Experiment ADS-CEK-5: Boyle’s Law

Background

Boyle’s Law is a fundamental principle in gas physics that describes the inverse relationship between
the pressure and volume of a gas at constant temperature. It was first discovered by Robert Boyle, a
physicist and chemist, in the 17th century. It states that the product of the pressure (P) and volume(V)
of a given amount of gas remains constant as long as the temperature and amount of gas do not change,
which can be expressed mathematically using 3 common formulas:

Poc 1/V
PV=k
P1V1 =P2V2

P is absolute pressure, V is volume, and k is a constant.
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This means that when the volume of a gas decreases, its, pressure increases proportionally, and vice
versa. Boyle’s Law is one of the gas laws that helps explain the behavior of gases under different
physical conditions and is essential in various.scientific and medical applications.

In this experiment, students will demonstrate Boyle's Law by using a syringe connected to a gas
pressure sensor to track how pressure changes as volume decreases. By recording pressure at different
volumes and plotting two graphs: Pressure vs. Volume and Pressure vs. Inverse Volume (1/V), students
can visualize and confirm the inverse relationship predicted by Boyle’s Law.

General — Boyle's Law — Background ADS-CEK-5-1



Experiment ADS-CEK-5: Boyle’s Law

Equipment Required

PC or Mac Computer

ADS or ADS MAX Board, USB cable, ADS power supply
GPSN-100 Gas Pressure Sensor

A-BT-220 Black Tygon Tubing with luer connectors

Syringe (at least 30 mL volume range)

Note: To ease setup, connect the sensor to the A-ADS-IA adapter before plugging the adapter into the
board. To disconnect, unplug the adapter from the board first, then remoyesthe sensor.

Setup (ADS)
1. Locate the GPSN-100 Gas Pressure Sensor.

2. Connect the A-BT-220 tubing into the GPSN-100 Gas“Pressure Sensor. Plug the opposing end
of the GPSN-100 into the Channel 2 port on the A-ADS-TA.

3. Calibrate the GPSN-100 following instructions below.

Figure ADS-CEK-5-S1: The GPSN-100 connected to the ADS Board.
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Setup (ADS MAX)

If using the ADS MAX, setup instructions will be the same. Channel connections are labeled on the A-
ADS-IA board, as shown below.

Figure ADS-CEK-5-S2: The GPSN-100 connected to the ADS\MAX Board.

GPSN-100 Calibration

Use a manometer to perform a two-point calibration as described below:

NS kR D=

Press the red ‘REC’ button at the top ofithe LLabScribe toolbar.

Inflate the pressure to 300 mmHg.

When the trace is steady, mark the recording by typing 300 in the mark box and press enter.
Deflate the pressure to 100 mmHg.

When the trace is steady, mark the recording by typing 100 in the mark box and press enter.
Click stop to halt the recording.

Select Save As in the File menu, type a name for the file. Click on the Save button to save the
data file.

Units Conversion

1.
2.

Scroll to the beginning of the calibration data.

Use the Display Time icons to adjust the Display Time of the Main window to show the data
collectedrat 300 mmHg and 100 mmHg on the Main window at the same time.

Clicksthe 2-Cursor icon so that two cursors appear on the Main window. Place one cursor on the
flat,section of data collected when the pressure read 300 and the second cursor on the flat
section of data collected when the pressure read 100.
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4. To convert the voltages at the positions of the cursors to temperature values in mmHg, use the
Simple Units Conversion dialogue window. Click V2-V1 on the temperature channel, then
select Units, and select Simple.

5. Enter the pressure reading values for cursor 1 and cursor 2. Press OK.
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Experiment ADS-CEK-5: Boyle’s Law

Exercise 1: Gas Pressure (30 mL range)

Aim: To examine the relationship between pressure and volume using a syringe and the GPSN-100 gas
pressure sensor.

Approximate Time: 30 minutes

Procedure:

1. Fill a syringe with room air. Use a syringe that allows
for at least a 30 mL range.

2. Connect the syringe to the GPSN-100 tubing using a
luer connector. Make sure the connector and tubing are
sealed tightly together to ensure accurate readings.
Click record to start the recording.

4. Type the initial volume in the Mark box. Click the mark
button to mark the recording.

5. Gradually increase the pressure in the tubing by pushing
down the syringe in consistent increments (2 mL steps).

6. Type the next volume measurement in the Mark box.
Click the mark button to mark the recording.

7. Repeat steps 5 and 6 for at least 15 volume
measurements to capture a clear relationship.

8. Click Stop to halt the recording.

9. Select Save in the File menu.

10. The recording should look like'the image below.

Note: Be sure to mark each volume measurement reading correctly for accurate data analysis.
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Figure ADS-CEK-5-S1: Recording showing the increase ingpressure using a 50 mL syringe in the Main
window. Marks are placed at 2 mL increments, as the pressuresin the tubing is increased. The
experiment was stopped once the volume on the syringéwread 18 mL.

Data Analysis
1. Scroll to the section of data showing all volume,marks recorded during Exercise 1.

2. Use the Display Time icons onthe LabScribe toolbar to position this section of recording on the
Main window. The required dataicansalse be selected by:

* Placing the cursors on either side/of the section of data needed. Place one cursor just
before the initial value mark. Place the second cursor just after the final volume value
mark.

* Clicking the Zoommbetween Cursors button on the LabScribe toolbar to expand the
segment of data to the width of the Main window.

3. Look at the FunctiofTable that is above the uppermost channel displayed in the Analysis
window. The mathematical functions that are listed should include Mean and Mark. The values
for these parameters,fromyeach channel are seen in the table across the top margin of each
channel.

4. Place the cursors enither side of the first mark, as shown below. Once the cursors are placed in
the correet positions, the values can be recorded in the on-line notebook of LabScribe by typing
the names and values directly into the Journal.

5. The funetions in the channel pull-down menus of the Analysis window can also be used to enter
the'names and values of the parameters from the recording to the Journal. To use these
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functions:
* Place the cursors at the locations used to measure the mean pressure at the first mark.

* Transfer the name of the mathematical function used to the Journal usinghe Add Title
to Journal function in the pressure channel pull-down menu.

* Transfer the values to the Journal using the Add Ch. Data to Journal function in‘the
pressure channel pull-down menu.

6. Measure the values for the following parameters from the pressure channel for'all 15 of the
selected regions:

*  Mean Pressure, which is Mean on the Pressure channel.
* Syringe Volume, which is Mark on the Pressure channel.

7. Record the values for each of these parameters in the Journal usingyone of the procedures
described in Step 5, and on Table 1.

8. Calculate the inverse (1/volume) for each recorded syringe velume. Enter these values into
Table 1.
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Figure ADS-CEK-5-S2: Recording showing the increase in pressure using a 50 mL syringe in the
Analysis window. Cursers_are placed on either side of the initial volume reading. The mean value
between the cursors'is 7.526.
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Data Table
Table ADS-CEK-5-L1: Data Table for Exercise 1 — Mean Pressure at Different Air Volumes

Mean Pressure at Different Volumes
. . Inverse Volume in Syringe .
Volume in Syringe (mL) (mL) Pressure Reading (mmHg)
Questions
Exercise 1
1.
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