PHYSICS 100

PHYSICAL OPTICS

Interference occurs when two or more waves meet at the same time and at the same place.  This will result in completely constructive interference if the waves are in phase  (a difference in path length traveled of a whole number of wavelengths).  The opposite is true if they are half a cycle out of phase.  
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n = 0, 1, 2, 3,… for constructive interference
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n = 0, 1, 2, 3… for destructive  interference

Young’s double slit experiment clearly demonstrated that light acts like a wave.    The double slit’s interference pattern of alternating bright and dark fringes can not be explained by treating light as a stream of particles.  Applying the path length conditions to the double slit yields:
(2)
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n = 0, 1, 2, 3…
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 for destructive    n = 0, 1, 2, 3… 
The separation between the two slits is (d), the distance between the center of the slits and the view screen is (x), and the perpendicular distance from the center of the screen to the position of the light is (y). Equation (2) is valid when the distance (y) is much smaller than the distance (x).
Newton believed that light was a stream of extremely tiny particles.  He was able to describe most of geometric optics with his particle model of light. 100 plus years after Newton, Young’s wave model became the dominant model for light.  About 100 years after Young’s experiment, Einstein’s quantum model (photons) for the photoelectric effect, showed that light acted as a particle when it interacted with other tiny particles such as electrons.  Sometimes light behaves as a wave, other times it behaves as a particle.
Thin film interference occurs when light incident on a thin film is partially reflected at the top surface and partially transmitted through the film.  The transmitted ray reflects off the bottom of the film and travels up and through the top of the film.  The two reflected rays have a path length difference of twice the film’s thickness for light rays that are approximately  perpendicular to the film’s surface.  If this difference in path length is a whole number of wavelengths, then the interference of the two rays will be constructive (assuming no phase change due to reflection).
(3)
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for constructive   n = 1, 2, 3..
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The film thickness is (h) and the wavelength of light in the film is (
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).
An oil puddle (film) on the ground will show constructive interference for different colors depending on the varying thickness of the oil film.  The ultraviolet coating (film) on eye glasses produces destructive thin film interference.  This reduces UV penetration. 
Diffraction is the bending and subsequent spreading of waves when they encounter a slit, hole, or edge.  A single slit can break apart a wave into several wavelets that interfere with each other.  A fringe pattern occurs with a bright broad central fringe.  The width of the center of this bright fringe to the edge of the first dark fringe is:
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The distance to the view screen is (x), (w) is the width of the slit, and (y) is one half the width of the central bright fringe.

A device with several lines or slits is a diffraction grating.  It is used to separate light with respect to wavelength.  The more slits, the finer the resolution.  The conditions for constructive interference are similar to the double slit.
(5)
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m = 1, 2, 3…
The separation between adjacent slits is (d), (x) is the distance from the grating to the view screen, and (m) is the order number.  This expression works well for smaller order numbers.  The killer application of the grating is spectroscopy.  Each atomic element has a unique set of visible wavelengths in its spectra.  By separating the visible light, we can determine the elemental makeup of any substance.
The polarization of light is the direction in which the electric field is oscillating.  Ordinary light is unpolarized.  Light can be polarized by passing it through a filter that allows the electric field to oscillate in a particular direction.  Polarized sun glasses block the horizontal rays that produce glare.  A light ray reflected at a boundary becomes  polarized if the reflected and transmitted rays are perpendicular.  The unique angle of incidence that produces this polarization is called the Brewster angle. 
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