MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Department of Physics

8.02 Spring 2005
Experiment 13: Interference and Diffraction

OBJECTIVES

1. To explore the diffraction of light through a variety of apertures using a laser pointer.

2. To measure the wavelength of the laser light; the spacing between the tracks of an audio
compact disk (CD); and the thickness of a human hair.

WARNING! The beam of laser pointers is so concentrated that it can cause real damage to
your retina if you look into the beam either directly or by reflection from a shiny object.

USING THE SPREADSHEET

The data analysis for this experiment should be done using the Excel spreadsheet exp13.xls; your
data should be entered into the appropriate places in this spreadsheet and reproduced in the tear-
off sheet. Until you enter your data into the indicated boxes (or cells) in the spreadsheet, some of
the displayed results will be of little use (there will be “#DIV/0!” in some cells).

INTRODUCTION AND PRELIMINARY OBSERVATIONS

Single-Slit Diffraction

When light passes through a small opening, secondary waves from different portions of the
opening will generally travel different distances before hitting a wall or screen, so, although they
were in phase at the slit, they will not be exactly in phase at the screen. Consequently, the
brightness on the screen will vary from point to point. “Secondary waves” and Huygens'’s
Principle are discussed in the 8.02 Course Notes, Section 14.4, and the variation of intensity
with position on a screen is discussed in Section 14.5.

Place the 35-mm slide containing four single slits with different widths in front of the laser
pointer. The widths of the slits are printed on the slide, and reproduced in Table 1. You will
note that one side of the slide has attached magnets, and you might want to use these to attach the
slide to the metal bracket in front of the aperture. This will mean that the printed widths will not
be readable, but this is not important.

Note that Table 1 below gives the widths in microns, um, where 1 pm=10°m =10" mm .
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Table 1 Single Slits

Pattern

A

B

C

D

Slit Width a (um)

20

40

80

160

Shine the laser pointer through the slide and examine the patterns produced on a white card held
some distance from the slide. Notice how the intensity (brightness) of the pattern fades with
distance from the center. The dark spots are labeled by their order m, with m starting at 1 on each
side of the center; these are the “first-order minima”. The maxima are similarly labeled. Notice

that the center of the pattern, referred to as the “zeroth-order” maximum, is always bright.

Question 1 (answer on your tear-off sheet at the end): Why is the center of the pattern always

bright?

Single Shit

Intensity Graph

Negative lmage

T I

Ll m=-2

Locations of Minima

Figure 1 Single-slit diffraction
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EXPERIMENT
Part 1: Laser Wavelength

Fasten a card (preferably without a hole in it) with the clips across the wooden slide. Then place
the slide in its slot in the block on your optical bench, and shine the pointer through one of the
slits (Figure 2).

Wooden Slide

Slits

Laser
Pointer @
Sliding Block

Optical Bench

Figure 2 Optical Bench

Slide the block to a distance D of at least 30cm from the laser. (Use a larger distance if it is

dark enough at your table to still see the patterns.) Measure the distance D from the center of
the card to the slit. For each pattern A-D in turn, carefully put marks on the card at the positions
of the pair of first order minima and measure the distance Ay (as indicated in Figure 1) between

them. Enter your results, including the distance D, in the indicated places in the Excel
Spreadsheet, and in the table in the tearoff sheet.

The angle 6 from the center of the slit to a minimum of order m (see Figure 1) is given by

asin@ = mh (13.1)

where a is the width of the slit. The angle @ is related to D and Ay by

tang =2 (13.2)
2D

(See the 8.02 Course Notes, Section 14.5, but note that in the Course Notes, L is used instead of
D for the distance to the screen.)
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The spreadsheet contains the needed calculations, both trigonometric and algebraic, needed to
convert your measured values of Ay to a wavelength. The wavelength is given in nanometers,

nm, Inm=10"m=10"mm=10"um . Optical wavelengths are conventionally given in
nanometers.

Part 2: Thickness of Human Hair

What would happen if you replaced the slit (which blocks much of the laser beam except for a
narrow open strip), with a thin wire or human hair (which blocks little of the laser beam except
for a narrow opaque strip — just the reverse of a slit)?

Hair Card

Shiding Block

Figure 3 Hair diffraction

To find out, tape a short piece of hair (vertically, as indicated), donated by a group member,
across the hole in the wooden slide and place the slide in its slot (see Figure 3). Tape a card to
the far end of the optical bench. Shine the laser at the hair and observe the pattern. Surprised?
(The fact that the pattern is virtually identical to that of a single slit is an example of a general
rule called Babinet’s principle.)

Measurement 2: Mark the location of the two first-order minima on the card. Then measure the
distance Ay between these minima and measure the distance D between the card and the hair.

Using the wavelength of the laser you just calculated, compute the diameter of the hair. Enter
your measurements in the indicated places in the spreadsheet, and record your results in
the tearoff sheet.

Part 3: Double-Slit Interference

Table 2 Double Slits
Pattern A B C D
Slit Width @ (um) |40 |40 |80 |80

Separation d (pm) | 250 | 500 | 250 | 500
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Now place the slide containing the pairs of slits on the apparatus, in a similar manner to that used
for the single-slit slide, and observe the patterns produced. Notice the appearance of closely (and
uniformly spaced) fringes. The fringes as a whole vary in intensity in much the same way that
the single-slit patterns did. This is most apparent when you compare the difference between
patterns A and C (or B and D), which have the same distance d between the slits but different slit
widths. (The slit parameters are reproduced in Table 2 above.)

Wavelength Check

The width Ay of these fringes, that is, the distance between adjacent minima is approximately

. Dr
d

where D is the slit-to-screen distance, and d is the separation between slits. (This is accurate as
long as Ay << D)

Ay (13.3)

Measurement 3: Measure the width of a group of fringes produced by Pattern A of slits,
compute the average width of one fringe (the spreadsheet will do this for you) and then use this
relationship to compute the wavelength of your laser. Compare with your previous measurement.
Which measurement do you expect to be more precise? Record your result on the tearoff
sheet.

Part 4: Grating

Suppose the number of slits is increased while the separation, d , between them remains
constant. Then the separation between fringes remains the same as for two slits. However, the
sharpness and visibility of the fringes increases. This is the principle of the diffraction grating.
(See the 8.02 Course Notes, Section 14.8, for a further discussion of diffraction gratings.)

If white light, which is a mixture of light with different wavelengths, strikes such a grating, each
wavelength will diffract in a slightly different direction causing rainbow effects. The closely-
spaced tracks of an audio CD constitute a reflection grating, but the interference pattern will be
the same as that for a diffraction grating.

Look at the reflection of the fluorescent lights in the room off the surface of the CD. You should
see dominant red, green and violet bands that correspond to the wavelengths emitted by the
mercury vapor inside the lamps. (The spectrum of an incandescent light bulb or the sun is much
more continuous — try it with your own CD at home.)
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wooden slider

Figure 4: CD diffraction grating
CD Track Spacing

Since you now know the wavelength of your laser, you can use your CD as a grating to measure
some very small distances. Place an audio CD in one of the slots on the block on your optical
bench (see Figure 4). Attach a card with a punched hole to the wooden slide leaving the central
hole unobstructed. (If you can only place the central hole so that some if not most of the laser
light passes through, you should still be able to obtain the desired results.) Place the wooden
slide in its slot on the block. Turn on your laser and observe the diffraction pattern reflected onto
the cards. (Be careful not to reflect the laser into anyone’s eye.) Because the distance d between
the tracks is so small, the pattern you see is much wider than the one you observed earlier for one
or two coarse slits, but the maxima are now much brighter and easy to see. Make small marks on
the card at the location of the first-order maxima on each side of the center. For a grating, either
a diffraction grating or a reflection grating, the angle of the maximum for a given order m and
wavelength A is

dsin@ = mi (13.4)

and
tang =2 (13.5)
2D

Measurement 4: Measure the distance Ay between the two first-order maxima on either side of

the central maximum. Measure the distance D from the center of the card to the CD. Enter
these measurements in the indicated places in the spreadsheet, and record the calculated
value of d on the tearoff sheet.
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Department of Physics

8.02 Spring 2005

Tear off this page and turn it in at the end of class.

Note:
Writing in the name of a student who is not present is a Committee on Discipline offense.

Experimental Summary 13: Interference and Diffraction

Group and Section (e.g. 10A, L02: Please Fill Out)

Names

Single-Slit Diffraction
Question 1: In a single-slit diffraction, why is the center of the pattern always bright?

Answer:

EXPERIMENT

Part 1: Laser Wavelength

Data for Single Slit: D =

Pattern Ay
A

B
C
D
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Results from either the spreadsheet or from Equations (13.1) and (13.2):
Give your answer in nanometers (1nanometer = Inm =10~ m=10" pm ).

Wavelength = =

Part 2: Thickness of Human Hair

Results from either the spreadsheet or from Equations (13.1) and (13.2):
Give your answer in microns (1micron =Ilum =10"m).

Results: Hair diameter =d =

Part 3: Double-Slit Interference

Measurement 3: Measure the width of a group of fringes produced by Pattern A of slits,
compute the average width of one fringe (the spreadsheet will do this for you) and then use this
relationship to compute the wavelength of your laser. Compare with your previous measurement.

Results from either the spreadsheet or from Equation (13.3):
Give your answer in nanometers (1nanometer = 1lnm =10~ m).

Wavelength = A =

Which measurement do you expect to be more precise?

Part 4: Grating

Measurement 4: Measure the distance Ay between the two first-order maxima on either side of

the central maximum. Measure the distance D from the center of the card to the CD. Record the
calculated value of d in nanometers.

Results:

E13-8




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


