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	CHAPTER 4

Developing Ideas
Activity 4 HW 1: The Ideal Gas Law


Chapter 4
Activity 4 HW #1:


Name: ________________________________   Date: _______________ Group: ______

Determining an Important Relationship

When performing experiments with gases, there are four quantities that can be varied: pressure, volume, temperature, and the total #particles in the container (or the mass of the gas, which is related).  In this homework activity you will perform a series of four explorations with the simulator with the goal of determining a relationship that connects together those four quantities.  This relationship is known as the Ideal Gas Law, and holds true for most gases under most values of the four quantities.  So that each exploration is a fair test, you will keep two of the quantities constant and investigate how the other two quantities are related.  The table summarizes the four explorations.

Table: Series of Four Simulations to determine relationships between pressure, volume, # particles and temperature. 

	Simulator Exploration
	What will be investigated?
	What quantities are held constant?
	How should the simulator be set up to determine this relationship?

	1
	Relationship #1 between pressure and temperature 
	Volume and total #particles
	Heat gas in a container with fixed walls

	2
	Relationship #2 between volume and temperature 
	Pressure and total #particles 
	Heat gas in a container with a movable wall

	3
	Relationship #3 between pressure and total #particles 
	Volume and temperature 
	Add gas to a container with fixed walls

	4
	Relationship #4 between volume and total #particles
	Pressure and temperature
	Add gas to a container with a movable wall


Simulator Exploration #1: What happens to the pressure in a container when the temperature is increases? (Volume and total # particles remain constant)  

STEP 1.  Go to the simulator index page and open Chapter 4 Activity 4 HW1 Setup1.  The container is set up with the heater turned on.

STEP 2. Run the simulator for 60 seconds, and then pause it.
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 Did the volume remain constant during this process?
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 Was any gas added to or removed from the container during  this process?  
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 Did the total #particles in the container remain constant during this process?  (This is not the same as the #particles in the the Ultrascope volume.) 
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 Sketch the pressure versus temperature graph.  (Note that temperature is measured in kelvins.)
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 Does the graph appear to be a straight line? 
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 If so, use a ruler to see if the extrapolated curve goes through the origin (or at least very close to it).  Does it?

If so, you can then claim that the quantity plotted along the vertical axis (volume) varies directly with (or is proportional to) the quantity plotted along the horizontal axis (temperature, measured in kelvins). 

Relationship #1:

pressure  ~  temperature    (volume and total # particles constant)

Simulator Exploration #2: What happens to the volume of a container when the temperature increases?  (Pressure and total # particles remain constant).

STEP 1.  Go to the simulator index page and open Chapter 4 Activity 4 HW1 Setup2.  The container is set up with the heater turned on.

STEP 2. Run the simulator for 60 seconds, and then pause it.
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 Did the pressure remain constant during this process?
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 Was any gas added to or removed from the container during  this process?  
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 Did the total #particles in the container remain constant during this process?  (This is not the same as the #particles in the Ultrascope volume.) 
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 Sketch the volume versus temperature graph.  (Note that temperature is measured in kelvins.)
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 Does the graph appear to be a straight line? 
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 If so, use a ruler to see if the extrapolated curve goes through the origin (or at least very close to it).  Does it?

As you found in Exploration #1, a straight line going through the origin suggests that the two quantities plotted on the graph are proportional.  In this case, volume is directly related to (or is proportional to) temperature (measured in kelvins). 

Relationship #2:

Volume  ~  temperature    (pressure and total # particles constant)

Simulator Exploration #3: What happens to the pressure in a container as gas is added?  (Volume and temperature remain constant)   

STEP 1.  Go to the simulator index page and open Chapter 4 Activity 4 HW1 Setup3.  The container is set for constant temperature.  A gas cylinder is connected to the container and is set to leak in gas when the simulator is turned on.  

STEP 2. Run the simulator for 60 seconds, and then pause it.
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 Did the volume and temperature remain constant during this process?
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 Sketch the pressure vs # particles graph.
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The quantity plotted along the horizontal axis (which is measured by the meter attached to the Ultrascope) represents the instantaneous # of particles in the Ultrascope volume.  As you have seen before, even if nothing changed in the simulator (that is, assuming the pressure remained constant), the value of the # particles still fluctuates around some average value. 
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 Taking these inherent fluctuations into account, does the pressure seem to increase, decrease or remain constant as the #particles in the Ultrascope volume increases?  
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 Imagine a line drawn through the middle of the fluctuations.  If you extend that line, does it appear to go through the origin (or at least very close to it)? 

If the extrapolated line passes through (or close to) the origin, then we can claim that pressure  ~ #particles in the Ultrascope volume.  However, since the total volume of the container is constant (no movable walls), and the Ultrascope volume is also constant, the Ultrascope volume is a fixed fraction of the total volume of the container.  That means that the #particles in the Ultrascope volume is a fixed fraction of the total #particles in the entire container.  Hence, if the pressure is proportional to the #particles in the Ultrascope volume, it is also proportional to the total #particles in the container.  (The constant of proportionality will be different, of course, but the relationship will still be one of proportionality.):

Relationship #3:

pressure  ~  total #particles   (volume and temperature constant)

Simulator Exploration #4: What happens to the volume of a container as gas is added?  (Pressure and temperature remain constant)   

Unfortunately, we cannot use the simulator to fully carry out this exploration because if the volume of the container changes, the Ultrascope volume is no longer a fixed fraction of the volume of the container.  Thus, the #particles in the Ultrascope volume is not a fixed fraction of the total #particles in the container.  Nevertheless, we can use some data from the simulator and infer what we would expect.  

Below, to the left, is a setup where a gas cylinder is set to leak gas into the container at a constant rate.  The top wall of the container is movable.  When the simulator is turned on, the volume versus time graph is shown below to the right.
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 Does the volume increase at a constant rate (that is, is the volume vs time graph a straight line)?
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 Since the gas cylinder is leaking in gas at a constant rate, is the total # particles in the container also increasing at a constant rate?
If so, then the graph of the total # particles versus time should be a straight line. (Unfortunately, the simulator does not provide this graph.)

Since the graphs of volume vs time and total  #particles vs time are both straight lines, then we expect a graph of volume vs total #particles to be a straight line (and, when extrapolated, would pass through the origin).  That means the volume is directly related to (proportional to) the total  #particles (pressure and temperature constant).

Relationship #4:
Volume  ~  total #particles  (pressure and temperature constant)

The Ideal Gas Law

In the table below, fill in the relationship that can be inferred from each of the four simulator explorations.  Also indicate which two quantities were held constant in the exploration.

	Simulator Exploration
	What relationship was inferred?
	What two quantities were held constant?

	1
	
	

	2
	
	

	3
	
	

	4
	
	


The Ideal Gas Law is a single equation that ties together all four separate relationships.

	Ideal Gas Law

Pressure x volume  ~  total #particles  x  temperature



Summarizing Questions

In this Chapter you used the SPM Mechanism for Pressure and the SPM Mechanism for Temperature to help fill out the cells in the Macro/Micro table for various processes involving gases. In each cell, you indicated whether the quantity increases (, decreases (, or remains the same (.  In the following summarizing questions, you will fill out the table for each of the four processes explored in this activity and determine if your analysis supports the relationship you inferred.

S1.  (From Exploration #1) Fill in the Macro/Micro table to show that if the volume and total # particles remain constant, and the temperature increases, the pressure will also increase. 

	Temp.
	Mass 
	Volume
	Avg. KE
	Avg. Speed
	Total # particles
	# collisions/sec
	Oomph/

collision
	Pressure

	
	
	
	
	
	
	
	
	


S2. (From Exploration #2) Fill in the Macro/Micro table to show that if the pressure and total # particles remain constant (fill those cells in first), and if the temperature increases, then the volume must also increase.  (In this case you need to fill in the table in a different order than you have done previously.)

	Temp.
	Mass 
	Volume
	Avg. KE
	Avg. Speed
	Total # particles
	# collisions/sec
	Oomph/

collision
	Pressure

	
	
	
	
	
	
	
	
	


S3. (From Exploration #3) Fill in the Macro/Micro table to show that if the volume and temperature remain constant (fill those cells in first), and if the total # particles increases, then the pressure must also increase.

	Temp.
	Mass 
	Volume
	Avg. KE
	Avg. Speed
	Total # particles
	# collisions/sec
	Oomph/

collision
	Pressure

	
	
	
	
	
	
	
	
	


S4. (From Exploration #4) Fill in the Macro/Micro table to show that if the temperature and pressure remain constant (fill in those cells first), and if the total # particles increases, then the volume must also increase.

	Temp.
	Mass 
	Volume
	Avg. KE
	Avg. Speed
	Total # particles
	# collisions/sec
	Oomph/

collision
	Pressure

	
	
	
	
	
	
	
	
	


© 2007 PSET
4-81
4-90
4-89

[image: image24.jpg]