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Course: sph 4u1

Unit: light

Lesson 2: Title: wave / particle controversy

Apparatus needed: Video: interference of light ; wave table and light

Preliminaries:

Lesson:

    In the 1700s, there was a big controversy  - was light a particle or a wave. On one side was Sir Isaac Newton. In 1704 he published his “corpuscular” theory of light: light is made of extremely small very light particles that travel in straight lines though space. Since light doesn’t get bent by gravity, it must be going extremely fast.

     On the other were Christian Huygens (1655?)and Robert Hooke who said that light was a wave. They objected to particles because light beams can pass though each other without bouncing off each other.


· Huygens came up with a wave principle that is very useful in predicting how various shaped waves will go around various shaped obstacles (see page 464 p680)

Evidence for each side of the argument 

(with page numbers in Nelson for diagrams; see also pages 461-468)

Support for PARTICLES
Support for WAVES

( can go though a vacuum
X needs a medium for transmission

( rectilinear propagation – light travels in straight lines and casts sharp shadows
X would make blurry shadows because waves diffract

X
( light beams can go through each other.

X can’t measure any mass
( the wave does not need a mass (the medium does)

( reflection
( reflection (p446 )

( refraction (only if the particles sped up as they entered a more dense medium)
( refraction (p447)

X (maybe if the particles were really tiny, but they didn’t even know about space inside atoms!)
( light can go through solids

? dispersion (only if different colours have different masses)
( dispersion 686

X
( partial reflection and transmission (p450)

X
( diffraction (p453,454 680)
This was the definitive proof! Light must be a wave!

DEMO: Demonstrate the wave like properties using a wave table – hard to get this to work properly.

DEMO: Show 10 minutes of the video on the interference of light.

Since light acts as a wave, it obeys the universal wave equation. v = f(
Since the speed is constant, if ( ( then f ( … (we see this in the EM spectrum)

When light travels from one medium to another the speed changes. .: some other quantity must change too. 
When light goes from one medium to another the frequency doesn't change - otherwise waves would pile up at the interface or need to be created and destroyed there. The number arriving must match the number leaving.  .: As the speed changes, the wavelength must also change. As v ( then ( (


Now, 
in vacuum
c = f(   
In matter
v = f('

where (' is wavelength in medium
Divide these two equations:
 

c/v = ( / ('
using    n = c/v

we get 
(' = ( / n

Does this mean that the colour changes?  Maybe:

1. The wavelength that we see with our retina will be the same whether we are in air or water, because the medium of detection is always the same: the vitreous humor. The wavelength of green light in the vitreous humor will always be the same. 

2. Using a mechanical instrument to measure the wavelength in a medium will give different colours for wavelengths and vice versa. For example, in air blue light ( 400 nm. In gasoline blue is ( 300 nm. This means that 400 nm would be a greenish colour in gasoline.

3. Our eyes detect different colours of light because of the energy that they have, the energy to trigger chemical reactions in the different photoreceptors. For light E = hf and, as seen above, f is the same no matter what the medium is. This means that even if we had a different medium (in our eyes) to see light in, the colours would look the same to us.  Mechanical instruments (e.g. spectrometers) measure wavelength, not frequency or energy, so we typically associate colours with wavelengths in vacuum. It is important to realize that these wavelengths are not the same in a different medium. 

