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Objective

Our goal here is to further develop our ability to work with measurements that include uncertainty.  Specifically, we will:

· Make measurements that include uncertainty

· To perform calculations using measured values that include uncertainty. 
· To learn the limits of the conclusions that can be reached with data based on uncertainty.

Introduction
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A common method for measuring the density of objects is to immerse the object in water and measure the volume of water displaced. After finding the mass of the object, the density can be calculated by using:

However, the process of immersing the object to measure the volume is prone to a high amount of measurement uncertainty, which can yield results with high amounts of uncertainty. In this activity, we’ll measure the density of a single penny, and multiple pennies to see how the number of pennies affects the uncertainty of our results.
In each of the following cases, use the photo images to determine the mass and volume of the pennies. To find the mass, simply read the value from the display on the digital scale. Note that the manufacturer of the scale claims an accuracy of ±0.01 grams. To find the volume, find the difference between the volume of the graduated cylinder with pennies and the cylinder without pennies. In each case, follow the rules for measurement uncertainty.
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	mass = ______±______ g

mass = ______ g ±______ %

	[image: image2.jpg]



	initial volume = _____± _____ml

initial volume = _____ml ± _____%
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	final volume = _____ ± _____ml

final volume = _____ml ± _____%

	Calculate the volume of the penny


	volume of penny = _____ cm3 ± _____ cm3
volume penny= _____ cm3 ± _____%



	Calculate the density of the penny


	density= _____g/ cm3 ± _____g/ cm3
density= _____g/ cm3 ±_____%




Repeat this process with data from 5 pennies
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	mass = ______ ± ______ g

mass = ______ g ± ______ %
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	 initial volume = _____ ± _____ml

 initial volume = _____ ml ± _____%
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	final volume = _____ ± _____ml

 final volume = _____ ml ± _____%



	Calculate the volume of five pennies.

	volume of pennies = _____ cm3 ± _____ cm3
volume pennies= _____ cm3 ± _____%



	Calculate the density of five pennies.

	density= _____g/ cm3 ± _____g/ cm3
density= _____g/ cm3 ±_____%
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	mass = ______± ______ g

mass = ______ g ± ______ %
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	initial volume = _____ ± _____ml

initial volume= _____ml ± _____%
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	final volume= _____ ± _____ml

final volume= _____ml ± _____%



	Calculate the volume of the penny


	volume of pennies = _____ cm3 ± _____ cm3
volume pennies= _____ cm3 ± _____%



	Calculate the density of the penny


	density= _____g/ cm3 ± _____g/ cm3
density= _____g/ cm3 ±_____%




Questions

1. Which measurement contributed most to the uncertainty of the density, the mass or the volume?

Why did the relative uncertainty of the density decrease as the number of pennies increased? 
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Here is an example of how to use a number line with error bars to express a number that includes uncertainty. The number line here shows the value 1.85 ± 0.1. 

2. Use a number line with error bars to show the results of your measurement of the density of one penny. 

3. Use a number line with error bars to express your measurement of the density of 5 pennies.
4. Use a number line with error bars to express your measurement of the density of 50 pennies.

5. From 1962 until 1981, the US cent coin was made of copper (95%) and zinc (5%).  These pennies have a density of 8.85 g/cm3. After 1982, the US mint changed the composition of the cent coin to zinc (97.5%) and copper (2.5%).  These pennies have a density of 7.185 g/cm3.  Based on the results of your measurements, could you state with confidence whether the single penny you measured was pre- or post- 1982? How many pennies were needed before you could state with confidence whether the pennies were pre- or post- 1982?
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