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Purpose


Our purpose is to observe the differences in the interference patterns of light from laser sources.  We will try to measure the wavelength of light using Thomas Young’s formula.  We will also observe the effects of the number of slits and the slit width on the interference patterns of light. 

Abstract 


We will carry out a double slit experiment with different wavelengths and observe the differences in the interference patterns, such as the spacing between bright fringes in the interference pattern.  We will try to determine how the number of slits and the distance from the slits to our detector will affect the interference patterns of certain light sources. Thomas Young first did this experiment in 1801, using a double slit made with charred glass.  He concluded from his observations that light was a wave because of the wave-like property of interference.  This happens when crests and troughs of light waves either combine to make brighter fringes, or cancel each other out to make darker fringes.  (Fig. 1.1)
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(Fig. 1.1)

Thomas Young also derived a formula using trigonometry to determine the wavelength of  certain frequencies of light.  We are also going to determine the wavelength of light frequencies using this formula.

Our experimental set-up consisted of a helium-neon laser that was shined into the slits, which was then shined onto a white wall, where the interference pattern was observed.  The variables that were changed were the number of the slits, the distance between the slits, and the distance between the slits and the wall.  There were 1,2, 3 and 4 slits.  First, two slits were tested that were 0.176 mm apart at distances of  1-4 m from the wall changed in increments of 1 m, and the interference patterns were observed.  Then, the slits were changed to 0.35 mm and 0.7 mm apart with the same distances and the interference pattern was observed.  After that, 1, 3 and 4 slits were tested.  These slits were 0.132 mm apart.  The interference pattern was measured using a ruler with a millimeter sided from the center of one bright fringe to the next, and recorded in a notebook.  A total of 22 measurements were made.

Results

We found that according to our results, our hypotheses were correct.  The slit separation and the distance between the wall and the slits did have an effect on the interference pattern.  As the slit separation increased, the fringe width decreased, meaning there was less interference.  Also, as the distance between the slits and the wall increased, the fringe width increased, because the light would have more space to diffract outwards, and thus be able to interfere more.  Our hypothesis was also correct in that as the number of slits changed, the interference pattern would change.  We were also correct in that we could calculate the wavelength of our red and green light sources.
Background of Interference


Photons, since they consist of waves, interfere with each other.  They either interfere constructively or destructively.  Constructive interference results when a crest and another crest of different waves (or troughs) combine to create a larger wave.  This is observed as an intense portion of lighting on the detection surface.  Destructive interference results when a trough from one wave and a crest from another wave interact to cancel out or create a smaller wave.  This results in an absence of light on the detection surface.  A monochromatic light source must be used in order to create a standing wave, which is the only way for light to interfere.  If a multi-frequency spectrum is used, an interference pattern will not be produced.  Filters, such as plastic film of various colors can be used to create a monochromatic light source.

Background of the Double Slit Experiment


Thomas Young first conducted the double slit experiment in 1801, using a charred piece of glass with two slits scratched in it.  He gave proof that light was a wave, not a particle (though it is now agreed that light is both.)  From this experiment, he made a formula using trigonometry to calculate the wavelength of various frequencies of light.  This formula is given by:






=w x s/D






where:







w=fringe width







s=slit separation







D=distance between slits and detector

We will try to calculate the wavelength of our light source based on our measurements.

Our light source is a laser, in order to produce monochromatic light.  If single photons were shot at the slits, a single photon would go through both slits.  This is called wave-particle duality.  It occurs due to quantum theory, where every particle with mass (or a lack thereof) has a non-zero wave associated with it, that decreases as the particle becomes more massive.  It is called the DeBroglie wavelength, and it can be calculated with this formula:






h/p






where:

h=Plank’s constant (6.6 x 10-34 joule-         seconds

p=momentum

This is one most important ideas of quantum theory.

Hypothesis


We thought that different wavelengths of light would have different effects on the interference pattern of light.  Unfortunately, we could not obtain lasers of wavelengths other than the standard red.  We also think that for different distances from the slits to the wall will also have an effect on the interference patterns, because the light will have more or less space to diffract outwards, depending upon the distance between the slits and the wall.  Lastly, we think that the number of slits will have an effect on the interference pattern, since the light will interfere differently depending upon the number of slits it goes through.  If it goes different numbers of slits, it will diffract outwards differently, and thus interfere differently.  
Procedure


Our experimental set-up consisted of a helium-neon laser that was shined into the slits, which was then shined onto a white wall, where the interference pattern was observed.  The variables in this experiment that were changed were the number of the slits, the distance between the slits, and the distance between the slits and the wall. 1, 2, 3 and 4 slits were tested.  The following were the steps we used to conduct our experiment:

Step 1:  First, two slits were tested that were 0.176 mm apart at distances of  1-4 m from the wall in increments of 1 m, and the interference patterns were observed.  

Step 2:  Then, the slits were changed to 0.35 mm and 0.7 mm apart with the same distances and the interference pattern was observed. 

Step 3:  After that, 1, 3 and 4 slits were tested.  These slits were 0.132 mm apart.  The interference pattern was measured using a ruler with a millimeter sided from the center of one bright fringe to the next, and recorded in a notebook.
Step 4:  Using Thomas Young’s formula, we calculated the wavelengths of red and green light.  

A total of 22 measurements were made.

Data

For two slits 0.176mm apart:

	Distance (meters)
	Fringe Width (millimeters)

	1
	3.5

	2
	7.5

	3
	10

	4
	15


For two slits 0.35 mm apart:



	Distance (meters)
	Fringe Width (millimeters)

	1
	2

	2
	4

	3
	5

	4
	8


For two slits 0.7 mm apart:

	Distance (meters)
	Fringe Width (millimeters)

	1
	1

	2
	2

	3
	3

	4
	4


For three slits 0.132 mm apart:

	Distance (meters)
	Fringe Width (millimeters)

	1
	4.5

	2
	9

	3
	13.5

	4
	18


For four slits 0.132 mm apart:
	Distance (meters)
	Fringe Width (millimeters)

	1
	4.5

	2
	9.5

	3
	14

	4
	18.5


For one slit:

	Distance (meters)
	Fringe Width (millimeters)

	2
	5

	4
	10


For fringe width vs. distance for three different slit separations:
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For fringe width vs. distance for different slit numbers:
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We can then use Young’s formula to calculate the wavelength of light.  We could really use any piece of data in all of our measurements, but it would probably most accurate to use the measurement of 4 slits (because its interference is the sharpest) and from the farthest distance away (because we are measuring interference on a larger scale).

For four slits 0.132 mm apart:

	Distance (meters)
	Fringe Width (millimeters)

	1
	4.5

	2
	9.5

	3
	14

	4
	18.5


Wavelength= 610.5 nm

The actual wave-length of helium-neon is 632.8 nm, so we can calculate the percentage error.

(632.8-610.5)/(632.5)*100%= 3.53% error

We calculated the wavelength for a green laser we were able to obtain.  We calculated a wavelength of 528 nm, which was only 0.75% off the correct wavelength of 532 nm.
Analysis/Conclusion


According to our results, our hypotheses were correct.  The slit separation and the distance between the wall and the slits did have an effect on the interference pattern.  According to the tables and the graphs, as the slit separation increased, the fringe width decreased, meaning there was less interference.  This happened because as the slits got farther apart, light waves were only going through one slit, and not both of them, so there was less interference.  Also, as the distance between the slits and the wall increased, the fringe width increased, because the light would have more space to diffract outwards, and thus be able to interfere more.  Our hypothesis was also correct in that as the number of slits changed, the interference pattern would change.  As the number of slits increased, the fringe width would also increase, because with more slits, the more slits the light waves could travel through, and more interference could occur.  Lastly, our hypothesis was correct in that we could calculate the wavelength of our light source using Thomas Young’s formula.  We did so, with a 3.53% error.  


Despite providing sound results, our experiment had some limitations.  First, we could not find a light source of a different color than red, thus we could not see how the interference pattern changed for different wavelengths of light.  Also, our measurements were hard to conduct, since we were using a clumsy meter-stick.  Fortunately, it had a mm side on it.


A future question we could test would be to do the double-slit experiment for electrons.  This would be interesting because if a single electron were shot at the double-slit, it would end up in both slits due to its DeBroglie wavelength, and would thus interfere with itself.  Unfortunately, due to the time constraints on this project, this experiment could not be done while we were at COSMOS.
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