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6 Midterm 2 ✅ 7 8 HWG due 9 10 Lecture 15 
✅

11 12
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✅

14 15 HWH due 16 17 Lecture 17 
✅

18 19

20 Lecture 18 
✅

21 22 HWI due 23 24 Lecture 19 
✅

25 26

May

27 Lecture 20 
✅

28 29 HWJ due 30 1 Lecture 21 ✅ 2 3

4 Lecture 22 5 Lecture 23 6 7 8 9 10

Labs

Lectures
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Halliday & Resnick: 35.4-35.5



Key concepts: Thin films
• When light is incident on a thin transparent film, light 

waves reflected from the front and back surfaces 
interfere


• For near-normal incidence, the wavelength 
conditions for maximum and minimum intensity of 
the light reflected from a film in air are:


• Maxima: , 


• Minima: , 
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Key concepts: Thin films
• Refraction at an interface never causes a phase change:

• Reflection can, depending on the indexes of refraction on the 

two sides of the interface

• Transmitted pulse has the same orientation as the incident 

pulse, but the reflected pulse is inverted

• For a sinusoidal wave, such an inversion involves a phase 

change of  rad, or half a wavelength

• For light, this situation corresponds to the incident wave 

traveling in the medium of lesser index of refraction (with 
greater speed)


• The wave that is reflected at the interface undergoes a phase 
shift of  rad, or half a wavelength

π

π



Key concepts: Thin films
• Equations for Thin-film interference:

• Phase difference between two waves can change:

• By reflection

• By the waves traveling along path of different lengths

• By the waves traveling through media of difference indexes of refraction



Key concepts: Thin films
• Reflection shift:

• Point  on the front interface, the incident wave 

(in air) reflects from the medium having the 
higher of the two indexes of refraction; so the 
wave of reflected ray   has its phase shifted by 
0.5 wavelength


• At point  on the back interface, the incident 
wave reflects from the medium (air) having the 
lower of the two indexes of refraction; so the 
wave reflected there is not shifted in phase by 
the reflection, and thus neither is the portion of it 
that exits the film as ray 

a

r1

b

r2



Key concepts: Thin films
• Path length difference:

• Consider the path length difference  that occurs because the wave of ray  

crosses the film twice

• If the waves  and  are in phase they interfere constructively:


• Maxima: , 


• Minima: , 
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Which of the following don’t affect the phase of perpendicular 

reflected light above a thin film in air?


A.  The light wavelength

B.  Reflection at the top interface

C. Reflection at the bottom interface

D. The refractive index of the film

E. The thickness of the film



Which of the following don’t affect the phase of perpendicular 

reflected light above a thin film in air?


A.  The light wavelength

B.  Reflection at the top interface

C. Reflection at the bottom interface

D. The refractive index of the film

E. The thickness of the film

When analyzing thin film interference, the relative phase of the reflected light depends on 
two main mechanisms: the extra distance the light travels inside the film, and any sudden 
phase shifts that occur at the boundaries when the light reflects.


1. Path Length Factors (Wavelength, Thickness, Refractive Index): The light that 
enters the film has to travel down to the bottom and back up. The amount of phase it 
accumulates over this extra distance is called the optical path length. This depends 
directly on the film's thickness, the refractive index of the film (which changes the 
speed and wavelength of the light inside it), and the original wavelength of the light. 
Therefore, these three factors definitely affect the phase. 

2. Top Interface Reflection: When light traveling in air (a lower refractive index) reflects 
off the surface of the film (a higher refractive index), it hits a "hard" boundary. This 
causes a sudden phase shift of 180° (or $\pi$ radians). So, the reflection at the top 
interface affects the phase. 

3. Bottom Interface Reflection: When the light traveling inside the film reaches the 
bottom boundary and reflects off the air outside, it is hitting a "soft" boundary (going 
from a higher refractive index to a lower one). Physics dictates that a reflection at a 
lower-index boundary produces no phase shift (0°). 

Because the reflection event at the bottom interface adds exactly zero phase shift to the 
wave, it is the only factor listed that does not affect the final phase of the reflected light.




If the incident light is not perpendicular but at angle θ 

to the normal to the film, the angle of reflection is


A.  Not unique

B.  θ

C.  Depends on the film thickness

D.  Too difficult to work out…
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Shown are two stacked thin films, of 

the same negligible thickness, illuminated

from above. 


Rank their refractive indices 

from top to bottom if the interfaces 

between them cause constructive 

interference in lowest order

for the light reflected back from the stack. 

A. 1.5, 3


B. 3, 1.5


C. The order doesn’t matter

↓  ↓  Air ↓  ↓ 

         Air 
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Which of the following affect the path length difference

in an interferometer? (assume all movement keeps the 

interferometer in the same arrangement)


A.  The position of the source


B.   The position of the beam splitter


C.   The position of one mirror


D.  A material inserted on one path


E.  The position of the detector


F.   The orientation of the interferometer
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At a given point, gravitational waves traveling along the z axis


A.  stretch the z axis and squeeze the x, y axes

B.  stretch the z axis and the x, y axes

C.  squeeze the x, y axes

D.  stretch the x axis and squeeze the y axis 

E.  squeeze the z axis 
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Key concepts: Diffraction
• First minimum occurs for:

• 

• Slit width: 

a sin θ = λ
a



Key concepts: Diffraction





What is the condition that the simple trigonometric construction for the 

angle θ of minima is valid? 


a)y ≈ a


b)θ rad << sin θ


c)L >> a


d)y ≈ L


e)tan θ ≈ y/L




What is the condition that the simple trigonometric construction for the 

angle θ of minima is valid? 


a)y ≈ a


b)θ rad << sin θ


c)L >> a


d)y ≈ L


e)tan θ ≈ y/L


The diagram illustrates Fraunhofer (far-field) diffraction. To 
derive the standard formula for the locations of the minima 
(asinθ=mλ), we use a simple trigonometric construction 
that assumes the light rays traveling from different points 
within the slit to the same point y on the screen are 
essentially parallel.

This "parallel ray" approximation is only valid when the 
distance to the screen (L) is vastly larger than the width of 
the slit (a). If the screen were close to the slit, the rays 
would converge at significantly different angles, meaning 
you would have to use the more complex mathematics of 
Fresnel (near-field) diffraction.

Therefore, the condition L≫a ensures the setup is in the far-
field regime, making the simple geometric derivation valid.




What is the slit width a that just eliminates all the 

minima of intensity from the diffraction?


a)λ


b)½ λ


c)The other minima cannot be eliminated


d)It’s complicated


e)I don’t know how to work it out.




What is the slit width a that just eliminates all the 

minima of intensity from the diffraction?


a)λ


b)½ λ


c)The other minima cannot be eliminated
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• 

• 

• 

• 


a sin θ = λ
a = λ
sin θ = 1

θ = 90∘



How would you determine the value of (sin x)/x as x → 0 ?

The value of (sin x)/x as x → 0 is


a)0


b)1


c)∞


d)undefined




How would you determine the value of (sin x)/x as x → 0 ?

The value of (sin x)/x as x → 0 is


a)0


b)1


c)∞


d)undefined

cos x

1
= 1

L’Hospital’s rule

sin x ≈ x −
x3

3!
+ ⋯
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How would you determine the value of (sin x)/x as x → 0 ?How would you determine the value of (sin x)/x as x → 0 ?How would you determine the value of (sin x)/x as x → 0 ?How would you determine the value of (sin x)/x as x → 0 ?

The value of (cos x)/x as x → 0 is


a)0


b)1


c)∞


d)Undefined


How did you decide?


cos 0
0

=
1
0

cos x ≈ 1 −
x2

2!
+ ⋯


