Uncertainty in Measurement


After you lead the discussion of the difference between numbers and measured values in step 5, you can do the following activity to help your students see that the rules for rounding off an answer calculated from measured quantities are really common sense guidelines. 


Pass out to each group a paint stirring stick.  Inform the students that this is a non-standard measuring tool, called a “glug”. Because it is longer than a foot, people are not easily able to guess its length in inches or centimeters. Ask your students to measure the length and width of some standard rectangular object, like a whiteboard or a student desk, to the nearest tenth of a glug.  Then, use the values they have obtained to calculate the area of the object. 

Be sure, before you do this activity, that the object you measure is not exactly an integer multiple of the stick’s length. We have had to cut the stick down on some occasions to make sure this did not happen.

Ask your students the following after they have made their measurements.   
“Assuming that all boards are identical, do you expect all the groups to get the same answer? If not, can you estimate a range of possible answers? Discuss with the members of your group how best to report the area of the board.  Show your calculations and your value of the area on your whiteboard.”
Typical values for length and width of a whiteboard are 2.2 glugs x 1.7 glugs. When students calculate the area, likely values should range from 
[image: image5.jpg]


 to 
[image: image2.wmf], with 3.74 glug2 as the central value.  
After students have calculated their areas, you should point out the uncertainty in the area is approximately  ± 0.39 glug2.  This is just over 10% of the answer. Compare the values from the different groups, and point out that, generally, their answers differ in the tenths place.  Ask them to consider whether it’s appropriate to report the answer to hundredths place when uncertainty appears in tenths place.
Now show your students how they can calibrate their glug to tenths.  

[image: image1.wmf]
Tape a couple of sheets of lined notebook paper side-by-side.  Lay the glug on the paper so that one end touches one line and the other end touches the 20th line below the first.  Mark the glug where every 2nd line on the notebook paper touches the side of the glug.  You have now divided the glug into 10 equal intervals, so that it is calibrated to 10ths.

Now, have the students measure the dimensions of the object again, this time to hundredths of a glug.  Then, calculate the area of the object.

When you do this, the dimensions of the board are 2.23 glugs x 1.69 glugs.  The calculator yields an area of 3.7687 glug2.  The areas range from 
[image: image3.wmf] to 
[image: image4.wmf].  
Calibrating the glug reduces the spread of possible values for the area.  The uncertainty in the area is now ~ 0.031 glug2, now less than 1% of the calculated value of area.  Again, it is instructive to ask whether it is appropriate to report the area to 5 digits if the uncertainty in the area begins to show in the 3rd digit.  Ideally, you can convince the students that reporting 3.77 glug2 as the area is consistent with the uncertainty in the answer. 

Performing an error analysis like the one above can be somewhat tedious.  Ask your students if they can suggest a “rule of thumb” that they could use to determine how many digits to carry in their calculated answer.  Hopefully, they will come up with the accepted rule for rounding calculations involving multiplication and division.
The use of rules governing significant figures simplifies this process.  In the first case, the measured values had 2 sf’s, so the product of these values should be also reported to 2 sf’s .  Rounding off 3.74 (calculator answer) to 3.7 glug yields an answer for which the final digit is uncertain.

In the 2nd case, the measurements were reported to 3 digits, so rounding the calculated answer to 3.77 glug2 indicates that the final digit is uncertain.  This is consistent with our error analysis.  Note that when we perform multiplication and division we don’t round off a value to a number of decimal places, but to a number of digits, wherever the decimal point may fall.  
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