13 September, 2006
Junior Lab

Speed of Light:  Sources of Error:


Here are some general things to think about in doing and writing up our lab.

1. Organization is crucial in a lab report!  It makes it easy for the reader (and the grader) to find things.

2. There should be no loose paper in your lab book.  Either tape or staple excel sheets in to the book.

3. Watch your significant figures.  Using eight significant figures in your excel table shows a basic lack of understanding of error analysis.  Also use scientific notation where it makes a table more readable.

4. Always put your error analysis in a table and use a spreadsheet such as excel.  Excel does save time.  All of you should be using it!
5. In terms of prose, I think point form (even bullet points) works better than stream of consciousness 

Below are discussions specifically to do with the Speed of Light Lab

Systematic Errors:

With care you should be able to anticipate these errors or take them into account after the fact.  In class we discussed some of these errors, below are some clarifications

1. Determination of the position of the lenses:

Note this is important for 

B:  the distance from L2 to Rotating mirror and

A:  the distance from L2 to image plane 

In the lab. as suggested by Pasco, you determine position the lenses based on the scribe on the lens holder not the lens carrier or lens itself.

What is actually important is the position of the lens on the rail

For the determination of A using the procedure suggested from the lab (take separation between L1 and L2 and subtract f1=48 mm) using the scribe marks should be fine as long as the offset of the lens to the scribe is the same for L1 and L2.

Unfortunately under close examination of L1 and L2 one finds that L1 is offset in its holder relative to L2.  (I’ll discuss this in class too.)  Based on our measurements, you should subtract off 1.1 mm from your measured value for L1 and L2 separation to correct for this offset.

Another way to determine A is to use the thin lens equation for L2 along with its focal length of 252 mm.  That is use    1/A+1/(B+D) = 1/f2 .

Do not use this method instead of the other, do both and compare.  Does this “new” method improve your results – is it an improved method.

For determination of B you should use the position of the lens L2 itself  (not the scribe) and the position of the rotating mirror (definitely not the leading edge of the rotating mirror carrier at 17 mm).

2. Determination of the position of the rotating mirror:
Here there is a bit of a problem, in that the mirror itself is entirely enclosed.  (It is unfortunate that Pasco did not put a mark on the top of the case indicating the position of the mirror.)  With care you should be able to estimate the position to within about1 mm.

3. Protective window in front of the rotating mirror:

Because the glass has an index of refraction, cvacuum/cglass,  of about 1.5 this in effect adds extra length for the light to go through.  Typically you take this into account by using the optical path= nd .  The optical path represents the distance light travels in vacuum (or in air in our case since n=1.000292 for air) in the same time it travels a distance d in the medium (glass in our case).  The thickness of the glass is probably 1/8”.

You have to think about whether to include two contributions for D and whether should you also use it in B.

4. Lash or slop in the micrometer.

You minimized this mechanical effect by always moving the micrometer in the same direction when you aligned the cross hairs with the beam.

5. Variations of the speed of rotation when the button is pushed.   

Basically the rotational speed tends to drift a bit over the course of the 30 – 60 sec. that you depress the button.  It is best to take this into account by synchronizing reading the rotational speed with aligning the micrometer.  

Random Errors

We talked about these errors a great deal in class.  Again any measurement you make, repeat it 3 to 5 times so that you can actually get a statistical measure of the error.  As well you should still make a “seat-of-the-pants” estimate based on the measurement itself.  A good example of how random error works is measuring the position of the laser spot.  Clearly the precision of reading the actual micrometer dial is not the limitation here.  Rather it is actually more related to how well you can position the crosshairs in the center of the laser spot.  This is why it is important to have as sharp a laser spot as possible.  Now you can estimate how the radius of the spot will effect your precision (“seat-of-the-pants”) or you could have actually statistically determined it (multiple measurements for a reduced rotational frequency).

Calculation of Errors

Here you want to use Excel and clearly label all columns.  I strongly recommend that you use the fractional standard deviation form of the error formula for the means, namely EQ. 13.9 

In this case the relative size of each term directly on the right hand side directly indicates its importance to the error in c.

It is important to note that you do not need to apply Eq. 13.9 all at once.  Rather you can apply it in stages.  For example first apply it to the difference of s and the sum of the frequencies f.  But you can not separately treat D and D+B as independent variables, because they clearly are not.  Instead you should treat that term as one term.
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