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Introduction

By experience I have found that applying Mathematics on a real world experiment often engage students a lot. When data collected in an experiment is analysed and modelled students get more involved and they learn more by their experiences. Using TI-Nspire to collect and analyse experimental data opens still another dimension.

To exemplify this I will present two experiments where different modelling techniques are applied. Since students get more involved and also have to think more, I prefer using manual modelling instead of built in regressions.
Experiment 1. Newton’s law of cooling

Purpose of the experiment

Students will try to find a mathematical model describing the temperature change in the cooling process when an object with higher temperature than the environment cools down.
Procedure

With an EasyTemp sensor connected to a TI-Nspire it is possible to collect temperature data as a function of time. 

In this experiment students will heat the sensor in boiling water. The sensor will be taken out of the water, excess water will be wiped off rapidly, where after data collection starts. While the sensor cools down towards room temperature data will be collected for three minutes with a sample rate of 1 data point per second.

Analysis
During the analysis students will fit a model to collected data based upon their assumptions on how the temperature decreases. With a reasonable type of function for the temperature versus time they will try to find the numerical values for the constants in that function. Once these values give a good fit to the collected data the first step of the investigation is finished. 

The next step is to investigate the rate of change of the temperature as a function of the temperature difference to the environment. This relationship will lead to the relation called Newton’s law of cooling.

Steps during the analysis with comments
In the following text the progress of the analysis is shown with comments.

In the experiment that is analyzed, the temperature of the environment was 15o C.

	When data collection is done and the data collection box is closed, the screen of the handheld, after minor adjustments, looks as the picture to the right. 
In the left hand part there is a Graphs & Geometry application showing the graph and to the right in a Lists & Spreadsheet application the two lists containing collected data are shown. 
As the first step a new Graphs & Geometry page is inserted in a full screen and the Stat Plot showing temperature versus time is inserted here as well.
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	After a discussion students normally find that the temperature decrease is exponential and that the function that can model it is 
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 with appropriate values for the constants a, b and c.
The function is entered in the working area using the text tool together with reasonable first assumptions for the values of a, b and c. Using the Calculate tool the formula is evaluated for these values. The first result can be seen to the right.
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	The values a=15 is readily found from the fact that the temperature of the environment was 15oC which value the function approaches as x goes to infinity. Also b= 69.5 can be entered based upon the temperature when x=0 that is 84.5, as is obvious from the list element B1. The value of c is harder to find but we know that it is less than 1 (and positive). Hence a first guess c=0.9

The function drops to fast so the next entry for c must be higher. Let us try c=0.98. The result is seen to the right.
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	Next try is c=0.99. This is obviously to big so let us try another ….
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	After a series of tries a good fit is found with c=0.9897.
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	To make the calculation of slopes easier the expression is now entered as function f1(x) in the entry line of the Graphs & Geometry application. 
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	A new page with a Calculator application is inserted and the function slope(x) is defined using the := notation for defining. 
Another page now with a Lists & Spreadsheet application is inserted as next step. Here columns A and B with the collected data are entered using the formula rows just above A1 and B1. See below.
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	Column C is labeled sl and in the formula row the definition of the variable sl is entered in the formula row as the slope function applied to the values in column A. 
Column D is labeled tdiff and the definition in the formula row above D1.

Columns C and D are now populated with the values needed for the next step.
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	Another page with Graphs & Geometry is entered and the Stat Plot of sl versus tdiff is drawn. The relationship is linear and the graph also seems to pass through the origin. The cooling rate is proportional to the temperature difference to the environment, ie Newton’s law of cooling.

Below to the left this is shown. To the right is a picture from the Page Sorter showing the entire file on the handheld.  The first page is notes giving information about the room temperature.
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Experiment 2. A vertical ball throw
Purpose of the experiment

Students will try to find a mathematical model describing the motion of a ball thrown vertically upwards. The description must include the distance versus time as well as the velocity versus time graphs.
Procedure

With a CBR2 sensor connected to a TI-Nspire it is possible to collect distance data as a function of time. 

In this experiment students will collect distance data 20 times per second during five seconds. If desired, collection can be stopped earlier when the experiment is done. 
Analysis

In the analysis students will fit a model to collected data based upon their assumptions of the type of motion. After that they use the slope of the motion curve to model velocity versus time.
Steps during the analysis with comments

In the following text the progress of the analysis is shown with comments. 

	When the experiment is done the screen of the handheld will look like the picture shown to the right when minor adjustments are made. Distance versus time is displayed as a graph in the left part of the window and in the right one two lists display collected data.

It seems that a parabola is the correct model to describe the distance versus time graph.
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	To find the vertex of the parabola the trace tool is activated. With the help of that, the largest y-value at the graph is found and at that point “enter” is pressed to leave the point and its coordinates visible when leaving the trace feature. See the picture to the right.
From trace data it is apparent that the maximum occurs a little to the right of x=1.1.
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	As a first approximation the vertex is assumed to be at (1.1 , 1.4945) and an arbitrary function having this vertex as a maximum is entered as f1(x). As can be seen to the right this is far from a perfect fit. To make it better, the coefficient in front of the parenthesis must be increased.
The first try is the value 5 giving the graph below to the left. Not bad, but a minor decrease is needed. Also a small change to move the vertex slightly to the right improves. See the right picture below! 
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	The next step is to find the velocity function. I want to capture slope data from the motion graph so I put a point on the x-axis and a line through that point perpendicular to the x-axis is constructed.

The intersection point between the line and the curve is found and finally a tangent line in this point is constructed.

The slope of this tangent line is found using the slope tool (3.86869). 
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	This value is stored in a variable by pressing the sto key at the keyboard. The default name “var” is exchanged to slope.
Using the Coordinates & Equation tool the coordinates of the point at the x-axis is found and the x-value is stored in variable time. See below to the left!
A new page with Lists & Spreadsheet is inserted. Column A is named ti and linked to the variable time. See below to the right!
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	In the formula cell just above A1 the formula for automatic data capture is entered and the variable to capture is time. 

Column B is named sl and in the formula cell automatic data capture of variable slope is entered. 

In cells A1 and B1 the result can be seen.
	[image: image22.jpg]RAD AUTO REAL

B1|=5.00585849057






	Now it is time to return to the Graphs & Geometry page and click at the point and the axis, then grab it and drag it through the x-values of interest.

When this is completed the lists A and B are populated with values of the variable time and slope. See below!
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	To be able to graph these values a new page with Graphs & Geometry is inserted. Graph type is changed to Scatter Plot and the x and y-variable names are introduced.

The x-values are the values stored in variable ti and the y–values in variable sl.
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	To the right the result can be seen, a plot of slope versus time.
It is time to discuss the linearity of this plot and also to make a linear regression to fit these data.

The steps of this regression can be followed in the screen shots below!
When function f2 is activated the resulting regression line is displayed.
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Now let us make a conclusion! From the results it seems apparent that the vertical throw is a “free fall” but with an upwards directed initial velocity. 

Distance data confirms a uniformly accelerated motion with the constant acceleration of -9.8 m/s2 vertically. The velocity curve is linear, showing a constant acceleration, the slope of the curve (line) is -9.8 m/s2.
Discussion

During the analysis of these two experiments students meet a lot of Mathematics and I am convinced, having used these ideas with many students, that they feel more comfortable in learning and applying their skills to  real life phenomena. As an extra bonus they have fun doing Mathematics.
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