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What phenomena should we look at to best understand light?

As a first guess, we should choose phenomena that are field-dependent and not simply intensity
dependent. Interference effects are an obvious possibility. However, the final measurement is always
an intensity (or something like one).

If we combine two fields, E(t) = E(t) + E(t) the intensity is proportional to:

=
[~ <E(fo? = <E52 4+ <Bp>? + 2<E i

where <> denotes time average over an appropriate time (one period for quasi-monochromatic light).
If E; and E; are completely uncorrelated, the time average will yield zero for the cross-term and:
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If the input field is a true sinusoid, looking at the “transmitted” light we would have something like:
E| =E, coswt & E; = E, cos(wt + ¢)
in which case the output intensity is:
I=%1,+%], cosd

where I, is the input intensity. In reality, the input field will have phase and amplitude fluctuations,
resulting in a transmission pattern like the graph above.

The “coherence length” L. is, loosely defined, the distance 2AL by which the two arms can differ and

still yield interference. The “coherence time” is t, = L¢/c. A pure sinusoid would have infinite
coherence time.

Caveat: “Coherence” is defined by and measured via correlations. There are many measures one can

imagine and <EE,> is only the simplest. Accordingly, this lecture is restricted to the simplest kind
coherence, called first-order.

If the bandwidth of the light is Av, a good estimate for quasi-monochromatic, stationary:light is:
te = 1/Av.

{Clearly, for any of this to make sense, we need a formal, consistent procedure for defining t. and Av.
As we broaden our study, we’ll also need to define spot sizes, divergence angles and more. This isn’t
just a factor of 2 or . What’s the spectral width of an arbitrarily messy spectrum? Consistent choices
exist, but since this isn’t a quantitative treatment, let’s defer that discussion. }
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