 MASS OF U.S. PENNIES
TEACHER NOTES

[bookmark: _GoBack]DESCRIPTIONDESCRIPTION	Comment by Microsoft Office User: I don’t know why all the text is indented on this and other activities. I am not sure that they all are. They don’t need to be. Someone should make a decision and then check all the files.
Students often struggle with the concept of isotopes: atoms of the same element but different atomic masses. Particle physicists deal with a similar situation when trying to determine the mass of particles that are predicted by the Standard Model. In this activity, students represent data through histograms for analysis and interpretation. Students use an electronic balance to determine the mass of a large number of U.S. pennies (one-cent coins) of varying ages. The metallic composition of the penny has changed over the years. Different compositions can have significantly different masses. A sufficiently random selection of hundreds of pennies should allow the students to discover the years in which the composition changed.
STANDARDS
Next Generation Science Standards
Science and Engineering Practices
3. Planning and carrying out investigations
4. Analyzing and interpreting data
5. Using mathematics and computational thinking
6. Constructing explanations
7. Engaging in arguments from evidence 
Crosscutting Concepts
1. Observed patterns . . . guide organization and prompt questions.
Common Core Literacy Standards	Comment by Microsoft Office User: It is not clear to me whether they are supposed to follow directly or have a .5 or .6 gap. Someone should decide and then check all teacher pages to make sure they are consistent.
Reading
9-12.3 Follow precisely a complex multistep procedure . . . 
9-12.7 Translate quantitative or technical information . . .
Common Core Mathematics Standards
MP2. Reason abstractly and quantitatively. 
MP4. Model with mathematics.
MP5. Use appropriate tools strategically.
MP6. Attend to precision.
IB Physics Standard 1: Measurement and Uncertainty
1.2.6 Describe and give examples of random and systematic errors.
1.2.8 Explain how the effects of random errors may be reduced.
1.2.11 Determine the uncertainties in results.
IB Physics Standard 7: Atomic Nuclear and Particle Physics
7.3 The structure of matter
ENDURING UNDERSTANDINGS
Histograms represent data for analysis and interpretation.
LEARNING OBJECTIVES
In this activity, students will know and be able to:
· Make a histogram to determine if the mass of all U.S. pennies is the same within experimental uncertainty.
· Determine the year that the composition of the U.S. penny changed.
· Explain how this method of determining the change in U.S. penny composition relates to the concept of isotopes from your study of chemistry.
PRIOR KNOWLEDGE
Students must be able to keep careful records of observations and know how to make histograms.
BACKGROUND MATERIAL
Plan ahead to make sure you have enough pre-1982 pennies so that they represent approximately 10% of your total sample of pennies. 
A histogram is a common data representation in particle physics. Histograms are graphical representations of a frequency table. You can find more information on histograms at http://quarknet.fnal.gov/toolkits/new/histograms.html.
You can find inexpensive small balances that read to the hundredth place at Amazon and other vendors for less than $20.00.
We prompt the students to draw two histograms after they collect data. You may wish to provide more detail if you think they need it. This may help: http://quarknet.fnal.gov/toolkits/new/histograms.html
IMPLEMENTATION
One method of starting this activity is to instruct the students to write down as many characteristics of each penny as they can. Many of these characteristics are qualitative and a few are quantitative.  Help the students focus on the characteristics that are measurable in the lab and can be represented with a number value. The most important characteristics for this activity are mass and mint date, but if they want to record things like diameter or thickness, they can draw conclusions from those data as well. If time is a factor, then limit data to mass and mint date.
Have students construct a data table to organize their data. Students should document their procedure before experimentation and review it after completing the experiment so they can include any changes made during data collection. They make a histogram for each characteristic they study.
The lab works quickly if each groupis given bags with 10–20 pennies with various mixtures of pre-1982 and post-1982 pennies. The mass of the U.S. penny changed significantly in 1982. You can ensure that your class “discovers” this by inspecting your penny collection to see if there are enough pre-1982 pennies to show the mass difference. The lab works quickly if each group of two or three students is given bags with 10–20 pennies with various mixtures of pre-1982 and post-1982 pennies. The mass scale should have a minimum reading of 0.01g.
You can have the students make a histogram of their group data, but the sample size is too small to see a consistent effect. It is best if there are at least 100 data points to make the class histogram. 
The mass histogram will very likely reveal that pennies come in two different masses: “light” and “heavy.” However, there is nothing to suggest why the masses change. The answer to that question requires more investigation.
If students record the mass and mint year of each sample, they’ll have enough information to begin to answer the question about why the mass changes. The next histogram to try is mass vs. mint date. This histogram provides information about when the change in mass occurred. This experiment cannot yield any evidence to support any particular answer to why the mass is different. The experiment can suggest additional tools and measurements that the students should make in order to determine why the mass changes. This is the nature of science; one experiment leads to another.
ASSESSMENT
One technique for reporting out is to ask students to confer in their group, (we never mention the group on the student sheet or here for that matter) present their answers on a white board and share their ideas and answers with the class.
You might ask students questions such as: 
· What do you conclude about the masses of pennies from your histogram? What is the evidence that supports your conclusion?
· Is there a single best value for the mass of a U.S. penny? Is there more than one best value for the mass of a U.S. penny? Do the values agree within uncertainty? What evidence can you provide to support your answer?
· What do you conclude from the mass vs. mint date histogram? What is the evidence that supports your conclusion?
· Is there evidence from your data to support the claim that the composition of a U. S. penny has always been the same? Explain your claim.
Extension questions:
· If they collected other quantitative data for each penny, what conclusion can they draw from the histograms of those data?
