Physical Science Example Lesson Two:  Heat Energy Transfer

(Two-Three 50 minute class periods)
Objective:  
Students will demonstrate an understanding of the kinetic theory and the transfer of energy in a thermal conduction situation.

Concept/Skills:
Includes energy transfer; thermal conduction

Materials:
flasks (one per group)



beakers (one per group)



hot water



cold water 



thermometers (two per group)



whiteboards (one per group)



foam rubber sleeve for beaker (one per group)



clock or stopwatch (one per group)



“Hot Water in Cold Water Experiment” directions and add’l handouts
Procedure:

Introductory Activity


Ask students “How is thermal energy transferred when warm and cold objects touch each


other?”  After receiving initial responses, tell students to explain their reasoning.


Write their responses on the whiteboard.  

Developmental Activity


Tell students that they will be performing an experiment to test their ideas.  Let


them know they will have an opportunity after the experiment to revisit their


initial ideas.  Allow students to form groups of 2-3 for the experiment.


Distribute the Hot Water in Cold Water Experiment directions and additional

handouts.  Assign groups to experiment tables (materials prepared and arranged on

tables before lesson).  Allow students to perform experiment and gather
temperature data.  Students will record temperature data in the table of their handout.

Students will graph their data.  Have students answer questions on their handout that

require them to analyze their data and form conclusions.  Introduce the energy transfer

chart.  Students will fill in the energy transfer chart from their handouts that describes

the transfer of energy in the experiment they just conducted.
Concluding Activity
Ask students, “Can you now explain how thermal energy is transferred when warm and cold objects touch each other?”  Review original responses from the beginning of the class.  “Have our ideas changed?”  “How does the kinetic theory explain the transfer of thermal energy?”
Evaluation

Assign each group one of the following situations:

· A flask of cold water is placed in a beaker of ice.

· A flask of cold water (5° C) is placed in a beaker of cold water (5° C).
· A flask of cold water is placed in a beaker of hot water.

· You hold a cup of hot chocolate in your hands on a cold winter day.

· Your friend holds an ice pack on her sprained ankle.

For homework, direct students to draw an energy transfer chart that describes their particular situation.  The charts should describe the transfer of energy and the observations that allow us to detect the energy transfer.  Students will present their charts to the rest of the class for the beginning of the next lesson.

Lesson Plan Website

http://cipsproject.sdsu.edu
Hot Water in Cold Water Experiment
Experiment Question:

What happens when a flask of hot water is placed inside a beaker of cold water?
Prediction:

Write a hypothesis in regards to the experiment question.
Materials (per group):

Flask 
Beaker 
Hot water

Cold water

2 Thermometers

Whiteboard

Foam rubber sleeve for beaker

Clock or stopwatch
graph paper
Directions:
1.  With the flask and beaker empty, place the flask inside the beaker. Use a ring stand 
     and clamps to create a set-up where one thermometer is in the beaker and the other 
     is in the flask.
2.   Remove the flask from the beaker. Fill the flask with hot water. Use the thermometer 
      to measure the temperature of the water. Record the temperature in the data table 
      (at time = 0).
3.   Fill your beaker with cold water. Measure and record the temperature (at time = 0).
4.   Place the flask into the beaker without combining the hot and cold water.
5.   Position the ring stand set-up so that one thermometer is in the water in the flask
      and one thermometer is in the water in the beaker.
6.   Record the temperature of both the water in the flask and the water in the beaker
      one minute after putting the flask in the beaker.
7. Take and record temperature measurements every minute
Data Table:
	Time (minutes)
	Temperature (°C) of Water in Flask
	Temperature (°C) of Water in Beaker

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Graphing:
Graph your temperature data on graph paper for the water in the flask and the water in the beaker.  Use different colors to distinguish between the two.
Questions:

1.  Answer the experiment question.  Use evidence.

2.  Does the evidence support your prediction?  Explain.  Resolve any inconsistencies by 
     discussing with your group members.
3.  So what happened in terms of energy?  Was there a transfer of energy?  If so, describe

     the transfer.  How were you able to observe the transfer?

Energy Transfer Charts:

An energy transfer chart is a useful tool for describing any transfer, including heat transfer.  Thermal energy is defined as the total energy of molecular motion in a substance, and when this energy is transferred, it is called heat.  In the rectangles below, write the names of things involved in the energy transfer in your experiment.  (Hint:  Pay attention to the direction of the arrow!)  In the ovals below, write the specific observations that allowed you to detect the changes in energy.
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Questions:

1.  Which object is giving heat?  How do you know?

2.  Which object is receiving heat?  How do you know?

3.  Does the thermal energy of an object depend upon the amount of substance?  How

     much heat would be transferred by a drop of boiling water dropped on your skin

     compared to a pot of boiling water poured on your skin?  How does this relate to the

     definition of thermal energy?

4.  Draw energy transfer charts for each of the following situations:

· A flask of cold water is placed in a beaker of ice.
· A flask of cold water (5º C) is placed in a beaker of cold water (5º C).
· A flask of cold water is placed in a beaker of hot water.
· You hold a cup of hot chocolate in your hands on a cold winter day.
· Your friend holds an ice pack on her sprained ankle.
5.  Do cold objects contain heat energy?  Explain.

6.  A person touches a large chunk of ice with their hand and remarks, “This is making

     me cold.”  Explain what this person is feeling.  Is the ice transferring “cold” to the

     person?  Is there a heat transfer occurring?  Explain.
