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AP® PIIYSICS 2 TABLE OF INFORMATION

CONSTANTS AND CONVERSION FACTORS

Proton mass, m, = L.67 X 107 kg Elcctron charge magnitude, e =160%1077 C
Neutron mass, , = 1.67x 10" kg 1 electron volt, 1 ¢V =1.60 % 10717
Electron mass, n1, = 9.11X 107 kg Speed of light, ¢ =3.00x10% mfs

, _ 21 .l Universul gravitutional _ -1 3 2
Avogadro's number, N, = 6.02 X 10 mol constal, G=0667%x107" m /kg-s
: s . Accelerulion due (o gravity -
Universal gas constant, R = 8.31 J/(mol.K) of Barih's surface, &= 9.8 m/g2
Boltzmann’s constant, &y = 1.38 X 1072*J/K _
1 unified atomic mass unit, °  1u =166 %107 kg = 931 MeV/c?
Planck’s constant, b =663%10°H Js=4.14 10717 e¥.g
he =1.99 %1077 J.m =124 X 10° Vorm
Vacuum permittivity, e, = 8.85% 1071 CYN.m?
Coulomb’s law constant, £ = 1/41:30 =9.0x10° N-m2/ g*
Vacuum permeability, to = 4w %1077 (T-m)/A
Magnetic constant, k' = fof4n =1%107 (T:m)/A
1 atmosphere pressure, latm = 1,0 X 10° N/ m? =1,0%x10° Pa
meter, m mole, mol waltt, w farad, F
kilogram, kg hertz, Hz coulomb, C tesla, T
SYLUJP;I;LS second, s | newton, N volt, V | degree Celsius, °C
ampere, A pascal, Pa ohm, Q electron volt, eV
kelvin, K joule, J henry, H
PREFIXES VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON AN GLE.S
Factor | Prefix | Symbol 6 o 30" 37" 45 53° 60° 90°
Al2
L : o Z sind o | Y2 | 35 || 45 | B2 1
10 8183 : :
o6 | mesm | M cosf 1 | B2 | 45 || 35 | 12 0
10° | kilo k tand 0 | V33| 34 1 43 | B | o
-2 .
10 centl ¢ The following conventions are used in this exam.
1073 milli m L. The frame of reference of any problem is assumed to be inertial unless
o5 | micro n otherwise stated. _
2 I Inall situations, positive work is defined as work done of a system.
107 | mano n I The direction of current is conventional current: the direction in which
10712 | pico P positive charge would drift . ‘
IV. Assume all batteries and meters are ideal unless otherwise stated.
V. Assume edée effects for the electric field of a parallel plate capacitor
unless otherwise stated.
V1. For any isolated electrically charged object, the electric potential is
defined as zero at infinite distance from the charged object.

.3-
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AP® PIIYSICS 2 EQUATIONS

MECHANICS
Ve SVt ald a = acceleralion
A = amplitude
X = x4 Vol + =a, ﬂE’ = distance
= onergy
F = force
i = Yo +2a,(x = %) f = frequency
P F I = rotationnl inertia
d= b3 —ﬁlﬂ- K = Kinetic cnergy
‘ k = spring constant
|5 < E] L = angular momentum
' { = length
vz M = mass
a. =-—
i 2 P = power
P =i P = momentum
r = radius or separation
Aﬁ = FN T = pen()d
t = time
= U = potential energy
2 v = speed
AE = W = Fid = Fdcos@ W= workdone ona
system
p= AE X = position
A y = height
a = angular acceleration
6= 8y + ayt +ar’ ft= coefficient of
friction
(0=ﬂ?0+az A= angle
T = torque
1; 2
_ &M% U, =-kx’
Xem o 2
_, AU, = mgAy
5=t o
a= F I T = 2 _ _},
i o
7=nF =rFsin@
' m
L=Iw 1, =2 'E'
AL =1Al 7
T, = ZxJ-—-
8
K ==Id’
ol - m m:
. |yl = 6=t
|Fo| = ki ﬁ
- - —£
& m
Ug = _Gmm,
r

ELECTRICITY AND MAGNETISM
-3 DO |q!£ | A = area
F,;|~ ne ,.5!z J} = magnetic field
u ¢ = capacitance '
etk d = distance
q E = electric field
" 1 e E= emf
i Tneg p2 F = force
I = current
AUy = gAV { = length
. P = power
o Q = charge
aney r g = pointcharge
R = resistance
IE|=|A—V( r = separation
ar { = time -
U = potential (stored)
ke energy
V = electric potential
C= "303' v = speed
x = dielectric- -
E=2_ constant
EQA = reSISllVltY
1 1 @ = angle
Ue= 704V = -Z—C(M’)2 ®d= flux
7280
At
- E FM = qﬁ X E
o ’
P=T1AV |B| = lg7llsin ]| B -
l= _%_ ﬁM = I-.E x B =5
R =2R |Bie] =1 Zlsin o3|
]
1.yl ®y = B.4
R ~ R.
P i1 (DB = lﬂmelzl
C,= ;C, ' .
P
Lay.. A
C: i Cr .
£ = Bly
=Hl
e r




AP® PHYSICS 2 EQUATIONS

FLUID MECHANICS AND THERMAL PHYSICS

WAVES AND OPTICS
PR d = separation
y f = frequency or
focal length
H= Lz h = hEight
¥ L = distance

1.1 1
L e
St 5 f
- by _ |5
IMI_ ho 5
AL=m2
dsin® = mi

M = magnification
i = an integer
index of

refraction
s = distance
v = speed
A = wavelength
0

a
It

_m A =area
v F = force
I =depth
P= L k = thermal conductivity
A K =Kinetic energy
P =Fy+ pgh L = thickness
m = mass
F, =pVg n = number of moles
= N = number of molecules
Aty = Ay P = pressure
1 2 @ = energy transferred to a
B+ peyi* 7™M system by heating
) 1 T = temperature
=Bt ppntgm’ =tinm£,Je
" U = internal energy
£.= M V = volume
At L v = speed
- PV,=nRT = NkgT W = work done on a system
4 y =height
= E];BT‘ p = density
W =<PAV
AU=Q+W
MODERN PHYSICS
E = hf E = energy
f = frequency
Koj =hf - ¢ K = kinetic energy
' m= mass
A= -}i p = momentum
P A= wavelength
o8 ¢ = work function
E'=mc

GEOMETRY AND TRIGONOMETRY

Rectangle
A=bh

Triangle
=1
A= 5 bh

Circle

A =nr?

C =2=rr.

Rectangular solid

V = twh
Cylinder

Vo=t

S =2art +2nr

Sphere

4_3
V==
31ﬂ‘

S = 4m?

A = area

C = circumference
V = volume

S = surface area

b = base

h = height

£ = length

w= width

r = radius




PHYSICS 2
SECTION I
Time—1 hour and 30 minutes
50 Questlons

Note: To simplify calculations, you may use g = 10 m/s2 in all problems,

Directions: Each of the questions or incomplete statements below is followed by four suggested answers or’
completions. Sclect the one that is best in each case and then fill in the corresponding circle on the.answer gheet.

SC1|j_ccn 2. A closed container of knoéwn fixed volume V is

Slit filled with an ideal gas. In different trials of an

| : experiment, the temperature T’ of the gas is
changed and the resulting pressure P of the gas

l ___________ ) inside the container is measured. Which of the

following best describes how known quantities

T T

; could be graphed and how the slope of the

- best-fit line of the graph could be analyzed to
determine the number N of molecules of the
gas?

Note: Figure not drawn to scale.,

1. Light of wavelength A is incident upon a single
slit, Point. P is located on a screen directly
across from the slit, as shown. A diffraction
pattern consisting of a central bright spot and
alternating dark and bright spots is created on
the screen. At a later time, light of
wavelength 1.54 is incident upon the slit and a
new diffraction pattem is created on the screen.

(A) Plot P as afunction of T and then set the
slope equal to V.

(B) Plot P as a function of T and then set the
NEK
slope equal to __]__fk_?_

(C) Plot P as a function of 4 and then set the

Which of the following is a correct claim about T
the new pattern as compared to the original
pattern? slope equal to V.
(A) The center of the central bright spot is . 1
(B) The center of the central bright spot is Nkg
shifted below Point P. slope equal o —5=,

(C) The distance between two adjacent dark
spots on the screen is decreased.

(D) The distance between two adjacent dark
spots on the sereen js increased.

[Unauthortzed copylng or reuse of -G-
B2



3. A nonconducting rod with negative net charge is
held close to but does not touch one side of a
neutral conducting sphere that is initially
connected to ground, The connection to ground
is removed. The rod is then moved far away
from the sphere. Which of the following claimg
is correct about the charge on the sphere after
the rod is moved far away from the sphere?

(A) The net charge is negative.
(B) - The net-charge is positive.
(C) The net charge is zero, and the sphere is
polarized.
(D) The net charge is zero, and ﬂ!e-sphcre is
not polarized.

Unauthorized copying or reuse of
any part of this page |s lllegal.

4, A circuit consists of a battery of known emf £,

u resistor of variable resistance R, and a
resistor of unknown resistance R, that are
connected in series, A student varies Ry,, and
mensures the regulting current / in the circuit for
several known values of Ry,,. The student
creates a graph that can be used to determine R,
Which of the following correctly indicates
quiantities that could be graphed to determine Ry
and how a feature of the graph ig related to R, ?

. g -
(A) [ isplotted as a function of , The
R""?’

1
slope of the best-fit line is equal to 7~
Aty

E
(B) [ is plotted as a function of . The
R
vertical intercept of the best-fit line is
ual to L
eq .R“ .
€ . g
© T plotted as a function of R, The
slope of the best-fit line is equal to R,
£ .
(D) Tis plotted as a function of R, The

vertical intercept of the best-fit line is

equal to R,

GO ON TO THE NEXT PAGE.



Questions 5 and 6 refer to the following material,

Loop
+y

L r .
A conducting loop is positioned in the xy-plane
directly above along, straight wire that has current /
in the +x-direction, as shown.

5. Which of the following actions would induce a
clockwise current in the loop?

(A) Moving the loop in the +y-direction

(B) Moving the loop in the —y-direction

(C) Rotating the loop clockwise about the
center of the loop in the xy-plane

(D) Rotating the loop counterclockwise about
the center of the loop in the xy-plane

6. Which of the following changes to the current /

in the wire would induce a constant, clockwise
current in the loop?
(A) Increasing /" at a constant rate
(B) Increasing / at an increasing rate
. (C) Decreasing I at a constant rate
(D) Decreasing / at an increasing rate

7. A person stands waist-deep in water in: a small

pool beside a raft that floats on the surface of tl
water. The person then climbs on top of the rafi
and lies at rest, floating on the water, as shown.
How does the height of the water level in the
pool change, if at all, when the person climbs c
top of the raft? -

(A) The height of the water level in the-pool
increases.

(B) The height of the water level in the pool
decreases.

(C) The height of the water level in the pool i:
unchanged.

(D) The change in the height of the water leve
cannot be determined without knowing
the relative masses of the person and the
raft,
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Force

i
1
| 2 NI F .
0 "o V1S Fg
N
rlO
Figure 1 Figure 2

9. Figure 1 shows protons 1 and 2 that are separated by distance r = r in the nucleus of an atom. An
electrostatic force Fg and a strong force Fg are exerted on Proton 2 by Proton 1. The graph in Figure 2
represents the relative forces Fg and Fg as functions of the separation distance r between the protons whil
the nucleus. Which of the following claims is correct about the net force exerted on Proton 2 by Proton 1 ?

(A) The magnitude of the net force approaches zero as r decreases.
(B) The magnitude of the net force always increases as r increases.
(C) At r = n, the net force is directed toward Proton 1.

(D) At r = r, the net force is directed away from Proton 1.

[Ninmithnrran ramudne ar raoses ol
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Scenario 1 Scenario 2

10 In Scenano % a downward force of magnitude Fj is exerted on a block so that the block remains at rest and
complctely submcrgcd in a container of liquid of dcns1 ty p;-In Sccnano "2 a downward force of magmwde 5
is exerted 6n an identical block so that the block remains at rest and is complcte]y submcrged in a container of
liquid of density p, = 2p,, as shown. Fj and F, are then measured when the blocks are at various depths below
the surface of the liquids, Which of the following statements comparing £, to.f is correct?

(A) F, < F atall depths, and F; and £ are constant as depth increases.
(B) F, < F atall depths, and F; and F| increase as depth increases.
(C) F > F atall depths, and F; and F; are constant as depth increases.
(D) FE, > F atall depths, and F, and F increase as depth increases.

11. A sealed, insulated container with a movable piston is filled with an ideal gas. During a thermal process, the
gas expands, but energy does not transfer into or out of the gas by heating or cooling. Which claim is correct
about the temperature T of the gas during the process and provides a valid justification?

(A) T increases because the volume of the gas increases.

(B) T decreases because the gas does work on the piston,

(C) T stays the same because the pressure of the gas stays the same.

(D) T stays the same because no energy is transferred into or out of the gas by heating or cooling.

lUnnuthorlndoopyln?orrauuol "-11- GO ON TOTHE NEXT PAGE.
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Questions 12 - 14 refer to the following material,

+y
2 L
+g ’ +X
ro\
/ i \\
S0 p %
’,I * \\
- -q
T" ‘b3

Note: Figure not drawn to scale.

Small sphetes 1, 2, and 3 are held in place at the
comers of an equilateral triangle of side length s, as
shown. Spheres 1-and 2 ¢ach have positive

charge +¢, and Sphere 3 has negative charge —q.
Point P is located at the center of the triangle. The
electric potential at Point P due to the three spheres
is V. The electric potential energy of the three-sphere
system is Uj.

12, Spheres 1 and 3 are held in place at their
original positions, Sphere 2 is then moved ve
far away from spheres 1 and 3. The electric
potential energy of the three-sphere system is

now Uy. Which of the following is equal to the

Ue
ratio.-i?

(1}
(A) —1
o
® -3

1
© 3

D) 1



13. Spheres 1, 2, and'3 are held in place at their
original positions. Sphere 2 is then releascd
from rest. Which of the following best describes
the direction in which Sphere 2 accelerates
immediately after release and correctly indicates
whether the electric potential energy of the
three-sphere system increases or decreases?

14, Spheres 1, 2, and 3 are held in place at their
original positions, Sphere 4 (not shown) with
positive charge +2¢ is placed at Point P.

Sphere 4 is then released from rest. When

Acceleration Direction  Electric Potential Energy Sphere 4 reaches a location where the electric
A +x-direction Increases potential due to spheres 1, 2, and 3 is —-32,
_,d. - .
8 T Decretscs Sphere 4 has kinetic energy K. Which of the
C —x-direction Increases
; - following expressions is equal to X ?
D —x-direction Decreases
1
A A ) 3
(B) B 2
©) C ®) -39%
D) D 4
© 3 V%
8
D) 3%

GO ON TO THE NEXT PAGE.

[Unauthorized copying or reusa of | -13-
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15. In an experiment, a student is asked to delermine Mirror

the dielectric constant k of o material that is

between the plates of different circular Beams
parallel-plate capacitors. The student measures of “""};-““(“:“' -
the capacitances C of multiple capacitors and Light

their respective radii r. The capacitors have the
same plate separation d but have different

values of r. The st}ldent creates a graph that cn 16. Parallel beams of light from a distant object ax
be used to determine x. Which of the following S oeiention a coavesiror The Focalpoinkol
best indicates the quantities graphed and the the:micrbriEar Basat B The canter 6F Gllrvate

equation for the slope of the best-fit line that can

N L f irror i int C,: . Which o1
N —-——— of the mirror is at Point C, as shown c

the following best predicts the location of the

(A) C isplotted as a function of r and resulting image?

slope = k&g, : .
(A) Between the mirror and Point F
(B) C is plotted as a function of  and (B) PointF
TKE, i
o 0 ' (C) Between points F and C
d @) Point C

(C) C isplotted as a function of r2-nd
slope = x&;.
(D) C is plotted as a function of r2 and

TIKEp
e

slope =

pri e L -14- GO ON TO THE NEXT PAGE.
By 9o



Questions 17 and 18 refer to the following material,

Crystal
® ® & o
AV
! BRI
§ e © o o
Electron ;
® @& © ©
N/
Plates

Note: Figure not drawn to scale.

Parallel charged plates are used to accelerate electrons from rest through potential difference AV, Each electron exits
the two-plate system with speed v and then passes through a crystal, as shown. The atoms in the crystal are equally
spaced. After cxntmg the crystal, the electrons collide with a screen. A resulting diffraction pattern of maxima and
minima is observed. The spacing between adjacent maxima is Yo

17. The original setup is modified so that each
electron is accelerated through potential

difference 2AV before passing through the

crystal. The new spacing between adjacent
maxima is ., - Which of the following

correctly predicts y . ?

Yo
(A) Soew= 7
_ 2
B) New ™ 72:
© Vpew = ¥2%

(D) Ypew = o

Unauthorized copying or rsuse of -15-
amu nart nf thia nana la lllanal

18. Which of the following correctly indicates
whether the wave model or the particle model of
matter best explains the diffraction pattern and
provides a valid justification?

(A) Wave model, because electrons can be
modeled as electromagnetic waves.

(B) Wave model, because the diffraction
pattern is a resuit of wave superposition.

(C) Particle model, because electrons are
elementary particles.

(D) Particle model, because the atoms of the
crystal can be modeled as particles.

GO ON TO THE NEXT PAGE.
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19. Water of density 1000 Jgglm3 flows at 2.0 m/s through a wide section of a horizontal pipe of radius 0.030 m.
The pressure of the water in the wide section is 300,000 Pa. The water then flows into 4 narrow section of
radius 0.015 m, as shown, Which of the following is equal to the pressure of the water in the narrow gection o:
the pipe?

(A) 150,000 Pa
(B) 270,000Pa
(C) 330,000Pa
(D) 600,000 Pa

“ Densnx
v —



motion of the piston and the average kinctic

Pressure energy Ky of the molecules of gas in

6.5Py+— 4 Process Y = Z 1

(A) The piston is moved outward quickly,
and Kyyg i8 constant,

(B) The piston is moved outward quickly,
and Kyyg changes. '

(C) The piston is moved outward slowly,
and K,y is constant.

Pyt- - L (D) The piston is moved outward slowly,
and Ky, changes.

} Volume
0 v, 3V,

| i
| !

An ideal gas is in a sealed container that has a 22. Which of the following expressions is equal to
movable piston, The gas is taken through the work done on the gas by the piston in :
thermodynamic Cycle X —=.Y = Z — X, where ———T

states X, Y, and Z are plotted on the pressure-volume

diagram shown. Process Y — Z is adiabatic. (A) —3RVp

(B) -2R%

20. Which of the following correctly compares the © 2R%
temperatures Ty and Ty of the gas in states X (D) 3R
and Y, respectively, and provides a valid
justification?

PSR SO .

(A) Tx > Ty, because negative work is done on
the gas during Process X — Y.

(B) Tx > Ty, because energy is transferred out
of the gas by cooling during
Process X — Y.

(C) Ty < Ty, because positive work is done on
the gas during Process X — Y.

(D) Ty < Ty, because energy is transferred into
the gas by heating during
Process X = Y.

Unauthorized copying or reuse of -17- GO ON TO THE NEXT PAGE.
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23. Three charged spheres are placed at the corners
of aright triangle with side length d. One sphere
has positive charge +Q and the other spheres
have negative charges —Q and —20, as shown.
Which of the following expressions is equal to
the magnitude of the net electric force exerted on
the sphere with positive charge +Q in the
bottom-right corner? '

24, A circuit consists of two batteries and six
resistors. The directions of currents 7, 1, I,
and Jy in the circuit are shown. Which of the
following expressions is equal to the current in’
the resistor labeled R ? '

A) L+,
w o

d? © i +12(+ L+,
(D) 1|+!2+!3—I4

B emes
Qoneas
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25. Each arrow in the diagram represents the
direction that a.compass needle would point
when placed at that location in the magnetic
field that surrounds a ferromagnetic bar magnet.
Which of the following indicates the most
common direction of the magnetic field inside
sections 1 and 2 of the magnet?

Section 1 Section 2
A —x-direction —x-direction
B —x-direction +x-direction
c +x-direction —x-direction
D +x-direction +x-direction
A) A
(B) B
© C
®O) D

Unauthorized copying or reuss of
any nart nf thia nana lx llenal,

Incident Normal
Ll ght ‘
Beam

26. A student performs an experiment to determine
the index of refraction n, of a glass block. In the
experiment, a beam of light in air is incident on
the block. The incident beam is partially
reflected as Beam.1 and partially refracted 2s
Beam 2, as shown. Which of the following

indicates the beam the student should use to
determine ng and provides a valid justification?

(A) Beam 1, because the change in frequency

of the light as the light is ieflected from
the block depends on ng.

(B) Beam |, because the angle of reflection
depends on ng.

(C) Beam 2, because the change in frequency
of the light as the light enters the block
depends on ng.

(D) Beam 2, because the angle of refraction
depends on n,.

GO ON TO THE NEXT PAGE.
-H
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27. A large tank that is dpen to air is filled with
water. The surface of the water is 6.5 m above

the bottom of the tank. One side of the tank has
a small‘hole that is 1ocated 1.5 m above the
bottom of the tank through which water exits the
tank, as shown, Which of the following is

approximately equal to the speed of the water
exiting the tank at the instant shown?

(A) 5.5m/s
®) 10.0m/s
©) 1l4mfs
(D) 12.6m/s

28. A sealed, insulated container is filled with one

. mole of ideal Gas X. An identical container is
filled with one mole of a different ideal gas,
Gas Y. The total mass of Gas X is less than the
total mass of Gas Y, but the gases have the same
temperature, The average speeds of the
molecules of gases X and Y are vy and vy,
respectively. The average kinetic energies of the
molecules of gases X and Y are Kx and Ky,
respectively. Which of the following correctly
compares v to vy and Kx to Ky ?

(A) vx <vy and Ky = Ky
B) vx <vyand Ky <Ky
(@ vx >vyand Ky =Ky
(D) vx > vy and Ky > Ky

Unauthorized cepyln? or reuse of
any partof this pagels Inegal

9
L. 02 m
Sl
/ Ty P
- 5
‘0 -
— .‘E =
| 7
b 02m
| 7
"'
7)

29. A sphere with charge ¢, = —4.0nC and 2
sphere with charge g, = +4.0nC are held at
rest. The two spheres and Point P are on the
vertices of a triangle, as shown, Point P is 0.2m
from each sphere. Which of the following best
represents the magnitude of the net electric field
at-Point P ?

(A) 1.1x10°N/C
(B) 1.4 x 10’ N/C
€) 1.8x10°NIC

(D) 5.0x%10°N/IC

GO ON TO THE NEXT PAGE.
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30. A student is asked to determine the resistivity p of a wire with a diameter of 5.0 X 10™* m. The student
measures the resistance R of the wire for different lengths L of the wire. The student uses the results to create

the plot of R as a function of L and the best-fit line shown. Which of the following is approximately equal
top?

(A) 08x108Q-m
B) 1.6x10%Q. m
(€ 3.0%x10%Q-m

(D) 60x108Q-m

e ) -21- GO ON TO THE NEXT PAGE.
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Figure | Figure 2

31. A block of height H is lowered into a tank of liquid, as shown in Figure 1. The depth d of the block is defined
as the distance from the surface of the liquid to the bottom of the block. The solid line in the graph shown in
Figure 2 represents the magnitude F of the buoyant force exerted on the block by the liquid as-a function of 4.
A student claims that the dashed line in Figure 2 correctly represents F as a function of depth d for d > H
(when d > H, the block is fully submerged and is being lowered). Which of the following indicates whether the
claim is correct or incorrect and provides a valid justification?

(A) Correct, because the pressure due to molecular collisions on the top surface of the block increases as 4
increases.

(B) Correct, because the pressure due to molecular collisions on the bottom surface of the block increases
as d increases.

(C) Incorrect, because the pressure difference due to molecular collisions on the top and bottom surfaces of
the block is constant as d increases.

(D) Incorrect, because the pressure difference due to molecular collisions on the top and bottom surfaces of
the block increases as d increases.

B o
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32. Anobject is located between a converging lens . 0 -
and one of the focal points f of the lens, as ‘
shown. Which of the following describes the 33. A container is filled with an ideal gas. The
image produced by the lens? following quantities can be varied in different
. \ experiments with the gas.
(A) Upright and reduced » volume V of the container
(B) Upright and enlarged ; « number n of moles of the gas
(C) Inverted and reduced . temperam;e ?‘ llclmf thaes gas
(D) Inverted and enlarged pressire £ atthc
In one experiment, one quantity is changed, one
-other quantity is measured, and the remaining
two quantities are held constant. The graph
. shown of the best-fit line relates the measured
and changed quantities, Which of the following
indicates the measured and changed quantities
that could be plotted to create the graph?
, 1
(A) P as a function of T
(B) P asafunctionof V
(C) V asa functionof n
(D) T as afunction of n
-23- GO ON.TO THE_ NEXT PAGE.
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34. The arrows in the figure represent the directions of a field near spheres 1 and 2, which are held at rest.
Sphere 1 has a net charge of absolute value IQ1 | and mass m,. Sphere 2 has a net charge of absolute
value IQ2| and mass my. Which of the following correctly indicates which type of field is represented and

describes how the corresponding property of spheres 1 and 2 compares?

[Unauthorized copying or reuss of |

How Pro, of
Field Represented S;}:zrers {)e ar;:fj 2
Compares
Electric IQII = IQ2|
Electric la|<|2]
Gravitational my > my
“Gravitational ; my < my
-24- GO ON TO THE NEXT PAGE.
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35. A circuit consists of.a battery that is connected in series to two resistors, one of resistance R and the other of
resistance 2R, Positions 1, 2, 3, 4, 5, and 6 are labeled in the diagram. Which of the following graphs best
represents the electric potential V for points along the circuit between positions 1 through 6 ?

(A) v (B) v
== ~ 1 1
| 1 1 1 [}
= 1 1 ] 1
! S8 il st --
g 1 1 ] [} 1
1 1 1 | 1
3 B TR SRR R, A . |
= 1 1 ] 1 I
3 i | I 1 1
Y
1 2 3 4 5 6
Position
T
| 1 1
| 1 1
[~ by fopestn) eoiamd |
| ) 1
| I |
P S
1
1
_l\
3 4 5 6
Position Position
.25- GO ON TO THE NEXT PAGE,
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Region of Magnetic Field
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i Alpha Particle i
E X X X X i

Note: Figure not drawn to scale.

36. At the instant shown, a proton and an alpha
particle GHe with positive charge +2¢) are both
moving with velocity v in the +x-direction in a
region of uniform magnetic field that is directed

into the page in the -z-direction. The
magnitudes of the forces exerted on the proton

-and the alpha particle by the magnetic field
are F, and Fy, respectively. Which of the

following correctly relates F, and £ ?
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Questions 38 and 39 refer to the following

material.
Photon _ Wavelength (nm)
1 620
2 155

The emission spectrum of a gas is observed. The table
indicates the observed wavelengths of two photons, 1

and 2, that arc emitted from the gas.

38. Photon 3 is emitted from the gas with an energy
of 0.6eV. Which of the following correctly

compares energies E;, E,, and E3 of
photons 1, 2, and 3, respectively?

(A) E1> Ez > E3
B) £ >E3>E
(C} Ez) E] > E3

(D) E3>Ey>E)

~N19.

39. Photons | and 2 aré incident on a metal plate
with a work function of 6,0 6V. Which of the
photons, if ¢ithér, could result in the ejection of
an eléctron from the metal?

(A) Photon | only
(B) Photon 2 only
(C) Both photons 1 and 2

(D) Neither Photon 1 nor Photon 2 will result
in the ejection of electrons from the
metal,

=1 (s)

0o

10 20 30

40. A cylindrical rod has a length of 0.80 m and a
radius of 0.25 m. The rod is connected between
two objects that have a constant temperature
difference of 60 K. Data are collected of the
energy Q transferred by the rod as a function of
time . The data are used to create the graph -
shown. Which of the following values is most
nearly equal to the thermal conductivity of the

rod?

\id

A 11—

m-K
w

(B) 14—

m-K
W

€ 64—

(D) 82

m-K
..

m-K

GO ON TO TUE svirvr na~Ars
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Sphere R Sphete § Sphere R Sptere 3

Figure |

Figure 2

1dentical conducting spheres R and S are touching, ar.d Sphere S is connected to ground. An insulating rod
with & positive net charge is brought near to, but does not touch, Sphere R, as shown in Figure 1. Then,
Sphere R is moved so that Sphere R i$ close to, but no longer touches, Sphere S. Finally, the rod is moved far
away from the spheres, as shown in Figure 2. Which of the following best represents the net charges of the
spheres in Figure 2 ?

(A) Sphere R Sphere S (B) SphereR Sphere S

O OO

(C) SphereR  :SphereS: _SphereR  Sphere 3

O OO

-29- GO ON TO THE NEXT PAGE.
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12. A student must experimentally determine the 43, Monochromatic light passeg through a small slit

resistivity p-of a cylindrical resistor of unknown of width w. An interference pattern qf pﬁght and
resistance, Which of the following indicates the dark spots is formed on a screen that is
equipment and measuring devices that are digtance D away from the glit. The distance
nbecstit) B esfentenvl jateais: P 1 between the centeér of the central bright spot and
(A) Voltmeter and ruler the center of an adjacent dark spot is y. Which

(B) Battery, ruler, and wires of the following claims is correct?

(C) Ammeter, battery, voltmeter, and wires ;
(D) Ammeter, battery, ruler, voltmeter, and (A) The frequency of the light is

wires )
: imately cD
approximatel —ZW;,-’
(B) The frequency of the light is

imatel y R
approx -

(C) The wavelength of the light is

— ot R HEUUREHE, M oMl

approximately‘ l‘.g.

(D) Thewavelength of the light is

approximately %




T

44. A beam of photons is incident on a solid metal sphere that is initially neutral. Bach photon has an energy that is
greater than the work function of the metal. Each of the following figures represents the cross section of the
sphere with a possible distribution of excess charge on the surface of and inside the sphere after the photons
interact with the sphere. Which figure best represents the distribution of excess charge?

(A) . (B)
(C) .

D)

GO ON TO THE NEXT PAGE.



45. The figure shows water that flows in a
sontinuous stream from a pipe with
cross-sectional area A;. The water exits the pipe
with initial speed vy toward the ground. After the
water has fallen a distance h, the cross-sectional
area of the stream is A,. Which of the following

) .4
15 equal to the ratio — ?

- —-



ow, two of the suggested angwery will be cortect.
cam eredit. No partial eredit will be earmed if
fill in the corresponding circles

| mr:-ctionsé For ench of the questions or incomplete statements bel
For each of these questions, you must select both correct choices to
only one correct choice is selected. Select the two that are best in each case and then
that begin with number 131 on the &nswer sheet,

131. Ideal pas molecules are in a thermally insulated Conducting Plate

container that has & movable piston at one end.
The piston is moved outward. Which of the
following claims are correct about the gas
molecules as the piston is moved? Select two

Answers.

(A) The average speed of the molecules
increases.

(B) The force exerted on the piston by the
molecules increases.

(C) The pressure due to the molecules
decreases.

(D) The number of collisions each second

P,

133. A nonconducting disk has a uniformly
distributed net negative charge. A conducting
plate with a net charge of zero is held near the
disk, as shown. A wire is then used to connect
the plate to ground. The wire is then cut, and the
plate is moved far away from the disk. Which of

the following claims are correct? Select two

between the molecules and the piston
: o answers.

decreases.
(A) A net movement of electrons occurs from
the plate to ground immediately after the
T wire connects the plate to ground.
v

(B) The plate and disk attract each other as the
@ Sphere plate is moved away from the disk.
T

(C) The plate has a net charge of zero when the
plate is far away from the disk.

(D) The electric potential energy of the
disk-plate system decreases as the plate is
moved away from the disk.

—1 Plate

132. A nonconducting plate with a negative net
charge is held at rest. At the instant shown, a
conducting sphere with a net charge of zero is
moving at speed v away from the plate.
Gravitational effects are negligible. Which of the
following claims are correct at the instant
shown? Select two answers.

(A) The net force exerted on the sphere is zero.

(B) The momentum of the sphere is decreasing
in magnitude.

(C) ‘The electrical potential energy of the
plate-sphere system is increasing.

(D) The acceleration of the sphere is in the
same direction as the velocity of the
-sphere.

_ LR GO ON TO THE NEXT PAGE.
i L Loied
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A=l

-8.0eV

135, The figure shows two énergy levels of 4
hypothetical igalated atom. The atom is initially
in the n = 2 gtate. The atom then transitions to
‘the n = 1 statd. Which of the following

134. A circuit consists of & battery and identical
resistors W, X, and Y, as shown. A fourth

identical resistor, Resistor Z, is added to the statements are correct? Select two answers.
PR “,::;ﬂ’; °}‘”"“th“ Reua L (A) A photon is absorbed by the atom during
decreases, Which of the following correctly the transition.

describe where Resistor Z could have been

, e B) 5.0eV of energy transfers out of the atom
added into the circuit? Select two answers. (B) -

during the transition.
(A) In paralle] with Resistor W (C) The net charge of the atom changes by
®) In series with Resistor X 1.60 % 10~ 19 C during the transition.

(C) In parallel with Resistor Y

(D) In series with the battery D) The'magnitude of the change in the

momentum of the atom during the
transition is approximately

2.7 % 107 kg - mis.

-34- GO ON TO THE NEXT PAGE.
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AP® PHYSICS 2 TABLE OF INFORMATION

- _ CONSTANTS AND CONVERSIONFACTORS
Proton mass, m, = 1.67 X 1077 kg Electron charge magnitude, ¢ =1.60x 107" ¢
Neutron mass, m, = 1.67% 1()“27 kg 1 electron volt, 1a¥V =1.60x ]0--1‘)‘ 7
Electron mass, m, = 9.11 X 107! kg Speed of light, ¢ =100 % 10° m/s
Avogadro’s number, N, = 6.02 X 10% mol ™! Halvarss! gr‘a\;té;:;?ﬁnna;l G =667 % 107! m3/5\7gs52
Universal gas constant, R =831 /(molKy | ACCEERUORO S0 BTy g g /2
Boltzmann's constant, kp = 1.38 x 10°2%J/K
1 unified atomic mass unit, 1u = 1.66 x 10 kg = 931 MeV/c?
. Planck’s constant, h=663%10" Jis = 4,14 21071 6.9
| he =199 X107 Jum = 124 % 10? 6Vonm
Vacuum permitivity, £ = 8.85 % 1072 C2/N.m?
Coulomb’s law constant, & = 1f47ey = 9.0 X 10° N«mzf s
Vacuum permeability, Ho = 4mx 107 (T-m)/A
Magnetic constant, &’ = /45: =1x107" (T-m)/A
i 1 atmosphere pressure, latm =1.0x 10° N/m? = 1.0 10° Pa
meter, m mole,  mol waltt, A\ farad, F
kilogram, kg hertz, Hz coulomb; C tesla, i 5
SYMBOLS second, s newton, N volt, v degree Celsius, C
: ampere, A pascal, Pa ohm, Q electron volt, eV
kelvin, K joule, J henry, H
PREFIXES VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON ANGLES
Factor | Prefix | Symbol 6 0 30° | 377 | 45 | 537 | 60" | 90
12
10 _ i s sind 0 2 | 35 |22 | 45 | B2 | 1
10 giga G -
6 3/2 | 4/5 2 | 35 12 0
06 | mega v, cos 1 V3/ / 2/ / /
@ | Kio X tang 0 | 33| 3/4 1 {43 | B |
102 | centi ‘ = The following convenons are used in this exam.
1072 roilli m L The frame of reference of any problem is assumed to be inertial unless
5 2 otherwise stated.
10 il s IT. In all situations, positive work is defined as work done on a system.
10~ nano n IIL. The direction of current is conventional current: the direction in which
1012 pico p positive charge would drift.
1V, Assume all batteries and meters are ideal unless otherwise stated.
V. Assume edge effects for the electric field of a parallel plate capacitor
unless otherwise statad.
VI, Por any isolated electrically charged object, the electric potential is
defined as zero at infinite distance from the charged object.
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AP® PHYSICS 2 EQUATIONS

MECHANICS
Ve = Ve + Al e = fieceleralion
A = atiplitinde
- 1, 2 d = distanee
A =Xg bt 4=l
TN E = enctgy
il F = force
x = Vig + 20, (% = %) /= frequency
R I = rotational inertia
= F F
a= ‘Zm—' = --f;f'- K = Kkinetic energy
o N k = spring constant
IFHS;JIF,;I L = angular momentum
£ = length
e v m= mass
¥ P = power
F=np p= mopenm '
r = radius or separation
A:ﬁ = FA{ = periOd
f = time
K =Llp? U = potential energy
2 v = speed
AE=W=EId=chosG W= work done on a
system
_AE x = position
e y = height
a = angular acceleration
6 =6 + eyt .1..;_“;2 i = coefficient of
friction
o=+ al .9= angle
7 = torque
x=Acos(ax) = Acos(2zft) 4 = angular speed
- 1,2
2
v oz AU, =mghy
= 7
I I 725, -}
7
17=rF = rFsing
|m
L=1ln = 2”1!%
AL=zM 7
T, =2n =
1,2 8
K= 51@
7| =@ m,.zlz
IAREE

Gmyn
Yo ==+

|7 = 1 |l
E 47{'«‘2@ ?-2
p=le
q
A 1
EI 4ﬂ€0 ]r%[
AUE = qAV
.
dney r
| = léz
Ar
-2
AV = o
C= xeo%
- 2
E - EOA'

Ug = EI.QA.V = 2C(avy?

"yl
[“At
:E.
R A
P=1AVY
_av
i= R
RJ:;RI‘
L _yl
Y
1 _y L
G =27,
iy
B—chr

ELECTRICTTY AND MAGNETISM

A = area

B = magnetic field

C = capacitatics

d = digtance

E = ¢glectric field

£ = emf

F = force

I = current

! = length

P = power

@ = charge

q = point charge

R = resistance

r = separation

{ = time

U = potential (stored)
energy

V = electric potential

v = speed

x = dielectric
constant

p = resistivity

g = angle

4> flux

|Bae] = lalsingi]3]

F‘M = TZX .§

|| = |1 ¥sine| 5

d)B = .E‘A

5 = |Bloas6|4]
ADy

€=""x

£ = By

ESaus

- e



AP® PHYSICS 2 EQUATIONS

h:mnn MECHANICS AND THERMATL PHYSICS

WAVES AND OPTICS
P d = geparation
f [ = frequency or
focal length
n=t h = height
: L = digtance
ngind, = nydingy M= magnification
M= an intsger
L+—[~=l 1 = indez of
5 % f refraction
h g § = distance
|| = h: 5 Ei" v = speed
A = wavelength
AL =mi g = angle
dsinf = ml

- A =area
e Vv I7 = force
. h =depth
P=i k = thermal conductivity
A K =kinetic energy
P=P+ pgh L = thickness
m = mass
F, = pVg n = number of moles
N = number of molecules
AV = Ay, P = pressure
1 » Q = encrgy transferred to a
B+ pey + 7 system by heating
; 1 T =temperature
=P+ gy, + 'Q'P"zz ( =tm£e
0 MAT U =intemnal energy
A V = volume
v = speed
PV =nRT = NigT W = work done on a system
3 y =height
P Ek};T p = density
W =-PAV
AU=Q+W
MODERN PHYSICS
E=pf E = energy
f = frequency
Kw = bf ¢ K = kinetic energy
m= mass
Hepl P = momentum
14 A= wavelength
¢ = work function
E = me?

GEOMETRY AND TRIGONOMETRY

Rectangle A = area
A = b = circumference
_ ¥V = volume
Triangle S = surface area
A=Lph b=
2 h= helght
| £= length
Circle w= width
A=zt r = radius
C=2nr
Rectangular solid Right triangle
V = fwh 2 2,32
cc=a°+b
Cylinder
V=m¥

S =2nrt + 2nr?

B

- E e



Question 1

Begln your response to QUESTION 1 on this page.

PHYSICS 2
SECTION T
Time—1 hour and 30 minutés
4 Questions

Directions: Questions 1 and 4 are short free-response questions that require dbout 20 minutes each to answer and are
worth 10 points each. Questions 2 and 3, are long free-response questions that réquire about 25 minntes each ta
answer and are worth 12 points each. Show your work for each part in the space provided after that part,

Noqmal

1
[
|
|
|
{
L)
1
!
|
I
|
I
]

Beam of Light

1. (10 points, suggested time 20 minutes)

A transparent plastic block floats in a fluid. A beam of light of a single wavelength in air (index of

refraction n, = 1) is incident on the top side of the block at an angle 6, from the normal, as shown in Figure 1.
The speeds of the light in the block and in the fluid are vy, and v, respectively, such that ¢ > v; > vy,. The light
exits the bottom side of the block at an angle 6¢ from the normal (not shown). The wavelengths of the light in the
air, the block, and the fluid are 4,4, A, and A, respectively.

S
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AP® PHYSICS 2 EQUATIONS

FLUID MECHANICS AND THERMAL PHYSICS

WAVES AND OPTICS

9 d = geparation
As F [ = frequency or
foeal length
= E i o= [’!E]ght
¥ [, = distance
Hidind, = nysingy, M= magnification
= an integer
i+_1_;,_1.. ft = index of
S % f refraction
g = digtance
M| = :I - -g‘— y = speed
: ¢ A = wavelength
AL = m) 0 = angle
dsin® = mi

_m A suren
v F = force
P h = depth
P= T k= thermal eondoetivity
K =Xinttic energy
P =T+ pgh L = thickness
th = mhss
F, = pVg n = mumber of moles
A = Aghy I;f inumber of molecules
= pressure
1 3 Q = encrgy transferred to a
P+ -
: pgyf MR system by heating
L1 o T =temperature
=P+ = pv,
Rtppnsgon | .-
0 HAAT U = internal energy
AT V = volume
v = speed
PV =uRT = NigT W = work done on a system
3 y =height
W ==PAV
AU=0+W
MODERN PHYSICS
E =k E = energy
f = frequency
Koex = bf = ¢ K = kinetic energy
nt=mass
A= i p = momentum
P A= wavelength
¢ = work function
E = me*

GEOMETRY AND TRIGONOMETRY

Rectangle
A=bh

Triangle

ad
A=bh

Circle
A=’

C=2nar

Rectangular solid

V = twh
Cylinder

V=m¥

S = 2xrt + 2nr?

A = area

€ = circumference

¥V = volume

S = surface area
b = base

h = height

£ = length

w= width

r = radius

Right triangle
d=a?+p?

B
=1
i

O
g
[32]
I
S E N N

tanf =
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Question 1

b

Continue your rasponse to QUESTION 1 on thig page.

(n) Cnanare Ays My, amd Ag by ranking the wavelengths from greatest to ledst in the following spaces. Use 1 for
the grentest wavelength, 2 for the next grestest wavelength, and g6 ot If any of the wavelengthg are the sarne,
use the same number for their ranking.

N A R A

Justify your ranking.

(b) For parts (b)(i) and (b)(ii), express your answers only in terms of 8, vy, &y, and physical constants, as
appropriate.

i. Derive an expression for the angle of refraction 8y, of the light in the block.

ii. Derive an expression for the index of refraction n¢ of the fluid.

Unauthorized popy[ngor reugej‘of. this page laiille—gsf, Page 3 GO ON.TO-THE NEXT.PAGE::

r.‘,f.-.‘.u'..'_."‘,h vt FAVTE pps o .L}., " N -I - W Yo, Vot 8 g agmey ¢ v w & i
Use a pencil ‘or a pen'with black or dark'blue Ink, Do NOT write your name. Do NOT Wilte outsldé the box.

HEEEEOOOROMOOOOO0OCO0O0000




BBREEEERBCC LI T
el S BN BT Y RN B KN BN PN B e i NE E .
et THERRES RERR

41
Questlon 1 il

‘

) Continue your response to QUESTION 1 on this page.

The block is removed from the fluid. A new beam of light consists of both red and green light,‘sach of a single ‘
wavelength in air. The beam 18 incident on the top side of the block at an angle 6, from'the rormal, 49 ghown in
Figure 2. The speeds of the red light and the green light in the block arc vy and vy, tédpectivély, duch |

that ¢ > VR > VG |
(c) Complete the following tasks on the diagram provided in Figure 2. '
« Draw lines to represent the entire paths of the red light and the green light as the light travels
_ through the block and then exits the bottom side of the block.

« Clearly label the paths of the red light and the green light on your diagram.
« If any of the lines you drew are parallel to each other, label the lines “Parallel.”

Nor'maI
Beam of Light
8

A a

Bloc

Figure 2

Unauthorized copying or reuse of thls page ls lilagal, Page 4 GO ON TO THE NEXT PA
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Question 2

Begin your résponée td QUESTION 2 on this page.

X Y
—ANy—
Ry=R
Z
Figure |

2. (12 points, suggested time 25 minutes)

The circuit shown in Figure 1 consists of an ideal battery of emf £ and four resistors, Ry, Ry, Ry, and R4, of |
resistances 8R, R, 3R, and R, respectively. :

(a) Compare the current at the labeled points X, Y, and Z by ranking the currents from greatest to least in the
following spaces.

Use 1 for the greatest current, 2 for the next-greatest current, and so on. If any of the currents are the same, use
the same number for their ranking.

X b'4 Z
Justify your ranking.

Figure 2

Resistor R4 is then replaced with an uncharged capacitor of capacitance C that is connected to Switch S, which
is initially open and can be closed to positions X or Y, as shown in Figure 2.

At time fy, the switch is closed to Position X. The capacitor becomes fully charged, At a later time ty, the switch
is then closed to Position Y.

I,Jnauthoﬂzed copying:or, reuse. of this page Is legal. Page 6 GO ON TO THE NEXT PAGE.
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Questlon 2

Continue' your rospoNse-to QUESTION 2 on this page.

(b) Express your answers to parts (b)({) and (b)) in termg of numerical valucs, &, and Rﬁc‘ml}’-
i, Immediately after time ty, the current at Position X is Iy. Determine an expression for Iy,

ii. Immediately after time #y, the current at Position Y is Iy, Dexive an expression for /y.

(c) On the grids provided, complete the bar chart for each resistor immediately after time ty and immediately
after time #y. The bar shown on the grid represents the power P, dissipated by Resistor R; immediately
after ty. Both grids are drawn with the same scale.

« Draw a bar to represent the instantaneous power P dissipated by each resistor.

» The height of each bar should be proportional to the value of P represented by thac bar, relative
to P
« If the value of P is zero, write & “0” in that column,

Immediately After fy Immediately After ty
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GO ON TO‘THE NEXT: PAGE

Use a pencll or'a pen ‘with"black or dark blue'ink. Do ‘NOT write' your fiame. Do NOT'wiité outside the box.
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Question 2

E @ ez
o psin

Continue your. response to QUESTION 2 on this page.

(d) Immediately after time ty, the total instantancous power dissipated by the circuit is Py, Immediately afier
time ty, the total instantancous power dissipatcd by the circuit is Py, A student claims that Py is equal to f

State whether the student’s claim is cortect or incon;ect. Justify your answer by referring to the expressions
derived in parts (b)(i) and (b)(ii) or to the bar charts drawn in part (c),

ilnaumOllZBd copying or reuse of this pags Is llagal. Page 8- GO ON TO THE NEXT PAG
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Question 3

/—f ‘ 'Begln‘your reSpﬁnse 'to QUESTION 3 on this page. |

+y

!
L— +x

o s External
I 'SMngncticFlc]d

|
. |
Resmlor—l
: L L] » L] ] .
Y “. J < i N -_‘I W

Board-Loop
System

13, (12 points, suggested time 25 minutes)

¢ Inan experiment, a scientist wants to collect data that could be used to graphically determine the resistance R of 2
resistor. A circuit consisting of a power supply of variable emf £, the resistor, and wires of negligible resistance is
arranged in a rectangular loop. The width of the loop is w. The loop is attached to a board that rests vertically on.
top of a scale. The scale is zeroed so that none of the readings include the weight of the board-loop system.

4
&

A ELELLEVEELEFINLLENELEEL LN ERELV RV

Later, a region of external uniform magnetic field of known, constant magnitude B is directed out of the page

-
"',T,' such that only part of the loop is within the magoetic field, as shown. When the magnetic field is on, the scale
= | givesarcadingof magnitude Fycgj.

= | (a) On the dot shown, representing the board-loop system, draw an arrow to represent the direction of the

= |: magnetic force exerted on the board-loop system by the external magnetic field. The force must be represented
= | by a distinct arrow starting on, and pointing away from, the dot.

-

=

-

& °

;

=

— :

- Bricfly justify your answer.

x

.-

e
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Questi‘qn“&

Continue your response to QUESTION 3 on this page.

®) Derive an expression for R. Express your answer in terms of €, w, B, Fiy,, and physical constants, as
Appropriate,

) Descri
® Pris c'g:; & procedure to collect data that could be used to gy ey using G0
5 Vi : The emf £ may be read from the power supply, and Fgy), M3Y be read from the scale, but no other
eetronic equipment is available,

* In your description, include the measurements to be made along with the corresponding
cquipment needed. Assume equipment usually found in a school physics laboratory is available.

* Provide enough detail so that someone else could replicate the experiment, including any steps
Decessary to reduce experimental uncertainty.
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Question 3

Continue your response to QUESTION 3 on this page,

@

i, On the axes provided, complete the following tasks to represent collected daty that would allow the

scientist to graphically determine R from a best-fit curve or line,

{
» Label the quantities the scientist could graph on the vertical and horizontal axes,
* Sketch a line or curve that represents the expected trend of the collected data,

ii. Describe how the sketch of the curve or line in part (d)() would be-used to determine R
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Question 4
Begin your response to QUESTION 4 on this page.
o
Bod Lo 2'(1.--—-“--.»---1:1 ---------------------- . ; S [ -
f p ' .‘l —_ \—_

Section 1 ' Section 2 . Section 3 N

Figure 1. Side View

4, (10 points, suggested time 20 minutes)

Cylindrical sections 1, 2, and 3 of a closed pipe are completely filled with moving water of density p. The
diameters of sections 1, 2, and 3 are 2d, d, and 34, respectively. A small bead of mass m and dengity p travels
with the water through the center of each section, as shown in Figure 1. The velocity of the bead and the water in
Section 1 is v in the -x-direction.

(a) Derive an expression for the magnitude Ap of the change in momentum of the bead from immediately before
the bead exits Section 1 to immediately after the bead enters Section 3. Express your answer in terms
of m, v;, and physical constants, as appropriate.
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Question 4

Continue your response to QUESTION 4 on this page.

®) On the following axes, sketch a graph of the speed v of the bead as a function of horizontal position x as the
travels with the water through sections 2 and 3. The sketch for Section 1 is provided. It is not necessary
10 sketch in the shaded regions, which represent the connecting segments between the labeled sections.
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Questlon 4

Contipue, your.response to QUESTION 4 on this page,

_?’EEQ--M
1 e

Sectiond | "Seetion 5
Figure 2. Side View

The bead continues to uavel with the watcr through the centers of different closed sections of the pipe. Cylindrical
scctions 4 and 5 have diameters 3d and 4d, respectively, The distance between the ground and the centers of
sections 4 and 5 are H and h respectwely, wherc H> h as shown in Figure 2,

'I'hc pressures in sections 4'and 5 are Py and B, rcspcchvely.

(c)In a coherent, paragraph-length response, indicate whether Py is greater than, less than, or equal to 7. Justify
your answer. '
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AP Physics 2
2024

APPENDIX - ANSWERS

Matching multiple-choice answers and free-response scoring follow.

Matching supplied third-party answer material; not official scoring.



iD 2B 3D 4D 5B 6A 7A 8B 9D 10C 11B 12A 13B 14B 15D 16B
17B 18B 19B 20D 21D 22B 23C 24A 25D 26D 27B 28C 29A 30D
31C 32B 33C 34B 35B 36B 37D 38C 39B 40B 41D 42D 43C 44C
45D 131CD 132BC 133AB 134CD 135BD

1. (a) 132

The wavelength is directly proportional to the speed of the wave. ¢c>Vi>Vb,SOA>A>A,

(b) ()8, =arcsin (Vc—bsinea) or sin@y =-2sinb,

. sinf,
(||)nf =

sinef

€)

2.

(@121

Because X Z is located in the trunk circuit, the trunk current is equal everywhere, and Y is
located in the branch circuit, and the branch current is less than the trunk current.

&

®) () Ix=—

(i) Iy=—7

(c)



(d) Incorrect,because Px=P+,butPy=2P1

3.

(@) The direction of the force can be judged according to the left-hand rule, the direction
of the current and the direction of the magnetic field, and the forces on the left and right
wires are balanced with each other.

(b) R = swB

Fscale

(c) Connect the resistor R to the power supply and assemble it as shown in the figure.
Change the supply voltage, record the voltage and the corresponding F. When you make
an image of the voltagee about Fi ., the slope is the resistance of R.




(e) the slope is the resistance of R.

2

(c) Py+pgH +émv§ =Ps;+pgh +émv5

16
and H >h,v =—3Vs ,80 P,<P;
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