
Lab 2: Snell’s Law Geology 202 Earth’s Interior

Introduction:

As we discussed in class, when wav es travel f rom one material to another, they bend or refract
according to Snell’s Law:

sin i1
v1

= constant . (1)

This implies that the sine of the angle of incidencei1 of the wav e’s ray path is dependent on its velocity
v1 as it travels through a medium.Before Snell, the rule connecting angle of incidence and angle of
refraction was actually thought to be:

i1
v1

= constant.

Today we will test both of these relationships to see which one our data validates. Inaddition, we will
make observations oftotal internal reflectionand wav eamplitude.

Derivation of Snell’s Law:

Fermat’s Principle of least time is a concept from physics that deals with the ray paths of wav es
and it is often used to derive Snell’s Law. Fermat’s principle states that the time it takes to travel along a
ray path between two points is an extremum, either a minimum or maximum, with respect to all possible
paths.

To demonstrate this principle, consider two points, A and B, which are in the same medium (Figure
1). Thetime needed to traverse a straight line connecting the points,AB, is less than that required for
adjacent curved paths(i.e. the shortest time to travel the distance between two points is along a straight
line path).

In addition, as an extension of Fermat’s Principle, Figure 1 show how ACB represents a shorter path than
AEB or ADB. Hence, the ray path of areflected wave, where the angle of incidence is equal to the angle
of reflection, represents the minimum time path compared to other paths.
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To derive Snell’s law, we consider a wav etraveling along the ray path between the point (0,a) in
medium 1 at velocity v1, and the point (b, − c) in medium 2, at velocity v2, shown by Figure 2.The ray
path crosses the interface between the two media at the point (x, 0). The travel timeas a function ofx
T(x) is:

T(x) =
(a2 + x2)1/2

v1
+

((b − x)2 + c2)1/2

v2
.

We differentiate with respect to the parameterx and set the result equal to zero, to follow Fermat’s
principle, where the shortest possible travel path represents an extremum:

dT(x)

dx
=

x

v1 (a2 + x2)1/2
−

(b − x)

v2 ((b − x)2 + c2)1/2
= 0 .

Using the following relationships:

sin i1 =
x

(a2 + x2)1/2
, sin i2 =

b − x

((b − x)2 + c2)1/2
(2)

we can substitute into equation 2 to get:

sin i1
v1

−
sin i2

v2
= 0 ,

which brings us to Snell’s law:

sin i1
v1

=
sin i2

v2
.

We could further prove that this ray path is a minimum by taking the second derivative of T(x).
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In some instances, there exists a critical angleic where for angles of incidence greater or equal toic
there is no transmission of the wav einto the second layer ( i.e.i2 is 90° ). Thiscan be expressed as:

sin ic =
v1

v2
,

since, sini2 is 1. When this occurs, the wav eis said to undergo total internal reflection. There are several
uses of total internal reflection, such as the transmission of signals within fibers of glass (e.g.fiber optics)
and it is also seen in the ocean’s SOFAR channel in addition to Earth’s Low Velocity ZoneLVZ, which
we will discuss later in class.

Snell’s Law in Optics:

In optics, the velocity of the wav eis commonly represented by theindex of refraction, nwhich is defined
as n = c/v where,c is the velocity of light in a vacuum (3.0 x 108m/s) and v is the velocity of the wav e
traveling through a particular substance.

Here are some examples ofn:

Medium Index of Refraction, n Medium Index of Refraction, n
vacuum 1.000(exactly) quartz 1.46
air (STP) 1.0029 (∼ 1.0) typicalglass 1.52

water (20° C )  1.33 diamond 2.42

Snell’s Law in terms of index of refraction is then:n1 = c/ v1 andn2 = c/ v2,

sin i1
c/n1

=
sin i2
c/n2

therefore
sin i1

n2
=

sin i2
n1

.

Here are a few things to think about before performing the experiment:

i. If medium 1 is water and medium 2 is air, and we direct our wav es from the water layer to the air
layer, which do you expect to be greater, i1 or i2?

ii. Use Snell’s Law to sketch what you expect a plot of sini1 vs. sini2 to look like.

iii. Using the velocity of light in air as 3.0 x 108m/s and in water as 2.26 x 108m/s, at what angle do you
expect to observe total internal reflection?

iv. If you were to switch the experiment around so that medium 1 is air and medium 2 is water, which do
you expect to be greater, i1 or i2? Do you expect to observe total internal reflection with this setup?
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Experiment:

1. Fill the Snell’s law tank halfway with water.

2. Direct the light through the water layer into the air layer. For each incidence anglei1, measure and
record the reflected anglei refl and the refracted anglei2 on the chart below. Note the change in intensity
or amplitude between the reflected and refracted wav es for eachi1.

3. Markan X on the chart for incidence angles with no refracted wav es.

4. Plotthe values fori1 vs. i2 and sini1 vs. sini2 on the graphs below.

5. Repeatsteps 2. through 4. by directing the light through the air layer into the water layer. Use the
charts and graphs on the following page to record your results.

Medium 1: water; Medium2: air

i1 sin i1 i2 sin i2 i refl

10
20
30
40
50
60
70
80
90
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Medium 1: air; Medium 2: water

i1 sin i1 i2 sin i2 i refl

10
20
30
40
50
60
70
80
90

Interpretation:

v. Of the two graphs (i1 vs. i2 or sini1 vs. sini2), which one supports Snell’s Law or a linear relationship
between the two angles? Arethere any places where both graphs support a linear relationship?If so,
explain why.

vi. How does the value of the critical angle you computed before the experiment compare with your
observations?

vii. Describe how the intensity of the light changes relative to the critical angleic for both cases
(medium1: water, medium2:air and medium1: air, medium2: water)?

viii. If the velocity of material inside Earth increases with depth, how would you expect wav es traveling
through Earth to behave? If there were a layer inside the earth that had a lower velocity than the layers
above and below it, how would you expect the wav es traveling through it to behave? You can use a sketch
to explain your answers.
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