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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=160x10""7C
Neutron mass, m, = 1.67 x 107> kg 1 electron volt, 1eV =1.60 x 1077 J
Electron mass, m, = 9.11 x 107! kg Speed of light, ¢ =3.00x 108 m/s
Avogadro’s number, N, = 6.02 x 10% mol™ Universal gravciéitsifa‘:i{ G = 6.67x 107" m3/ke.s?
Universal gas constant, R = 8.31 J/(mol.K) Accelerateili)ré;lrliﬁ’tsosirregitg g=938 rn/ s?
Boltzmann’s constant, k, = 1.38 x 107 J/K
1 unified atomic mass unit, lu=1.66x10"7 kg =931 MeV/c2
Planck’s constant, h=663x107"Js = 4.14 x 107" eV.s
he =1.99 x 107 J.m = 1.24 x 10° eV.nm
Vacuum permittivity, g, = 8.85 X 10712 CZ/ N.m”

Coulomb’s law constant, k = 1/47e, = 9.0 X 10° N-mz/C2

Vacuum permeability, o = 4 x 1077 (T.m)/A
Magnetic constant, k" = y,/4z =1x107" (T.m)/A
1 atmosphere pressure, latm = 1.0 x 10° N/m2 =1.0x10° Pa
meter, m mole, mol waltt, w farad, F
kilogram, kg hertz, Hz coulomb, C tesla, T
UNIT . S
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°
102 tera T 5 5
. sin@ 0 1/2 3/5 2/2 4/5 3/2 1
109 glga G / / / / /
100 mega M cos® 1 V32 | 4/5 | V2/2 | 3/5 1/2 0
10° kilo k tan@ 0 V3/3 | 3/4 1 4/3 3 oo
1072 centi c
107 milli m The following conventions are used in this exam.
1076 micro I I. The fra.me of reference of any problem is assumed to be inertial unless
otherwise stated.
107 nano n II. In all situations, positive work is defined as work done on a system.
-12 ; III. The direction of current is conventional current: the direction in which
10 p1co p - .
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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ELECTRICITY AND MAGNETISM
a = acceleration Al 1 2145 | A = area
A = amplitude | E| - drne, 2 B = magnetic field
d = distance _ C = capacitance
E = energy E = -E d = distance
F = force 4q E = electric field
f = frequency - 1 gl E = emf
I = rotational inertia | | 4re, 2 F = force
K = Kkinetic energy I = current
k = spring constant AUg = gAV ¢ = length
L = angular momentum 1 ¢ P = power
¢ = length = 47[807 Q = charge
m = mass g = point charge
P = power | E| _ AV R = resistance
p = momentum Ar r = separation
r = radius or separation 0 t = time
T = period AV = C U = potential (stored)
t = time A energy
U = potential energy C = ke V = electric potential
v = speed v = speed
W= work done on a system | p _ 0 k = dielectric constant
X = position £yA p = resistivity
y = height 1 1 » 6 = angle
o = angular acceleration Ue = EQAV = EC(AV) = ﬂfx
u = coefficient of friction
6 = angl =24
= angle AL
T = torque - -
o = angular speed R = pL Fy, =qvXB
A
12 . B,
Us =gk P=1AV |Fyy| = lqv]sin6)|B]
AU, = mgA AV - - -
g T8 I'=— Fy,=I1/xB
2r 1
T = — = — = . — = . —
o f R; ;R, |FM| = ‘M“sm0||B|
1 1 .
m LI
T, = 2m % R E-Ri Dy = BA
1
c =5 _n P
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AP® PHYSICS 2 EQUATIONS

FLUID MECHANICS AND THERMAL PHYSICS WAVES AND OPTICS
_m A =area 1=V d = separation
P=v F = force f f = frequency or
F h = depth focal length
P = vy k =thermal conductivity n=2% h = height
K =kinetic energy v L = distance
P = Fy + pgh L = thickness n, sin@, = n,sin6, M= magnification
m = mass m = an integer
F, = pVg n = number of moles 1 + 1 — 1 n = index of
N = number of molecules S S f refraction
Ami = Ayvy P = pressure s = distance
h. S
P 1 5 Q = energy transferred to a |M| = h—’ = S—l v = speed
1t PEY TSP system by heating 0 0 A = wavelength
= P, + pgy, + %psz ,T  perdiue Ab=ma § = angle
U = internal energ dsing = mA
= y
% = kALAT V = volume
v = speed GEOMETRY AND TRIGONOMETRY
PV =nRT = NkBT Wi gqu;done on a system Rectangle A = area
3 Y _ delg't A = bh C = circumference
K = EkBT p = density ] V = volume
Triangle S = surface area
AU =Q+W h = height
el ¢ = length
Gircle w = width
A=anr r = radius
MODERN PHYSICS ¢ =2ar
E = hf E = energy Rectangular solid Right triangle
f = frequency V = Iwh 224 p?
Kipax =hf =0 K = kinetic energy ¢ =at
m = mass Cylinder sing = &
A= 3 p = momentum V- c
p A= wavelength 5 cosf = 2
¢ = work function §=2xrl +2nr c
E =mc a
Sphere tan6 = b
_4_3
V= gﬂr c ;
S = 4nr? 0 90°
b




2016 AP® PHYSICS 2 FREE-RESPONSE QUESTIONS

PHYSICS 2
Section II
4 Questions
Time—90 minutes

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.

P(10° Pa)
A

| | | | | |
Y PN U U N N S
| S A
| | | | |
1.0+--—- ! ! | -
o~
0.5+--—- : L ! LC--L-
| | | | | |
| | | | | |
| | | | | | 3
- : : : f —V(m”)
O 0.02 004 0.06 008 0.10 0.12

1. (10 points, suggested time 20 minutes)

Two moles of a monatomic ideal gas are enclosed in a cylinder by a movable piston. The gas is taken through

the thermodynamic cycle shown in the figure above. The piston has a cross-sectional area of 5 X 107 m?.
(a)
i. Calculate the force that the gas exerts on the piston in state A, and explain how the collisions of the gas
atoms with the piston allow the gas to exert a force on the piston.
ii. Calculate the temperature of the gas in state B, and indicate the microscopic property of the gas that is
characterized by the temperature.
(b)

i. Predict qualitatively how the internal energy of the gas changes as it is taken from state A to state B.
Justify your prediction.

ii. Calculate the energy added to the gas by heating as it is taken from state A to state C along the
path ABC.

(c) Determine the change in the total kinetic energy of the gas atoms as the gas is taken directly from state C to
state A.
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2016 AP® PHYSICS 2 FREE-RESPONSE QUESTIONS

2. (12 points, suggested time 25 minutes)

A student is given a glass block that has been specially treated so that the path of light can be seen as the light
travels through the glass. The student is asked to design an experiment to measure the index of refraction of the
glass. The light source available in the laboratory is a hydrogen lamp that emits red light of a known wavelength.

(a) A linear graph is to be used to determine the index of refraction of the glass. Indicate the quantities that
should be graphed and describe how the graph could be used to determine the index of refraction of the
glass.

(b) Outline an experimental procedure that could gather the necessary data. Include sufficient detail so that
another student could follow your procedure. In addition to the glass block and the hydrogen lamp, the
equipment in a typical classroom laboratory is available.

(c) Predict how the path of the light will change as it enters the glass. Support your prediction using a
qualitative comparison of the speed of light in glass and the speed of light in air.

(d) Describe the process(es) by which red light from the lamp is produced by hydrogen atoms that are initially
in the ground state. Draw and label an energy level diagram that supports the atomic process(es) you
describe.
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2016 AP® PHYSICS 2 FREE-RESPONSE QUESTIONS

3. (12 points, suggested time 25 minutes)

The dots in the figure above represent two identical spheres, X and Y, that are fixed in place with their centers in
the plane of the page. Both spheres are charged, and the charge on sphere Y is positive. The lines are isolines of
electric potential, also in the plane of the page, with a potential difference of 10 V between each set of adjacent

lines. The absolute value of the electric potential of the outermost line is 50 V.

(a) Indicate the values of the potentials, including the signs, at the labeled points A and B.
Potential at point A Potential at point B

(b)
i. How do the magnitudes and the signs of the charges of the spheres compare? Explain your answer in
terms of the isolines of electric potential shown.

ii. The spheres at points X and Y have masses in the same ratio as the magnitudes of their charges. The
isolines of gravitational potential for the spheres have shapes similar to those of the isolines shown.
Explain why the two sets of isolines have similar shapes.

Let the potentials at the three labeled points be V, , Vi, and V.. . A proton with charge +¢ and mass m is
released from rest at point B.

(c) Based on your answer to part (b)(ii), briefly describe one similarity and one difference between the electric
and gravitational forces exerted on the proton by the system of the two spheres. The similarity and
difference you describe must not be ones that generally apply to all forces.
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2016 AP® PHYSICS 2 FREE-RESPONSE QUESTIONS

(d) At some time after being released from rest at point B, the proton has moved through a potential difference
of magnitude 20 V.

i. Determine the change in electric potential energy of the proton-spheres system when the proton

il.

1il.

has moved through the 20 V potential difference. Express your answer symbolically in terms of

4 Vs Vo Voo and physical constants, as appropriate.

As it moved through the 20 V potential difference, the proton was displaced a distance d by the electric
force. Determine a symbolic expression for the total work done on the proton by the electric field in
terms of the average magnitude E,,, of the electric field over that distance.

Two students are discussing how and why the kinetic energy of the proton would change after it is
released.

Student 1 says that if the system is defined as the proton and the spheres, the increase in the proton’s
kinetic energy is due to a change in the system’s potential energy as the proton moves through the
20 V potential difference.

Student 2 says that if the system is defined as only the proton, the kinetic energy of the proton
increases because positive work is done on the proton by the electric field as the proton moves
through the 20 V potential difference.

Discuss each student’s claims, explaining why each is correct or incorrect.
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2016 AP® PHYSICS 2 FREE-RESPONSE QUESTIONS

4. (10 points, suggested time 20 minutes)

Some students are investigating the behavior of a circuit with four components in series: a resistor of
resistance R, a capacitor of capacitance C, a battery with potential difference € , and a switch. Initially, the
capacitor is uncharged and the switch is open.

(a)

i. Determine the current in the resistor and the potential difference across the capacitor immediately after
the switch is closed.

ii. Determine the current in the resistor and the potential difference across the capacitor a long time after
the switch is closed.

(b) The switch is opened, the capacitor is discharged, and a second, identical capacitor is added to the circuit
in series with the other components. The switch is then closed again.

i. A long time after the switch is closed, the energy stored in the single capacitor in the original circuit
is U, , and the total energy stored in the two capacitors in the new circuit is U, . Calculate the

ratio U, /U, .

ii. The two capacitors in series are to be replaced with a single capacitor that will have the same
energy U, . Indicate a plate area and a distance between the plates for the new capacitor, compared
with one of the original capacitors, that will accomplish this. Support your reasoning using appropriate
physics principles and/or mathematical models.

The students are then asked to design two circuits each containing a switch, a battery with a small internal
resistance, a lightbulb, and a capacitor. In arrangement 1, the bulb should gradually light up after the switch is
closed, becoming brightest after the switch has been closed a long time. In arrangement 2, the bulb should be
brightest when the switch is first closed, getting dimmer with time, and going out completely when the switch
has been closed for a long time.

(c) Using standard symbols, draw two circuit diagrams, one showing a possible circuit for arrangement 1 and
the other showing a possible circuit for arrangement 2. Justify your circuit diagrams with a paragraph-length
explanation referring to the properties of lightbulbs and capacitors in circuits and the conservation of energy
and/or the conservation of charge.

STOP

END OF EXAM
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