TESTING CHARLES’S LAW

Mrs. Blanski

The California Science Content Standards covered in this lab activity are:

Standard #4 Gases and their properties:

c. Students know how to apply the gas laws to relations between pressure –temperature and volume of an ideal gas.

e. Students know how to convert between Celsius and Kelvin.

Purpose:  In this activity you will investigate how changing the temperature of a sample of a gas affects the volume of gas.  A linear equation of the line of best fit in the form of y = mx (V=kT) will be derived from these data.

Time: 2 Class periods.

Process Skills: Applied in this activity are observing and inferring, recognizing cause and effect, measuring, interpreting data, and hypothesizing.

Hypothesizing:

Within your group, write a hypothesis about how changing the temperature of gas will alter the volume of the gas.

Materials:

· String

· Marking pen

· Meterstick

· Bucket of ice water

· Tongs

· Beaker of boiling water

· Thermometer

· Goggles

· Two medium, round balloons

Procedure:

1. You need to find the volume of the air inside a balloon.  This can be done by finding first the circumference of the balloon.  The two variables you will use for the air are temperature and volume.

2. Conversions between the Kelvin (K) and the Celsius degree ((C) can be made using the equation (K= °C + 273).

3. Inflate the two balloons to the same size and tie them closed.

4. Use string to determine the circumference of each balloon.  Find the volume of each and record the room temperature.  Mark dots on the balloon so that you can always put the string around the same place on the balloon when other measurements are needed.

5. Use one balloon to place the trapped air in a colder temperature.  Determine both the colder temperature and the resulting circumference.

6. Use the other balloon to determine the change in the volume of the air at a hotter temperature.  Determine both the hotter temperature and the resulting circumference.

7. Record all your data in the following data table.

	
	Room


	Ice water


	Hot Water

	Temperature (0C)
	
	
	

	Temperature (K)
	
	
	

	Circumference (cm)
	
	
	

	Volume (cm3)
	
	
	


7. To calculate the volume of your balloon.  First calculate the radius of your balloon from its circumference, then substitute this value of the radius in the formula for the volume of a sphere. (C = 2(r.  V = 4/3 ( r3)

Caution: Use tongs to handle the balloon near heated air or steam.

Analysis and Conclusions:

1. Identify the dependent and the independent variables in your data.

2. Plot a graph of volume (cm3) versus temperature (in Kelvins).  Draw a best-fit straight line through the data points.  

3. Find the equation of the best-fit line in slope-intercept form.

4. What are the values of the slope and the y-intercept of this line?

5. Does your data and graph show a volume-temperature relationship for a gas? Explain.

6. The pressure did not vary during the experiment, because all trials were performed at constant room pressure.  If the pressure had varied, how would it have affected your results? Explain.

7. If you extended the graph to show zero volume, at what temperature would this occur?

8. What are some possible sources of error in this experiment?
9. Using your graph predict the volume of the balloon when the temperature of the air inside it is 50 °C.

10. How do the results of this experiment help you evaluate your hypothesis?

Teacher Notes
1. This experiment works best if the students plunge one balloon in hot water instead of placing it over steam.

2. The students need to make sure to inflate the two balloons to a sphere shape; this can be done by not inflating the balloons too much, since a deformed shape other than sphere will not allows correct measurement of volume.

3. This project is a good opportunity to make a connection between science and algebra.

4. Charles' law states that at constant pressure, the volume of a fixed amount of gas is directly proportional to its absolute temperature. The equation used for Charles' law is V = kT. Where V is the volume, T is kelvin temperature and k is the Charles' law constant of proportionality for a given sample of gas at a particular pressure.

5. The students might not get their equation in the form of y = mx, but in the form of y = mx + b, since there are always errors in the measurements which shift the line of best fit from passing through the origin and its slope will not be 0.







