AP Physics 2 FERAH BN

AP Physics 2

FERAP

HR

S| RAESER 2
LRSS RED 22
817, BH SR 31
iR, HESNE 40
Wiz, RN S BN 58
. RES5FS 80
HF. BFSRF 96

SLIOHEE. (FBSS8KRK 110



AP Physics 2 FHEBHPE 2025Q2A

SE. AESER

EERN KXDSE. XS5ES

FTIEBHANR. WEE, REFHENERMND: TASERLT, EAARRETE, HIKEE
RERTEN. FRESRUERLNERS, RIYSER P ERTEERA L, NBXNZ PA;
FRLERS A _E 5 R T RY AR,

F=PA, Y F,=0.
=R 2025 Q2 A

2. A sample of a monatomic ideal gas is sealed in a thermally conducting container by a movable
piston of mass M and area A. The container is in a large water bath that is held at a constant
temperature 7. The piston is free to move with negligible friction. At the instant shown, the gas
is in thermal equilibrium with the water bath, the piston is at rest, and the gas occupies
volume J;. The pressure of the air above the piston is Py,

Container
Water Bath [7 hAS

Gas

Side View

Note: Figure not drawn to scale.

A. On the dot shown, representing the piston, draw and label the forces that are exerted on the
piston. Each force must be represented by a distinct arrow starting on, and pointing away
from, the dot.
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2. A sample of a monatomic ideal gas is sealed in a thermally conducting container by a movable
piston of mass M and area A. The container is in a large water bath that is held at a constant
temperature 7;. The piston is free to move with negligible friction. At the instant shown, the gas
is in thermal equilibrium with the water bath, the piston is at rest, and the gas occupies
volume Jj. The pressure of the air above the piston is Py,

Container
Water Bath [ haS
"y
Gas
Side View

Note: Figure not drawn to scale.

B. Derive an expression for the internal energy of the gas in terms of M, A, Vj, Py, 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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2. A sample of a monatomic ideal gas is sealed in a thermally conducting container by a movable
piston of mass M and area A. The container is in a large water bath that is held at a constant
temperature 7. The piston is free to move with negligible friction. At the instant shown, the gas
is in thermal equilibrium with the water bath, the piston is at rest, and the gas occupies
volume J;. The pressure of the air above the piston is Py,.
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Water Bath [ pAE

Gas

Side View

Note: Figure not drawn to scale.
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C. A block, also of mass M, is placed on the piston at time ¢ = ¢, and is slowly lowered. The
piston comes to rest at ¢ = ¢, when the block is completely released.

On the axes provided, sketch the expected relationship between the pressure P and
volume V of the gas for the thermodynamic process that the gas undergoes during time
interval 7y < ¢ < ¢;. Draw an arrow on your sketch to represent the direction of the
thermodynamic process.
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1. Part A

A sample of n moles of a monatomic, ideal gas is in a large, sealed, thermally conducting
container with fixed volume. A small sphere of mass mg is in the container. The volume of the
sphere is much less than the volume of the container.

The gas is initially in State X with pressure P and volume V, as shown in Figure 1.

Figure 1
Gas
n,P,V Sphere
//\//ms
State X

Note: Figure not drawn to scale.

The sphere is initially in thermal equilibrium with the gas. The gas undergoes a heating process
until the gas is in State Y with pressure 3P and the sphere is again in thermal equilibrium with
the gas. The total energy transferred to the sphere during the heating process is Q.

ii. Derive an expression for the change AT in temperature of the gas for the heating
process that the gas undergoes as the gas changes from State X to State Y. Express
your answer in terms of n, P, 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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2. A sample of a monatomic ideal gas is sealed in a thermally conducting container by a movable
piston of mass M and area A. The container is in a large water bath that is held at a constant
temperature 7;. The piston is free to move with negligible friction. At the instant shown, the gas
is in thermal equilibrium with the water bath, the piston is at rest, and the gas occupies
volume Jj. The pressure of the air above the piston is Py,

Container
Water Bath [ haS
"y
Gas
Side View

Note: Figure not drawn to scale.

C. A block, also of mass M, is placed on the piston at time 7 = £, and is slowly lowered. The
piston comes to rest at ¢ = 7, when the block is completely released.

D. With the block still on the piston, the temperature of the water bath is changed to a new
constant temperature T,,,. The gas occupies the original volume /;; when the sample of gas
and the water bath come to thermal equilibrium.

Indicate whether 7,.,, is greater than, less than, or equal to T;.
— Thew>To
— Thew<T
— Thew=T1

Briefly justify your answer by referencing at least one feature of your answers to parts A, B,
or C.
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1. Part A

A sample of n moles of a monatomic, ideal gas is in a large, sealed, thermally conducting
container with fixed volume. A small sphere of mass mg is in the container. The volume of the
sphere is much less than the volume of the container.

The gas is initially in State X with pressure P and volume V, as shown in Figure 1.

Figure 1
Gas
n,P,V Sphere
/L/ s
State X

Note: Figure not drawn to scale.

The sphere is initially in thermal equilibrium with the gas. The gas undergoes a heating process
until the gas is in State Y with pressure 3P and the sphere is again in thermal equilibrium with
the gas. The total energy transferred to the sphere during the heating process is Q.

10
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i. The graph in Figure 2 represents the number of atoms per unit speed as a function of
atom speed for the gas when the gas is in State X. On Figure 3, sketch a curve that could
represent the number of atoms per unit speed as a function of atom speed for the gas
when the gas is in State Y.

Figure 2 Figure 3
A . A .
| |
l l
Number of ! Number of !
Atoms per | ——————— T Atoms per |f———————— : ----------
Unit Speed | Unit Speed |
l l
! - ! -
Atom Speed Atom Speed
State X State Y
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—— State X
—— State Y

Atoms per unit speed (same scale

Atomic speed (same scale)
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1. Part A

A sample of n moles of a monatomic, ideal gas is in a large, sealed, thermally conducting
container with fixed volume. A small sphere of mass mg is in the container. The volume of the
sphere is much less than the volume of the container.

The gas is initially in State X with pressure P and volume V, as shown in Figure 1.

Figure 1
Gas
n,P,V Sphere
/L/ s
State X

Note: Figure not drawn to scale.

The sphere is initially in thermal equilibrium with the gas. The gas undergoes a heating process
until the gas is in State Y with pressure 3P and the sphere is again in thermal equilibrium with
the gas. The total energy transferred to the sphere during the heating process is Q.

iii. Derive an expression for the specific heat cg of the sphere. Express your answer in
terms of n, mg, P, V, Oq, and physical constants, as appropriate. Begin your derivation by
writing a fundamental physics principle or an equation from the reference information.

fi#:

KENRASHES[SEEEIATE, FRAUIKEEZANKEEEZ . QS ZIFAIKAIEEE; TRl
RIRARERZIIKRI AT,

en_ @s _ nhQs
ST mgAT — 2PVmg'
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QS — mscsAT,
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mgeg|ATg| = mpcp |AT,|.

5= 2026 Q1 B

PartB

An insulated container is filled with a liquid of mass m; and specific heat ¢; . The original
sphere is submerged in the liquid. The sphere has mass mg, where mg < m; , and specific heat
cg, where ¢g < ¢; . The initial temperature of the sphere is greater than the initial temperature
of the liquid. Later, the liquid and the sphere reach thermal equilibrium. The absolute values of
the changes in the temperatures of the liquid and the sphere are |A7; | and |ATg|, respectively.

Indicate whether |ATg| is greater than, less than, or equal to |A7; |. Include one of the following
relationships in your response.

© AT >|AT
* AT <|AT
* AT =|AT

Justify your answer. Your justification may include expressions/equations but must include
conceptual reasoning beyond algebraic solutions.
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Note: Figure not drawn to scale.

Figure 1
2. (12 points, suggested time 25 minutes)

In Experiment 1, shown in Figure 1, a sample of an ideal gas is contained in an insulated, sealed chamber with
thin, rigid walls. The chamber contains a heater and sensors that measure the temperature and pressure of the gas.
A student is asked to design an experiment to determine the number N of molecules of the gas contained in the
chamber.

(a) Describe a procedure for collecting data that would allow the student to determine an experimental value
for N. Provide enough detail so that a student could replicate the experiment, including any steps necessary to
reduce experimental uncertainty.

SEZHENIE, ’EuTZISﬁ?*&NﬂﬁS%“Vi’*JIEITEO FMNSERBR. B, &, SHNVENTFY, KA
B MASIF SIRERF BN XPMENESUEKIR S ERER,
ERVERERSHEENELXER, FTAMNASE, ESTFREBEERSIERBENNB P, T; 8K
BHAE RSN EREIISE R E, F—RSESRBEITY, NECEN EHIEEERAN
mEXE, BNIRERFE—ZHSE. RERFRX

\

mg

PV = NkzT, P= NTI‘”BT.
LT RtEM. P AYERENEEZ%. aRFEN sP, NI:
NkB - SPV
Py = kg

SWEREMEDINRNMNER, TERE No NZBDF MR, F2ERE.
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Note: Figure not drawn to scale.

2. (12 points, suggested time 25 minutes)

Figure 1

In Experiment 1, shown in Figure 1, a sample of an ideal gas is contained in an insulated, sealed chamber with
thin, rigid walls. The chamber contains a heater and sensors that measure the temperature and pressure of the gas.
A student is asked to design an experiment to determine the number N of molecules of the gas contained in the

chamber.

i. On the following axes, sketch a curve or line to represent the expected relationship between the
pressure P and the volume V of the gas while the heater is on. Draw an arrow on the curve or line to
represent the direction of the resulting thermal process.

15
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Note: Figure not drawn to scale.

[N

. (12 points, suggested time 25 minutes)

Figure 1

In Experiment 1, shown in Figure 1, a sample of an ideal gas is contained in an insulated, sealed chamber with
thin, rigid walls. The chamber contains a heater and sensors that measure the temperature and pressure of the gas.
A student is asked to design an experiment to determine the number N of molecules of the gas contained in the

chamber.

ii. On the following axes, sketch a curve or line to represent the expected relationship between the internal
energy U and the volume V of the gas while the heater is on. Draw an arrow on the curve or line to
represent the direction of the resulting thermal process.

fi:
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IR 2024 Q2 b(iii)
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Note: Figure not drawn to scale.

Figure 1

2. (12 points, suggested time 25 minutes)

In Experiment 1, shown in Figure 1, a sample of an ideal gas is contained in an insulated, sealed chamber with
thin, rigid walls. The chamber contains a heater and sensors that measure the temperature and pressure of the gas.
A student is asked to design an experiment to determine the number N of molecules of the gas contained in the

chamber.
iii. Briefly justify why the curve or line drawn in part (b)(ii) has the shape that you sketched.

fi#:
BEIEFIEBREANMTLARE, MARBNEEERETLATAR L. SERNIMED R I

AU=Q,, +W,, W, =0 AU=Q,, >0.
[EINERART AR, FRERELETIARERNIFEESIAREEE,
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fBIRR 2024 Q2 c(i)
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Note: Figure not drawn to scale.
Figure 2

In Experiment 2, shown in Figure 2, a liquid-filled container that is completely wrapped with a material of
uniform thickness 0.01 m is inside the sealed chamber that is filled with an ideal gas. The material has a total area
of 0.06 m? in contact with the gas. The heater is turned on. As the temperature 7 of the gas increases, the

following data for the temperature 7} of the liquid and the rate Agt of energy transfer are collected.

75 (K) 7. (K) 2
295 295 0.0
371 303 26.3
425 308 431
475 313 60.0
528 323 75.0

(c) The student is asked to determine an experimental value of the thermal conductivity k of the material used to
wrap the container inside the sealed chamber.

i. Indicate what measured and/or calculated quantities could be graphed to yield a straight line that could
be used to calculate an experimental value for the thermal conductivity k of the material. Use the blank
columns in the table to list any calculated quantities you graph in addition to the data provided.

Vertical Axis: Horizontal Axis:

20
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Water String

Laser
Block

Screen
(10 points, suggested time 20 minutes)

Students are investigating electromagnetic wave phenomena in transparent media. They use a string to support a
stationary thin, rectangular block of mass m,, volume V), and density p,. The block has two narrow slits in its

center and is submerged in a glass tank containing water with density p, , as shown above.

i. On the dot below, which represents the block, draw and label the forces that are exerted on the block.
Each force must be represented by a distinct arrow starting on, and pointing away from, the dot.

fi#:
EREYIR EMNEHET; BANAMHFRES=ENZHE L, FIEFTAMNERNSER. FHER
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Water String

Laser
Block

Screen
(10 points, suggested time 20 minutes)

Students are investigating electromagnetic wave phenomena in transparent media. They use a string to support a
stationary thin, rectangular block of mass m,,, volume Vj, and density p,. The block has two narrow slits in its

center and is submerged in a glass tank containing water with density p, , as shown above.

ii. Derive an expression for the force exerted on the block by the string in terms of the given quantities and
physical constants, as appropriate.

fi#:
BRERENIE, BIEFEEIAE, Be= R HKETRETYIRIEFI:

Fr+ Fg—mug =0, Fg = p, V9, Fr=myg—p, V9.

PRk iERERER L7
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Ao BRXEFANEGHR, MARRRKEF. KR LERKRK, EHEHM L,
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L Valve
Note: Figure not drawn to scale.

Figure 1
(12 points, suggested time 25 minutes)

Tank X is a large cylindrical tank that is partially filled with water, as shown in Figure 1. The bottom of Tank X is
connected to a short horizontal pipe. A valve that is initially closed can be opened to allow water to flow through
the pipe and exit through the other end of the pipe.

(a) Two blocks, A and B, have identical dimensions and are placed in the tank. Both blocks float at rest and are
partially submerged in the water.

i. The water and air can be modeled as consisting of individual particles that are in continuous random
motion. In terms of interactions with both water and air particles, explain why there is an upward buoyant
force exerted on each block.

fi#:

KMZESKFAEFENIEE, MEFRREASRRGE, TREG LRE, LFRATHEAER; K
EDREE, LFREEER. KR ELEBATZESNRATER, MERNFBMRER LF . T
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B RESNATE
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IR 2023 Q3 a(ii)

L Valve
Note: Figure not drawn to scale.

Figure 1
(12 points, suggested time 25 minutes)

Tank X is a large cylindrical tank that is partially filled with water, as shown in Figure 1. The bottom of Tank X is
connected to a short horizontal pipe. A valve that is initially closed can be opened to allow water to flow through
the pipe and exit through the other end of the pipe.

(a) Two blocks, A and B, have identical dimensions and are placed in the tank. Both blocks float at rest and are
partially submerged in the water.

ii. The valve is then opened, and water flows out through the pipe. The surface of the water moves
downward. When Block A touches the bottom of Tank X, Block B is still above the bottom of Tank X.
Which block has a greater density? Briefly explain your reasoning.

fi#e:

FIRRSTHEE, AZiiR, RPALLERRIERFI ARRKIER. HKEREX, FAHEKR, KRFHIER
ANETEE, HAEE; SHRMER, AZEEX.

P V.
PuVewrd =PV, L= ;}‘b, pa>Ppe
w

REEHO: AEEXAREE

AR —IEARENNK, WREEIHORER. SARRHEMENSE. BOPERAS, R
Fl; MOBERS. RELETE, SASHRARNRBTHRE, TEEBTERS.

1 1
Py+ 5pvi + pgyr = Py + 5005 + pgys.
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7% 2023 Q3 b(i)
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Note: Figure not drawn to scale.

Figure 2

Tank Y is a large tank with the top open to the air, as shown in Figure 2. The bottom of Tank Y is connected to a
short horizontal pipe of radius r with a closed valve. Tank Y is filled with water to height %, above the horizontal
pipe. Tank Y is specially designed so that when the valve is opened, the surface of the water moves downward at
constant speed ;.

(b) At time ¢ = 0, the valve is opened.

i. Derive the relationship between the speed v, at which water exits the pipe and the changing height & of

the surface of the water above the pipe to show that v, = A vs2 +2gh.

fi#:
ERmEma 1. HOMR2, BOSEASE, MAEAS, EitERER, %8B B REEFERA
BHIXZR, RERE FEFEE vs:

1 1
Patm + pgh + ipvg = Patm + 5'01}2%’

v2 =2 + 2gh, v, = \/v2 + 2gh.

BEMASME: HREERIAEER

KRR RS, SR MKAERLDEIAR, STEUMNEDQRLAER. BERTZLREREEIRI
11, BFC8ERAFETEAEN. REZIHMREFE, r EAEEOFZ.

A, =Av (TR*)v, = (mr?)v

sUs p-p’ P’
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Tank Y

|

hy
l Valve

Note: Figure not drawn to scale.

Figure 2

Tank Y is a large tank with the top open to the air, as shown in Figure 2. The bottom of Tank Y is connected to a
short horizontal pipe of radius r with a closed valve. Tank Y is filled with water to height %, above the horizontal
pipe. Tank Y is specially designed so that when the valve is opened, the surface of the water moves downward at
constant speed ;.

(b) At time ¢ = 0, the valve is opened.

ii. Derive the relationship between v, and the changing radius R of the top surface of the water to show
2

that v, = —-w.
r

fi#:
KRB ESE, BANERERDHAERSETFEDRENET, REFR RBNZNE, EE¥RrE

=

£

FLEBIERE, BEAKEEM

KT AFEFRRRNARNIER, AESMERREEES HORENLE: ERLRN, REE
EFAmNFHORE, RENETA A 28K,

== R>»r= vl <l
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583 2023 Q3 b(iii)
Z=a)7&4% 2023 Q3 b(i). 2023 Q3 b(ii)o

Tank' Y

|

hq

l Valve

Note: Figure not drawn to scale.

Figure 2

Tank Y is a large tank with the top open to the air, as shown in Figure 2. The bottom of Tank Y is connected to a
short horizontal pipe of radius r with a closed valve. Tank Y is filled with water to height /, above the horizontal
pipe. Tank Y is specially designed so that when the valve is opened, the surface of the water moves downward at
constant speed v;.

(b) At time ¢t = 0, the valve is opened.

iii. When the radius R of the tank is sufficiently greater than r, the speed v, can be approximated

as v, = /2gh. Justify this claim.

fi#:
BEFREATEXER, FRAEENTATEOE. BESM, REERRSHORRZLETFED
ERNSREERZL, AtFETNFEE, FIGREEEEIEN H ORhEE ] 28 :

v, & \/2gh.
XEBEZFMRNLM. FEEESHERXARREE vsIGHE, XEFMRE T REIEH.
KAUSEEFRNTIE: BRI MREEE

KRENSERRE, SkEaTER, SNPREERERE, FEIELL—KEN “EERmEE" %
BFkAE. IEESMPHNHORERANEEXR, SHRARERRBISENFEZNREN, B
AMEDF. PEBTK.
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%R 2023 Q3 ¢
Z=a)7&4% 2023 Q3 b(i). 2023 Q3 b(ii)o

Note: Figure not drawn to scale.
Figure 3
Tank Z is a large tank whose top is open to the air and is shaped as shown in Figure 3. The bottom of Tank Z is

connected to a short horizontal pipe with a closed valve. Tank Z is filled with water to a height A above the
horizontal pipe.

At time ¢ = 0, the valve of Tank Z is opened.

(c) Does the speed v, at which the surface of the water moves downward increase, decrease, or remain the same
over time as water exits the other end of the pipe? Justify your answer by using or referencing equations from
both part (b)(i) and part (b)(ii).

fi#:

Tank Z B FHESREEET, ARHE h B/ HEIREHFE RIEK, BBHIMREZEXRR, #RIBRAMNTHLHN
vs HEE:

R R* 2gh

2 __ .2 _
p—ﬁvs, TTUS_U3+2gh’ Vg = R4/r4—1‘

KFELLEORE, DENIE. & hEv, 2FE); BB RIBA, D818, FEIbRE TREEE vs
N ZERENERATREXRASESMY, FEHBEXR.

(%
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B, BH566E

FTRHSFTEYE. AENRESF

BiIZERIERIEBENR AR, EAE;, BEEASRAUERFNEREE, BHENSHTE. XT
B AURES R, REEBNERANTEASHEE. FEARKERGA/NEEZAEM. KRR
EEMEB7 7, BS5HE=ZBREER.

k k k
Enet:E1+E2+E37 Vnet:£+&+&'

a a a
5% 2023 Q4 a
B
+Q/’\
iWp
Co— e

(10 points, suggested time 20 minutes)

Particles A and B each have positive charge +Q and are held fixed at two vertices of an equilateral triangle of
side length d, as shown. Point P is located equidistant from each vertex of the triangle.

Students Y and Z discuss the electric field and the electric potential at Point P after a third charged particle is
placed at the bottom-right vertex. The students make the following statements.

Student Y: “If a particle with positive charge +2Q is placed at the bottom-right vertex, the magnitude of the
electric field will be zero at Point P.”

Student Z: “To make the value of the electric potential zero at Point P, a particle with negative charge —Q should
be placed at the bottom-right vertex.”

(a) In a coherent, paragraph-length response, evaluate the accuracy of each student’s statement. If any aspect of
either student’s statement is inaccurate, explain how to correct the student’s statement. Support your
evaluations using appropriate physics principles.

fi#:
Y 4R, PEI=NTNAEEESE, EEHEREAANEE, A, BERENBHANMIZE, A 120° &
BARNREF—NEBEREFZENG, HIEZEANE,

_kQ

Ey=—,

X2 a BROIMRNER, §HERA TR, BHHEE, ATHNRNK+Q, FEFANELLE
B +2Q ZHHEEZ, BTRALRIFEG,
Z BEiR, BERKE, BIE=ZMHEASHIEEREAEM. B P &N a, FRUSEZBEREEEN

== e

=.

EAB — 2E0 COS 600 — Eo.
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EQ  kEQ kg k
V = — _— _— = — 2 g —2 .
P 0 + 0 + 0 a< Q+ 93)7 q3 Q

QM -Q BHER kQ/a NIEHE, ERYMEE=—LATSTHEEMFE=BTAE, TEAE— “E

7N\

TAHGHE” AN IE,

RATRLKEE. FXNIHHSINTD

MEEEEERBREER kqlq2/r, FRAMNENS, ZBAAKZHE=N, BXNRH—R. F=H
ARMELHZN, E5RMEFNEEERAS, EBRMEBEAZENEENT. SElbEFRE, 557
hETREBBERE,

kq;q;
U= > T—f Wege = Uy — U,
FREEY i

il 2023 Q4 b(i)
+0@
‘{/// .P \\\\
+0 ‘ ________ b

(10 points, suggested time 20 minutes)

Particles A and B each have positive charge +Q and are held fixed at two vertices of an equilateral triangle of
side length d, as shown. Point P is located equidistant from each vertex of the triangle.

(b) Particles A and B are once again held in place at two vertices of the equilateral triangle. The students want to
represent the electric potential energy of a system of particles when a third charged particle is brought from
very far away to the bottom-right vertex. Scenarios 1 and 2 are considered.
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i. In Scenario 1, a third particle with positive charge +Q is moved from very far away to the bottom-right
vertex and then held in place. A bar is shown on the following chart that represents the electric potential
energy U;; of the system consisting of all three particles when the third particle with positive charge is very
far away from the other particles.

In the grid provided, complete the bar chart.

* Draw a bar to represent the work W required to move the third particle with positive charge
from very far away to the bottom-right vertex.

* Draw another bar to represent the electric potential energy Uy of the system consisting of all
three particles when the third particle with positive charge is held in place at the bottom-right
vertex.

The height of each bar should be proportional to the energy represented. If the quantity is zero, write a “0” in
that column.

U, W, Uﬂ
| | | | I |
] | I D I | N P A B,
I | | | I |
| | | | I |
- —— -t =7 -———- r1--q4-"—"- -t -
| | | | I |
— e | S I P J IO IR,
| | | | I |
I | | | I |
[~~~ 7 I I | e e R B I
| | I |
EE—— ——— e - —— o ——
| | I |
| | | |
O ] | ] | | ]
I | | | I |
- ———— == ——t————f1-——- e e B to———t———=
| | | | | |
I | [ DD AP L A IR
I | | | I |
I | | | I |
-~~~ ey Sy | e e A B I B
| | | | | |
- — — — L - e B e,
| | | | I |
| [ I R R | B
_____ [ T | N T T
| | | | I |
Scenario 1

fi#:

FE=BREABELEIE, BEA BEEHFEHEEJ, FALISEFEFTNT. BA+Q FHE AB.
AC. BC =X, 88X Rit—k,

k 2
Uil = %7
LRI FERERLE, SMRBARIIISTRERETWL.:

2 2 2
_kQ? L KQ? KQ?

U}l d +- d d (AN

LLH ::Lbj _'lfl ::2LQ1.

(2

REBVSEELRA: W1mE2 81, Ul mE 38, REVSERE 2/0ME, I 4 /&,
RSH 6 /)&,
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FER+B 2023Q4b(i)

Third charge +Q

)
)
=
=
@)
o
[¢})
a
]
—2 A
Ul W Uf
#:3] 2023 Q4 b (ii)
Za) &dE 2023 Q4 b(i)o
+0@
d/// l) \\\\
+Q // \\\—\
JC

(10 points, suggested time 20 minutes)

Particles A and B each have positive charge +Q and are held fixed at two vertices of an equilateral triangle of

side length d, as shown. Point P is located equidistant from each vertex of the triangle.

(b) Particles A and B are once again held in place at two vertices of the equilateral triangle. The students want to

represent the electric potential energy of a system of particles when a third charged particle is brought from
very far away to the bottom-right vertex. Scenarios 1 and 2 are considered.
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ii. In Scenario 2, a particle with negative charge —Q is moved from very far away to the bottom-right vertex

and then held in place. A bar is shown on the following chart that represents the electric potential energy U,
of the system consisting of all three particles when the particle with negative charge is very far away from
the other particles.

In the grid provided, complete the bar chart.
* Draw a bar to represent the work W, required to move the particle with negative charge from
very far away to the bottom-right vertex.

* Draw another bar to represent the electric potential energy Uy, of the system consisting of all
three particles when the particle with negative charge is held in place at the bottom-right vertex.

The height of each bar should be proportional to the energy represented. If the quantity is zero, write a “0” in
that column.

——F=1--r-
|
|
|
_ e
|
|
|
|
|
|
|
|

i e e B

|

|

|
b ]

|

|

|

|

|

|

|

|

Scenario 2

REFL: FIRTEE RN R

FEEMTLHHUEBNEE, BiEREBRRNAR. EBRARNS5HEME, fABARRA; BLLRH
5t RREBGMEINER N, RSERGNN, BHEEEMNNIRERL.

AU =q(V; =V, AK=-AU.
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il 2026 Q4 A

4. Equipotential lines for a region with an electric field are shown.

fi#:

_VO

VO

-3V,

+X

A small sphere (not shown) with positive charge + Q has initial speed vg in the +x-direction and
kinetic energy Ky when the sphere is at Point S. The sphere moves to Point T. The force from the
electric field is the only force that is exerted on the sphere as the sphere moves between Points
SandT.

The sphere has final speed v; and kinetic energy K; when the sphere is at Point T.

Part A

Indicate whether v; is greater than, less than, or equal to vg. Include one of the following
relationships in your response.

° Vr > Vg
e vp<vg

Justify your answer. Your justification may include expressions/equations but must include
conceptual reasoning beyond algebraic solutions.

[RE S RBYEBEHEN -3V0, TRA2V0, 5 SEIT, BHIEM, BipEmBBERMSE, Bl x EB
wARaBy AR, SiEthARER, BHMRT), BEEFEREFR]
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FREBRFALEAS: KRERXS—=89E0EE

KREVRSRENRE, BRIEFKEIE. IERBERKRBERIEE,; q 2EMFHTSEBME, REME
TS, IEBBERE, BERTUI RS,

5% 2026 Q4 B

4. Equipotential lines for a region with an electric field are shown.

_VO

VO

-3V,

+X

A small sphere (not shown) with positive charge + Q has initial speed vg in the +x-direction and
kinetic energy Kg when the sphere is at Point S. The sphere moves to Point T. The force from the
electric field is the only force that is exerted on the sphere as the sphere moves between Points
Sand T.

The sphere has final speed v; and kinetic energy K; when the sphere is at Point T.

Part B

Derive an expression for Kt in terms of /), Q, Kg, and physical constants, as appropriate. Begin
your derivation by writing a fundamental physics principle or an equation from the reference
information.

fi#:
MEEEFIEEEF, REBHHMIN, shaEsVE L EFTFBHEEEAVIEM,

Ks+QVs=Kp+QVp, Ky =Kg—Q(Vy —Vg) = Kg —5QVj.
BTFERBENFEXT, ¥IchEeER, FeeEHAEEENIEE HRELE T BYIELER,
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#:3]2026 Q4 C
78] 4% 2026 Q4 B,

4. Equipotential lines for a region with an electric field are shown.

_VO

VO
-2V, 2V,

-3V,

+X

A small sphere (not shown) with positive charge + Q has initial speed vg in the +x-direction and
kinetic energy Kg when the sphere is at Point S. The sphere moves to Point T. The force from the
electric field is the only force that is exerted on the sphere as the sphere moves between Points
Sand T.

The sphere has final speed v; and kinetic energy K; when the sphere is at Point T.

Part C

A new, small sphere of the same mass as the original sphere but with negative charge —Q has
the same initial speed vg as the original sphere in the +x-direction when the sphere is at Point
S. The force from the electric field is the only force that is exerted on the new sphere as the new
sphere moves between Points S and T. The new sphere has kinetic energy K, ., when the new
sphere is at Point T.

Indicate whether X, is greater than, less than, or equal to K. Include one of the following
relationships in your response.

¢ Knew > KT
¢ Knew < KT
¢ Knew = KT

Briefly justify your answer by referencing your derivation in part B.
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MERLEINER: tEBRBEREA/NSEIEE

KEREEAZRIRMEEREEIE, FrASMIFSEIIENEIEE. MEREHAR, HREEESFTHEE
RNFAEBFEKR/N. LEEAEREBEMENR T, REBRERE, BARRETRISHERRE.

K = |q||AV].

fBIH 2024 Q4 a

4. (10 points, suggested time 20 minutes)

Two particles, 1 and 2, have different mass and charge as described by the following.
e Particle 1 has mass M and negative charge —Q.

M
e Particle 2 has mass EY and positive charge +20.

In separate trials, a device is used to accelerate each particle in the —y-direction from rest through a potential
difference of absolute value |AV/|. The polarity of the potential difference can be adjusted so that a particle with
either positive charge or negative charge can be accelerated in the —y-direction by the device. Gravitational effects
are negligible.

After moving through the potential difference, particles 1 and 2 exit the device with kinetic energies K;
and K, respectively.

. K
(a) Calculate the ratio —.
1

fi#:
FRLFMBRIEH %, BRI EEEINE, SRS NERFANRINEEREA); LRERNS
NMEFKBWBHEET R T Eo

K
K, =Q|AV|, K,=2Q|AV], FQ =2.
1
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g, BASNE

SRR HEL, BRETFERA

BRI RPRBRMIR—8R, BERN; HRXBREZRRRTR, BHEER, BEFKREM. %
MNEBERBHRANZETSG, BZEEGH. TTHRASEMER, AEMBEERSMEE

1 1 1 AV
R,=R,+R,, —=—+—-, I= :
! 2 Rp Rl R2 Rtotal
f5ilRE 2024 Q3 a(i)
Rl
MV
R3

Figure 1
3. (12 points, suggested time 25 minutes)

A circuit consists of an ideal battery of emf £ and four identical resistors Ry, Ry, R3, and Ry, each of
resistance R, as shown in Figure 1.

(a) For parts (a)(i) and (a)(ii), express your answers in terms of numerical values, €, and R only.

i. Derive an expression for the current /; in Resistor R;.

fi#:
RS LLIEE . R3. R4 HBEE; ZHHR5 R2 HEL, HELEAHS R1 BB, R1EDRIINET, FAE
g BB S ER R
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ERETER: FTRHKZEEE

HEXBEER DR ETFREKEBHEZERTHBEEE, AT TEMAKMEREHENBEEE, BABME
BEREE;, REEXREBEERUZBNEMEE, FEEBTHEUBEEEEALEF—ZKE
FHo

5% 2024 Q3 afii)
Zia)&dE 2024 Q3 a(i)o

E= R,Z

Figure 1
3. (12 points, suggested time 25 minutes)

A circuit consists of an ideal battery of emf £ and four identical resistors Ry, Ry, R3, and Ry, each of
resistance R, as shown in Figure 1.

(a) For parts (a)(i) and (a)(ii), express your answers in terms of numerical values, €, and R only.

ii. Derive an expression for the current /5 in Resistor Rj.

fi#d:
RIHFEMNEEZEN IR, BRI FZERSHBLZR E, RIFAESZKEMER 2R, FHit:

3 2 AV, &
AV, =I,R="2 AV, =& — AV, == Lj=—2=_—.
Vi=hR=7e Vp=&- AV =3¢, 37 2R  5R

BRAESHEKREE: EEEHF
HERTHERERR TR, PRUBRERSE. SKEXFEERR, AV=IR, BEBKX, DEINBEEEL,
BT ERERNBMNEBEEE, BRERLNESE; HFERERFRN,

AV =IR, AV

series

— AV, + AV,
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FEREB 2024Q3b

%R 2024 Q3 b
Zxia) &% 2024 Q3 a(i). 2024 Q3 a(ii)o

Figure 1

3. (12 points, suggested time 25 minutes)

A circuit consists of an ideal battery of emf £ and four identical resistors R;, Ry, R3, and Ry, each of

resistance R, as shown in Figure 1.

(b) The partially completed bar chart in Figure 2 shows a bar that represents the absolute value |AV| of the

potential difference across the ideal battery.

e In Figure 2, draw a bar to represent | AV| across each resistor, relative to the emf £ of the ideal

battery.

* The height of each bar should be proportional to the value of | AV represented by that bar.

If |AV] is zero, write a “0” in that column.

av] |

Battery R,

Figure 2

fi#:

R2 524> R3. R4 REXZRERRM T, FRLEBEHEEMEE. R3. R4[AEHMFBHE, EBXREHE

3

NN AR

42

2 1
AN RN AR



AP Physics 2 FEBRP 2022Q2a

IAVI/E

Battery Ry R, R; Ry

SMMEEUEMBIB AR, R2HEEFTF RIS RAFEEZH,

#.>]2022Q2a

!. (12 points, suggested time 25 minutes)

Students perform an experiment with a battery and four resistors, A, B, C, and D. The resistance of resistors A and
Cis Ry = Rc = R. The resistance of resistors B and D is Rg = Ry = 2R. The students create the two circuits
shown above and measure the potential differences AV, AVg, AV, and AV across resistors A, B, C, and D,
respectively.

(a) From greatest to least, rank the magnitudes of the potential differences across the resistors. Use “1” for the
greatest magnitude, ‘“2” for the next greatest magnitude, and so on. If any potential differences have the same
magnitude, use the same number for their ranking.

AV,

AV

AVe

AVp

Justify your answer.
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A B8t HH A% o0 FRL B S Th =R

hWRZEMWRENEE, BERRNSRUBRRMEBIES, BRIRTSBINBEEE, it
KHhel;, BEBRAXEFTRBEEBNENEN, BERDNEFEREN, BN FFTMNRE
o

6’2
P=¢&l = .
Rtotal
B 2024 Q3 ¢
Zsa)7&4E 2024 Q3 afi)o
R1
AN
R3

Figure 1
3. (12 points, suggested time 25 minutes)

A circuit consists of an ideal battery of emf £ and four identical resistors Ry, Ry, R3, and Ry, each of
resistance R, as shown in Figure 1.

A student claims that the rate at which energy is dissipated (power) by the circuit can be expressed

3€?
as P=——.
5R

(c) State whether the expression for P is correct or incorrect. Justify your answer by referring to the derivations
from part (a) or the bar chart from part (b).

fi#:
FIANEMe, BB MM SIHEEINRTEBESFEL; 518 (a) NEBT:

3¢ 3&2

P=¢EI, =622 =22,
1 5R  5R
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ABEMNG: tEERSMBRETHER

BESCEMBYARE r S5MERRERER, FBEIEAERE, MANERBESBERAR. EFEME/); JMEER MG
HNEBEEERBEFTENE, WFR—NIER, P=I?R, BERBIMECFHEBRIIER.

_ E 712
I= TR P, = I°R.
iR 2024 Q3 d
Zx(a)7AdE 2024 Q3 a(i)o
Rl
AN
R3
E= R2§
Ry

Figure 1
3. (12 points, suggested time 25 minutes)

A circuit consists of an ideal battery of emf £ and four identical resistors R;, Ry, R3, and Ry, each of
resistance R, as shown in Figure 1.

R]

ANV
r———71T " R3
| |
o
le=| Ry

Figure 3

When the ideal battery is connected in the original circuit, the rate at which energy is dissipated by Resistor Ry
is Fyriginal- The ideal battery is now replaced with a nonideal battery of emf £ and internal resistance r to form
the new circuit shown in Figure 3. The rate at which energy is dissipated by Resistor Ry in the new circuit

is P,

new:

(d) Indicate whether £, is greater than, less than, or equal to Fyieina-

P

—_— new

> P P

original —— ‘new

<P P

original —— fnew

=P

original

Briefly justify your answer.
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fi&:

B REAERE, BIERIAME r S ERREEL, SEBFEEM, R1BRTE. R1MBERE, HEREE
i oY 2 A

;L& £
new T Y 5R/3  BR/3

T EeIC B Eh A REIEAER N BB IR FEIEDEE],;, —Bf D BHERERME L,

Pw=12,R<P

new original*

FRRAREK, HERHFE

BERAKREN “Ad” HBREE, UIARARNISZERN—H7; BERELBRA T RNESE, #EXHD
RZIBlo AN THRI MG, BRBEASER, BEAREREZERIBEERBHET,
A RESTRY RN E B To

12 2023 Q2 a(i)
Students are given an unknown circuit component that is connected in series to a resistor with known

resistance 500 Q).

(a) The students are asked to experimentally determine whether the component is a resistor or an uncharged
capacitor.

i. Complete the following diagram to show how to use standard circuit equipment to determine whether the
component is a resistor or an uncharged capacitor.

Circuit
Component

fi#:

R, FFX. BIARRK. 500 Q BAMKMTHRERA SR, BARLAEETA, WRITHH
B, SEABER, NHBKERMITH MR,
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500 € S (closed)

S <

Unknown

—( O

A: series in the main loop V: across nodes a and b

MREBEL; BERHBKERFNTH AR,

AEEFENE: XOHESHEAE

AEBERENRIRBEENT, HEEREHER, FEFBEEELM, BHEBEEERE, BEDEHN
BEESHERMBE MR BANESIRERR. KEATETNNFASH, wlRKiNEGE;, 8XEE
RILLEE AR, RIEIEIRSHER,

il 2023 Q2 a(ii)

Za) A&dE 2023 Q2 a(i)o
Students are given an unknown circuit component that is connected in series to a resistor with known
resistance 500 ().

(a) The students are asked to experimentally determine whether the component is a resistor or an uncharged
capacitor.

ii. Describe an experimental procedure to determine whether the component is a resistor or an uncharged
capacitor. Refer to the circuit equipment in the diagram drawn in part (a)(i).

fi#:

FILTTHAIARTER, HEHX, ERNZENNER, HAERKNEEBRIEER. S8XESRRAT
HEBARE, RIEEEVRRS. BERNEFERSSRERR; ARBERNFERIRAZIZH

E 7o
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BAZTBER: HETNESEFEERTN

EREERBNE, TEERER. REBRBAQ=0, BARREEENT, BEZFMEREAVC=q/
CHEX, BEERMBHEERRLBEENDTRAL; RE/, BRBE/)N, RELBETE,

E=IR+AV,, AVy=

a4
o
5% 2023 Q2 afiii)

ZiE)AGE 2023 Q2 a(i). 2023 Q2 afii)o

Students are given an unknown circuit component that is connected in series to a resistor with known
resistance 500 ().

(a) The students are asked to experimentally determine whether the component is a resistor or an uncharged
capacitor.

iii. What results would the students expect if the component is an uncharged capacitor? Support your answer
in terms of potential difference and charge.

fi#:

VIR A MIGRBEENT, BRZOBEEMR, BREMAEAR, HBHERZIEM, BHESBHER
E, BAEGNOTUEIMEREBEEMBRN; KEEGEEFEZESTRMELE, BERKBEE
ENE, BRABTE,

E=IR+AV,, q=CAV,.

BHBANESBE: iHHEH

BE CEMFREFENNSBEEMREEENL. AEFECHRNESE, FELRKENCRYE
MEBELE N, BUERINFEIRE10°F, ARSI UEE HRAIRTENR,

q=CAV.
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7% 2022 Q2 b(i)

In another experiment, the students have a capacitor with unknown capacitance Cyy. They want to determine Cyy
by using a battery of potential difference 4.5 V and several other capacitors of known capacitance. They create
circuits with the battery, the unknown capacitor, and one of the capacitors of known capacitance. The students
wait until the capacitors are fully charged and then record the potential difference AV, o, across the known
capacitor and the potential difference AV{; across the unknown capacitor. Their data are shown in the table on the
following page.

Known
Capacitance of AVinown (V) AV (V)
Capacitors (uF)
200 0.91 3.53
300 0.65 3.74
400 0.51 3.95
500 0.42 4.06
600 0.36 4.17

i. Calculate the amount of charge on the capacitor of known capacitance of 200 uF in the students’
experiment.

fi#:
BENEARBENBEAERER, MASETHEMA45V:

Q = ChrownAVinown = (200 x 1070 F)(0.91 V) = 1.82 x 1074 C.

FREEEEEF MR, HEAHECNENTE

BEEAPFETRAENEFRRGFER, MTBEERREFNBEEAIVES; SHEBEDRRIRTE
o HEBKBEBRNEBEZERBBREG, BHEEER, ERARERE. IEBEREEY, FEHREE
HIFARMEBEME T Z D Ef, EMLARg/AVIREE,
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FEBRP 2022 Q2 bii)

583 2022 Q2 b(ii)

In another experiment, the students have a capacitor with unknown capacitance Cyy. They want to determine Cyy
by using a battery of potential difference 4.5 V and several other capacitors of known capacitance. They create
circuits with the battery, the unknown capacitor, and one of the capacitors of known capacitance. The students
wait until the capacitors are fully charged and then record the potential difference AV o, across the known
capacitor and the potential difference AV{; across the unknown capacitor. Their data are shown in the table on the

following page.
Known

Capacitance of AVinown (V) AV (V)

Capacitors (uF)
200 0.91 3.53
300 0.65 3.74
400 0.51 3.95
500 0.42 4.06
600 0.36 4.17

ii. Briefly explain why the data in the table provide evidence that the capacitors are connected in series.

fi#:

E—1THMTREEBEERRE, M_BZNREEMY 4.5V, FEHREDE; AREERERRTS,

EBHEENER,

#:3] 2022 Q2 b(iii)

In another experiment, the students have a capacitor with unknown capacitance Cy;. They want to determine Cyy
by using a battery of potential difference 4.5 V and several other capacitors of known capacitance. They create
circuits with the battery, the unknown capacitor, and one of the capacitors of known capacitance. The students
wait until the capacitors are fully charged and then record the potential difference AV, own across the known
capacitor and the potential difference AVy; across the unknown capacitor. Their data are shown in the table on the

following page.
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Known
Capacitance of AVinown (V) AV (V)
Capacitors (uF)
200 0.91 3.53
300 0.65 3.74
400 0.51 3.95
500 0.42 4.06
600 0.36 4.17

iii. Briefly explain why connecting the capacitors in parallel would not provide enough information to
determine the capacitance of the unknown capacitor if the only measuring device available is a voltmeter.

BRI S5MRS C

BB M T=-RCRIEBA T EIRIE, FT—EBEHZANEINE, LEBM. BREASRE, ATA4LERE
EERAV KR, ARIRERMIREERESFITRERC. NEAFAKEFAFIER, EENE
P, =S EEEIEEIRE L

T=RC,

R =

~| tn
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3. In Experiment 1, a student is given a resistor of unknown resistance and an air-filled parallel-
plate capacitor of unknown capacitance. The student is asked to predict the expected time
constant T of a circuit if these two circuit elements were connected in series with a battery.

The student has access to a battery of known emf, a switch, an ammeter, a ruler, and wires, as
shown in Figure 1. The plates of the capacitor are square, and the separation between the plates
is small compared to the dimensions of the plates. The capacitor is initially uncharged. Assume
that the dielectric constant of air is 1.

Figure 1

@ﬁﬁé

Resistor ~ Capacitor = Battery Switch Ammeter Ruler Wires

Note: Figure not drawn to scale.

A. Describe a procedure for collecting data that would allow the student to determine the
expected time constant T. In your description, include the measurements to be made.
Include any steps necessary to reduce experimental uncertainty.

fi#:

BN EIEL, AIo5KERERSEE C ABRAITIEE, FIURARERITNNGZ. ARZRX
MIEFFARMRIAK a MiRiEEE d, BRFLY, B8, X, BRRMANEHESBEK, EAEES; A5
FXRMIBERM |, ESRBEFIIFHEZRAEA RCIZ B,

RMELERS7IKEME. BEMEEFEK

MsTIEAF A Ka, RARESINAERRIEKERIG, ZTUENESRKETEE, BRE; BE
BB RER, BRRAETSTHEEERAERFRE, S2IR. CEEKAENEELRT, FEKE
TR,
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g%k 2025 Q3 B
7<) &4 2025 Q3 Ao

3. In Experiment 1, a student is given a resistor of unknown resistance and an air-filled parallel-
plate capacitor of unknown capacitance. The student is asked to predict the expected time
constant T of a circuit if these two circuit elements were connected in series with a battery.

The student has access to a battery of known emf, a switch, an ammeter, a ruler, and wires, as
shown in Figure 1. The plates of the capacitor are square, and the separation between the plates
is small compared to the dimensions of the plates. The capacitor is initially uncharged. Assume
that the dielectric constant of air is 1.

Figure 1

@ﬁﬁé

Resistor  Capacitor  Battery Switch Ammeter Ruler Wires

Note: Figure not drawn to scale.

B. Describe how the collected data could be analyzed to determine 7. Include references to
appropriate equations and to relationships between measured and known quantities.

fi#:

HRBOKES, SRMERIREILE 1, BERNEREZ/NFAKAZR, EEENBEESE
SETEZREsfE £
2 E E 2
A:CL2, CZEO%, R:T, T:RC:T%
KERK, BRARE, ERBUNM. BRENERNERE, NERNEEINEER, MmARRE
B EBENZINER.
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SRR SeHIEIEREBENKD

SREBEHSRE, BHEREASS, AESHBEZEERERRIR, ENHEKARIR—ER;, —B
e, ARBHNAE,

&—Ir—1IR,,, =0.

%R 2023 Q2 b(i)

The students conduct a different experiment to determine the emf £ of a battery that is not ideal and has internal
resistance r = 30 Q. The battery is connected to a variable resistor in a circuit, as shown. The students measure the
current / through the circuit for different values of resistance R, of the variable resistor that is connected to the
battery. The following table contains the data collected.

1(A) | Ry (@)
0.087 200
0.060 300
0.042 450
0.027 700
0.016 1200

i. Write an equation describing the circuit in terms of £, I, r, and R,,,.

fi#:
RE r SAI T B EREL, —E LR —ER. SO ERASHREMEIR:

E—Ir—IR,,, =0, E=I1I(r+R

UCL’I’)'
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M q=CAV ELE M A4AR

FE—EBRICEE, BRSHBEEMIELL, WHMEEE. HHMBENMRMEC;, REMEFRARE
o, TaRA. BRRHANER, TAENBERAREBEHEHRNSERE, BSRNBEEEEMK
#1To

9y = Yxnown — CknownAanown? qu = C(UAVvU'

%5 2025 Q3 C(i)

C. In Experiment 2, the student is asked to determine the capacitance C of a new parallel-
plate capacitor. For each trial, the absolute value |AV| of the potential difference across the
capacitor is varied and the charge g stored on one plate of the fully charged capacitor is
measured. Table 1 contains the data collected.

Table 1
|AV| (V)| ¢ (x107°C)
3.0 2.4
5.0 4.2
7.2 5.6
8.0 6.6
10.0 8.0

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 C.

Vertical axis: Horizontal axis:

fi#d:
C(i) BRI SMimEEEMIELL, A AV (V) , A q (C) , RIEMZE C
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In another experiment, the students have a capacitor with unknown capacitance Cy;. They want to determine Cyy
by using a battery of potential difference 4.5 V and several other capacitors of known capacitance. They create
circuits with the battery, the unknown capacitor, and one of the capacitors of known capacitance. The students
wait until the capacitors are fully charged and then record the potential difference AVj o, across the known

capacitor and the potential difference AV{; across the unknown capacitor. Their data are shown in the table on the
following page.

Known
Capacitance of AVinown (V) AVy (V)
Capacitors (uF)
200 0.91 3.53
300 0.65 3.74
400 0.51 3.95
500 0.42 4.06
600 0.36 4.17

(c) The students want to produce a linear graph of the data so that the capacitance Cy; of the unknown capacitor
can be determined from the slope of the best-fit line for the data.

i. Indicate two quantities that could be plotted to produce the desired graph. Use the empty columns of the
data table in part (b) to record any values that you need to calculate.

Vertical axis Horizontal axis

[RREBEN: SRS INBEEE

WEEEMAY, [EERXFRI=E/(r+Rvar), BIERISTREEERL, FRER, RibtfEmtEEERLR. b
AR EIES . SMAEBEREL; RESMNERH S RIERIZAME.

1
I=&—— .
<T+Rvar>
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__________

The students conduct a different experiment to determine the emf £ of a battery that is not ideal and has internal
resistance r = 30 Q. The battery is connected to a variable resistor in a circuit, as shown. The students measure the
current / through the circuit for different values of resistance R, of the variable resistor that is connected to the
battery. The following table contains the data collected.

1(A) | Ry (@)
0.087 200
0.060 300
0.042 450
0.027 700
0.016 1200

ii. Which quantities could be graphed to yield a straight line that could be used to calculate a numerical value
for the emf £ of the battery?

Horizontal Axis: Vertical Axis:

fi#:
SKEBEhES AN S BRI EIS Mg x, BAI O Nid], BAIA, BA:

1
I=&(———
<T+R’UOXI">’

B4R ANBRE, 730 Q0 RFEMEISMERR, FEREIRR; RA 1/Rvar FEARBARLMREL,
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Wi, HRAFS BN

KESE&WIH5 42 N7AM
TR RLITHRE EAMURERNUE, RKESLTEHEIZN, GFBIE6ERR, WERENGMH

MM AR, EANREAX, BAREARET. RE—RSLRIEIN, GFOELOXRS
SMIERRAEEE, BACHREUENETZRZH, MHAEMEE NG R. MiPFEhigiEn
ERARE: REZIHHEIEER, KEABEE, FELEBBERSG, WRELASE NS
M|, JEEENAE,; BiEERAREHRRANSH, BisEnts, Bk FAS4E1m L.

F=1/xB.

% 2025 Q1 A(i)

1. Very long Wire 1 carries current I in the +x-direction along the line y = 0. Very long Wire 2
carries current I in the +x-direction along the line y = +d. Point P is located along Wire 1 at
the origin, as shown in Figure 1. The diameters of the wires are small compared to the distance
between the wires. Both wires are in the xy-plane.

Figure 1
y
Wire 2 1
y=+d--3 — 3-—-
Wire 1 1
y:O—3 ° —> — X
P

Note: Figure not drawn to scale.
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i. Complete the following tasks in figures 2 and 3. Use either arrows or the symbols shown
in the box above the figures for your response.

* Indicate the direction of the magnetic field from Wire 2 at Point P in Figure 2.

* Indicate the direction of the magnetic force that is exerted on Wire 1 by Wire 2 in

Figure 3.
Symbols
X Into the page @ Out of the page
Magnetic Field from Magnetic Force on Wire 1
Wire 2 at Point P by Wire 2

Figure 2 Figure 3

fi#é:
BEAIE +x BA. +y AL, vz 8RN BL2BEFA +x, PEETH. AFHEAER, MisfEmA
N, PR B2 E P8 -z, SL&1EFMA +x, 1EXBIEM +y; RAMERMAR, Hism tASLE2,

MELNINH: SHES=RNOUEN

EmEERAR. BEHELEDSENRLERS], F=REABSLLAMUT FH. WRE—KREFRSFE, |
MEKEHREE, ARXNMUBENTMIMIRNMEZF. HIZFERRIEKR, MEEEEATA); REEERNEE
B EIHR S %45,

fol

2
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IR 2025 Q1 A(ii)
Zxia)&dE 2025 Q1 A(i)o

1. Very long Wire 1 carries current I in the +x-direction along the line y = 0. Very long Wire 2
carries current I in the +x-direction along the line y = +d. Point P is located along Wire 1 at

the origin, as shown in Figure 1. The diameters of the wires are small compared to the distance
between the wires. Both wires are in the xy-plane.

Figure 1
y
Wire 2 1
y=+4d--3 — ——
Wire 1 1
y=0—73 D —» Y X
P

Note: Figure not drawn to scale.

ii. Very long Wire 3 carrying current 2I in the +x-direction is placed in the xy-plane along
the line y = y5. The net magnetic force exerted on Wire 1 by the currents in wires 2 and 3
is zero.

Derive an expression for y; in terms of d. Begin your derivation by writing a
fundamental physics principle or an equation from the reference information.

fi#:

FZREREME, BK5IF4L, BINESL2M ENT, FZREIBERR TH. NELIF—KK
B, HERMKEMRR, EHFNTIEDAN:

pol B fo(21)

27 ond’ 3 27|y’

I a2l

d Jysl
E—¥HHEEHR: 2d RER, FEFNS LR,

B2 - Bg.

lys| = 2d, ys = —2d.
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Wire 2: 1
d 7 Foo1 >
T Wire 1: 7
0 A >
- 1
F3r)]
Wire 3: 21
—2d A >

KESZ7BNREIIE

FE—RFLERTE, BrREE, BNTBEANAFTRENUE, WM TRSHIBRIES, BILESET
REL; BEEMNSLERL, FEMEKELSEIL.

BISE 2022 Q4 b(i)
ry
+ —
L Coil
L
7
L 1 Wire
- - -
Il

(b) The charged object is removed, and a square coil with side length 2L is placed near the long, straight wire, as

shown above. The bottom of the coil is a distance L from the wire. The magnitude of the magnetic field due to
the current in the wire is 3B, at point P, and B, at point P;.

i. Write an “X” at a location on the figure where the magnitude of the magnetic field is 2B,,.
Briefly justify your reasoning.

fi#:
E—S4 B 5EEMKEE. B4 L4 3B0; EET 2B0, IEEMIEHERFM 3/2, AEESL 1.5L
BIKEAIERR X, &F P1 A&z,
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3L ] ° Pz :Bo
g
2
= T L 2L
o
‘; 1.5L - X 2By
O
P,:3B
% L - 1 0
o
(|
0 Wire N

[RERLTE2L, 7582BORUEELSL, RFPISHREZE,

Mir¥e: BHSHNDFEREE

SRFAREHABEENN, BRERNEDNEAXNEEF. EESHHER, BOKXNA
BAXNAQIE; BEEEES, RLEHFHEAEE KRESLHHNERNFARIELER,

q|vB,

lq|E = |q|vB, v=—.

IR 2022 Q4 a

m’“rl
<—Q.—>|

Wire

~ A

(10 points, suggested time 20 minutes)

At the instant shown above, a negatively charged object is moving to the left with constant velocity v near a long,
straight wire that has a current / directed to the left. The region contains a uniform electric field of magnitude E,
and the charged object is at a distance d from the wire. The figure shows the electric and magnetic forces, Fy and
Fy, respectively, exerted on the charged object.

(a) Derive an expression for v in terms of E, d, I, and physical constants, as appropriate.
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fi#:

HEYESE, BRROER, FILEHAZ. WUq XRRBREX]), RESHHER:

E
FE:FM7 |q,E:|Q‘UB7 U:E'

MFEBKESLN d, AZLEZRER:

ol 2rdE

ond’ | ol

Mir¥estle: AERMNEHERMNES

RIgEEREMNEE, ZEBER, RECHM. S MRERATIREBERRFIREE, BICR—WERE
S5iRiEEE, BEXRBZEMR; FERNEE LA RENETITSEMERE. A—REESRN. K
ENFHEEIE, B IRRRE,

IR 2026 Q3 A(i)

3. In Experiment 1, scientists want to collect data that can be graphed to determine the magnitude

B, of an external, uniform magnetic field. The field is directed into Figure 1 in the region
between identical, parallel, conducting plates that are connected to a power supply of variable
emf €. The plates are a known distance d apart, where d is much smaller than the dimensions of
the plates.

Figure 1

Power Supply

] O Motion
+ @ (P _ _ X % Detector
Plate

Note: Figure not drawn to scale.

In each trial, a device emits small, charged spheres with speed v through the region between the
plates. € is varied until the spheres move undeflected toward a motion detector. The scientists
can vary v between trials. Gravitational effects are negligible.

In addition to the equipment shown in Figure 1, the scientists also have access to a voltmeter.
The scientists do not have access to other measuring tools, devices, sensors, or equipment.

i. Indicate quantities that could be measured using the available equipment that would
allow the scientists to determine B, by using a linear graph.
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fi#:

L1 REEIR NS NE R RZNERE v, ABRERAHERIREIREE & WENFRBERET

¢H

BN AREL, BISRAKRY (v,€). MREE d BRI, TAHILE B SBRMEHTIT,

ESTMRENE, B/ FEIRBIRE

FEHFNEERG TZ XA NREAREREBE, BESRMENFY, AUR/NE—RENRENR
M. BMREMEREEEMIIRLE, FREELHSABIERE, FEEMMETIENT R KEIRE
HRIREES

5% 2026 Q3 A(ii)
Zxia)&dE 2026 Q3 A(i)o

3. In Experiment 1, scientists want to collect data that can be graphed to determine the magnitude

fi#:

B, of an external, uniform magnetic field. The field is directed into Figure 1 in the region
between identical, parallel, conducting plates that are connected to a power supply of variable
emf €. The plates are a known distance d apart, where d is much smaller than the dimensions of
the plates.

Figure 1

Power Supply

10O Motion
+ ()D (p _ _ X X Detector
Plate

Note: Figure not drawn to scale.

In each trial, a device emits small, charged spheres with speed v through the region between the
plates. € is varied until the spheres move undeflected toward a motion detector. The scientists
can vary v between trials. Gravitational effects are negligible.

In addition to the equipment shown in Figure 1, the scientists also have access to a voltmeter.
The scientists do not have access to other measuring tools, devices, sensors, or equipment.

ii. Briefly describe a method to reduce experimental uncertainty for the measured
quantities indicated in part A (i).

FE—IREEEN v. BT, BMZSMRESEE “TMEE-NE" , USAHABERMSEDTIREOR

%o
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TITIRSIREERRE: LUERES
RRBARNFEITIREEOTZ/NFIRRYT, PRETEMEE, E=E/de RMRIZFMAE=VBOEEMAIRIE]

BESEHEEELER, 5216=B0dv. EBENMH. RENEM, RERESENIRE; KBOFBIRIU
do

5 = Bodv, S = Bod’ BO —

Ul ®

%% 2026 Q3 B(i)
Zr) Ad% 2026 Q3 A(i)o

3. In Experiment 1, scientists want to collect data that can be graphed to determine the magnitude
B, of an external, uniform magnetic field. The field is directed into Figure 1 in the region
between identical, parallel, conducting plates that are connected to a power supply of variable
emf €. The plates are a known distance d apart, where d is much smaller than the dimensions of
the plates.

Figure 1

Power Supply

Device A
I:l . X X X X Moti
[ ] By d My

\j Plate

Note: Figure not drawn to scale.

In each trial, a device emits small, charged spheres with speed v through the region between the
plates. € is varied until the spheres move undeflected toward a motion detector. The scientists
can vary v between trials. Gravitational effects are negligible.

In addition to the equipment shown in Figure 1, the scientists also have access to a voltmeter.
The scientists do not have access to other measuring tools, devices, sensors, or equipment.

i. Indicate what quantities the scientists could graph on the horizontal and vertical axes to
create a linear graph that can be used to determine B,. Clearly indicate which quantity
corresponds to each axis.

fi#:
B(i) MR ERRES, BAMESIAIMEE, WRiEliLS58:

E
9| E = |q|vB, E = 7’ & = Bydv.

#ihv (m/s) , YPuhe (V) , BERESRERRINEL.
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Zin] Qi BRI IREIRIRNTRIZ R, BIEFMEMERRL y=sx; T—/Na7A BF KR
PRHEA RN

BEMEERLZ: PERRIRERFHT

NI EEMmiRE BE. #MEE, EEI2HIHNE=B0dv, EIERHKBOIFEE, FrIIXKEIRRIES
M2B0d, BREBOMREAE, STMabRild; ST EMH, BIAKESHSHREXR.

S = Bod, BO — 2.

1523 2026 Q3 B(ii)
ZiA) 3% 2026 Q3 B(i)o

3. In Experiment 1, scientists want to collect data that can be graphed to determine the magnitude
B, of an external, uniform magnetic field. The field is directed into Figure 1 in the region
between identical, parallel, conducting plates that are connected to a power supply of variable
emf €. The plates are a known distance d apart, where d is much smaller than the dimensions of
the plates.

Figure 1

Power Supply

Device }
X X X X i
- [ ] By d etecto

Note: Figure not drawn to scale.

In each trial, a device emits small, charged spheres with speed v through the region between the
plates. € is varied until the spheres move undeflected toward a motion detector. The scientists
can vary v between trials. Gravitational effects are negligible.

In addition to the equipment shown in Figure 1, the scientists also have access to a voltmeter.
The scientists do not have access to other measuring tools, devices, sensors, or equipment.

ii. Briefly describe the relationship between B, and one feature of the graph from part B
(). Your answer may include an equation that relates B, and the indicated feature of the
graph.

66



AP Physics 2 FEBEB 2024 Q4 b(i)
fi#:
B(ii) &RIZFEAN s, WRELXRAA:

Ul @

ERRFRIGESRE: ERE
HEERBURTRENER, TARBLAX— T FHERRRESK=mv?/2, BREENER, REHLM/2
By, FBREEEHRAN, BREIR2M,

2K

v = —_—.

5= 2024 Q4 b(i)

4. (10 points, suggested time 20 minutes)
Two particles, 1 and 2, have different mass and charge as described by the following.
e Particle 1 has mass M and negative charge —Q.
e Particle 2 has mass % and positive charge +20Q.

In separate trials, a device is used to accelerate each particle in the —y-direction from rest through a potential
difference of absolute value |AV/|. The polarity of the potential difference can be adjusted so that a particle with
either positive charge or negative charge can be accelerated in the —y-direction by the device. Gravitational effects
are negligible.

After moving through the potential difference, particles 1 and 2 exit the device with kinetic energies K
and K, respectively.
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Region of +y
Constant.Um.form O Particle
Magnetic Field l +x
\/& +Zz

Figure 1

After exiting the device, the particles enter a large region of constant uniform magnetic field of magnitude B

that is directed in the +z-direction (out of the page), as shown in Figure 1. Each particle is moving in
the —y-direction when entering the region, and each particle is moving in the +y-direction when exiting the

region.

i. Determine an expression for the speed of Particle 2 in the region. Express your answer in terms

of M, K,, and physical constants, as appropriate.

fi#:
RIF2REN M/2, FEEIRIEM 2M, HE B CMEIREXREE:

BHEmOEN: FRUBRER
HINEARBEERE, FREERR, AEMNT. A RERBZHPIENROET,

BT TR

Smy—f, HBEASm?/rBE, BRAAZ—MIFHRE. FEMERA/N. NARAT. A

| ERTREFE, KFEBR2r.

[

muv muv
B = — = —
lq|v . "= 1B
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523 2024 Q4 b(ii)
Zxi8) & 4E 2024 Q4 b(i)o

4. (10 points, suggested time 20 minutes)
Two particles, 1 and 2, have different mass and charge as described by the following.
e Particle 1 has mass M and negative charge —Q.
e Particle 2 has mass % and positive charge +20Q.

In separate trials, a device is used to accelerate each particle in the —y-direction from rest through a potential
difference of absolute value |AV/|. The polarity of the potential difference can be adjusted so that a particle with
either positive charge or negative charge can be accelerated in the —y-direction by the device. Gravitational effects
are negligible.

After moving through the potential difference, particles 1 and 2 exit the device with kinetic energies K
and K, respectively.

Region of ty
Constant.Um.form O Particle
Magnetg\f ield l +x
+Z

Figure 1

After exiting the device, the particles enter a large region of constant uniform magnetic field of magnitude B
that is directed in the +z-direction (out of the page), as shown in Figure 1. Each particle is moving in

the —y-direction when entering the region, and each particle is moving in the +y-direction when exiting the
region.

ii. Derive an expression for the horizontal distance Ax between the locations where Particle 2 enters and
leaves the region. Express your answer in terms of M, Q, K,, B, and physical constants, as appropriate.

fi#:
AP HEERE, FTHREER, CRERNEFRFENEOEH; “Adh” FEBMH—I,

[

muv muv
qlvBy = — r= .
‘ ’ 0 r ) ‘Q|B0

69



AP Physics 2 FHEAHB 2024Q4c
L (M/2)2 RN /MK,
? (2Q)B, 2QB,

KF#HANAT. BAELE, ZERKEEFER; KFEUBKNEER, FEFREF:

Ax:2T2:QT.
0

FREFFSHE: &ikm, BHBRFER

FAREBRAIREXREIHR DA R, ABERE. NRERVEHNE, RE. RE. BEXNERE
RETSHFF, FIESLRMEFRSaEE, KRS BREXRERRG, BHEEmMY/(|q|B), TEERZBA
NP ESEN

iR 2024 Q4 ¢

Z5a) 3% 2024 Q4 a. 2024 Q4 b(i). 2024 Q4 b(ii).

4. (10 points, suggested time 20 minutes)
Two particles, 1 and 2, have different mass and charge as described by the following.
e Particle 1 has mass M and negative charge —Q.
e Particle 2 has mass % and positive charge +20.

In separate trials, a device is used to accelerate each particle in the —y-direction from rest through a potential
difference of absolute value |AV/|. The polarity of the potential difference can be adjusted so that a particle with
either positive charge or negative charge can be accelerated in the —y-direction by the device. Gravitational effects
are negligible.

After moving through the potential difference, particles 1 and 2 exit the device with kinetic energies K;
and K, respectively.
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Region of +y
Constant.Um.form O Particle
MagnetRF ield l +x
+z

Figure 1

After exiting the device, the particles enter a large region of constant uniform magnetic field of magnitude B
that is directed in the +z-direction (out of the page), as shown in Figure 1. Each particle is moving in

the —y-direction when entering the region, and each particle is moving in the +y-direction when exiting the
region.

(c) On the following diagram in Figure 2, sketch and clearly label the paths of both particles 1 and 2 in the
region.

Region of +y
Constant Uniform .
Particl
Magnetic Field O Particle
| (L_— x
) S A e

[ ] L] [ ] [ ] [ ] [ ] [ [ ] [ ] [ ] ° [ ]
° [ [ ] [ ] [ ] [ ] o [ ] [ ] [ ] ° °

By
[ ] [ ] [ [ ) [ ] [ ] [ ] [ ] [ ) [ [ ] [ ]
[ ] [ ] [ ] [ ) L ] [ ] [ J [ ] [ ) L ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

fi#:

Hisn=ARSh, #IREMR T, [ERMERI vXBRE, FIUKIF2RELR; fHREFIRA, WRFRE
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1.0~

—— Particle 1: r;=2r,
0.5 1 —— Particle 2

0.0 i

—0.5 1
—1.0 A
—1.5 1

—20_ BO:Q

RIFIRAAERAFE; NF2RAERNEE, F=RHN2: 1,

HAHEME: RRFEBFHFE

BEXSOREFEBESHAS, FHRENEFIZNFHE S, BHNIRE; REEERNS. HABEEHE
HhEBGKkE, At “FAEBRHAR FeeEESMEHSME,

%% 2024 Q4 d

ZN[A)7&$E 2024 Q4 ¢

4. (10 points, suggested time 20 minutes)
Two particles, 1 and 2, have different mass and charge as described by the following.
e Particle 1 has mass M and negative charge —Q.
e Particle 2 has mass % and positive charge +20.

In separate trials, a device is used to accelerate each particle in the —y-direction from rest through a potential
difference of absolute value |AV/|. The polarity of the potential difference can be adjusted so that a particle with
either positive charge or negative charge can be accelerated in the —y-direction by the device. Gravitational effects
are negligible.

After moving through the potential difference, particles 1 and 2 exit the device with kinetic energies K
and K, respectively.

T2
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Region of +y
Constant.Um.form O Particle
Magnetic Field l +x
\/\! +Z

Figure 1

After exiting the device, the particles enter a large region of constant uniform magnetic field of magnitude B
that is directed in the +z-direction (out of the page), as shown in Figure 1. Each particle is moving in

the —y-direction when entering the region, and each particle is moving in the +y-direction when exiting the
region.

(d) A uniform electric field is added to the region such that Particle 1 of negative charge —Q travels with constant
speed in a straight line through the region. Determine the direction of the electric field.

fi#:
NFINENRA, BEEASE, BEHEREL; NFIHAE, BHS58ERE, ELEHNE +x BA.
BEiEFRES5HIREI: WNES

E—MiFEAMNEREE, BNEFRSEIAN/NEREL. #A1/BA RIBRIEXANMEL,
EmERERES; EPERBUNMNRREN, BERSEFKRRE,

mu? mu 1
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In Experiment 2, scientists want to use a graph to determine the mass m of identical, charged
particles that are emitted from a device. Each particle has charge Q = + 6.4 X 107" .

In each trial, a particle is emitted with speed v, = 3.0 X 10° m/s toward a region of external,
uniform magnetic field of variable magnitude B. The radius r of the path along which the
particle moves while in the field, shown in Figure 2, is recorded.

Figure 2

In subsequent trials, B is increased and the resulting r is recorded. Gravitational effects are

negligible. Collected data are provided in Table 1.

Table 1
B(M) | r(m)
0.04 1.8
0.06 1.2
0.14 0.5
0.16 0.4
0.20 0.3

i. Label the axes of the grid provided with measured or calculated quantities. Include
units, as appropriate. The graphed quantities should yield a linear graph that can be used

to determine m.
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Quantity (units, if appropriate)

Quantity (units, if appropriate)

fi#:

C(i) SRBE2RE vO BIE. B Q BlE, MAORMELES:

ik 1/B (T1) , HEr (m) o XBERRPRLEMATHESZ, EREN mv0/Q.

B ES RN ER

HhBoHAT I LB E, BEAETIHRNENBR/N, SHIBRTHA/NREE; BRI

EIEEEK TR, FRANIREIE, FEeBRrE S mRrIERA .

R

€

|Iavg|

B |AD|
At

|gavg|
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£,
- —e
L Coil
L
F 1
L : Wire
- - -——
1

(b) The charged object is removed, and a square coil with side length 2L is placed near the long, straight wire, as

shown above. The bottom of the coil is a distance L from the wire. The magnitude of the magnetic field due to
the current in the wire is 3B at point P; and By, at point P;.

ii. Over a time interval of 2.0 s, the current in the wire is decreased. The initial magnetic flux through the

coil is 5.0 x 10> T-m” and the final magnetic flux through the coil is 1.0 X 107 T- m?. The coil has a

total resistance of 10 Q. Calculate the magnitude of the average current in the coil during the 2.0 s time
interval.

fi#:

S RAHNE T W IR AR B SRR BB A/, BRLE S BERFIIERA/ N AHEBM,

|A®|  |(1.0—5.0) x 1077

|£avg‘ = At = 2.0 V=20x10"° V,

& 0x10°5
ygwhzygdzzojgo A=20x10"0A.

R Ty, BRITe—ER

—REERERNE, SEFIMHES—

RQEERHGEN T, REXMTREEE, AaEREERE
*% ﬁn_,\r_EE:EjJ%*DEE/)ILO ﬁéfjf:éﬁﬁ%

vé&ﬁ%, BAFE—MEEMIAFHAE LU E LR

76



AP Physics 2 FHEAHE 2022Q4c

1
1

Power Supply Lightbulb

1
1
lOZI b §!§ Round Coil

iR 2022 Q4 ¢

The wire is removed and the square coil is positioned so that the coil is directly above and concentric with a round
coil of wire connected to a power supply. A part of the square coil is removed and a lightbulb is connected to the
coil, as shown above.

(c) During a short time interval, the current in the power supply is constantly increasing. Use physics principles to
explain why the lightbulb is lit during the entire time interval.

fi#:

RIKB R ENLT, WMiHTEE A BEBRREGE, REBEREENIERFSEIER, AEEs
KEMEOBIENT, FHETREHE A LB EH BN ENAMETR, BRI a, RN
B iElERER =

MABTESLEE, REFEBVNRHOEIFESTHN, FERIR “EEHE” , REERRENIFA
A=,

BRER: THREBEEFR

ERAKESLEFANKREERNRTHE, BECHEHEREREF. BNI7MHEIENEHERNETN:
REREERNY, BYZthER; HRZEEN, BNSA @5 sER&EAFRNIEFRERNT
TRk R RITE RS 5o

g% 2025 Q1 B

1. Very long Wire 1 carries current I in the +x-direction along the line y = 0. Very long Wire 2
carries current I in the +x-direction along the line y = +d. Point P is located along Wire 1 at
the origin, as shown in Figure 1. The diameters of the wires are small compared to the distance
between the wires. Both wires are in the xy-plane.

7
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B. Wire 3 is moved very far away from wires 1 and 2. A circular conducting loop in the
xy-plane is initially held at rest below Wire 1. The loop is then moved at a constant speed in
the —y-direction, as shown in Figure 4.

Figure 4
Wire 2 I
3 — 3 +y
Wire 1 I
3 — 3

Loop

Note: Figure not drawn to scale.

Indicate whether there is a clockwise induced current in the loop, a counterclockwise
induced current in the loop, or no induced current in the loop.

_ Clockwise

_____ Counterclockwise

___ Thereisno induced current in the loop.
Justify your answer.

fi:

SETHREZEHENRE, &EE -y TERIRSLE, Hi7MHEEEEMMESS, FILBNERE
BRL. BNIZEMBEIEXNELD, SENER; AFEIEERRA, WEIRA s Z, FrURN IR
o

BRERNRINEGBNEN, FIF—FLBNGSRERE; KB —EBR,
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Motion
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. RASFS

TRRE—FEH: ZFEEICHE

AENEEER, FEEERE, BEAFNRRKNNE, HREESEL;, SERSNPOASAFT R
f; MBIrRRERNEBEAIZSANIEEEZL. 88— TREEEMEEL, BX—AXRHELE, A2
BEREANOSHO.

nq sin01 :n25in92, 9&;;}29)\571.
fll& 2023 Q1 a
Norlmal
l
6, |
\d na
i
nW
Mirror
Figure 1

(10 points, suggested time 20 minutes)

A rectangular tank with a mirrored bottom is filled with water (index of refraction n,,). A beam of light passes
from air (index of refraction n,) into the water at angle 6; from the normal, as shown in Figure 1. Index of
refraction ny, is greater than index of refraction n,.

(a) On the following diagram, sketch the entire path of the beam as the beam enters, travels through, and then exits
the water.

Normal
I

6;

~ n,
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f&:

AEMNEEER, SIMNTTHENK, KEFFHRERA, IEBERIEE L% FARSFATAFTR
5, SnmA LAERE. BAMKENESEIZE ZE&RIT, DS BREZENRARNNETR
TRNGA, EEELREBAE LS,

n,Sing, =n, sing,, N, SiN6, =n,sing,, 6,=79,.

/

Water

HENTE: RETWL, ARRES

i
E—RICBEIFRERE, MEHICFEREHRT. ITHERAER, FEREC/nll/); RKEERERIN
R, FRUERE, XERRKENRRICHRK, 3HBESBEFYIRRETE k.

, A=
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i@ 2023 Q1 b

Norlmal
|

|
6. |
\a na

Mirror

Figure 1
(10 points, suggested time 20 minutes)

A rectangular tank with a mirrored bottom is filled with water (index of refraction n,,). A beam of light passes
from air (index of refraction n,) into the water at angle 6; from the normal, as shown in Figure 1. Index of
refraction n,, is greater than index of refraction n,.

Norlmal

|
|
0, |

\4 n,
|
!

nm

Model A Model B
Figure 2

Sugar is then added to the water, resulting in a mixture that has a different index of refraction than water.
A student considers two models, Model A and Model B, for how the sugar mixes with water. The models are
shown in Figure 2.

Model A: The sugar is uniformly mixed throughout the water, resulting in a mixture with index of refraction n,,
such that n,, > n,.

Model B: Layers are formed of varying concentrations of sugar in the water. There are three distinct layers of
equal volume. The top layer is only water (index of refraction 7). The middle layer has the same concentration
of sugar as the mixture in Model A (index of refraction n,). The bottom layer has the highest concentration of
sugar (index of refraction ny).

(b) Consider Model A. Briefly describe how the observed wavelength of light changes, if at all, as the beam
travels from air into the mixture.
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fi#:
B—RAERELENRREARRERT; BRERITHEATES, BEB). BEKETERERLINE,
Fir LUR AR )N

ZNTIRE: EENRBTHER

FITREBELTT, FURI—FENFRARRE —FRENANS A, ESENANSindRFFE, FiE
BERH, AERARNTRSREANTTNER, BREENA.

n,Sing;, =n, sinf, =n,, sinf; = n, siné,.

85 2023 Q1 (i)
Nor‘mal
6; |
\d na
|
nW
Mirror

Figure 1
(10 points, suggested time 20 minutes)

A rectangular tank with a mirrored bottom is filled with water (index of refraction n,). A beam of light passes
from air (index of refraction n,) into the water at angle 8; from the normal, as shown in Figure 1. Index of
refraction n, is greater than index of refraction n,.
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Norlmal Norlmal
| |
6, 6, |
\4 n, \|<l My 1
] [l
I I .
nm

Model A Model B
Figure 2

Sugar is then added to the water, resulting in a mixture that has a different index of refraction than water.
A student considers two models, Model A and Model B, for how the sugar mixes with water. The models are
shown in Figure 2.

Model A: The sugar is uniformly mixed throughout the water, resulting in a mixture with index of refraction n,,
such that n, > n,,.

Model B: Layers are formed of varying concentrations of sugar in the water. There are three distinct layers of
equal volume. The top layer is only water (index of refraction ny,). The middle layer has the same concentration
of sugar as the mixture in Model A (index of refraction n,). The bottom layer has the highest concentration of
sugar (index of refraction ny,).

(c) Relevant angles between the beam and the normal for the various layers present in models A and B are
defined in the following table.

Model A Model B
6; |Incident angle of the beam in air 0; |Incident angle of the beam in air
P Angle the beam makes with the normal in
2 |the top layer in Model B
P Angle the beam makes with the normal in 0 Angle the beam makes with the normal in
1| the mixture in Model A 3 | the middle layer in Model B
0 Angle the beam makes with the normal in
4 | the bottom layer in Model B

i. Determine an expression for 6, in terms of 6;, n,, and n,.

2.
BRETT, FEHRE, AESERTHER:
ngSing;, =n,, sinf, =n,, sinf; = n,siné,,
6, = arcsin (na sin 92.) .

T
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18R nsin: BIFSIRAFAE

MHEFCREFITEEHRNSinOBEIE. EO0FI90EE, EZMEAEK; HRAN—E, AR/ HF
THRANSFHEENEES, FFEREHT,

%% 2023 Q1 c(ii)
Zia)&$E 2023 Q1 c(i)o

Mirror

Figure 1
(10 points, suggested time 20 minutes)

A rectangular tank with a mirrored bottom is filled with water (index of refraction n,). A beam of light passes
from air (index of refraction n,) into the water at angle 8; from the normal, as shown in Figure 1. Index of
refraction n, is greater than index of refraction n,.

Noqmal Norlmal
| |
0, i 6, |
~<4 Ma NG M,
| |
I I T
nm

Model A Model B
Figure 2

Sugar is then added to the water, resulting in a mixture that has a different index of refraction than water.
A student considers two models, Model A and Model B, for how the sugar mixes with water. The models are
shown in Figure 2.

Model A: The sugar is uniformly mixed throughout the water, resulting in a mixture with index of refraction n,
such that n, > n,,.

Model B: Layers are formed of varying concentrations of sugar in the water. There are three distinct layers of
equal volume. The top layer is only water (index of refraction ny,). The middle layer has the same concentration
of sugar as the mixture in Model A (index of refraction n,,). The bottom layer has the highest concentration of
sugar (index of refraction ny,).
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(c) Relevant angles between the beam and the normal for the various layers present in models A and B are
defined in the following table.

Model A Model B
6; |Incident angle of the beam in air 0; |Incident angle of the beam in air
0 Angle the beam makes with the normal in
2 [the top layer in Model B
0 Angle the beam makes with the normal in 0 Angle the beam makes with the normal in
1| the mixture in Model A 3 |the middle layer in Model B
0 Angle the beam makes with the normal in
4 [the bottom layer in Model B

ii. Rank the angles from greatest to least, with 1 being greatest. If two angles are the same value, give them
the same ranking.

6, 6, 0, 6,

Briefly explain your reasoning using appropriate physics principles and/or mathematical models.

fi#:

B—=SNHFHEHT, nsind HRE, ITHEEK, SH 0 /). KNITHERE, KE&ZS; Model A
#0 Model B HHE#8H nm:

¥ 01. 02, 03. 04 MVIIFIE 2. 1. 2. 3o

B3 BEFERRRIKFEERE AR

REHN—E, HE5BEZELRXMAO, BIRKFEFNH tanb, KEFRSEFHBRKFMEZRE, EiZEHE
BEEMN;, PENSEEDE, WRHMAE: AZ/IMEFEREKFEEE/.
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8% 2023 Q1d
Zsa)7&4E 2023 Q1 c(ii)o

Norlmal
i

6; |

\4 n a

Mirror

Figure 1
(10 points, suggested time 20 minutes)

A rectangular tank with a mirrored bottom is filled with water (index of refraction n,). A beam of light passes
from air (index of refraction n,) into the water at angle 8; from the normal, as shown in Figure 1. Index of
refraction n, is greater than index of refraction n,.

Norlmal Norlmal
| i
el | 01 |
~<4 Ma, NG M,
I |
I I .
: -

Model A Model B
Figure 2

Sugar is then added to the water, resulting in a mixture that has a different index of refraction than water.
A student considers two models, Model A and Model B, for how the sugar mixes with water. The models are
shown in Figure 2.

Model A: The sugar is uniformly mixed throughout the water, resulting in a mixture with index of refraction n,
such that n,, > n,.

Model B: Layers are formed of varying concentrations of sugar in the water. There are three distinct layers of
equal volume. The top layer is only water (index of refraction ny,). The middle layer has the same concentration
of sugar as the mixture in Model A (index of refraction n,). The bottom layer has the highest concentration of
sugar (index of refraction ny,).
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Nor'mal
|
6, .
\<i a
|
nW
Original Tank
N orlmal N orlmal
i
0,
\\d n,
|
!
nm
Model A Model B

For the original tank filled with water, the beam is observed to exit the surface of the water a horizontal
distance d, from the entry point. For models A and B, the horizontal distances are d, and dp, respectively.

(d) Determine whether d, and dp are each greater than, less than, or equal to d.;. It is NOT necessary to
compare da to dg. Briefly justify your answer.

fi#:
R H. AR A 0 MEIZKTIESE  Htand, REIFEERM, RKE:

d, =2Htang,,.

Model ABYAREE/N, FRLUKFRER/NFRKIERIIEES, Model B =ZEFAHIR. FR;, LEASRKIEN
@, . TREAEN, FIUESKFEEHREN:

w*

H
dp = 2§(tan 0, +tanf, +tanf,) < 2Htand, =d
dy<d,,  dg<d,.

AEAREKRILIRdA 5 dB, RHTAIEICEREAA, FRLUKTFEEREM, RHER.
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Water Model A Model B

SN /S N/

RIFIMTERRRZE . EREEEZES

FEENFRIBF—EARGRAFNRE. RERTOIHOME,; FLEENE, FEAKTFHEESRAN
o RENABAHARE, IMIBFTSHRERELSAEXR, BREREL AR UE,

nprism sin Hin = Nout sin aout’

il 2022 Q1 ¢

(c) The block is replaced by a triangular prism, as shown above. The path of the beam is indicated by the dotted
line, and the beam reaches the screen at point P. The fluid is then removed from the tank, and the prism is
surrounded by air. Predict whether the beam will reach the side of the tank above point P, at point P, or below
point P when the prism is surrounded by air. Support your answer using physics principles.

fi#:

AAAREERRENE, \NFABAEE, TRIRPEES: BRETAERAE, IMNMERREEAT
[, RN R—RAMARET, Snell ERERIMUFTSIAER, HEABREEL, KREHR
WSERT, FRLUEEP T,

nprism sin Ozn = Noutside sin eout'
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= Fluid: P
= Air: below P

E—&=RL: AyiEELRIEE

ST RERCRBEERR NRKIMUE. HRLEHT, RKREEFERIEE, IRREE
ERR, U MIEREFHBRZACMANNE; NRAEN, EBLHARE. MRS5RKERF

R
o
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fBlRE 2025 Q4 A

4. Two narrow slits are a distance d apart. A screen is a distance L from the midpoint of the slits,
where L > d. When a laser emits monochromatic light toward the slits, a pattern of narrow
bright and dark bands is observed on the screen. The centers of bright bands A and B are
indicated. Three additional bright bands, including the central bright band, are observed on the
screen between bands A and B, as shown.

Screen
Bright Band A
- L -
T
d pF-——————————"————————- Central Bright Band
K3
Slits Bright Band B

Note: Figure not drawn to scale.

A student claims that the distance between the center of Band A and the center of the central
bright band is smaller when using a laser that emits violet light than when using a laser that
emits red light.

A. Indicate whether the student’s claim is correct or incorrect. Without manipulating
equations, justify your answer by referencing the difference in path length traveled by the
light from each slit to the center of Band A.

fi#:

FEVEER. RIORKILAIIE; B—RhRAEKRREINERNBRIZAEREBHNRK, LR
HFBBENWNEE, URRBEIFR, HEEW), FtABERR, XIMEIRREEMCIEED
%, RNEBRLBFREEAT
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£3]2022Q1b

Water String

Laser
Block

Screen
(10 points, suggested time 20 minutes)

Students are investigating electromagnetic wave phenomena in transparent media. They use a string to support a
stationary thin, rectangular block of mass m,, volume Vj, and density p,. The block has two narrow slits in its
center and is submerged in a glass tank containing water with density p, , as shown above.

(b) A monochromatic laser beam is incident perpendicular to the wall of the tank. The beam passes through the
slits in the block. An interference pattern is formed on the screen inside the tank. The water is then replaced
with a clear fluid with a greater index of refraction than that of water. In a coherent, paragraph-length
response, describe how the greater index of refraction of the new fluid affects the interference pattern. Explain
your reasoning in terms of speed, frequency, and wavelength of the light.

HERMRL, BIESPMFLER

RRELZL, BPRUEREHAE]L. SERRYZELR=FZNEBEPRE, FTEE RS
WS, BEMRRNE, £Bd. RELELZATd, JR/NAEMERRSUEBYTIEE,; MRAE
B FA=c/f

dsin @ = m), sineztanez%, ymmw.
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4. Two narrow slits are a distance d apart. A screen is a distance L from the midpoint of the slits,
where L > d. When a laser emits monochromatic light toward the slits, a pattern of narrow
bright and dark bands is observed on the screen. The centers of bright bands A and B are
indicated. Three additional bright bands, including the central bright band, are observed on the
screen between bands A and B, as shown.

Screen
Bright Band A
- L -
T
d pF-—————————""="———————- Central Bright Band
K3
Slits Bright Band B

Note: Figure not drawn to scale.

B. Derive an expression for the distance between the centers of bands A and B when light of
frequency f'is emitted toward the slits. Express your answer in terms of d, L, f, and physical
constants, as appropriate. Begin your derivation by writing a fundamental physics principle
or an equation from the reference information.

fi#:

PRE|LAZTER, RABEI—FZH, BT, AL BRESHE=FRY, SFEPR, FRLUANBS
AEFREMEE _RMUE, HBROEDFNEE, FUERRRATHNIE, ANLITEH "%, BEEZ
Ko
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¢ Central: 0

4AL/d

\;ﬁjﬁiﬁgﬁﬁéﬁ%. A%_ZQ&, B?g‘l'Zé&; J—.EHF":'__‘EXFE_‘—FO

MELEFMHEF. NABEETBASREYIRERER:

. . AL
dsinf = m), sinf ~ tang = yma:T;—.

L Y
REKAICERFRLAR, BERN —RRUBITZE:

ANL  4eL

Ay:yﬁ—y,g:T fd

MR EER B A0 TE MEF B

BN —HERZ BN A NEIEB —iE, EHFEANPEUNEN—1E. HRENFER, BERFT
REBFEZEE TR R, SIEa/iEEFExR.
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IR 2025 Q4 C

ZN[a) &3 2025 Q4 A. 2025 Q4 B,

4. Two narrow slits are a distance d apart. A screen is a distance L from the midpoint of the slits,
where L > d. When a laser emits monochromatic light toward the slits, a pattern of narrow
bright and dark bands is observed on the screen. The centers of bright bands A and B are
indicated. Three additional bright bands, including the central bright band, are observed on the
screen between bands A and B, as shown.

Screen
Bright Band A
- L >
T
d pF-——===———————————————- Central Bright Band
4
Slits Bright Band B

Note: Figure not drawn to scale.

A student claims that the distance between the center of Band A and the center of the central
bright band is smaller when using a laser that emits violet light than when using a laser that
emits red light.

C. Indicate whether the expression you derived in part B is or is not consistent with your
answer from part A. Briefly justify your answer.

fi#:

—Ho RIMEIRA, ANFHEMERBE, SWEESMEMRLL, FIERELE/N, 5 AFR “RAFY
SRR BYFIEf,
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JtF. BFSRF

RFEIE: R TRERERE

BER L LG W AR FREE F?'?'Ei‘éﬁé’&f‘ﬁ"é%, KSRRRRT S, FRUFIKAET. RARVIREE
LAFIZE, F—F; TEEEREEMASFRFARITRIFTEER.

5= 2026 Q2 A

2. Figure 1 represents the energy levels and their corresponding states for a hypothetical atom.

Figure 1
Energy State
-2E, n=3
-3E| n=>2
-5E, n=1

Part A

On Figure 1, draw arrows to represent all possible atomic transitions that could result in the
emission of a photon.

fi#:

[FRE=1MEER D5 -5E0. -3E0. -2E0, AR TEFREEMRME, FRUREMR FEk: 3—2. 21,
3—1, =MREMEERITE—FK-

—2E l n=3
-3E n=2
—5E) v n=1
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HFMEHERE: KReEEMRK

h2EREE, NFREESMERMIELL. EEREFTMRFR K, RFALILFH, FFEERT]
REERHIIEE ; BEERABIEFREFANM TERE, HERERK.

E,=hf, c=f\ E, =-—.
I 2022 Q3 d(i)

(d) Experiments show that a hydrogen atom can absorb a photon of frequency 3.2 X 10" Hz.

i. Calculate the energy of a photon with this frequency.

fi#:
HFFEREH, eESETFEZHEEERMEK:

E, = (6.63x107%"Js)(3.2x 10" s7!) =212 x 10718 J.

RAR TEELRE: REBELFRIKK
FMREREIEFNSRS. ASKRIARITEE, BYREERKEERICFEE. BAE=hfllc=I\H
MR, BEEHANNKKHEE; FRRENERN, FREESENRS,

hc
E, = Einitial — Efinal> A= I

~
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% 2026 Q2 B
7<) 74 2026 Q2 A,

2. Figure 1 represents the energy levels and their corresponding states for a hypothetical atom.

Figure 1
Energy State
-2E|, n=3
-3E, n=>2
-5E, n=1

PartB

Derive an expression for the wavelength of the highest-energy photon that can be emitted from
the atom. Express your answer in terms of £, and physical constants, as appropriate. Begin
your derivation by writing a fundamental physics principle or an equation from the reference
information.

R

HFREFTRFRENEE, RAEM -2E0 fFE] -5E0:

E, .. = (—2E,) — (—5E,) = 3E,.

ma

FFREBSMEMIELL. RSN, BRIIFFRRHIRK:

E=hf, c=f\ E=-— A =-——.

ELCR: BENREREL

ESICRAI R HESSEERNRK; E=ho/MRBERKINE, BETM—F. TR ERINOFMAEOHE TR
he, BEMEXHE THEAEBRAETIIMHL; RERTARSCENBRZEREX

5l 2026 Q2 C

The following information applies to parts C and D.

A device can emit monochromatic electromagnetic radiation. The wavelength A of the radiation
can be varied over a continuous range of wavelengths.
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Part C

On Figure 2, sketch the energy E of emitted photons from the device as a function of A for
Ay < A < 4A,. Photons with wavelength A, have energy 4F,. Sketches made in the shaded
region will not be scored.

L R R e I |

fi#:

ELISEEKEEEEEREENT. N0 REEEN 460, FALRSERREENFRNETXHEES
BB, B!

E _ 4

Ey M)
HIZRIaR T, HEBEAET, mLESH; i N0 e85 460, 52k 400 BY5eil E0, RERE
FERRRZ X1,

Ag < A< 4.
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BIREER: RELTENTFEEIEE

HFRREMLNFTER N AITRERENE, BB FTHREINEEEEYILX, BOEBIMCFRERT
EXMIIR, REEBEAHENATF, HATMERFHBHEASHX—EEE.

5= 2026 Q2 D
Z(a] A#E 2026 Q2 Ao

2. Figure 1 represents the energy levels and their corresponding states for a hypothetical atom.

Figure 1
Energy State
-2E, n=
-5E|, n=1

The following information applies to parts C and D.

A device can emit monochromatic electromagnetic radiation. The wavelength A of the radiation
can be varied over a continuous range of wavelengths.

PartD

A student claims that, based on the energy states shown in Figure 1, the atom can emit a photon
of wavelength A, and energy 4E, like the device described in part C.

Indicate whether the claim is correct or incorrect. Briefly justify your answer by referencing
the representation in part A.

fi#:

POEEIR. ZHRATKITNEEESDFIZ E0. 2E0. 3E0; ZH 4E0 ReRE, ELIGE A LITEIZL
F, PRX=A"BHEERZERAIUAHE.
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BFEmTRRK: SRaIEBNKREEE

BFEERENT, EhTERKA\eSHEpHENe=h/p, BB RITFEEEEp=mVES, HK=mv?/21F
K=p?/(2m). FiBBFRKRMEE, BEREE; FREIEBFRRKERAEIFEEhC/A

@R 2024 Q1 b

In each trial of a photoelectric experiment, a scientist uses a device to shine light of a single frequency on two
different metals, 1 and 2. The device can emit light with frequency f,, fg, or f.. Each frequency of light is used
to test both metals.

The scientist determines the minimum de Broglie wavelength A, of the electrons ejected from the metal in each
trial of the experiment. The following table summarizes the results of the experiment. For each trial, the scientist
analyzes only the electrons with the minimum de Broglie wavelength.

Trial Frequency of Light Metal Tested Ao (X10™ 10 m)
1 N Metal 1 6.9
2 N Metal 2 9.4
3 fB Metal 1 No electrons ejected
4 fB Metal 2 No electrons ejected
5 fo Metal 1 5.3
6 Je Metal 2 6.3

(b) Calculate the maximum kinetic energy of the electrons ejected from Metal 1 in Trial 1. Assume that the
momentum p of an ejected electron can be described by the classical definition p = mv.

fi#:
Trial l BB FREKRZ 6.9X1071°m, BRIEEHESTRERER, FAUTHBEFRKARDE, BR

nRE:

h h? (6.63 x 10734)2
= K, = = J ~5.07 x 1071 J.
P= maz = 932 T 2(9.11 x 10-31)(6.9 x 10-10)2 x

MABFRELN3.2eV. XEZERERTF, TREfERLFEEE hc/leo
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BRI RikHSBEFRKHIBIE

HFERFEAERE, £THELIN0, HREEMRNRARE. LBRRATERR, OBE; KEEF
BERTRTEE, REBFRENKE), RAMEMHMERK, FLANFIARBR, REBFHK
KABNIIER Ko

hf =&+ Kmax-

& 2024 Q1 a

In each trial of a photoelectric experiment, a scientist uses a device to shine light of a single frequency on two
different metals, 1 and 2. The device can emit light with frequency f,, fg. or f.. Each frequency of light is used
to test both metals.

The scientist determines the minimum de Broglie wavelength A, of the electrons ejected from the metal in each
trial of the experiment. The following table summarizes the results of the experiment. For each trial, the scientist
analyzes only the electrons with the minimum de Broglie wavelength.

Trial Frequency of Light Metal Tested Ap (X107 10 m)
1 N Metal 1 6.9
2 Sa Metal 2 9.4
3 fB Metal 1 No electrons ejected
4 fB Metal 2 No electrons ejected
5 Je Metal 1 5.3
6 Je Metal 2 6.3

(a) In a coherent, paragraph-length response, indicate which frequency, f,, fg, or f, is greatest and which

frequency is least. Justify your answer using physics principles.

fi#:

fB &\ fCRAR. NGIEFBIEEE hf FESARIENM, BFFRNILEREEREII ¢, RITFRARATIEE,
fB WM BEFREER &L, WEMRTHENEIE; fA. fCEBBRFRE,

h 2 2
W= b+ Ky A=l K, =L h
D

mos = 9 = g2
HE—2BS, fC HBFRKRE, RrBARE. BAMERA, FHC AT A, FEEE “BF
KBTI IR SR KT,

Jo>fa> [5
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ESREtLRMmERE: RKEHTH

EAERANSSRRNET, AERIEFREEMRRE. d=hf-Kmax; BFRAEIEBRAN—MERE, 1
ROBRERTERY, RIREINN. SHBFRKLIREIEE, BEmaEEL.

I 2024 Q1 ¢
7<) 73 2024 Q1 a.

In each trial of a photoelectric experiment, a scientist uses a device to shine light of a single frequency on two
different metals, 1 and 2. The device can emit light with frequency f,, fg, or f.. Each frequency of light is used
to test both metals.

The scientist determines the minimum de Broglie wavelength A, of the electrons ejected from the metal in each
trial of the experiment. The following table summarizes the results of the experiment. For each trial, the scientist
analyzes only the electrons with the minimum de Broglie wavelength.

Trial Frequency of Light Metal Tested Ao (X10™ 10 m)
1 Ia Metal 1 6.9
2 Sa Metal 2 9.4
3 fB Metal 1 No electrons ejected
4 fB Metal 2 No electrons ejected
5 Jo Metal 1 5.3
6 Je Metal 2 6.3

(c) Indicate whether the work function of Metal 1 is greater than, less than, or equal to the work function of
Metal 2. Justify your answer by referring to the table of results.

fi#d:

EEARES A BY Trial 1 5 Trial 2: NS$¢FREEHER], Metal 1 B FRKENRE, RATHREER, &HI
FTNGICFREERRAEFEIEE, FIUERRECFRETATREEIE, FrLL:

¢1 < o
[El$7 fC UM T X MEIL, FREEREMFE THMITEZIL BRI,
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AP Physics 2
FFREERETISH BT LRErE
FREmBEEREA M. BEEDE “NFREERBIEM—TEBEF BINE,

B3 JeFReE/NTFRREREERT, B

FRBHEEAB SR, REXNEE, REMFTHHCEE

SEEBRHFRES—TE
EEERE,

E. . =m.c”.

rest

BI%R 2022 Q3 d(ii)
Zsia)&dE 2022 Q3 d(i)o

(d) Experiments show that a hydrogen atom can absorb a photon of frequency 3.2 X 10~ Hz

ii. A student claims that when a hydrogen atom absorbs a photon at this frequency, the energy could be

converted into mass, adding an electron to the atom. Calculate the amount of energy needed to create a
particle with the mass of an electron and determine whether or not there is sufficient energy gained by the

atom to add another electron.

f&:
BNEBEFHEREER mec?, MUEELLR
E,ps = m.c? = (9.11 x 10731)(3.00 x 108)2J =8.20 x 10714 J
EV ~ —5
B 2.59 x 107° <« 1.
EERIMN—TEF BIFIERER, LEEERE

B FIE—TEBFRIREEEITAEE, lltl:LTﬁEF' “B e
BRUEBEZFIE, TEBRIKTMIIEE

FEEREIERRAS: REFERE
RFS5BRFRSHER, FCHEWH

ERRBENREEE, RFeELE. 517088, eRRBEEXN/);
—R@EEN. IBEEESme?/riBE, FEINEM— I E0TT,
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7% 2022 Q3 a

Electron

Note: Figure not drawn to scale.

(12 points, suggested time 25 minutes)

A hydrogen atom can be modeled as an electron in a circular orbit of radius » about a stationary proton, as shown
above. The gravitational force between the proton and electron is negligible compared to the electrostatic force

between them.

(a) Derive an equation for the speed v of the electron in terms of r and physical constants, as appropriate.

fi#:
BREERE, BRFdet. BEFR¥ER r MEARBEE, ZE5|1, e RRBEAAN, BFS5HEFESHE
. FECHMBREEN, ABM—F ‘B .

3

—5 =
r r mer e

RABRFEEER: [ERhREMNA B EE

BEREREEFRBEEREENT, RSHEABEFRANR. SEEFTHRMESE, BNERES
ZMRFRE, KADHEEUEEERE, BS5RRBEEEN. REEERTRET, TRREEN,

ke? 1
Up=—"“ K= sme®s  B=Up+K.
T
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&R 2022 Q3 b
7<) &3 2022 Q3 a.

Electron

Note: Figure not drawn to scale.
(12 points, suggested time 25 minutes)

A hydrogen atom can be modeled as an electron in a circular orbit of radius » about a stationary proton, as shown
above. The gravitational force between the proton and electron is negligible compared to the electrostatic force
between them.

(b) Derive an equation for the total energy of the atom in terms of r and physical constants, as appropriate.

fi#d:
WUTIRZMMEEERBRBEENS, FESBREMNEBEBEENRA, BFEIEER (a) HEERE:

U, = k(+e)(—e) :_L@’ K:1m€v2:k—€2
r r 2r

ke?  ke? ke?

E=U K=—+4+ —=——

Bt r 2r 2r

FREK: AERERZFER

KENS, BEDE. A¥-C/rPCREE, nEXRFEEMNER), HERMER. AZRL. X5RF
RUTREEAETT. MERE—EUEREIE “FRTX" M “ReE2I18MN” AhSHREERE.

A
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gk 2022 Q3 ¢
7<) %4 2022 Q3 b,

Electron

Note: Figure not drawn to scale.
(12 points, suggested time 25 minutes)

A hydrogen atom can be modeled as an electron in a circular orbit of radius » about a stationary proton, as shown
above. The gravitational force between the proton and electron is negligible compared to the electrostatic force
between them.

(c) When the hydrogen atom absorbs a photon, the electron moves to an orbit with a larger radius and the total
energy of the atom increases. Is your equation for the energy derived in part (b) consistent with this description
of the model of a hydrogen atom absorbing a photon? Explain why the equation is or is not consistent.

fi#:

—Ho riEREXNHEROENER), EEMNEATRAR, BEEEM, FEREIETF. TR
“DERHER” NUMFIETEEEE R, BREMNS,

BRAFZERENE: EPATHEET

MBEMER NSEELERAIA, sheelEBS1/rAIELL, BERRNBSF TN E, RNEFIRE
R, MIERNENZEELERE, RIFU=-2K, RSANEYELATH—AE, FRESE—FESS6

==1

7
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IR 2022 Q3 d(iii)
ZiB)&#E 2022 Q3 a. 2022 Q3 b. 2022 Q3 ¢,

Electron

Note: Figure not drawn to scale.

(12 points, suggested time 25 minutes)

A hydrogen atom can be modeled as an electron in a circular orbit of radius » about a stationary proton, as shown
above. The gravitational force between the proton and electron is negligible compared to the electrostatic force
between them.

Before Photon After Photon
Absorbed Absorbed
\ Uy K . Up K

iii. The left bar chart in the figure above is complete and represents the initial electric potential energy Ug ; of the
atom and the initial kinetic energy K; of the electron before the photon is absorbed. In the space provided on the
right, draw a bar chart to represent a possible final electric potential energy of the atom and final kinetic energy of
the electron.

fi#:

R EDERAFEHNRERNE, UE NfA, BENRATKERE; KIE, ERELKEHRE, [
—RHENEBRESF TN R ZE, EitaE—M R — AR,
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Before absorption Possible final state

Energy / K;
Energy / K;

—AFNRSTE: WIELEMEEL/N, UEMRHR. KMAE; HIEEEE—K+¥Z.
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KEHE. (FESSHRK

FABRIRR LT, BEZIESHER

AR—REEENRARE, EBETREUEXNNAA— IR, ENNHRERTEMS; FEBZEBN
REMEEEE. AEELHENRE, LRSENASOXE, BREFHRR; XTHBRRER, &IE
MELE T T Eo

58 2025 Q3 Cfii)
7 ia)&dE 2025 Q3 C(i)o

C. In Experiment 2, the student is asked to determine the capacitance C of a new parallel-
plate capacitor. For each trial, the absolute value |AV | of the potential difference across the
capacitor is varied and the charge g stored on one plate of the fully charged capacitor is
measured. Table 1 contains the data collected.

Table 1
AV (V) | ¢ (x1070 C)
3.0 2.4
5.0 4.2
7.2 5.6
8.0 6.6
10.0 8.0
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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(Clearly label the axes, including units as appropriate.

* Plot the points you recorded in Table 2.

fi#:
Ci)REXRERS; EHMHIZ 100°CHRE, AaH (3.0,24). (5.04.2). (7.2,5.6). (8.0,6.6).
(10.0,8.0), FREHEAISEEZIE, BAUTEHME,
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AP Physics 2
®

0 .
6 8 10
|AV] (V)

g

SERNRIGSEIRAYT, HAREMNES.
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ZERPE 2024 Q2 clii)

#:3] 2024 Q2 c(ii)

Zja)&dE 2024 Q2 c(i)o
Chamber
Gas Molecule
AN \. o ° PS
PY [ )
(]
( ] P [ ] ° |
j‘ ° Container @ S
Heater ® I @ Cnsors
P n
° < ) °
Material \Iii\quid

Note: Figure not drawn to scale.

Figure 2

In Experiment 2, shown in Figure 2, a liquid-filled container that is completely wrapped with a material of

uniform thickness 0.01 m is inside the sealed chamber that is filled with an ideal gas. The material has a total area

of 0.06 m” in contact with the gas. The heater is turned on. As the temperature 7 of the gas increases, the

following data for the temperature 7} of the liquid and the rate % of energy transfer are collected.

0 (]
7o (K) T (K) £ [—]
295 295 0.0
371 303 26.3
425 308 431
475 313 60.0
528 323 75.0
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AP Physics 2

ii. Plot the data points for the quantities indicated in part (c)(i) on the graph provided. Clearly scale and

label all axes, including units, as appropriate.
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#:>] 2026 Q3 C(ii)

Zjm] #dE 2026 Q3 Cfi)o
In Experiment 2, scientists want to use a graph to determine the mass m of identical, charged
particles that are emitted from a device. Each particle has charge Q = + 6.4 X 107" c.

In each trial, a particle is emitted with speed v, = 3.0 X 10® m/s toward a region of external,
uniform magnetic field of variable magnitude B. The radius r of the path along which the
particle moves while in the field, shown in Figure 2, is recorded.

Figure 2
° ° ° °
Yo
R B
~
m, Q ° \Q\ ° °
\
\
° ° \\ ° °
<—r—>:
° ° /’ ° °
/
/
/
° _® ° °
//
° ° ° °

In subsequent trials, B is increased and the resulting r is recorded. Gravitational effects are
negligible. Collected data are provided in Table 1.

Table 1
B(T) | r(m)
0.04 1.8
0.06 1.2
0.14 0.5
0.16 0.4
0.20 0.3

ii. On the grid, create a graph of the quantities indicated in part C (i).
* Label the vertical and horizontal axes with numerical scales.
* Plot the corresponding data points on the grid.

* Table 2 is provided in your booklet for scratch work, but the table will not be
scored.
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Quantity (units, if appropriate)

Quantity (units, if appropriate)

BERfENGEZ

R e HiEES:

BELTHRIABYE; BRIFRERFEHIEER, MMREETIRR. ZERHMEBEXFIIEL L

KRRBIRE, FURRBI&ER, BFAERFIFGI R, —FELNARMERBNSHES, &R
AR BIZ I MT Ro
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IR 2025 Q3 C(iii)
Zsa)7&4%E 2025 Q3 C(i)« 2025 Q3 Cfii)o

C. In Experiment 2, the student is asked to determine the capacitance C of a new parallel-
plate capacitor. For each trial, the absolute value |AV| of the potential difference across the
capacitor is varied and the charge ¢ stored on one plate of the fully charged capacitor is
measured. Table 1 contains the data collected.

Table 1
AV (V) | ¢ (x1070 C)
3.0 24
5.0 4.2
7.2 5.6
8.0 6.6
10.0 8.0

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

fi#:
Cliii) B—RE&RT 2R MEE, FNESERLZ,

8 - @® Data
—— Best-fit line

S
T
=
- 4.

2 T T T T T T T T

3 4 5 6 7 8 9 10
AV (V)

EPMRIBSHRIERRRENGES; JHZIESRUAKR1070C
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FEBRB 2024 Q2 cliii)

#:>] 2024 Q2 c(iii)
Z=1a)7&4E 2024 Q2 c(i). 2024 Q2 c(ii)o

Chamber
Gas Molecule\ =
[ ) ]

(]

( ] P [ ] ° |
j‘ ° Container @
Heater P I @ Sensors

P n

® < ° °

Material \Iii\quid

Note: Figure not drawn to scale.

Figure 2

In Experiment 2, shown in Figure 2, a liquid-filled container that is completely wrapped with a material of

uniform thickness 0.01 m is inside the sealed chamber that is filled with an ideal gas. The material has a total area

of 0.06 m” in contact with the gas. The heater is turned on. As the temperature 7 of the gas increases, the

following data for the temperature 7} of the liquid and the rate % of energy transfer are collected.

0 (]
7o (K) T (K) 2 [—]
295 295 0.0
371 303 26.3
425 308 431
475 313 60.0
528 323 75.0

iii. Draw the best-fit line for the data graphed in part (c)(ii).
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%3] 2026 Q3 C(iii)

Zsa)7&4%E 2026 Q3 C(i)« 2026 Q3 Cfii)o
In Experiment 2, scientists want to use a graph to determine the mass m of identical, charged
particles that are emitted from a device. Each particle has charge Q = + 6.4 X 107" c.

In each trial, a particle is emitted with speed v, = 3.0 X 10® m/s toward a region of external,
uniform magnetic field of variable magnitude B. The radius r of the path along which the
particle moves while in the field, shown in Figure 2, is recorded.

Figure 2
° ° ° °
Yo
R B
~
m, Q ° \Q\ ° °
\
\
° ° \\ ° °
<—r—>:
° ° /’ ° °
/
/
/
° _® ° °
//
° ° ° °

In subsequent trials, B is increased and the resulting r is recorded. Gravitational effects are
negligible. Collected data are provided in Table 1.

Table 1
B(T) | r(m)
0.04 1.8
0.06 1.2
0.14 0.5
0.16 0.4
0.20 0.3

iii. Draw a best-fit line for the data graphed in part C (ii).
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BITR TR, BRSNEG

RIE B0 3SE AR E R, ERMiNG. AAER/NHEXEMIFRIER: BHAE CH—RI2RE
%, ZYREFMBL, BE—ITR. R, KEERAEEE%, NESRELIMNEENELR; HEX
BARHEMBARHLFBM.,

%% 2023 Q2 biii)
Zsja) 3% 2023 Q2 b(ii)o

The students conduct a different experiment to determine the emf £ of a battery that is not ideal and has internal
resistance r = 30 Q. The battery is connected to a variable resistor in a circuit, as shown. The students measure the
current / through the circuit for different values of resistance R, of the variable resistor that is connected to the
battery. The following table contains the data collected.

1(A) | Ry (@)
0.087 200
0.060 300
0.042 450
0.027 700
0.016 1200
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0.004

0.003

1/(r+Ryar) (Q7")
121

0.002

0.001

iii. Plot the data points for the quantities indicated in part (b)(ii) on the following graph. Clearly scale and

label all axes, including units. Draw a straight line that best represents the data.
You may use the blank columns in the table for any quantities you graph other than the given data.

AP Physics 2
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2ERP 2022 Q2 clii)

#:>] 2022 Q2 c(ii)
s8] &4 2022 Q2 c(i)o

In another experiment, the students have a capacitor with unknown capacitance Cy;. They want to determine Cyy

by using a battery of potential difference 4.5 V and several other capacitors of known capacitance. They create

circuits with the battery, the unknown capacitor, and one of the capacitors of known capacitance. The students

wait until the capacitors are fully charged and then record the potential difference AVj o, across the known

capacitor and the potential difference AV{; across the unknown capacitor. Their data are shown in the table on the

following page.
Known

Capacitance of AViown (V) AV (V)

Capacitors (uF)
200 0.91 3.53
300 0.65 3.74
400 0.51 3.95
500 0.42 4.06
600 0.36 4.17

ii. Label the axes below and provide an appropriate scale with units. Plot the data points for the quantities

indicated in part (c)(i) on the axes and draw a best-fit line.
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Yo — Y
s =22 I
Lo — Ty

% 2025Q3 D
ZjA) &3 2025 Q3 C(i). 2025 Q3 C(ii) 2025 Q3 Cfiii)o

C. In Experiment 2, the student is asked to determine the capacitance C of a new parallel-
plate capacitor. For each trial, the absolute value |AV| of the potential difference across the
capacitor is varied and the charge g stored on one plate of the fully charged capacitor is
measured. Table 1 contains the data collected.

Table 1
|AV] (V) |q (x107° C)
3.0 2.4
5.0 4.2
7.2 5.6
8.0 6.6
10.0 8.0

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

fi#é:

B2 mINGRIERLN 0.7950 MBI SR, fIMIEXFINGL EIBHEE3.0. 9.0V, BELIN
2.466. 7.236X1071°C:

Ag  (7.236 —2.466) x 107° C
AAV) (9.0 -3.0) V
FLEREPSLAHL 8.0X107!! FEAHFEE, RIEXMEAPESLLAIMRIZR; FERRIENHN
10710, WAREEREN—NRIGSAY q/AV,

C= ~7.95x 10711 F.
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#2024 Q2d

Z=[8)7&4E 2024 Q2 c(i). 2024 Q2 c(ii)s 2024 Q2 c(iii)o

Chamber
Gas Molecule\ =
) )
° ° . ®
j':l ° Container @ S
Heater L @ ensors
o o1 -
< \\ ° °

Material \Iii\quid

Note: Figure not drawn to scale.
Figure 2

In Experiment 2, shown in Figure 2, a liquid-filled container that is completely wrapped with a material of
uniform thickness 0.01 m is inside the sealed chamber that is filled with an ideal gas. The material has a total area
of 0.06 m” in contact with the gas. The heater is turned on. As the temperature 7 of the gas increases, the

following data for the temperature 7} of the liquid and the rate % of energy transfer are collected.

0 (]
7o (K) T (K) ¢ [—]
295 295 0.0
371 303 26.3
425 308 431
475 313 60.0
528 323 75.0

(d) Using the best-fit line, calculate an experimental value for k.
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#2026 Q3D

Zsa)7&4%E 2026 Q3 C(i)« 2026 Q3 C(ii). 2026 Q3 C(iii)o

In Experiment 2, scientists want to use a graph to determine the mass m of identical, charged
particles that are emitted from a device. Each particle has charge Q = + 6.4 X 107" c.

In each trial, a particle is emitted with speed v, = 3.0 X 10® m/s toward a region of external,
uniform magnetic field of variable magnitude B. The radius r of the path along which the
particle moves while in the field, shown in Figure 2, is recorded.

Figure 2
° ° ° °
Yo
R B
~
m, Q ° \Q\ ° °
\
\
° ° \\ ° °
<—r—>:
° ° /’ ° °
/
/
/
° _® ° °
//
° ° ° °

In subsequent trials, B is increased and the resulting r is recorded. Gravitational effects are
negligible. Collected data are provided in Table 1.

Table 1
B(T) | r(m)
0.04 1.8
0.06 1.2
0.14 0.5
0.16 0.4
0.20 0.3

PartD

Calculate m from the best-fit line drawn on the grid.
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#:>] 2023 Q2 b(iv)
Z=(a)7&4E 2023 Q2 b(ii). 2023 Q2 b(iii).

The students conduct a different experiment to determine the emf £ of a battery that is not ideal and has internal
resistance r = 30 Q. The battery is connected to a variable resistor in a circuit, as shown. The students measure the
current / through the circuit for different values of resistance R, of the variable resistor that is connected to the
battery. The following table contains the data collected.

1(A) | Ry (@)
0.087 200
0.060 300
0.042 450
0.027 700
0.016 1200

iv. Using the graph from part (b)(iii), determine the emf £ of the battery.

#:3] 2022 Q2 c(iii)
Z=(a) &% 2022 Q2 c(i). 2022 Q2 c(ii)o

In another experiment, the students have a capacitor with unknown capacitance Cy. They want to determine Cyy
by using a battery of potential difference 4.5 V and several other capacitors of known capacitance. They create
circuits with the battery, the unknown capacitor, and one of the capacitors of known capacitance. The students
wait until the capacitors are fully charged and then record the potential difference AV, across the known
capacitor and the potential difference AV{; across the unknown capacitor. Their data are shown in the table on the
following page.
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Known
Capacitance of AVinown (V) AV (V)
Capacitors (uF)
200 0.91 3.53
300 0.65 3.74
400 0.51 3.95
500 0.42 4.06
600 0.36 4.17

iii. Using your best-fit line, determine the capacitance of capacitor Cy;.
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