
[image: image1.jpg]formula can therefore be used to find the index of refraction for an uskmews ssbstance, but only if the index of sefraction () for
the other substance is known. Once the index of refraction () for the sslkmewm is found, the speed of light i S sslstance can be

calculated using Equation 1.
n,sin®, = m,sn,
n, = index of refraction for sulstamce #1
n, = index of refraction for ssbstance 2
0, = angle of incidence
8, = angle of refraction

When the speed of light increases as it travels from one ssbstance o another,
an unusual phenomenon may occur. At a specific angle of incidemce. Eghe will refract
and skim the surface between the two substances. This means et e sefracted ray
of light will be at a 90° angle from the 0° line (see Figure 2). This specific ansle of
incidence is known as the critical angle (see Figure 2, which represeass = ray of hght
raveling from water into air). The critical angle (a specific angle of mcdence) for
light at a water—air boundary is about 48.8°. If the incident ray of Eghe swikes the
boundary at an angle greater than this critical angle (48.8°), the ray will mot emter the
second substance, and it will experience total internal reflection (see Figase 3). Total
internal reflection means that 100% of the light is reflected back imso the first sub-
stance and none of the light travels into the second substance. The light behaves as if
it is reflecting off the surface of a mirror, obeying the law of reflection.

Total internal reflection is what causes a diamond to sparkle. Most of the light
inside a diamond cannot escape because a diamond has a critical angle of about 24.4°
(see Figure 4). Therefore if light inside a diamond hits the diamond-air boundary at
an angle greater than 24.4°, the light inside the diamond will not escape and it will be
reflected back inside the diamond. The light will continue to bounce around inside the
diamond, creating a sparkling effect, until it hits the boundary at an angle less than the
critical angle, at which point the light will pass from the diamond into the air.

Experiment Overview
The purpose of this activity is to observe the total internal reflection of light and
measure the refraction of light as its speed increases and decreases.
Pre-Lab Questions (Answer on a separate sheet of paper.)
1. What is the speed of light
a. in a vacuum?
b. in air?

2. Using Equation 1 and the answers to Questions 1 above, calculate the index
of refraction (n) for light in air. i

3. Using Equation 2, the answer to Question 2, and the angles given in Figure 1,
calculate the index of refraction for light in water (n,).

4. Using Equation 1 and your answer above, calculate the speed of light in
water (v).

5. Compare the speed of light in water to the speed of light in air. In which sub-
stance is the speed of light slower? Explain.
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4. Observe the laser beam travel from the air into the gelatin. Using a
pencil, place a mark on the sheet where the laser light exits the gelatin
on the curved side of the dish. Write the letter A, next to this mark.
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Disposal " Mania folder
See your teacher for proper disposal procedures. Figure 6. .
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Refracﬁon and Total
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Data Table
Part 1. From Air into Gelatin
Tncident Ray éngle of A*‘ of Index of Refraction Avera.ge index of
Incidence (6,) refraction (8,) of Gelatin (n,) Refraction of Gelatin

A 10° =
B 20° o
C 30° *
D 40° =
E 50° =
F 60° =
G 70° =

Analysis and Calculations ¥ -

Part 1

1. Look at the diagram Air into Gelatin. Is each refracted ray closer to the 0° line or farther away from the 0° line compared
to its corresponding incident ray?

2. Using Equation2 and the data from the table, calculate the index of refraction “n,” for each ray. The index of refraction of
air is needed in order to complete this calculation. See the answer to Question 2 in the Pre-Lab Questions. Show all work
for the calculation of A. Record the index of refraction calculated for each ray A-G in the data table.

3. Calculate the average index of refraction for lightin gelatin. Record this value in the data table.

4. Using the average of the index of refraction for gelatin and Equation 1 from the Background section, calculate the speed of
light in gelatin.
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6. Look at the speed of light in i #md its index of refraction. Next, look at the speed of light in gelatin and its index of
refraction. What is the relationsiip between the index of refraction and the sped of Eght in 2 substance? How does this
agree with the formula n = 47

Part2

7. Look at the dizgumGe&i'PAi.Iseach refracted ray closer to the 0° lme or farther away from the 0° line compared
to its corresponding incident sy Explain the results.

8 Aan'ﬁwlh&gm(&‘-imm\ir,ntwhatangleofincim-s-ﬂmlnﬂmﬁrnubsuvnd?

9 Toeal imtermal reflection occars when the angle of incidence is greater than the critical angle. Based on your data, between
what two angles of incadence does the critical angle occur for gelatin and 2ur? -

10. mm#ﬁlmkdnmgleoﬁncidm(Bl)lwhichd!mgleolxeﬁ'ldimisw.Thiscan(mlyoccm'
when the speed of light increases as it travels from one substance into another. Calculate the critical angle (6,) between
gelatin and air using the formula below. Remember, in this part of the experiment gelatin is substance #1, therefore n, is the
index of refraction for gelatin (average calculated in Part 1) and n, is the index of refraction of air (calculated in the Pre-Lab
Questions).

3 o SRR
n,sin 8 = n,sin 90

11 Doesllzmm:l angle calculated above agree with the results on the diagram Gelatin into Air? Explain.

12. Look at both diagrams—Air into Gelatin and Gelatin into Air. In what diagram is the speed of light increasing as it enters
substance #2? In what diagram is the speed o’fl.igh decreasing as it enters substance #2? Explain.

13. What relationship can be made between the direction of the refracted ray of light (closer to, or away from the 0° line), and
the increase or decrease in the speed of light?
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