Gateway 125,126, 130
Fall 2006
Studio 2a p8

Studio 2a:  9/11/06:  Measurement and data analysis

1) Apply the scientific model (hypothesis, testing, and evaluation) in response to a question

2) Examine options for data analysis and presentation

3) Review units of measurement and unit conversion

Reading:  1.4 p 6-10; 2.3-2.4 p 44-52

Group roles:  A Leader/Reporter; B Recorder; C Technician
Background:  
[image: image5.wmf]Column graph:  Mass vs. Penny #

3.95

4

4.05

4.1

4.15

1

2

3

penny number

mass (g)

1

2

3

4

5

6

7

8

9

10

The composition of a US penny has undergone changes in design and composition over the years.  The US one cent coin was issued with an Indian Head on the front from 1859 until 1909.
(Figure 1a)  The first Lincoln cent was produced in 1909 and had the wheat ears pattern on the reverse side from 1909 until 1958.(Figure 1b and 1c)  In 1959 the wheat ears were replaced with the "Memorial reverse".
 (Figure 1d)

Figure 1:  The many faces of a US penny
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· From 1793 to 1837, pennies were made from pure copper. 

· From 1837 to 1857, the cent was made of bronze (95 % copper, 5% tin and zinc). 

· From 1857 to 1864, the cent was 88% copper and 12% nickel, giving the coin a whitish appearance. 

· The cent was again bronze from 1864 to 1962.  (Note: In 1943, the coin's composition was changed to zinc-coated steel.  This change was only for the year 1943 and was due to the critical use of copper for the war effort.

· In 1962, the composition of a penny changed again…..

Questions:
I. Has the composition of a post-1962 penny remained constant through 2006?  

II. What is/are the composition/s of post-1962 pennies?  

Hypothesis:  

1) In your groups, write out a testable hypothesis in response to the questions:  

· Has the composition of a post-1962 penny remained constant through 2006?  
· What is/are the composition/s of post-1962 pennies?  

Data/Fact Gathering:  

2) You have pennies from 1962-2005, balance, and a ruler.  What information can easily be obtained about each coin using these materials?

3)  How will this data help you to determine the composition of a penny?

4)  One variable that you cannot control is the history of each penny from its production to the lab today.  How might this affect the penny?  How will this affect your data?

5)  Your group will be given 30 pennies that are either a random collection of pennies or all pennies from a specific decade.  Envision a data table.  How many rows/columns does it have?  What is each one labeled?  Sketch on the next page.  Then collect your data and fill in the table.
Data Collection

Evaluation  

6)  How accurate is your data?  (Are you confident to the 10th of a gram, to the 100th of a gram?)  

Data is often most useful when represented visually in graphs.  The key is to wisely choose the type of graph.  

To obtain the graphs shown below, three pennies from each year 1-10 (penny #1, penny #2, and penny #3) were weighed. 

[image: image7.emf]Average column graph (1-10)

4.03

4.04

4.05

4.06

4.07

4.08

4.09

4.1

4.11

1 2 3 4 5 6 7 8 9 10

year

average mass (g)

[image: image8.emf]XY-Scatter plot

4

4.02

4.04

4.06

4.08

4.1

4.12

4.14

0 1 2 3 4 5 6 7 8 9 10 11

Year

mass (g)

Penny 1 Penny 2 Penny 3

Figure 2a:  Column Graph                                              Figure 2b:  Bar Graph
Figure 2c:  Scatter Plot                                                     Figure 2d:  Average Columns Graph

7) Which graph/s help you to best visualize the data?  Do your group members agree?

8)  Input your data into Excel.  If appropriate, find the average mass for each year and your decade.
  

9) Use Excel to graph your data in two different ways.
  Try playing with different options such as double clicking on the data points and changing the color or pattern.  Also, double click on the graph and take away the grid lines or change the background color.  Sketch the graph that you think most clearly represents your data below.  

10) What trend/s do you see in your data?  
11)  How do you explain any data points that seem too high or too low? 
12) Answer question I, “Has the composition of a post-1962 penny remained constant through 2006?” Can you answer it using your data?  If so and it did change, can you determine when it changed?  
Your GSI will help facilitate your work larger group data compilation.

(((((((((((((((((((((((((((((((((((((((((((((((((((((
Question II asks, “What is/are the composition/s of post-1962 pennies?”  
Here is some more data:  All pennies since 1962 have been made exclusively from copper and zinc.  According to page 9 of your text, the density of copper is 8.93 g/mL and that of zinc is 7.14 g/mL.  The height of a penny is 1.25 mm. 
3) Review of units 
13) If you wanted to improve your data, you should take into account that a penny does not have a flat face.  In order to determine the density of a penny, how would you accurately find its volume?  Is your method general for finding the volume of any irregularly shaped object?

14) The mass of a penny does not change with temperature.  The volume does change (a little bit) with temperature.  Most substances expand when heated and contract when cooled.  With this in mind, how would the density of a penny change with a change with temperature?

15)  Scientists often look at the accuracy and precision of their data.  Precision is a measure of reproducibility…can you hit the same spot on a target every time? Accuracy deals with getting the correct measurement…can you hit the bulls-eye on a target?  Is one more important than the other?  How could you improve your accuracy and/or precision in this experiment?

16)  If a copper atom weighs approximately 1x10-22g, how many copper atoms are in a penny from 1990?

17)  If a copper atom is 128 pm in diameter, what is the volume of a copper atom in cm3 assuming it is spherical?

18)  How many copper atoms would be in a stack that was equal in height to the diameter of a penny?
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a) Indian head    b) Lincoln cent   c) Wheat ears	  d) Memorial reverse
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� � HYPERLINK "http://www.sammler.com/coins/indian_head.htm" ��http://www.sammler.com/coins/indian_head.htm� (Accessed April 2005)


� � HYPERLINK "http://www.sammler.com/coins/wheat_pennies.htm#1940" ��http://www.sammler.com/coins/wheat_pennies.htm#1940� (Accessed April 2005)


�  Pictures courtesy of : � HYPERLINK "http://www.sammler.com/coins/indian_head.htm#1864" ��http://www.sammler.com/coins/indian_head.htm#1864�,  � HYPERLINK "http://www.sammler.com/coins/wheat_pennies.htm" ��http://www.sammler.com/coins/wheat_pennies.htm� & � HYPERLINK "http://www.lookaround123.com/lapnntrv.htm" \t "_top" �www.lookaround123.com/ lapnntrv.htm�


�  � HYPERLINK "http://www.usmint.gov/about_the_mint/fun_facts/index.cfm?flash=yes&action=fun_facts2" ��http://www.usmint.gov/about_the_mint/fun_facts/index.cfm?flash=yes&action=fun_facts2� (Accessed April 2005)


� To find the average of a set of numbers enter use the command “=AVERAGE(A1:A27)” where A1:A:27 are the block of cells containing the set of data.  When entering this into excel, you can type in the range or highlight it using the mouse.  Assuming that your data is grouped in some manner by year, once you find the average for one year, you can copy and paste the command from the first cell into the cell designated for the average of the next year, etc. (Excel automatically changes the column or rows.)





� To make a graph in Excel, select the data that you want to graph and then click on the graph icon (at the top, a bar graph with blue, red, and yellow bars.)  Follow the instructions in the chart wizard.  You data may be in rows or columns.  Try both options and choose the graph which makes the most sense to you.  In step 3, you can add your titles.  Once the chart is made, you can modify it by right clicking on the chart.  Try playing with the different options.
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Column graph:  Mass vs. Penny #



Sheet1

		Year		Penny 1		Penny 2		Penny 3		Average		Median

		1960		4.087		4.091		4.091		4.0896666667		4.091

		1961		4.102		4.085		4.095		4.094		4.095

		1962		4.109		4.007		4.045		4.0536666667		4.045

		1963		4.107		4.097		4.095		4.0996666667		4.097

		1964		4.091		4.087		4.093		4.0903333333		4.091

		1965		4.085		4.086		4.09		4.087		4.086

		1966		4.087		4.09		4.086		4.0876666667		4.087

		1967		4.088		4.089		4.095		4.0906666667		4.089

		1968		4.093		4.091		4.089		4.091		4.091

		1969		4.087		4.087		4.12		4.098		4.087

																												1.496

																												1.2496

																														.35cm3

																		8.93(.354-x) + 7.14(x) = 2.5												3.5

																		3.161-8.93x+7.14x = 2.5										0.3521126761		1.1136363636		3.79525		2.532548

																		a -1.79x = -.661										0.3471444569		1.055289706		3.0885		2.024904

																		0.369273743

																												8.93

																												7.1

																		8.93(.354-x) + 7.14(x) = 3.1

																		3.161-8.93x+7.14x = 3.1						-0.061

																		a -1.79x = -0.061

																		0.0340782123						3.16122

																								-0.661				1.9 cm= d

																												0.95 = r

																										A=		2.8364285714

																										V		0.2836428571		0.4254642857		0.3545535714
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		Year		Penny 1		Penny 2		Penny 3		Average		Median

		1960		4.087		4.091		4.091		4.0896666667		4.091

		1961		4.102		4.085		4.095		4.094		4.095

		1962		4.109		4.007		4.045		4.0536666667		4.045

		1963		4.107		4.097		4.095		4.0996666667		4.097

		1964		4.091		4.087		4.093		4.0903333333		4.091

		1965		4.085		4.086		4.09		4.087		4.086

		1966		4.087		4.09		4.086		4.0876666667		4.087

		1967		4.088		4.089		4.095		4.0906666667		4.089
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																												0.95 = r
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		1		4.087		4.091		4.091		4.0896666667		4.091

		2		4.102		4.085		4.095		4.094		4.095

		3		4.109		4.007		4.045		4.0536666667		4.045

		4		4.107		4.097		4.095		4.0996666667		4.097
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		9		4.093		4.091		4.089		4.091		4.091
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																		a -1.79x = -.661										0.3471444569		1.055289706		3.0885		2.024904
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		Year		Penny 1		Penny 2		Penny 3		Average		Median

		1960		4.087		4.091		4.091		4.0896666667		4.091

		1961		4.102		4.085		4.095		4.094		4.095

		1962		4.109		4.007		4.045		4.0536666667		4.045

		1963		4.107		4.097		4.095		4.0996666667		4.097

		1964		4.091		4.087		4.093		4.0903333333		4.091

		1965		4.085		4.086		4.09		4.087		4.086

		1966		4.087		4.09		4.086		4.0876666667		4.087

		1967		4.088		4.089		4.095		4.0906666667		4.089
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																		3.161-8.93x+7.14x = 2.5										0.3521126761		1.1136363636		3.79525		2.532548
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																												0.95 = r
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