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Outline

m Light and Waves

m Huygens’ principle
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Do an experiment!

® When we put light through a thin pair of
slits, we get a pattern different than we
would expect from our light and shadow
ray-model analysis.

What a difference a slit makes

Single-sit pattern

Ooutie-siit pattern
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What a difference a slit makes
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Huh?

m Can we explain this result
in the ray model?

or do we need something different?

® The really strange part is that by opening
another source, at some places we wind up
getting less light!
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The Ray Model Ain’t Everything

B Up until now, the ray model has worked
well to explain our experiences
— Light and shadow
— Mirrors

— Lenses

® But here it doesn’t work
— What’s different?
m So what now?
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Physics’ Next Top Model

® The basic process of science:

— Take your observations
Make a model
Test the model

— Refine the model based on new evidence

m When we make observations that can’t fit
our model, we need a new model
— Paradigm shift
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What about the old model?

® What does this mean about the old model?
- We could say it’s "“wrong”, but it's probably
better to say it's incomplete
» Our old mode! was good for some situations, but not
others

® We now need a new model that explains
everything we've observed
- It should also explain why the old model
worked: This is the corr SpRdenRCe pring iple
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The Wave Model of Light:

Pros

B About the same time as Newton,

a Dutch physicist, Christiaan Huygens
proposed that light was a wave — a kind of
oscillation in “the ether that fills empty
space.” (Whatever that means.)

B An oscillation can help us explain the
“cancellation” that happens when we open
another source.

— Two wave satisfying a “superposition principle”
can cancel at some places.
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Concrete Analogy: Water Waves

m Right now our idea about light as waves is very
vague (waves in what? How does that relate to
what we see?)

m Let’s look at something we do have experience
with to see if we can find similar behavior
Waves in water: The ripple tank
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Waves in More than 1D

m Previously we talked about waves in |
dimension — waves move long a single line
(e.g., the stretched string)

® Water waves move over the 2D surface of the
water

The wave is the height as a function of position on
this 2D plane
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Waves: Terminology

B Crest — the (locally) highest point on a wave
(it’s all downhill from here)

m Trough — the (locally) lowest point on a wave
(there’s nowhere to go but up)

B Wave front — a (connected) set of points in the
water that are all at the same height (a.k.a. a
level curve)

— usually the crest of a wave
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A simple way to draw waves

Sometimes it’s useful to use a simpler picture
and only show the high pressure part (wave

crests)

Animation counesy of Dr. D Russell, Kenerng Uneversiny
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Single slit

m From playing with the ripple tank, we can say:
— asmall enough slit seems to send out

approximately circular waves
— A larger slit creates a more complex pattern with

still parts
B We will come back and examine the single slit

much more later
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The Wave Model of Light:
Cons

®m Sources in a wave model produce
ripples that move outward in circles.

® But what we’ve seen is that “light
moves in straight lines.”

®m Can we reconcile these ideas?

Correspondence principle!
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Waves to Rays

B We can isolate a small piece of a wave
by passing it through a hole in a screen
and treat it like a ray.

B We can consider the rays as going
perpendicular to the wave fronts (wave
surfaces of constant height).

| If the wiggles in the waves are small and fast
enough, we can ignore the oscillations.
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Huygens” Principle

m Christian Huygens proposed a way of
thinking about how waves propagate.

m The critical structure for waves are the
surfaces of equal amplitude: wavefronts.

m Huygens suggested:
Each point on the surface of a wavefront
acts as a point source for outgoing circular
waves (wavelets). The sum of the wavelets
produces a new wavefront.
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Propagation of Waves
by Wavelets

N LT

The wavelet model implies that a plane wave
will travel in a straight line.
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