Electromagnetic Waves in Matter : Propagation in Linear Media Section 9.3
Part I: normal incidence
Inside a medium which is characterized by a dielectric constant and also a magnetization, Maxwell’s equations are slightly different. We define new fields, D and H so that, in the absence of free charges and free currents we have:
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Now for many cases of practical interest, there is a direct connection between D and E, and H and B. Essentially, if there is not a connection, then what we are going to do won’t apply. For linear media, the connection is this:
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As a side note: you want to keep applied fields relative low in experimental procedures (normally) so that the above material relationships are valid. of course, if you’re looking for non-linear effects, then you ignore what I’ve just said. Also, in the easiest cases you really want materials that are homogenous so that there is no divergence or curl associated with those constants. For a review of D and H, refer to sections 6.4 and also 4.3.
With these materials, Maxwell’s equations become:
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The boundary conditions on E and B when crossing from medium 1 to medium 2 are obtained from the conditions on D and H in addition to those for E and B:
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I am now ready to delve into optics with Maxwell’s equations. We’re going to look at normal incidence first just as your author does. I believe he does a good job here in the presentation so we’ll follow it.

We are going to have to now include the subscripts I (incident), R (reflected) and T(transmitted) to keep everything straight.

Suppose a TEM wave is incident on a boundary in the x-y plane located at z=0. The initial wave is traveling in the +z direction.

The incident wave is:
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We find B by the requirement that for a TEM wave,
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If the medium is non-dispersive, then the wave speed and the group velocity will be given by 
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Notice that the speed of light in a vacuum is given by:
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so the index of refraction is given by:
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You might think then that since ( is about 1 for many optical materials of interest, that measurement of the index of refraction would be a good way to measure the dielectric constant, and yes it is but it is also a function of frequency which means that you’re probably not going to be able to do optical measurements for the full information here.

While I’m at it, it’s useful to give a few other quantities we’ll be using:
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These will hold for linear homogenous charge-free current-free media.

There will be also a reflected wave:
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And there will be a transmitted ray:
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Now what you want to do is to apply the boundary conditions, remembering R and I are on the same side. Thus:
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So long as we have normal incidence, the other two boundary conditions are not needed here. Following your author, it’s possible to write the second condition as:
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Now in terms of the incident electric field, we have the following two equations:
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I guess the easiest way to get ET out of this is by adding:
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We can use this to get the reflected field:
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Now actually if you add up the reflected and transmitted wave amplitudes, they won’t equal to the incident wave amplitude. But if you look at the relative intensities, they will add to one:
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so:
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It’s easy to obscure things but if the permeabilities of the two materials are the same, then
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. This is also true if the permeabilities are both about (0.
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