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13. Geometric Optics Starter Quiz - HEHj/M

AP Physics 2 Name: Score:

1. A ray strikes a mirror at 30° to the normal. At what angle to the normal does it reflect, in
degrees?

2. You stand 0.5 m in front of a flat mirror. How far behind the mirror is your image, in metres?

m

3. Light goes from air (n; = 1) into glass (n, = 1.5) at 6; = 30° (sin30° = 0.5). What is sin 6,7
(Give a decimal.)

4. An object is 6 cm from a converging lens of f =2 cm. What is the image distance v, in cm?

cm

5. The law of reflection states that:
O the angle of incidence is twice the angle of reflection
O the angle of incidence equals the angle of reflection
O the angles are measured from the surface

O light does not reflect

6. A plane mirror image is:
O real and inverted
O virtual, upright and the same size
O always magnified
O always tiny
7. Entering a denser medium (like glass), a light ray bends:
O away from the normal
O toward the normal
O straight back

[J not at all

8. A converging (convex) lens is:
O thinner in the middle

[ thicker in the middle
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O perfectly flat

O always tiny

9. In optics, angles are always measured from the

10. Which type of image can be projected onto a screen?

O a virtual image
O a real image

O both equally

O neither

AP Physics 2 - Starter quiz FEi/N
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(the perpendicular line).

13. Geometric Optics Answers

AP Physics 2

10.

.30°

0, = 6; = 30° by the law of reflection.

.05 m

A plane mirror puts the image as far behind as the object is in front: 0.5 m.

. 0.33

sinfy = nysinfy /ny = 0.5/1.5 = 0.33.

.3 cm

l/v=1/2-1/6=2/6= v =3 cm.

. the angle of incidence equals the angle of reflection

0; = 6,., both measured from the normal.

. virtual, upright and the same size

It is virtual, upright and the same size as the object.

. toward the normal

Slower in a denser medium, the ray bends toward the normal.
. thicker in the middle

A converging lens is thicker in the middle and bends parallel rays to a focus.
. normal

The normal is perpendicular to the surface; all optics angles use it.

a real image

A real image forms where rays actually cross, so it can be caught on a screen.

AP Physics 2 - Starter quiz /Ml @ @
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AP PHYSICS 2 « EXERCISE SHEET

13.1 Reflection

Name: Class: Date: Total: 8 marks

KEY WORDS diffuse {2/ « specular 5ijfi 2} angle of incidence ASJfff o ray 2k
« angle of reflection i} fi

Objective
Build the skills to answer exam questions on reflection.
You must be able to:

o model light as a ray Y54k travelling in straight lines in a uniform medium

« state and apply the law of reflection i} Eff: the angle of incidence equals the
angle of reflection

« distinguish specular 5[5} from diffuse & 24} reflection

1 Worked examples

Study these first. Each one shows the method for a question type used later.

B The ray model

Light travels in straight lines in a uniform medium; a ray shows its path and direc-
tion.

B Law of reflection

The angle of incidence equals the angle of reflection, both measured from the
normal (the line perpendicular to the surface).

B Specular vs diffuse

A smooth surface gives specular reflection (a clear image); a rough surface scatters
light in all directions — diffuse reflection.

2 Practice

2.1 A ray strikes a mirror at 30° to the normal. State the angle of reflection. 1

AP Physics 2 ¢ 13.1 Reflection @

2.2 State the difference between specular and diffuse reflection. 2]

2.3 State the line from which the angle of incidence is measured. 1]

3 Exam-style questions
3.1 The law of reflection states that the angle of incidence equals the angle of 1]

e A refraction

¢ B reflection

¢ C incidence doubled
« D 90°

3.2 A rough wall reflects light mainly by 1]

o A specular reflection
« B diffuse reflection

e C refraction

« D absorption only

3.3 A ray strikes a plane mirror at 25° to the mirror surface.
(a) Find the angle of incidence (measured from the normal). [1]

(b) Find the angle of reflection. (1]

AP Physics 2 « 13.1 Reflection @



Solutions
2.1 30°.

2.2 specular reflection is from a smooth surface and forms a clear image; diffuse reflection
is from a rough surface and scatters the light.

2.3 the normal (the line perpendicular to the surface).
3.1 B.

3.2 B.

3.3 (a) 90° — 25° = 65°. (b) 65°.

AP Physics 2 ¢ 13.1 Reflection @
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PHYSICS 2
SECTION II
Time—1 hour and 30 minutes

4 Questions

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

Normal
1
1
1
6, 1
~ fa
1
I
1
nW
Mirror

Figure 1
. (10 points, suggested time 20 minutes)

A rectangular tank with a mirrored bottom is filled with water (index of refraction n,,). A beam of light passes
from air (index of refraction n,) into the water at angle 6; from the normal, as shown in Figure 1. Index of
refraction n,, is greater than index of refraction n,.

(a) On the following diagram, sketch the entire path of the beam as the beam enters, travels through, and then exits
the water.

Norlmal

i

I

0,
\4 ny

i

!
nW

GO ON TO THE NEXT PAGE.




AP Physics 2: 2023
Lonunue your response 10 QUESI1IVUN 1 on nis page.

Norlmal Nopmal
i 1
0, | 0, |
\‘d "t \uq nal
nm
Model A Model B
Figure 2

Sugar is then added to the water, resulting in a mixture that has a different index of refraction than water.
A student considers two models, Model A and Model B, for how the sugar mixes with water. The models are
shown in Figure 2.

Model A: The sugar is uniformly mixed throughout the water, resulting in a mixture with index of refraction n,
such that n, > ny,.

Model B: Layers are formed of varying concentrations of sugar in the water. There are three distinct layers of
equal volume. The top layer is only water (index of refraction n,). The middle layer has the same concentration
of sugar as the mixture in Model A (index of refraction 7,,). The bottom layer has the highest concentration of
sugar (index of refraction ny,).

(b) Consider Model A. Briefly describe how the observed wavelength of light changes, if at all, as the beam
travels from air into the mixture.

GO ON TO THE NEXT PAGE.

(c) Relevant angles between the beam and the normal for the various layers present in models A and B are

defined in the following table.

AP Physics 2: 2023

[SASTRININIVIVA ZCIVIRE R CIVIRICIVIRNVER

e U unu puye.

Model A Model B
6; |Incident angle of the beam in air 6; |Incident angle of the beam in air
Py Angle the beam makes with the normal in
2 | the top layer in Model B
P Angle the beam makes with the normal in 0 Angle the beam makes with the normal in
I [the mixture in Model A 3 |the middle layer in Model B
P Angle the beam makes with the normal in
“ | the bottom layer in Model B

i. Determine an expression for 6 in terms of 6;, n,, and ny,.

ii. Rank the angles from greatest to least, with 1 being greatest. If two angles are the same value, give them

the same ranking.

0, 0, 03

6y

Briefly explain your reasoning using appropriate physics principles and/or mathematical models.

GO ON TO THE NEXT PAGE.
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Lonunue your response 10 QUESI1IVUN 1 on nis page.

Normal
: AP PHYSICS 2 « EXERCISE SHEET
0.1

~4 2 13.2 Images Formed by Mirrors

W
Name: Class: Date: Total: 11 marks
Original Tank KEY WORDS mirror equation i 2y ¢ magnification it /% o concave mirror [V 5
o virtual image [£1% « curved mirrors [l
Normal Normal
| |
0 | 0 | Objective
. 2
! n p n,
\‘dl 2 \'q 4 Build the skills to answer exam questions on images formed by mirrors.
| i n
! " You must be able to:
nm
« use ray diagrams to locate images from plane and curved mirrors Hi 4%
1 1 1
+ apply the mirror equation FI{IAN —+ — = -
Model A Model B ) ) ] So  Si i . .
o describe an image as real or virtual, upright or inverted, and find its magnification
For the original tank filled with water, the beam is observed to exit the surface of the water a horizontal R
distance d,, from the entry point. For models A and B, the horizontal distances are ds and dp, respectively.
(d) Determine whether d, and dpg are each greater than, less than, or equal to d,. It is NOT necessary to 1 Worked examples
compare d to dg. Briefly justify your answer. Study these first. Each one shows the method for a question type used later.
B The mirror equation
1 1 1
— 4+ == ?, where s, is the object distance, s; the image distance, and f the focal
So  Si .
length.

B Magnification

S; . .
m = —— — a negative m means inverted.
So

B Real or virtual

A positive s; is a real image (in front, inverted); a negative s; is a virtual image
(behind, upright), as with a plane mirror.

GO ON TO THE NEXT PAGE.
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2 Practice

2.1 An object is 20 cm from a concave mirror of focal length 10 cm. Find the image
distance. 2]

2.2 State whether a plane mirror forms a real or a virtual image. 1]

2.3 Find the magnification when s; = 15 cm and s, = 30 cm. 2

3 Exam-style questions

3.1 The mirror equation is 1]

11 1
c At =12
so 8 f
e Bs,+si=f
’stosl':f2

3.2 A virtual image formed by a mirror is 1]

e A in front of the mirror and inverted
« B behind the mirror and upright

o C always at the focus

o D always larger than the object

AP Physics 2 o 13.2 Images Formed by Mirrors @

3.3 An object is placed 24 cm from a concave mirror of focal length 8.0 cm.

(a) Find the image distance.

(b) State whether the image is real or virtual.

AP Physics 2 o 13.2 Images Formed by Mirrors



Solutions

1 1 1 1

2'1525_%:%:>5i:200m.
2.2 virtual.
S; 15
23m=—"=—— =-0.5.
T
3.1 A.
3.2 B.
1 1 1 3-1
33(a) — =g — 5= 75—

s; 80 24 24

AP Physics 2 ¢ 13.2 Images Formed by Mirrors

= s5; =12 cm. (b) real (s; > 0).

©)

AP PHYSICS 2 « EXERCISE SHEET

13.3 Refraction

Name: Class: Date: Total: 10 marks

KEY WORDS refraction {14/ « index of refraction §/f{f% o total internal reflection 4= A JZ 5
o snell’s law i /R i e

Objective
Build the skills to answer exam questions on refraction.
You must be able to:

« explain refraction 74} as a change in the speed and direction of light at a boundary
« apply Snell’s law HJE /REM ny sin; = nysin 6, using the index of refraction
« describe total internal reflection 4 N4} and calculate the critical angle

1 Worked examples

Study these first. Each one shows the method for a question type used later.

B Refraction

Light changes speed at a boundary, so its direction bends — toward the normal
entering a denser medium (higher n).

B Snell’s law

ny sin @y = ny sin By, with the angles measured from the normal.

B Total internal reflection

Going from dense to less dense, beyond the critical angle (sinf. = na/n;) all the
light reflects back inside.

2 Practice

2.1 Light passes from air (n = 1.0) into glass (n = 1.5) at 40° to the normal. Find the
angle of refraction. 2]

AP Physics 2 » 13.3 Refraction @



2.2 State what happens to the speed of light entering a denser medium. 1] Solutions

1 i 1.0sin 40°
9.1 sinf, — SO LOSnA0® o o0 p — ose.
o 1.5

2.3 State the condition for total internal reflection to occur. 1] 2.2 it decreases.

2.3 the light must go from a denser to a less dense medium at an angle above the critical

angle.
3.1 A.
3 Exam-style questions 3.2 B.
3.1 Snell’s law is g 3.3 (a) sinf, = Z—j = % =0.752 = 0, = 48.8°. (b) it is totally internally reflected.

e A nysinf; = nysinfy
« B 7L191 = 712(92
e Csinff=n

o« D n=c/vonly

3.2 Total internal reflection occurs when light travels 1]

o A from less dense to more dense at any angle

o B from more dense to less dense above the critical angle
o C exactly along the normal

e D through a vacuum

3.3 Light passes from water (n = 1.33) toward air (n = 1.0).
(a) Find the critical angle. 3]
(b) State what happens to light striking the surface above this angle.

AP Physics 2 ¢ 13.3 Refraction @ AP Physics 2 « 13.3 Refraction @
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PHYSICS 2
SECTION I1
Time—1 hour and 30 minutes

4 Questions

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

Norlmal

/Q:
B

Mirror

Figure 1
. (10 points, suggested time 20 minutes)

A rectangular tank with a mirrored bottom is filled with water (index of refraction n,,). A beam of light passes
from air (index of refraction n,) into the water at angle 6; from the normal, as shown in Figure 1. Index of
refraction ny, is greater than index of refraction n,.

(a) On the following diagram, sketch the entire path of the beam as the beam enters, travels through, and then exits
the water.

Nopmal

GO ON TO THE NEXT PAGE.

AP Physics 2: 2023

Lonunue your response 10 QUED I1IUN 1 Oon nis page.

Nogmal Nopmal
i |
0; | 0;
\4 n, \.Q na.
|
nm
Model A Model B
Figure 2

Sugar is then added to the water, resulting in a mixture that has a different index of refraction than water.
A student considers two models, Model A and Model B, for how the sugar mixes with water. The models are

shown in Figure 2.

Model A: The sugar is uniformly mixed throughout the water, resulting in a mixture with index of refraction n,

such that n, > ny,.

Model B: Layers are formed of varying concentrations of sugar in the water. There are three distinct layers of

equal volume. The top layer is only water (index of refraction n,). The middle layer has the same concentration
of sugar as the mixture in Model A (index of refraction n,). The bottom layer has the highest concentration of

sugar (index of refraction ny).

(b) Consider Model A. Briefly describe how the observed wavelength of light changes, if at all, as the beam

travels from air into the mixture.

GO ON TO THE NEXT PAGE.
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(c) Relevant angles between the beam and the normal for the various layers present in models A and B are
defined in the following table.

Model A Model B
6; |Incident angle of the beam in air 6; |Incident angle of the beam in air
P Angle the beam makes with the normal in
2 | the top layer in Model B
0 Angle the beam makes with the normal in P Angle the beam makes with the normal in
I' [the mixture in Model A 3 |the middle layer in Model B
P Angle the beam makes with the normal in
4 | the bottom layer in Model B

i. Determine an expression for 6 in terms of 6;, n,, and ny,.

ii. Rank the angles from greatest to least, with 1 being greatest. If two angles are the same value, give them
the same ranking.

6, 0, 05 6,

Briefly explain your reasoning using appropriate physics principles and/or mathematical models.

GO ON TO THE NEXT PAGE.

AP Physics 2: 2023
Lonunue your response 10 QUED I1IUN 1 Oon nis page.

Norlmal
i
6; 1
\4 1y
|
'
nW
Original Tank
Norlmal
i
|
0; 1
\4 n,
|
!
nm
Model A Model B

For the original tank filled with water, the beam is observed to exit the surface of the water a horizontal
distance d,, from the entry point. For models A and B, the horizontal distances are ds and dp, respectively.

(d) Determine whether dy and dg are each greater than, less than, or equal to dy,. It is NOT necessary to
compare d to dp. Briefly justify your answer.

GO ON TO THE NEXT PAGE.
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PHYSICS 2
SECTION II
Time—1 hour and 30 minutes

4 Questions

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

Water String

Laser
Block

Screen

. (10 points, suggested time 20 minutes)

Students are investigating electromagnetic wave phenomena in transparent media. They use a string to support a
stationary thin, rectangular block of mass n,, volume Vj, and density p,. The block has two narrow slits in its

center and is submerged in a glass tank containing water with density p, , as shown above.

GO ON TO THE NEXT PAGE.

AP Physics 2: 2022

Continue your response to QUESTION 1 on this page.
(@)

i. On the dot below, which represents the block, draw and label the forces that are exerted on the block.
Each force must be represented by a distinct arrow starting on, and pointing away from, the dot.

ii. Derive an expression for the force exerted on the block by the string in terms of the given quantities and
physical constants, as appropriate.

GO ON TO THE NEXT PAGE.
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continue your response to QUESITION 1 on this page.

(b) A monochromatic laser beam is incident perpendicular to the wall of the tank. The beam passes through the
slits in the block. An interference pattern is formed on the screen inside the tank. The water is then replaced
with a clear fluid with a greater index of refraction than that of water. In a coherent, paragraph-length
response, describe how the greater index of refraction of the new fluid affects the interference pattern. Explain
your reasoning in terms of speed, frequency, and wavelength of the light.

(c) The block is replaced by a triangular prism, as shown above. The path of the beam is indicated by the dotted
line, and the beam reaches the screen at point P. The fluid is then removed from the tank, and the prism is
surrounded by air. Predict whether the beam will reach the side of the tank above point P, at point P, or below
point P when the prism is surrounded by air. Support your answer using physics principles.

GO ON TO THE NEXT PAGE.

4. (10 points, suggested time 20 minutes)

AP Physics 2: 2019

A student notices many air bubbles rising through the water in a large fish tank at an aquarium.

(a) In the figure below, the circle represents one such air bubble, and two incoming rays of light, A and B, are
shown. Ray B points toward the center of the circle. On the diagram, draw the paths of rays A and B as they
go through the bubble and back into the water. Your diagram should clearly show what happens to the rays
at each interface.

Water Air

(b) The bubble has a volume V|, the air inside it has density p,, and the water around it has density py, . The
bubble starts at rest and has a speed v, when it has risen a height . Assume that the change in the bubble’s
volume is negligible. Derive an expression for the mechanical energy dissipated by drag forces as the bubble
rises this distance. Express your answer in terms of the given quantities and fundamental constants, as
appropriate.

(c) At a particular instant, one bubble is 4.5 m below the water’s surface. The surface of the water is at sea level,
and the density of the water is 1000 kg/m3 .

i. Determine the absolute pressure in the bubble at this location.

ii. The bubble has a volume V| when itis 4.5 m below the water’s surface. Assume that the temperature of
the air in the bubble remains constant as it rises. In terms of V|, calculate the volume of the bubble when
it is just below the surface of the water.

iii. If the air in the bubble cooled as it rose, the volume of the bubble would be less than the value calculated
in part (c)(ii). Use physics principles to briefly explain why.

STOP

END OF EXAM
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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.

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

(c)

AP Physics 2: 2017

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).

(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

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.



2. (12 points, suggested time 25 minutes)

AP Physics 2: 2016

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

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

(b) Outline an experimental procedure that could gather the necessary data. Include sufficient detail so that
another student could follow your procedure. In addition to the glass block and the hydrogen lamp, the

equipment in a typical classroom laboratory is available.

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

¢

=

Describe the process(es) by which red light from the lamp is produced by hydrogen atoms that are initially
in the ground state. Draw and label an energy level diagram that supports the atomic process(es) you
describe.

AP Physics 2: 2015

PHYSICS 2
Section IT
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.

Air
|
Liquid !
d 0
Glass I
6
P

1. (10 points - suggested time 20 minutes)

The figure above shows a cross section of a drinking glass (index of refraction 1.52) filled with a thin layer of
liquid (index of refraction 1.33). The bottom corners of the glass are circular arcs, with the bottom right arc
centered at point O. A monochromatic light source placed to the right of point P shines a beam aimed at point
O at an angle of incidence 6 . The flat bottom surface of the glass containing point P is frosted so that bright
spots appear where light from the beam strikes the bottom surface and does not reflect. When 6 = 6, , two bright
spots appear on the bottom surface of the glass. The spot closer to point P will be referred to as X; the spot
farther from P will be referred to as Y. The location of spot X and that of spot Y both change as 6 is
increased.

(a) In a coherent paragraph-length answer, describe the processes involved in the formation of spots X and Y
when 6 = 6, . Include an explanation of why spot Y is located farther from point P than spot X is and what
factors affect the brightness of the spots.



Name: () AP Physics 2: 2015

(b) When 6 is increased to 6, , one of the spots becomes brighter than it was before, due to total internal
reflection.

AP PHYSICS 2 « EXERCISE SHEET
i. On the figure below, draw a ray diagram that clearly and accurately shows the formation of

spots X and ¥ when 6 = 6,. 13.4 Images Formed by Lenses

Air
Name: Class: Date: Total: 10 marks
Liquid KEY WORDS converging 232 « thin-lens equation iz 55 /030 « diverging & #{
o diverging lenses % {1555
Glass
Objective
ii. Which spot, X or Y, becomes brighter than it was before due to total internal reflection? Explain your Build the skills to answer exam questions on images formed by lenses.

reasoning. You must be able to:

(¢) When 6 is further increased to 65, one of the spots disappears entirely. « use ray diagrams to locate images from converging &% and diverging lenses %

[jh e

i. On the figure below, draw a ray diagram that clearly and accurately shows the formation of the . . e et 11 1 . . .
remaining spot, X or Y, when 0 = 6, o apply the thin-lens equation %5/ = s—+s— = 7 and the magnification relation
5 B . o i

« describe the images formed and give an everyday application

Alr 1 Worked examples
Liquid Study these first. Each one shows the method for a question type used later.
Glass B The thin-lens equation

1 1 1

— 4 == ? A converging lens has f > 0; a diverging lens has f < 0.

So Si

ii. Indicate which spot, X or Y, disappears. Explain your reasoning in terms of total internal reflection. B Magnification

Si . . .
m = —— — negative means an inverted image.
<o

B Applications

Cameras, the eye, and magnifying glasses all use converging lenses.

2 Practice

2.1 An object is 30 cm from a converging lens of focal length 10 cm. Find the image
distance. 2]

AP Physics 2 ¢ 13.4 Images Formed by Lenses @
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2.2 State whether a converging lens has a positive or negative focal length. 1] Solutions

ot Lt 1 _2_ 5
e 10 30 30 ST oem

2.3 Give one everyday use of a converging lens. 1] 2.2 positive.
2.3 a camera, the eye, or a magnifying glass (any one).
3.1A.

3.2 B.

1 1 1 3—2 1
3.1 The thin-lens equation is 3.3 (a) %10 1530 30 = s; = 30 cm. (b) real (s; > 0).

1 1 1

so s f
e Bs,+si=f

3 Exam-style questions

o C f=s,8
e Dm=s,/s;
3.2 A converging lens used as a magnifier produces a (1]

o A real, inverted image

« B virtual, upright image
« C image at the focus

e D no image

3.3 An object is placed 15 cm from a converging lens of focal length 10 cm.
(a) Find the image distance. 3]

(b) State whether the image is real or virtual.

AP Physics 2 ¢ 13.4 Images Formed by Lenses @ AP Physics 2 « 13.4 Images Formed by Lenses
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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.

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

(c)

AP Physics 2: 2017

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).

(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

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.
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