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10.2: Reflection

Reflection

When a wave reaches the interface between two different media, typically some of the wave will bounce back into the original
medium. This process is known as reflection. A familiar example of reflection is optical reflection in mirrors, where light waves
reflect off a smooth surface. Another familiar example of reflection comes from water waves, as the waves travel they reflect off
objects that are floating in the water, and also reflect off the walls of the container holding the water. Most of us are familiar with
the concept of echoes, which are the reflections of sound waves. Any kind of wave can undergo reflection.

Our goal is to figure out the direction of the waves upon reflection. If we are observing reflected light knowing the direction of the
reflected rays will enable us to extrapolate to the image formed by those reflected rays. In the next section, we will apply these
ideas to analyzing images formed by different types of mirrors.

Consider a point source of light that sends out a spherical wave toward an imaginary flat plane, as in the left diagram below. When
the wave reaches this plane, then according to Huygens's principle, we can look at every point on the plane and treat it as a point
source for an individual wavelet (center diagram below). These wavelets are not in phase, because they are all travel different
distances from the source to the plane, and when they are superposed, we know the result is what we see, which is a continued
spherical wave (right diagram below).

Figure 10.2.1: Spherical Wave Passes Through an Imaginary Plane

Now suppose the plane is not imaginary, but instead reflects the wave. Every point on this plane becomes a source of a wavelet, but
this time, the wave created by these wavelets is going in the opposite direction. The wavelets have the same relative phases as in
the previous case, and they are completely symmetric, so they superpose to give the same total wave as before, with the exception
that it is a mirror image of the case of the imaginary plane.

Figure 10.2.2: Spherical Wave Reflecting off a Reflecting Plane

Thanks to the symmetry of the situation, it's not difficult to see that the reflected wave is identical to a spherical wave that has
originated from a point on the opposite side of the reflecting plane, exactly the same distance from the plane as the source, and
along the line that runs through the source perpendicular to the surface.

Figure 10.2.3: Image of Reflected Wave
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Of course, there isn't actually a point light source on the other side of the reflecting plane, it's just that someone looking at the
reflected light – no matter where they look from – will see the wave originating from the direction of that point. We call such a
point an image of the original source of the light.

Now let's put this result in terms of light rays. To do this, we need a source and an observer, and this case, we will require also that
a reflection has taken place. Once again drawing the rays perpendicular to the wave fronts, we get the following image.

Figure 10.2.4: Reflection in Terms of Rays

It's clear from the symmetry of the situation that the angle the ray makes with the perpendicular (the horizontal dotted line) to the
reflecting plane as it approaches, is the same as the angle it makes after it is reflected. From now on we will stick with rays when
describing reflection, without the complication of spherical waves and Huygen's principle which governs how the waves reflect
when they encourage a surface.

The Law of Reflection

The above result gives us the law of reflection. This law is summarized in the image below. 

Figure 10.2.5: Law of Reflection
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In optics, we will measure the relevant angles in terms of the angle from the surface normal, a line which is perpendicular to the
surface from which the ray reflects. The law of reflection states that the incoming angle is defined as the angle of incidence, , is
equals the reflected angle, the angle of reflection, :

Law of reflection can also be obtained by Fermat's principle that states: 

“Light travels between two points along the path that requires the least time, as compared to other nearby paths.” 

This rather simple idea will lead us to the same law of reflection demonstrated by Huygen's Principle above. For those who are
interested to see the derivation of the law of reflection from Fermat's principle you can read the "digression" below.

Digression: Law of Reflection from Fermat's Principle
Fermat's principle states that light travels between two points such that it takes the shortest amount of time. Consider the
diagram below.

If light was to travel from point A directly to point B, the shortest path would clearly been the straight line connecting the two
points. Now let's consider a ray originating from point A that must first reflect from the surface before reaching point B. Our
goal is to find the the distance that the ray travels, , such that the time is minimized. Another way to pose this question is
to solve for the distance , marked in the figure, which insures the shortest path between A and B with a reflection. 

The time it takes for the ray to travel from point A to point B is the total distance total distance, , divided by the
speed of light, :

Using Pythagorean theorem for each right triangle formed in the figure, the above equation can be written in terms of the
horizontal distance :

The vertical distances  and  and the horizontal distance  are are fixed for given points A and B. To find the distance 
which minimizes time, we need to differentiate time with the respect to  and set it to zero:

Expressing the above equation in terms of the angles  and  we get:
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Rearranging, we arrive at the law of reflection:
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