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Lab 2:  Heat Transfer
Introductory Chemistry Spring 2010
Objective: What is heat? Are heat and temperature the same thing?

Background: Temperature tells you when it is hot or cold. You know adding heat raises the temperature. In this investigation you will learn how heat and temperature are related. Heat and temperature are not the same things.

Eureka! Measuring Temperature: Answer the following questions while watching the Eureka! Video
1. Explain why your body is not a good indicator of temperature.


2. What happens when the temperature of something goes up?

3. What is used to measure the speed of a substance?

4. Explain how Anders Celsius created the Celsius thermometer.


PART I: Using the Human Body to Measure Temperature
1. Retrieve three medium foam cups, one large foam cup and two thermometers.
2. Fill a foam cup half full with ice water, but make sure there is no solid ice in the cup.
3. Fill a second foam cup half full of hot water. 
4. Fill the third foam cup half full with tap water. 
5. Place a finger in the hot water and a finger of the other hand in the cold water. How do they feel? Record.


6. Again, place a finger in the hot water and a finger of the other hand in the cold water. After a few seconds, place both fingers in the warm water. How do they feel now? Record.


7. Reflect: Again, explain based on your personal experience, why your body is not a good indicator of temperature.

PART II: Using A Thermometer to Measure Temperature
1. Now take the temperature of the hot, cold, and room temperature water samples and record it in a table below. 



2. What units did you write after your numbers? ____ If you forgot it, go back and add it now.
3. To what decimal place did you measure (accuracy of thermometer)? _______ 

Eureka! Temperature v. Heat: Answer the following questions while watching the Eureka! Video
1. Explain why you would use the 50˚C bucket of water to warm the swimming pool rather than the 100˚C cup of water. 


2. What is the big difference between temperature and heat?


PART III: Heat Flow
1. Measure out exactly 100mL of hot water into a foam cup.
2. Measure out exactly 100mL of cold water into another foam cup.
3. Place a thermometer in each of the cups and take the temperature of the water once the alcohol has stopped moving. Record.

4. Predict: What do you think the temperature will be if you mix the two cups of water?

5. Mix the hot and cold water into the larger (empty) foam cup.
6. Stir the mixture with a spoon and quickly record the temperature with a thermometer. Record.

7. Reflect: Was your prediction close to the actual temperature after mixing? Explain why/why not.


8. Reflect: Which cup has more energy, the hot one or the cold one? Why do you think so?



PART IV: Calculating Heat Flow
1. Fill in the measurements below from the data you collected in Part II but do not fill in the mixture temperature!

	
	Mass (g)
	
	Temperature (˚C)
	
	gram-degrees (g-˚C)

	Hot Water
	
	x
	
	=
	

	
	+
	
	
	
	+

	Cold Water
	
	x
	
	=
	

	
	
	
	
	
	

	Mixture
	
	x
	 
	=
	



2. Then, add the mass of the hot water and cold water and fill in the mass of the mixture. 
3. Multiply the mass and temperature of the hot water and fill in the gram-degrees of the hot water. 
4. Multiply the mass and temperature of the cold water and fill in the gram-degrees of the cold water. 
5. Add the gram-degrees of the hot and cold water and fill in the gram-degrees for the mixture. 
6. Now solve for the temperature of the mixture by dividing the gram-degrees of the mixture by the mass of the mixture and fill in the box. 
7. Reflect. How close did this calculation come to your actual measured temperature?



PART V: A More Complicated Heat Flow Experiment
1. Prepare 3 foam cups containing 100mL of three different water temperatures.
2. Measure and record the temperatures each cup of water.
3. Predict: What do you think the temperature will be if you mix the three cups of water? __________.
4. Mix the water, stir well with a spoon, and measure the final temperature. Record here _________.
5. Compare. Now calculate the temperature of the mixture using the method learned above. Then, compare the actual temperature you recorded for the mixture. 

	
	Mass (g)
	
	Temperature (˚C)
	
	gram-degrees (g-˚C)

	Hot Water
	
	x
	
	=
	

	
	+
	
	
	
	+

	Cold Water
	
	x
	
	=
	

	
	+
	
	
	
	+

	______ Water
	
	x
	
	=
	

	
	
	
	
	
	

	Mixture
	
	x
	 
	=
	



6. Reflect. How close did this calculation come to your actual measured temperature? Account for sources of error in your experiment


Reflection Questions
1. Apply: If the system includes both the cold water and the hot water, compare the energy of the system before mixing to the energy after mixing. 


2. Apply. 1 L of 30ºC water is mixed with 1 L of 20ºC water. What is the final temperature of the mixture? 


3. Apply. Assume you have 10 cups of water with different masses and temperatures. Describe a way to predict the temperature of the mixture if you know the masses and temperatures of the water in the cups. 



4. Apply. Describe a situation where two objecs have the same temperature but different amounts of energy.


5. Apply. Describe a situation where two objects have the same energy but different temperatures.


6. Extend: Write a paragraph explaining what you learned about heat and temperature using the following vocabulary from the chapter: conservation of energy, heat, internal energy, temperature, thermal equilibrium, Celsius scale. Attach on separate paper.
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