Lab 2: Snell’'sLaw Geology 202 Earth’s Interior

I ntroduction:

As we discussed in class, whemwss travel from one material to anothehey bend or refract
according to Snel' Law:

siniy

= constant . N}
Vi
This implies that the sine of the angle of incidencef the waves ray path is dependent on itslecity
v, as it traels through a mediumBefore Snell, the rule connecting angle of incidence and angle of
refraction vas actually thought to be:

[

L = constant.

Vi
Today we will test both of these relationships to see which one our aidates. Inaddition, we will
make dosenations oftotal internal eflectionand waveamplitude.

Derivation of Snell’s Law:

Fermat'’s Principle of least time is a concept from y#ics that deals with the ray paths cdwas
and it is often used to dee Sell’'s Law Fermats principle states that the time it &k to trael along a
ray path between twvpoints is an etremum, either a minimum or maximum, with respect to all possible
paths.

To demonstrate this principle, considerotpoints, A and B, which are in the same medium (Figure
1). Thetime needed to tv@rse a straight line connecting the poirdd, is less than that required for
adjacent cured pathgi.e. the shortest time todwel the distance between two points is along aigtit
line path)

figure 1

In addition, as anx@ension of Fermad’ Rinciple, Figure 1 shw how ACBrepresents a shorter path than
AEBor ADB. Hence, the ray path ofreflected wavewhere 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 Shell's law; we nsider a \avetraveling along the ray path between the pointgpin
medium 1 at glocity v;, and the pointlf, — ¢) in medium 2, at ®locity v,, shown by Figure 2.The ray
path crosses the intade between the twmedia at the pointxX, 0). Thetravel timeas a function ok
T(x)is:

(a2 + X2)l/2 .\ ((b _ X)2 + C2)1/2

T(x) =
(x) " v

We dfferentiate with respect to the paramet@nd set the result equal to zero, to fellBermats
principle, where the shortest possiblevéignath represents axteemum:

dT(x) _ X (b-x)

dx vy (a2 + X2)1/2 Vo ((b- X)2 + C2)1/2 =

Using the follaving relationships:
b-x
((b — X)2 + C2)1/2

)

S|n|1:m , AN 15 =
we can substitute into equation 2 to get:
sini;  sini,
Vi V2

:O,

which brings us to Snedi’law:
sini; _ sini,

Vi Vo

We oould further proe that this ray path is a minimum by taking the second/aere d T(x).
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In some instances, thergigs a critical anglé;, where for angles of incidence greater or equ@l to
there is no transmission of thewveinto the second layer (i.é, is 9C° ). Thiscan be epressed as:

sini; = V1 ,
A
since, siin, is 1. When this occurs, theaveis said to undgo total internal eflection There are seral
uses of total internal reflection, such as the transmission of signals within fibers of glabdeaptics)
and it is also seen in the ocealOFAR channel in addition to EarthlLow Velocity ZonelLVZ, which
we will discuss later in class.

Snell’sLaw in Optics:

In optics, the elocity of the vaveis commonly represented by tmelex of refraction, nwhich is defined
as n = c/v where,c is the \elocity of light in a acuum (3.0 x 1¥/s) and v is the \elocity of the vave
traveling through a particular substance.

Here are somexamples oh:

Medium Index of Refraction, n Medium Index of Refraction, n
vacuum 1.00Qexactly) quartz 1.46
air (STP) 1.0029 (01.0) typicalglass 1.52

water (20 C) 133 diamond 2.42

Snell’s Law in terms of ind& of refraction is thenn, = ¢/ v, andn, = ¢/ vy,

sini; _ sini,

sini sini
1= 2 therefore
c/ng c/n, n, n,

Here areafew thingsto think about before performing the experiment:

i. If medium 1 is vater and medium 2 is aiand we direct our aves from the vater layer to the air
layer, which do you gpect to be greatgr ori,?

ii. Use Snelt Law b sketch what you epect a plot of siin vs. sin, to look like.

iii. Using the elocity of light in air as 3.0 x fon/s and in \ater as 2.26 x fon/s, at what angle do you
expect to obsemy total internal reflection?

iv. If you were to switch thexperiment around so that medium 1 is air and medium aisiwhich do
you e&pect to be greatein, ori»,? Do you expect to obsem total internal reflection with this setup?
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Experiment:
1. Fill the Snells law tank halfway with water

2. Directthe light through the ater layer into the air layefFor each incidence angig, measure and
record the reflected anglgy and the refracted angig on the chart belw. Note the change in intensity
or amplitude between the reflected and refractadsvior eachi;.

3. Markan X on the chart for incidence angles with no refracteces:

4. Plotthe \alues fori; vs.i, and siniq vs. sini, on the graphs belo

5. Repeasteps 2. through 4. by directing the light through the air layer into #terwayer Use the

charts and graphs on the fallmg page to record your results.

Medium 1: wvater; Mediun2: air

i, | sniy | iy | siniy | e
10
20
30
40
50
60
70
80
90
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Medium 1: air; Medium 2: water

i, | sniy | iy | siniy | e
10
20
30
40
50
60
70
80
90

I nterpretation:
v. Of the two graphs (; vs.i, or siniq vs. sini,), which one supports SnalLaw a a linear relationship
between the tw angles? Arethere ay places where both graphs support a linear relationsHigd,

explain wty.

vi. How does the alue of the critical angle you computed before thpeement compare with your
obsenations?

vii. Describe hwr the intensity of the light changes relatito the critical anglei. for both cases
(mediuml1: vater medium?2:air and mediuml: amedium2: vater)?

viii. If the welocity of material inside Earth increases with depthy hould you &pect vaves traveling
through Earth to beka? If there were a layer inside the earth that hadwvedaelocity than the layers
above and belav it, how would you e&pect the vaves traveling through it to beh&? You can use a skch
to explain your answers.
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