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DIFFRACTION 

AND

INTERFERENCE
written by

Bruce J Saunders 

You have learned recently that when light passes through a double slit, both diffraction and interference occurs. Diffraction occurs as the light passes through each slit and it spreads out and overlaps. A pattern of alternate nodes and antinodes is formed on a screen due to the interference of the overlapping light. 

The diffraction produces an envelope that the interference antinodes fit under. The width of the diffraction envelope and the number of antinodes under the envelope depends on the relative sizes of the wavelength, the slit width and the slit separation. 

The aim of this experiment is to investigate the intensity distribution of light formed on a screen 

after passing through a double slit. The light source is a He-Ne gas Laser that emits light with a wavelength of 6.3 x 10-7 m. The theoretical intensity distributions for 3 different combinations of slit width and separation will be drawn. Your intensity distributions will be checked by comparing them with those created by a spreadsheet set up to plot the distributions from the relevant mathematical equations.  Finally, the theoretical distributions will be compared with the patterns formed on a screen placed 1.00 m from the slits.
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The diagram below shows the relationships between the positions of the nodes, the width and slit separation, the distance to the screen and the wavelength of the light for double source interference and single slit diffraction.

Consider a double slit with slit separation of 100 m and slit widths of 50 m and positioned 1.00 m from a screen. Light from a He-Ne gas laser is aimed directly at the double slit. 

1. Calculate in mm, the distances of the first 6 interference nodes from the centre of the pattern.

________________________________________________________________________________

2. Calculate in mm, the distances of the first 3 diffraction nodes from the centre of the pattern.

________________________________________________________________________________

[image: image5.wmf]






2.

2. Calculate in mm, the distances of the first 3 diffraction nodes from the centre of the pattern.

________________________________________________________________________________

3. On the grid below, mark in the positions of the diffraction nodes.
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4. Sketch the intensity distribution of the diffraction pattern.

5. Using a red pen, mark in the positions of the interference nodes.

6. With a red pen, sketch the intensity distribution of the double slit.

Open the spreadsheet file diff_inter_patterns.xls. Set the wavelength, slit width and slit separation to the values you have been using. 

Recall that the angle in radians from the centre of the pattern is the same as the distance from the centre for small angles when the screen is 1.00 m from the slits. A distance of 10 mm on your sketch is equivalent to an angle of 0.01 radians on the spreadsheet graphs as 1000 mm x 0.01 = 10 mm.

7. Comment on the agreement between your sketch and the distribution plotted by the spreadsheet.

________________________________________________________________________________

Some manufacturers label their slits as say 25 x 50. The first number is the slit width in micrometers. The second number is the distance between their inner edges in micrometers. Thus the distance between the centers of the slits in a 25 x 50 arrangement is 75 micrometers. 

Obtain the slide containing the slits with the separation and width you have been using and place it in the laser beam. Use this page as the screen and set it 1.00 m from the slide so the pattern falls on the horizontal axis of your sketch.

8. Comment on the agreement between the brightness and the positions of the nodes and antinodes and the predictions of your sketch.

________________________________________________________________________________

9. Repeat the entire procedure for two different combinations of slit width and separation.








3.

Slit width  ____________________
slit separation ____________________

Positions of the first 6 interference nodes.

________________________________________________________________________________

Positions of the first 3 diffraction nodes.

________________________________________________________________________________


Slit width  ____________________
slit separation ____________________

Positions of the first 6 interference nodes.

________________________________________________________________________________

Positions of the first 3 diffraction nodes.

________________________________________________________________________________


10. Comment on the success of your experiment.

________________________________________________________________________________

________________________________________________________________________________
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