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Making Cents of Density
	Science Concepts

· Develop abilities necessary to do scientific inquiry

· Develop understandings about scientific inquiry

· Understanding properties of matter

· Understanding science and technology in society

· Systems, order, and organization

· Evidence, models, and explanation

· Constancy, change, and measurement

· Form and function

Materials

· At least 28 coins of each domination (0.01, 0.05, 0.10, 0.25)

· Massing device up to 200 grams

· TI-73 Explorer with Graph Link Cable and TI Connect software

· Meterstick or millimeter ruler

· Optional: 100 ml graduated cylinders with H2O to measure volume by displacement
	Overview

This investigation is designed to explore the role of measurement in science. The mass, diameter and height (or volume) of different coins will be collected and their volumes and densities will be calculated.  Our goals are to use these measured and calculated values to help describe the differences between different materials and to demonstrate the need for indirect measures to come to know the nature of individual items. 
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Introduction


When you learned that a nickel has the mass of 5 grams, did you then predict that a dime would have a 10 gram mass? This is an example of how measured values can be confused and mixed. Density, which is the ratio of mass to volume, is a measure that helps scientists to compare items of different shapes and sizes. The question “Which is heavier a kilogram of lead or a kilogram of feathers?” is an example of the nature of this problem.


In this investigation your team will collect some measures of the 4 types of US coins in an effort to compare them. 


Examine one of each of the four coins. Discuss with your neighbor what you see about the coins. What words could you use to describe the coins, and how can these words be used to point out the similarities and differences between the four coins? List some “measures” or descriptors of the coins that you used in your comparisons in the Data Recording part of this document.


Rank the four coins, based on your observations. List the coins, from smallest to largest, for their values of weight, width, and volume based only on your observations. Report your rankings in the Data Recording part of this document.


As you can see, the coins are of different sizes, so they are hard to compare. If we made all of the coins the same size how would you then rank them for weight? Report this in the Data Recording part of this document.


Set Up


Since the coins are so small and we only have “gross” measuring devices, we are going to collect information on the coins in sets of 7. With your team, select one denomination of coin and bring 28 of them to your work area. You will need access to a measuring device for length and mass (scale). You will repeat these steps for all four coins, unless your teacher directs you to get the data for other coins from another team.


We will need to mass the coins, and to measure the coins so that we can determine the volume. If your teacher directs you to get the volume by the displacement of water, you will need a 100 ml graduated cylinder and some water. Since other groups will use the coins, make sure that you dry them off before they are moved to another group. Make sure that your coins are dry before you mass them. 


Procedure


Measure the diameter of one of your selected coins and report this value with its corresponding radius in the Data Recording part of this document. Recall that the diameter is twice the radius for a circle. Report the distances in centimeter to the nearest tenth (mm).


Determine the mass in grams of 7, 14, 21, and 28 of your coins. Mass each set of coins and report the results in the Data Recording part of this document. Measure to the nearest tenth of a gram, if your scale will allow for that.


Determine the height of each stack of coins. Record this in the Data Recording part of this document using centimeters, to the nearest tenth (mm). [If you are determining the volume of the coins by the displacement of water in the graduated cylinder, you will report the change in the height of the water level in ml (cubic centimeters) in the table. Make sure you subtract the level with no coins, from the level with 7, 14, 21, or 28 coins. Also make sure you shake the air bubbles out before reading the levels, and watch out for splashing. This measure will be the volume of the given stack of coins.]


Repeat these steps for each of the four types of coins. Fill in the tables in the Data Recording part of this document as before.


Analysis


Now that we have collected the needed measures for the four different coins, we will determine the density of each and then compare the coins.


To determine the volume of each stack of coins we will use the formula for the volume of a cylinder. This is just the area of the circular base times the height of the stack. The Formula is � EMBED Equation.BREE4  ���. Since we know the Radius of the coin (R), the Height of the stack of coins (H), and that pi (� EMBED Equation.BREE4  ���) is about 3.14159 we can use the Solver function on the handheld to determine the volume of each stack of coins. 


Turn on the TI-73 Explorer and press ( to get the MATH screen (Figure 1). Press ( to select 6:Solver… from the menu and use your ( arrow to set up your equation. Press ( to start with a clean line (Figure 2).  Use the Text Editor to enter the formula. Press ( ( and move around the screen selecting the letters and symbols by pressing ( use the ( key for the square and press ( ( for pi. If you make a mistake press ( until you get to the point to retype. Highlight the Done word and press ( to dump the equation into the Solver. (Figures 3 and 4). 


Move down into the Solver by pressing (. Key in the appropriate values for R (the Radius) and H (the Height). You can place a guess for the value of the Volume on the V= line if you wish. Move down to highlight the V at the bottom of the screen (Figure 5) and press ( to have the handheld calculate the value for the volume of the particular stack (Figure 6). Report the results in the Data Recording part of this document for all coins. Round off your values to the nearest hundredth cm3.


We now will place the mass and volume in the list on our handheld. Turn on the handheld and press ( to access the List Editor. Move the cursor to the top of the first column, in the header. Press ( until you get tired. You should now have a blank place to enter your list names and data as shown in Figure 7.Create four list for the size of the stack of coins, the mass, the volume, and the density. Access the Text Editor by pressing (( and selecting the appropriate letters as you move around with the arrow keys. Press ( to pick the letters and ( to move back to correct mistakes. Highlight the word Done and press ( when you are finished with each word. See Figure 8. Move to the header of the next column to create the next list. Enter the data for just one type of coin.


Fill the list with the information that you know (stack size, mass, and volume). To determine the Density, which is the ratio of the mass to the volume, move to the hearer of the Density list and key in the formula, in quotes, as shown in Figure 9. Go to the Text Editor and select the open and close quotes. Select Done and then move to the second quote and press ( ( to insert the names of the list. Press ( ( and select the list for Mass. Press ( and then repeat the ( ( combination to get the name of the list for Volume. If you have entered the data for the mass and volume of each of the four different size stacks of the selected coin, pressing ( will calculate the Density.


Notice that the values for the density for each stack of this coin are close to the same. This is basically the density of the coin. To get a single value to use we will determine the average of these values. Go to the home screen, press ( ( (, (Figure 10) press ( ( to access the catalog of commands (Figure 11) and then ( ( to select the letter “M” for mean, highlight and press ( (Figure 12). From the catalog move to the key word Mean with the ( key and press ( (Figure 13). Now press ( ( to get the name of the list for the Density. Close the parenthesis and press ( to determine the average density for this coin (Figure 14). Report this value in the Data Recording part of this document.


Repeat this process for the other three coins, or obtain the data from other teams. Complete the table in the Data Recording part of this document.


After you complete the table for the average density of each coin, we would like to look at a plot of this data. To do this we will create a new list for the name of the coin and the Mean Density. Repeat the process of entering a set of list from above and create the two new lists from the table in number 8 below. To identify the list of coin names as categorical, use the quotations for the name of the first coin. See Figure 15.


To create a Bar Graph of this data, to help us see the relationship between the coins, press ( ( ( and set up as shown in Figure 16. Get the list names from the list of lists by pressing ( (. Check to see that there is only one plot on, and that there are no equations turned on by pressing (. See Figure 17. Press ( and then ( ( ( to examine the plot. Report the graph by sketching it on the Data Reporting part of this document, or printing it from TI Connect.


Look at the data you have collected and the graph. Consider these and reflect on your ordering of the coins at the first of this investigation. Report your thoughts about the coins in the Data Reporting part of this document.


Find the True values for the densities of these four coins and calculate the Percent Error for each density. Use the formula below and record the results in the Data Reporting part of this document. �           TrueDensity – AverageDensity * 100%�                      TrueDensity


Discuss in the Data Reporting part of this document how well you did with the determination of the densities of the four coins. Which coin had the smallest error? Which had the largest error? Why do you think you had these results?


Now determine the mass and volume of ONE coin of each of the four types. Explain how you came to calculate these values and report this in the Data Reporting part of this document.


Data Recording


List the words you think would help describe or compare the four coins.�______________  ______________  ______________  �______________  ______________  ______________  �______________  ______________  ______________  �______________  ______________  ______________  


Rank the four coins from least to most:�Weight:  _______  _______  _______  _______  �Width:   _______  _______  _______  _______  �Volume: _______  _______  _______  _______  


If all four coins where the same size, how would you rank them for weight from least to most?�Weight: _______  _______  _______  _______  


Report your measured value for the diameter of each coin and the calculated value for the radius in the table below.


Coin�
Penny�
Nickel�
Dime�
Quarter�
�
Diameter (cm)�
�
�
�
�
�
Radius (cm)�
�
�
�
�
�
Report the masses in grams for your coins in the table.


Number


of Coins�
Penny


Mass�
Nickel


Mass�
Dime


Mass�
Quarter


Mass�
�
7�
�
�
�
�
�
14�
�
�
�
�
�
21�
�
�
�
�
�
28�
�
�
�
�
�
Report your measured heights in cm for your coins in the table.


Number


of Coins�
Penny


Height�
Nickel


Height�
Dime


Height�
Quarter


Height�
�
7�
�
�
�
�
�
14�
�
�
�
�
�
21�
�
�
�
�
�
28�
�
�
�
�
�
[This will be the volume of the stack of coins in milliliters (cm3) if your team is using the “volume by displacement” method.]


Complete the table below for the Volumes of each stack and each coin. Round to the nearest hundredth.


Volume (cm3)�
�
Stack�
Penny�
Nickel�
Dime�
Quarter�
�
7�
�
�
�
�
�
14�
�
�
�
�
�
21�
�
�
�
�
�
28�
�
�
�
�
�
After you determine the average value for the density of the stacks for each coin, record the value, rounded to the nearest hundredth g/cm3, in the table below.


Coin�
Density�
�
Penny�
�
�
Nickel�
�
�
Dime�
�
�
Quarter�
�
�
Report the Bar Graph of the Average Densities for the four coins. Sketch below or print it using TI Connect™ software and cable.������


Discuss your rankings of the coins now that you know the masses, volumes, and densities of the four coins.�____________________________________________�____________________________________________�____________________________________________�____________________________________________


Calculate the percent error for the densities and report them in the table below.


Coin�
Percent Error�
�
Penny�
�
�
Nickel�
�
�
Dime�
�
�
Quarter�
�
�
Reflect on the errors above. Recall that an error of greater than 10% is large.�____________________________________________�____________________________________________�____________________________________________


Report your values for the mass and volume of one of each of the four coins. Explain how you determined these values.�___________________________________________�___________________________________________�___________________________________________�___________________________________________


Coin�
Mass (g)�
Volume (cm3)�
�
Penny�
�
�
�
Nickel�
�
�
�
Dime�
�
�
�
Quarter�
�
�
�
Conclusion


Write a paragraph to explain why we use density to compare coins.


______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


Why are coins different sizes and made of different materials? Would a coin of greater value have a larger size? More expensive materials? 


_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


Going Further


Try this investigation with other coins such as the fifty-cent piece, the SBA or Sacagawea dollar, pre 1982 pennies, or foreign coins.


Do this investigation with other items such as pencils, marbles, gum, etc.


What other types of plots or analysis would help demonstrate the differences between the four coins? Create them and make your case.


What metals are in US coins? What are their densities and how does the mixture of the different metals result in the densities of these coins? How much does the metal in a coin cost?


Which is heavier $1.20 in nickels or $0.57 in pennies? Determine several sets of coins of two or three types that have the same weight? For example $1.60 is dimes is as heavy as ????? .


INSTRUCTOR NOTES


Procedures and Setup Suggestions


In the set up of the experiment, try to lead the students to see that the coins can’t be compared very well because of their different sizes and that the shape of a cylinder is more deceptive than other shapes, like a cube. In addition, the students should come to see that the small size of the coins adds to the problem. In this case we get by this, by measuring multiple copies of the coins. This is a common technique in measurement.


Discuss the role of density in science to compare or categorize. Point to the synergy between mass and volume.


Use Pennies after 1982. If you wish to add a fifth coin, the pre 1982 coins are denser than the newer pennies. In 1982 they made both types of coin, so avoid that year.


Measuring volume by displacement will add a larger error to your results, but the mathematics might be more accessible for younger students. Use a plastic 100 ml graduated cylinder, and the better results will come from the larger numbers of coins.


The approximate True densities for the coins are reported below in grams/cm3�Penny (post 1982) = 5.66�Penny (pre 1982) = 6.79 �Nickel = 7.26�Dime = 6.67�Quarter = 7.01�Fifty = 7.17�SBA or Sacagawea = 7.34


��Student Learning Goals and Objectives


Students will be exposed to and learn how to use the following:


Measure diameters and heights to the nearest millimeter


Collect the mass in grams of stacks of coins


Calculate the volume of a cylinder using height and radius or volume by displacement


Determine the density as a ratio of mass to volume


Using TI Connect™,


TI-73 Explorer functions such as using the Text Editor, the List Editor, the Solver, Catalog usage, and setting up Plots


Background Information and Content Preparation


Important math and science concepts covered in the activity.


Collecting data


Graphing categorical data


Recording data in a table


Formulas for volume, density, and percent error


Interpreting data, drawing conclusions


Units conversion


Average and mean


Measurement


Experimental Design


Technology Pitfalls


Some of the potential problems you should anticipate relating to the TI-73 Explorer functionality and features that are:


Connecting the link to the computer for TI Connect correctly


Naming lists and being in the body or header of the list as needed.


Using the equation in the Density List can cause an error if the lists are not named correctly or they don’t have the correct values in them.


References


All of these references may be had at the following URL:


http://fayar.net/east/teacher.web/Math/young/DwD/SAKI/MakingCents.htm


The United States Mint; Coin Specifications�http://usmint.gov/about_the_mint/index.cfm?action=coin_specifications


Metals Used in Coins and Medals; by Tony Clayton�http://www.tclayton.demon.co.uk/metal.html


Physical Characteristics of Coins�http://lakdiva.org/coins/notes/measure.html


Trivia – Numericana�http://home.att.net/~numericana/answer/trivia.htm


New Coin Mostly Copper�http://www.copper.org/cutopics/Ct89/newcoin89.html


Designing a Coin�http://www.seaburyhall.org/library/Lacanientacoin.html


Dollars and Cents - U.S. Coins�http://www.frbatlanta.org/invoke_brochure.cfm?objectid=83FD41FF-9AF0-11D5-898400508BB89A83&method=display_body


The History of The United States Penny Online�http://www.pennies.org/history/intro.html


About The United States Mint�http://usmint.gov/about_the_mint/index.cfm?action=coin_specifications.
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