Physics 160 Laboratory, Spring 2010
Session 1:  Measurement of the Speed of Light (c)
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Modern Physics
 (Spring 2010)

Laboratory session #1
Measurement of the Speed of Light (c):  Pre-Lab
Answer the following questions PRIOR to coming to your lab section.  You will not be allowed to participate in any data-collection until you have shown me your pre-lab and I have graded it.  Please tape or staple the pre-lab on the page opposite to the first page of your write-up; failure to do so will result in losing two points (out of a possible 20).
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By examining the schematic below, derive a working expression for the speed of light 
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 appropriate to this experiment, where
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, i.e., 
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 is a function of those distances, and 
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 is defined in Section II.  

2. The analysis in this lab will include both random and systematic uncertainties.  What are some of the possible sources for each kind of uncertainty?   How, in general, would you combine the random and systematic uncertainties for a given quantity into a total uncertainty?
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Preparation: Read this handout prior to going to lab and complete the pre-lab exercise. 

Objectives:

· Identify possible sources of systematic and random uncertainty.

· Estimate the magnitude of these uncertainties and judge their significance to a measurement.

· Identify the physical parameters which determine the speed of light in a given reference frame and a given medium.
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I. Introduction

Physicists view the speed of light to be one of the fundamental constants of the physical universe.  The demonstrated invariance of c to the motion of observers, the assumed constancy of c throughout the lifetime of the universe, and the presumed invariance of c to direction of propagation and location in the universe are but a few indicators of its universality and importance.  As an invariant quantity, c serves as the cornerstone of special relativity, and it appears in many theoretical expressions of physics along with other fundamental constants such as e, h, and me. 

Since 
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 is now defined as
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, it might seem more appropriate for us to use 
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 along with some time-of-flight intervals 
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 to make distance measurements (such as the length of the laboratory). Alas, in Physics 160 we persist in re-measuring
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, mainly to recognize and underscore its importance and to expose students to some modern instrumentation. Prior to the international decision to define
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, there existed a 300-year history of improving measurements of
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.  While our present measurement permits an experimental certainty of only about 99.5% (an uncertainty of about 0.5%), it does spare the student from using lanterns atop snow-covered hills as Galileo attempted before the age of pulsed lasers and digital electronics.

II. Equipment

The experimental layout is shown below.  Light pulses of about 8 ns (8x10

 s) duration are emitted at a rate of about 10/s by a pulsed nitrogen-pumped dye laser. These pulses impinge upon a beam splitter B, which reflects part of each pulse back along a distance BD to a detector D. The remaining part of each laser pulse passes through the beam splitter and propagates across the lab, passing through a lens and onto a distant flat mirror M before reflecting back toward the detector.  At D both parts of the original laser pulse enter an optical fiber and pass on to a photomultiplier where they are converted into electrical pulses.  This electrical signal is then fed to a Tektronix 2465 oscilloscope, which displays a real-time graph of voltage versus time.  The first light pulse which arrives at the detector creates an electrical pulse which “triggers” or “activates” the scope so that it begins drawing the graph.  The part of the laser pulse that traverses the entire lab arrives at the detector later, creating an electrical pulse seen on the scope at a later time (further to the right).  We define 
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 to be the difference in arrival times at the fiber optic between the two parts of an original dye laser pulse, or equivalently between the two electrical pulses arriving at the scope.  If the cursor controls on the scope are adjusted so that the vertical cursor lines coincide with the centers of the two pulses, the scope automatically computes and displays 
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 directly.

SCHEMATIC OF APPARATUS (not to scale):
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The basic rule is: NEVER look directly into a laser beam.  Do not even bend over to look more nearly co-linearly at an oncoming beam.  If you ever adjust the mirror or beam splitter, make certain that you don’t reflect a beam into someone else’s eyes!
III. Exploration and Measurement

With the laser on, identify the path of the beam through the lens, and where the beam strikes the mirror.  Which will be more difficult to measure, B to D or B to M to D?  Which will have a larger contribution from random uncertainty (
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)? From systematic uncertainty (
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A distance measurement team composed of volunteers from each lab group will measure each distance for all the lab groups.  Make sure you think about how you might do this in case you are "volunteered" by your lab group.  The distance across the lab will be measured with a tape measure.  The short distance will be measured with a meter stick.  Think about and record uncertainties in these distances as you measure them.  Be careful not to misalign the mirror, lens, beam splitter, and/or detector as you perform these measurements.

Use the scope’s cursors to locate the centers of the pulses, and read off the interval 
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 between arrivals of the two pulses.  Each member of the group should make several determinations of
[image: image20.wmf]T

D

.  So as not to prejudice other people’s measurements, keep your values confidential until all members in your group have completed their measurements.

IV. Analysis and Results

Find the group’s average time interval 
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 and its uncertainty
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.  Calculate your value of c and its associated uncertainties 
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. Systematic uncertainties can arise from known uncertainties that are not random in nature.  For example, the sagging of the tape as you stretch it across the room causes you to systematically overestimate the distance the beam travels.  

Now use the 
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 values from the entire class to find a class average time interval 
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 and its uncertainty
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.  Calculate the class value of 
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 and its associated uncertainties 
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.  Pay special attention this week to potential systematic errors, as discussed in pre-lab.

Consider such questions as:  Should you measure the length and/or index of refraction of the fiber optic?  Why?  Does the lens affect your value of
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?  Estimate its effect.  Is this effect systematic or random?

V.
Discussion and Conclusions
Discuss each of the following:  
· Do your results support your predicted equation for determining the speed of light?  Are 
your uncertainties reasonable?  Does the defined value of c fall within your 99% confidence interval?  How does the class value of 
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 and its uncertainties compare with the corresponding values computed from your group data?

· If the laser were tuned to a different wavelength would you expect a different result?  
Would the results vary if the experiment were conducted underwater?  

· To improve the experiment, would you prefer to have longer or shorter pulses?  Longer or 
shorter path lengths?  

Do not forget to begin your Conclusions  with a clearly identified and legible result, with uncertainty and the appropriate number of significant figures, enclosed in a box.  
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