I.  Light: A Wave or a Particle?


Many different experiments have been conducted to determine if light consists of particles or waves.  Different experiments support the wave theory, like diffraction, and others the particle theory, like the photoelectric effect.  Today it is accepted that light has a dual wave/particle nature.  

II.  Our Experiment


Our experiment uses the double slit experiments to test one of light’s wave-like properties, interference.  The experiment was created in 1800 by Thomas Young.  Using his experiment he was able to “prove” that like is a wave.

III.  Understanding the Double Slit


To understand how the experiment tests if light is a wave or particle, we borrow an analogy from Richard Feynman.

Imagine we have a wall with two parallel openings in it.  On one side we have a machine gun, on the other, another wall.  Bullets will be shot through the openings onto the wall on the right.  

We begin by covering one slit and shoot at random.  Those that make it through slit hit the far wall.  When we finish shooting, we observe the distribution of the bullets.  Most are located directly across from the opening and less are found the farther away from this point.  

We then repeat the experiment, covering the opposite slit.

We then open both slits and shoot.  As you can expect, the distribution of bullets is simply the sum of the distributions from each opening.  

Next we consider what might result if we had waves traveling through the slits rather than “bullets” or particles.

To do this we use a “ripple tank.”  In the middle of the tank we have the slits and on the left side we have something dipping in and out of the water producing concentric ripples that radiate outward.  On the right side of the slit, we have a string of corks that will bob up and down depending on how much the surrounding water is disturbed. 

So we begin by covering one slit like we did in our last experiment.  Then we do same with the other slit.
And we get a curve similar to that of our previous experiment.  Next we try it with two slits open and what we get is…

So we get a curve totally different from what we saw with the particles.  This pattern is called an interference pattern.  

To understand this pattern we look at what happens when two waves overlap.

Here the waves are exactly “out of phase;” meaning troughs and crests are aligned, which cancel out causing a minima interference pattern.  We call this destructive interference.

But when waves are in phase, you get an opposite effect.

Crests and troughs amplify each other, here by a factor of 2, through constructive interference, which we call a maxima interference pattern.  

So what’s happening in our interference pattern is that different locations have differences in overlapping, either constructively, destructively or somewhere in between.

The Experiment

Now that we’ve thought out the effects of particles and waves in our experiment, the next step is to do the experiment.

All you need for the experiment is a light source, a double slit, and a detection surface.

Components

Light Source:  The light source needs to be monochromatic, meaning that the light must be of only one wavelength.


Lasers: work best, but expensive


LED’s + filters: also work

We decided to test both these sources.

Double Slit: Pre-made or self-made double slits can be used.  If you were interested in making our own, you simply take a piece of glass, char it, then run to parallel, thin razors through it to produce the double slit.

Detector: Any smooth surface.

Result


With everything set up the next step was to run the experiment.  Remember a smooth distribution indicates particle nature, while an interference pattern indicates wave nature.  So we did it and what appeared was…

An interference pattern, unsurprisingly as our title predicts.

At first we wanted to modify the double slit experiment to test the particle nature of light, but lacked the equipment.  Instead, we decided to further investigate the nature of interference.  

Understanding Interference and Hypotheses

Firstly, we want to understand why there is a bright fringe in the very center, which we’ll call point A.  

When a crest (or a trough) reaches the double slit from the right, two crests (or two troughs) are going to created or diffracted through the slits at the same time.  Now we’re going to focus on the two lines of each crest that reaches point A.  Because crests are moving at the same speed and travel the same distance they’re going to arrive at point A at the same time.  Likewise, troughs following these crests are going to arrive at the same time.

So in our diagram C1 will hit C1, T​1 with T1, and C2 and C2, and so on.

Basically, anything hitting point A is always undergoing constructive interference and that’s why we see a bright fringe.  

What happens when we look at the lines of light hitting a point, say point B, which is located slightly above A.  Well, the distance to the upper slit will be shorter, while the distance to the lower slit will be longer.  Therefore, C1 of the lower slit (C1L), will reach the detector after C1U arrives.  So C1U might end up hitting T1, C2, T2, C3… or (more likely) anywhere in between any of these consecutive crests and troughs.  

To understand whether a crest will hit a trough or a crest or somewhere in between, you simply look at the difference in the distance each line of light has to travel.  

If the difference between 2 paths is an integer multiple of the wavelength (nW), then constructive interference will result (C+C and T+T).  By the way, a wavelength is simply the distance between a C and C or T and T.  

If the difference between 2 paths is a ½ the integer multiple of the wavelength (1/2nW), then destructive interference results (C+T).  

We can now see what the path differences of certain fringes are:

Once we’ve understood the relationship between the path difference (which is determined by wavelength) and the fringes, we should be able to predict the effect of changing the wavelength.  

Remember, the bright fringes are separated by path differences of 1 W (1 wavelength).  So let’s say we start at the central fringe where the path difference is 0W.  We move upward a distance w, until the path difference becomes 1W, at which point we have reached the next fringe.  So w is simply a measurement of the fringe width.  The greater the wavelength W is, however, the further distance w we’ll have to move upward until the path difference increases a full wavelength.

Simply put: Fringes are created between two points whose path differences differ by 1W.  The greater the wavelength length is, the further the fringes will have to be to create a greater difference in path difference.  

HYPOTHESIS 1: From this reasoning, we should be able to predict that, longer wavelengths, should be spaced farther apart compared to shorter wavelengths.

***Do experiment, see what happens, fill in results.

A second issue came up when thinking about the experiment. Earlier we were thinking about why a fringe is created in the center at point A: crests leave the slits at the same time, travel at the same speed, and reach point A at the same time.  However, this is based on the presumption that crests and crests, then troughs and troughs, will leave the slits at the same time.  The reason we can only assume this, however, if our source of light is centered.

However, as you can see, if the source was a little lower from the actual center, crests and crests may not reach the slits at the same time.  Why? because they’re traveling different distances thus arriving at different times.  We basically have the same situation we had before, only now with the left side of the experiment:

As the source is lowered C1B will no longer reach the slit when C1U does.  Instead it may coincide with T1B; this would result in a dark fringe in the center, instead of a bright fringe.  

Following this train of thought, however, if the source is lowered enough to then C1B may coincide with C2B, which would recreate the bright fringe in the center.

We can conclude from this, that by lowering the source, we are can shift the fringes (vertically along the detector).

HYPOTHESIS 2:  Changing the location of the source (vertically) will shift the fringes.

More specifically:


-When the source is centered, a bright fringe will be centered on the detector


-When lowering this source, the fringes will shift, until it has been lowered enough to reestablish a central bright fringe.

The third thing we wanted to focus on was what Thomas Young did.  All the relationships we’ve drawn between the path differences, wavelength (W), and fringes can be expressed in mathematical form.  Thomas actually took these relationships and combined them with the slit separation (s) and the distance from the slit to detector (D) using trigonometry.  His finished result was this equation:
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When you think about it, this is a very powerful equation.  It uses macroscopic measurements (w, s, D) to determine the wavelength of light, which happens to be miniscule, on the scale of nanometers.  This is why it shocked so many people; Young not only to proved that light was a wave, but he calculated the wavelength of light on the scale of nanometers way back in 1801!

We wanted to also repeat this attempt to measure the wavelength (of certain colors) of light.

HYPOTHESIS 3:  (Not really a hypothesis, more of a purpose).  

-To measure the wavelength of light.  


-Also, because our pre-made slits did not give us the known slit separation we thought we could solve for this unknown given we knew the wavelength of light we were using.

