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Introduction
Waves exhibit all kinds of interesting behavior and one of these is “diffraction” or “interference.” You may have already seen a demonstration of interference with sound waves in the lecture section of the course.  In today’s lab, we will use light waves to observe diffraction by shining onto a series of apertures that are separated by a distance comparable to the wavelength of that wave.  (Such a series of apertures is called a “diffraction grating.”) By understanding something about diffraction, you will be able to easily measure the wavelength of visible light, a quantity that you probably think is impossibly difficult to measure in a non-science major’s lab like PHYS 1314.

When the wavefront is incident upon the diffraction grating, parts of the wavefront are removed and each aperture serves as a virtual source for a new wavefront.  Since each of these sources is driven by the initial wave front, all the sources are in phase (meaning they all crest or trough at the same time) and the waves that emanate from the different apertures will eventually collide with one another. If the waves collide at some point so that all the peaks or troughs of the waves are synchronized in time, we say that at that point there is “constructive interference.” Basically, the effect of each wave is added to all the others. If, on the other hand, the peaks of some waves are synchronized with the troughs of the other waves so that the overall effect is to produce no disturbance at that point, we say that “destructive interference” occurred at that point. When properly illuminated, the area of space behind a diffraction grating will shows regions of constructive and destructive interference.  The following diagram illustrates the idea of a diffraction grating.
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The above diagram gives a close up view of a portion of a diffraction grating.  In practice, this grating will have thousands of apertures per centimeter. The dashed lines represent the directions of constructive interference.  You will notice that these are the regions where the thick circles (crests) intersect with thick circles and the thin circles (troughs) intersect with thin circles.  It is here that the peaks of the different waves add, producing an enhanced disturbance.  In the regions of destructive interference, the peaks and troughs cancel.  These are the regions where thick rings (crests) intersect with thin ones (troughs), giving a total net disturbance of zero.

If a screen is placed some distance away from the grating, one will notice that the light coming from the grating produces several spots or lines, each corresponding to a different order of interference or diffraction.  The “order” is the way to describe which of the above lines is involved (n=0, n=1, n=2).  In fact, for a large grating and a given wavelength of light, a mathematical relationship can be derived which relates the wavelength (), the angle of the particular diffraction (), the distance between two consecutive slits (d), and the order of diffraction (n).  This is called the diffraction equation:

n   =  d sin 

Due to the dependence of sin   on the wavelength, for a given order (n), the amount of diffraction will vary depending on the color of light.  Generally, longer wavelengths will be diffracted more than shorter ones.  This means that red light will be diffracted more than blue light.  This equation is very useful experimentally.  If the order of diffraction, the grating spacing d, and the angle of diffraction are known (or can be measured), you can calculate the wavelength of the diffracted light.  In this experiment, we will be observing the effect produced when light from a mercury lamp is passed through a diffraction grating.  We will be recording the various orders and angles of diffraction for the various spectral lines (distinct colors) produced by the lamp, and we will use these along with the appropriate d for the diffraction grating to calculate the wavelengths of these spectral lines.
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Procedure

1) Place the meterstick flat on the table with the metric scale up.  Let one end of the stick be flush with the table.  Place a second meterstick on edge with the metric scale up, centered on and perpendicular to the other meterstick.

2) Insert the mercury vapor tube in the power supply.  Notice how the tube is spring loaded.  Place the power supply on end behind the second meterstick.  The arrangement is shown in the diagram above.

3) Caution! To get the best possible data and to make the gratings last as long as possible, don’t touch the actual grating. The diffraction grating has an orientation so position it at one end of the meter stick so that the blue printing is on the top and bottom of the grating. You may find it useful to use a piece of masking tape to secure the grating to the meterstick so that it is practically perpendicular to the rays of light from the source.  The "spectrometer" is now ready for adjustments and use.  The diagram illustrates the arrangement of the various components.

4) Place the eye on a level with the grating and look through it, back towards the lamp.  Directly ahead, the light source should be visible.  Viewing to the right, or left, should reveal at least three bright colored images of the tube. You may need to bring your eye closer to the grating if you can’t see the colored lines. Eventually, you should see the colors of violet, green, and yellow with violet closest to the center (diffracted the least).  These 3 lines compose the first order diffraction (n = 1).  Looking farther to the right should reveal a second similar pattern.  This is the second order diffraction (n = 2). You should notice that the pattern of colored lines is left-right symmetric about the lamp.


Analysis

Although there may be other colors present due to the inadvertent presence of other gases in the tube, these colors should be ignored. To find the wavelengths of the three observed colors, you will need to find the diffraction angle of the colors.  You already know the order of the diffraction.  To find the angle, measure x and y as shown in the diagram and then calculate the angle from the expression:

  = arctan (y/x)
[image: image3.wmf]
Arctan is the inverse of the tangent function and may also be written as tan-1.  The best method of taking data is to find the distance between the diffraction line to the left and the diffraction line to the right, and taking this value as 2y.  Dividing by two will yield y.  The above diagram illustrates this method. 

The grating manufacturer tells us that the grating spacing d is (1/750) mm, or 1333 nm.  Knowing the diffraction order n, the grating spacing d and the diffraction angle , you can use the diffraction equation to find the wavelengths  of the different colors of the mercury spectrum.  If possible, you may want to calculate the wavelengths for two different orders of diffraction and compare the values.

Caution:  Units are important in this lab!  Your value for the wavelength will be in the same unit as your number for the grating spacing.



Q1. Summarize your results for this experiment.


Q2. (Answer all 4 parts.) How was  related to the angle of diffraction?  How is  related to the color of the line?  Was the wavelength of a particular color different for different orders of diffraction? Why is one color diffracted more than another?


Q3. Would contamination (such as the presence of another gas) in the tube affect your data?  Explain.


Q4. What was unique about the light from the mercury tube?


Error Analysis
Q5. Identify and explain the significance of major source of error in determining the wavelengths of visible light in the mercury emission spectrum. 

Q6. Calculate the actual percent errors for your wavelengths.

Actual wavelength values:

Violet: 
435.9 nm
404.7 nm

Green: 

546.1 nm

Yellow:  
578.0 nm
1 nm = 10-9 meter

1 cm = 10-2 meter
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Calculations:   (Show units!)

Questions
1.

2.

3.

4.

5.

6.

Error Analysis:  (Compute actual percent errors, and describe sources of error.)
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