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A Certain Uncertainty
Materials
Digital balance		(2) nickels	heavier object (ie – wooden block, pair of scissors, etc…)

Each numbered paragraph requires an answer or data collection.
How scientist report measured numbers reflects the reproducibility, or precision of the measuring device. The three ThumbRulers© used in the previous activity had different precisions. Measurements have certain values (those that are marked on the ruler) and one uncertain value (estimated between the marked values). The decimal place that contains the estimated value gives someone reading the reported data an idea of the uncertainty of the measurements. 
Can we eliminate uncertainty by making repeated measurements while using the same device?
1. Press the “ON-ZERO” button to turn on your balance.  Find the mass of one of the nickels supplied by your instructor. Record the mass, to the correct precision, in Table 2.1. Remove the nickel and find the mass of the heavier object. Record the mass of the heavier object to the correct precision in Table 2.1.
Press the “ON-ZERO” button once to zero your balance. Again, find the mass of the nickel and then the mass of the heavier object. Repeat eight more times until you have a total of ten trials for both objects; each time pressing the “ON-ZERO” button before you find the mass of the two objects.
2. Record your results in Table 2.1
Table 2.1
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As you can see from the results of the preceding experiment, the value obtained for the mass of an object may vary each time the mass is measured. This means that we cannot completely trust a balance to give the mass exactly—a measurement might be off a little bit. All measuring instruments behave this way. For this reason, we say that there is some uncertainty in all measurements.
Because of this uncertainty in the measurement of mass, we must distinguish between a measurement and a concept called actual mass. We think of the object as having actual mass, but our instruments never give the actual mass exactly.
Consider the 10 mass measurements of each object above. Although the measured numbers differ, it seems reasonable that all measurements together could be used to estimate the actual mass of the object.
One idea is that the measurement that occurs most often is probably the correct one—but that could just be chance. A more reasonable way is to suppose that the balance probably gives too high a reading half of the time and too low of a reading half of the time. Then the actual mass is probably in the middle, between high and low readings. One way of finding a value in the middle is to calculate the mean of all the measurements. The mean is calculated by adding up all the measurements and dividing by the number of measurements that were made.
3. Calculate the mean of the values you obtained from your measurements of the masses of the two objects. Record these means in Table 2.2 below.
NOTE: When you record your mean, remember, the calculated mean of the masses should have the same precision as the measured mass values. Report your means to the thousandths decimal place (0.001).
4. Of course the mean probably is not the actual mass, but it is does represent the best value for the mass. It might be possible to improve the estimate by taking hundreds of measurements but it would rarely be worth the effort.
In table 2.2 below, list in order, from largest to smallest, all of your mass measurements of the two objects. Also write the average value in the space provided.
Table 2.2
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5. For each object, what is the measurement that is furthest from the mean value? Subtract to find out how much this measurement differs from the mean. The number obtained by subtracting gives an estimate of the largest error that is made in measuring with your balance. We will call this number the uncertainty of the balance. 
Calculate the uncertainty of your balance for the nickel and iron bar. Be sure to include units for your measurements.

a) Nickel:   + _____________grams

b) Heavier Object:   + _____________grams

The balance does not necessarily tell us the actual mass, but in the investigations performed so far, the error has never been more than the value just calculated for the uncertainty. This property of the balance must be taken into account when interpreting all measurements of mass.
It is important to tell how much uncertainty there is in a measurement when reporting the measurement. A common way of reporting uncertainty is to write the uncertainty right after the measured value using “+” symbol. For example, if the mass is measured to be 12.346 g and the uncertainty is 0.006g, the measurement would be reported like this: 12.346 + 0.006g.
6. Suppose you measure the mass of a calculator just once on your balance and obtain 30.642 g. This may not be the actual mass, but you know that the actual mass must be close. The actual mass should not differ from the measured value by more than the uncertainty, because that is the largest error that was observed for the balance. Use the uncertainty you calculated for the heavy object in question #5b to answer the following questions:
	a. What uncertainty did you calculate for the balance when you used the heavier object (#5b)?
		+  _____________________grams 	
a. What is the highest the actual mass the calculator could possibly have based on your uncertainty?
		_______________________grams
	b. What is the lowest the actual mass the calculator could possibly have based on your uncertainty?
		_______________________grams
To be fair, we probably should say “reasonably” instead of “possibly” in these questions, because it is conceivable we did not see the very biggest error the balance will ever make. After all, we measured the mass of each object only 10 times.
Suppose an unlabeled bottle containing a white solid is found in a chemistry stockroom. To determine the identity of the substance a student finds the melting point of the solid to be 27oC. After looking at previous inventories of the stockroom, the student narrows down possibilities and looks up the melting points of the possible substances (Table 1 below).  According to Table 1, material C melts at 27.5oC. Since that is closest to the experimental melting temperature, the substance can be tentatively identified as material C.
	
Table 1
	Material
	Melting Point (oC)

	A
	32.0

	B
	10.1

	C
	27.5

	D
	12.0

	E
	26.0

	F
	12.0

	G
	18.0

	H
	25.0

	I
	30.3



But wait! Can material E, with a melting temperature of 26.0oC, be ruled out? That depends on the uncertainty of the measured values. Suppose the table values can vary by 0.5oC either way. Then the table values for material C could be any value between 27 and 28 oC (27.5 +0.5 oC). And the value for material E could range from 25.5 to 26.5 oC (26.0 + 0.5 oC).
What about the experimental measurement of the melting point of the unknown solid? If the temperature reading could be off by as much as one degree in either direction, the melting point could be any value between 26oC and 28oC, falling within the range of possible values for material C and E. The measured value and the table’s values overlap. Therefore it can be concluded that the white solid could be either C or E, within the limits of the specified uncertainties, as shown in the following diagram.
27.0oC
26.0oC
28.0oC
Actual melting point of unknown lies somewhere in this range
-1.0 oC
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7. Suppose the student used a temperature probe that gives a melting point of 26.0 +0.5 oC for the unknown solid. What materials in Table 1 could the unknown be?

8. Find the mass of two nickels one time each and record the mass using the uncertainty of your balance you calculated in #5a), page 2 of this activity.
First  nickel		Second nickel
Measured value			__________		___________
Calculated uncertainty
of balance from 5a)			+  _____________

Highest value
for the actual mass		__________		___________
Lowest value
for the actual mass		__________		___________

9. a. Do you think the two nickels have the same mass? Explain your reasoning.

b. Under what conditions is it valid to conclude from measurements that two masses definitely differ?

c. Under what conditions is it valid to conclude from measurements that two masses might be the same?

d. Under what conditions is it valid to conclude from measurements that two masses are definitely the same?

Adapted from “Physics By Inquiry, Vol 1” by McDermott
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