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Exercise 10: Snell’s law and total internal reflection 

Purpose: to experiment with classical properties of light rays at interfaces.  

Introduction  
The field of ray optics involves the study of the propagation of light. Ray optics assumes light 

travels in a fixed direction in a straight line as it passes through a uniform medium and changes its 
direction when it meets the surface of a different medium or if the optical properties of the medium 
are nonuniform in either space or time. 

As with waves on strings, when a light ray traveling in one medium encounters a boundary with 
another medium, part of the incident light is reflected. Experiments and theory show that the angle of 
reflection 𝜃  equals the angle of incidence 𝜃 , 

𝜃 = 𝜃  

Light travels at its maximum speed c in vacuum. It is convenient to define the index of 
refraction n of a medium to be the ratio 

𝑛 =
𝑐

𝑣
 

where 𝑣 is the light’s phase velocity in the medium. The original experimental discovery of the 
relationship between the reflected and refracted (transmitted) light is credited to Willebrord Snell 
known as Snell’s law of refraction, 

𝑛 sin 𝜃 = 𝑛 sin𝜃  

When the material with the incident light has a greater refractive index that the refracting 
material, then there are incident angles in which no refracted angle can satisfy Snell’s law. Thus, the 
light is totally reflected. Total internal reflection will occur when the angle of incidence is above the 
critical angle, 

𝜃 = sin
𝑛

𝑛
 

A material’s index of refraction depends on the wavelength of light. This dependence on the 
wavelength is referred to as dispersion. For example, the index of refraction of glass increases when 
the wavelength of light is shifted from red to blue. By shining white light into a glass prism, the colors 
of light can be separated. This same phenomenon is observed in nature in the form of a rainbow. 
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Laboratory assignment  
 Part 1: Refraction 

1. Place the laser at one end of the optical track. 
2. Turn on the laser and place the parallel lines lens in the beam path as shown below. 

 
3. Place the rotation stage on the holder, then place them on the optical track. 
4. Align the laser, parallel lines lens, and the rotation stage so that the light makes a straight line 

overlaying the black line labeled NORMAL as shown above. 
5. Place the semicircle with the flat edge facing the laser. 
6. Without changing the alignment of the laser, parallel lines lens, and rotation stage, place the 

semicircular sample on the rotation stage. 
7. Align the semicircle on the rotation stage so the flat edge is along the line labeled COMPONENT 

and the laser light makes a line overlaying the line labeled NORMAL as shown below. 

 
8. Turn the rotation stage for incident angle increments of 10° and record the refracted angles in 

Table I. 
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Table I: Incident and refracted angles at the air/solid interface 
Incident Angle (𝜃 ) Refracted Angle( 𝜃 ) 

0.0° 0.0° 

10.0°  

20.0°  

30.0°  

40.0°  

50.0°  

60.0°  

70.0°  

80.0°  
 

9. Plot sin 𝜃  as a function of sin𝜃  in the space below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10. Estimating the refractive index of air to be 1.00, use the slope and its uncertainty from the 
above graph to determine the refractive index (including the estimated uncertainty) of the 
semicircle sample material. 

 

𝑛 = ________________________. 
Part 2: Total internal reflection  
11. Remove the semicircle from the previous experiment. 
12. If needed, realign the laser, parallel lines lens, and the rotation stage so that the light makes a 

straight line overlaying the black line labeled NORMAL. 
13. Place the semicircle material on the rotation stage so that the flat edge is facing away from the 

laser. 
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14. Align the semicircle on the rotation stage so the flat edge is along the line labeled 
COMPONENT and the laser light makes a line overlaying the line labeled NORMAL as shown 
below. 

 
15. Turn the rotation stage so that the refracted beam begins to increase in angle towards the 

edge as shown below. 

 
16. Keep turning the rotation stage until the moment the refracted beam disappears. Record the 

critical angle (incident angle at which the refracted beam disappears). 
𝜃 =________________. 

17. Use the critical angle to determine the refractive index of the semicircle material (no 
uncertainty estimate necessary for step 17). 

𝑛 =________________. 
18. Is the estimate of 𝑛  calculated from the critical angle in part 2 within the range of 𝑛  

calculated from your refraction measurements in part 1? Explain. 
 
____________________________________________________________________________________ 
 
____________________________________________________________________________________ 
 
____________________________________________________________________________________ 
 
___________________________________________________________________________________. 
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19. Write a brief conclusion for the laboratory assignment. 
 
____________________________________________________________________________________ 
 
____________________________________________________________________________________ 
 
____________________________________________________________________________________ 
 
____________________________________________________________________________________ 
 
____________________________________________________________________________________ 
 
____________________________________________________________________________________ 
 
____________________________________________________________________________________ 
 
____________________________________________________________________________________ 
 
____________________________________________________________________________________ 
 
____________________________________________________________________________________ 
 
___________________________________________________________________________________. 
Equipment list: Pasco optics kit. 


