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MICHELSON INTERFEROMETER 

Part 1 The Wavelength of the He-Ne Laser Light
Objectives:

Understand the principles of the operation of a Michelson interferometer. Use the interferometer to measure the wavelength of light from a helium-neon laser. Learn  terminology used in optics.

Terms You Should Come to Understand:

Constructive/destructive interference, physical path vs. optical path length, fringe, and interferometer.

Equipment List:

Michelson interferometer with micrometer mirror drive

He-Ne laser

Spherical lens

Frosted glass viewing plate

Precision dial indicator--2m resolution
Background:

The Michelson interferometer is used in both science and industry to measure very small changes in distances.  There are commercial instruments that use the Michelson interferometer to measure the wavelength of a customer's laser, based on the same principles that you will be demonstrating in lab.  These often use the He-Ne laser as a reference for determining the length of motion of the movable mirror since the He-Ne laser wavelength value is both very precise and accurate (inexpensive ones are better than one part in 108).  There are other significant measurements one can make that are less obvious, further demonstrating the versatility and power of this interferometer.  There are other types of interferometers that have various applications, yet they all rely on the same principles that you will be learning in this lab.

Theory:

The Michelson interferometer in its simplest implementation uses the principle that when waves (in this case visible electromagnetic waves, i.e. light) of identical frequency are made to interfere the resultant amplitude will increase or decrease depending on the relative phase.  You no doubt have already discussed the principle of constructive and destructive interference in lecture.  Recall that it is the relative phase relationship between the two interfering waves that determines whether the interference is destructive or constructive, as well as to what degree.  The "interference" is the resultant sum of the two waves.  You have probably discussed such special cases as when the two waves of the same amplitude are exactly in phase (0 degrees or 0 radians difference) and when the two waves are completely out of phase (180 degrees or  radians).  The exactly "in phase" case gives twice the amplitude, the completely out of phase case gives zero amplitude.  This results in maximum brightness and minimum brightness (maximum darkness) for the two cases mentioned.  Let's look at how this is implemented in the Michelson interferometer.  Refer to the diagram of Figure 1 below.
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Two waves of the same frequency are obtained by "splitting" the incident beam into two parts, one traveling along Path A and the other along Path B.  By splitting the beam, one is assured that the resultant beams are of the same frequency and have a relative phase that is determined only by the difference in length of the paths taken by the waves. Both of these factors are important for the interference effect.  The "splitting" is accomplished by the 45 degree half-silvered mirror.  The half-silvered mirror reflects one half of the light reaching it and lets the other half pass through.  (Normal household mirrors have the reflective coating on the backside of a glass plate.  Optical mirrors have the reflective coating on the front side of the glass substrate to reduce the loss.)  Note that the surface which is half-silvered is labeled "3" in the figure.  The importance of this will be discussed later.  Both Path A and Path B have plane mirrors which reflect the wave or light directly back on itself when aligned properly.  (The reflected paths are shown slightly displaced for greater clarity.)  

These two beams now will fall directly on top of each other at the viewing screen (again displaced in the figure for clarity).  If the "round trip" or total optical path length of A is the same as that of B, then the two beams will constructively interfere at the viewing screen.  If we make Path B have a total optical path length different from A by one half of a wavelength, then there will be destructive interference.  This will result in a dark spot on the viewing screen.  Note for complete destructive interference the beams or waves A and B must be of both equal magnitude and opposite phase.  These are essentially the basics, but there are some subtleties of importance.  

First note that the interference depends on the relative number of oscillations or cycles between paths A and B.  Hence it not only depends on the physical path length but also the wavelength of the wave or light in the respective path.  If the wavelength changed, then the relative phase between the two waves would change.  This is an important point for you to understand.  The optical path length is the effective path determined by both the physical path length and the wavelength of the light.  This is obviously the parameter of importance in describing the "path length" of A or B, since changing either the beam's wavelength, or the physical length of one of the paths, will change the relative phase between the two beams.  From the discussion of waves in lecture, you recall that the velocity and wavelength of a wave depends on the medium in which it is traveling.  

The medium's effect on the wavelength and velocity of light is described by the "index of refraction", n.  It is simply the ratio of the wavelength in a vacuum to the wavelength in the medium of interest.  Understanding this might help you to see the reason for the compensator plate in Path A.  The compensator plate consists of a glass plate with front side “1” and back side “2”, The half-silvered mirror consists of a silver reflecting coating “3” on the front side of a glass substrate and the back side of the substrate “4”.

First trace the light along Path B (in Figure 1).  When the Incident beam reaches the half-silvered mirror, one half of the light passes through the reflective coating “3”, through the glass substrate to surface “4” and goes on to reach the moveable mirror.  After bouncing off the moveable mirror the light returns to the splitter passing through the substrate “4”, half the light reflects off the reflective coating “3”, travels through the substrate again and then to the viewing screen.  For Path B the light travels through glass three times.  

Now trace Path A with the compensator.  When light reaches the half-silvered mirror, one half reflects off of the reflecting surface “3”, travels through the compensator “2” & “1” (glass once), reaches the fixed mirror, travels back through the compensator (glass again) reaching reflecting surface “3”. At “3”, half the light passes through the reflecting surface, then through the substrate “4” (glass third time) and on to the viewing screen.

To summarize, for Path A, light goes through the compensator glass twice and the substrate once.  Path B goes through the substrate three times.  Thus, the compensator plate in Path A equalizes the optical paths.  Remember the wavelength of light is smaller in the glass than in the air due to the higher index of refraction, nglass ~ 1.5. This makes the optical path in the glass longer than an equal thickness of air.  

Part 1.  The Wavelength of the He-Ne Laser Light

Procedure:

In this part of the experiment you will use a calibrated movable mirror to directly determine the wavelength of a He-Ne laser.  This mirror is moved by a micrometer screw and lever arm drive system.  You need to calibrate the movable mirror drive with an accurate (and delicate!) dial indicator touching against the movable mirror mount, not the mirror!   (These are delicate high quality front surface mirrors that are easily scratched, so please be careful.).  Make sure the dial indicator has its direction of motion the same as the direction of mirror movement.  Ask your instructor for help if you are not sure.  Note that one rotation of the dial indicator is 200m.  Also note that the "zeroing" feature on the dial indicator housing ring allows you to set the needle to zero. 

Do not look directly into the laser or any specular (mirror) reflections of the beams!  

After the initial alignment is done, insert the lens between the laser and the interferometer.  This lens will cause the beam to diverge and have a varying phase across the viewing screen.  This happens in a spherical pattern, thus generating concentric rings or fringes on the viewing screen when properly aligned.  You may need to fine tune the system by making small adjustments of the fixed mirror to center the fringe pattern.  Ask for help if you not see the proper pattern.  

Once a suitable pattern of circular fringes is obtained, do not disturb the system!  Only turn the micrometer of the movable mirror!  Note how sensitive this is.  Also note how the pattern changes from complete destructive interference to complete constructive interference and back to complete destructive interference.  This cycle represents a change of one wavelength at the viewing screen, which represents a mirror movement of half a wavelength.  Simply count a number (80 to 100) of fringe shifts (dark to dark) recording the beginning micrometer reading as well as the ending micrometer reading.  The optical path change is twice the difference in micrometer readings (Do you see why?).  Divide the optical path change by the number of fringe shifts to determine the wavelength of the light.  To check your technique, do this calculation before performing more trials.  Repeat the measurement 2 or 3 more times and find the average wavelength.  

Data Analysis:  Compare your average value to the known wavelength of He-Ne laser of 632.8nm.  Five percent accuracy or better is achievable here.  What sources of error contributed to any difference?  Find the experimental uncertainty in your wavelength value from the scatter (standard deviation) in your replicated determinations of the wavelength.  Is your value within 1 or 3 of the known value?
QUESTIONS PART 1

Q-1:  What is the accuracy of your measurement of wavelength in percent?  

Q-2:  What is the thickness of the compensator plate relative to that of the glass used for the substrate (base) of the half-silvered mirror? (Do not attempt to measure them to answer this question!)

Q-3:  How many times would the light in Path A pass through glass if the compensator plate were removed?  How many times would the light in Path B pass through glass without the compensator?  

Q-4:  Why is the compensator oriented 45 degrees relative to the beam?
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