Lecture 29 
Consider now the following geometry ：
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The points on the source 
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 emit light incoherently with respect to each other if the source is a classical (thermal or fluorescent) source. (Only if the source is the output of a laser will 
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 have a definite phase relationship. For a classical source, there is no way for the emitting dipoles at 
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 to “talk to each other” and thereby establish any definite phase relationship.) So, what happens at P?
Both 
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 contribute to the fringe at P, because the angle for constructive (or destructive) interference is the same.
· The rays from
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, taking paths A and B add coherently at P
· The rays from
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, taking paths C and D add coherently at P

· However,
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adds incoherently to 
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 at P (each source point produces its own fringes in the observation plane, and the intensities of these add .
Michelson Interferometer 

These are many interferometer which in essence result in the coherent addition of two waves (for a discussion of many of them, see Born+Wolf chap.7).The final one we will consider is the Michelson interferometer. This interferometer will be particularly useful for us in our consideration of coherence. The basic optical set up is as follows:
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 are identical, R=1 reflectors.
The partially reflecting coating on the beam splitter is designed to reflect 50% of the light, so equal intensities propagate in each “arm” of the interferometer.
The compensation plate is included so that the light passing through each arm goes through the thickness of glass of the beam splitter exactly three times.
· Each beam also reflects off the beam splitter once and is transmitted once. Thus if the mirrors 
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 have equal distances from the beam splitter, then the optical paths are identical for the two arms , so there must be constructive interference at P.
· A note on mirrors and phase shifts :
It can be shown from quite general considerations (power conservation and time reversal symmetry in particular), that for a lossless dielectric mirror, the reflected and transmitted waves have a 
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phase shift with respect to each other. Here the wave is reflected from an effective single surface (or “reference plane”) with amplitude reflectivity r and transmissivity t, where 
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Extensive discussion and proof of these points can be found in Siegman, Lasers, chap.11.1

Haus, Wave+ Fields in Optoelectrances chap.3.
Thus to calculate the reflected or transmitted fields in a Michelson Interferometer, consider the following diagram:
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Reflected field: 
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If 
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(50% beam splitter),  then 
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 (no reflection!)
Transmitted field:
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If 
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, then r=t=
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So 
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 (complete transmission!)
The consequence of this is simple. When the mirrors are equidistant from the beam splitter, the optical paths for light propagating from S to P in each arm are identical. However, there is a 
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 phase shift between the waves from the two arms propagating back toward the source S. Thus there is complete destructive interference in the “reflected” direction and complete contructive interference in the “transmitted” direction,i.e. towards point P. Thus all the light from S (along the axis of the interferometer) ends up at P; more is reflected back towards the source.
[image: image48.emf]Now consider the intensity at P as one of the mirrors is moved a distance d: 
The optical path length in that arm changes by an amount 2d (assuming an index n=1 , as is usually the case). Thus the phase difference is 
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If the beam splitter is exactly 50% , 
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Where 
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 is the retardation time, or optical delay caused by displacing the mirror by distance d.
  [image: image36.emf]
Intensity pattern on observation screen:
Note that the point source S puts out spherical waves.

The easiest way to understand the intensity pattern is to realize that mirrors 
[image: image37.wmf]1

m

 and 
[image: image38.wmf]2

m

 give rise to virtual images of S as seen from the observation screen:
   [image: image39.emf]
(see Moore pattern and 2 point sources displaced vertically )
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The off-axis waves will also give rise to constructive interference when 
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· Get fringes of equal inclination 
· Rings appear when you look from P towards S

e.g. for 
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 :
if the source emits several wavelength, the rings will appear colored, since different wavelengths satisfy the constructive interference condition at different angles. A nice picture is given in Guenther color plate 4-19.

Tyman-Green Interferometer 
This is an important variation on the Michelson interferometer. The basic idea is to put a collimating lens in front of the source so that plane waves rather than spherical waves are incident on the interfetometer.

    [image: image43.emf]
The value of the T-G interferometer is that a single fringe is observed when 
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 are flat (i.e. the screen is uniformly bright or dark if the conditions for constructive on destructive interference are met).
Now, optical components may be placed in one arm of the interferometer in order to see their effect on the wavefront.

e.g. wedge (in what might normally be an optical flat )
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e.g. test lens aberrations 

- see Born+ Wolf figs.7.41 and 7.42

(+ compare of Born+ Wolf figs 5.31)
[image: image47.emf]
_1440100179.unknown

_1440101261.unknown

_1440102579.unknown

_1440102926.unknown

_1440103454.unknown

_1440103817.unknown

_1477916273.unknown

_1440103811.unknown

_1440103308.unknown

_1440102698.unknown

_1440102915.unknown

_1440102662.unknown

_1440102390.unknown

_1440102529.unknown

_1440101427.unknown

_1440101146.unknown

_1440101193.unknown

_1440101224.unknown

_1440101170.unknown

_1440100849.unknown

_1440100884.unknown

_1440100813.unknown

_1440091585.unknown

_1440098388.unknown

_1440098755.unknown

_1440098379.unknown

_1440090472.unknown

_1440091570.unknown

_1440090462.unknown

