Measurement

Most of you have probably had to make various kinds of measurements; perhaps buying mail-order clothes or determining how much fabric is necessary for draperies. You might have also confronted the possibility of arriving at a measurement that is not entirely representative of what you set out to measure. This can happen due a faulty measuring device – say a poorly calibrated or damaged ruler, difficulty performing the measurement, or measuring an inherently ambiguous quantity. For example, what is your exact height?

A moment’s thought should convince you that it is impossible to determine the measurement of a physical quantity (e.g. your height) exactly. The term “accuracy” pertains to the extent one can estimate a physical quantity’s actual value. 

Prior to making any measurements is often possible to estimate a lower limit on one’s measuring accuracy. Using the odometer of your car, it would be impossible to determine the length of a city block to 0.01mile! In fact, using your car’s odometer you might realistically expect to make claims of a block’s length only to 0.05mi. 

1. For the following quantities make a rough guess of the accuracy that might be associated with each measurement.  Also state what type of device you would use to make the measurement.    

a) Your height  

b) The girth of your wrist

c) The dimensions of this room

d) Your weight

e) The distance from SMC to the Santa Monica Pier

2. Suppose in part (a) above you had recourse to a measuring device (perhaps a laser) that could determine length measurements to 1/1000 inch. Would this change your answer to (a)? Would your accuracy in such case be 1/1000inch? Explain. 

At the front of the room obtain a meter stick and roughly 1ft. of string. You will notice that the meter stick has four sides – each with a different scale. In the following take care to use the scale called for in the instructions –do not peek at or use a more precise side of the stick. 

3. Choose one member of your group that will be measured. 

a) Using the side of the stick with 10cm increments measure, to the best of your ability, the height of the person. You will have to estimate, but that’s alright. Also record the number of digits in your answer. 

Height = 






# of digits = 
b) Using the side of the stick with 1cm increments measure to the best of your ability, the girth of the person’s wrist. Also record the number of digits in your answer. 

Wrist = 






# of digits = 
c) What would you estimate to be your accuracy in parts (a) and (b)? Is this in any way correlated with the number of digits on your answers? 

4. Now, using the most precise (1mm) scale of the stick have each of the other people in your group take height and wrist measurements of the designated person in your group. It is important that you do not share your measurement results with one another until all of them have been made. Make sure you have at least three independent measurements for the person’s height and wrist.  


 Height 1 = 







Wrist 1 =


Height 2 = 


Average Ht. = 


Wrist 2 =

Average Wrist = 

Height 3 = 







Wrist 3 = 
b) Compare each of your three measurements with the average and determine roughly how much they differ from the average. The discrepancy in the measurements arises due to your limitations for making an accurate measurement and is referred to as the uncertainty of the measurement. List what factors you believe limited your consistent measurement of the person’s wrist and height. How do your uncertainties compare with the estimates you made in your answers to 1 (a) and (b)? 

Height
Uncertainty = 





Wrist Uncertainty = 

5. In the case of your above height measurements would you regard the average of all the measurements as more representative of the person’s actual height than any of the individual measurements? Explain your reasoning. 

Generally speaking it makes no sense to quote a measurement with more digits than is consistent with its uncertainty. For example, if one’s uncertainty on a height measurement is 1cm it would be nonsensical to quote the person’s average height as 185.23cm. Since there is an uncertainty of 1cm it make no sense to state a number to 1/100 of a cm! In the case of a 1cm uncertainty the number should be rounded to the nearest cm giving 185cm. 

6. a) What are your person’s average height and wrist measurements appropriately rounded to reflect your uncertainties? 

Height =






Wrist =   

b) Consider a mountaineering company attempting to market a particular type of very light yet strong type of rope.  Why might it be to their advantage to state an accurate limit for the strength of their rope? Why might it be to their disadvantage to state a figure that reflects an accuracy beyond that which they are capable? 

There is an aspect of measurement that is not entirely captured by just stating an uncertainty. For example, suppose someone tells you they made a measurement and they have an uncertainty of 1cm, depending on whether they are measuring their finger or the dimensions of a building they could either be very sloppy or extremely careful. 

The notion of a percentage offers a useful measure of the above considerations. The percentage error of a measurement is defined by: 
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Where “average value” refers to the average of all the independent measurements and “deviation” refers to the amount that the measurements differ. 

7. Determine the percentage error for both the wrist and height measurement for your group. 

%error (height) = 




%error (wrist) = 

8. Given a number representing the length of some quantity is there any relation in the number of digits to the accuracy of the measurement? For example, is there any difference in the percentage errors associated with the numbers 75in and 75.00in? How about .0075in and 75in? Explain your reasoning

If your measurements of some quantity are in error and this measurement enters into some formula then the results of that formula are bound to be in error. This effect is called propagation of error and is illustrated by the following question.

9. Suppose you measure a square piece of carpet to have an edge of length 10.5in. Assume that your measurement has a 5% error. Then, for all you know the edge could be as long as 11in or as short as 10in. In light of this what are the maximum and minimum values for the carpet’s area. What percent error in the carpet’s area and how does this relate to the error of its edge? Is there any relation of the error in the carpet area to that of its edge’s error? 

Determination of (: 
Most of you have probably taken on faith that the circumference C and diameter D of any circle lying in a plane is related by C = (D where the constant “pi” is given by ( = 3.1415926…. In the following experiment you will determine ( by direct measurements taken from a variety of circular objects and in the process consider some basic aspects of error analysis.

Procedure: 

Obtain a circular object from the front of the room.  
For the object take three independent measurements of its diameter and circumference. Determine the average of these measurements and their uncertainty.  

C1 = 

C2 =

C3 =


Cav =


D1 =

D2 =

D3 =


Dav =

Analysis:

Calculate the value of ( that your measurements imply. To do so use the formula (exp = Cav/Dav. By what percent does (exp deviate from the theoretical value 3.14159…? How does this compare with your percentage error on the diameter and circumference measurements? 

Questions: 

1) What might cause a larger than expected (given the accuracy of the measuring device) uncertainty on an object’s diameter measurement? Do you believe this would significantly affect the estimate of (? An error that always leads to a measurement in one direction (too big, or too small) is termed a systematic error.

2) Does the use of a string to measure the circumference possibly have any associated systematic error? If so, in what direction would one’s measurements be off? How would this affect your estimates for (?
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