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AP® PHYSICS
2017 SCORING GUIDELINES

General Notes About 2017 AP Physics Scoring Guidelines

The solutions contain the most common method of solving the free-response questions and the
allocation of points for this solution. Some also contain a common alternate solution. Other methods of
solution also receive appropriate credit for correct work.

The requirements that have been established for the paragraph length response in Physics 1 and
Physics 2 can be found on AP Central at
https://secure-media.collegeboard.org/digitalServices/pdf/ap/paragraph-length-response.pdf.

Generally, double penalty for errors is avoided. For example, if an incorrect answer to part (a) is
correctly substituted into an otherwise correct solution to part (b), full credit will usually be awarded.
One exception to this may be cases when the numerical answer to a later part should be easily
recognized as wrong, e.g., a speed faster than the speed of light in vacuum.

Implicit statements of concepts normally receive credit. For example, if use of the equation expressing a
particular concept is worth one point, and a student’s solution embeds the application of that equation to
the problem in other work, the point is still awarded. However, when students are asked to derive an
expression it is normally expected that they will begin by writing one or more fundamental equations,
such as those given on the exam equation sheet. For a description of the use of such terms as “derive”
and “calculate” on the exams, and what is expected for each, see “The Free-Response Sections—Student
Presentation” in the AP Physics,; Physics C: Mechanics, Physics C: Electricity and Magnetism Course
Description or “Terms Defined” in the AP Physics 1: Algebra-Based and AP Physics 2: Algebra-Based
Course and Exam Description.

The scoring guidelines typically show numerical results using the value g = 9.8 rn/ s>, but use of

10 m/ s? is of course also acceptable. Solutions usually show numerical answers using both values when
they are significantly different.

Strict rules regarding significant digits are usually not applied to numerical answers. However, in some
cases answers containing too many digits may be penalized. In general, two to four significant digits are
acceptable. Numerical answers that differ from the published answer due to differences in rounding
throughout the question typically receive full credit. Exceptions to these guidelines usually occur when
rounding makes a difference in obtaining a reasonable answer. For example, suppose a solution requires
subtracting two numbers that should have five significant figures and that differ starting with the fourth
digit (e.g., 20.295 and 20.278). Rounding to three digits will lose the accuracy required to determine the
difference in the numbers, and some credit may be lost.
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AP® PHYSICS 2
2017 SCORING GUIDELINES

Question 1
10 points total Distribution
of points

(a)

i. 1 point

For indicating that student Y is correct in stating that the water moves faster at point B, 1 point
and not indicating any other aspect

ii. 2 points

Student Y’s statement that Py is greater than P, is not correct.

For a correct indication of how height affects pressure using the Bernoulli equation 1 point
(i.e., conservation of energy principles)

For correct indication of how the speed affects pressure using the Bernoulli equation 1 point
(i.e., conservation of energy principles)

Example: The pressure at point B is not greater. Because the water at B is moving faster
and is higher than at point 4, the kinetic energy and the gravitational potential
energy terms in Bernoulli’s equation are both greater. Because the sum of pressure
and these energy terms is a constant, the pressure must be less.

iii. 1 point

For indicating one of the following: 1 point
e Student Z is correct in stating that the potential energy of the water-Earth
system has increased.
e Student Z is correct in stating that conservation of energy applies.
e Stating that nothing is correct or giving no response, with a justification
in (iv).

iv. 1 point

For indicating that student Z is incorrect in stating that the speed is less at point B, not 1 point
indicating any other aspect, and using continuity or the Bernoulli equation (i.e.,
conservation of energy principles) to show that it is greater
OR
if third bullet for (iii) applies, indicating that work is done on the water due to the
pressure difference, so the energy is not constant
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(b)
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ii.

ii.

AP® PHYSICS 2
2017 SCORING GUIDELINES

Question 1 (continued)

Distribution
of points
2 points
For a correct application of the continuity equation including substitutions 1 point

Ayvy = Agvp

vg = A, /A4 = rij/rlg = (2.5 cm)*(0.5 m/s)/(l.S cm)?

For a correct answer with units 1 point
vy =14 m/s

1 point

For an application of Bernoulli’s equation to this situation and substitutions consistent 1 point
with (b)(1)

1 1
Py +pgys + 5Py = Py + pgyp +5pvp

1
Py =P, +pg(vy —¥p) +§P(V124 - V%;)

Py = 2x10° +(1000)(10)(-5) + %(1000)(0.52 ~1.4%) = 2x10° - 50000 - 855

Py =1.5%10° Pa

1 point

For substituting correctly in an appropriate equation for determining the pressure 1 point
P = Py + pghy = 1x10° Pa + (1000 kg/m?)(10 m/s*)(6 m)

P=16x10"Pa
1 point

For indicating that the buoyant force is toward the top of the page and gravity is toward 1 point
the bottom of the page, with the buoyant force longer

Student can draw lots of pressure forces around the dot instead of one buoyant force, as
long as there is no buoyant force labeled and they add up to a net buoyant force that
is longer than the gravitational force.
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P2 Q1 Al

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.

;4 10 m

Note: Figure not drawn to scale.

1. (10 points, suggested time 20 minutes)

Two students observe water flowing from left to right through the section of pipe shown above, which decreases
in diameter and increases in elevation. The pipe ends on the right, where the water exits vertically. At point A the

water is known to have a speed of 0.50 m/s and a pressure of 2.0 x 10° Pa. The density of water is
1000 kg/m”> .

(a) The students disagree about the water pressure and speed at point B. They make the following claims.
Student Y claims that the pressure at point B is greater than that at point A because the water is moving faster
at point B.
Student Z claims the speed of the water is less at point B than that at point A because by conservation of
energy, some of the water’s kinetic energy has been converted to potential energy of the Earth-water system.

i. Indicate any aspects of student Y’s claim that are correct.

TI:\,L \,10\‘\{/ s Mov\v\i F&E'Lﬁ/ Ry ?oir\'\ (4
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P2 Q1 A2

ii. Indicate any aspects of student ¥’s claim that are incorrect. Support your answer using appropriate
physics principles.

M Flfcgswr{ at Pa;u\" ?5 s ({53 -H/uw\ 'kh—-l— ?rn&\)\r\
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iii. Indicate any aspects of student Z’s claim that are correct.
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iv. Indicate any aspects of student Z’s claim that are incorrect. Support your answer using appropriate
physics principles.

The gf:(eé’ ofF He  ater af Point R

3 J—c/ %ﬁy\
v 74/(0\
-H/\ &Ptep( m+ '1707A4 A .

/’\ﬁ Va = 'A&\/‘n

A lerger  area @ fm,‘,\-f A aeans
Plgo, e konetir tmergy

e e 5{%1 @ /aa.‘-«f/q

il Hantherved & patentil emevgyl Patinr wwk

(b) Calculate the following at point B. [ fdwr n  {ayg (7j k“ A wohew T G Unlune  of Hu
{ d —~
i. The speed of the water - Phe cbler | and botn B ¢ V)

—_—
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ii. The pressure in the pipe
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Question 1 continues on the next page.
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P2 Q1 A3

‘(c) A valve to the left of point A now closes off that end of the pipe. The section of pipe shown is still full of
water, but the water is no longer flowing.

i. Calculate the absolute pressure at point A (the pressure that includes the effect of the atmosphere).

Pu® T PO
P 10 + (1090)(19)(4) = (( 0000 7%
K
ii. An air bubble forms at point A. On the figure below, where the dot represents the air bubble, draw a

free-body diagram showing and labeling the forces (not components) exerted on the bubble. Draw the
relative lengths of all vectors to reflect the relative magnitudes of the forces.

b He \,ue]am‘ fovea i .(-/arc-»\?.u’ Lot
/ﬂu/ ?ﬂ‘av;‘k‘”m««{ -
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PHYSICS 2
Section II
4 Questions
Time—9%) 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 m 4

Note: Figure not drawn to scale. | ,
RN, Aee A s ve o,
1. (10 points, suggested time 20 minutes) \Y A - \Y . 3 :
Two students observe water flowing from left to right through the section of pipe shown above, which decreases
in diameter and increases in elevation. The pipe ends on the right, where the water exits vertically. At point A the
water is known to have a speed of 0.50 m/s and a pressure of 2.0 X 10° Pa. The density of water is

1000 kg/m’ .

(a) The students disagree about the water pressure and speed at point B. They make the following claims.
Student Y claims that the pressure at point B is greater than that at point A because the water is moving faster
at point B.
Student Z claims the speed of the water is less at point B than that at point A because by conservation of
energy, some of the water’s kinetic energy has been converted to potential energy of the Earth-water system.

i. Indicate any aspects of student Y”s claim that are correct.
—

The wader is moying Laster ot pat I
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P2 Q1 B2

ii. Indicate any aspects of student ¥’s claim that are incorrect. Support your answer using appropriate
physics principles.

FreS SL(E OL\’ Pe.\‘\' b \<an ne,us:ss«r.sy %re.o&er
..,k\:.

E&C% C P._ -E\- au\c\ X <A wé A‘on‘)' ILnOVU -H’Lr:',
A}C(c(a«l(_{ .’-ff “(;(c{_f, !"( tuly,

iii. Indicate any aspects of student Z’s claim that are correct.

gomd ej'C 'H & Wa’-'téfrs L’_n"c" W anai’cs/ hCL‘S JDC"c:amc_

P@‘féﬂ'} ) f(j/

iv. Indicate any aspects of student Z’s claim that are incorrect. Support your answer using appropriate
physics principles.

Aava= Agvy and A <AL <o v >,

Tl?c: Wo«:}crs _,)'Jc:ecl 14 rw)’{ l&fs ¢’L ?9‘{{\ P

(b) Calculate the following at point B.

Ay, A225) 50l
Rl 0% -\ 3K s
/f\,5 @(( Y1)

ii. The pressure in the plpe
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Question 1 continues on the next page.
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P2 Q1 B3

(c) A valve to the left of point A now closes off that end of the pipe. The section of pipe shown is still full of
water, but the water is no longer flowing.

i. Calculate the absolute pressure at point A (the pressure that includes the effect of the atmosphere).

O

.0x10% *100°= 200"

ii. An air bubble forms at point A. On the figure below, where the dot represents the air bubble, draw a
free-body diagram showing and labeling the forces (not components) exerted on the bubble. Draw the
relative lengths of all vectors to reflect the relative magnitudes of the forces.

_J____L___L___J____L_
1 1 | [
1 | | I
i 1 I
L P
| | 1 I
—d—————— —— ==
! | 1 |
NS L
1 I 1 |
t | 1 | |
I t 1 1 1
! | | [ 1
bk i bt febenis Bl
' ! ! ' !
-
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P2 Q1C1

PHYSICS 2
Section 11
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.

1.5¢cm
e
-

b 0m—

Note: Figure not drawn to scale-7

1. (10 points, suggested time 20 minutes)

Two students observe water flowing from left to right through the section of pipe shown above, which decreases
in diameter and increases in elevation. The pipe ends on the right, where the water exits vertically. At point A the

water is known to have a speed of 0.50 m/s and a pressure of 2.0 X 10° Pa. The density of water is
1000 kg/ m’ .

(a) The students disagree about the water pressure and speed at point B. They make the following claims.
Student Y claims that the pressure at point B is greater than that at point A because the water is moving faster
at point B.
Student Z claims the speed of the water is less at point B than that at point A because by conservation of
energy, some of the water’s kinetic energy has been converted to potential energy of the Earth-water system

i. Indicate (gﬁny aspects of student ¥’s clal-'-rj that are correct. %\ 7 G\ \Lak“7 <—7S dl) \J b
? - X Ot O a5 - \J

\OC; AVEE ﬂferi P\ 5 =l = \5&
- g\oﬁ‘ a\ywc 3 heC Shon
SN
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P2 Q1 C2

ii. Indicate any aspects of student Y’s claim that are incorrect. Support your answer using appropriate
physics principles.

VeSS0 (8 AC)QS/H AQP‘Q\“A o0 \]€|C)CJ‘JT/V.
Y=k Yewennd avea axe Yhe
\EREANPIS

iii. Indicate any aspects oEtudent Z’s claim that are correct.

SO ta ‘,r\Q’C\C. eh?_ (33 \J\\JCLS (O‘ﬂ\) el[ ﬂP{C‘_
Yo QOH’L'\%f'a_\ em((]

iv. Indicate any aspects of student Z’s claim that are incdrrect. Support your answer using appropriate
physics principles.

Seeed 0 O ¢ eSS,
o)z e

(b) Calculate the following at point B.

i. The Sb\mi)oge;a; » 5 ( () .ﬁ@
sz (B R ="
| 52 =565 1, 79M0°

ii. The pressure/mthe pi <
® :% " NG =41

P
| 22 00ouoY)

Question 1 continues on the next page. ’D__ (‘0 O O\m\
A\~
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P2Q1C3 .

(c) A valve to the left of point A now closes off that end of the pipe. The section of pipe shown is still full of
water, but the water is no longer flowing. :

\

i. Calculate the absolute pressure at point A (the pressure that includes-the effect of the atmosphere).

\ _,\0\‘50“‘( h“)le
¢ = 101200t W)

ii. An air bubble forms at point A. On the figure below, where the dot represents the air bubble, draw a
free-body diagram showing and labeling the forces (not components) exerted on the bubble. Draw the
relative lengths of all vectors to reflect the relative magnitudes of the forces.

or reuse of
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AP® PHYSICS 2
2017 SCORING COMMENTARY

Question 1
Overview

This question assessed learning objectives 3.A.2.1, 3.B.1.4,5.B.10.1,5.B.10.3,5.B.10.4, and 5.F.1.1.
The responses to this question were expected to demonstrate the following:

o Understanding of the equation of continuity for fluids.

e The ability to reason about how fluid pressure depends on both speed and height, according to
Bernoulli's equation.

e The understanding that kinetic energy increases if work is done on a system, and can do so even
when the gravitational potential energy of the system also increases.

e The ability to calculate fluid pressure and fluid speed using correct principles and correct

substitution.

e The understanding that pressure for a static fluid depends on depth and external atmospheric
pressure.

e The understanding that the buoyant force is the net force exerted by the fluid and is directed
upwards.

e The understanding that the buoyant force equals the weight of the displaced fluid.

Sample: P2 Q1 A
Score: 10

The response to part (a)(i) is short and to the point. In part (a)(ii) the response begins by giving the correct
relationship between pressures, which student Y described incorrectly. The point for referring to the height
correctly is earned by a reference to there being less water above point B. Both speed and height
dependence are supported with Bernoulli's equation. Part (a)(iii) correctly refers to conservation of energy. In
part (a)(iv) two incorrect aspects are correctly discussed. Part (b)(i) has a correct calculation and answer.
Although part (b)(ii) has an arithmetic error, credit only depended on the correct application of Bernoulli's
equation and substitutions. Part (c) has a correct calculation and force diagram and includes an explanation
of the forces that was not required.

Sample: P2 Q1 B
Score: 6

Part (a) (i) earned full credit of 1 point. Although part (a)(ii) correctly refers to the pressure at point B being
less, reasoning with the force per area rather than Bernoulli's equation is not correct. Part (a)(iii) gives the
common incorrect response indicating potential energy increases because of the loss of kinetic energy. In
part (a)(iv) the increase in speed is correctly supported by the continuity equation, so 1 point was earned.
Part (b) contains correct calculations and earned 3 points. The response in (c)(i) is not clear about the
relationship used and has an incorrect answer, so no credit was earned. The force diagram in (c)(ii) is correct
and earned 1 point.

Sample: P2Q1 C
Score: 4

Part (a) (i) contains calculations that were not required but does write the correct conclusion about student
Y's speed statement and earned 1 point. Part (a)(ii) makes an incorrect statement and refers to the wrong
principle for the situation, so no credit was earned. Part (a)(iii) does not refer to a correct aspect of student Z's
statement. In (a)(iv) an incorrect aspect of student Z's statement is noted, and the continuity equation is
given as support, earning 1 point. Part (b)(i) has an incorrect substitution and answer, and (b)(ii) applies the
wrong concept, with no credit earned. Part (c)(i) uses the correct relationship and has correct substitutions.
The force diagram is correct and earned 1 point.
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