AP’ Physics 2: Algebra-Based Exam

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO.

( At a Glance ) Instructions
Section I of this exam contains 40 multiple-choice questions. Pages containing equations

Total Time and other information are also printed in this booklet. Calculators, rulers, and

1 hour, 30 minutes straightedges may be used in this section.
Number of Questions

40 Indicate all of your answers to the multiple-choice questions on the answer sheet. No
Percent of Total Score credit will be given for anything written in this exam booklet, but you may use the booklet

50% for notes or scratch work.
WFEganglhr]:gﬂ?::gt Because this section offers only four answer options for each question, do not mark the
Electronic Device (E) answer circle for any question. If you change an answer, be sure that the previous

Calculator allowed mark is erased completely.

J

For questions 1 through 36, select the single best answer choice for each question. After
you have decided which of the choices is best, completely fill in the corresponding circle
on the answer sheet. Here is a sample question and answer.

Sample Question ~ Sample Answer
Chicago is a OF XCOICIG
(A) state

(B) city

(C) country

(D) continent

For questions 131 through 134, select the two best answer choices for each question.
After you have decided which two choices are best, completely fill in the two
corresponding circles on the answer sheet. Here is a sample question and answer.

Sample Question  Sample Answer
New York is a " X XOXO)
(A) state

(B) city

(C) country

(D) continent

Use your time effectively, working as quickly as you can without losing accuracy. Do not
spend too much time on any one question. Go on to other questions and come back to
the ones you have not answered if you have time. It is not expected that everyone will
know the answers to all of the multiple-choice questions.

Your total score on Section I is based only on the number of questions answered correctly.
Points are not deducted for incorrect answers or unanswered questions.

Form 1
Form Code 4NBP4-S
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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""C
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 = 6.67 %10 m3/ke.s?
Universal gas constant, R = 8.31 J/(mol.K) Accelerateili)ré:rliﬁ’tsosirrz;;/itg g=938 rn/ s?
Boltzmann’s constant, k, = 1.38 x 107 J/K
1 unified atomic mass unit, lu=1.66x10"% 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 = 47 x 1077 (T.m)/A
Magnetic constant, k"= u, /47 =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, \Y 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 / / / / /
106 mega M cosf 1 V3/2 | 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
v, =V, +a,t a = acceleration
A = amplitude
X =xy + vt +%axt2 d = distance
E = energy
F = force
2 _ .2 _
vy = Vip +2a, (x = x) f = frequency
S = I = rotational inertia
F,
a= —2 = et K = Kinetic energy
m m .
k = spring constant
‘f?f‘ < ,u‘F‘ L = angular momentum
¢ = length
2 m = mass
de =77 P = power
- p = momentum
p=m r = radius or separation
Ap = FAr T = period
t = time
K = lmvz U = potential energy
2 v = speed
W = work done on a
AE =W = Fd = Fdcos6 system
AE X = position
P === y = height
o = angular acceleration
0 =6, + oyt + 1 at? u = coefficient of friction
2 60 = angle
0= 0, + at T = torque
o = angular speed
x = Acos(awt) = Acos(27 ft)
X, _ 1.2
o = R Uy = ghe
m;
L AUg = mgAy
o = ¢ — Thet
1 r=27x_1
o f
7 =r F =rFsin6
m
L=1lo Ty =2m+
AL = 7 At /
T, = 2r, |—
1. 2 8
K = EI(O mem
i 1"
. |F g| =G 2
[F5] = kI3 ]
g=t
G

ELECTRICITY AND MAGNETISM

|F | _ 1 |q1q2| A = area
Bl dre, 2 B = magnetic field
B C = capacitance
E=ZE d = distance
q E = electric field
_. 1 | | E = emf
| |= m% F = force
or I = current
AUy = gAV ¢ = length
P = power
__1 q Q = charge
drey r q = point charge
R = resistance
|E| _|AV r = separation
Ar t = time
U = potential (stored)
av =2 »
C energy
V = electric potential
C = K‘goé v = speed
d k = dielectric
0 constant
E =% .
g)A p = resistivity
1 | 0 = angle
Ue = 5QAV = EC(AV)Z ®= flux
_AQ Fy, =qv X B
At
o ol ‘FM‘ = |q\7||sin9”B‘
A — — —
P=TIAV Fy, =1/xB
AV [Ful =|14isin6]| B
R
Rs = 2 Ri O] B = B-A
i
1Nl D, =‘B‘C080‘A‘
RP i Ri ~ Aq)B
Cp = ZCI B At
4
Cs i Ci
_H 1
2r r




AP® PHYSICS 2 EQUATIONS

FLUID MECHANICS AND THERMAL PHYSICS

_m
P=y

F
P=—

A
Ay, = Ay,

1
P+ pgy + 5 pv?

A =area
F = force
h = depth

k =thermal conductivity

K =kinetic energy

L = thickness

m = mass

n = number of moles

N = number of molecules

P = pressure

QO = energy transferred to a
system by heating

WAVES AND OPTICS

A1=2
f

n =

< |0

n,sin@, = n,sin6,

. 1_1

s s, f

= | =
o 0

AL = mA

dsin@ = mA

T3 oS
[

SRS

d = separation
J = frequency or

focal length

= height
distance
magnification
= an integer
index of

refraction
= distance
= speed
= wavelength
= angle

. 1 5 T =temperature
—P2+pgy2+2pv2 t =time
0  KAAT U = internal energy
= = V = volume
At L
v = speed
PV =nRT = NkgT W = work done on a system
3 y = height
K = EkBT p = density
W =-PAV
AU =0+ W
MODERN PHYSICS
E = hf E = energy
f = frequency
Konax = hf =9 K = Kkinetic energy
h m = mass
A= ; p = momentum
A= wavelength
E =mc ¢ = work function

GEOMETRY AND TRIGONOMETRY

Rectangle
A = bh

Triangle

1
A= 3 bh

Circle

A = r?

C =2nr

Rectangular solid
V = Ilwh

Cylinder
V =’
S =2zrl + 27r?

Sphere
V= %n’r3
S = 4znr?

A = area
C = circumference
V = volume
S = surface area
b = base
h = height
¢ = length
w = width
r = radius
Right triangle
c? =a’ +b?
sin@ = a
c
cosf = b
c
a
tanf = —
an b
¢ a
0 90¢
b




PHYSICS 2

Section I
40 Questions

Time—90 minutes

Note: To simplify calculations, you may use g =10 m/ s inall problems.

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

A
|
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= |
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o |
e} |
A |
|
0 : : >
0 1 2 3
Distance from Nucleus
(Bohr radii)

1. The graph above describes the location of an
electron in a hydrogen atom that is in the ground
state. What conclusion can be drawn from the
graph?

(A) The distance of the electron from the nucleus
is exactly equal to one Bohr radius.

(B) The electron will probably slide down either
the left slope or the right slope, depending
on its initial location.

(C) The electron must always be located within
three Bohr radii of the nucleus.

(D) The greatest probability of locating the
electron is at a distance of one Bohr radius
from the nucleus.

Unauthorized copying or reuse of
any part of this page is illegal.

GO ON TO THE NEXT PAGE.
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2. The graphs above show the electric field as a function of position at some instant of time for four different
electromagnetic plane waves. Which of the following correctly ranks the frequency f of the waves?

A h>H>6>1
B h>fi>fa> )
© fo>fa>fi> N4
D fa>f>hH>4h

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE




3. When two bowling balls are held with their
centers 30 centimeters apart, they exert a
gravitational force of magnitude F on each other.
For two free protons to exert a net force of
magnitude F on each other, the protons must be
separated by a distance of approximately

1x107'° m. Under these conditions, will the
protons attract or repel each other, and why?

(A) They will attract each other, because they
both have positive charge.

(B) They will attract each other, because the
gravitational force is always attractive.

(C) They will repel each other, because the
repulsive electrical force between the
protons is much stronger than the attractive
gravitational force.

(D) They will repel each other, because the
protons only exert a repulsive electrical
force on each other and do not exert an
attractive gravitational force.

-2.0eV

/ —40eV
1C 506V

L \ -10.0eV

4. The energy level diagram for a hypothetical atom
is shown in the figure above. Which of the labeled
transitions in the diagram would produce a photon
with the shortest wavelength?

(A) A
(B) B
© C
D) D

Unauthorized copying or reuse of
any part of this page is illegal.

o) S

a

5. The figure above shows a small compass C that is
equidistant from the poles of two identical bar
magnets. Which of the following best represents
the direction that the needle of the compass will
point?

(A)

(B)

©

(D)

NN 4

GO ON TO THE NEXT PAGE.
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6. Two uncharged conducting spheres on insulating

stands are in contact when a positively charged
rod is brought near but does not touch them, as
shown in the figure above. The right sphere is
then moved far to the right, and finally the rod is
removed. Which of the following best shows the

final distribution of excess charges, if any, on the

spheres?

Left Sphere
(A)

B)

©

(D)

L OOC
OO

Unauthorized copying or reuse of
any part of this page is illegal.

Right Sphere

o— P
x

7. A positively charged particle is moving
horizontally when it enters the uniform
electric field between two parallel charged
plates, as shown in the figure above. Which
of the following correctly shows the x- and
y-components of the velocity v as a function
of time ¢ ?

(A) v 4 v}

0 ;0 e
B) v 4 v}

(8] l= o l:
©) v 4 v A

Y
)

(D) v 4 v A

Y

GO ON TO THE NEXT PAGE.



8. A simple circuit has a 24.0 V battery and resistors X X X X X X X X
of resistance 3.0 Q, 6.0 Q, and R all connected X X X X X X X X
in parallel. If the current through the battery is X X X X X X X X
15.0 A, what is the value of R ? % X x X X X x X
(A) 09Q X X X X X X X X
(B) L.1Q I-(_)—('—)J X X X X X X X X
©) 74Q

(D) 8.0 9. A rectangular loop of copper wire is attached to a

cart by an insulating rod. The cart is moving at
constant speed when it enters a region containing
a uniform magnetic field that is perpendicular to
the plane of the loop and directed into the page,

as shown above. Frictional losses are negligible.
Which of the following correctly describes the
speed of the cart as it moves into, through, and out
of the field?

(A) The speed remains constant.

(B) The speed continually decreases.

(C) The speed decreases as the cart enters the
field and increases as it leaves the field but
is constant while it is completely inside the
field.

(D) The speed decreases as the cart enters and
leaves the field but is constant while it is
completely inside the field.

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE
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10. A sample of ideal gas that is initially in state A
shown on the graph above is taken through the
cycle shown. What is the net work done on the
gas during one cycle?

(A) -5007
(B) -1000J
(C) —2000J
(D) —3500J

Unauthorized copying or reuse of
any part of this page is illegal.

-10-

11. A small, well-insulated building is kept cool on a

hot day. A person in the building holds a hand
close to, but not touching, a solid metal door to
the outside and feels warmth coming from the
metal door. Which statement best describes how
most of the energy is transferred from the outside
to the person’s hand?

(A) Thermal energy from the outside is convected
through the metal door. Thermal energy
from the door is conducted by the air and is
detected by the person’s hand.

(B) Thermal energy from the outside is convected
through the metal door. The door radiates
energy that is detected by the person’s hand.

(C) Thermal energy from the outside is
conducted through the metal door. The door
radiates energy that is detected by the
person’s hand.

(D) Thermal energy from the outside is radiated
through the metal door. The door radiates
energy that is detected by the person’s hand.

GO ON TO THE NEXT PAGE.
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12. The graph above of pressure as a function of
volume illustrates a thermodynamic process for
an ideal gas in an engine. Which of the following
best describes the change in the internal energy of
the gas and the work done during the process?

(A) The internal energy increases, and positive
work is done by the gas.

(B) The internal energy decreases, and positive
work is done on the gas.

(C) The internal energy decreases, and positive
work is done by the gas.

(D) The internal energy increases, and positive
work is done on the gas.

Unauthorized copying or reuse of
any part of this page is illegal.
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13. Two wave pulses approach each other, as shown

in the figure above. The pulse traveling to the
right is half the height and twice the width of the
pulse traveling to the left. Which of the following
best represents the resulting shape when the peaks
of the two pulses are at the same location?

(A) X
0.6
o f f o : f X
F—5—10M5*%20—25—30
-0.6
(B) y
A
0.6 A
/ \
0 : A - : X
T—/—5—10—15—20—25—30
-0.6
© y
A
0.6
o0 + + ¢ : : X
T—/—5—10—15—20—25—30
-0.6
(D) y
A
0.6 A
I
o0 + + } : : X
F—5—10M15%20—25—30
-0.6

GO ON TO THE NEXT PAGE.



Questions 14-15 refer to the following material.

©

A student performs an experiment using the circuit shown above, with the goal of determining the characteristics
of the battery, which has nonnegligible internal resistance. The student has many resistors with resistances ranging
from 0.5 Q to 15 Q . The student puts different resistors in the circuit and records the current and the potential
difference measured by the ammeter A and voltmeter V. The student’s data table and graph of current as a function

of potential difference are shown below.

Resistance (Q) 0.5 1.0 20 | 40 | 60 | 80 |10 15
Potential Difference (V) | 1.0 1.6 23 | 33 34 | 36 3.7 3.8
Current (A) 2.0 1.6 12 | 072 | 055 | 041 | 035 | 0.23
A
-
25
2.0
=
:g 1.5 \\
L
o N .
0.5
L) \ _
Ol 05 10 15 20 25 30 35 40 45

Potential Difference (V)

14. Which of the following is most nearly the
battery’s internal resistance?

(A) 0.4 ohm
(B) 0.6 ohm
(C) 1.6 ohm
(D) 2.6 ohm

Unauthorized copying or reuse of
any part of this page is illegal.

15.

-12-

The student now replaces the battery with a
different one that has the same emf but a
significantly smaller internal resistance. The
student runs the experiment again and graphs the
new data. Which of the following correctly
describes how the new graph compares to the plot
shown above?

(A) The new graph will be the same as the
original graph.

(B) The vertical intercept will have a greater
value, but the slope will be the same.

(C) The vertical intercept will be the same, but
the magnitude of the slope will be greater.

(D) Both the vertical intercept and the magnitude
of the slope will be greater.

GO ON TO THE NEXT PAGE.



16. A sample of gas has a temperature of 200 K. If the
speed of every gas molecule in the sample is
doubled, what is the new temperature of the gas?

(A) 800 K
(B) 400 K
(C) 200 K
(D) 100 K

Questions 17-19 refer to the following material.

An atom of polonium (Po-216) is moving slowly
enough that it can be considered to be at rest. The
Po-216 undergoes alpha decay and becomes lead

(Pb-212), via the reaction 216 251;% Pb + ga.

ga PO —
After the decay, the lead atom is moving to the left
with speed vp, , and the alpha particle is moving to

the right with speed v, . The masses of the three
isotopes involved in the decay are given below.

M, = 4002603 u

Moy, = 211.991898 u

17. How do the momentum and kinetic energy of the
polonium atom compare with the total momentum
and kinetic energy of the decay products?

Polonium Polonium
Momentum Kinetic Energy

(A) Different Different

(B) Different The same

(C) The same Different

(D) The same The same

18. How much energy is released in the decay?

(A) None

(B) 0.00741 MeV
(©) 6.90 MeV
(D) 9.31 MeV

19. The half-life of Po-216 is 1/7 s. What is the

probability that any particular Po-216 atom will
decay within one second?

A) 0%
B) 7%
©) 99%
(D) 100 %

Unauthorized copying or reuse of
any part of this page is illegal.
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20. The figure above shows a lens with a focal length
of magnitude 30 cm when in air. An object is
located 200 cm to the left of the lens. What is the
approximate location of the object’s image?

(A) 26 cm to the left of the lens
(B) 26 cm to the right of the lens
(C) 35 cm to the left of the lens
(D) 35 cm to the right of the lens

GO ON TO THE NEXT PAGE.



Questions 21-23 refer to the following material.

A very small, isolated sphere with charge +(Q exists in an empty region of space. A second very small sphere is
moved from far away to a short distance from the first sphere.

21. In the figures below, the central dot represents the first sphere. The dashed circles are isolines with the same

potential difference between adjacent circles. Which of the figures best represents the isolines and electric field
vectors around the first sphere while the second sphere is still far away?
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22. The second sphere has a charge of +2.0 X 107 C. As it is moved closer to the first sphere at a constant speed,
the second sphere passes through the circular equipotential lines due to the first sphere. Two of these lines are
separated by a distance of 0.020 m and have potentials of 100 V and 150 V. What is the magnitude of the
average force needed to move the second sphere between the two equipotential lines?

23.

(A) 1.5x10° N
B) 50x10° N
(C) 1.0x107 N
(D) 20x107° N

As the second sphere is moved at a constant velocity closer to the first sphere, data is taken for the force F
exerted on the second sphere by the first sphere as a function of the separation d of the spheres. Which of the
following should be graphed to yield a straight line from the data?

(A) F as a function of d
(B) F as a function of d?

(C) F as a function of 1/d
(D) F as a function of 1/ d?

24.

— A

fas]

A~ 44 .

S ot

X o o

~ o o

v : .
0 100 200

Temperature (K)

A sample of gas is in a sealed container whose
volume is held fixed. The pressure of the gas is

measured as its absolute temperature is increased.

A graph of pressure measurements as a function
of temperature is shown above. According to the
ideal gas law, which of the following is expected
if the sealed container’s volume is increased to
three times the original value and the experiment
is repeated?

(A) The graph will show a linear relationship
that still extrapolates to the origin, but
with a smaller slope.

(B) The graph will show a linear relationship
that still extrapolates to the origin, but
with a larger slope.

(C) The graph will show a linear relationship
with the same slope, but it will extrapolate
to a point on the horizontal axis to the right
of the origin.

(D) The graph will show a linear relationship
with the same slope, but it will extrapolate
to a point on the vertical axis above the
origin.

Unauthorized copying or reuse of
any part of this page is illegal.
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25. Which of the following describes a difference in

the behavior of an electrically conducting sphere
and that of an insulating sphere?

(A) A conducting sphere can be charged by
friction, but an insulating sphere cannot.

(B) An uncharged object can be charged by
touching it to a charged conducting sphere,
but not by touching it to a charged
insulating sphere.

(C) When a conducting sphere is brought near
a positively charged object, some of the
sphere’s electrons move closer to that
object. No polarization occurs in the atoms
of an insulating sphere.

(D) Excess charge placed on a conducting sphere
becomes distributed over the entire surface
of the sphere. Excess charge placed on an
insulating sphere can remain where it is
placed.

GO ON TO THE NEXT PAGE.
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26. A student designs an experiment intended

to determine the thermal conductivity of an
unknown material. Two 15 cm long bars with the
same cross-sectional area are joined together, as
shown in the figure above. The bar on the left is
made of copper, and the bar on the right is made
of the unknown material. The left and right ends
of the two-bar combination are maintained at
40°C and 20°C, respectively, and the bars reach
equilibrium. The student then measures the
temperature 7" along the bars and produces the
data shown in the graph, where x = 0 is the left
end and 30 cm is the right end. The experimental
uncertainty in the data is negligible. Which of the
following can the student conclude about k. , the

thermal conductivity of copper, compared with
k, , the thermal conductivity of the unknown

material?

(A) k. <k,
B) k. =k,
©) k. >k,

(D) The relationship cannot be determined from
the data given.

Unauthorized copying or reuse of
any part of this page is illegal.
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27.

28.

29.

A sealed container with a lid of area 0.004 m? is
filled with an ideal gas. The container and gas are
allowed to reach thermal equilibrium with the
surrounding air. If a 2000 N block is needed to
keep the lid from being pushed off the container,
what is the absolute pressure inside the container
(the pressure compared to vacuum) ?

(A) 1x10° Pa
(B) 2x10° Pa
(C) 4x10° Pa
(D) 6 x10° Pa

Water initially moving through a small horizontal
cylindrical pipe enters a new section of pipe with
twice the radius of the initial pipe. What is the
ratio of the speed of the water in the new section
of pipe to the initial speed of the water?

A) 2/1
B) 1/1
©) 1/2
(D) 1/4

A block floating in water is supported by the
buoyant force exerted on the block by the water.
The buoyant force is created on the atomic scale
primarily by which of the following electrostatic
forces?

(A) A force of attraction between neutral atoms
of the block and neutral atoms of the water

(B) A force of attraction between charged atoms
of the block and charged atoms of the water

(C) A force of repulsion between nuclei in the
neutral atoms of the block and nuclei in the
neutral atoms of the water

(D) A force of repulsion between electrons in the
neutral atoms of the block and electrons in
the neutral atoms of the water

GO ON TO THE NEXT PAGE.



30. A supernova explosion occurs at a distance

of 2x10* m from Earth. The supernova
simultaneously emits radiation at both visible

and x-ray wavelengths. Which of the following
statements best describes the time it takes for the
two types of radiation from the supernova to reach
Earth?

(A) The two types of radiation reach Earth at the
same time, within a few seconds of the
supernova explosion.

(B) The two types of radiation reach Earth at the
same time, many years after the supernova
explosion.

(C) The two types of radiation reach Earth many
years after the supernova explosion, but
the visible radiation arrives first due to its
shorter wavelength.

(D) The two types of radiation reach Earth many
years after the supernova explosion, but the
x-ray radiation arrives first due to its shorter
wavelength.

Figure 1 Figure 2

31. A battery with emf 6.0 V and an internal

resistance r is connected to a resistor of
resistance R, as shown in Figure 1 above. The
current in the circuit is 2.0 A. When an identical
battery is added to the circuit in series, as shown
in Figure 2, the current in the circuit is 3.0 A.
Which of the following statements about the
resistances in the circuit is true?

(A) r is very small compared to R.

(B) r is very large compared to R.

(C) risequal to R.

(D) r and R are comparable in magnitude,
but they are not equal.

A

250,000

% 200,000 A

E

g 150,000 \
G

<

5 100,000

g

=]

Z

50,000 L// //-\—\_.i\\\

0
0 200 400 600 800 1,000 1,200 1,400 1,600
Speed of Molecules (m/s)

\J

32. Two samples of the same type of gas molecules are placed in

Unauthorized copying or reuse of
any part of this page is illegal.

different closed containers and are thermally isolated from
each other and the environment. The figure above shows

the distribution of speeds for the molecules in each of the
samples. The two samples are now mixed together and
allowed to reach thermal equilibrium. Which of the following
is true of the peak of the distribution for the mixed sample?

(A) Itis closer to 400 m/s than itis to 800 m/s.

(B) Itis closer to 800 m/s than itis to 400 m/s.

(C) Itis midway between the peaks of the distributions
shown.

(D) There is not just one peak but two, at the same locations
as the peaks of the distributions shown.

GO ON TO THE NEXT PAGE.
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33. Four horizontal wires are arranged on vertical
wooden poles, as shown in the figure above.
The wires are equally spaced and have equal
currents / in the directions indicated in the figure.
The dots represent four charged dust particles
moving in the plane of the wires. The sign of the
charge on each particle and its direction of motion
at a particular instant are shown. Which of the
dust particles has a magnetic force exerted on it in
the downward direction at this instant?

A) A
(B) B
(ONe
(D) D

- - - 7 7 a2y = T T T +q
) ®+q 3d/2
+ + + + + + + + + + + + + + + +
| | | ]
Figure 1 Figure 2

34. A parallel-plate capacitor is charged so that an electric field E is created between the plates. A small oil drop
with charge +q is placed halfway between the plates, as shown in Figure 1 above. The force exerted on the oil
drop by the electric field is determined to have a magnitude of F. The oil drop is now moved half the distance
toward the negatively charged plate, as shown in Figure 2 above. What is the magnitude of the force exerted by
the electric field on the oil drop at the position shown in Figure 2 ?

(A) F/2
B) F
(©) 2F
(D) 4F

Unauthorized copying or reuse of
any part of this page is illegal.

GO ON TO THE NEXT PAGE.
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35. In the circuit represented above, resistors R,
and R, , capacitor C, and open switch § are
connected to a battery. The circuit reaches

equilibrium. The switch is then closed, and the
circuit is allowed to come to a new equilibrium.
Which of the following is a true statement about
the charge ¢, stored on the capacitor after the
switch is closed compared with the charge ¢;
stored on the capacitor before the switch is
closed?

(A) qr > q;
B) g5 =g;
© g5 <g;

(D) The relationship between the charges cannot

be determined unless the resistances of the
resistors are known.

Unauthorized copying or reuse of
any part of this page is illegal.
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36. Louis de Broglie proposed that all forms of matter

have both wave properties and particle properties.
Which of the following explains why diffraction
effects are observable only for small-scale
objects?

(A) Wavelengths of large-scale objects are much
smaller than any aperture through which the
objects could pass.

(B) Wavelengths of large-scale objects are much
larger than any aperture through which the
objects could pass.

(C) Large-scale objects have too much energy to
allow observation of their wave properties.

(D) Large-scale objects move too slowly to allow
observation of their wave properties.

GO ON TO THE NEXT PAGE.



Directions: For each of the questions or incomplete statements below, two of the suggested answers will be correct.
For each of these questions, you must select both correct choices to earn credit. No partial credit will be earned if

only one correct choice is selected. Select the two that are best in each case and then fill in the corresponding circles
that begin with number 131 on page 3 of the answer sheet.

131. A student is given a sample of gas that is at
room temperature and is sealed in a container
by a movable piston. Which of the following

adjustments would allow the student to increase

the pressure of the gas? Select two answers.

(A) Put the container in a tank of
room-temperature water and pull the
piston outward.

(B) Put the container in a tank of
room-temperature water and push the
piston inward.

(C) Put the container in a tank of hot water
and hold the piston in place.

(D) Put the container in a tank of cold water
and hold the piston in place.

Unauthorized copying or reuse of
any part of this page is illegal.
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132. A student is given two different convex spherical

mirrors and asked to determine which of the
mirrors has the shorter focal length. Answering
which of the following questions would allow
the student to make this determination? Select
two answers.

(A) Which mirror has a larger magnification for a
given object distance?

(B) Which mirror has the greater change in
magnification when submerged in water?

(C) Which mirror produces an upright image?

(D) Which mirror has a smaller radius of
curvature?

GO ON TO THE NEXT PAGE.



133. On a calm day, student 1 looks down into a pool —
and sees student 2 swimming underwater. At
the same time, student 2 looks up from under /

the water and sees student 1. In the following S
diagrams, the oval represents student 1 and the

rectangle represents student 2. Diagrams that ) . . .
correctly illustrate the apparent positions seen 134. An ideal fluid is moving from left to right through

by student 1 and student 2 include which of the a pipe, as shown in the figure above. The diameter
of the pipe decreases and the height increases

following? Select two answers. -
from left to right. True statements about the

(A) pressure of the fluid as it moves through the
pipe include which of the following? Select
two answers.

\\[::3 (A) The pressure tends to decrease due to the
increase in the fluid’s speed as the pipe
gets narrower.

(B) (B) The pressure tends to increase due to the
decrease in the fluid’s speed as the pipe
gets narrower.

(C) The pressure tends to decrease due to the
\ increase in the potential energy of the
\\ fluid-Earth system as the pipe gets higher.
N (D) The pressure tends to increase due to the
AN increase in the potential energy of the
\\ fluid-Earth system as the pipe gets higher.
\
o
© N
AVARN
\
N\
N\
\
\
N\
\Y
D)
! ~
- \:I
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END OF SECTION I

IF YOU FINISH BEFORE TIME IS CALLED,
YOU MAY CHECK YOUR WORK ON THIS SECTION.

DO NOT GO ON TO SECTION Il UNTIL YOU ARE TOLD TO DO SO.

MAKE SURE YOU HAVE DONE THE FOLLOWING.
e PLACED YOUR AP NUMBER LABEL ON YOUR ANSWER SHEET

e WRITTEN AND GRIDDED YOUR AP NUMBER CORRECTLY ON YOUR
ANSWER SHEET

e TAKEN THE AP EXAM LABEL FROM THE FRONT OF THIS BOOKLET
AND PLACED IT ON YOUR ANSWER SHEET.
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AP° Physics 2: Algebra-Based Exam

(SECTION II: Free Response )

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO.

Total Time
1 hour, 30 minutes

Number of Questions
4

Percent of Total Score
50%

Writing Instrument
Either pencil or pen with
black or dark blue ink

Electronic Device
Calculator allowed

Suggested Time
Approximately
25 minutes each for
questions 2 and 3 and
20 minutes each for
questions 1 and 4

Weight
Approximate weights:
Questions 2 and 3:
27% each
Questions 1 and 4:
23% each

( At a Glance )

IMPORTANT Identification Information

PLEASE PRINT WITH PEN:

1. Firsttwo letters of your last name D]
First letter of your first name |:|

2. Date of birth

Month Day Year
3. Six-digit school code
its reporting.

| | | | | | | No, | do not grant the College Board

these rights.
. ’ /

Instructions

The questions for Section II are printed in this booklet. You may use any blank space in

the booklet for scratch work, but you must write your answers in the spaces provided for
each answer. A table of information and lists of equations that may be helpful are in the

booklet. Calculators, rulers, and straightedges may be used in this section.

4. Unless | check the box below, | grant the
College Board the unlimited right to use,
reproduce, and publish my free-response
materials, both written and oral, for
educational research and instructional

purposes. My name and the name of my

| | school will not be used in any way in

connection with my free-response

materials. | understand that | am free to
mark “No” with no effect on my score or

All final numerical answers should include appropriate units. Credit for your work
depends on demonstrating that you know which physical principles would be appropriate
to apply in a particular situation. Therefore, you should show your work for each part in
the space provided after that part. If you need more space, be sure to clearly indicate
where you continue your work. Credit will be awarded only for work that is clearly
designated as the solution to a specific part of a question. Credit also depends on the
quality of your solutions and explanations, so you should show your work.

Write clearly and legibly. Cross out any errors you make; erased or crossed-out work will
not be scored. You may lose credit for incorrect work that is not crossed out.

Manage your time carefully. You may proceed freely from one question to the next. You
may review your responses if you finish before the end of the exam is announced.

Form I
Form Code 4ANBP4-S
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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""C
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 = 6.67 %10 m3/ke.s?
Universal gas constant, R = 8.31 J/(mol.K) Accelerateili)ré:rliﬁ’tsosirrz;;/itg 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 = 47 x 1077 (T.m)/A
Magnetic constant, k"= u, /47 =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, \Y 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 / / / / /
106 mega M cosf 1 V3/2 | 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
v, =V, +a,t a = acceleration
A = amplitude
X =xy + vt +%axt2 d = distance
E = energy
F = force
2 _ .2 _
vy = Vip +2a, (x = x) f = frequency
S = I = rotational inertia
F,
a= —2 = et K = Kinetic energy
m m .
k = spring constant
‘f?f‘ < ,u‘F‘ L = angular momentum
¢ = length
2 m = mass
de =77 P = power
- p = momentum
p=m r = radius or separation
Ap = FAr T = period
t = time
K = lmvz U = potential energy
2 v = speed
W = work done on a
AE =W = Fd = Fdcos6 system
AE X = position
P === y = height
o = angular acceleration
0 =6, + oyt + 1 at? u = coefficient of friction
2 60 = angle
0= 0, + at T = torque
o = angular speed
x = Acos(awt) = Acos(27 ft)
X, _ 1.2
o = R Uy = ghe
m;
L AUg = mgAy
o = ¢ — Thet
1 r=27x_1
o f
7 =r F =rFsin6
m
L=1lo Ty =2m+
AL = 7 At /
T, = 2r, |—
1. 2 8
K = EI(O mem
i 1"
. |F g| =G 2
[F5] = kI3 ]
g=t
G

ELECTRICITY AND MAGNETISM

|F | _ 1 |q1q2| A = area
Bl dre, 2 B = magnetic field
B C = capacitance
E=ZE d = distance
q E = electric field
_. 1 | | E = emf
| |= m% F = force
or I = current
AUy = gAV ¢ = length
P = power
__1 q Q = charge
drey r q = point charge
R = resistance
|E| _|AV r = separation
Ar t = time
U = potential (stored)
av =2 »
C energy
V = electric potential
C = K‘goé v = speed
d k = dielectric
0 constant
E =% .
g)A p = resistivity
1 | 0 = angle
Ue = 5QAV = EC(AV)Z ®= flux
_AQ Fy, =qv X B
At
o ol ‘FM‘ = |q\7||sin9”B‘
A — — —
P=TIAV Fy, =1/xB
AV [Ful =|14isin6]| B
R
Rs = 2 Ri O] B = B-A
i
1Nl D, =‘B‘C080‘A‘
RP i Ri ~ Aq)B
Cp = ZCI B At
4
Cs i Ci
_H 1
2r r




AP® PHYSICS 2 EQUATIONS

FLUID MECHANICS AND THERMAL PHYSICS

_m
P=y

F
P=—

A
Ay, = Ay,

1
P+ pgy + 5 pv?

A =area
F = force
h = depth

k =thermal conductivity

K =kinetic energy

L = thickness

m = mass

n = number of moles

N = number of molecules

P = pressure

QO = energy transferred to a
system by heating

WAVES AND OPTICS

A1=2
f

n =

< |0

n,sin@, = n,sin6,

. 1_1

s s, f

= | =
o 0

AL = mA

dsin@ = mA

T3 oS
[

SRS

d = separation
J = frequency or

focal length

= height
distance
magnification
= an integer
index of

refraction
= distance
= speed
= wavelength
= angle

. 1 5 T =temperature
—P2+pgy2+2pv2 t =time
0  KAAT U = internal energy
= = V = volume
At L
v = speed
PV =nRT = NkgT W = work done on a system
3 y = height
K = EkBT p = density
W =-PAV
AU =0+ W
MODERN PHYSICS
E = hf E = energy
f = frequency
Konax = hf =9 K = Kkinetic energy
h m = mass
A= ; p = momentum
A= wavelength
E =mc ¢ = work function

GEOMETRY AND TRIGONOMETRY

Rectangle
A = bh

Triangle

1
A= 3 bh

Circle

A = r?

C =2nr

Rectangular solid
V = Ilwh

Cylinder
V =’
S =2zrl + 27r?

Sphere
V= %n’r3
S = 4znr?

A = area
C = circumference
V = volume
S = surface area
b = base
h = height
¢ = length
w = width
r = radius
Right triangle
c? =a’ +b?
sin@ = a
c
cosf = b
c
a
tanf = —
an b
¢ a
0 90¢
b




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.

1. (10 points, suggested time 20 minutes)

A team of engineering students is testing their newly designed 200 kg raft in the pool where the diving team
practices. The raft must hold a 730 kg steel cube with edges of length 45.0 cm without sinking. Assume the

density of water in the pool is 1000 kg/ m? .

(a) The students use a crane to gently place the cube on the raft but accidentally place it off center. The cube
remains on the raft for a few moments and then the raft tilts, causing the cube to slide off and sink to the
bottom of the pool. The raft remains floating in the pool. In a coherent paragraph-length response, indicate
whether the water level in the pool when the cube is on the bottom of the pool is higher than, lower than, or
the same as when the cube is on the raft, and explain your reasoning. For both cases, assume that there is no
motion of the water.

Unauthorized copying or reuse of
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(b) The bottom of the pool is 5 m below the surface of the water. The crane is now used to lift the cube out of
the pool. The cube is lifted upward at a slow and constant speed, so all drag forces are negligible.

i. Predict how the force exerted by the crane on the cube when the bottom of the cube is at a depth of
2.0 m compares to the force exerted by the crane on the cube when the bottom of the cube is at a depth
of 4.0 m. Explain your reasoning.

ii. On the black square below, which represents the cube, draw and label the forces (not components) that
are exerted on the cube while the crane is lifting it and the bottom of the cube is 4 m below the surface
of the water. Each force must be represented by a distinct arrow starting on, and pointing away from,
the black square. The lengths of the arrows should approximately demonstrate the net force on the
cube.

iii. Calculate the force exerted by the crane on the cube when the bottom of the cube is 4 m below the
surface of the water.

Unauthorized copying or reuse of
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2. (12 points, suggested time 25 minutes)

A student gives the following description of a thermodynamic cycle through which a sample of an ideal
monatomic gas is taken.

“Initially, the gas has a volume of 1 X 10 m? and a pressure of 1 X 10° Pa. The gas is in a closed cylinder that
has a movable piston on one end. Call the initial state of the gas state A. Process AB takes the gas at constant
pressure from state A to state B, where B has three times the volume of state A. The gas is then compressed
isothermally until it is back to its initial volume, reaching state C. Finally, a single process CA returns the gas to
its initial state A.”

(a)

i. On the axes below, plot states A, B, and C, and sketch a graph of pressure P as a function of volume V
for cycle ABCA. Label states A, B, and C, and label the axes with numerical values.

P (x 10° Pa)
A

0 V(x1073m?)

ii. Let the temperature for state A be 7|, . In terms of 7|, , determine the temperature for state B.

iii. Compare the temperature at state C to the temperature at state A. Explain how your comparison is
consistent with your graph above.

Unauthorized copying or reuse of
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(b)

i. Briefly describe an experimental procedure that would take the gas from state C to state A.

ii. Relate the temperature of the gas to the microscopic processes involved in the energy transfer as the
gas goes from state C to state A for the procedure you described in part (b)(i).

()
i. Use the student’s verbal description or your graph in part (a)(i) to calculate a numerical value for the
work done on the gas in process AB.

ii. The magnitude of the change in internal energy for process AB is |AU| = 300 J . Calculate a numerical
value for the energy added to or removed from the gas by heating in process AB.

Unauthorized copying or reuse of
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3. (12 points, suggested time 25 minutes)

Students are asked to perform an experiment to determine the focal length of a converging lens. They are given
an optical bench that includes a lamp, a converging lens in a holder, and a screen. All three of these can be
positioned anywhere along the optical bench. The students decide to form real images by placing the lamp at
various specific distances from the lens and moving the screen until a focused image of the lamp filament is
formed on the screen. They keep the lens at the 60 cm mark on the optical bench. The table below shows their
data for the object and image distances.

Trial 1 2 3 4 5
Object Distance s, (cm) 55 45 35 30 25
Image Distance s; (cm) 21.3 23.8 28.5 32.5 43

(a) On the figure below, representing the optical bench, draw and label the screen, lens, and lamp in correct
positions for trial 1.

0cm 30 60 90 120 150

(b) What quantities could be plotted to create a linear graph that could be used to calculate the focal length of
the lens? Justify your answer.

Use the empty rows of the table above to record any values you need to calculate.

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE
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i. On the axes below, plot data for the quantities you indicated in part (b). Label and scale the axes.

ii. Use your graph to calculate the focal length of the lens. Show your calculations.

Question 3 continues on the next page.
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(d) The students are now given a converging mirror of focal length 15 cm to replace the lens and asked to make
measurements that would allow them to verify the focal length of the mirror. Describe a procedure that
would result in creation of a real image from which the focal length could be determined. On the figure
below, representing the optical bench, draw and label the screen, lamp, and mirror in appropriate positions.
Indicate what measurements should be made and how they could be used to calculate the focal length.

0cm 30 60 90 120 150

Unauthorized copying or reuse of
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4. (10 points, suggested time 20 minutes)

An uncharged air-filled capacitor has square plates of side L whose separation can be varied. The initial plate
separation is d,, which is comparable to L. The capacitor is connected to a battery with potential difference

and a switch S, as shown above. Assume the dielectric constant of the air is 1.0.
(a) The switch is closed and remains closed for a long time.

i. On the diagram below, draw a vector at each dot to represent the electric field created by the charge on
the capacitor plates.

ii. The plates are now moved to a new separation d, << d; and allowed to reach equilibrium. Calculate
the magnitude of the charge on each plate of the capacitor in terms of V;, L, d, , and physical
constants, as appropriate.

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE
-14-




(b) The plates are pulled apart to a separation of 2d,, where 2d, << d, .

i. Suppose the switch remains closed while the plates are pulled apart. Compare the magnitude of the
new electric field between the plates when their separation is 2d, to the magnitude of the field for

plate separation d, . Support your comparison using appropriate physics principles.

ii. Suppose the switch is opened before the plates are pulled apart. Compare the magnitude of the new
electric field between the plates when their separation is 2d, to the magnitude of the field for plate

separation d, . Support your claim using appropriate physics principles.

(c) The new circuit shown below is now assembled. The plates of the original capacitor, C, , are at
separation d, . A second capacitor, C, , with square plates of side 2L and plate separation d, , is connected
in parallel with the original capacitor. Both capacitors are initially uncharged. The switch is closed and the
circuit reaches equilibrium. Let Q,, be the magnitude of the charge on each plate of capacitor C; in the
previous circuit, as determined in part (a)(ii). In terms of Q, calculate the magnitude of the charge on each

plate of the two capacitors in the new circuit.

G G,

=v, ) | L | dZI} oL
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STOP
END OF EXAM
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SECTION Il BOOKLET.
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MAKE SURE YOU HAVE USED THE SAME SET OF AP

NUMBER LABELS ON ALL AP EXAMS YOU HAVE TAKEN
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AP Physics 2
2017

APPENDIX - ANSWERS

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



Answer Key for AP Physics 2
Practice Exam, Section I

Question 1: D
Question 2: B
Question 3: C
Question 4: D
Question 5: B
Question 6: C
Question 7: B
Question 8: D

Question 9: D

Question 10: A

Question 11:
Question 12:
Question 13:
Question 14:
Question 15:
Question 16:
Question 17:
Question 18:
Question 19:

Question 20:

o o o 6o » g 0O o o o

Question 21:
Question 22:
Question 23:
Question 24:
Question 25:
Question 26:
Question 27:
Question 28:
Question 29:
Question 30:
Question 31:

Question 32:

g » U ® O O O 6 g » O =W O

Question 33:
Question 34: B
Question 35: C
Question 36: A
Question 131: B, C
Question 132: A, D
Question 133: A, C

Question 134: A, C



Free-Response Scoring Guidelines

The following contains the scoring guidelines
for the free-response questions in this exam.
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Question 1
10 points total Distribution
of points
(a) 5 points

For indicating that a floating object displaces its weight in water 1 point
For indicating that a submerged object displaces its volume in water 1 point
For justifying with correct reasoning that the volume of displaced water required to 1 point

make the cube float is much greater than the cube’s volume
Examples: Noting that the density of the block is much greater than that of water;
noting that when the cube is on the bottom the buoyant force is less than the
weight because of the normal force

For predicting that the water level is lower when the block is submerged (or higher 1 point
when the block is floating) given some attempt to explain the concepts listed above
For a logical, relevant, and internally consistent response that addresses the required 1 point

argument or question asked, and follows the guidelines described in the published
requirements for the paragraph-length response

(b)
i) 1 point

For indicating that the tension is the same at any depth with a correct reference to the 1 point
buoyant force

Example: The volume of water displaced remains the same so the buoyant force remains
the same. The weight of the cube does not change, so the force exerted by the crane
is unchanged.
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Question 1 (continued)

Distribution
of points
i) 2 points
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For a labeled buoyant force directed upward and a labeled gravitational force directed 1 point
downward, with the buoyant force drawn shorter than the gravitational force
For a labeled tension force directed upward and the sum of the drawn vectors 1 point
approximately indicating equilibrium
Figure can have a single buoyant force, or a set of pressure forces that reasonably equals
an appropriate net buoyant force, but not both.
Only force vectors that clearly originate on the block earn credit.
iii) 2 points
For an expression obtained by using Newton’s 2nd law for equilibrium and the free 1 point

body diagram in part (b)(ii)
FTension = Fg - Fb
FTension = Meype8 — ngcube

For correct substitutions into the buoyant force and the gravitational force expressions or 1 point
a numerical answer implying correct substitutions of the given quantities

Fronsion = (730 kg)(9.8 m/s?) = (1000 kg/m’)(9.8 m/s?)(0.45 m)’
Fronsion = 6300 N (or 6400 N using g = 10 m/s? )
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Question 2
12 points total Distribution
of points

(a)

i) 3 points

P (x10° Pa)
-V (x 107 m?)
For a straight line at constant pressure from A to B to the correct final volume, which 1 point
must be labeled 3
For an isotherm from B to C ending at the right final pressure, which must be labeled 3; 1 point
curve must be obviously concave up

For a straight line from C to 4 at constant volume, with state 4 labeled (1, 1) 1 point
ii)) 1 point

Using the ideal gas law:

PgVy = P,3V,

nRTy = 3nR1,

For the correct answer 1 point
iii) 1 point
For a correct comparison of the temperatures or correctly indicating 1 point
Ty =T. = 3T, or 3T, or a value consistent with the answer to part (a)(i) or (ii)

AND making a reference to the isotherm or the values of P and V" at points C and 4
Examples:

T, = 3T}, since it is on an isotherm with point B, as shown by the graph.

On the graph, C has the same volume and 3 times the pressure as A. By the ideal gas
law it thus has a temperature 3 times that of 4.
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(b)

(©)

i)

AP® PHYSICS 2
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Question 2 (continued)

2 points

For recognizing that the volume remains constant and describing a valid way to
accomplish this in the procedure

For recognizing that the temperature must decrease and describing a valid way to
accomplish this in the procedure

Example: Lock the piston in place and put the cylinder in a cool water bath.

2 points

For some reasonable description of microscopic processes in which collision of
molecules is the process by which energy is transferred

For correctly stating the direction of energy flow (e.g. hot (fast) to cold (slow)) and
linking the direction of energy flow to the final temperature of the gas

Example: The warmer gas (faster molecules) collide with the cooler surroundings
(slower molecules). The net energy flow is from the gas to the surroundings which
results in cooler gas (slower molecules).

2 points

For numerically calculating the amount of work done (W = |PAV/|)
W =—PAV = —(1x10° Pa)(2x 107 m’)
For the correct answer with negative sign (no units required)
W =-2001J
1 point

For applying conservation of energy using the value from part (c¢)(i)
AU=Q0+W

300 =0 —-2001J

0 =5001]

© 2017 The College Board.
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Question 3
12 points total

Distribution
of points
(a) 2 points
Screenv
Lens
Lamp
L1 1vrrrrql
0cm 30 60 90 120 150
For the lamp correctly positioned 55 cm from the converging lens 1 point
For the screen correctly positioned 21.3 cm from the lens, on the opposite side from the 1 point
lamp
(b) 3 points
For indicating a valid pair of quantities that would lead to a linear graph from which the 1 point
focal length could be determined
For justifying the choice of quantities, either by indicating how to use the slope or 1 point

intercept of the line to determine the focal length or by indicating how the lens
equation yields a linear function

For calculating data for the table, with at least three correct pairs of numbers 1 point

Table below shows data for two possibilities: 1/s, and 1/s; ; sos; and s + 5;

Trial 1 2 3 4 5
Object Distance s, (cm) 55 45 35 30 25
Image Distance s; (cm) 21.3 23.8 28.5 32.5 43
1/s, 0.018 0.022 0.029 0.033 0.04
1/s; 0.047 0.042 0.035 0.031 0.023
SoSi 1172 1071 998 975 1075
So + S 76 69 64 63 68
(c)
i) 2 points
For the axes scaled linearly and labeled with units for plotted quantities (even if the 1 point
wrong quantities are plotted), such that the plot uses at least half of the axes
For correctly plotting the data listed in the part (b) table 1 point

The following graphs show the two possibilities noted above.
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Question 3 (continued)

Distribution

of points

(continued)
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Question 3 (continued)

Distribution
of points
(©) (continued)
ii) 2 points
For drawing a straight best-fit line accurately through the data (data points evenly 1 point
distributed about the line and representing the trend of the data)
For accurately calculating the slope or intercept using the graph (depending on 1 point
quantities plotted) and relating it to the focal length
For the first graph (1/s; as a function of 1/s ):
From the lens equation 1. % — SL, S0 % equals the intercept on the 1/s; axis
i 0
1 -1
— = 0.066 cm
f
f=152cm
For the second graph (ss; as a function of s, + s, ):
The lens equation can be rearranged as s,s; = f(so + ;) , s0 f equals the slope
(1170 = 970) cm® _ 200
f = = cm
(75.5-62.5) cm 13
f =154 cm
(d) 3 points
Screenv
Mirrov
Lamp
Lo 1o
0cm 30 60 90 120 150
For drawing and labeling the lamp, screen, and converging mirror at positions that will 1 point
create a real image
1 point

For describing appropriate measurements
For describing a calculation of the focal length that correctly uses the measurements 1 point

Example: Place the lamp between 15 and 30 cm from the mirror. Place the screen on the
other side of the lamp from the mirror, adjusting its position until the clearest image
is formed. Measure the distance of the lamp and screen from the mirror. Use the

equation 1 + 1_1 to calculate the focal length.

s s f
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Question 4

10 points total

(a)

(b)

i)

2 points

.
! /

]

4 I
.

For a representation of the electric field using vectors (not curved lines) that each have a
component downward

For accurately representing fringing near the edges and a uniform field near the middle
(even if field lines are drawn instead of vectors, or the field has components upward
instead of downward)

1 point

For a correct calculation of the charge
Q0 = CAV = (52 [d,)V,

0= 50L2V0/d2

2 points

For indicating that since the battery remains connected, the potential difference across
the capacitor remains the same

For indicating that the electric field must decrease since E = AV/d and d has increased

Alternate Solution

C = ke,Ald

For reasoning that capacitance decreases as d increases

Q0 =CAV

For reasoning that the potential difference across the capacitor remains the same and
therefore the charge decreases

E=0 / &y A, so E decreases because Q decreases
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Question 4 (continued)

Distribution
of points
(b) (continued)
il) 2 points
For indicating that the charge on each plate is the same as in part (a)(ii) 1 point
For reasoning that the electric field depends only on the magnitude of the charge, and 1 point
therefore does not change (or has a change consistent with the change in charge
indicated)
Examples:
The charge on the plates does not change, so £ remains the same.
E =AV/d = Q/Cd . Since C « 1/d, E is independent of the plate spacing which is
the only thing that changes.
Alternate Solution Alternate points
C = Kkg)A / d, so as d increases C decreases
AV =Q/C
For recognizing that since charge is constant, as C decreases AV increases 1 point
E=AV/d
For reasoning that E does not change since AV and d increase by the same factor 1 point
(c) 3 points
For indicating that the potential difference is the same across each capacitor 1 point
For indicating that C, = 4C; 1 point
For values of the charge on each capacitor consistent with the relationship between 1 point
capacitances
Q] = Qoa Qz = 4Q0
Example: The conditions for C; are the same as in part (a)(ii), so it has a charge Q.
The area of C, is four times that of C|, so it has four times the capacitance. In
order to have the same potential difference as C,, it must therefore have four times
the charge.
Alternate solution Alternate Points
For indicating the potential difference is the same across each capacitor 1 point
For indicating A, = 44, 1 point
For values of the charge on each capacitor consistent with the relationship 1 point

between areas
Q = 50V0L2/ d,
2
0, =&V (2L) /dz
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