, as shown. Equilibrium is established when the centers of the two spheres have the same
vertical position, are a horizontal distance d apart, and the string is at an angle 6 from the vertical.

(a) On the following dot that represents Sphere 2 at the position shown in the previous figure, draw and label the
forces (not components) that act on Sphere 2. Each force must be represented by a distinct arrow starting on,
and pointing away from, the dot.
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Note: Figure not drawn to scale.

1. Students perform an experiment to determine the value of vacuum permittivity €. Sphere A is nonconducting
with charge +¢ and is attached to an insulating rod. Sphere B is nonconducting with charge +Q, and has
mass M. Sphere B rests on an insulating platform of negligible mass that is attached to a vertical ideal spring
with spring constant k. Sphere B and the spring are initially at rest.

Sphere A is then brought near Sphere B without touching. When the centers of the spheres are separated by a
vertical distance H, the spring has been compressed a distance y, as shown in the figure. The students

measure y for different values of H.
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(a) On the following dot that represents Sphere B in the figure on the previous page, draw and label the forces
(not components) that are exerted on Sphere B. Each force must be represented by a distinct arrow starting on,
and pointing away from, the dot.
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1. Students perform an experiment to determine the value of vacuum permittivity £,. Sphere 1 is nonconducting
with charge +¢ and is attached to an insulating rod. Sphere 2 is nonconducting with charge +Q and has
mass M. Sphere 2 is hung from a string of negligible mass and length L. Sphere 1 is brought near, without
touching, Sphere 2, as shown. Equilibrium is established when the centers of the two spheres have the same
vertical position, are a horizontal distance d apart, and the string is at an angle 8 from the vertical.

(b) Derive the relationship between the distance d and the angle 6 to show that d = _ 99 .
4nmeyMg tanf
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Note: Figure not drawn to scale.

1. Students perform an experiment to determine the value of vacuum permittivity £;. Sphere A is nonconducting
with charge +¢ and is attached to an insulating rod. Sphere B is nonconducting with charge +Q, and has
mass M. Sphere B rests on an insulating platform of negligible mass that is attached to a vertical ideal spring
with spring constant k. Sphere B and the spring are initially at rest.

Sphere A is then brought near Sphere B without touching. When the centers of the spheres are separated by a
vertical distance H, the spring has been compressed a distance y, as shown in the figure. The students
measure y for different values of H.

M
Qq+ 8

dneg k H> kg

(b) Derive the relationship between y and H to show that y =

fi#:

(b) HE4s &5 B2 A M m)_ SR e hE TR R 12/
Qq

N—-—Mg—F =0, ky=Mg+——"—.
g—F, =0, Y g+4mOH2

PR DAUE R $E R BUSR 1S 218 H ZOREIR R

_ Q¢ 1 My
Aregks H?  k

Y

S

MO TE, HRKN, KRz
Mg/k

S)

IXAIRFR AT ARG 25 S B00TH 1A ORI



AP Physics C - EBEES FHAHE 2023 Set1Q1 (c)
AESERHEHN: HEiKA

LR BLIKRE, PIAHECERRKFTERS, BAKFFEFEIKI, FESINKRMNREFHRE
HEEIRR. OMEXNEE, MENMNEKNIMIEZDE.

_ F, o Qq
= Gne Fe= dregd?”
%% 2023 Set 1 Q1 (c)
Zsjm) 3% 2023 Set 1 Q1 (b)s
0
L\L
Sphere 2
Sphere 1— *4
;O M, +Q
fe——d—

1. Students perform an experiment to determine the value of vacuum permittivity £,. Sphere 1 is nonconducting
with charge +¢ and is attached to an insulating rod. Sphere 2 is nonconducting with charge +Q and has
mass M. Sphere 2 is hung from a string of negligible mass and length L. Sphere 1 is brought near, without
touching, Sphere 2, as shown. Equilibrium is established when the centers of the two spheres have the same

vertical position, are a horizontal distance d apart, and the string is at an angle 6 from the vertical.

(c) These values are collected in one trial: Q = g = 6.0 X 1078 C, 8 = 12° and d = 0.057 m. Calculate the

expected force of tension exerted on Sphere 2 by the string.

fi#d:

(c) K S BUE A YIRS 44
Q=q=06.0x10"8¢C,



AP Physics C - EBEES FHAHE 2023 Set1Q1 (c)

0 = 12°,
d = 0.057 m,
NSRS R, A ETRREK T, ARMER ()5 —dH LR A AR TR

k(6.0 x 1078)2
(0.057)2

(9.0 x 109)(6.0 x 1078)2
T = ~ [0.048 N |.
00577 sin 12

HA21790.00997 N, EEakT 170N, S/ T N7 B3

Tsinl12° =

SEFBEEER. EAUGHE

SEPREFAILIEE), IMRIERIKSIBFEEM, EMHRBEFRS, ZBRFRE, SRIEBR
EmsEPEZM,

Eff SR RENUE; BRINEEEHHNERF, MILSEBEER{DRFAE,

%% 2023 Set 1 Q1 (e)(i)

)
|
|
59
L \L
Sphere 2
Sphere 1— *4¢
0 M40
—d—

1. Students perform an experiment to determine the value of vacuum permittivity £5. Sphere 1 is nonconducting
with charge +¢ and is attached to an insulating rod. Sphere 2 is nonconducting with charge +Q and has
mass M. Sphere 2 is hung from a string of negligible mass and length L. Sphere 1 is brought near, without
touching, Sphere 2, as shown. Equilibrium is established when the centers of the two spheres have the same
vertical position, are a horizontal distance d apart, and the string is at an angle 8 from the vertical.

(e) The students modify the experiment by replacing Sphere 1 with a conducting Sphere 3 that has the same size
and charge +¢q. The experiment is repeated.
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i. The circle in the following figure represents Sphere 3 when spheres 2 and 3 are at equilibrium. On the
circle, draw a single “+” sign to represent the location of highest concentration of the excess positive
charges.
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1. Students perform an experiment to determine the value of vacuum permittivity £,. Sphere 1 is nonconducting
with charge +¢ and is attached to an insulating rod. Sphere 2 is nonconducting with charge +Q and has
mass M. Sphere 2 is hung from a string of negligible mass and length L. Sphere 1 is brought near, without
touching, Sphere 2, as shown. Equilibrium is established when the centers of the two spheres have the same
vertical position, are a horizontal distance d apart, and the string is at an angle 8 from the vertical.

(e) The students modify the experiment by replacing Sphere 1 with a conducting Sphere 3 that has the same size
and charge +¢. The experiment is repeated.

ii. Briefly explain your reasoning for the sketch drawn in part (e)(i).
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1. Students perform an experiment to determine the value of vacuum permittivity £;. Sphere 1 is nonconducting
with charge +¢ and is attached to an insulating rod. Sphere 2 is nonconducting with charge +Q and has
mass M. Sphere 2 is hung from a string of negligible mass and length L. Sphere 1 is brought near, without
touching, Sphere 2, as shown. Equilibrium is established when the centers of the two spheres have the same

vertical position, are a horizontal distance d apart, and the string is at an angle 6 from the vertical.

(e) The students modify the experiment by replacing Sphere 1 with a conducting Sphere 3 that has the same size
and charge +¢. The experiment is repeated.

iii. In the original experiment, when the centers of the two spheres are a horizontal distance d apart, the
string makes an angle 6, from the vertical. In the modified experiment, when the centers of the two spheres
are a horizontal distance d; apart, the string makes an angle 6, from the vertical.

Is 6, greater than, less than, or equal to 8 ?
92>61 62<91 92=01

Briefly justify your answer.
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Note: Figure not drawn to scale.

1. Students perform an experiment to determine the value of vacuum permittivity £,. Sphere A is nonconducting
with charge +¢ and is attached to an insulating rod. Sphere B is nonconducting with charge +(Q, and has
mass M. Sphere B rests on an insulating platform of negligible mass that is attached to a vertical ideal spring
with spring constant k. Sphere B and the spring are initially at rest.

Sphere A is then brought near Sphere B without touching. When the centers of the spheres are separated by a
vertical distance H, the spring has been compressed a distance y, as shown in the figure. The students
measure y for different values of H.

(d) The students modify the experiment by replacing nonconducting Sphere B with conducting Sphere C that has
the same charge +Q and mass M. Sphere A is brought near Sphere C without touching, compressing the
spring. Sphere C comes to rest.

i. In the original experiment, when the centers of spheres A and B are a vertical distance H; apart, the
spring is compressed a distance y,. In the modified experiment, when the centers of spheres A and C are a
vertical distance H, apart, the spring is compressed a distance y,.

Is ¥y, greater than, less than, or equal to Y ?

M) <) — =N

Justify your answer.
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Note: Figure not drawn to scale.

1. Students perform an experiment to determine the value of vacuum permittivity £,. Sphere A is nonconducting
with charge +¢ and is attached to an insulating rod. Sphere B is nonconducting with charge +(Q, and has
mass M. Sphere B rests on an insulating platform of negligible mass that is attached to a vertical ideal spring
with spring constant k. Sphere B and the spring are initially at rest.

Sphere A is then brought near Sphere B without touching. When the centers of the spheres are separated by a
vertical distance H, the spring has been compressed a distance y, as shown in the figure. The students
measure y for different values of H.

(d) The students modify the experiment by replacing nonconducting Sphere B with conducting Sphere C that has
the same charge +Q and mass M. Sphere A is brought near Sphere C without touching, compressing the
spring. Sphere C comes to rest.

ii. Sphere C is then grounded with a wire. On the following figure, draw an arrow indicating the direction
that the platform will move immediately after being grounded. If the platform remains stationary, write
“does not move.”

Sphere A
+q

Sphere C

Wire
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1. Students perform an experiment to determine the value of vacuum permittivity £. Sphere 1 is nonconducting
with charge +¢ and is attached to an insulating rod. Sphere 2 is nonconducting with charge +Q and has
mass M. Sphere 2 is hung from a string of negligible mass and length L. Sphere 1 is brought near, without
touching, Sphere 2, as shown. Equilibrium is established when the centers of the two spheres have the same
vertical position, are a horizontal distance d apart, and the string is at an angle 8 from the vertical.

(d) The students vary d and measure 6 after equilibrium is reached. The students use the collected data to plot the

following graph of d?* vs. L
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i. Draw the best-fit line for the data.
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Note: Figure not drawn to scale.

1. Students perform an experiment to determine the value of vacuum permittivity £y. Sphere A is nonconducting
with charge +¢ and is attached to an insulating rod. Sphere B is nonconducting with charge +Q, and has
mass M. Sphere B rests on an insulating platform of negligible mass that is attached to a vertical ideal spring
with spring constant k. Sphere B and the spring are initially at rest.

Sphere A is then brought near Sphere B without touching. When the centers of the spheres are separated by a
vertical distance H, the spring has been compressed a distance y, as shown in the figure. The students

measure y for different values of H.
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(c) The students plot collected data of y as a function of Lz’ as shown in the graph.
H

y (m)
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i. Draw the best-fit line for the data.
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1. Students perform an experiment to determine the value of vacuum permittivity £,. Sphere 1 is nonconducting
with charge +¢ and is attached to an insulating rod. Sphere 2 is nonconducting with charge +Q and has
mass M. Sphere 2 is hung from a string of negligible mass and length L. Sphere 1 is brought near, without
touching, Sphere 2, as shown. Equilibrium is established when the centers of the two spheres have the same
vertical position, are a horizontal distance d apart, and the string is at an angle 6 from the vertical.

(d) The students vary d and measure @ after equilibrium is reached. The students use the collected data to plot the
. 2 1
following graph of d° vs. —.
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ii. Using the best-fit line, calculate an experimental value for the vacuum permittivity &
when M = 0.0050kg and Q = g = 6.0 X 10-8c.
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Note: Figure not drawn to scale.

1. Students perform an experiment to determine the value of vacuum permittivity £;. Sphere A is nonconducting
with charge +¢ and is attached to an insulating rod. Sphere B is nonconducting with charge +Q, and has
mass M. Sphere B rests on an insulating platform of negligible mass that is attached to a vertical ideal spring
with spring constant k. Sphere B and the spring are initially at rest.

Sphere A is then brought near Sphere B without touching. When the centers of the spheres are separated by a
vertical distance H, the spring has been compressed a distance y, as shown in the figure. The students

measure y for different values of H.
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(c) The students plot collected data of y as a function of L, as shown in the graph.
H
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ii. Using the best-fit line, calculate an experimental value for the vacuum permittivity &
when Q = g = 2.00 x 10°°C and ky = 25 N/m.
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Note: Figure not drawn to scale.

1. Students perform an experiment to determine the value of vacuum permittivity £;. Sphere A is nonconducting
with charge +¢ and is attached to an insulating rod. Sphere B is nonconducting with charge +Q, and has
mass M. Sphere B rests on an insulating platform of negligible mass that is attached to a vertical ideal spring
with spring constant k. Sphere B and the spring are initially at rest.

Sphere A is then brought near Sphere B without touching. When the centers of the spheres are separated by a
vertical distance H, the spring has been compressed a distance y, as shown in the figure. The students
measure y for different values of H.

(c) The students plot collected data of y as a function of L, as shown in the graph.
H

y (m)
0.18
0.16 .
0.14 .
0.121 .
0.10-
0.08
0.06
0.04-
0.02-

i | T | T I | I | | ] ]
0 LI UL LI B | LI | LI LI B _2 _2
0 5 10 15 20 25 30 H"'\m

iii. Using the best-fit line, calculate an experimental value for the mass of Sphere B.
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+y

10.\0 \Y

+x

Figure 1

1. A nonconducting rod of uniform positive linear charge density is near a sphere with charge —2.0 nC. The rod and
sphere are held at rest on the x-axis, as shown in Figure 1. Equipotential lines and positions A, B, C, D, and E
are labeled. Adjacent tick marks on the x-axis and the y-axis are 0.40 m apart.

(a) Calculate the absolute value of the electric flux through the Gaussian surface whose cross section is
the —20.0 V equipotential line.
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+y

-100V

+Xx

Figure 1

1. A nonconducting rod of uniform negative linear charge density is near a sphere with charge +1.0 nC. The rod and
sphere are held at rest on the y-axis, as shown in Figure 1. Equipotential lines and positions A, B, C, D, and E
are labeled. Adjacent tick marks on the x-axis and on the y-axis are 0.40 m apart.

(a) Calculate the absolute value of the electric flux through the Gaussian surface whose cross section is the 0.0 V
equipotential line.
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Qinner surface = _Qinsidea Qouter surface = Qshell - Qinner surface*

5% 2022 Set 1 Q1 (a)

O &

Cutout View Cross-Section View
Note: Figures not drawn to scale.
1. A nonconducting sphere of uniform volume charge density is surrounded by a thin concentric conducting

spherical shell, as shown in the cutout view. The sphere has a charge of —Q and the shell has a charge of +3Q.
The radii of the inner sphere and spherical shell are R and 4R, respectively, as shown in the cross-section view.

(a) Determine the charge on the outer surface of the shell.
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3R

Cutout View Cross-Section View
Note: Figures not drawn to scale.

1. A very long nonconducting cylinder is surrounded by a thin concentric conducting cylindrical shell, as shown in
the cutout view. A segment of length L of the inner cylinder has a net charge of +Q uniformly distributed
throughout its volume. A segment of length L of the outer shell has a net charge of +4Q. The radii of the inner
cylinder and outer shell are R and 3R, respectively, as shown in the cross-section view.

(a) Determine the charge on the outer surface of the cylindrical shell within length L.

KNSR BATIEEE

TRUIEKE-Q, HHQ>0; BERMINIIE, k=1/(4re))BRECER, KMFEFFMNRESHE LY
SR MER] BiER; B—/RIELWRRER, PRGBS ZMREFRKXE AR 4%,

PNFHREBIKFERN, REERFREBER. HYDHRKEBEILAIEFETEHRLLA, FaelED
BKpyEB AR A\ LS E

Q r3
= ﬂ? Qenc =—Q

E, (47r?) - i
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Cutout View Cross-Section View

Note: Figures not drawn to scale.

1. A nonconducting sphere of uniform volume charge density is surrounded by a thin concentric conducting
spherical shell, as shown in the cutout view. The sphere has a charge of —Q and the shell has a charge of +30.
The radii of the inner sphere and spherical shell are R and 4R, respectively, as shown in the cross-section view.

(b) Using Gauss’s law, derive an expression for the electric field a distance » from the center of the sphere for
r < R. Express your answer in terms of Q, R, r, and physical constants, as appropriate.

fi#:

(b) ERPAIEREYHIZERX R L2 r BYBRIET_E R/ MER B, A sins g e 5 H
E 47r?,
By oA E s I AL AR L BT
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Cutout View Cross-Section View
Note: Figures not drawn to scale.

1. A very long nonconducting cylinder is surrounded by a thin concentric conducting cylindrical shell, as shown in
the cutout view. A segment of length L of the inner cylinder has a net charge of +Q uniformly distributed
throughout its volume. A segment of length L of the outer shell has a net charge of +4Q. The radii of the inner
cylinder and outer shell are R and 3R, respectively, as shown in the cross-section view.

(b) Using Gauss’s law, derive an expression for the electric field a distance » from the center of the inner cylinder
for r < R. Express your answers in terms of Q, R, r, L, and physical constants, as appropriate.
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Question 1: Version J

1. An isolated, air-filled, charged capacitor consists of two conducting, coaxial, cylindrical shells
that each have length L. The inner shell has radius R, and the outer shell has radius Ry, as
shown in Figure 1, where R; < Ry < L. The surface charge densities (amounts of charge per unit

area) of the inner and outer shells are +0; and — 04, respectively. The absolute values of the
total charges on the shells are equal.

e

Side View Cross-Sectional
View

+O'1

Note: Figures not drawn to scale.

Figure 1

i. Using Gauss’s law, derive an expression for the magnitude E of the electric field as
a function of the radial distance r from the center of the capacitor for the region

R; <r < Ry. Express your answer in terms of R;, 01, r, and physical constants, as
appropriate.
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Cutout View Cross-Section View

Note: Figures not drawn to scale.

1. A nonconducting sphere of uniform volume charge density is surrounded by a thin concentric conducting
spherical shell, as shown in the cutout view. The sphere has a charge of —Q and the shell has a charge of +30.
The radii of the inner sphere and spherical shell are R and 4R, respectively, as shown in the cross-section view.

(c) The magnitude of the electric field at r = R is 8N/ C. Calculate the value of the electric field at r = 2R.
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fi#:
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3R

Cutout View Cross-Section View
Note: Figures not drawn to scale.

1. A very long nonconducting cylinder is surrounded by a thin concentric conducting cylindrical shell, as shown in
the cutout view. A segment of length L of the inner cylinder has a net charge of +Q uniformly distributed
throughout its volume. A segment of length L of the outer shell has a net charge of +4Q. The radii of the inner
cylinder and outer shell are R and 3R, respectively, as shown in the cross-section view.

(c) The magnitude of the electric field at r = R is 12 N/ C. Calculate the value of the electric field at r = 2R.

7o RE SMXES 3 AeERE

FARKERRIASR, WA RIKSEAER, SEEAEFRIEN, JNMBLEEMN;, BRNSOE
REFEHHE, FEAKANEESEETEMTE. TBEREGAE;, ATINIREEEBEM
RTEo

TORMBEATENRTINGNFEEBESEE; MxZEIIRL/rTE. REBRAREERHEL
ST, FERITIBARREES,
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\_ O S

Cutout View Cross-Section View

Note: Figures not drawn to scale.

1. A nonconducting sphere of uniform volume charge density is surrounded by a thin concentric conducting
spherical shell, as shown in the cutout view. The sphere has a charge of —Q and the shell has a charge of +3Q.
The radii of the inner sphere and spherical shell are R and 4R, respectively, as shown in the cross-section view.

(e)

i. On the following axes that include regions I, II, and III, sketch a graph of the electric field E as a function of the
distance r from the center of the sphere.
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Cutout View Cross-Section View
Note: Figures not drawn to scale.

1. A very long nonconducting cylinder is surrounded by a thin concentric conducting cylindrical shell, as shown in
the cutout view. A segment of length L of the inner cylinder has a net charge of +Q uniformly distributed
throughout its volume. A segment of length L of the outer shell has a net charge of +40. The radii of the inner
cylinder and outer shell are R and 3R, respectively, as shown in the cross-section view.

(e)

i. On the following axes that include regions I, II, and III, sketch the graph of the electric field E as a function of
the distance r from the axis of the inner cylinder.
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Question 1: Version J

1. An isolated, air-filled, charged capacitor consists of two conducting, coaxial, cylindrical shells
that each have length L. The inner shell has radius R, and the outer shell has radius Ry, as
shown in Figure 1, where R; < Ry < L. The surface charge densities (amounts of charge per unit
area) of the inner and outer shells are +0; and — 05, respectively. The absolute values of the
total charges on the shells are equal.

g ©

Side View Cross-Sectional
View

+O'1

Note: Figures not drawn to scale.

Figure 1
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iii. On the axes shown in Figure 2, sketch a graph of E as a function of r from »r=0to a
position that is outside the outer shell.

E

A

Figure 2

BEE. BEEXERD BT

BEEFERFEEKERS, ArAmBoh—/N&dr, BHRTEIV=-E,.dr; SZEUEBEREXIEZ/)N
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IKIMN1/r2RR D461 /rE; MY/ RN BB REXMER, SFIAFEMLETR, BIEA/N.

b
V(b)) —V(a) = —/ E. dr, /err = —r1 /cir =Inr.
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Cutout View Cross-Section View

Note: Figures not drawn to scale.

1. A nonconducting sphere of uniform volume charge density is surrounded by a thin concentric conducting
spherical shell, as shown in the cutout view. The sphere has a charge of —Q and the shell has a charge of +30.
The radii of the inner sphere and spherical shell are R and 4R, respectively, as shown in the cross-section view.

(d) Derive an expression for the absolute value of the potential difference between the outer surface of the sphere
and the inner surface of the shell. Express your answer in terms of Q, R, and physical constants, as
appropriate.

fi#:

(d) BRER IS 72 AR R F A 2 R 4B IR 1A i RASE
4R,
X —BUE R R B, TAZERNERIEME Y, BB ZER BRI
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3R

Cutout View Cross-Section View
Note: Figures not drawn to scale.

1. A very long nonconducting cylinder is surrounded by a thin concentric conducting cylindrical shell, as shown in
the cutout view. A segment of length L of the inner cylinder has a net charge of +Q uniformly distributed
throughout its volume. A segment of length L of the outer shell has a net charge of +4Q. The radii of the inner
cylinder and outer shell are R and 3R, respectively, as shown in the cross-section view.

(d) Derive an expression for the absolute value of the potential difference between the surface of the
nonconducting cylinder and the inner surface of the cylindrical shell.

fi#:
MIBKEFZNERETIE, ©a=Q/(2ne,l); QREBRFEKELHNMAEIEBR, a2 RNRIF, RAEMIMNYX
1o
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@
2meg L
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Question 1: Version J

1. An isolated, air-filled, charged capacitor consists of two conducting, coaxial, cylindrical shells
that each have length L. The inner shell has radius R, and the outer shell has radius Ry, as
shown in Figure 1, where R; < Ry < L. The surface charge densities (amounts of charge per unit
area) of the inner and outer shells are +0; and — 05, respectively. The absolute values of the
total charges on the shells are equal.

g ©

Side View Cross-Sectional
View

+O'1

Note: Figures not drawn to scale.

Figure 1

ii. Derive an expression for the absolute value |AV| of the potential difference between
the outer and inner shells in terms of R;, Ry, 01, and physical constants, as appropriate.
Begin your derivation by writing a fundamental physics principle or an equation from
the reference information.

MEBZZIESE: ARES5ESY
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Cutout View Cross-Section View

Note: Figures not drawn to scale.

1. A nonconducting sphere of uniform volume charge density is surrounded by a thin concentric conducting
spherical shell, as shown in the cutout view. The sphere has a charge of —Q and the shell has a charge of +3Q.
The radii of the inner sphere and spherical shell are R and 4R, respectively, as shown in the cross-section view.

(e)

ii. On the following axes that include regions I, II, and III, sketch a graph of the electric potential V as a function
of the distance r from the center of the sphere.
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V(R) = —kQ/(4R).
V(4R) = kQ/(2R).
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Cutout View Cross-Section View
Note: Figures not drawn to scale.

1. A very long nonconducting cylinder is surrounded by a thin concentric conducting cylindrical shell, as shown in
the cutout view. A segment of length L of the inner cylinder has a net charge of +Q uniformly distributed
throughout its volume. A segment of length L of the outer shell has a net charge of +40. The radii of the inner
cylinder and outer shell are R and 3R, respectively, as shown in the cross-section view.

(e)

ii. On the following axes that include regions I, II, and III, sketch the graph of the electric potential V as a
function of the distance r from the axis of the inner cylinder.

I II I
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Question 1: Version J

1. An isolated, air-filled, charged capacitor consists of two conducting, coaxial, cylindrical shells
that each have length L. The inner shell has radius R, and the outer shell has radius Ry, as
shown in Figure 1, where R; < Ry < L. The surface charge densities (amounts of charge per unit
area) of the inner and outer shells are +0; and — 04, respectively. The absolute values of the
total charges on the shells are equal.

g ©

Side View Cross-Sectional
View

+O'1

Note: Figures not drawn to scale.

Figure 1
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B. A material of dielectric constant K is inserted into the isolated, charged capacitor such that
the material fills the region R; < r < Ry, as shown in Figure 3.

“. K

R,

Cross-Sectional View
Figure 3
Derive an expression for the capacitance C of the capacitor with the material inserted

in terms of L, Ry, Ry, K, and physical constants, as appropriate. Begin your derivation by
writing a fundamental physics principle or an equation from the reference information.

i
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C = Q/AV,
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+X

Figure 1

1. A nonconducting rod of uniform positive linear charge density is near a sphere with charge —2.0 nC. The rod and
sphere are held at rest on the x-axis, as shown in Figure 1. Equipotential lines and positions A, B, C, D, and E
are labeled. Adjacent tick marks on the x-axis and the y-axis are 0.40 m apart.

A positive test charge (not shown) is placed and held at rest at Position C. An external force is applied to the test
charge to move the test charge to different positions in the order of C—E—D—A. The test charge is momentarily
held at rest at each position.

(b) The bar shown in Figure 2 represents the absolute value of the work W done by the external force on the
test charge to move the test charge from Position C to Position E.
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i. Complete the following tasks on Figure 2.

* Draw a bar to represent the relative absolute value of the work Wi, done by the external force
on the test charge to move the test charge from Position E to Position D.

* Draw a bar to represent the relative absolute value of the work W, done by the external force
on the test charge to move the test charge from Position D to Position A.

* The height of each bar should be proportional to the value of Weg. If Wgp = 0 and/or W, = 0,
write a “0” in the corresponding columns, as appropriate.

Work |

Figure 2
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+y

-100V

f f f +x

Figure 1

1. A nonconducting rod of uniform negative linear charge density is near a sphere with charge +1.0 nC. The rod and
sphere are held at rest on the y-axis, as shown in Figure 1. Equipotential lines and positions A, B, C, D, and E
are labeled. Adjacent tick marks on the x-axis and on the y-axis are 0.40 m apart.

A positive test charge (not shown) is placed and held at rest at Position C. An external force is applied to the test
charge to move the test charge to different positions in the order of C—E—D—A. The test charge is held
momentarily at rest at each position.

(b) The bar shown in Figure 2 represents the absolute value of the work W-g done by the external force on the
test charge to move the test charge from Position C to Position E.
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BEREHEE: (hitBiznE

Work |

i. Complete the following tasks on Figure 2.

Figure 2

* Draw a bar to represent the relative absolute value of the work Wi, done by the external force
on the test charge to move the test charge from Position E to Position D.

* Draw a bar to represent the relative absolute value of the work W, done by the external force
on the test charge to move the test charge from Position D to Position A.

* The height of each bar should be proportional to the value of Weg. If Wgp = 0 and/or W, = 0,
write a “0” in the corresponding columns, as appropriate.

BIIERBE TE, xPEXNMAKFARNBUR, BFETIEERNKFLIRBBEFELBEEMN

IKFEEE, A-AV/AXEEEX.

AT HITXZ /AL, TR EEEEERIEERTDE; BRA/NRETIEIE,
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583 2024 Set 1 Q1 (b)(ii)

+y

\ 10\0 %
__,\30 02\(1).0 \
’_\ *
T 400V :
50.0 V. .

Rod B

+X

Figure 1

1. A nonconducting rod of uniform positive linear charge density is near a sphere with charge —2.0 nC. The rod and
sphere are held at rest on the x-axis, as shown in Figure 1. Equipotential lines and positions A, B, C, D, and E
are labeled. Adjacent tick marks on the x-axis and the y-axis are 0.40 m apart.

A positive test charge (not shown) is placed and held at rest at Position C. An external force is applied to the test
charge to move the test charge to different positions in the order of C—E—D-—A. The test charge is momentarily
held at rest at each position.

(b) The bar shown in Figure 2 represents the absolute value of the work W-g done by the external force on the
test charge to move the test charge from Position C to Position E.

ii. Calculate the approximate magnitude of the x-component of the electric field at Position B.

i
(b)(ii) 5B REIIKT- 7 & BIEA AR TTIA, 7T RBs— N, HBES Y
MXERN
E, =—dV/dz;
Bl ERR A RRIAIRE, (E A AR AT BB DR,
B Ifizf920.0 V 50.0 V FEHLLEK L EHEL0.65 m, MRS R, Fit
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E o~ 2270 31 v/m.
@ 0.65 +31V/m
WK, B
|E,| ~31V/m|.
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#:3] 2024 Set 2 Q1 (b)(ii)

+X

Figure 1

1. A nonconducting rod of uniform negative linear charge density is near a sphere with charge +1.0 nC. The rod and
sphere are held at rest on the y-axis, as shown in Figure 1. Equipotential lines and positions A, B, C, D, and E
are labeled. Adjacent tick marks on the x-axis and on the y-axis are 0.40 m apart.

A positive test charge (not shown) is placed and held at rest at Position C. An external force is applied to the test
charge to move the test charge to different positions in the order of C—E—D—A. The test charge is held
momentarily at rest at each position.

(b) The bar shown in Figure 2 represents the absolute value of the work W done by the external force on the
test charge to move the test charge from Position C to Position E.

ii. Calculate the approximate magnitude of the x-component of the electric field at Position B.
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+y

200V
30.0V
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50.0 V.

+x

Figure 1

1. A nonconducting rod of uniform positive linear charge density is near a sphere with charge —2.0 nC. The rod and
sphere are held at rest on the x-axis, as shown in Figure 1. Equipotential lines and positions A, B, C, D, and E
are labeled. Adjacent tick marks on the x-axis and the y-axis are 0.40 m apart.

The positive test charge is placed at Position D. The test charge is then released from rest.

(c) Indicate the direction (not components) of the net electric force exerted on the test charge immediately after
the test charge is released from rest.

_ +x _+y Directly away from the sphere
_ X =y Directly toward the sphere

Without using equations, justify your answer using physics principles.
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fi#:
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#:5] 2024 Set 2 Q1 (c)

-10.0V

+X

Figure 1

1. A nonconducting rod of uniform negative linear charge density is near a sphere with charge +1.0 nC. The rod and
sphere are held at rest on the y-axis, as shown in Figure 1. Equipotential lines and positions A, B, C, D, and E

are labeled. Adjacent tick marks on the x-axis and on the y-axis are 0.40 m apart.

The positive test charge is placed at Position C. The test charge is then released from rest.

(c) Indicate the direction (not components) of the net electric force exerted on the test charge immediately after
the test charge is released from rest.

+x +y Directly away from the sphere

X =y Directly toward the sphere

Without using equations, justify your answer using physics principles.
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WK ET: FTIRE, BEaW
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= 2026 Q2 (a)

Question 2: Version J

2. Thin, nonconducting, charged Rods S and T are held fixed in the xy-plane, as shown in Figure 1.
Rod S is oriented along the x-axis in the region —3L < x < —L. Rod T is oriented along the y-axis
in the region L <y < 3L. Each rod has uniform, positive linear charge density +A. Point P is
located at (—2L, 2L).

Figure 1

y

A
i Rod T
r————-r—-———-7--3L{--—- 1
| I I I
| I I I
| P | |
A S ] e
I Y
A N NS S
! | +A I l
Rod S | I I I I

———mdo e X
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Part A
Complete the following tasks in Figure 2.
« Draw an arrow starting on the dot that indicates the direction of the net electric field Ep
at Point P due to Rods S and T.

+ Draw an arrow starting on the dot that indicates the direction of the net electric field E,,
at the origin O due to Rods S and T.

* Draw an arrow starting on the dot that indicates the direction of the net acceleration
ap of a small, negatively charged sphere (not shown) immediately after the sphere is
released from rest at the origin O.

Figure 2
Direction of Ep Direction of E, Direction of d,,
i i i
| | |
| | |
_“_Pi"__ o o
| | |
I I I

fi#:

A =ATTHEESKP S R E; S R T RO FRAY AT A AR B ARTH, FIARmE
Eo PWAET WEEFL L, THENIEE, FRAL, BTRATSK, SFEEHBEHER,
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O TS HAETT, SHMA; ONMTTRI N, THIAT, WMDEMEFER, AFHEgAE T
45°, SRR

—

F = qE
SR, RO B EIAERINEE A b,

E
Ne |

62



AP Physics C « EBHLZ FHERHB 2026 Q2 (b)
W& BRTRoBIERESHK
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il 2026 Q2 (b)

Question 2: Version J

2. Thin, nonconducting, charged Rods S and T are held fixed in the xy-plane, as shown in Figure 1.
Rod S is oriented along the x-axis in the region —3L < x < —L. Rod T is oriented along the y-axis
in the region L <y < 3L. Each rod has uniform, positive linear charge density +A. Point P is
located at (—2L, 2L).

Figure 1

y

A

I Rod T
r———-r-——-1--3L{---- 1
| | | |
| | | |
| P |
SRS S e S
I T
e
R
l ! !

Part B

Derive an expression for the magnitude E, of the net electric field at the origin O due to Rods S
and T in terms of L, A, 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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BT 2024 Set 1 Q1 (d)(i)

Rod

Figure 3

The sphere and the test charge are removed. The rod has length 4L and uniform positive linear charge
density +A. The rod is held at rest on the x-axis in the orientation shown in Figure 3. Position P (not shown) is
located on the x-axis a distance xp from the origin, where xp > 4L.

X
(d) The electric potential Vp at xp is Vp = kA ln[ P J
Xp — 4L

i. Using integral calculus, derive the expression for Vp provided.
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KT, 52

—1/(zp — ),
it AP 75 5 R 250

—In(zp — ),
ETRRRI AR AR

Vp = kX—In(zp — 2)]3F
= kA—In(xp —4L) + Inxp)

_ Tp

= an(a:P—élL) .
FEERTL, WHEEANIE, SIEHEA 3G NP EMER A BAL, 1SN, XDEEER],
HAETE, 5EFTENENAE—H.

#:>] 2024 Set 2 Q1 (d)(i)

+y
1oL
+10L
+8L
6L
4L

Rod 2L
A5 Hg

Figure 3

The sphere and the test charge are removed. The rod has length 2L and uniform negative linear charge
density —A. The rod is held at rest on the y-axis in the orientation shown in Figure 3. Position P (not shown) is

located on the y-axis a distance yp, from the origin, where y, > 2L.

Yp
yp— 2L

(d) The electric potential Vp at yp, is Vp = —k4 ln[

i. Using integral calculus, derive the expression for Vp provided.
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MAMRIZE: MIESh 5imiEH i
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dv dv

Bp=—0r  By= ~
523 2024 Set 1 Q1 (d)(ii)
Zsjn) 4% 2024 Set 1 Q1 (d)(i)o

+A
Rod
t t } t f t t t +Xx
0 2L 4L 6L 8L 10L 12L
Figure 3

The sphere and the test charge are removed. The rod has length 4L and uniform positive linear charge
density +A. The rod is held at rest on the x-axis in the orientation shown in Figure 3. Position P (not shown) is
located on the x-axis a distance xp from the origin, where xp > 4L.

X
(d) The electric potential Vp at xp is Vp = kA ln[ P J
Xp — 4L

ii. On Figure 4, sketch a graph of the x-component E, of the electric field from the rod as a function of x
in the region 4L < x < 12L.

E

X

Figure 4
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$:>] 2024 Set 2 Q1 (d)(ii)

Zjr) 74 2024 Set 2 Q1 (d)(i)o

+y
T12L
+10L
8L
-6L
-4L

Rod %L
S Hg

Figure 3

The sphere and the test charge are removed. The rod has length 2L and uniform negative linear charge
density —A. The rod is held at rest on the y-axis in the orientation shown in Figure 3. Position P (not shown) is
located on the y-axis a distance yp, from the origin, where y, > 2L.

Yp
yp—2L

(d) The electric potential Vp at yp, is Vp = —kA4 ln[

ii. On Figure 4, sketch a graph of the y-component E|, of the electric field resulting from the rod as a
function of y in the region 2L < y < 12L.

E

y

Figure 4
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Question 2: Version J

2. Thin, nonconducting, charged Rods S and T are held fixed in the xy-plane, as shown in Figure 1.
Rod S is oriented along the x-axis in the region —3L < x < —L. Rod T is oriented along the y-axis
in the region L <y < 3L. Each rod has uniform, positive linear charge density +A. Point P is
located at (—2L, 2L).

Figure 1
y
A
i Rod T
r———-r-———-71--3L{--—- 1
| I I I
| | | |
| P |
T S Sl S
I Y
AR SN S5 S
IS
Rod S !
0% 2 SN S I
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AP Physics C - FEHAZ

Part C
Rod T is removed. Rod S is then moved such that the right end of Rod S is at the origin O. Rod S

is then moved with speed v in the —x-direction, as shown in Figure 3.

Figure 3
y
A
+1 |
Rod S | X
T o

On the axes shown in Figure 4, sketch a graph of the electric potential ¥, at the origin O due to
Rod S as a function of the distance r between the origin and the right end of Rod S.

Figure 4
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Question 2: Version J

2. Thin, nonconducting, charged Rods S and T are held fixed in the xy-plane, as shown in Figure 1.
Rod S is oriented along the x-axis in the region —3L < x < —L. Rod T is oriented along the y-axis
in the region L <y < 3L. Each rod has uniform, positive linear charge density +A. Point P is
located at (—2L, 2L).

Figure 1

y
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i Rod T
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PartD

A new thin, nonconducting, charged Rod W has the same length as Rod S. Rod W has uniform,
negative linear charge density —A and is oriented along the y-axis. Rods S and W are initially
held fixed with one end at the origin. Starting at the same time, Rod S is moved with speed v in
the —-x-direction and Rod W is moved with speed v in the +y-direction, as shown in Figure 5.

Figure 5

Indicate how a sketch of , at the origin O due to both Rods S and W as a function of r would be
different from the sketch made in part C. Briefly justify your answer.

fi#é:
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r >0,
& BHIEE M E 2
[r,r+ 2L].
W B
)\,
Fir DA FREAPE NS AR A :
Vi (r) = —kAIn +T2L, Ve(r) + Vi (r) = 0]
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7 2025 Q3 (a)

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

—

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.
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HilE% 2025 Q3 (b)

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

SR

—

Circuit Element

B. Describe how the collected data could be graphed and how that graph would be analyzed to
determine p;.
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$:3] 2025 Q3 (c)(i)

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:

EELAR: FARBRAISIPDLEBRER

HRAaBERMMES B AMWEL (m) . HHER (Q) B, BRAS—A(LRHE—TR.

ZIERFEMR, CEHEEZENTEXE, FRNEHESTE. XERBELHIER, INGELEBS
-F_l\E.Io
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583 2025 Q3 (c)(ii)
Zsjn) 4% 2025 Q3 (¢)(i)o

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

ii. On the grid provided, create a graph of the quantities indicated in part C (i).
» Use Table 2 to record the measured or calculated quantities that you will plot.
* C(learly label the axes, including units as appropriate.
* Plot the points you recorded in Table 2.
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L (m)

BRERNERZITNN; WERHER.

EfLEHR RE—RRENEGEZ

0.06

MRENBAREHBELZ, ERRAERNEIYE, FTEEIZRELCNERESRME; BARERN
2

YIERBEIE N ERBABRENRSERE,

81



AP Physics C « EBREE FHERF 2025 Q3 (c)(iii)
BT 2025 Q3 (c)(iii)
7] &% 2025 Q3 (c)(ii)o

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

iii. Draw a best-fit line for the data graphed in part C (ii).
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fi#:

C(iii) RELIEGEHEMZIEER ERHElAN, B—Rad PR ES. A EEA RIS
R, MERRNRELSN

R ~ 78L + 0.10;
AINBBER ARSI, A HREIRIA R .
R(Q)

L (m)

0.01 0.02 0.03 0.04 0.05

HRMLFIR. HEER

RMLEIMFZEDb=p/A. FEMIAEL EPER MBRERZHRiTED, BRALEFHENA. mRXEINE
%, TRERPHIFENVESR.
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il 2025 Q3 (d)
Zsa)7&dE 2025 Q3 (c)(iii)o

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

D. Using the best-fit line that you drew in part C (iii), calculate an experimental value for p,.

i
D 5 TR R AR

my = PQ/A’
A A

Py = Amgo
fe bdmlak L, %

(0.010,0.88)
5

(0.050, 4.00),
H

=

ps = (5.0 x 1076)(78) = 3.9 x 1071 Q2 - m|.
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oild

R/L
TR A LRIIRIR; A AR R R
AR/AL,
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AP Physics C - EBEES FHAHB 2022Set1Q2 (a)
BERKESHEFLEE

7 BAFRE: BNEMGRRIERIE

B ATES SRS B R BRI RN REl, TNCRSRERERE, T
AR R R

Weo BB EAHEEES; MHELAReKERE. REAFNSL, FANBNRSERIRR

(=93]
EHo

553 2022 Set 1 Q2 (a)

2. The plates of a certain variable capacitor have an adjustable area. An experiment is performed to study the
potential difference across the capacitor as it discharges through a resistor. A circuit is to be constructed with the
following available equipment: a single ideal battery of potential difference AVj), a single voltmeter, a single
resistor of resistance R, a single uncharged variable capacitor set to capacitance C, and one or more switches as
needed.

Variable
Battery  Voltmeter  Resistor Capacitor Switch

e Ol o S

(a) Using the symbols shown, draw a schematic diagram of a circuit that can charge the capacitor and may also be
used to study the potential difference across the capacitor as it discharges through the resistor.

fi#é:

/

(a) FTFSELHL AT AP H B LR R P A, T A5 PRI, WO AL R IS, 75
TSk PR, FIOARIAITS: SSRGS, WITS,, [HMAmaset; s
7S, 1

t=20
&Sy, o FAFN A BRI AR ZIER AN ZHE PN TSR RN P & SRR — 1 1o

s}\ K%

R N I
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£:3] 2022 Set2 Q2 (a)

2. A non-ideal capacitor has internal resistance that can be modeled as an ideal capacitor in series with a small
resistor of resistance 7. A group of students performs an experiment to determine the internal resistance of a
capacitor. A circuit is to be constructed with the following available equipment: a single ideal battery of potential
difference AVj), a single ammeter, a single variable resistor of resistance R, a single uncharged non-ideal capacitor
of capacitance C, and one or more switches as needed.

Variable Non-ideal
Battery =~ Ammeter  Resistor Capacitor Switch

Hi- @ e b

(a) Using the symbols shown, draw a schematic diagram of a circuit that can charge the capacitor and may also be
used to study the current through the capacitor as it discharges through the resistor.

iy GRS A 125 ) I SRR e S

LQRIERIRFIREBRE, MEBERBUGRESRRIEE, #KI=-dQ/dt. BEBEQ/CEHFTKNHBIEIZEME

BYEBEIR,

SEAEEREFERN2ENME, F3dQ/Q=-dt/(REC), MIBQ,M7PEIQ. MO EIt, AFEUE

W FBEHERBEHQHR.

Q  Q

- —— — 7t/(Rtotalc)'
di RtotalC 7 Q Qo€

5= 2022 Set 1 Q2 (b)

2. The plates of a certain variable capacitor have an adjustable area. An experiment is performed to study the
potential difference across the capacitor as it discharges through a resistor. A circuit is to be constructed with the
following available equipment: a single ideal battery of potential difference AV}, a single voltmeter, a single
resistor of resistance R, a single uncharged variable capacitor set to capacitance C, and one or more switches as
needed.

Variable
Battery  Voltmeter  Resistor Capacitor Switch

R O T e

The capacitor is fully charged by the battery. At time ¢ = 0, the capacitor starts discharging through the resistor.

t

(b) Show that the potential difference AV across the capacitor as a function of time ¢ is AV (t) = AVje RC 4

the capacitor discharges.
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fi#:

(b) MIEIE S RIUEAE R IR S

q(t) >0
NFFGEI IEARAR EFRIARA R, T HIZ AR iR 7 o) FRE A R R SN
I>0,
T2
I = —dq/dt,
TS TR/ D . TRCERRIEE N, FA A HE AR5 T FRH R -
C =IR = —R%
Sy AR, o BRI ]
q>0,
A[DARRAq. HERIEGHRTIC A
CAV,

fefte, FERDNBEN SR C:

q(t) = qoe /BO | AV, (t) = AVye t/(RO)|

HIUR{EZ
AV,
REWIREZE; 584+
t/(RC)
TEMN, KA
RC

I EAALZERD,
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£:3] 2022 Set2 Q2 (b)

2. A non-ideal capacitor has internal resistance that can be modeled as an ideal capacitor in series with a small
resistor of resistance 7. A group of students performs an experiment to determine the internal resistance of a
capacitor. A circuit is to be constructed with the following available equipment: a single ideal battery of potential
difference AVj), a single ammeter, a single variable resistor of resistance R, a single uncharged non-ideal capacitor
of capacitance C, and one or more switches as needed.

Variable Non-ideal
Battery =~ Ammeter  Resistor Capacitor Switch

Hi- @ e b

The capacitor is fully charged by the battery. At time ¢ = 0, the capacitor starts discharging through the resistor.

—t

(R+rc)C

(b) Show that the current I through the capacitor as a function of time ¢ is I(¢) = [ye as the capacitor

discharges.

REVxESGRE: AOREMEETLY
FEEEREERREBEIEM, Fitl=dQ/dt, BEMA MR, BMAES. BRREIRS. BEREE
Q/CZHAZ,

FIERAS: B—XNTNREHEK, FTRSBHMTHE—FDZRIZL B, HEBERTKEN, EHRMN
B HEETM BT,

dQ Q
& — Rtotal% - 6 =0.
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583 2023 Set 1 Q3 (a)

Switch
AT B

+L_ Resistor 1 Resistor 2 )
&= Capacitor 2 ”—

Capacitor 1

T

3. The circuit shown consists of a battery of emf &, resistors 1 and 2 each with resistance R, capacitors 1 and 2
with capacitances C and 2C, respectively, and a switch. The switch is initially open and both capacitors are

uncharged.

At time 7 = 0, the switch is closed to Position A.

(a) Write, but do NOT solve, a differential equation that can be used to determine the charge O on the positive
plate of Capacitor 1 as a function of time ¢ after the switch is closed to Position A. Express your answer in
terms of €, R, C, Q, t, and fundamental constants, as appropriate.

-
(a) FEHRM TR, KRN H RFIFEAIERCERE
R/2;
TWANG SR8 NP SEEERT
I =dQ/dt,
FrAREE IR H A SRS FELIAL, 7 7 FELI I A1 L e -
_RE_Q_

g 5_5 O.
R AR 75 782
RdQ Q B
E—gr=5=0, Q=0

A H A ZIORE, FERXEROCR S e XETR] 52 (a).
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#£>] 2023 Set 2 Q3 (a)
Switch
Y
A B

Resistor 1 § Capacitor 2 ——

Capacitor 1 ——

AV
Resistor 2

3. The circuit shown consists of an ideal battery of emf £, resistors 1 and 2 each with resistance R, capacitors 1
and 2 each with capacitance C, and a switch. The switch is initially open and both capacitors are uncharged.

At time t = 0, the switch is closed to Position A.

(a) Write, but do NOT solve, a differential equation that can be used to determine the charge Q on the positive
plate of Capacitor 1 as a function of time ¢ after the switch is closed to Position A. Express your answer in
terms of €, R, C, Q, t, and fundamental constants, as appropriate.

L% KEVE. KESTUEE

BAMGRTHE, TEBEASZFMETHRMEE; BRAMNE/REZHETE, HNEER=REC, 25
HTRBTEIRE,

EREAZE=Q/A, BX5QMEF, BEINEP=-I"REMEHEHERTE,; BREREU=Q?/2C)#IERIEN
2, ZRAZERBRF, FaiBUE2ER M,

2
Q=CE1—e ™), T=—"—>et", U:Q—.
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fBI= 2023 Set 1 Q3 (b)

Switch

AT B
+L_ Resistor 1 Resistor 2 )

&= Capacitor 2 "—

Capacitor 1

T

3. The circuit shown consists of a battery of emf &, resistors 1 and 2 each with resistance R, capacitors 1 and 2
with capacitances C and 2C, respectively, and a switch. The switch is initially open and both capacitors are
uncharged.

At time 7 = 0, the switch is closed to Position A.

(b) On the axes shown, sketch graphs of the surface charge density o on the positive plate of Capacitor 1 and the
total power P dissipated by the resistors as functions of time ¢ from time ¢ = 0 until steady-state conditions
are nearly reached.

o P
0 ! 0 !
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f&:

(b) TEARAR A LA 2 8 5 P BELEL D2 T e AR, T RIS RS R FE PR, I TR 4
T =RC/2,
LA ARIIAN A, TEETFRAEA

Q=CE1—etT), o= Q@ _ ——(1—et/7).

Ritto NEFFE, EFHEIEREEARNTIE/D, KE#m
CEJA,.
IS YEERT W)
I = (28/R)e7 ",
FELRELE By e S5 R0 PR BEL S A LA -

R 2&2
— 72" _ 2= L -2t/T
P=1 5 7 e .
EMNIEZUME NERIZ, fhdkm EESH, o5l DARA S ESYGETRIA—k, #Hih
u=1t/7,
o/oy P/F,
U U
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i@ 2023 Set 2 Q3 (b)
Switch
Y
A B

Resistor 1 § Capacitor 2 ——

Capacitor 1 ——

MV
Resistor 2

3. The circuit shown consists of an ideal battery of emf £, resistors 1 and 2 each with resistance R, capacitors 1
and 2 each with capacitance C, and a switch. The switch is initially open and both capacitors are uncharged.

At time t = 0, the switch is closed to Position A.

(b) On the axes shown, sketch graphs of the current I in Resistor 1 and the energy U, stored in Capacitor 1 as
functions of time ¢ from time ¢ = O until steady-state conditions are nearly reached.
Ig Uc
t t
o o

fi#:

(b) HELRH1F 5 A& RER [H] H #02
T =2RC,
FEHRIERLS
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IR E 7t/7-, Q — C((:(l o eﬂﬁ/T)j

= 5R°
Uo = % = 0752(1 —e7tm)2,
A MAERAE TR, EFHARRZHRED. RN LTIFET
C&E%/2,
HOMERERNZ . WI9G A
Q@ =0,
MAER S
Q2
AR, #
u=t/T,
RE B AV —fLHhZ
(1—e)?
—ISEH
2e7"(2e7*—1),
Pt AR 2,
U =1n2

JEA A N BRI T K- A A REFERIIT DI B — S M RO AR 2R A N B TR R ZR,

B RBIER T 2R R EREAORE, ESXEMRERIORIGHPIAMR A ER ], AEIR
BORTRRIOIIAR, PR BRI A REVE N RS 177 R HO AR

Ip/Iy Uc/Uy
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AP Physics C « EBREE FHERP 2022 Set 1 Q2 (c)(i)
M EEHE . INE=RAE

BEES=REN, STRUVAEBREV,BEEANE, 52In(VC/V,)=-t/(RC), LLETLEN, ERRERN
-1/(RC). EiLEENZE,

BHEAAMECE, BfEE#1=(R+rC)C=CR+CrC, FRULTXMIMNEPERBESZ. EELTRRIBAEE, T
BT B iR = (R .

In-C=——.  7=CR+Cre.

I 2022 Set 1 Q2 (c)(i)

2. The plates of a certain variable capacitor have an adjustable area. An experiment is performed to study the
potential difference across the capacitor as it discharges through a resistor. A circuit is to be constructed with the
following available equipment: a single ideal battery of potential difference AVj), a single voltmeter, a single
resistor of resistance R, a single uncharged variable capacitor set to capacitance C, and one or more switches as
needed.

Variable
Battery  Voltmeter  Resistor Capacitor Switch

L O

(c) The experiment is performed using a resistor of R = 150 k(). Data for the potential difference AV, across the
. . AVe . .
capacitor as a function of ¢ are recorded and a plot of In| ——| as a function of 7 is created on the graph
AV
below.
i (AVCJ
n
AV,
0.0 1(s)
B o e B T T o Bt Sy S g N O O B S A o= S A B B B
[y S Py A Ay Iy
TR Y REAEN AR SRR IR I
| e I I O O O O A A |
T [ TTTT | T T T I 0 I [ TTTT |17 IrT]
_O.ZITIITIIIIITIIIIYTITIIIIT
B B e e s il o e e B Bl ol e s el b o
B e el B S e e i B ol E S SR R S SRR
L R T | | S T R )
Ry S Y O O I O Iy Iy
_04I\II\I|III\IIII\\I\IIII\
. rrrrprrr e T e e e e
TA [ rTTTTI 7 rrTrT T 0 [ rTTT |71 rrr
'T'T_|_I__T‘TT'T__I_I_T_T'"T_!ﬂ_\_“_Y‘TT'T__I_I_I_T'
B B el o B e el o o e B B e o ol e i B e e el
T R T T O Ty T T O O S T T O Y M S
_06I1IIllllllllllllllllllll
: [y S O A Iy I
I O T Y A O I
Tt frrrrprrrr et frrriretr ol
T [ TTTTI | I T T 1 [T TTT 71T Irrr
0.8 i B b el el o e e o el el s s o ol et e s B B El et el 4
0.0 0.1 0.2 0.3 0.4 0.5 0.6

The capacitor is fully charged by the battery. At time ¢ = 0, the capacitor starts discharging through the resistor.

t
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i. Draw the best-fit line for the data.

fi#:

(o) (i) ARG ELRr 4 REOT L

IRl B — AR MBS N EZ, MIAANRIRUGER U RENT OB R i
ANEIRE,

0.1 —0.12
0.2 —0.28
0.3 —0.40
0.4 —0.50
0.5 —0.70
0.6 —0.76

XX SRS N

y ~ —1.303t — 0.004,
HUEREIEHICET, THAHXFSHE-SHTE4.
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#:>] 2022 Set 2 Q2 (c)(i)

2. A non-ideal capacitor has internal resistance that can be modeled as an ideal capacitor in series with a small
resistor of resistance 7. A group of students performs an experiment to determine the internal resistance of a
capacitor. A circuit is to be constructed with the following available equipment: a single ideal battery of potential
difference AVj), a single ammeter, a single variable resistor of resistance R, a single uncharged non-ideal capacitor
of capacitance C, and one or more switches as needed.

Variable Non-ideal
Battery =~ Ammeter  Resistor Capacitor Switch

Hi- @ e b

(c) The students determine the time constant 7 for the circuit as a function of the resistance R. The students’ data
are shown in the following graph.
7(s)
0.8 I | | I i | | I I
I i i i R Ry E A B E
| |
_—_—_—_—_-L
e T e e
Il Il 1 L 1 1 Il | Il
0.6 I I | | I | I b4 I
A N
| | | | | | 'y | | |
IR e
e [ e O [ e Y B
0.4 4+—— — T R —
A I O
A R
| | N | | | | |
S N A A A I A A
0.2 T * T T T T T T T
SR IS ISR IS ISR RN N A S N B
I [ I [l I I [ [ [
-+l < x4+ 14 1 __1__1__
| | | | | | | | |
f—— -t -y 1l
| | | | | | | | |
0.0 : R (Q)
0.0 1.0 2.0 3.0

The capacitor is fully charged by the battery. At time ¢ = 0, the capacitor starts discharging through the resistor.

i. Draw the best-fit line for the data.
RRERRCHEAME: oHMNFMERE
In(VC/V,) 3HtEIRI 1542 bss C=-1/(Rb)s TXIREIBIFIZEDbLC=b, MEEEazi3rC=a/b,
HREE LB—REMEHIE, BEINEEZ RN, RENEEHLRERERENEIE, FEER
ME S89T/REEARE,
C=—0 GHE) :  C=b ro=7 CHARHE) .

Rb
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583 2022 Set 1 Q2 (c)(ii)
2B EdE 2022 Set 1 Q2 (c)(i)o

2. The plates of a certain variable capacitor have an adjustable area. An experiment is performed to study the
potential difference across the capacitor as it discharges through a resistor. A circuit is to be constructed with the
following available equipment: a single ideal battery of potential difference AVj), a single voltmeter, a single
resistor of resistance R, a single uncharged variable capacitor set to capacitance C, and one or more switches as
needed.

Variable
Battery  Voltmeter  Resistor Capacitor Switch

Al O e e

(c) The experiment is performed using a resistor of R = 150 k(). Data for the potential difference AV across the
. . AVe . .
capacitor as a function of ¢ are recorded and a plot of In| ——| as a function of ¢ is created on the graph
AV,
below.
i (AVC]
nl=—<
AV,
0.0 1(s)
B e ol S S e B P el S e e e S e A R =k b
S N S Ry A Ay Iy I g
TR STRIRTIOY I AN Y ST O AT R
O (T P O O |
T [ TTTT ] T Ta 0 I [ TTTT |1 1]
_0-2ITIITIIIIITIIIITTITIIIIT
B B S el el o oty o el ol B ol kol o s B Bl R o
e e N N NS
B L R B O  k 'r o= e B ey F
S Ay O Ay Y
_04|\||\IIIII\IIII\\I\IIII\

. rrrr el
T [ TTTI | r T T I [ TTTTI 1 rrr
e et " " A A A A
+A———+++ -t A A -
A T N O Y

_06|\||\|||||\||||\\|\||||\

: Ay Iy A I oy iy
A A B S
rrrrprrrrrprrrrprr e rrrie ol
IO rTTI I T T 1 T [ rTTT 71 T

08 B o ol o o s o e el SR o s B B ol o R o S s B A e . 4

0.0 0.1 0.2 0.3 0.4 0.5 0.6

The capacitor is fully charged by the battery. At time ¢ = 0, the capacitor starts discharging through the resistor.

t

ii. Using the best-fit line, calculate a value for the unknown capacitance C.
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fi#:

(o)(ii) HRPRRAEARRUEZHZ

RC,
TS HI L 5 EORH R 04 PR EL M LA 25, e MLk UM AMEIBRAIERA S, He
(0, —0.004)

5
(0.6, —0.7858):

—0.7858 — (—0.004) 1
_ ~ 13035, -
m 06—0 ° "="Re
1 1

Rm (150 x 103)(—1.303)
BHNTRUEERIBWAERIGER; BIAPIRAYS —FREOIIE%, Sy
5k,
HURPRIN - LR B, AR5ER N SR 1A 4 2 S HUR.

573 2022 Set 2 Q2 (c)(ii)
Z5jR) 7&4E 2022 Set 2 Q2 (¢)(i)o

2. A non-ideal capacitor has internal resistance that can be modeled as an ideal capacitor in series with a small
resistor of resistance 7. A group of students performs an experiment to determine the internal resistance of a
capacitor. A circuit is to be constructed with the following available equipment: a single ideal battery of potential
difference AVj), a single ammeter, a single variable resistor of resistance R, a single uncharged non-ideal capacitor
of capacitance C, and one or more switches as needed.

Variable Non-ideal
Battery =~ Ammeter  Resistor Capacitor Switch

NI SR Z | v B

_________
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FAERP 2022 Set 2 Q2 (c)(ii)

(c) The students determine the time constant 7 for the circuit as a function of the resistance R. The students’ data
are shown in the following graph.
T (s)
08T — —
P e e e e e e e e
I H . P
e e e ot et it
| L 1 | Il 1 L | L
0.6 I | | | I | | L4
RN SRRYURY SRS 1 UER SN YU RPNV [N S ESYUC SRR SR N
| | | | | | Py | | |
i b bl teehlh Bl e Sl A (i Shebeks thebehs dhet
SR N N
04 4+—— — —
-l 11 __1__@®@_ _1__ __L__J.__‘L__
SRS N S
| | | | | | | | |
e S e e e e s Mt bl b
02+——*— — —
B S I IS N S IS (S N U N N
I [ I I I I [ I [
<+ 1+ 1L 1+ _1__|]
| | | | | | | | |
B
0.0
0.0 1.0 2.0 3.

0 R (Q)

The capacitor is fully charged by the battery. At time ¢ = 0, the capacitor starts discharging through the resistor.

—t

ii. Using the best-fit line, calculate a value for the internal resistance 7 of the capacitor.
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fi#:

(c)(ii) SR ATERELRE MM Al — S S L BURER S, _EIRLRAE

R = 0
5
R =300
HILEES7150.008. 0.686 s,
0.686 — 0.098
C'=m = =22 = 01965/ = 0.196F.
Y
b = C/r'c,
i
b 0.098
=2 2% 0500
re = = oa96 00

X—EEE TATUREILGL, BREMFLS7ENEER. BARRSL0.4Q; s —5%a
BT PIEL

7= 0.20R 4 0.08

0.08/0.20 = 0.4,
R RZIGERER, BEMER R &K%, SRERMANREL LA, MM CERIE 7
re =>b/m

XL KR,

RERGEEE: RERHGRENSK

FHINEEFTEERNE, UKEMH, NERESEBFHAGRRIE L. BARFTIREMRMECELX; JFER
BRRNEBRKAESHRIRITNBEAE,

AATBEEARETE, BHRNELTRSER; HEEBIREREUASEMAM, EAIRRIEE
BESE, Mo7AMEFRANFIE, Faeii “JFEE" Mk,

A
C’zsg, T=(R+rc+r1ry)C.
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fBI=A 2022 Set 1 Q2 (d)

2. The plates of a certain variable capacitor have an adjustable area. An experiment is performed to study the
potential difference across the capacitor as it discharges through a resistor. A circuit is to be constructed with the
following available equipment: a single ideal battery of potential difference AV}, a single voltmeter, a single
resistor of resistance R, a single uncharged variable capacitor set to capacitance C, and one or more switches as
needed.

Variable
Battery  Voltmeter  Resistor Capacitor Switch

B i O e

The capacitor is fully charged by the battery. At time ¢ = 0, the capacitor starts discharging through the resistor.

t

(c) The experiment is performed using a resistor of R = 150 k(). Data for the potential difference AV, across the
. . AVe . .
capacitor as a function of ¢ are recorded and a plot of In| —— | as a function of ¢ is created on the graph
AV
below.
i (AVC]
nl—<
AV,
0.0+-——"—m—"—"——"T t(s)
B i nh s el ah A b e bt b
B A (O A oy
AT AT TN O AN I
(T O |
T [ TTTT | rrT T [ TTTT 71T
_02|\||\IIIII\IIII\\I\IIII\
B e S el e o ot R el ol e B it o e s Bl b o
B e B B S e e R B e e e e B S SRS
B B N M EmumrE
Sy S S O I )y I iy I
_04I\II\IIIII\IIII\\I\IIII\
. Frrr ey e e frrd
TI [ TTTI | T T I [T TTT |71 T
LA e e R A B I R
[ o el o e e B e el R ol B B o S B B S B
T R T O Ty T O O S S T O Y M S
_06IJII\IIIII\IIII\JI\IIII\
: Uy O A A A O Ay
IS O ) AR O I Y
Tt rrrorfrrrrfrr [ rrriel ol
T [ TTTI | I rr T T I I [ rTTTTI |71 rrr
0.8 t4———Ft+t+tt——FtTtAA—— Tt~ 9
0.0 0.1 0.2 0.3 0.4 0.5 0.6

(d) The capacitor is adjusted so that the surface area of the plates is increased, and the experiment is repeated.
Would the slope of the best-fit line in the second experiment be more steep, less steep, or unchanged compared
to the slope of the best-fit line in part (c)?

___ More steep ___ Less steep ___Unchanged

Briefly justify your answer.
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fi#:

(d) AR T A B T T AR R A TEAR RO A1 A 2L I
C=cA/d;
AR, SO, BT
m| = 1/(RC),

HAER/D, ARRERILE, KittikELess steep (BRTFE) . WRHIEHEER, HEARWHEATE
MHFEHE N EGETE Z HL M, &R — R TREEA,

#:3] 2022 Set 1 Q2 (e)(i)

2. The plates of a certain variable capacitor have an adjustable area. An experiment is performed to study the
potential difference across the capacitor as it discharges through a resistor. A circuit is to be constructed with the
following available equipment: a single ideal battery of potential difference AVj), a single voltmeter, a single
resistor of resistance R, a single uncharged variable capacitor set to capacitance C, and one or more switches as
needed.

Variable
Battery  Voltmeter  Resistor Capacitor Switch

I O e

(e) The ideal battery is then replaced with a non-ideal battery with internal resistance r, and the experiment is
repeated.

The capacitor is fully charged by the battery. At time ¢ = 0, the capacitor starts discharging through the resistor.

t
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(c) The experiment is performed using a resistor of R = 150 k(). Data for the potential difference AV, across the
. ‘ AVe . .
capacitor as a function of ¢ are recorded and a plot of In| ——| as a function of 7 is created on the graph
AV
below.
| (%J
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B B o el el o o e R e el o T e el o 3
B ] =T SR SR S B B A = = Sy S
T Ry A | (| [
1 O Ayt
L QY I
T TTTI | rrr T 07 [ TTT
B St e et e B’ R
B B Bl e B e e e R e e o SR
I SO Oy A R A
_06I\II\IIIII\IIII\\I\
Sl AR RN Y N YRR R AR
A A B
rrrr e e
B A ! I A
0 T ] 0 O
0.0 0.1 0.2 0.3 0.4

i. Would the slope of the graph in this final experiment change compared to the graph in part (c)?

Yes No

Briefly justify your answer.

#:51 2022 Set 1 Q2 (e) (i)

2. The plates of a certain variable capacitor have an adjustable area. An experiment is performed to study the
potential difference across the capacitor as it discharges through a resistor. A circuit is to be constructed with the
following available equipment: a single ideal battery of potential difference AVj), a single voltmeter, a single
resistor of resistance R, a single uncharged variable capacitor set to capacitance C, and one or more switches as
needed.

Variable
Battery  Voltmeter  Resistor Capacitor Switch

= O e A e

(e) The ideal battery is then replaced with a non-ideal battery with internal resistance r, and the experiment is
repeated.

The capacitor is fully charged by the battery. At time ¢ = 0, the capacitor starts discharging through the resistor.

t
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(c) The experiment is performed using a resistor of R = 150 k(). Data for the potential difference AV, across the
. ‘ AVe . .
capacitor as a function of ¢ are recorded and a plot of In| ——| as a function of 7 is created on the graph
AV
below.
| (%J
0.0 1(s)
B et ol S e e B e S e e e e e o T e s ha et |
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_02I\IITIIII|!IIIIIWI!IIII\
B B S el el ol ot oy By el ol e B ol ol o s B Bl nE o
B T o o O S B B b = 1 = SRS A B R
R R S| T | T Ry Sy
Ny Iy A Iy Iy
_04|\||\IIIII\IIII\\I\IIII\
. rrrrp el
T [ TTTI | r T T I 0 [ TTTT |1 rrr
B e e A e " A A I
B o o o e e B e e e i B B o S e o B B B S
I O S RS A S Oy S
_06I\II\IIIII\IIII\\I\IIII\
Rl RN RN YRR AR AR A
I A A B O SO
rrrrprrrrr e T ie Pl
T T T I T T 1 T [ rTTT 71 T
0 8 B e el e e o s o e el s o s B B ol ol s BB e B . 4
0.0 0.1 0.2 0.3 0.4 0.5 0.6

ii. Would the vertical intercept of the graph in this final experiment change compared to the graph in part (c)?

Yes No

Briefly justify your answer.

%% 2022 Set 2 Q2 (d)

2. A non-ideal capacitor has internal resistance that can be modeled as an ideal capacitor in series with a small
resistor of resistance 7. A group of students performs an experiment to determine the internal resistance of a
capacitor. A circuit is to be constructed with the following available equipment: a single ideal battery of potential
difference AV, a single ammeter, a single variable resistor of resistance R, a single uncharged non-ideal capacitor
of capacitance C, and one or more switches as needed.

Variable Non-ideal
Battery =~ Ammeter  Resistor Capacitor Switch

IR © S S | BV

The capacitor is fully charged by the battery. At time ¢ = 0, the capacitor starts discharging through the resistor.

—t
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(c) The students determine the time constant 7 for the circuit as a function of the resistance R. The students’ data
are shown in the following graph.
T ()
08T — —
P e e e e e e e e
I H . P
e e e ot et it
| L 1 | Il 1 L | L
0.6 I | | | I | | L4
RN SRRYURY SRS 1 UER SN YU RPNV [N S ESYUC SRR SR N
| | | | | | Py | | |
i b bl teehlh Bl e Sl A (i Shebeks thebehs dhet
SR N N
04 4+—— — —
-l 11 __1__@®@_ _1__ __L__J.__‘L__
SRS N S
| | | | | | | | |
e S e e e e s Mt bl b
02+——*— — —

B S I IS N S IS (S N U N N
I [ I I I I [ I [
<+ 1+ 1L 1+ _1__|]
| | | | | | | | |
B
0.0 R (Q)

0.0 1.0 2.0 3.0

(d) The ammeter is found to be nonideal. Is the actual value for the internal resistance 7 for the capacitor greater
than, less than, or equal to the experimental internal resistance of the capacitor calculated in part (c)?

_ Greater than _ Less than ___Equalto

Briefly justify your answer using features of the graph in part (c).

fi#:

(d) EFARAFFEAER, HSr SR ERIEIRR NN

rA>Oo
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FR KR HEL FE SEfR 2
RA4ro+41y4,
At A
T=CR+C(ro+r1y).

RERIRC, BIEFEZ T

Cry;
RBIEHIRAR AR, 2

b/C
BT, IEHLRE
TCep = T'c T T 40

R ESHEANALess than (NTF) SEIFTHE, IXNEECK B RIMEBEER N, W2k HBAE

K,

£:3] 2022 Set2 Q2 (e)

2. A non-ideal capacitor has internal resistance that can be modeled as an ideal capacitor in series with a small
resistor of resistance r-. A group of students performs an experiment to determine the internal resistance of a
capacitor. A circuit is to be constructed with the following available equipment: a single ideal battery of potential
difference AVj), a single ammeter, a single variable resistor of resistance R, a single uncharged non-ideal capacitor
of capacitance C, and one or more switches as needed.

Variable Non-ideal
Battery =~ Ammeter  Resistor Capacitor Switch

NI SR Z VW B

The capacitor is fully charged by the battery. At time ¢ = 0, the capacitor starts discharging through the resistor.

—t
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(c) The students determine the time constant 7 for the circuit as a function of the resistance R. The students’ data
are shown in the following graph.
T (s)
08T — —
P e L L e e L e
I H . P
e e e ot et it
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RN SRRYURY SRS 1 UER SN YU RPNV [N S ESYUC SRR SR N
| | | | | | Py | | |
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I I I I ] I I ] I
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B
0.0 R (Q)

0.0 1.0 2.0 3.0

(e) The values of the variable resistor in the original experiment ranged from 0.5 Q to 2.5 Q. The experiment is
repeated with values ranging from 3.0 Q to 6.0 Q. Would the slope of the best-fit line be more steep, be less
steep, or remain unchanged compared to the graph in part (c)?

More steep Less steep Remain unchanged

Briefly justify your answer.

EERTRED: EEESEABRNRR

ERREEEREREEBERS,; KTBEFVREEENT, BEHERRIZRE, EBRLBENS
EB IR R BB BRI

BRELFRSLEREIFRNIEEEANG R, HZRIFERBEMEY, FHBEMTTR S (EBRE BR
F s
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583 2023 Set 1 Q3 (c)(i)

Switch

AT B
+L_ Resistor 1 Resistor 2 )

&= Capacitor 2 "—

Capacitor 1

T

3. The circuit shown consists of a battery of emf &, resistors 1 and 2 each with resistance R, capacitors 1 and 2
with capacitances C and 2C, respectively, and a switch. The switch is initially open and both capacitors are
uncharged.

At time 7 = 0, the switch is closed to Position A.

A long time after the switch is closed to Position A, the charge on the positive plate of Capacitor 1 is O, and
Capacitor 2 is uncharged.

(c) At time £, the switch is closed to Position B.

i. Immediately after time £, is the direction of the current in the switch directed toward the left, directed
toward the right, or is there no current? Briefly justify your answer.

fi#:

(0)(i) ¥EB JEFF R AT e R UG AL B IE. SO, HHQ); FA2MAN L,
B R H b5 AR S Sl HMAERMEAL B, B R EEERGEE TR,
SHHUA2 EARGER, Pt DAERE A
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£:3] 2023 Set 2 Q3 (c)(i)

+ ] Resistor 1 § Capacitor 2 ——

Capacitor 1 ——

MV
Resistor 2

3. The circuit shown consists of an ideal battery of emf £, resistors 1 and 2 each with resistance R, capacitors 1
and 2 each with capacitance C, and a switch. The switch is initially open and both capacitors are uncharged.

At time t = 0, the switch is closed to Position A.

A long time after the switch is closed to Position A, the total charge on the positive plate of Capacitor 1 is 0, and
Capacitor 2 is uncharged.

(c) At time £, the switch is closed to Position B.

i. Immediately after #, is the direction of the current in Resistor 1 directed up, directed down, or is there no
current? Briefly justify your answer.

MILEBARE: BATESRLRE

EIEEREBERHE, RAMKEREMER; BHBRHE, EER RPN ESBRETE, REFRBEY, 52
SUEBQ,=C,V. Q,=C,Vo

FH(C +C)V=Q KRV, BRIEEBEBME, BAKREALHE, FREFHED—F

U+Q=Q  F-g-V.
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583 2023 Set 1 Q3 (c)(ii)
Switch
AT B

+L_ Resistor 1 Resistor 2 )
&= Capacitor 2 "—

Capacitor 1

T

3. The circuit shown consists of a battery of emf &, resistors 1 and 2 each with resistance R, capacitors 1 and 2
with capacitances C and 2C, respectively, and a switch. The switch is initially open and both capacitors are

uncharged.

At time 7 = 0, the switch is closed to Position A.

A long time after the switch is closed to Position A, the charge on the positive plate of Capacitor 1 is O, and

Capacitor 2 is uncharged.
(c) At time £, the switch is closed to Position B.

ii. Determine an expression for the total charge on the positive plate of Capacitor 2 a long time after ;.
Express your answer in terms of O, and fundamental constants, as appropriate.

fi#:

(c)(ii) FEFEMGHHA2HA HEMIBH, D EARE S EATSFIE,
Q1+ Qs = Qqo
PR EIRASHHEIFERAE, HEEEFENE, WEAHEEES:

Q/C = Q,/(20),
R
Qe = 2Q1-
ERVAE

2
QZZ%a

LT PR LB T BE,  ASRERRDN A T I FLA L - 57
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#:3] 2023 Set 2 Q3 (c)(ii)

Switch
\u
A B

g

Capacitor 1 ——

Resistor 1

Capacitor 2 ——

2A'A%

Resistor 2

At time t = 0, the switch is closed to Position A.

3. The circuit shown consists of an ideal battery of emf £, resistors 1 and 2 each with resistance R, capacitors 1
and 2 each with capacitance C, and a switch. The switch is initially open and both capacitors are uncharged.

A long time after the switch is closed to Position A, the total charge on the positive plate of Capacitor 1 is 0, and

Capacitor 2 is uncharged.

(c) At time £, the switch is closed to Position B.

ii. Determine an expression for the total charge on the positive plate of Capacitor 2 a long time after ;.
Express your answer in terms of O, and fundamental constants, as appropriate.

HEFRR YIREREER

HEMERBERMRMES, 56
B,
KREBRBEREEQ?Y/(2C), BRRAKRSH
o
ER

ER DR N EEEE R,

NERE—

%*H’]D ) Eﬁﬁ%ﬂlu\/m;klu\o

Q2

UQC
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B8 2023 Set 1 Q3 (c)(iii)

7 A FdE 2023 Set 1 Q3 (c)(ii)o
Switch
AT B
+1_ Resistor 1 Resistor 2
&€= % % Capacitor 2 ——

Capacitor 1

T

3. The circuit shown consists of a battery of emf &, resistors 1 and 2 each with resistance R, capacitors 1 and 2

with capacitances C and 2C, respectively, and a switch. The switch is initially open and both capacitors are
uncharged.

At time t = 0, the switch is closed to Position A.

A long time after the switch is closed to Position A, the charge on the positive plate of Capacitor 1 is O, and
Capacitor 2 is uncharged.

(c) At time 17, the switch is closed to Position B.

iii. Derive an expression for the total energy Ep dissipated by resistors 1 and 2 from immediately after
time # until new steady-state conditions have been reached. Express your answer in terms of C, Q,, and
fundamental constants, as appropriate.
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fi#:

(c)(iii) P FEFHAERAYERE BIX — BT B FLItAm A\ RE &,  FAIBRERYIR D SO FEFHIA R, WIS

WUGRER, KAMREH:
_ &% C(Qu/3)? | (2Q0/3)% Q3
Vizoer U= T hp0) e
F I TF P RE B Bl f
0
E = . — = — .

EF AL fERE,
AU = U; — U, = —Q3/(3C);
IS TR, R U BB PP S SRR,

#7>] 2023 Set 2 Q3 (c)(iii)
Zxja)&dE 2023 Set 2 Q3 (¢)(ii)o

Switch
e
A B

Resistor 1 § Capacitor 2 =—

Capacitor 1 ——

MV
Resistor 2

3. The circuit shown consists of an ideal battery of emf &, resistors 1 and 2 each with resistance R, capacitors 1
and 2 each with capacitance C, and a switch. The switch is initially open and both capacitors are uncharged.

At time ¢ = 0, the switch is closed to Position A.

A long time after the switch is closed to Position A, the total charge on the positive plate of Capacitor 1 is Q, and

Capacitor 2 is uncharged.

(c) At time £, the switch is closed to Position B.

iii. Derive an expression for the total energy dissipated by Resistor 1 immediately after time # until new
steady-state conditions have been reached. Express your answer in terms of C, 0, and fundamental
constants, as appropriate.
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HEEEUREN TR ENSECERT
HEXBMIIHY, HEX—BFEERBEMNTE, RELBENDHER,; HENBRELAERAANLEZX

zJNo

IREEANECECHSF; IBANTEBEMKECTK, KREELLHHEMF, FTEARENREBRENHEBE
55, TeEEEREFEREBRARIE,

A
Tt VTag
i@ 2023 Set 1 Q3 (d)
73] 84 2023 Set 1 Q3 (¢)(ii)o
Switch
AT B
+ L Resistor 1 % Resistor 2%
= Capacitor 2 ”—

Capacitor 1

T

3. The circuit shown consists of a battery of emf &€, resistors 1 and 2 each with resistance R, capacitors 1 and 2
with capacitances C and 2C, respectively, and a switch. The switch is initially open and both capacitors are
uncharged.

At time ¢ = 0, the switch is closed to Position A.

With the switch still closed to Position B, the parallel plates of Capacitor 2 are moved so that the separation
distance increases by a factor of 2.

A long time after the switch is closed to Position A, the charge on the positive plate of Capacitor 1 is O, and
Capacitor 2 is uncharged.

(c) At time 1, the switch is closed to Position B.

U.
(d) Determine the ratio 72 of the energy U, stored in Capacitor 2 to the energy U stored in Capacitor 1 a long
1

time after the plates of Capacitor 2 have been moved. Briefly justify your answer.
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&
(d) FLA2AREEANE S IR RE EL TR AAEB, M N5 A 2
2C
THC, EH
C x 1/d,
ARSI, RIEAZ AR A SHRATINQ, HHIFERREN

Qo/(20),

Qo/2
T s BIE A ] ELH AR,
U= C(AV)?/2

N

an

%% 2023 Set 2 Q3 (d)
78] &4 2023 Set 2 Q3 (c)(ii)o

Switch
\0
A B

Resistor 1 § Capacitor 2 =—

Capacitor 1 ——

MV
Resistor 2

3. The circuit shown consists of an ideal battery of emf &, resistors 1 and 2 each with resistance R, capacitors 1
and 2 each with capacitance C, and a switch. The switch is initially open and both capacitors are uncharged.

At time ¢ = 0, the switch is closed to Position A.

With the switch still closed to Position B, a dielectric material with dielectric constant ¥ = 2 is inserted between

the plates of Capacitor 2.
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A long time after the switch is closed to Position A, the total charge on the positive plate of Capacitor 1 is 0, and

Capacitor 2 is uncharged.
(c) At time 17, the switch is closed to Position B.

(d) Determine the charge on the positive plate of Capacitor 2 a long time after the dielectric has been inserted.
Express your answer in terms of O, and fundamental constants, as appropriate.

fi#:

(d) FEFEA2HASBUTRIIEB, MK

HrRA2HCEN
2C,
FIHAAEIE, SEOTHA, SFHEIE ZE B IERIRER Q). RARBEZGN

Ql/C = Q2/(2C):

Qy=2Q1, @Q1+Q:=0Q) = |Qya=——1|

SRR LN
Qo/(3C).
FISL AN AR A BRI P AR, RAERLIEN Y 5 53 — A A2 b

FFRNIEREE: A BEELRAGER

BARBEMNBENEESHEINEGRIE, ZIRENERNEFTEE, REZENESIER; 58
Bt 5 BB AR B EERR LA M B,

MRIMESLIB T RERE, AEEFEITR, WINREFIEREEIMIFEMER, BERARAEXRES
TR FI R
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583 2023 Set 1 Q3 (e)(i)

Zxja)&#E 2023 Set 1 Q3 (d)o
Switch
AT B
+1_ Resistor 1 Resistor 2
€= % % Capacitor 2 ——

Capacitor 1

T

3. The circuit shown consists of a battery of emf &, resistors 1 and 2 each with resistance R, capacitors 1 and 2

with capacitances C and 2C, respectively, and a switch. The switch is initially open and both capacitors are
uncharged.

At time t = 0, the switch is closed to Position A.

With the capacitors still charged as in part (d), the switch is now closed to Position A.

(e) Express your answers to part (e)(i) and part (e)(ii) in terms of R, C, Q,;, and fundamental constants, as
appropriate.

A long time after the switch is closed to Position A, the charge on the positive plate of Capacitor 1 is O, and
Capacitor 2 is uncharged.

(c) At time 7, the switch is closed to Position B.

With the switch still closed to Position B, the parallel plates of Capacitor 2 are moved so that the separation
distance increases by a factor of 2.

i. Derive an expression for the current [, from the battery immediately after the switch is closed to
Position A.
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fi#:

(e)(i) FHEA BRI CFEMIA J5 A2 LumliF, MBS HEAIME, &y7e0 sl

Qo =C¢,
At
£ = Qy/C.
LA IR R AT PR 5 (d) R FRL AT
Qo/2,
L
Qo/(20);
HRR A RE L AR RIPEAS . [ml#s
X2 E IR, PR B R R A& R — 2
5= 2023 Set 2 Q3 (e)(i)
ZA) #dE 2023 Set 2 Q3 (d)s
S\w'itch
A | B

Resistor 1 § Capacitor 2 ”—

Capacitor 1 ——

MV
Resistor 2

3. The circuit shown consists of an ideal battery of emf £, resistors 1 and 2 each with resistance R, capacitors 1
and 2 each with capacitance C, and a switch. The switch is initially open and both capacitors are uncharged.

At time ¢ = 0, the switch is closed to Position A.
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Switch
R
A B

Resistor 1 § Capacitor 2 ==

Capacitor 1 ——

MV
Resistor 2

With the switch still closed to Position B, a wire of negligible resistance is connected between two corners of the
circuit, as shown.

(e) Express your answers to part (e)(i) and part (e)(ii) in terms of R, C, QO, and fundamental constants, as
appropriate.

A long time after the switch is closed to Position A, the total charge on the positive plate of Capacitor 1 is 0, and
Capacitor 2 is uncharged.

(c) At time 1, the switch is closed to Position B.

With the switch still closed to Position B, a dielectric material with dielectric constant ¥ = 2 is inserted between
the plates of Capacitor 2.

i. Derive an expression for the current in Resistor 2 immediately after the wire is connected to the circuit.

fi#:

(e)(i) TN EIR SLk 5 FLRH 2 I i FL 7T iR P48 2 FH S A B A 20 b i 19 e B R 2 e, i
FELREL2 A 4 0 5 LA 2B S A (R — X 19, TR B A8, PR 2 P ] S REJEIE A R FELRH I A1
22, HANGEHEET N

2Q0/3
AV ) = 2003 Qo
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FELRH 2 RIS RIS AR FL S, BRI E H4n

Q
I, (07) = 3 ROC -

IXEATICREEAN G MR HIBEN SRR Tl SETERRITMHRT R, C2REE T pH2M
Uit FELS

RBAUGE:. BAXBRABEERER

RABFEABLL, FAIUBEIERIQ/AINE, HRXERKNENSHEEASIREIR, BNFR0ZBRER
NE,

AT KEA R B &L, TERENZREERGAIRALUE.

%R 2023 Set 1 Q3 (e)(ii)
Switch
AW B
+1_ Resistor 1 Resistor 2
&€= % % Capacitor 2 ——

Capacitor 1

T

3. The circuit shown consists of a battery of emf £, resistors 1 and 2 each with resistance R, capacitors 1 and 2
with capacitances C and 2C, respectively, and a switch. The switch is initially open and both capacitors are
uncharged.

At time t = 0, the switch is closed to Position A.

With the capacitors still charged as in part (d), the switch is now closed to Position A.

(e) Express your answers to part (e)(i) and part (e)(ii) in terms of R, C, Q,;, and fundamental constants, as
appropriate.

A long time after the switch is closed to Position A, the charge on the positive plate of Capacitor 1 is O and
Capacitor 2 is uncharged.

(c) At time 1, the switch is closed to Position B.
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With the switch still closed to Position B, the parallel plates of Capacitor 2 are moved so that the separation
distance increases by a factor of 2.

ii. Determine the current I, from the battery a long time after the switch is closed to Position A.

fi#:
(e)(ii) KHREBMERR BARIBRXIBMBERS, FTESHFEMRBE, dQ/dt =0, AU =0| BE2

bR lioT, AR SET AR S SO,

#7>] 2023 Set 2 Q3 (e)(ii)

Switch
A
A B

Resistor 1 g Capacitor 2 "—

Capacitor 1 ——

NN
Resistor 2

3. The circuit shown consists of an ideal battery of emf &, resistors 1 and 2 each with resistance R, capacitors 1
and 2 each with capacitance C, and a switch. The switch is initially open and both capacitors are uncharged.

At time t = 0, the switch is closed to Position A.

Switch
R
A B

Resistor 1 § Capacitor 2 ==

Capacitor 1 ——

MV
Resistor 2

With the switch still closed to Position B, a wire of negligible resistance is connected between two corners of the
circuit, as shown.

(e) Express your answers to part (e)(i) and part (e)(ii) in terms of R, C, QO, and fundamental constants, as
appropriate.
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A long time after the switch is closed to Position A, the total charge on the positive plate of Capacitor 1 is 0, and
Capacitor 2 is uncharged.

(c) At time 17, the switch is closed to Position B.

With the switch still closed to Position B, a dielectric material with dielectric constant k¥ = 2 is inserted between
the plates of Capacitor 2.

ii. Determine the current in Resistor 2 a long time after the wire is connected to the circuit.
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BRI St

BYSBREE: KRS aEEER
JEERUBERBEINER. US&HmAPLO, FFr BEdrfVNEFERE2nrdr, #OIZIFER
di=J(r)2mrdr,

RIBERICHZOAS BRSNS SR EREKR ENMEBA/NCAER. AIFRTI%, RitAd
LAB(2nr), SFENIFEEREREERER 0

Tonc(r) = / J(u) 2ru du, B(2nr) = pglonc.
0

iR 2026 Q1 (a)(i)

Question 1: Version J

1. Two very long, cylindrical, current-carrying Wires S and T are oriented parallel to the y-axis,
as shown in Figure 1. The centers of the wires are in the xy-plane. The wires are described as
follows.

* Wire S has radius 2a¢ and is centered at x = 0. Wire S has nonuniform current density
and carries total current /; in the +y-direction. The magnitude of the current density in
Wire S as a function of the radial distance r from the center of the wire is described by
J = Cr, where C is a positive constant.

* Wire T has radius a and is centered at x = 10a. Wire T has uniform current density and
carries total current /; in the —y-direction.

Figure 1

Wire S Wire T

=X

6a 8a
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Part A

i. Point P is located inside of Wire S at horizontal position x = a. Derive an expression
for the magnitude of the magnetic field at Point P due only to the current in Wire S in
terms of C, a, and physical constants, as appropriate. Begin your derivation by writing a
fundamental physics principle or an equation from the reference information.

fi#:

A(l) SAEB
r=a

RERRE 7 22 B R R R I N B IR L, A REER SR L) HOAF 12 a HIFRE

%B ) dZ = MOIenc'

EHFRIERE 12 a IR R R/ METR B Y)Zk, =My

B(2ma),
B D R, B
dr
AR, Ry
dA = 2mrdr;
HThORE 7 NI LRV W)
dI = J(r)dA = Cr(2mrdr) = 2nCr?dr.
(K1t
a 3
I..= / 2rCr? dr = 2nCa ,
o 3
3 2
B(2ma) = pyg 277?& : B = Moga :

JRERAHERER, NELHEAEE; NEEIN
2mr

RfER 5 B IR,
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MKS4&7: S£EABBEAEM

SLEINRHEIA R o l/ (21r), rEMBLEBRSEPONERS, B31568R, SHOELSR&ET A
Mo

MIRSLTIERABM, REAAHERHN. T23RIE. BEMGRE, BXR#HD, FTeCERNES
MEnfE S EE—1R%Z,

Kol

B = )
2r

=R 2025 Q4 (b)

4. Long, parallel wires S and T are a distance 2d apart. Both wires carry equal currents I, but the
currents are in opposite directions. Both wires are parallel to the x-axis. At the instant shown
in Figure 1, Sphere 1 is a distance d above Wire S, Sphere 2 is a distance d below Wire S, and
both spheres are moving with speed v in the +x-direction. Each sphere has positive charge +0Q.
Gravitational effects are negligible.

Figure 1
+

T Sphere 1 - y
d +Q
-} L wire S +x
J +z
~X~ Sphere 2 o Ve
d +0
x L Wire T

B. Derive an expression for the magnitude B, of the magnetic field at the location of Sphere 2
due to the currents in wires S and T in terms of d, I, and physical constants, as appropriate.
Begin your derivation by writing a fundamental physics principle or an equation from the
reference information.

f&:
Sphere 2{iiFWire STA. Wire TEA, BRELZHPOEAd. Wire SEREGHX, AEFENSER
K=z BT, Wire TERE-X, BEELAKQBE=E-zAET, RBRER, BK/MEM.

MNHPE—RKFE, EFRJINEOLER, EZaRVLEXIMEE nWETHSEEX,; HGHAGE
BB —/NERINKARM, S2IB(2md)o

%B-d?:uol, Bg = By =2

Biot = Bs + By = —d
RIRBRAN; AFFRAN-z, BJRFRCERRBMEYF BT,
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MSL&Z BIRIZE: EETFIBAENN

WREBR, MSLZEINEZTEMER. BxZolt, BE—RAEARIERENRE, FANES—1R
KERRRTES T,

BREB S pxM10a-x, EZEZHRIERNM, EREMHERA, REER/IMVME;, FTEFIZHE
HE

B(x):uo—L)(l-l- ! )

2 \xz 10a —=x

I8 2026 Q1 (a)(ii)

Question 1: Version J

1. Two very long, cylindrical, current-carrying Wires S and T are oriented parallel to the y-axis,
as shown in Figure 1. The centers of the wires are in the xy-plane. The wires are described as
follows.

* Wire S has radius 2a and is centered at x = 0. Wire S has nonuniform current density
and carries total current /; in the +y-direction. The magnitude of the current density in
Wire S as a function of the radial distance r from the center of the wire is described by
J = Cr, where C is a positive constant.

» Wire T has radius a and is centered at x = 10a. Wire T has uniform current density and
carries total current /;, in the —y-direction.

Figure 1

Wire S Wire T

Part A

128



AP Physics C « EBREE FHERP 2026 Q1 (a)(ii)

ii. On the axes shown in Figure 2, sketch a graph of the magnitude B of the magnetic
field due to the currents in both wires as a function of x along the x-axis in the region
2a < x < 9a. Sketches made in the shaded region will not be graded.

Figure 2
B

D e e I I |
| | | | | | |
| | | | | | |
| | | | | | |

_— L __
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |

_——— -ttt ————}———
| | | | | | |
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| | | | | | |
| | | | | | |

D S O I I |
| | | | | | |
| | | | | | |
| | | | | | |
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O 2a 3a 4a 5a 6a 7a 8a 9a
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fi#:

A(il) MSLZ AR NE XA
2a < x < 9a
NF M SFLIMNE; SREAPHN 255 w2 . S fAEaMNRNZN

—2,
T £ LMt
—z

Fft DA

tolg (1 1 )

B(a) = Holo (2 |
@) =5 &  Ta—z
/7\'\
u=x/a,

P DA

polo/(2ma)

ML, TERELR

130



AP Physics C « EBREE FHERP 2026 Q1 (a)(ii)

fw) =1/u+1/(10 — u),

f(u) = —1/u? +1/(10 — u)?,
1E

u =9
NZE; MR, AMNERE, SRR
T = Dao
f7(u) = 2/u +2/(10 —u)3 > 0,
hgkingkm B, RERBExHRTMIE AR, i
f(2) = 0.625,
f(9) = 1.111...,

O Vit B

2a ba 9a

HERAITFHT . BNFEERqy

B 7IK/Nq|vBsina, a@RES$HI7RA, AERETTFEAN. MiZEEFYHE, Alksino=1,

FEfq. VAIRIKRAFBLLRZAZGHK) RE—RFEERE, NEMRINZNSRSEM, FERWR
2R N b

F =|qlvBsina.
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=R 2025 Q4 (a)

4. Long, parallel wires S and T are a distance 24 apart. Both wires carry equal currents I, but the
currents are in opposite directions. Both wires are parallel to the x-axis. At the instant shown
in Figure 1, Sphere 1 is a distance d above Wire S, Sphere 2 is a distance d below Wire S, and
both spheres are moving with speed v in the +x-direction. Each sphere has positive charge +0Q.

Gravitational effects are negligible.

Figure 1
+

T Sphere 1 o Ve y
d +0 /
~X~ — Wire S +x
d +z
-X~ Sphere 2 e
d +Q
X L Wire T

A. F is the magnitude of the magnetic force exerted on Sphere 1 due to the currents in wires S
and T. F; is the magnitude of the magnetic force exerted on Sphere 2 due to the currents in

wires S and T.
Indicate whether F; is greater than, less than, or equal to /] by writing one of the following.

- B>k
* B<h
* B=hK

Justify your answer.

f&:
A W KESLIHIESREEE, JTHeRaFEN, KNEEEi%
1/r

e 1
b :/,Lol/(Zﬂ_d)o

fESphere 1: S ¥

132



AP Physics C « EBREE FHRP 202504 (a)

+bz,
°T
HiRg 2
3d,
o)
—(b/3)z,
AR —HE5, M AhK
2b/3.

fESphere 2: WZSLNEEAZE, SHHN

—bz,
°T

A7t

—bz,
HRANN

2b,
MERIEEER S R H,

F = QuB;

FT LA

F2>F1 (E1Z'Sng2:3Fl) .
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#:>] 2025 Q4 (c)
Z=a)7&4E 2025 Q4 (b)o

4. Long, parallel wires S and T are a distance 24 apart. Both wires carry equal currents I, but the
currents are in opposite directions. Both wires are parallel to the x-axis. At the instant shown
in Figure 1, Sphere 1 is a distance d above Wire S, Sphere 2 is a distance d below Wire S, and
both spheres are moving with speed v in the +x-direction. Each sphere has positive charge +0Q.

Gravitational effects are negligible.

Figure 1

+y

Sphere 1 Y
+0
Wire S +x
+Z

Sphere 2 o e

+0

Y~

A~

N N P

Wire T

C. Later, Wire T carries current 3/ in the +x-direction. At the instant shown in Figure 2,
Sphere 2 is a distance d below Wire S and is moving with speed v in the +x-direction. F,, is
the new magnitude of the magnetic force exerted on Sphere 2 due to the currents in wires S

and T.
Figure 2
+y
T L wires + (L—+x
y Z
~X~ Sphere 2 e
d +Q
1
1 3; Wire T
Indicate whether F,.,, is greater than, less than, or equal to 5, by writing one of the
following.
* Fhew > B
* Fnew < F‘Q
FI’ICW = Fé

Briefly justify your answer by referencing your derivation in part B.
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$:3] 2026 Q1 (b)
Zsjm)EdE 2026 Q1 (a)(ii)o

Question 1: Version J

1. Two very long, cylindrical, current-carrying Wires S and T are oriented parallel to the y-axis,
as shown in Figure 1. The centers of the wires are in the xy-plane. The wires are described as
follows.

* Wire S has radius 2« and is centered at x = 0. Wire S has nonuniform current density
and carries total current /; in the +y-direction. The magnitude of the current density in
Wire S as a function of the radial distance r from the center of the wire is described by
J = Cr, where C is a positive constant.

* Wire T has radius a and is centered at x = 10a. Wire T has uniform current density and
carries total current /; in the —y-direction.

Figure 1

Wire S Wire T
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PartB

At the instant shown in Figure 3, a small sphere with charge Q is at horizontal position x = 5a
and moving in the xy-plane with speed v in the +x-direction. At this instant, the net magnetic
force exerted on the sphere due to the currents in Wires S and T has magnitude F.

Figure 3

Wire S Wire T

|

(@)

Derive an expression for F in terms of a, Q, ], v, 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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BT 5T

BRERAIER:. RANNBEBETW

FWIMERZRNAEEZHAE, HHMEEFMANBIEMERR L, REHEHR XTI : RS

ISR HERF IR TR, HESRAY T E R AT Ao

RIREE RN, tAFHHERMENLBNEY, MisESHNERAMERRAME. Fitth, misnik
BREMEH, BERE&ERNEY;, XEKESRLN BiI0RRN FZERE. EMEIMTHEARIRRE, ERY
TWEBEAIEEENE; FERIMGERERETEERTI .

BIR% 2022 Set 2 Q3 (a)
Solenoid Solenoid
[\}oop of Wire
1(r)
— 0 Loop of 1(1)
Wire

Side View End View
Note: Figures not drawn to scale.

3. A single loop of wire with resistance 3.0 Q 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 (¢) = B, 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 ¢ = 2.0s, is the induced current in the loop, as seen from the end view shown, clockwise,
counterclockwise, or zero?

Clockwise Counterclockwise Zero

Justify your answer.

(@t =2.0s
PRV B LI 77 TRl A5 T TR LN R R A8 LIS P2 A2 NARIFTFY 77 5
I, =10t

SiED N ISTE: NN AN 1] 9] 73 iR L € N e VAL a5 e g = S s A £91 78 7] A w411 S DIVAE )
[El#& LN Counterclockwise GHIER) o XEARGIARZHOEZRM, AR —E SRR M —
5 E AR,
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£:3] 2026 Q4 (a)

4. In Scenario 1, a square conducting loop with side length s has total resistance R. The loop is
held fixed in the xy-plane in an external, uniform, time-varying magnetic field that is initially
directed in the +z-direction, as shown. The z-component of the magnetic field changes as a

function of time t as described by B, = B, cos (27[%), where B, and # are positive constants.

B, I
. Ré‘ . _} . 4%4*_*+x
RIS,

Part A
Indicate whether the induced current I in the loop is clockwise, counterclockwise, or zero

t
during the time interval 0 < ¢ < Zl by writing one of the following.

* [Jis clockwise.
» Jis counterclockwise.
» Jiszero.

Justify your answer without only manipulating equations.

EERAZIBRERE, RENEZEHRIXENEIRER. MEORTFIMBRNGERSHZ S
8; WHEEHN—RESEIRATIEABA. AFIHAENIE, HARE, FRLIZIA-BA.

FEZE2L, migEx=LEHN: WNBEREEAx-L, ERA2L(x-L). xBEIJEER, EARmBERILE
MHEE K. FEEZ RERERERABE 4 —TRNT). BRAFHIEER .

®=—B[2L(x—L)] (L<z<2L).
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f5IRE 2024 Set 1 Q3 (b)(i)
‘ Region 1 IReglon 2 |
— A AR k
R :XXXXXX:.ooBo:
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ixxxxxxiooooi £ x
oL S :XXXXXXL.__Q__._:_: +z
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0 L 2L 3L 4L
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.

(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.

(b)(i) 1
x=1.5L

AHRLIAR T TANX N PR IE TR AFBIAIARAIRTE, 4R AOTE B E RS . B3 BRI FLIAT ™
A RSN RARGUX TG A, A FE N4

EEFE |.
NG R IE RS, ARERIEFTE M BAEL S NI R

XRBIFAKD, Fh+z, MERTEZER: RISZMx=DFIE#EN, EMAD(X-D), MIMFRBEBR
AL, AEREHERENAIEIMNLGBIEN, BHERNERST .
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#:>] 2024 Set 2 Q3 (b)(i)

(b) Consider the instant when Point S reaches x = 1.5D.

 Region1 ~ Region2
n— — 1
v | @ o 1o o o o o
— I B : ZB I +y
| © lo o o o o
£ | | |
! o o i e o o o o : +x
| | I +Z
S : e e o o o o o :
I
i ° L] i e o o o o i
D_>| i Y ® i e o o o o i
I I I
1@ o le o o o o
f t t t t t t t t X
0 D 2D 3D 4D
Figure 1
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.

i. Indicate whether the current Ig that is induced in the square loop when Point S reaches x = 1.5D is

clockwise, counterclockwise, or zero.
Clockwise Counterclockwise

Briefly justify your answer.
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fBI=A 2022 Set 1 Q3 (a)

W=20cm

L=40cm T&:lﬁcm

( ()—»[([)

3. 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(r) = C — Dz, where
C =10.0A and D = 2.0 A/s. Attime 7 = 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.

fi#:

(a) SEHTIRAN, RN HEIZH 7T RIAAG S E R E R AL B MR AT, FLIR DUEERER
dl,/dt =—D
b Joi AR sy, I
t=250s

JEZERRAARTE GBI N, XD RIBEERE G I SHOE — EAER/D, B O0E B R B HAT
H AR IUX—2, #iLOut of the page (HHAKME) , A RLEL LI £,

eI
I, =0,

SEMAIRIEANT, BEGERARAINE,; BNVESEEARE, BN HBRARIE, M2
FH B N LI (E DU
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¥R E— 1 RZIEE

B8 EEEIRE, HIBEBA; RIETEBAcosD, 0ZH5EIRELIIT A,

KES&NTMEEL T, ERRBEZFERBBERE. BUAREZFAMNAE KL F@Ed,
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® = BAcos®, <I>:/B(r)€dr.

fBI=A 2022 Set 1 Q3 (b)

R=10.0Q
0

W=20cm

L=40cm Td=l.00m
( ()—»[(t)

3. 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(r) = C — Dz, where
C =10.0A and D = 2.0 A/s. Attime 7 = 5.0 s, the current in the long wire is instantaneously zero as the current

changes direction.

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

b)t=3.0s
At It LRI Y
I, =10.0—2.0(3.0) = 4.0 A,
KS&HMEREZN, TRtiniaiyiig i, EES&r. %EEN
dr
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[RI7K A SR IR 2
dA = Ldr,
%5k B R/ MHEIA]
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toly pol L d+W
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fUECKIONAK)E, o ETRR70.010 50.030 m:

Py = (2.0 x 1077)(4.0)(0.040) In3 = |3.52 x 108 wb |.

TEHAREONIERIZ)E, #EXE N IE,

EEEIEE. ZFEREZE: FREBELE
FHEERRNBHESVREZ D, FTRHERE, BIE/UAN, ERSLARDRBFMENEE,
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5% 2022 Set 2 Q3 (b)
Solenoid Solenoid
Loop of Wire
10 /“
0 Loop of 1(1)
Wire
Side View End View

Note: Figures not drawn to scale.

3. A single loop of wire with resistance 3.0 Q 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(¢) = Bz, where 8 = 5.0 A/s. The direction of the current in the solenoid is

clockwise, as shown in the end view.

(b) Calculate the current in the loop of wire at time ¢ = 2.0 s.
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fBI= 2022 Set 1 Q3 (c)
Zx(a)7&dE 2022 Set 1 Q3 (b)s

(S

W=2.0cm

L=4.0cm sz 1.0 cm
( u—»[([)

3. A lightbulb of resistance R = 10.0 Q2 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(¢) = C — Dz, where
C=10.0A and D = 2.0 A/s. Attime t = 5.0 s, the current in the long wire is instantaneously zero as the current

changes direction.

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

fi#:

(c) ATILER LRI B RS, ALK SR, RIHJE A
L,(t)

w
RS

e d® 5 oL l d+Wwdl, poLD l
= — = — n == n
dt 2 d dt 27

(ERTIRER 77 M2 5 HARIIE MR BRI IN e, RS 5 ()R, BIE #4a

g (2.0 x1077)(0.040)(2.0
L=4= (2.0 % 1())&) )20) s 176 x 10 9A~ 1.8 x 10 9A]

3.

T
dI,/dt
P, AP 7 L7 1 4 1 B (R T — AR NI
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Hil7% 2025 Q2 (b)

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 ¢ = 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 ® = BA cos(@t?).

X X X X X X

Figure 1

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.

fi#:

B BN RS ZEN S E RSN, IR e B S B A B :

&= —%[BA cos(wt)] = BAwsin(wt),
I(t) = % _ Bdw sin(wt).
IEZAHER RN, HIit
BAw
I...=—"1:
max R

XA R AMER BIRA R RANE, NEE DN EE 7T RRA RS .
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£:3] 2026 Q4 (b)

4. In Scenario 1, a square conducting loop with side length s has total resistance R. The loop is
held fixed in the xy-plane in an external, uniform, time-varying magnetic field that is initially
directed in the +z-direction, as shown. The z-component of the magnetic field changes as a

function of time t as described by B, = B, cos (27[%), where B, and # are positive constants.

B, I
.R\.(_. —I . +ZCL—+X
RIS,

PartB

Derive an expression for I as a function of ¢t in terms of s, R, B, ¢, t, and physical constants, as
appropriate. Begin your derivation by writing a fundamental physics principle or an equation
from the reference information.

MEBNEBERRE: REBURERT

BRANBAMBTEMEBME, BRLITEKN, AREXRMIMNITHEEAKR, BRMm, 7K
BREIEELRTTH, KRREERB.
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W=20cm

L=40cm Td:l.Ocm
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3. 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(r) = C — Dz, where
C =10.0A and D = 2.0 A/s. Attime 7 = 5.0 s, the current in the long wire is instantaneously zero as the current

changes direction.

(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.

fi#:
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$:>] 2022 Set 2 Q3 (d)
Solenoid Solenoid
[\}oop of Wire
(1)
— 0 Loop of 1(1)
Wire
Side View End View

Note: Figures not drawn to scale.

clockwise, as shown in the end view.

3. A single loop of wire with resistance 3.0 Q 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 (¢) = B, where 8 = 5.0 A/s. The direction of the current in the solenoid is

(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.

EFRSEIREERNEY: FEFLLBR
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BT 2022 Set 2 Q3 (e)
Solenoid Solenoid
[\}oop of Wire
1(t)
— 0 Loop of 1(1)
Wire
Side View End View

Note: Figures not drawn to scale.

3. A single loop of wire with resistance 3.0 Q 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 (¢) = B, where 8 = 5.0 A/s. The direction of the current in the solenoid is

clockwise, as shown in the end view.

(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
the equation I(¢) = Bt, where 8 = 5.0 A/s. Which of the following expressions correctly indicates the ratio Ili

1

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?

yé I
2o 1< 2<2 2 -9 245
I L L 1

Justify your answer.
i
(e) BEIEE-FILNNEEE N EFE 12N
ay = 0.20 m = 2a,4,
e e E N BRGNP, R DAR —8& b B A8 (e300 B A S . LA 3 i 2
52 = 4810
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4. In Scenario 1, a square conducting loop with side length s has total resistance R. The loop is
held fixed in the xy-plane in an external, uniform, time-varying magnetic field that is initially
directed in the +z-direction, as shown. The z-component of the magnetic field changes as a

function of time t as described by B, = B, cos (27[%), where B, and ¢ are positive constants.

+y

BZ
.R\.(_. —I .+ZCL‘+X
N Sy
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Part C

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.

Indicate whether the maximum induced current /, in Scenario 2 is greater than, less than, or
equal to the maximum induced current /; in Scenario 1 by writing one of the following.

. L>]
. L<]
. 12=I1

Briefly justify your answer by referencing the expression you derived in part B.

I 2022 Set 1 Q3 (e)

R=10.0Q
0

W=2.0cm

L=4.0cm Td:l.Ocm
C ()—»I([)

3. 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(¢) = C — Dz, where
C=10.0A and D = 2.0 A/s. Attime t = 5.0 s, the current in the long wire is instantaneously zero as the current
changes direction.

Td: 1.0 cm

(e D—>]
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FEBAP 2022Set1Q3 (e)

(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(7) = 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 1},

the current through the lightbulb in part (c)?
_12 < Il _12 = 11 - 12 > I]

Justify your answer.
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BIR% 2024 Set 1 Q3 (a)
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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.

(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 +®.
[

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |
-——t--—-tr-——rr-——-——=-——"-"——"4—-——=—=t%t—-——A

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

i mhednt et meti e A Attty Stk feety |

1 | | | | | I | |

| | I | | | I | |

| | | | |
___T___J‘____l____:____I___J‘___—(___J[___'I

| | | | | | I | |

TR T T O O A

B it ol Bl e s ity Sty St

| | | | |

| | | |
| | | | |
| | | |
o] Bt i el Rl Sl debe bl nhl s bk

O v L 2L 1 3L 1 4L
R N N N [N R PN (NP S

| | | | | | | | |

| I | | | I | [ |

| | | | | | | | |

_ e ]

| | | 1 | I | 1 |

I | | | | | | | |

| | | | | | | | |
]

| | | | | | | | |

| | | | | | | | |

| | | | | | ! | |
S R

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

154



AP Physics C - EBEES FHAHB 2024 Set1Q3(a)

fi#:

(a) REERBES BEAEY ST 5L A RiE
B.A,

Region 2 /', RES R B REBMERAESE, AT RABEES MIEEHNE. FERETE
I % Region 1 B, FRE

2L
5 SN
—B,
0<z<L
N AR AW,
b =0,
L <x<?2L:
BEWEN
r— L,
HE B A E R R i, -
2L <z <25L:
BAEfERegion 1, WBEREF
—2BIL32,

25L <z < 3.5L:
B {ERegion 1 % EN
3.5L —x,
TUBRMEAMELME R D, -

155



AP Physics C - FEHAZ

FHEBP 2024 Set1Q3(a)

3.5L <x<4.5L:
Region 1 B A IRMEF, Region 2 IEFAIRH, EENE,

(Al

0, 0<z<L,

—2BL(x — L), L <x<2L,
d(x) = < —2BL?, 2L < x < 2.5L,

—2BL(3.5L —x), 25L < x < 3.5L,

0, 3.5L < x <4.5L.

o
L 2L2.5L 3.5L 4.5L

—2BL>

ARERFAEE ARegion 2 AEIZIX I —HiE & BN SOE & 5 —FmHRN A,

% 2024 Set 2 Q3 (a)
 Region1 ~ Region2
n— —— 4
v | @ o e o o o o
—_— i B : 2B I +y
: o ® lo o o o o :
R 1 : 1
i o o i e o o o o i x
I | I +2
S : e o o o o o o :
I
i o L] i e o o o o i
FD‘% i ° ° i e o o o o i
| I I
: L] o : o ° ° o L] :
f t t t t t t t t t X
0 D 2D 3D 4D
Figure 1
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.
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AP Physics C - FEHAZ

(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 +®.

I I
| I I
r A———d———t———t———1
| I I I | | I | | | I
I I I I I I I I I I
| | I | | | I | | | I
A R A
| | I I | | I | | | I
S S O N~ S S S R
| | | | | 1y | | | |
A N T N S O N N
T rTTTTr Tt T
oL
A R O NN SRR Y < DN PR DU S R
i I i I i RS i i I i
| I I I | I | | | I
| I | | | | I | | | I
R e e e s I
| I I | | | I | | | I
A S U N N SR UR SR
| | I | | T I | | | I
| | I I | I | | | I
| | I I | _ I | I I I
T N [N SR S|
| | I I I ] I | | | I
| | I I | I I | | I
| I I | | | I | | | I

1
_0

157



AP Physics C - EBEES FHAHB 2024 Set2 Q3 (a)

fi#:

(a) HEEREEDHHEAEMX AR, FAHEEEE A,

0<z<D
IFFARIEN,
d = 0,
1E
D <z < 2D,
HEASE — X BEE N
x — D,
mAND, FrbA
® = BD(x— D),
1E
2D <z < 3D,
M — e — X, WEN
3D —x;
BE—EAEE X, TEEN
x—2D,

T2
® = BD(3D —x) + 2BD(x —2D) = BD(z — D).
FAGERE /B, X E RS X R EHE o, e R
BDdz,
Rl AE
x =2D
AEERPR,

158



AP Physics C - FEHAZ

FERH

2024 Set 2 Q3 (a)

1E

IR T

X,

MG, BN

BRIETE
EHRE T
O(x)
2BD?
BH BN

3D <z < 3.5D,

0

BD(z — D),

2BD?,

2B

$ = 2BD?,

45D — x,

x=4.5D

0<z <D,
D <x<3D,
3D < x <3.5D,

2BD(4.5D — z), 3.5D < x < 4.5D,

x=4.5D.

9D  3D3.5D 45D ¢

2B,

TE R D 1R 5 B TR AT, iy AR HH Bt 3R 4 G E 2 B W A BRI 1

159



AP Physics C - EBEES FHAHB 2023Set1Q2(a)

BahrErrE SR PEASIEED

HERE X R BB, TBRERRERNER; BREEFRHES.

B EEMAEERY, RN EENMAER R FEIER, BN D ENIERRIEE. BENFKRNERE
BEHMZI/HREEIR, UNE7HRESEERREEH.

5831 2023 Set 1 Q2 (a)

Conducting Bar

X X X X X
R X X X
B
X X X X X

X
X
X X X

[t

Top View (at time f)

2. Two horizontal, parallel, conducting rails are separated by distance L = 0.40 m. A resistor of resistance
R =0.30 Q 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.

* Attime ¢ = 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 #,, 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 3, the bar enters a region where the magnitude of the uniform magnetic field is
still B = 0.50T but is directed out of the page.

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

Consider time tg such that t, < tg5 < #3.

(a) On the following diagram of the bar, draw an arrow indicating the direction of the net force F,., exerted on the

bar at time #p. If the net force is zero, write o = 0.
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2. Two parallel conducting rails are separated by distance d = 0.30 m. A resistor of resistance R = 0.20 Q0 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 3, the bar reaches position x5 and enters a uniform magnetic field of
magnitude B, = 0.60 T that is directed in the +z-direction.

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

The bar is at position xg (shown in Top View) at time #g such that ; < 5 < 5.

(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 Fo; = 0.
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2. Two horizontal, parallel, conducting rails are separated by distance L = 0.40 m. A resistor of resistance
R =0.30 Q 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.

e 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 1,, 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 73, 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 4, the bar enters a region with no magnetic field.

Consider time tg such that t, < t5 < #3.

(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 #g.
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2. Two parallel conducting rails are separated by distance d = 0.30 m. A resistor of resistance R = 0.20 Q0 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 3, the bar reaches position x5 and enters a uniform magnetic field of
magnitude B, = 0.60 T that is directed in the +z-direction.

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

The bar is at position xg (shown in Top View) at time #g such that ; < 5 < 5.

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

i. Calculate the magnitude of the current in the bar at time #g.
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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.

(b) Consider the instant when Point S reaches x = 1.5L.

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

(b) Consider the instant when Point S reaches x = 1.5D.

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

appropriate.

BRRRE KBMEHKN
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2. Two horizontal, parallel, conducting rails are separated by distance L = 0.40 m. A resistor of resistance
R =0.30 Q 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.

e 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 t,, 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 73, 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 4, the bar enters a region with no magnetic field.

Consider time tg such that t, < t5 < #3.

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

ii. Calculate the magnitude of the net force F,; exerted on the bar at time fg.
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2. 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 1, 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 t3, the bar reaches position x5 and enters a uniform magnetic field of
magnitude B, = 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.

The bar is at position xg (shown in Top View) at time tg such that ) < tg < .

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

ii. Calculate the magnitude of the net force F; exerted on the bar at time #g.
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2. Two horizontal, parallel, conducting rails are separated by distance L = 0.40 m. A resistor of resistance
R =0.30 Q 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.

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

* At time 7, the bar loses contact with the spring and slides to the right.

* At time t,, 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 73, 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 4, the bar enters a region with no magnetic field.

Consider time tg such that t, < t5 < #3.

(c) On the following axes, sketch a graph of the speed v of the bar as a function of time ¢ between ¢ = 0 and #4.
%
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2. Two parallel conducting rails are separated by distance d = 0.30 m. A resistor of resistance R = 0.20 Q0 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 3, the bar reaches position x5 and enters a uniform magnetic field of
magnitude B, = 0.60 T that is directed in the +z-direction.
* At time #,, the bar reaches position x, and enters a region with no magnetic field.

The bar is at position xg (shown in Top View) at time #g such that ; < 5 < 5.

(c) On the following axes, sketch a graph of the speed v of the bar as a function of time # between ¢ = 0 and #4.
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2. Two horizontal, parallel, conducting rails are separated by distance L = 0.40 m. A resistor of resistance
R =0.30 Q 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.

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

At time 1, the bar loses contact with the spring and slides to the right.

* At time t,, 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 73, 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 4, the bar enters a region with no magnetic field.

Consider time tg such that t, < t5 < #3.

(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.
&
#rEEPE A M ImiZ 2R PRI R — T R, RImRBEAEK. E1%70.30 Q; HEXBSEFAEM.

LN S
Rigtal  0.309  0.309Q°

Rtotal — 015 Q
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2. Two parallel conducting rails are separated by distance d = 0.30 m. A resistor of resistance R = 0.20 Q0 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 3, the bar reaches position x5 and enters a uniform magnetic field of
magnitude B, = 0.60 T that is directed in the +z-direction.

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

The bar is at position xg (shown in Top View) at time #g such that ; < 5 < 5.

(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.

i. Determine the total resistance of the closed circuit.
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2. Two horizontal, parallel, conducting rails are separated by distance L = 0.40 m. A resistor of resistance
R =0.30 Q 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.

e Attime ¢t = 0, the bar is released from rest and is pushed to the right by the spring.

At time 7, the bar loses contact with the spring and slides to the right.

* At time t,, 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 t3, 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 #4, the bar enters a region with no magnetic field.

Consider time g such that t, < tg < 3.

(d) The scenario is repeated but an additional resistor of resistance R = 0.30 Q is connected, as shown.

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

immediately after the bar enters the first uniform magnetic field is @y, IS apey, greater than, less than, or
equal to @ ging ? Justify your answer.
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2. Two parallel conducting rails are separated by distance d = 0.30 m. A resistor of resistance R = 0.20 Q0 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 3, the bar reaches position x5 and enters a uniform magnetic field of
magnitude B, = 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.

The bar is at position xg (shown in Top View) at time #g such that ; < 5 < 5.
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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.

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

new- IS Apey greater than, less than, or
equal to @ ging ? Justify your answer.
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2. Two horizontal, parallel, conducting rails are separated by distance L = 0.40 m. A resistor of resistance
R =0.30 Q 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.

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

* At time 7, the bar loses contact with the spring and slides to the right.

* At time 1,, 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 73, 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 4, the bar enters a region with no magnetic field.

Consider time tg such that t, < t5 < #3.

(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.
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2. Two parallel conducting rails are separated by distance d = 0.30 m. A resistor of resistance R = 0.20 Q0 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 3, the bar reaches position x5 and enters a uniform magnetic field of
magnitude B, = 0.60 T that is directed in the +z-direction.

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

The bar is at position xg (shown in Top View) at time #g such that ; < 5 < 5.

(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.

(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.
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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.

(b) Consider the instant when Point S reaches x = 1.5L.

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.
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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.

(b) Consider the instant when Point S reaches x = 1.5D.

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.
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Note: Figures not drawn to scale.

3. 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 (¢) = B, where 8 = 5.0 A/s. The direction of the current in the solenoid is

clockwise, as shown in the end view.

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

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 ..
Region 1 )
|\’\ | Region 2 |
V [ I |
R :r>_<_>? :ro__:__-__."o"o_l;;":
T —VW— IX X!e o o o o o ol +y
IX X/e o o o o o o
:xx:ooooooo:
:Xx:ooooooo: +Z =
2L S I bmm—m—m—————— 4 '
IX XX X X X X X X X1
IX XIX X X X X X X X!
IX XX X X X X X X X|
X IX XIX X X X X X X X|
F—L—1 X XXX X X X X X X
F t t t t t t t t t X
0 L 2L 3L 4L
Figure 2

(c) Indicate whether E\,., is greater than, less than, or equal to Ejgin,-

E

_— new

> E E

original —— “new

<E E

original — Lnew = Eoriginal

Briefly justify your answer.

(c) Mahdbts, SFEREERRILERegion 1 KIHILS AR

1.5L,
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AP Physics C + EBREZ FERAB
HEEEH
1.5L
BH
0.5L,

Region 2 B L HKEIRAL, #HrTETEHE ARegion 1 INAYAES ML HHR4E

0.5L /v,
B JFRegion 1 I L 54

0.5L/v;
NELZ B E AL, HIRAE, BN EZR BB MN

2BLv/R,
JRIBTERIN NAEZ R B 42

L /v,
iR AR YR SRR, it
Enew < Eoriginal :
AT R E :
5 _ AB?L*v*2L  8B*Lv
original — R v - R ’
AB2L*v? L 4AB*L3v 1
new R v R 2 original

G I E A IR IEEANE, (BRI BT N A Rt
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#:>] 2024 Set 2 Q3 (c)
2R E$E 2024 Set 2 Q3 (b)(iii)o
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Figure 1
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.

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 ..

. Region1 ~ Region2
[ I |
v :ro e o o_io ° 01:
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R le o o °le o o |
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io e o O:o . oi
1 1 1 +x
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io e o .io . oi
. 1 ! 1
F;D | :o ° ° 0:0 o ’:
[ ! |
'e o o oieo o o
[ J R, a
} t t f t t t t t } X
0 D 2D 3D 4D

Figure 2
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(c) Indicate whether E,., is greater than, less than, or equal to Egina-

E

_— new

> E E

original —— “new

<E E

original — Fnew

=E

original

Briefly justify your answer.

ZAVERENL. BRETEER

=AREANGXEY, YL RNERRERRANEEEZMNRT, FeERAEMIEERE,
ﬁ%ﬁwzﬁﬁﬁTLﬁkmE,ﬁgﬂﬁb muﬁﬂlmmmwmoaﬁﬁ%ﬁmﬁgﬁtﬁ
A\ MRE,;, @B XEEEERY, FIELEIEEINE e H—faE, EEREINE
EHEEE’JIEEI"] HESEFRF—H; BRIEEXTFEmR TN RRE—IETTE,

BdA dA (@)
= =— — =w(x)v
R dt’ dt
%% 2024 Set 1 Q3 (d)
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.
v IX X X X X X X X X XI
—_— 1 B! v
-+ IX X X X X X X X X x! Y
IX X X X X X X X X X]|
I I
IX X X X X X X X X X . o
o R IX XX XXX XX XX Z
IX X X X X X X X X X|
XX X X X X X X X X)
IX X X X X X X X X X|
- IX X X X X X X X X X|
T X X X XX X X X X X]
f t } t t t t t t t X
0 L 2L 3L 4L
Figure 3
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(d) On the following axes, sketch a graph of the induced current /7 in the triangular loop as Point S moves
from x = L to x = 3L.
Iy
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(d) Z=ATEIA IR EIX He s p— R AR, (6

L <z <3.5L,
=AWKFIRIBK L, BEESE

2L;

S B NTTAUERIA A, BOBIN BN IE,
REAE

L <x <2L:
BRI NEEEAHIN=MIE, a@RMEREDFKPERE, BEERIUTXR,

;L;YfL
| B=-B?
S
%fxif X
Vi =i
L <z <2L,
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A NI EIRE N
a=x—L,
HAHCI =M, WAL RN S ERKE N
2a,

2a
=A%, Rl

X Pk 7R SRR RIE L, EEE S

dz/dt = v,
TR
Epa =~ 22 %) _ pae— L,
2B
@@9:7;@—L) (L<az<2L)|
BRI, SR Er, 5
x> 2L,
A= TG EHER — 15 (A EEE
oL < z <3L

W, BERMAREITAGS, EEAE, RIKHERNE,
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P BARAR R A AR SRR RS X DR B, AR — MR eff Al U E RIS
o

#:>] 2024 Set 2 Q3 (d)

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.

————————————————————

I ]

S | [ ] [ ] [ ] [ ] [ ] [ ] |
I ] |
T le o o o o o] i
R | | +z
D le o o o o o
AL i e o o o o o i
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[e—D—+ le o o o o o
I ]
le o o o o o]
} } f } } } } } } } X
0 D 2D 3D 4D

Figure 3
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(d) On the following axes, sketch a graph of the induced current I in the loop as Point S moves
from x = D to x = 3D.
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Iz BSMmiEEEsEEBLE
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ERKE K,
BEERZIAN|sinwt|BERE-—RE@HF, 5/RRcoswtiIEE,

|| = BAw| sinwt|.
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ZHHEHB 2025Q2(a)

= 2025 Q2 (a)

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 ¢ = 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 ® = BA cos(@t?).

X X X X X X

Figure 1

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

« —0 L
times 1t =0, 4

€|

A

T, and %T relative to |€| shown at %T .If |e| = 0, write a “0” in that column.

T

A=

Figure 2
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IhEM%: BB TARTRPSHTS

EBRATHEP=£%/R, FILERBNBWAFEHIE, EXEHBTHE, T—BEERMEEE, &K
HEEIBENNEANER, BEHFENENNEINEK,

EHEEEENEE, BAPSSNTAXZRBNRENITRE—E,

il 2025 Q2 (c)

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 ¢ = 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 ® = BA cos(@t?).

X X X X X X

Figure 1
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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 <¢ < T.
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Figure 3
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C IR EHELRINRN
P = IR,

PR, RRRTERAEN, RIRTIRARN A R

2 42, 2
P(t) = %sing(wt) .
FE—DEERZ AN, DA R =
0,7/2,T
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T/4,3T /4
VS ONIE]
P.. = B2A%W?/R,
XL A I SRR E,
P

max

T/4 TJ/2 3T/4 T

#2025 Q2 (d)
Zs|a)7&4% 2025 Q2 (a). 2025 Q2 (¢)o

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 ¢ = 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(a)t).

|
X X % x X
+y
X X
X X +x
x > +Z
X X
B
X X X X
|
|
|
|
Figure 1

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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RS S LCHRSZ SR8
EBERNISEEHE: BiEEHmR

BEXREIM I REBETRZE, VB —BHFRREE, NHAKMASEREEHN.

MRS RERRIR R, MEEREMBEE R, E. ARREDRERGBRENEERRR
Ho

RH 2024 Set 1 Q2 (a)(i)

Figure 1

2. Students are asked to determine the resistance R of two identical resistors. The resistors are in parallel with each
other and are connected in series to a battery of known emf &£, an inductor of known inductance L, and a switch,
as shown in Figure 1. The students have access to a voltmeter that can measure potential difference as a function

of time. The students are required to measure a quantity that decreases with time to determine R.

(a)

i. On the circuit diagram shown in Figure 1, draw the voltmeter, using the following symbol, with
connections that would allow the students to correctly measure a potential difference that decreases with
time.

~@-

Voltmeter Symbol
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fi#:

(a)(i) FUIEZMERER TR R RSN, PR PR S b 5 ST P, IS
MIEV, ; FREDRENEE.

WIAIEITR, HEERER MM T RALAE, HHEENE, HilEETE R ARG b BT
drkahne, FEFHA NN, FEEREE NRE, A H EK,

FEFTASHOTER R, PRIV BBV BHEL 1P,
R
R

#:3] 2024 Set 2 Q2 (a)(i)

Figure 1

2. Students are asked to determine the resistance R of identical resistors R, and Rg. The resistors are connected in
series with each other, a battery of known emf &, an inductor of known inductance L, and a switch, as shown in
Figure 1. The students have access to a voltmeter that can measure potential difference as a function of time. The
students are required to measure a quantity that increases with time to determine R.

(a)

i. On the circuit diagram shown in Figure 1, draw the voltmeter, using the following symbol, with
connections that would allow the students to correctly measure a potential difference that increases with

time.

~@-

Voltmeter Symbol
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BRES: FA—BRRSESEXRE

ST XS RERMENT, IRUBEREEEESE. AAFXANNE, ELIREBHN
B ERRE RS,

ESHBLUBRREARE, BREMEBEVEIT, FEERABRIME T RIRBEEMNZFSA,

I8 2024 Set 1 Q2 (a)(ii)

Figure 1

2. Students are asked to determine the resistance R of two identical resistors. The resistors are in parallel with each
other and are connected in series to a battery of known emf £, an inductor of known inductance L, and a switch,
as shown in Figure 1. The students have access to a voltmeter that can measure potential difference as a function

of time. The students are required to measure a quantity that decreases with time to determine R.

(a)

ii. Describe a procedure for collecting data that would allow the students to graphically determine the
experimental value for R using the measured quantity that decreases with time. Provide enough detail so
that another student could replicate the experiment.

i
()(il) FIESNEIRBERF WK, SRR EmRRE N, IO EREN AR ERE
RHURES, IHRE RS RIRA, HEIFRNBERIZ A
t =0,
MR & FFHRIESICF 2 H
(¢, VL),

HEMERET, sSE/DESREEN R R NRER, R, FURESEEANE, =
T FREEEE, IR ERIRE,

FUCSRRESFEE, JCiRAWr MREA 20, HRiiiok R,

199



AP Physics C « EBREE FHEBP 2024 Set 2 Q2 (a)(ii)

#:>] 2024 Set 2 Q2 (a)(ii)

Figure 1

2. Students are asked to determine the resistance R of identical resistors R, and Rg. The resistors are connected in
series with each other, a battery of known emf £, an inductor of known inductance L, and a switch, as shown in
Figure 1. The students have access to a voltmeter that can measure potential difference as a function of time. The
students are required to measure a quantity that increases with time to determine R.

()

ii. Describe a procedure for collecting data that would allow the students to graphically determine the
experimental value for R using a measured quantity that increases with time. Provide enough detail so
that another student could replicate the experiment.

RLEE[ERhZ:: EBBRX TP, EBPELEH
IPAS EE RPE L B RSSIATRES, VIIAEEARAE, BEEEANSE, BRABBMBE; BAGEREE, B
REEL dI/dtRE

BBl R T=L/RE. BRBEEN TR, EEBERERER EAZEDERE. ARMERRHEKTEZE
B, REMAERREIRE.

L
Rtotal '

é

I =
Rtotal

1—etmy, V,=E ", 1=
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BT 2024 Set 1 Q2 (b)(i)

Figure 1

2. Students are asked to determine the resistance R of two identical resistors. The resistors are in parallel with each
other and are connected in series to a battery of known emf £, an inductor of known inductance L, and a switch,
as shown in Figure 1. The students have access to a voltmeter that can measure potential difference as a function
of time. The students are required to measure a quantity that decreases with time to determine R.

(b)

i. On the axes shown in Figure 2, produce a graph that represents the expected trend of the data by
completing the following tasks.

* Label the quantities graphed on the vertical and horizontal axes.
* Sketch a line or curve that represents the expected trend of the collected data.
* Label any appropriate intercepts and/or asymptotes in terms of the quantities provided.

Figure 2
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BT 2024 Set 2 Q2 (b)(i)

Figure 1

2. Students are asked to determine the resistance R of identical resistors R, and Rg. The resistors are connected in
series with each other, a battery of known emf £, an inductor of known inductance L, and a switch, as shown in
Figure 1. The students have access to a voltmeter that can measure potential difference as a function of time. The
students are required to measure a quantity that increases with time to determine R.

(b)

i. On the axes shown in Figure 2, produce a graph that represents the expected trend of the data by
completing the following tasks.

* Label the quantities graphed on the vertical and horizontal axes.
* Sketch a line or curve that represents the expected trend of the collected data.

* Label any appropriate intercepts and/or asymptotes in terms of the quantities provided.

Figure 2
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%% 2024 Set 1 Q2 (b)(ii)
Z5[R) 7&4E 2024 Set 1 Q2 (b)(i)o

Figure 1

2. Students are asked to determine the resistance R of two identical resistors. The resistors are in parallel with each
other and are connected in series to a battery of known emf &£, an inductor of known inductance L, and a switch,
as shown in Figure 1. The students have access to a voltmeter that can measure potential difference as a function

of time. The students are required to measure a quantity that decreases with time to determine R.

(b)

ii. Describe how the information from the graph in part (b)(i) would be used to determine the
experimental value for R.
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Zxia) & 4E 2024 Set 2 Q2 (b)(i)o

Figure 1

2. Students are asked to determine the resistance R of identical resistors R, and Rp. The resistors are connected in
series with each other, a battery of known emf &, an inductor of known inductance L, and a switch, as shown in
Figure 1. The students have access to a voltmeter that can measure potential difference as a function of time. The
students are required to measure a quantity that increases with time to determine R.

(b)

ii. Describe how the information from the graph in part (b)(i) would be used to determine the
experimental value for R.

RLEIERSHE: HRERSBERELER

RERAREER: ARHHE, BERERS, RBERL/L d/dRTERSHIOTLE;
E5BRIRTRE.

TR EIRAREEAEMAZ, BEMD AR, RAIBEBRFERN, FUEREERE.

4

dl
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fBI=A 2024 Set 1 Q2 (c)

Figure 1

2. Students are asked to determine the resistance R of two identical resistors. The resistors are in parallel with each
other and are connected in series to a battery of known emf £, an inductor of known inductance L, and a switch,
as shown in Figure 1. The students have access to a voltmeter that can measure potential difference as a function
of time. The students are required to measure a quantity that decreases with time to determine R.

(c) Starting with an appropriate application of Kirchhoff’s loop rule, derive, but do NOT solve, a differential
equation that can be used to determine the current / in the inductor at time ¢ after the switch is closed. Express
your answer in terms of R, €, L, t, and physical constants, as appropriate.

208



AP Physics C - FEHAZ

FEBP 2024 Set1Q2 (c)

fi#:

(c)  MIEIESE HEE L IR 0 7 R FLI T ISR S el s, ARt ST m, FHA SRS

TRALEEIARRK:

SRR TR RS, Fit

Vi = I(R/2).
FE R S A L I AN P2 A S Tl N3, L R R R &N
LdI/dt;
dI/dt
FRRZEREHRTZ /D, RAEE]
R dl
£—§I—LE—0,
5%
al _¢ R,
dt L 2L |

£53] 2024 Set2 Q2 (c)

Figure 1

209

2. Students are asked to determine the resistance R of identical resistors R, and Rpg. The resistors are connected in
series with each other, a battery of known emf &, an inductor of known inductance L, and a switch, as shown in
Figure 1. The students have access to a voltmeter that can measure potential difference as a function of time. The
students are required to measure a quantity that increases with time to determine R.




AP Physics C + EBHE FAEPB 2024 Set2 Q2 (c)

(c) Starting with an appropriate application of Kirchhoff’s loop rule, derive, but do NOT solve, a differential
equation that can be used to determine the current / in the inductor at time ¢ after the switch is closed. Express
your answer in terms of R, €, L, t, and physical constants, as appropriate.

RSN REMEREEMBER

ARRAEI/dt=0, BEBERIONEBEANT, BEENERIERFNFE.

EE}_%E tiﬁ&ﬁ\é&.ﬂjln“ WBHEE’_ ’E%IJEI‘JEEBHHTI: ¥ﬁ'iimﬁﬂﬁé{glu\iulu\%mb) JJZIS'EE'JM\UJ_B:FKEF
1Ko ScERMHEBEREW—3T =o

&

[ =——
Rexternal +7

[ee]

& 2024 Set 1 Q2 (d)

Figure 1

2. Students are asked to determine the resistance R of two identical resistors. The resistors are in parallel with each
other and are connected in series to a battery of known emf &, an inductor of known inductance L, and a switch,
as shown in Figure 1. The students have access to a voltmeter that can measure potential difference as a function

of time. The students are required to measure a quantity that decreases with time to determine R.

After reaching steady state, the absolute value of the potential difference across the inductor is |AVl | The students
replace the original inductor with a new inductor that has nonnegligible resistance. The experiment is repeated.

After a long time, the absolute value of the potential difference across the new inductor is |AV2 |
(d) Indicate whether |AV2| is greater than, less than, or equal to |AV1|

sl jawf<]ak]  _ [av) = |ay)

Justify your answer.
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f&:

(d) PR RS s A PR E A ORI B R BB RAAS, PER TS,
dI/dt =0,

I DAL PR
AV, =0,

HTHURKAR PR 1 RSN, JEH PIHRHLEE

r >0,
FRASH EBER R R Z, (HNEREEREEN
I r>0:

E Er

/] = — AVy = ——— .
< R/247’ 2 R/2+7‘>0

FIt A

AV, > AV, |

RAHRBRISEY T SE” G THAEZAE RS, NREFTrrT R R,

#:.5] 2024 Set 2 Q2 (d)

Figure 1

2. Students are asked to determine the resistance R of identical resistors R, and Rp. The resistors are connected in
series with each other, a battery of known emf &, an inductor of known inductance L, and a switch, as shown in
Figure 1. The students have access to a voltmeter that can measure potential difference as a function of time. The

students are required to measure a quantity that increases with time to determine R.

After reaching steady state, the absolute value of the potential difference across Ry is |AV1 | The students replace
the original inductor with a new inductor that has nonnegligible resistance. The experiment is repeated. After a

long time, the absolute value of the potential difference across R, is |AV2 |
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(d) Indicate whether |AV2| is greater than, less than, or equal to |AV1 |
—|anls[av| fanl<ak] |av|=|ay]

Justify your answer.

LCARASREE: MEENESIERE

BAALCERRF, BIptEREMEIZMEREREIRM, THRIFEIRS, BREEq/CSBREREN; 45
nEBFTENE, FEILq"+q/C=0, HRq"®RRERN_MITESH. EEMq"=-q/(LC)iY, EE{EMA
FthFBFEAAER, S5EEREHTR" = wqRE, Bw=1// (LC), BAEAT=2n/ (LC),

BAHBEq/CEGHERBEL. IEREEMEENKER, UBSRES/EREMNERRENT; M ARERMCE
2, ARKRKMBEL
T =27VLC.

5= 2026 Q3 (a)(i)

The following information applies to parts A and B.

3. In Experiment 1, students are asked to collect data that can be graphed to determine the
inductance L; of an inductor. The students have access to multiple charged capacitors, each of a
different known capacitance, and a voltmeter that measures potential difference as a function
of time. In each trial, the inductor is connected to a charged capacitor and an initially open
switch, as shown in Figure 1.

Figure 1

Part A

i. Indicate quantities that could be measured by the students that would allow them to
determine Z, using a linear graph.
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fi#:

A() EB—LRMT 2T REERFFEAE AP, ST RIEIExR

Vel(t),
HAH R R] 77 TRl B RN TR 22 SR Az R T s X T AR RS EE, 153
(C,T)
BRI R R U AER AR 5 U R E AL, LC [FIRA TR
ng +4=0.
C L RHEE
q" +w?q=0
XN,
w? =1/(L,0),
T =2r+/L,C.
K4

VC = Q/C,
PR ) 1 B 5 F A J] EAAR ]

FRNEIRE: ZREHHSRKINTY

B ARG R E AT R R M. WESN N TEARNEEAL, UA/nSEER; nldX, EFER
BEORE S 2 AR AU

F—HREZREE. FRERZHANETLUREBARESERBEE,

T="="
mn
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IR 2026 Q3 (a)(ii)

The following information applies to parts A and B.

3. In Experiment 1, students are asked to collect data that can be graphed to determine the
inductance L, of an inductor. The students have access to multiple charged capacitors, each of a
different known capacitance, and a voltmeter that measures potential difference as a function
of time. In each trial, the inductor is connected to a charged capacitor and an initially open
switch, as shown in Figure 1.

Figure 1

Part A

ii. Briefly describe a method to reduce experimental uncertainty.

fi#:

A(iL) B FEESN e A 7 T AR S [FD
At,
A
T = At/n

SKIEHA, PRI N RIS 02, S AR IRRIFFY, SHEAAREARGES
BORTE ] 2
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ARBAXE MW EET R EALR
THCRERELZ, AATIELLTFYV Co IBARFHRET?>=472LC; FILBEMC. NHT>HREL, &

2%3471'2 Lo

WRTAY CIEEH. TEMH, ERENEXHBZHRE., EF—4HGE, BEEMRRBIAZERR—X

zJNo

T? = 47 LC.

7% 2026 Q3 (b)(i)

The following information applies to parts A and B.

3. In Experiment 1, students are asked to collect data that can be graphed to determine the
inductance Z; of an inductor. The students have access to multiple charged capacitors, each of a
different known capacitance, and a voltmeter that measures potential difference as a function
of time. In each trial, the inductor is connected to a charged capacitor and an initially open
switch, as shown in Figure 1.

Figure 1

Py °

PartB

i. Indicate what quantities the students could graph on the horizontal and vertical axes to
create a linear graph that can be used to determine Z,.
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fi#:

B(i) Lt Pl ALt T 77 T 5
T2 = 472L,C.

MFEC (F) , 2hEhEL
T2
(s?) , BREME, BEEETHCREARML, SRET, My

V.

/t\\
=
=i

TAREESE: KRGS
SR AL ERSIH AT RS LURAATE, T2 XCERED=1rL, Eitamb/(1r%),
FRNEREERLEN, BAPSHIARLAT—5; RERS— AR EAREREA,

IR 2026 Q3 (b) (i)
73 &4 2026 Q3 (b)(i)o

The following information applies to parts A and B.

3. In Experiment 1, students are asked to collect data that can be graphed to determine the
inductance Z; of an inductor. The students have access to multiple charged capacitors, each of a
different known capacitance, and a voltmeter that measures potential difference as a function
of time. In each trial, the inductor is connected to a charged capacitor and an initially open
switch, as shown in Figure 1.

Figure 1

PartB
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ii. Briefly describe the relationship between L, and a feature of the graph from part B (i).
Your answer may include an equation that relates 2, and the chosen feature of the
graph.

fi#:

B(ii) PSR L 4

-CH, flaReR

Fifr DA
my
b=
NI
s?/F = H,
LR AN A,

RLNER: BERBEESTHERECH

EIEE XA E-IR-L dI/dt=03 AR REBEVL=E-IR, RERBITLAIFI/dtEY, AILATEVL, EVLIEdI/dt,
FERmMZELo

A@E=12 V. R=10Q, ALES—ITA12-10+EHNS4R. dI/dtHEHREAIA/s, VLAIHEIV,

dI
V, =12 — 101 = L—.
L dt
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FHEBPF 2026 Q3 (c)(i)

ilE% 2026 Q3 (c)(i)

The following information applies to parts C and D.

In Experiment 2, the students are asked to use a graph to determine the inductance L, of a
new inductor. The inductor is connected to a 12 V battery, a 10 Q resistor, and an initially open

switch, as shown in Figure 2.

Figure 2

12V =

-~

After the switch is closed, the current I in the circuit is measured at different times and the
corresponding rate of change of the current, %, is determined. The collected data are shown in

Table 1.
Table 1
dl
GV A OND
0.40 280
0.50 230
0.75 150
0.90 100
1.00 68
Part C
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B

AP Physics C -

= 0.

dt
12 —107

dI/dt
219

Vi

V, =12 — 101,
V, = Ly(dI/dt).

12— IR— L,

LRMEALTR IR T TSR, R AT P RE 5 PR P -

S

units, as appropriate. The graphed quantities should yield a linear graph that can be used
WA

to determine L,.

— 57

i. Label the axes of the grid provided with measured or calculated quantities. Include

¢
V) , R L,

[ b FEL e 9 i L

(A/s) , PNk

iV

e
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HEENHIE: R—HLIRZRTHRER

FoRRIRIRENLITTES—1TVL, BiE(d/dtVL)ERE—EE. BMUMIOIREZIEMRL, B
EEEE o

S5EREFREFERIIXNN, FEE—THIS5S—1THZHERE,
583 2026 Q3 (c)(ii)
Zsa)7&4E 2026 Q3 (¢)(i)o

The following information applies to parts C and D.

In Experiment 2, the students are asked to use a graph to determine the inductance L, of a
new inductor. The inductor is connected to a 12 V battery, a 10 Q resistor, and an initially open
switch, as shown in Figure 2.

Figure 2

2V= 3L,

After the switch is closed, the current I in the circuit is measured at different times and the
corresponding rate of change of the current, %, is determined. The collected data are shown in
Table 1.

Table 1
1@ | 4L g
0.40 280
0.50 230
0.75 150
0.90 100
1.00 68

Part C
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B

S e —m e — -

AP Physics C -

ii. On the grid provided, create a graph of the quantities indicated in part C (i).

Clearly label each axis with a numerical scale.

Plot the corresponding data points on the grid.

Table 2 is nrovided in vour booklet for scratch work and will not be scored.

I

C(ii)

12 — 101 (V)

VL -

dl/dt (Als)

I N

8.0
7.0

280
230

0.40
0.50

12 —101 (V)

VL -

dI/dt (A/s)

I (A

4.5

150

0.75
0.90
1.00

3.0
2.0

100

68

0-300 A/s, PNHO0-O V; PIRIEISIZIRE, MRIKbRH LA

N

R A
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0 50 100 150 200 250 300
di/dt (A/s)

BREBRNERZITNN; WERHER.

FERSIER: MeBALEES

BRBESEATEUERNXRZEESL. BMERNEEBENEN—FESL, R U02EL L,
FEZFRERE; BLET-RANEMNEERNE, RIitFrEE4NBEEBABEMEE.,
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IR 2026 Q3 (c)(iii)

Zin)#dE 2026 Q3 (c)(ii)o

The following information applies to parts C and D.

In Experiment 2, the students are asked to use a graph to determine the inductance L, of a

new inductor. The inductor is connected to a 12 V battery, a 10 Q resistor, and an initially open
switch, as shown in Figure 2.

Figure 2

~C

12V= 3L,

After the switch is closed, the current I in the circuit is measured at different times and the
corresponding rate of change of the current, %, is determined. The collected data are shown in
Table 1.

Table 1
1@ | 4L g
0.40 280
0.50 230
0.75 150
0.90 100
1.00 68

Part C
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B

AP Physics C -

iii. Draw a best-fit line for the data plotted in part C (ii).

REDGS— S BRI ELETA]; RERA

C(iii)

V; &~ 0.02887(dl/dt) + 0.119

AL S, AN ERERE RURUGERITER,

dI/dt (A/s)

50 100 150 200 250 300

0
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REMTHERNRZER: HHEBRYE

MG L BB ROERA R, NHMERRE. BMERA/s, FIRBMV/(A/s)=H.
B XRVL=L(dI/dt)ERZERSFTHREL, tsETHGEALERFBRI

AV,

L= A(dI/dt)’

5% 2026 Q3 (d)
<Al #dE 2026 Q3 (c)(iii)o

The following information applies to parts C and D.

In Experiment 2, the students are asked to use a graph to determine the inductance L, of a

new inductor. The inductor is connected to a 12 V battery, a 10 Q resistor, and an initially open
switch, as shown in Figure 2.

Figure 2

-~

12V= 3L,

After the switch is closed, the current I in the circuit is measured at different times and the
corresponding rate of change of the current, % is determined. The collected data are shown in
Table 1.

Table 1
1w | 4
0.40 280
0.50 230
0.75 150
0.90 100
1.00 68

PartD

Using the best-fit line that you drew in part C (iii), calculate an experimental value for L,.
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FEREB 2026Q3(d)

fi#:

D HUEHIEBUERR AN

V/(A/s) = Ho

TEML AL B A R
(100, 3.006)

5

(280, 8.203),
A

g = 8‘328’ — ?6%06 H~[0.0289H ~ 0.029H|

BRI

V,./(dl/dt)
AU AR, AR TR R A LRI,

226



	电荷与静电平衡
	实验图线：拟合、斜率与截距
	高斯定律与球、柱的电场
	等势图、带电杆与电势叠加
	电阻率实验
	电容充放电与电荷共享
	电流的磁场与磁力
	磁通变化与运动导体
	电感瞬态与LC振荡实验

