Boyle's Law for ScienceWorkshop Systems
Topics:
Setup
Data Collection
Questions
Teacher’s Hints
Purpose:
In this experiment, students change the volume of air in a syringe 2 mL at a time and measure the change in pressure that results. Students determine the relationship between the two quantities by examining a graph of Volume vs. Pressure and a graph of Inverse Volume vs. Pressure.
Equipment:

· Pressure Sensor(Absolute)  CI-6532A
· 750 Interface, USB  CI-7650 or other ScienceWorkshop Interface
· Plastic Syringe, quick-release couplings and plastic tubing

· (all come with Pressure Sensor)

· Glycerin
Experimental Procedure:

1. Using a drop of glycerin for lubrication, put the barb end of a quick-release coupling into one end of a short piece (about 2.5 cm) of plastic tubing.

2. Use another drop of glycerin to connect the tip of the syringe to the other end of the plastic tubing.
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3. Align the quick-release coupling on the end of the plastic tubing with the pressure port of the Pressure Sensor. Push the coupling onto the port, and then turn the coupling clockwise until it clicks (about 1/8 of a turn).
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4. Check that the syringe and Pressure Sensor have a secure seal by adjusting the volume between 20 mL and 10 mL.
Setup for ScienceWorkshop Interfaces:
1. Make sure that the interface is connected to the computer and is turned on.

2. Connect the Pressure Sensor’s DIN plug into Analog channel A on the interface.

3. Launch DataStudio and choose "Create Experiment".

4. When the Experiment Setup window opens, double click the Pressure Sensor (Absolute) icon in the Sensor list, or drag the icon from the Sensor list over to the interface. 
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5. Open the Sensor Properties window (double click sensor icon) and set the sampling rate to Slow 
(< 1 Hz). 
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Software Setup:

1. In this experiment students will select individual data points, so Manual Sampling Options must be set up using the Options button in the Experiment Setup window. Check the boxes and fill in the ‘Name’ and ‘Units’ fields as shown below.

Note: to correctly enter "Syringe Volume (mL)" in the first field, choose 'Edit All Properties'. Then enter "Volume" as Variable Name and click OK. The Sampling Options dialog box should now look like the one below. Once OK is clicked in this box, "Syringe Volume (mL)" will appear in the Data List.
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2. To create a table for displaying Volume vs. Pressure, first drag a Table display icon ( [image: image6.png]


 ) to the Syringe Volume data icon in the Data list. Then drag the Absolute Pressure icon into the middle of the table display.

3. Enter the following set of data values for Syringe Volume in the Volume (mL) column of the table: 20 – 18 – 16 – 14 – 12 – 10.

4. To be able to calculate and display Inverse Volume, open the Calculator ( [image: image7.png]B Calculate



 ) and input the equation definition

"Inverse Volume = 1 / volume". Define variable "x" as a Data Measurement, choosing Syringe Volume (mL) as a Data Source. Then define the variable "volume", also as a Data Measurement and choosing Syringe Volume (mL). Click Accept.
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5. Still in the Calculator window, click Properties. Enter "Inverse Volume" for Variable Name, and define units of 1/mL for the calculated data. (After clicking OK, you can close the Calculator window.)
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6. Create the first graph display: Drag the Graph display icon ( [image: image10.png]L Graph



) to the Syringe Volume data icon. Then drag the Pressure data icon onto the x axis (time) of the display. This will create a graph of Volume vs. Pressure.

7. Create the second graph display: Drag the Graph display icon ([image: image11.png]L Graph



 ) to the Inverse Volume data icon. Drag the Pressure data icon onto the x axis (time) of the display to create a graph of Inverse Volume vs. Pressure.

Data Collection Procedure:

1. Set the initial volume of air in the syringe to 20 mL by disconnecting the quick-release connector from the sensor, moving the piston to the 20 mL position, and then reconnecting the sensor.

2. Arrange the displays so that the Table is visible. Start recording data by clicking the ‘Start’ button ( [image: image12.png]> Start



 ), which will change to a ‘Keep’ button ( [image: image13.png]v Keep



 ). Pressing the Keep button will record the current air pressure inside the syringe.

3. The 18 mL row is now highlighted in the Table. Move the syringe piston to 18 and again click Keep.

4. Repeat above steps, decreasing volume 2 mL at a time for a total of six data points. Click Stop ( [image: image14.png]


).

Data Analysis:

1. Analyzing one graph at a time, expand each Graph to fill the screen. Scale the axes to fit the data using the Scale to Fit button ( [image: image15.png]


 ) in the Graph toolbar.

2. Fit a line to your Inverse Volume vs. Pressure Graph.

Click the plot of Inverse Volume vs. Pressure to make it the active plot.

Click the Fit button ( [image: image16.png]


 ) and select Linear Fit.
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3. Fit a polynomial to your Volume vs. Pressure graph.

Conclusions and Extensions:

1. What happens to the air pressure inside a container as its volume is changed while the temperature remains constant?

2. From looking at your data, identify whether pressure and volume seem to be directly proportional or inversely proportional to each other. How can you tell?

3. State Boyle’s Law. Does your data support Boyle’s Law?

4. Propose a molecular explanation for the Pressure vs. Volume effect you observed.

5. What are possible sources of error in this experiment? Explain how they could be minimized.
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Teacher’s Hints:
1. Both graphs can be created in the same display window if the Inverse Volume channel is dragged into the middle of the first graph display created. (Dragging the Graph display icon to the data channel instead, as described in this procedure, creates a second graph in a new display window.)

2. Set up the syringe apparatus easily by using a drop of glycerin on the end of the syringe and on the end of the quick-release coupling.

3. Before collecting data, check to see that the syringe and Pressure sensor have a secure coupling by adjusting the volume between 20 mL and 10 mL.

4. To set the initial position of the piston in the syringe, disconnect the quick-release connector from the sensor, move the piston to the first position (20 mL), and then reconnect the quick-release connector to the sensor.

5. Caution students about how they handle the syringe so that they do not cause the temperature to fluctuate.

