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Announcements

1. Presentation schedule
Thursday, 3/20/03  @ 5 PM
Friday, 3/21/03 @ 2 PM
Sunday, 3/23/03 @ 1:30 PM

2.   Exam 2 revisions – due Monday ≤ 3/24/03

3. Anonymous questionnaires – please respond

4. Today’s topic – Reflection and refraction of light (Chap. 35)
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Digression on optical forces

Arthur Ashkin from Bell Laboratories received the 2003 
Keithley award

“For theoretical and experimental contributions to the understanding of laser 
cooling and trapping of atoms and particles, for demonstrating the optical gradient 
forces on atoms and the trapping of atoms with light, and for   
inventing optical tweezers and showing how they can be used to measure the 
physical forces generated by biological molecular motors.”
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From RMP 70, 685 (1998)

Nobel lecture by Steven Chu
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A single plane-polarized electromagnetic wave:



03/21/2003 PHY 114 -- Lecture 19 5

Consider the behavior of a plane-polarized electromagnetic 
wave near the surface of two materials:
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Wave equations
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Consider the behavior of a plane-polarized electromagnetic 
wave near the surface of two materials -- continued:

k1

E1

B1
k1´

k2

( )
( )tEE

tEE

11max1

11max1

ωsin

ωsin

1

1

′−⋅′′=′

−⋅=

rk

rk

( )tEE 22max2 ωsin
2

−⋅= rk

2
2

2ω v
k

=

1
1

1

1

1 ωω v
kk

=
′
′

=

Periodic waves:
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Consider the behavior of a plane-polarized electromagnetic 
wave near the surface of two materials -- continued:
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Some values of index of refraction  ( λ = 589 nm)

∞Metal

1.4Ethyl alcohol

1.3Water

1.0Air

1.5-1.7Glass

2.4Diamond

nMaterial
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Results from solving this boundary-value problem:
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Refraction

Snell’s law:
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More results --

View at  “normal” incidence –

(θ1 = θ2 = 0)
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More examples
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n1

n2
(A)

(B)

(C)

Peer instruction question

If n1 > n2 , which ray represents the most likely 
refraction?
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Reflection

θ1 θ1

Ray tracing

Example: 2 mirrors

ideal surface
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θa

θb

Peer instruction question

What can you say about the 
relationship between  θa and   
θb?

(Α)θa =   θb

(Β) θa = 90o − θb

(C) Insufficient information.



03/21/2003 PHY 114 -- Lecture 19 16

Reflection from a rough surface


