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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 3
12 points total Distribution

of points
(a) 2 points

For the arrow drawn upside down relative to the object 1 point
For bar/circle drawn left-to-right reversed relative to the object or consistent with an 1 point
(incorrect) upright arrow

(b)
1. 1 point

For correctly showing a calculation of the focal length and a correct answer with units 1 point
1 1 1 1 1

774d "4 T 20cm 30cm

o 1

f=12cm

ii. 1 point

For correctly showing a calculation of the magnitude of the magnification (with or 1 point
without sign) and a correct answer

M =d,/d, =30 cm/20 cm

M =15

(c)
1. 1 point

-40

For two reasonably correctly drawn rays consistent with the calculated focal length, and 1 point
inclusion of an inverted image
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AP® PHYSICS 2
2017 SCORING GUIDELINES

Question 3 (continued)

Distribution
of points
(©) (continued)
ii. 2 points
For a correct explanation of how the rays drawn relate to the focal length 1 point
For a correct explanation of how the image relates to the magnification 1 point

Example: The horizontal ray from the object bends to cross the axis at 12 cm from the
middle of the lens, which is the focal length. The image arrow is about 1.5 times the
height of the object, which is the magnification.

(d)

i. 2 points

Cross Section of Cross Section of
Lens in Air Lens in Water

For showing the downward refraction of the rays at each surface of the lens in air (i.e., 1 point
toward the normal entering the lens and away from the normal leaving the lens)
For the rays refracted by the lens in water at greater angles to the normal than the 1 point

corresponding angles for the lens in air — i.e., less bending (can be earned even if
first point was not, scoring is relative to whatever is drawn for the lens in air)

ii. 3 points

For describing a greater focal length when the lens is in water or a comparison 1 point
consistent with part (d)(i)

For describing a larger image distance and image size or a comparison consistent with 1 point
part (d)(i)

For describing how the rays drawn in (d)(i) support the descriptions 1 point

Example: The rays do not bend as much as they pass from water to glass as when they
pass from air to glass (and vice versa). This means parallel rays coming into the lens
will converge at a farther distance, so the focal length is longer. Rays from an object
also will converge farther from the lens, so the new image is farther and larger.
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P2 Q3 Al

Screen

Convex
Lens

Plate on Hidden
Side of Box

[+

Light Box
with Plate

3. (12 points, suggested time 25 minutes)

Some students are asked to determine the focal length of a convex lens. They have the equipment shown above,
which includes a waterproof light box with a plate on one side, a lens, and a screen. The box has a bright light
inside, and the plate on the side has shapes cut out of it through which the light shines to create a bright object.
This particular plate has a cutout that is a vertical arrow and a horizontal bar with a circle at one end. In the view
shown above, the circle is near the right edge of the plate.

With the screen and light box on opposite sides of the lens, the box is aligned so that the plate is 20 cm from the
center of the lens, and an image of the arrow and bar is formed on the screen. The students find that the image is
clear on the screen when the screen is 30 cm from the center of the lens.

(a) On the figure below, sketch how the image on the screen appears to the students.
’

(b)
i. Calculate the focal length of the lens.
1 I [ |
5 3 £ Hen Wen & JC

ii. Calculate the magnitude of the magnification of the image.

M= 5 - Slem
5 Lem

= 3
M?,

Unauthorized copying or reuse of
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P2 Q3 A2

©
i. In the side view below, the arrow represents the bright object created by the plate. Draw a ray diagram
on the figure below that is consistent with your calculations in parts (b)(i) and (ii). Show at least two
rays, as well as the location and orientation of the image.

ii. Explain how your diagram is consistent with your calculated focal length and magnification in parts
(b)(i) and (ii).

Bt{ ryl act

vtj the focel f’o‘f‘”‘ a o stemnce thot s 12cm Lrom
the ense, the roys creale e }magp, Fhat 1 % Fiase

the size of He objper

(d) The entire apparatus is now subr'nerged in water, whose index of refraction is greater than that of air but
less than that of the lens.

i. The figures below show cross sections of the top portion of the convex lens in air and the convex lens
in water. An incident ray is shown in both cases. On each figure, draw the ray as it passes through the
lens and back into the air or water.

Cross Section of Cross Section of
Lens in Air Lens in Water

[AA)

Question 3 continues on the next page.
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P2 Q3 A3

ii. Describe how the focal length of the lens and the position and size of the image formed by the lens
when it is in the water compare to when the lens is in air. Explain how the rays drawn in the figures
in part (d)(1) support your answer.

The [ocal lqu{k S '0/.'9«2{‘ W hea Fhe appecfockus is
cubmerged. The imege s olse fermed fur ther
ey from the fonse oud b5 mogribitatin
i greater. The rays fpm () support
thls Eeww;& the fouf b the Ja(,bmefggd a{??am}u}
f?%ﬂd; less afler en!gm'nﬁ fhe [ens oes Cﬁ[oa;ed
fe tee UWootrotus (n the otlf, fs o tesults it wil
fake o \onger distance 45 inleicept |k fral point
meaniny that the fheal lengin is loager, TP the focal
Fet‘vz b ot further Cewo, thew ot megns that
Hhe r‘a/Y from the chjoct hat intercepls the fcal poitt,
then prdess fhe [ans wAll hawe ovelled Further dowmuadds
bofore o reaches Fhe lens, As ou result; the
Maﬂm,‘p.w ;Majp/ will be lecrger.
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3. (12 points, suggested time 25 minutes)

Some students are asked to determine the focal length of a convex lens. They have the equipment shown above,
which includes a waterproof light box with a plate on one side, a lens, and a screen. The box has a bright light
inside, and the plate on the side has shapes cut out of it through which the light shines to create a bright object.
This particular plate has a cutout that is a vertical arrow and a horizontal bar with a circle at one end. In the view
shown above, the circle is near the right edge of the plate.

With the screen and light box on opposite sides of the lens, the box is aligned so that the plate is 20 cm from the
center of the lens, and an image of the arrow and bar is formed on the screen. The students find that the image is
clear on the screen when the screen is 30 cm from the center of the lens.

(a) On the figure below, sketch how the image on the screen appears to the students.

(b)
i; CalculaE, the focal length of the lens.
1 o A
?, N Jo  F n
R T T 2 Trstan
3 - 3

ii. Calculate the magnitude of the magnification of the image.

M= 3o
= e 1LY M= 15

=12 VE M)

-
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P2 Q3 B2
(©

i. In the side view below, the arrow represents the bright object created by the plate. Draw a ray diagram

on the figure below that is consistent with your calculations in parts (b)(i) and (ii). Show at least two
rays, as well as the location and orientation of the image.

ii. Explain how your diag:r.am is consistent with your calculated focal length and magnification in parts
(b)(i) and (ii).

e focol lenm™n i cownsistonk becenST o 2 reys ek cross e X
AXYS WOY ar e center aross &F He Cowvs («1Zwm) on ety 10T
0F He (onse whithh wokchesy ™y Codevletton of @ = J\Zwn

Pt moghtFICetion 13 contisicnd becawmt f tnycrded Wnogee 13
S\VGWTY \owrgrr Hhen tha. obdeck , ebout

1.5 fines levger ) Whichk
VI Lo S OkanT Wil Q‘g“lcul“&ﬂon oot Hea ‘W\Cw%ﬂ_ wJou\d
be LS tivasy baisser fown He oblect

(d) The entire apparatus is now submerged in water, whose index of refraction is greater than that of air but
less than that of the lens.

i. The figures below show cross sections of the top portion of the convex lens in air and the convex lens
in water. An incident ray is shown in both cases. On each figure, draw the ray as it passes through the
lens and back into the air or water.

Cross Section of Cross Section of
. H Lens in Air Lens in Water

/
Question 3 continues on the next page.
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‘4—
ii. Describe how the focal length of the lens and the position and size of the image formed by the lens

when it is in the water compare to when the lens is in air. Explain how the rays drawn in the figures
in part (d)(i) support your answer.

Pt focus on e \ense W anr Wov\e be smedler
than Pe Focus (n woter, TEEEE. To woler 18 wWaorey
dense Hhanm Mo alrpte ray coring ouy oF He
l&nse  wouls bene) lesy Yowards He Normeol  thon Tt
WoLD T axe , Becavse this ts o © et enters
the lense ParoMel i+ wust leve theoggh the Focvs ane)
TS ok o pere extrene G0t Wit Hhe \RwsR N atr

W wWould wise
a len e He ray tm
ok oser +o tha se Y

The veqs  drawn \n d, Suppert wy fnSwer becouse
e foy dfavwn N alr vands Much more toweards Ha

\F wert Bxtended O waet He X aXis Hl-j would
baole.  live. this:

lend i A
L =

woref

as You Can Sce , the lense N axr esults W A Shocrtr
Focel et Hhen e lenge In woter

Unluﬂloﬂudeopyln?ornnud
any part of this page is illegal.

GO ON TO THE NEXT PAGE.
-16-

© 2017 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



P2 Q3 C1

Screen

Convex
Lens

Plate on Hidden
Side of Box

k2

Light Box
with Plate

3. (12 points, suggested time 25 minutes)

Some students are asked to determine the focal length of a convex lens. They have the equipment shown above,
which includes a waterproof light box with a plate on one side, a lens, and a screen. The box has a bright light
inside, and the plate on the side has shapes cut out of it through which the light shines to create a bright object.
This particular plate has a cutout that is a vertical arrow and a horizontal bar with a circle at one end. In the view
shown above, the circle is near the right edge of the plate.

With the screen and light box on opposite sides of the lens, the box is aligned so that the plate is 20 cm from the
center of the lens, and an image of the arrow and bar is formed on the screen. The students find that the image is
clear on the screen when the screen is 30 cm from the center of the lens. '

(a) On the figure below, sketch how the image on the screen appears to the students.

[

(b)
i. Calculate the focal length of the lens. |
\ 1 ) 1 =
s— 3 — = i . S m e 2
8 %% ¢ 20 30 ¢ F:12cm
ii. Calculate the magnitude of the magnification of the image.
Si _ 120
| M= lf: " ] =130
[M|=0.667
Unauthorized copying or reuse of
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P2 Q3 C2

©
i. In the side view below, the arrow represents the bright object created by the plate. Draw a ray diagram
on the figure below that is consistent with your calculations in parts (b)(i) and (ii). Show at least two
rays, as well as the location and orientation of the image.

ii. Explain how your diagram is consistent with your calculated focal length and magnification in parts
(b)(1) and (ii). ;
The roy which passes divectly €nhrough €he lense

oes throvgh ¢ Focal length when i€ reSracts,

The obdeck s lamger Yhan 1t ofignally appeared

(d) The entire apparatus is now submerged in water, whose index of refraction is greater than that of air but
less than that of the lens.

i. The figures below show cross sections of the top portion of the convex lens in air and the convex lens
in water. An incident ray is shown in both cases. On each figure, draw the ray as it passes through the
lens and back into the air or water.

Cross Section of Cross Section of
Lens in Air Lens in Water

Question 3 continues on the next page.
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P2 Q3 C3

ii. Describe how the focal length of the lens and the position and size of the image formed by the lens
when it is in the water compare to when the lens is in air. Explain how the rays drawn in the figures
in part (d)(i) support your answer.

The oblect i lessS mMagnified when ik

posses boack N0 the watel,

Unauthorized or reuse of
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AP® PHYSICS 2
2017 SCORING COMMENTARY

Question 3
Overview

This question assessed learning objectives 6.E.3.1, 6.E.3.3, and 6.E.5.1.
The responses to this question were expected to demonstrate the following:

e Students were expected to understand how images are formed by a convex lens. This included how
the image “flipped” both vertically and horizontally.

e The ability to utilize basic optics equations to determine the focal length and magnification from
given image distance and object distance.

e Students were asked to construct a ray diagram to verify the given image distance and the image
size.

e This Qualitative Quantitative Translation question required the students to show how their
calculated focal length and image size were represented in the ray diagram they drew.

e Students were tested on their understanding of the refraction that occurred at multiple interfaces,
both going into the lens and exiting the lens. They were asked to compare how the degree of
refraction when the glass lens was in air compared to when it was submerged in water. This
included an explanation of how the submersion of the lens affected the focal length and image
characteristics.

Sample: P2 Q3 A
Score: 12

This response earned full credit for all parts. In parts (c)(ii) and (d)(ii) the paper contains explicit references
to the rays in the previous diagrams.

Sample: P2 Q3 B
Score: 9

In part (a) the image is shown flipped vertically but not horizontally, so 1 point was earned. The calculations
in (b) are correct and earned 2 points. Part (c) shows three correct rays and a correct image, and the
explanation appropriately refers to the diagram, so 3 points were earned. In part (d)(i) the left diagram does
not show refractions at the surface of the lens, but the right diagram is consistent with the left and shows
less bending of the ray, so 1 point is earned. Part (d)(ii) contains a correct explanation for a shorter focal
length in air and refers to the diagram, but it does not discuss the magnification, so 2 points were earned.

Sample: P2 Q3 C
Score: 6

Part (a) earned 2 points, full credit. In part (b) the focal length is correct, but the substitutions in the
magnification are backward, so 1 point was earned. In part (c) the ray diagram is correct, but in the
explanation, it is not clear which ray is the “ray which passes directly through the lens,” so 2 points were
earned. Part (d)(i) has refraction at only one surface, so the right diagram earned 1 point for being consistent
and showing less bending. Part (d)(ii) has no correct information.
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