Objectives:


Using the Gas Laws 2 aplet, the student will investigate the relationship between pressure and temperature in gases.








Equipment:





* PLDL100 Data Logger


* Vernier Pressure sensor


* Vernier Temperature sensor


* HP38G with Gas Laws 2 aplet.


* Cable from PLDL100 to HP38G


* Ring stand + utility clamp.


* Hot plate or Bunsen burner.�



* Conical flask with a one hole stopper fitted with a glass tube leading to plastic tubing of a suitable size to attach to the sensor.  Sealed to be air tight.


* ice


* a source of near boiling water


* 2 x 1 litre beakers.


�
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Functionality:





This aplet is based on the PLDL100 aplet which is supplied with the PLDL100 Data Logger.





When the student presses  START  , they will see the message on the right only if there is any data currently in C1 or C2 of the NUM  view. If they choose to  Clear data  then all five columns which are used by the PLDL100 aplet will be cleared. 











The next view encountered is the  NOTE view, where a brief explanation of the aplet is given. This note includes an equipment list.











The aplet has been preset to have a Temperature (oC) probe connected to PORT 1 and a Pressure (atm) probe connected to PORT 2  on the PLDL100 Data Logger.  This allows easy graphing with Temperature (C1) on the horiz. axis and Pressure (C2) on the vertical axis.


























The   VIEWS  menu is shown right.  The options are as follows:





  * Collect data


This option is used to read the data from the pressure sensor to the PLDL100 Data Logger and then from the Data Logger to the HP38G.





  * Plot data


This option uses the Autoscale option built into the PLDL100 aplet to plot the data.





  * Start


This option restarts the aplet.





When the user chooses the   Collect data   option, they will see the screen on the right.





As shown in the screen shot, the first step is to press the screen button labeled   START.











Assuming that all the connections are correct from the HP38G to the PLDL100 and to the Vernier probes, and that the Data Logger is switched on, the user will see the screen on the right.  These numbers will be continuously changing as the Data Logger monitors the Port and provides continuous feedback.  If a ‘Timeout’ message appears it means that the connection has failed somewhere along the line.





The instructions provided for the student  instruct them to save temperature/pressure pairs at various different temperatures by pressing the   SAVE  button.  This button records the temp. reading from  Port 1  and the pressure reading from Port 2 and stores them in column C1 and C2 respectively.  Shown right are the results of a number of  SAVE’s.  





As mentioned in the instructions, the monitoring & recording process is terminated by pressing the  PAUSE  button (which takes the place of the START button once recording begins).














Once the data is collected, the temperature readings will need to be adusted to use the Kelvin scale rather than the Celcius scale.  This adjustment is covered in the Student Notes.  





The conversion can be done by storing the original values into C3 (for later use if needed) and then adding 273 to each value in C1.   This, with the resulting NUM view, is shown in the screen shot on the right.





Important Note:  





   The aplet comes preset to the standard supplied calibrations of  Pressure (atm) and Temperature (oC).  This will give quite good results.  If desired, a custom calibration can be done.  The instructions for this are given in the file CALIBRAT.DOC accompanying this file.








The aim of the aplet is to show that � EMBED Equation.2  ���.  The easiest way to show this is to demonstrate that � EMBED Equation.2  ���  This can be shown numerically by changing the HOME view, creating C4 as C1 divided by C2 and showing that C4 is close to a constant.  





Alternatively, plot C1 vs. C2 and show that the data is well fitted by a straight line passing through the origin. The SYMB  view is set to plot C1 vs. C2 with a linear curve chosen.  The student will need to position the highlight on the Fit equation in the  SYMB  view and press SHOW in order to see the equation in full.
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Final Notes








The type of valve on the gas syringe may vary and hence the instructions to students may need amending slightly.





The Statistics aplet, on which the PLDL100 aplet is based, requires a minimum of four data points before it will calculate values like the correlation etc.
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Additional Exploration:





This aplet leads naturally into an exploration of the other relationship pairs between  pressure and volume, and between volume and temperature.  The exploration of the concept of Absolute zero is naturally an outgrowth of this aplet.


�
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Ideas can be applied to:		


Physics			








Programs associated with this aplet:


	. GAS2.S, . GAS2.COL,  . GAS2.SC,  .GAS2.PL 








�
Setting Up





Check that you have the following equipment:





PLDL100 Data Logger.


HP38G Graphical Calculator with the GAS LAWS 2 aplet.


Vernier Pressure sensor.


Vernier Temperature sensor.


Cable from Data Logger to HP38G.


2 x 1 litre beakers.


ice


a source of near boiling water.


Conical flask with a one hole stopper fitted with a glass tube leading to plastic tubing of a suitable size to attach to the sensor.
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Connect the cable from the temperature probe to Port 1 of the Data Logger  and the pressure probe to Port 2.





� EMBED CDraw5  ���


�Connect the cable from the HP38G calculator to the socket on the Data Logger.  The cable plugs into the ‘Serial I/O’ socket on the opposite side to the On/Off switch.


If you have an AC Adaptor for the PLDL100, plug it in next to the On/Off switch.  This saves the batteries.  Turn the PLDL100 Data Logger on.





Fully open the relief valve on the syringe,  to equalize pressures.  Now close the valve fully and re-open it one complete turn anti-clockwise.  This will open the side valve which connects to the pressure sensor.








� EMBED CDraw5  ���


Collecting Data





Place the ice into one of the beakers and add tap water to about 500ml.  Place this aside to allow the ice to melt and the temperature of the water to stabilize.  Place the conical flask into the other beaker with the temperature probe and two-thirds fill the beaker with boiling water.  Be careful not to burn yourself or to allow the beaker to overflow!





Run the   GAS LAWS 1  aplet, read the notes if you wish and then open the  VIEWS menu and choose the ‘Collect data’ option.
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You should now be looking at the Data Monitoring screen.  Press the  START  button.  When the numbers appearing on  ‘Port 1’ and ‘Port 2’ seem reasonably stable, press the  SAVE  button to save a pair of temperature/pressure readings.  Consult your teacher if the message “Timeout” appears.





Empty out about half the boiling water from the beaker and top it up with tap water. Wait while the pressure and temperature readings stabilize (remember that the gas needs to cool down from boiling temperature) and then  SAVE  another data pair.





Empty the beaker completely and refill it with tap water. Wait again while the pressure and temperature readings stabilize and then  SAVE  another data pair.





Now place the flask into the beaker which you previously half filled with ice water.  Again, wait while the pressure and temperature readings stabilize and then press   SAVE   to collect a data pair.





Press the  PAUSE  button (which replaced the START button on the screen) to stop recording.  Turn off the PLDL100 Data Logger.
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Change to the  NUM  view.  Your saved values should be in Columns 1 and  2 (C1 & C2). Your  NUM  view should now look similar to the one shown above.





Analysing the Data


�





Press  VIEWS  and choose the  Plot data option.  You should see a graph similar to the one shown on the right (if not, consult your teacher).
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It should be fairly clear that the data is following some a linear pattern.  To help you find the rule, the aplet has been preset to find a line of best fit for the data in columns C1 and C2.





If you now press the   FIT  button (while in  PLOT view) then the calculator will find the regression line for the data points.  Pressing  DEFN   will show the equation of the resulting line.
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Clearly there is a linear relationship between Temperature and Pressure, but this is not enough to show that they are proportional.  If � EMBED Equation.2  ���  then  � EMBED Equation.2  ���.  Any rule of this type has the property that it passes through the point origin (0,0) when graphed and our rule of  � EMBED Equation.2  ��� does not do this.


�
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Early experimenters speculated that there was some other temperature scale on which the rule would pass through (0,0).  One of these experimenters, Lord Kelvin, proposed a scale in which the size of the degrees are the same as those of the Celcius scale but in which the “zero” is at  -273oC.  





You can convert all of your  oC readings to oK by addin
