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Wave Optics
Foundation Stage (WO.L3.2)

Lecture 3
Index of Refraction, Thin Film Interference

Optics Timeline
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Textbook Chapters (* calculus version)

o BoxSand :: KC videos ( Index of Refraction ; Thin Film Interference )

o Knight (College Physics : A strategic approach 3) :: 17.1;17.4

o *Knight (Physics for Scientists and Engineers 4t) :: 16.5; 17.6

o Giancoli (Physics Principles with Applications 7th) :: 23-4 ; 24-8
Warm up

Description: Conceptual question about interference.

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

Problem Statement: Which of the following systems are examples of sBa_ti_a_I__i_nIerference? Which of the systems are examples of

temporal interference? By
N ——

'-_(
§ (1) Standing waves on a string.
$ (2) Standing waves in a tube.
4 (3) Beat frequencies.
(4) General two source interference.
Z (5) Young's double slit.
5 (6) Diffraction grating.
§ (7) Single slit.
$ (8) Thin film interference.
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https://boxsand.physics.oregonstate.edu/ph203/optics/index-of-refraction-fundamentals
https://boxsand.physics.oregonstate.edu/ph203/optics/thin-film-interfer-fundamentals

Selected Learning Objectives
1. Coming soon to a lecture template near you.
Key Terms
Index of refraction
Speed of light (c)

Effective speed
Thin film

O O O O

Key Equations

Key Concepts
o Coming soon to a lecture template near you.

Questions

Act I: Index of Refraction
WO0.2.13-2:
Description: Conceptual question about index of refraction. (2 minutes + 2 minutes)

Learning Objectives: [?]

Problem Statement: Given the definition of index of refraction as the ratio of the speed of light in a vacuum over the effective speedin a
medium we wish to study the index of refraction of water.

(a) Using your spidey sense, which of the following is most likely the index of refraction of water?

(1) nw=05 _c Cau'r BE Faob 1w € So N D> | ¢ &
8nw=1 n= "4
ny =1.33
(4) nw=-2
(5) nw=2+0.5i

(b) What is the effective speed of light in water? c is the speed of light in a vacuum.

(1) v=c _ ¢ . &£ ~ 0~S«<
v=133c V‘ N ).32

&v=0.75c

(4) v=0.5¢
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WO0.2.L3-3:

Description: Conceptual question about index of refraction. (3 minutes)

Learning Objectives: [?]

Problem Statement: Light goes from glass (ng = 1.52) into water (nw = 1.33). What happens to the effective speed of light as it moves
from the glass to the water?

@ Vincreases.

(2) v decreases.
(3) v stays the same because the speed of light is always constant.

c
\}: — k_/\/\/
n

/\&
\,.z% tk N

™e VT

WO0.2.L3-4:

Description: Conceptual question about transmitted wave. (4 minutes)

Learning Objectives: [?]

Problem Statement: Orange light (Avacuum = 611 nm) shines on a soap film (nsim = 1.33) that has air on either side of it. When the light
travels from the air into the soap film, which features remain unchanged?

(1) Wavelength.

(2) Speed. /‘ N Fim Nair
(3) Wave number. Qi

& Amplitude.
Frequency.
(6) Intensity.

VAN

WO0.2.L3-5:
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Description: Derivation question relating speed of traveling wave and definition of index of refraction and frequency at boundar to find
how wavelengths across boundaries are related. (8 minutes)

Learning Objectives: [?]

Problem Statement: Recall that traveling waves have a wave speed of v =fA. The index of refraction also relates the effective speed v to
the speed of light in a vacuum: n = ¢/v. Knowing that frequency across a boundary from material 1 to material 2 remains constant, which
of the following expressions can be derived from the above mathematical models?

/\ = .c—"- 'L-’C
1) ny/As = o/ 4 = - ) e
é:i/}uin:;\/zz v " \,‘ F')‘ \)’-~ F‘ >t -fZ‘ "Fz : £
(3) ca/(n1A1)=c2/(n2A\)
(4) fi=f;
WO.2.L3-6:

Description: Conceptual question about wavelengths of transmitted wave. (4 minutes + 2 minutes)

Learning Objectives: [?]

Problem Statement: Consider a light wave traveling in air that then enters a medium with a higher index of refraction. The light then
emerges back into the air on the other side.

(a) Which of the following physical representations best represents this system?
VvV
v, A B

I"I1=1 I‘I2=2 I"13=1 I"I1=1 n2=2 I‘I3=1

n,=1 n, =2 n; =1

M = Mg @ D
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| II1=J.IIIQ=L ‘ ll3=J.
[\17\.“- N2 @ D

RO YAY, 1 YA/ N YaY MY VY

_ Ea T3
>\|-1>\1// ht,ﬁ n=1 n, =2 ny=1 n=1 n, =2 ny=1

(b) If the light has a wave length of 550 nm in a vacuum, what is it's wavelength in the medium with an index of refraction of 2?

G})275 nm /\')l = /\1,7\1

(2) 550 nm
(3) 1100 nm | (SM) = L
(4) 137.5nm
(5) 2200 nm e © 150~
Act II: Thin Film Interference
WO0.2.L3-7:

Description: Thin film problem with single wavelength. (3 minutes + 1 minute + 1 minute + 2 minutes + 3 minutes + 3 minutes)

Learning Objectives: [?]

Problem Statement: Orange light (Avacuum = 611 nm) shines on a soap film (nfim = 1.33) that has air on either side of it. We wish to
determine the minimum thickness, t, of the film that would cause the orange light to appear bright when viewing from the same side of
the incident light.

(a) Determine if the two waves reaching
your eyes are in phase or out of phase?

In phase.
nt radians out of phase.

(b) Are we looking for constructive or
destruction interference?

@ Constructive interference.
(2) Destructive interference.

nﬁ|m = 133

(c) What is the PLD between the first

reflected and 2nd reflected wave? Nair = 1
(d) Which of the following models allows us to determine the thickness of the film given your
answer to part (b)? -
(1) t/4 pu)_ COnNST T &7 oF

(2) t/2

8t é})zumhﬁ.m 2Lt = QML‘\)F phesk

2t 2t=(m+1/2) Aim
(5) 4t (3) 2t=mkvacuu_mr ,
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(5) 4t (3) 21t=m Avacuum
(4) 2t=(m+1/2) ANacuum

(e) Orange light (Avacuum = 611 nm) shines on a soap film (nsim = 1.33) that has air on either side of it. What is the wavelength of the
orange light when in the film?
/\v }v < n#’)'F

/\V ~ -(- aN) 2 'S
A= e // 2 m:“" )-(79'01.3% -

(f) What is the minimum thickness of the film for this system?

m +
24 = (m L)
( | ) o
b= (M A | 395 am
tz g (me)mw R IRREL

WO.2.1L3-8:
Description: Thin film problem with one wavelength. (4 minutes + 1 minute + 5 minutes)

Learning Objectives: [?]

Problem Statement: The Decepticons are building a new top secret skin for their jets that makes them invisible to the Transformer's X -
Band radar detectors. The X-Band operates at 12 GHz and the material they want to make the skin out of has an index of refraction of
nsim = 1.80. The metal of the jet has a higher index of refraction than the film.

(a) Determine if the two waves reaching the detectors are in phase or out of phase.

[ (b) Write out the mathematical model that would
) help the Decepticons determine the thickness of
“ Radar detector
the film.
= DRsi,
|
nau '«“'ﬁ
7‘ k= @ T4 ) e y
Y
film
n;ez > Neiim

(c) The Decepticons are building a new top secret skin for their jets that makes them invisible to the Transformer's X -Band radar detectors.
The X-Band operates at 12 GHz and the material they want to make the skin out of has an index of refraction of n fim = 1.80. What is the
minimum thickness of the film that the Decepticons should apply to the surface of their jets?

- m
2tz (mede AN
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WO0.2.13-9:
Description: Thin film problem with two wavelengths. (5 minutes + 3 minutes + 2 minutes)

Learning Objectives: [?]

Problem Statement: An art gallery contacted you to help solve their problem with glare from the thick glass (ng = 1.62) that is in front of a
valuable piece of artwork. After using a diffraction grating, you notice that the two primary wavelengths that are reflectin g strongly off
the glass are 460 nm and 690 nm (wave lengths are given in a vacuum). You decide that the best method would be to apply a thin layer of
TiO; (nf = 2.62) to the surface of the glass such that there would be minimum intensity reflections for both wavelengths. To help kee p the
integrity of the thin film, what is the 2" thinnest coat you should apply to the glass? You view the reflections off the glass and thin film in
air.

(a) Fill out the table below for the thickness for the 460 nm light. (b) Fill out the table below for the thickness for the 660 nm light.

9

d;a 0 nl-l

0 (o) — 0 o

1 Hh +T/=‘\%o Net 262 1 .7

2 Ns.é — 2 234

3 2639 Ng=1-6> 3 MS.e

4 3 D= 6T 3 o sor e Phagt 4 [514. 2 ’
s %4 2= m 5 684

= S
6 [526-1 l ) MW= 0FDF 6 T

:/V\’Z‘-"-
2t e /
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(c) What is the 2nd minimum thickness of the film?

2 527 om

Conceptual questions for discussion

1. Coming soon to a lecture template near you.

Hints

WO0.2.1L3-1:

WO.2.L3-2:

WO.2.L3-3:

WO0.2.1L3-4:

WO0.2.1L3-5:

WO.2.L3-6:

WO0.2.L3-7:

WO0.2.1L3-8:

WO0.2.1L3-9:

No hints.

No hints.

No hints.

No hints.

No hints.

No hints.

No hints.

No hints.

No hints.
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