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AP® PHYSICS 2 TABLE OF INFORMATION

CONSTANTS AND CONVERSION FACTORS

Proton mass, m, =1.67 X 1077 kg Electron charge magnitude, e =1.60 x107 C
Neutron mass, m, =1.67 x 1077 kg 1 electron volt, 1 eV = 1.60 x 107 J
Electron mass, m, = 9.11 x 107! kg Speed of light, ¢ =3.00x10° m/s
Avogadro’s number, N, = 6.02 X 10% mol™! Universal grav1tat%(fnal G =6.67x107"" m3/kg-s2
constant,
. i _ . Acceleration due to gravity _ 2
Universal gas constant, R = 8.31 J/(mol-K) at Barth’s surface, g=938 m/g
Boltzmann’s constant, k, = 1.38 x 1072 J/K
1 unified atomic mass unit, Tu=1.66x10"" kg = 931 MeV/c2
Planck’s constant, h=663x107 J.s = 4.14x 1075 eVis
he =1.99 x 107 Jom = 1.24 x 10 eV.nm
Vacuum permittivity, g, =8.85x 107" CZ/N-m2

Coulomb’s law constant, k = 1/4ze, = 9.0 X 10° N‘mz/C2

Vacuum permeability, Hog = 4m X 1077 (T-m)/A
Magnetic constant, k= /47 = 1x 107" (T-m)/A
1 atmosphere pressure, latm = 1.0 x 10° N/m? = 1.0 x 10° Pa
meter, m mole, mol waltt, \\ farad, F
UNIT kilogram, kg hertz, Hz coulomb, C tesla, T
SYMBOLS second, S newton, N volt, \ 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 0 o 30° 37° 45° 53 60° 90°
10'2 tera T 5
i 1/2 3 4
0 siga G sin@ 0 / /5 2/2 /5 | V3/2 1
108 mega M cosd 1 V32 | 45 | V22 | 35 1/2 0
10° kilo k tanf 0 V3/3 | 3/4 1 4/3 3 oo
1072 centi c
1073 milli m The following conventions are used in this exam.
107 micro L I. The frame of reference of any problem is assumed to be inertial unless
otherwise stated.
1077 nano n II. In all situations, positive work is defined as work done on a system.
10712 pico P III. The direction of current is conventional current: the direction in which
positive charge would drift.
IV. 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 stated.
VI. For any isolated electrically charged object, the electric potential is
defined as zero at infinite distance from the charged object




AP® PHYSICS 2 EQUATIONS

MECHANICS
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2 2
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Ap = FAt T = Period
t = time
K = 1 mv U = potential energy
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AE =W = Fd = Fdcos6 W= work done on a
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p=- y = height
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6 = angle
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FLUID MECHANICS AND THERMAL PHYSICS
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WAVES AND OPTICS

AP® PHYSICS 2 EQUATIONS
A =area v
F = force A==
h =depth
k =thermal conductivity n=%t

K =kinetic energy

L = thickness

m = mass

n = number of moles

N = number of molecules

P = pressure

Q = energy transferred to a
system by heating

T = temperature

t =time

U = internal energy
V = volume

v = speed

W = work done on a system
y =height

nysin @, = n, sin 6,
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M) = | = [
h, S,

AL = mA

dsin® = mA
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f = frequency or

focal length
= height
distance
magnification
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K = 5/{BT p = density
W =-PAV
AU =Q+W
MODERN PHYSICS
E = hf E = energy
) f = frequency
Kipax =hf — ¢ K = Kinetic energy
m = mass
A= h p = momentum
p A= wavelength
¢ = work function
E = mc

GEOMETRY AND TRIGONOMETRY
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Circle
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V = I(wh
Cylinder
V = mrie
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Sphere
V= %ﬂ'r3
S = 4zr’

A = area
C = circumference
V = volume
S = surface area
b = base
h = height
( = length
w = width
r = radius
Right triangle
A =d*+v
sing =<
c
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c
tanf = 4
an b




AP® Physics 2 2021 Free-Response Questions

Begin your response to QUESTION 1 on this page.

PHYSICS 2
SECTION I1
Time—1 hour and 30 minutes

4 Questions

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

A sample of ideal gas is taken through the thermodynamic cycle shown above. Process C is isothermal.

(a) Consider the portion of the cycle that takes the gas from state 1 to state 3 by processes A and B. Calculate
the magnitude of the following and indicate the sign of any nonzero quantities.

* The net change in internal energy AU of the gas
* The net work W done on the gas
* The net energy Q transferred to the gas by heating

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 1 on this page.

(b) Consider isothermal process C.

i. Compare the magnitude and sign of the work W done on the gas in process C to the magnitude

and sign of the work in the portion of the cycle in part (a). Support your answer using features of
the graph.

ii. Explain how the microscopic behavior of the gas particles and changes in the size of the container
affect interactions on the microscopic level and produce the observed pressure difference between
the beginning and end of process C.

Sample 2 Sample 3
State 2 State 3

(c) Consider two samples of the gas, each with the same number of gas particles. Sample 2 is in state 2 shown
in the graph, and sample 3 is in state 3 shown in the graph. The samples are put into thermal contact, as shown
above. Indicate the direction, if any, of energy transfer between the samples. Support your answer using
macroscopic thermodynamic principles.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.
© 2021 College Board.
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AP® Physics 2 2021 Free-Response Questions

Begin your response to QUESTION 2 on this page.

Cylinder

Piston

2. (12 points, suggested time 25 minutes)

A group of students design an experiment to investigate the relationship between the density and pressure of a
sample of gas at a constant temperature. The gas may or may not be ideal. They will create a graph of density
as a function of pressure. They have the following materials and equipment.

* A sample of the gas of known mass M, in a sealed, clear, cylindrical container, as shown
above, with a movable piston of known mass m,

* A collection of objects each of known mass m,

* A meterstick

(a)

i. Describe the measurements the students should take and a procedure they could use to collect the
data needed to create the graph. Specifically indicate how the students could keep the temperature
constant. Include enough detail that another student could follow the procedure and obtain similar

data.

ii. Determine an expression for the absolute pressure of the gas in terms of measured quantities,
given quantities, and physical constants, as appropriate. Define any symbols used that are not

already defined.

AP® Physics 2 2021 Free-Response Questions
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GO ON TO THE NEXT PAGE.

Continue your response to QUESTION 2 on this page.

iii. Determine an expression for the density of the gas in terms of measured quantities, given
quantities, and physical constants, as appropriate. Define any symbols used that are not already

defined.
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iv. The graph above represents the students’ data. Does the data indicate that the gas is ideal?
Describe the application of physics principles in an analysis of the graph that can be used to arrive

at your answer.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.
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AP® Physics 2 2021 Free-Response Questions

Continue your response to QUESTION 2 on this page.

Another group of students propose that the relationship between density and pressure could also be obtained by
filling a balloon with the gas and submerging it to increasing depths in a deep pool of water.

(b) Why could submerging the balloon to increasing depths be useful for determining the relationship between
the density and pressure of the gas?

m,, (Balloon only, not gas)

(c) The balloon is kept underwater in the deep pool by a student pushing down on the balloon, as shown above.
Let V}, represent the volume of the inflated balloon, m,, represent the mass of just the balloon (not including the
mass of the gas), Py represent the density of the gas in the balloon, and p,, represent the density of the water.
Derive an expression for the force the student must exert to hold the balloon at rest under the water, in terms of

the quantities given in this part and physical constants, as appropriate.

GO ON TO THE NEXT PAGE.
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Begin your response to QUESTION 3 on this page.
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3. (12 points, suggested time 25 minutes)

An electromagnet produces a magnetic field that is uniform in a certain region and zero outside that region.
The graph above represents the field as a function of the current in the electromagnet, with positive field
directed out of the page and negative field directed into the page.

Velocity

~——— Particle
B

(a) The current in the electromagnet is set at 0.5/;. When a charged particle in the region moves toward the top
of the page, the force exerted on it by the field is Fp toward the left, as shown above. What changes to the
current in the electromagnet could make the magnitude of the force exerted on the particle equal to 2Fg and the
direction of the force to the right? Support your answer using physics principles.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.
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Continue your response to QUESTION 3 on this page. Continue your response to QUESTION 3 on this page.

(c) The new lightbulb is removed and replaced by the original lightbulb. The magnetic field now changes from
B 2By to —2By during the same interval # < ¢ < t3. A new cumulative energy graph is created for this situation.
How would the new graph be different, if at all, from Graph 3 ? Support your answer using physics principles.
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Graph 2

A circuit is made by connecting an ohmic lightbulb of resistance R and a circular loop of area A made of a
wire with negligible resistance. The circuit is placed with the plane of the loop perpendicular to the field of the
electromagnet, as shown above on the left. The magnetic field changes as a function of time, as shown in
Graph 2. The bulb dissipates energy during the interval #; < t < t3. Graph 3 below shows the cumulative
energy dissipated by the bulb (the total energy dissipated since ¢ = 0) as a function of time.

Energy

(d) A student derives the following expression for the cumulative energy dissipated by the original bulb during
the interval #; < t < t3 and with the original change in magnetic field shown in Graph 2.

Graph 3
. . . . A’BiR
(b) The original bulb is replaced by a new ohmic lightbulb with a greater resistance, but everything else stays Energy = 1
the same. How would the cumulative energy graph for the new bulb be different, if at all, from Graph 3 above? 43 — 1)

Support your answer using physics principles. Lo . .
pporty £ puysics p P Whether or not the equation is correct, does the functional dependence of cumulative energy on the elapsed

time (#3 — #;) make physical sense? Support your answer using physics principles.

GO ON TO THE NEXT PAGE. GO ON TO THE NEXT PAGE.
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Begin your response to QUESTION 4 on this page.

4. (10 points, suggested time 20 minutes)

Light and matter can be modeled as waves or as particles. Some phenomena can be explained using the wave
model, and others can be explained using the particle model.

(a) Calculate the speed, in m/s, of an electron that has a wavelength of 5.0 nm.

(b) The electron is moving with the speed calculated in part (a) when it collides with a positron that is at rest. A
positron is a particle identical to an electron except that its charge is positive. The two particles annihilate each
other, producing photons. Calculate the total energy of the photons.

GO ON TO THE NEXT PAGE.

AP® Physics 2 2021 Free-Response Questions

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.

© 2021 College Board.
Visit College Board on the web: collegeboard.org.

10

Continue your response to QUESTION 4 on this page.

Photon Electron Electron
AN N\ — ° °
Before Collision After Collision

(Photon not shown)

(c) A photon approaches an electron at rest, as shown above on the left, and collides elastically with the
electron. After the collision, the electron moves toward the top of the page and to the right, as shown above on
the right, at a known speed and angle. In a coherent, paragraph-length response, indicate a possible direction
for the photon that exists after the collision and its frequency compared to that of the original photon. Describe
the application of physics principles that can be used to determine the direction of motion and frequency of the
photon that exists after the collision.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.
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STOP

END OF EXAM

© 2021 College Board.
Visit College Board on the web: collegeboard.org.

12




	Cover
	TABLE OF INFORMATION
	EQUATIONS
	EQUATIONS continued
	Directions/Question 1
	Question 2
	Question 3
	Question 4

