Thermal Energy Transfer and Temperature Changes
In an earlier unit, we learned that temperature is a measure of the thermal energy of a material. In this activity, we will observe energy transfer between different samples of substances at different temperatures.
OBJECTIVE: Mix hot and cold materials. Record the initial and final temperatures.

MATERIALS: beaker, test tubes, thermometer, Styrofoam cup

PROCEDURE: Set up a hot water bath. Prepare the following samples:

· 2 - 20 g samples of water in a test tube kept in a test tube rack

· 2 - 20 g of water in a test tube kept in a hot water bath

· about 20 g of a sample of metal (pennies, Zn, etc.) in a test tube immersed in a hot water bath

· about 20 g of a sample of metal (pennies, Zn, etc.) in a test tube at room temperature

PART 1 A Equal Amounts of Hot Water and Cold Water

1. Remove the 20-g of hot water sample from the hot water beaker. Pour it into a Styrofoam cup and measure the temperature.

2. Predict the final temperature after the 20-g of room temperature water is added to the 20 gl of hot water. Explain your prediction.

3. Measure out 20 g of room temperature water and add it to the Styrofoam cup. Record the final temperature.
	t1 hot
	t1 cold
	predicted final temperature (t2)
	actual final temperature (t2)

	
	
	
	


4. Compare your actual final temperature with your predicted final temperature. Does it fall in the range you would have predicted?
PART 1 B Different Amounts of Hot Water and Cold Water

1. Remove the 5-g of hot water sample from the hot water beaker. Pour it into a Styrofoam cup and measure the temperature.

2. Predict the final temperature after the 20-g of room temperature water is added to the 5 g of hot water. Explain your prediction.

3. Measure out 20 g of room temperature water and add it to the Styrofoam cup. Record the final temperature.

	t1 hot
	t1 cold
	predicted (t2)
	actual (t2)

	
	
	
	


4. Compare your actual final temperature with your predicted final temperature. Does it fall in the range you would have predicted?

PART 2  Metals and  Water

A) 20 g of Room Temperature Water and 20 g of Hot Metal.

1. Pour 20 g of room temperature water into a Styrofoam cup and determine the temperature. Measure the temperature of the hot water bath where the test tubes with the metal are immersed . This will be the initial temperature of the metal.

2. Predict the final temperature after the metal is poured into the room temperature water. Explain your prediction.
3. Add the 20 g of hot pennies to the cold water in the Styrofoam cup, swirl, and measure the final temperature. 
	t1 hot metal
	t1 cold water
	predicted (t2)
	actual (t2)

	
	
	
	


4. Compare your actual final temperature with your predicted final temperature. Does it fall in the range you would have predicted?

B) 20 g of Cold Metal and 20 g of Hot Water.

1 Obtain about 20 g of hot water from the hot water bath. Pour it into the Styrofoam cup. Determine its initial temperature. 

2 Predict the final temperature when 20 g of the room temperature metal is poured into the warm water. Explain your prediction.
3. Add the room temperature metal to the warm water. Determine the final temperature.

	t1 hot metal
	t1 cold water
	predicted (t2)
	actual (t2)

	
	
	
	


4. Compare your actual final temperature with your predicted final temperature. Does it fall in the range you would have predicted?

QUESTIONS :

Part 1

1. Draw a picture of a hot object in contact with a cold object and show the direction of the flow of heat.

2 A. Let’s assume that in part 1 where equal amounts of hot and cold water were mixed, the final temperature should have been in the middle. How would the change in temperature, t for the hot water and the t for the cold water compare? (t = t2 – t1)
2 B. How can you account for differences between the experimental and predicted values of the final temperatures for part 1A and 1B.
3. Which sample of water contained the most energy, the 20 g sample of hot water or the 5 g sample of hot water? Explain your answer.
4. Suppose a sample of warm water has 500 J more energy than the same amount of cooler water. What would happen to the 500 J of energy? Explain your answer.
Part 2
5A. Compare the t of the water with the t of the pennies.

5B. Based on your results from part 1A and part 2A, which has more energy, the 20 g of hot water or the 20 g of hot pennies at the same temperature? Explain your answer.
5C. The material that holds the most heat has the highest heat capacity. Which has a higher heat capacity, water or your metal sample?

Now let’s look at part 2B and compare it with part 2A.

6A. Compare the t of the water with the t of the pennies.
6B. Does this agree with what you observed in part 2A and your answer to 5A?
7. Compare the temperature change of two materials if they absorb or lose the same amount of energy. One material has a high heat capacity like water and the other material has a lower heat capacity like pennies.

