
Boyle's Law Activity
A Limit Investigation

Introduction

In this lab, you will explore the relationship between the pressure of a trapped gas and its volume.  For example, consider the volume of a trapped gas (at a constant temperature) with a particular pressure.  As the volume of the trapped gas increases or decreases, how does the pressure of the gas change?  You may reason that the pressure of the gas will decrease as the volume increases, but how will it decrease?  Will the pressure decrease rapidly at first, then decrease more slowly (Fig 1)?  Will the pressure decrease slowly at first, then decrease more rapidly (Fig 2)?  Or will it decrease at a constant rate (Fig 3)?

Fig 1
Fig 2
Fig 3
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Robert Boyle (1627-1691) attempted to answer these very questions through several experiments, and he concluded the product of the pressure and the volume of a trapped gas is a constant that depends on the temperature of the gas.  This statement, known as Boyle's Law, can be represented mathematically by the equation PV = k, where P is the pressure of the gas, V is the volume of the gas, and k is a constant.  You might also recognize this as a special version of the Ideal Gas Law, PV = nRT, where the temperature is constant.
By rewriting Boyle's Law as
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you can see that the pressure and the volume of a trapped gas are inversely proportional.

Describe the domain and range of this function for this application?
Given this relationship between pressure and volume, one question to consider is the following: as the volume of a trapped gas decreases, what is the limit of its pressure?  How great can the pressure get?  Mathematically, this can be expressed as
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In this investigation, you will verbally, graphically, and analytically find the answer to this question.
The Experiment Procedures

The equipment for this experiment will be set up prior to beginning.  When prompted, follow these procedures to perform the experiment:

A.
With the syringe unattached to the sensor, position the plunger to 20 cc.  Attach the 
syringe to the sensor.

B.
Begin the data collection program, which will record the pressure every 5 seconds.  After 
each reading (watch the points on the scatter plot), push the plunger to the next marked 
position (1 cc) and hold it until the next data reading.
C.
A total of eleven points will be collected in the experiment.  After all the data has been 
collected, you should record the pressure data in the table under Step 1.

Recording the Data

1.
Perform the experiment described above and record the pressure data in the table below. 
	t
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	P
	
	
	
	
	
	
	
	
	
	
	

	V
	
	
	
	
	
	
	
	
	
	
	


2.
The data collection program recorded the time and pressure of this experiment, but not 
volume.  In the table above, enter the volume data that corresponds to the time data. 

3.
Create a scatter plot that represents the pressure with respect to volume (be sure to scale 
and label appropriately).  Attach the graph to the end of this document or as a separate 
page labeled “Graph from Step 3”.
4.
Using the scatter plot from Step 3, verbally describe the relationship between the pressure 
of the trapped gas (air) and its volume.  Which of the graphs from the Introduction is 
most representative of the data obtained in the experiment?  

Analyzing the Data

5.
Perform a power regression analysis of the volume and pressure data.  Using appropriate 
variables, write the resulting model equation without negative exponents.
6.
Create a graph of the model equation found in Step 5 along with the scatter plot from 
Step 3.  Attach the graph to the end of this document or as a separate page labeled “Graph 
from Step 6”.
7.
Describe how the graph of the model equation compares to the scatter plot.
8.
The model equation in Step 5 should resemble the mathematical representation of Boyle's 
Law.  Describe in detail the relationship between the model equation found and the 
theoretical equation (which values are close, which are not, etc).  What is the value of k?

9.
Factors (including “human error”) may have affected the experiment and caused the 
values in the model equation to vary from the theoretical equation.  Describe what some 
of those factors could be.
10.
Create a copy of the graph from Step 6, and then adjust the window settings several times 
to explore the behavior of the pressure as the volume gets closer and closer to zero.  
Describe your observations.

11.
Use appropriate notation to mathematically describe your observations from Step 10.
12.
Use a computer algebra system (CAS) to evaluate the limit of Boyle's Law as it is stated 
in the Introduction.  Using appropriate notation, show the calculation below.  Describe 
how this computation compares to the results in Steps 10 and 11.
13.
Create a scatter plot that represents the volume of the gas with respect to time (be sure to 
scale and label appropriately).  Attach the graph to the end of this document or as a 
separate page labeled “Graph from Step 13”.
14.
Perform a regression analysis of the volume and time data.  Using appropriate 
variables, write the resulting model equation below.

15.
From the scatter plot in Step 13, you can see that the volume decreases at a constant rate 
with respect to time.  Since pressure and volume are inversely proportional, one might 
suspect that the pressure would increase at a constant rate with respect to time.


To determine whether it does or not, write an equation for the pressure in terms of time as 
a composition of two functions – the form of Boyle's Law given in the Introduction and 
the model equation in Step 14.  Use this new function to determine if the pressure does 
indeed increase at a constant rate with respect to time.  Write your conclusion below.
Extensions

16.
In this experiment, the temperature of the gas was constant.  How do you think the 
resulting equations might vary if the experiment was repeated with a warmer trapped 
gas?  State your answer and justify your claim.

17.
Now suppose the trapped gas was instead cooler.  How would the behavior of the 
pressure as the volume gets closer and closer to zero differ from the original experiment?  
State your answer and justify your claim.
Attachments

Graph from Step 3

Graph from Step 6
Graph from Step 13
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