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(RO.L1.2-sols) Foundation Stage Solutions
Monday, January 22,2018 5:44 PM
Ray Optics
Foundation Stage (RO.L1.2)

Lecture 1
Rays, Reflection, Refraction, Total Internal Reflection, Dispersion
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Textbook Chapters (* calculus version)

BoxSand :: KCvideos ( Snell's Law of Refraction )

o

o Knight (College Physics : A strategic approach 3™) :: 18.1;18.2;18.3

o *Knight (Physics for Scientists and Engineers 4t) :: 34.1;34.2;34.3

o Giancoli (Physics Principles with Applications 7th) :: 21-1;21-2;21-5; 21-6
Warm up

RO.2.11-1:
Description: Conceptual question waves and rays.

Learning Objectives: [?] - Can you identify the objectives from the previous lecture, and this lecture, that this question is relevant to?

Problem Statement: A pebble is dropped into the middle of a very calm lake. At some time later, a snapshot from above was taken as
seen below. Each line represents a crest of a ripple. The crests are moving radially outwards. Sketch a few rays overtop of the image

that would also describe this system.
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Selected Learning Objectives

1. Coming soon to a lecture template near you.

Key Terms

Ray model of light
Incident angle
Reflection
Reflected angle
Law of reflection
Refraction
Refracted angle
Snell's law

Total internal reflection
Critical angle
Dispersion

O O O O O O O O O O O

Key Equations
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Key Concepts

o Coming soon to a lecture template near you.

Questions

Act I: Rays Model of Light
RO.2.L1-2:
Description: Conceptual question about rays and waves. (3 minutes)

Learning Objectives: [?]

P%c_)blem Statement: Which of the following statements are true?

F
T @ Sound is a wave, while light is really a ray.
(2) Some objects emit rays of light, while other sources emit waves.
(3) Light can be modeled as a ray or a wave at the same time.
(4) Waves can bend but rays only ever travel in a straight line.

RO.2.L1-3:
Description: Conceptual question about rays and waves. (3 minutes)

Learning Objectives: [?]

Pl:(gblem Statement: When would you use the ray model vs the wave model of light to analyze a system?
0
T @ Use the wave model when your surfing and the ray model when buying sunglasses.
(2) Use the wave model for sound and the ray model for light.
(3) Use the wave model when light interacts with objects that have a size on the or.ﬁer of the light's wavelength.
— N\ ~ .
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(4) Use the ray mode’l’whe{a Iifght ine¥acts with objects that have a sizé muc an the fight's wavelength.
(5) Use the wavéxnodel light is interacting with anything and thexay model when the light is no_'%inébracting with anything.
— 7
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RO.2.L1-4:
Description: Conceptual question about waves when they reach a boundary. (2 minutes )

Learning Objectives: [?]

t crosses a boundary of different index of refractions?

Pro%n Statement: Which of the following happens when li
¥ Cogns ILEAE Dom ‘T

(1) Reflection.

(2) Transmission.

(3) Absorption.

(4) Scattering.

(5) Brody wags his tail.

Thansmro pas MEav Ary This ¥
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Act Il: Reflection
RO.2.L1-5:

Description: Conceptual question reflection. (3 minutes)
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Learning Objectives: [?]

Problem Statement: Rays of light travel from an object O to an observer at P via a reflecting surface. Which of the three paths provides
the sﬁ_qrtest path from O to P?
(0

(1) Path A. P
(2) Path B. g
(3) Path C.
(4) All three are the same. ) Oc @R
r\ /"\
(5) The answer depends on the A

roughness of the surface. 5‘

61:\::155.7 = @[lﬂ‘—u:ar:o

Description: Sketch reflected ray given reflecting surface and incident ray. (3 minutes)

Learning Objectives: [?]

by the two rays shown in the image. Sketch the path of each ray after reflecting off each surfac

Problem Statement: Two reflecting surfaces are used to make the shape shown below. The suryight from very far away is represented
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Description: Multiple choice sketch reflected ray given incident ray and reflecting surface. (4 minutes)

Learning Objectives: [?]

X .
/
Problgm Statement: Light enters horizontally into the combination of two,ferpendicular mirrors as shown below. Wf\ich of the
foll g images best represent the path the given light ray takes after reflecting off the surfaces? /

o S
(4) D

> DAracqy )
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Act llI: Refraction
Descricéion: Match physical representation with mathematical model for refraction, Snell's law. (3 minutes)

Learniag Objectives: [?]

Problem Statement: The angle of reflection is equal to the angle of incidence: 6, = Bg. The refracted angle is related to the angle of
incidence by the mathematical model: nq sin(6) = ny sin(B,). Which of the following physical representations correctly match the given

mathégxgti&il &del for refraction? ><
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wen initial anglgnof 739 with respect to boundar , and index of refractions. (5 minutes
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|

. - 3 - Singy Ny
Learning Objectives: [?] /\: [\‘.. | —_— -

Description: Calculate refracted angle

- A S“r\az, AX

Problem Statement: Light traveling in air strikes a horizontall’pl c\e‘of.glas\s. The Iighf\m_akels dnlangle of 20 degrees with respect to the
horizontal surface. The indeng r’%fraction for air and glass afe gy = 1 and Nglass = 1.52. Calculate the refracted angle? IF Ny Ve /11 Thiv 6 2 4 (9 {
N A ~

Py
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(1) 38.2° . s N
(2) 130%; (75)% 5> sin0n l Low — HIap BEPD TowadS Monrc
(3) 31.3° _
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RO.2.L1-10:
D ion: C | i b ical i d II's lawy. (4 mi
escrétlon onceptual question about V\ysma representatiof and fnell's a\y (4 minutes) I v |
Learning Objectives: [?] LY A Iy |.¥
x Vv
\ ! \ ( x |

‘ Problem Statement: Which of the ray diagrams shown below are possible? ‘

(1) A
i e (B O
\ Nglass \ Nglass \\nglass

T - - -
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Description: Rank index of refractions given incident and refracted angles. (5 minutes)

Learning Objectives: [?]

N n
‘ Problen‘\%e;ﬁ: Rank the following mediums based on index of refraction.
PHEves Auay Flem vomnt

(1‘)$ 411 >/f;zf>73/\'1
(2) n3>ny>ny /

(3) nz>n3>ng
o
(4)\n3>ny >ng 30
—
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RO.2.L1-12:
escription: Calculate refracted angle given two boundaries, index of refractions, and initial incident angle. (8 minutes
Descripti Calcul f d Iig' boundaries, index of refracti d initial incid le. (8 mi )
E)&JNDMu l oU 8hRg
Learning Dbjectives: [?] 1,5 .32
Na S:rfsl:/lﬂs""ﬁl AS S 831nw51‘!\§7 ’ L

Problem Statement: An aquarium fiiled
outside air strikes the glass at 8 43.5d
ray enters the water? Nyater 7 1.33

ith water has flat glass sides and an index of refraction of 1.54. A beam of light from the
ree angle to the perpendicular as shown below. What is the angle of refraction when the light

| Sia(43:5) 21518082 1:34 S8, = 1.338 8y

g

6, x 26. 5503043

Byz 3.2° ]) Y oF Payndariks = W 6F SNE( (Ao Eang
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RO.2.L1-13:

A2

Descri@ion: Calculate time it takes light to travel given distance, index of refractioth, \j\/avelength, and initial incident angle. (10 minutes)

Learning Objectives: [?]

Prob@u Statement: Light of wavelength 569 nm in a vacuum stdfhk\ggvt‘h surface of wate
normal of the surface. The water has an index of refraction of 1.33. Thg depth of the liqui
time it takes for the light to travel from the surface of the liquid to the hottom. \

tan an%le of 31.2 degrees with respect to the
is 10 mieters. We wish to determine the

X
(a) lt}l,rt_:&oj‘ thﬁipllowing physics analysis tools might be useful
for %\gﬁ-ws&enﬁ—/ -~
Y
J K/ 4 ') Klﬂhﬂ\lﬁj F na“—
A (g‘ inemgtics - CLoMEPRs
ARz ahaiad L Tty
(3) Momentum analysis __K LK nwater
(95 Evergvandyisn i fx< 1030 n . <
(5) Snell's law n= v
(6)gQeameiryg 230711 Vix:2aCSerxel, 4+ V- < 16m [0\ 4x
- N
(b) How long does it take for light to travel Rrpm_t,l:.)g surfhce to the
bottom? [
e =6 U,f P
o T (ool = 112‘
AX= Vst +35 2t W, = 2.23364 110 1
Ax = 12 -
0857 = (33756 10 )15 Gvo - O3 5TY255 m

Af= 4.8 6% my

(37007 s ]
fkl%,( Ay, ‘
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O Act IV: Application of Refraction | Total Internal Reflection
RO.2.11-14:

Description: Conceptual question with physical representation Snell's law and total internal reflection. (3 minutes + 1 minute)

Learning Objectives: [?]

Problem Statement: A beam of light is shown onto a horizontal flat surface. The light is originally in a material with an index n1 and the

flat surface has an index ny. The image below shows this system when the beam is shown g a Jew@®jffer8nt angkes.

PeSin® = N 2 S e

N _C+ _a A
(a) Use Snell's law to find sin(6,) for | Ni>ny 19007 (T4
the third image C. Sina - ﬂf_
| ni

) sin(@1)=ny/ng

) sin(B4) = (nz / nq) sin(45°)
(3) sin(81) =ny/ny
(4) sin(81) = (ny / nz) sin(45°)

=z M

m

6, Increasing
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(b) For this specific system in the third image C, 8, is often referred to as the

(1) important angle.
(2) critical angle.
(3) angley angle.

RO.2.11-15: ~ |- Se
~l.yg
Description: Calculate initial incident ané\e\giv'eh index of refractions, and critical angle condition. (5 minutes) ¢
Learning Objectives: [?] D0 nony \_
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Act V: Dispersion
RO.2.L1-16:
Description: Conceptual question about definition of dispersion. (3 minutes)

Learning Objectives: [?]
Problem Statement: Which of the following statements are true regarding dispersion?

(1) Dispersion is the phenomena that different frequencies of light refract at different angles.
(2) Dispersion is the phenomena that the index of refraction depends on the frequency of the light.
(3) Dispersion is the phenomena that creates a rainbow when sunlight shines through a prism.

4
s

RO.2.L1-17: 'f T

Description: Conceptual Dftidstibn ms&)‘srsion an&EaW‘taiiMwavelengths. (3 minutes)
p

ORIGIm rzewne P
. — ° ; *
L Objectives: [?
earning Objectives: [?] . (o} T

" A
rat
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Problem Statement: The ty aI frequency dependenlﬁ of the index of refraction is shown below. Which of the following physical
representations correctly represents t retrj’l ed blue’and red light rays when white light is incident on a piece of glass at some angle
relative to the normal?

(1) A N

(2) B
3) ¢ N, N1
(4) D ~
n; Ny
450 550 650 }\vacuum D
N1 Ny
nz n2

Description: Conceptual question dispersion and separation of wavelengths. (3 minutes)

Learning Objectives: [?]

Problem Statement: White light enters a glass prism. When the light leaves the prism, the colors have been separated. Match each ray
after leaving the prism, red or violet.

(1) A-Violet ; B-Red
(2) A-Red ; B-Violet

A
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—g

Nair nglass prism Nair

RO.2.L1-19:

Description: Conceptual question dispersion and separa‘tion o] N3 minutes )

Learning Objectives: [?] opaa
why

Problem Statement: A rectangular slab of glass surrounded by air on all sides has white light shone onto it at an angle as shown in the
image below. Sketch the red and blue rays when the light enters and leaves the glass.
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Conceptual questions for discussion

1. Coming soon to a lecture template near you.

Hints
RO.2.11-1:
RO.2.L1-2:
RO.2.L1-3:
RO.2.L1-4:
RO.2.L1-5:
RO.2.1L1-6:
RO.2.L1-7:
RO.2.11-8:
RO.2.L1-9:
RO.2.L1-10:
RO.2.L1-11:
RO.2.L1-12:
RO.2.L1-13:
RO.2.L1-14:
RO.2.11-15:
RO.2.L1-16:
RO.2.L1-17:

RO.2.L1-18:
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No hints.

No hints.

No hints.

No hints.

No hints.

No hints.

No hints.

No hints.

No hints.

No hints.
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RO.2.L1-19: No hints.
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