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Experiment 10: Reversibility

Purpose

In Trial 1 of this experiment, you will determine the relationship between the angle of 
incidence and the angle of refraction for light passing from air into a more optically 
dense medium (the acrylic of the D-shaped lens). 

In Trial 2, you will determine whether the same relationship holds between the angles 
of incidence and refraction for light passing out of a more optically dense medium 
back into air. That is to say, if the light is traveling in the opposite direction through 
the lens, is the law of refraction the same or different? By comparing the results of 
both trials, you will find the answer to this question.

In Figure 10.1, notice that refraction occurs only at the flat surface of the D-shaped 
lens, not at the curved surface.

Figure 10.1: Refraction of light passing into the lens (Trial 1) and out of the lens (Trial 2)

Setup

1. Place the light source in ray-box mode on a 
flat tabletop. Turn the wheel to select a single 
ray. 

2. Put the ray table in front of the light source so 
the ray from the light source crosses the exact 
center of the ray table. 

3. Put the D-shaped lens on the ray table exactly 
centered in the marked outline.

Required Equipment from Basic Optics System

Ray Table

D-shaped Lens

Light Source
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Figure 10.2: Initial setup for Trial 1
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Record Data 

Trial 1

1. Turn the ray table so 
the incoming ray 
enters the lens 
through the flat sur-
face (see Figure 
10.2).

2. Rotate the ray table 
to set the angle of 
incidence to each of 
the values listed in 
the first column of 
Table 10.1. For each 
angle of incidence 
(θi1), observe the 
corresponding angle 
of refraction (θr1) 
and record it in the second column of the table.

Trial 2

1. Copy all of the values in the second column to the third column of the table. (In 
other words, the angles of refraction that you observe in Trial 1 will be the angles 
of incidence that you use in Trial 2.)

2. Turn the ray table so the incoming ray enters the lens through the curved surface.

3. For the angles of incidence (θi2) that you wrote in the third column of the table, 
observe the corresponding angles of refraction (θr2) and record them in the fourth 
column.

Analysis

1. Using your values for θi1 and θr1 and Snell’s Law (Equation 10.1), determine the 
index of refraction of acrylic (nacrylic). Assume the index of refraction of air (nair) 
is 1.0.

(eq. 10.1)

nacrylic = ___________ (from θi1 and θr1)

2. Determine nacrylic again, this time using your values of θi2 and θr2.

nacrylic = ___________ (from θi2 and θr2)

Questions

1. Is the law of refraction the same for light rays going in either direction between 
the two media? 

2. Does the principle of optical reversibility hold for reflection as well as refraction? 
Explain. 

Table 10.1: Data

Trial 1
Ray Incident on Flat Surface

Trial 2
Ray Incident on Curved Surface

Angle of Incidence
θi1

Angle of Refraction
θr1

Angle of Incidence
θi2

Angle of Refraction
θr2

0°

10°

20°

30°

40°

50°

60°

70°

80°

nair θi1( )sin nacrylic θr1( )sin=
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Experiment 11: Dispersion

Purpose

The purpose of this experiment is to determine the index of refraction of acrylic at 
two different wavelengths.

Theory

When light crosses the boundary between two transparent media, it is refracted. 
Snell’s Law expresses the relationship between index of refraction of the first medium 
(n1), the index of refraction of the second medium (n2), the angle of incidence (θ1), 
and the angle of refraction (θ2):

(eq. 11.1)

Figure 11.1

We can assume the index of refraction of air (n2 in this experiment) is always equal to 
1.0. However, the index of refraction of acrylic (n1) depends on the wavelength, or 
color, of the light. Therefore, the different wavelengths present in an incident ray of 
white light will be refracted at different angles. The wavelength dependence of a 
material’s index of refraction is known as dispersion.

Setup 

1. Place the light source in ray-box mode on a 
flat tabletop. Turn the wheel to select a single 
ray. 

2. Put the ray table in front of the light source so 
the ray from the light source crosses the exact 
center of the ray table (see Figure 11.2). 

3. Put the acrylic D-shaped lens on the ray table 
in the marked outline. Turn the ray table so 

Required Equipment from Basic Optics System

Ray Table

D-shaped Lens

Light Source

n1 θ1sin n2 θ2sin=
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Figure 11.2
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the ray enters the lens through the curved surface, and the angle of incidence is 
0°.

Procedure 

1. Hold a piece of white paper vertically near the edge of the Ray Table so the out-
going ray is visible on the paper. 

2. Slowly rotate the ray table to increase the angle of incidence. Notice that the ray 
is refracted only at the flat surface of the lens, not at the curved surface. As you 
continue to increase the angle of incidence, watch the refracted light on the paper.

Analysis

1. At what angle of refraction do you begin to notice color separation in the 
refracted light?

2. At what angle of refraction does the maximum color separation occur? 

3. What colors are present in the refracted ray? (Write them in the order of mini-
mum to maximum angle of refraction.) 

4. Use Snell’s Law (Equation 11.1) to calculate the index of refraction of acrylic for 
red light (nred) and the index of refraction for blue light (nblue).


	Introduction
	About the Equipment
	Storage Box
	About the Experiments
	Experiment 1: Color Addition
	Experiment 2: Prism
	Experiment 3: Reflection
	Experiment 4: Snell’s Law
	Experiment 5: Total Internal Reflection
	Experiment 6: Convex and Concave Lenses
	Experiment 7: Hollow Lens
	Experiment 8: Lensmaker’s Equation
	Experiment 9: Apparent Depth
	Experiment 10: Reversibility
	Experiment 11: Dispersion
	Experiment 12: Focal Length and Magnification of a Thin Lens
	Experiment 13: Focal Length and Magnification of a Concave Mirror
	Experiment 14: Virtual Images
	Experiment 15: Telescope
	Experiment 16: Microscope
	Experiment 17: Shadows
	Telescope and Microscope Test Pattern
	Teacher’s Guide
	Storage Box
	Technical Support
	Limited Warranty
	Copyright
	Trademarks


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




