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Energy is defined as the ability to do work. Energy makes it possible to do most things, from baking cookies to hitting a ball with a bat. 

There are two basic forms of energy: potential and kinetic. Potential energy is energy that is stored. Forms of potential energy include chemical, gravitational, elastic, and nuclear. Kinetic energy is the energy of motion. Electrical, radiant, thermal, and sound energy are all examples of kinetic energy. 
Most electricity in the United States is generated from fossil fuels such as oil, natural gas, and coal. While all of these fuel sources are forms of potential energy, they do not necessarily contain the same amount of energy per volume. To make it more complicated, all these different fuels are sold in different units of volume!
For example, if your house is heated with natural gas, your parents will get a bill each month that tells them how much natural gas (in ft3) was used. If your friend’s house is heated with a furnace that uses heating oil, your friend’s parents will get a bill for buying heating oil (in gallons). Imagine that last month you used 14,300 ft3 of natural gas and in the same month, your friend’s family used 110 gallons of heating oil. Who used more energy to heat their home? You will answer this question in the Preliminary Questions.
In order to be able to compare energy sources more easily, conversion into measurements of a common unit is necessary. An accepted unit for comparison when talking about energy, especially in science, is the joule (J). In this experiment, you will determine the energy content (in J/g) of different fuels. You will do this by burning a known weight of the fuel and capturing the heat released in a known mass of water in a calorimeter. If you measure the initial and final temperatures, the energy released can be calculated using the equation

H  =  (t•m•Cp
where H = heat energy absorbed (in J), (t = change in temperature (in °C), m = mass (in g), and Cp = specific heat capacity (4.18 J/g°C for water). Dividing the resulting energy value by grams of fuel burned gives the energy content (in J/g).

objectives

· Explain the difference between potential and kinetic energy and give examples of both.

· Identify the units that are used to measure energy.

· Determine the energy content of fuels.
Materials

	Vernier data-collection interface
	2 stirring rods

	Logger Pro or LabQuest App
	slit stopper

	Temperature Probe
	balance

	fuel sample (candle, oil, or alcohol)
	small can

	ring stand and 10 cm (4") ring
	cold water

	utility clamp
	matches

	100 mL graduated cylinder
	


Preliminary questions

1.
List activities in your life that rely on fossil fuel.
2.
What are the energy sources that are used to generate electricity and heat in your region? Are renewable sources available?
3.
You were presented with a problem in the Introduction. There are two households that use different types of fuel for heating. Last month, Household A (your house) used 14,300 ft3 of natural gas and Household B (your friend’s house) used 110 gallons of heating oil. Use the information below to determine which household used the most energy.

	1 ft3 of natural gas contains 1.08 x 106 J

	1 gallon of heating oil contains 1.46 x108 J


Procedure

1.
Obtain and wear goggles.

2.
Connect the Temperature Probe to the data-collection interface and choose New from the File menu. 

[image: image2.wmf]3.
Change the data-collection rate to 0.2 samples/second and the length to 480 seconds. Data collection will last 8 minutes. Select OK.

4.
Find and record the initial mass of the candle or lamp with fuel sample assigned to you. Make sure no more than 0.5 cm of wick sticks out of a lamp.

5.
Set up the apparatus as shown in Figure 1.

a. Determine and record the mass of the empty can.

b. Place cold water into the can. Use 100 mL for candles and 200 mL for alcohol and oil.

c. Determine and record the mass of the can plus water.

d. Use a 10 cm ring and stirring rod to suspend the can about 5 cm above the candle or lamp.

e. Use a utility clamp and slit stopper to suspend the Temperature Probe in the water. The probe should not touch the bottom of the can.

6.
Start data collection. Monitor temperature (in °C) for about 30 seconds and record the initial temperature of the water in the data table. Light the lamp or candle. Heat the water until its temperature reaches 40°C and then extinguish the flame. CAUTION: Keep hair and clothing away from an open flame.
7.
Stir the water until the temperature stops rising. Record this final temperature (round to the nearest 0.1°C). Data collection will stop after 8 minutes (or you can stop data collection before 8 minutes has elapsed).

8.
A graph of temperature vs. time will be displayed. To examine the data pairs on the displayed graph, click or tap any data point. Confirm the initial and maximum values you recorded earlier.

9.
Determine the final mass of the lamp and fuel or candle and record in the data table.


10.
Repeat the procedure using a different fuel. Start with a new volume of cold water.

DATA

	
	Trial 1
	Trial 2

	Fuel used
	
	

	Initial mass of fuel (g)
	
	

	Final mass of fuel (g)
	
	

	Mass of fuel burned (g)
	
	

	Mass of empty can (g)
	
	

	Mass of can plus water (g)
	
	

	Mass of water heated (g)
	
	

	Initial water temperature (°C)
	
	

	Final water temperature (°C)
	
	

	Change in water temperature (°C)
	
	


PROCESSING THE DATA

1.
Calculate the change in water temperature, (t, for each sample by subtracting the initial temperature from the final temperature. Record your answers in the data table.

2.
Calculate the mass of the water heated for each sample. Subtract the mass of the empty can from the mass of the can plus water. Record your answers in the data table.

3.
Use the results of Questions 1 and 2 to determine the heat energy gained by the water (in J). Record your answers in the data table. Use the equation

H  =  (t • m • Cp

where 



H = heat absorbed (in J), 



(t = change in temperature (in °C), 



m = mass of the water heated (in g), and 



Cp = specific heat capacity (4.18 J/g°C for water)
4.
Calculate the mass of fuel burned. Subtract the final mass from the initial mass. Record your answers in the data table.

5.
Use the results of Questions 3 and 4 to calculate the energy content (in J/g) of the fuel samples. Record your answers in the data table.

6.
If instructed to do so, obtain the results of other groups and create a table with the compiled data.

analysis Questions

1.
Which of the fuels has the greatest energy content?

2.
Natural gas has an energy content of 53,600 J/g. Heating oil has an energy content of 46,200 J/g. How do the energy content values for these two types of fossil fuels compare to and energy content values that you determined?
3.
List at least two other factors, in addition to energy content, that might be important in choosing a fuel.

Extensions

1.
Research accepted values for the energy content of the fuels you tested in this experiment. Account for the differences that you find between the accepted values and the values you determined.

2.
Conduct this experiment for other fuels and compare the results. Which fuel would you use to heat your home? Note: Before you conduct the experiment, submit a plan to your instructor. Include safety precautions that you will take.

3.
Research accepted values for the energy content of other common energy sources. How do they compare to the fuels you studied in this experiment and to natural gas and heating oil? If you were designing a heating system for a house, what energy source would you use? Take into consideration cost and availability.
Figure 1





Adapted with permission from The NEED Project, www.need.org.
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