Name:__________________
Date:__________________

Lab VIII-TI-Nspire™ -Calorimetry-Heat Insulation-Dr. Barnes
© 2010 by Dr. Darrell D. Barnes
RAD AUTO REAL
www.myteacherpages.com/webpages/dbarnes
                                                
This worksheet illustrates data input and graphing of a simple calorimetry experiment using the TI-Nspire™ calculator.  In this experiment, a small Styrofoam cup with a plastic lid (Power mug) is compared in effectiveness of heat retention against the invention of each group of students participating.  The students in this comparison group used a large 16 ounce Styrofoam cup and then nested one of the smaller cups inside.  The smaller cup was covered in bubble wrap and the inside of the nested smaller cup was lined with aluminum foil with the shiny side facing inward.   This competition cup was also surrounded by a plaid koozie of lightweight fabric and named the Power King.  Groups could choose from external insulators, colored paper, bubble wrap, aluminum foil, and the like, and then “sell”  the rest of the class on the value of their cup with data and marketing skills; why their invention was best.
The group featured took 100 ml of hot water from a commercial water heating pitcher and poured it into each of the smaller tested cups, immediately closing them and beginning the time of the five-minute trial taking the temperature with a Celsius thermometer.  Original temperature was taken at 0 minutes and then taken at each subsequent minute with the trial complete at t= 5 minutes.
Here is a data table for both cups.   Time and temp represent the small Styrofoam cup with the plastic lid (Power Mug) and time2 and temp2 represents the invention of this featured group (Power King).
	time
	temp
	time2
	temp2

	۰
	
	
	

	0
	77
	0
	77

	1
	75.5
	1
	76.5

	2
	74
	2
	76

	3
	74
	3
	76

	4
	72
	4
	74

	5
	71
	5
	73.5




Step1:  Enter the lists of numbers.
Home, click the middle button on the navpad, use the navpad to locate 
New Document and click the middle button on the navpad.  
Use the navpad to go to Add lists and spreadsheet.  
Click the middle button on the navpad.  
Use the navpad and go to the top of the column labeled A and type in the word time, using the alpha (green) keys on the calculator.
Next, use the navpad to move down to the first cell with the 1 beside it.  Enter the time values as shown in the table above, one per cell and use the down navpad key to move to the next cell downward.
Repeat the same procedures for entering the data from the table above for the B column, C column and D column.
Step 2: Graphing Data
Select Home, then Data and Statistics by clicking on the button in the middle of the navpad.  You will now see a plot of your data.
Next, move the arrow with the navpad down to the bottom of the screen and click on the box that says “Click to add variable.”  You will see {…} time as one of the possible selections.  Click on it.  This will reveal another visual depiction of the data.
Next, move the arrow with the navpad to the left side of the screen and click on the box that says “Click to add variable.”  You will see {…} temp as one of the possible selections.  Click on it.  This will reveal another visual depiction of the data which will demonstrate the temperatures through time for the first cup (the small Styrofoam cup with plastic lid).
Menu
Analyze
Regression
Show linear mx + b
Click
Using the navpad, move the arrow to the line created until it makes a little glove pointing at the line and double click on it, revealing the equation for the line:  y = -1.15714 x + 76.8095.  This line has a negative slope of -1.16 as indicated by the equation y = mx + b where m is the slope and b is the y-intercept.
Select Home, then Data and Statistics by clicking on the button in the middle of the navpad.  You will now see a scatter plot of your data again.
Next, move the arrow with the navpad down to the bottom of the screen and click on the box that says “Click to add variable.”  You will see {…} time2 as one of the possible selections.  Click on it.  This will reveal another visual depiction of the data.
Next, move the arrow with the navpad down to the left side of the screen and click on the box that says “Click to add variable.”  You will see {…} temp2 as one of the possible selections.  Click on it.  This will reveal another visual depiction of the data which will demonstrate the temperatures through time for the competition cup (the larger Styrofoam cup with the insulated nested small Styrofoam cup with plastic lid). 
Menu
Analyze
Regression
Show linear mx +b
Click
Using the navpad, move the arrow to the line created until it makes a little glove pointing at the line and double click on it, revealing the equation for the line:  y = -0.714286 x + 77.2857.  This line has a negative slope of -0.71 as indicated by the equation y = mx + b where m is the slope and b is the y-intercept. 
Which graph is more negative, slope for the Power Mug or Power King?
This graph will now be copied.  Hold down the control button and push upward on the navpad.  This highlights the graph we just made in a thumbnail sketch.   We will now copy this screen.  Holding down the control key and pushing the menu key will pop up a screen.  Select Copy and click.  By selecting control and menu again, choose Paste and click to duplicate the screen we selected.
Exit the thumbnail sketches by holding down the control key and pressing down on the navpad.
Next, we will place a movable line on the new graph so that we can learn about slope and what it means within this experiment.
Click on menu, analyze and then select add movable line.  A movable line will now be placed on the graph.  Using the navpad grab the left end of the line by placing the arrow on the line until it gets an arrow cycle symbol.  Holding control while clicking grabs the line.   Move the line with the direction keys on the navpad until it is high up the leftmost (y) axis.
Click escape once.
Using the navpad grab the right end of the line by placing the arrow on the line until it gets an arrow cycle symbol.  Holding control while clicking grabs the line.   Move the line with the direction keys on the navpad until it is parallel to the graphed line.  Notice that it is in the -.70 range now.
Click escape once.
Step 3: Analysis and conclusions
Grab the top end of the movable line and move it to the right and notice how its slope changes.  It becomes more and more negative, further from zero.  When we compare this to our original data graphs, we learn that the more negative the slope, the greater the temperature loss over time.  This represents inefficient heat conservation.
Using the navpad, move the line back toward the left and notice how the slope changes as one moves toward the horizontal or x axis.  The competition cup had a negative slope around the value of -.70.  This slope, being closer to zero than the first slope measured of -1.15, has a flatter slope and thus is a better heat insulator.  You may even be able to get to zero slope as you approach and achieve the horizontal.  When the line has a zero slope, it means that the insulating cup does not lose any temperature over time.  This would be the ultimate thermos bottle!
Use navpad left to go back to the first graph.  Click on the slope to reveal the equation of the line.   Copy it here:_________:=______________________________________
Now, navpad right to the last graph and do the following:
Menu
Plot properties
Add  Y Variable  
Click
Temp 
Enter
Notice the data point for the first mug (temp) and the second mug (temp2).  
What graph shapes represent temp (Power Mug)?
What graph shapes represent temp2 (Power King)?
Let’s put some lines on these.  
Menu
Analyze
Click
Regression
Click
Show Linear (mx + b)
Click

Now click on each slope and tell me which set of data has a slope closer to zero?

What does this confirm?
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