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Content (what is taught): 

· Heat transfer

· Define conduction, convection, and radiation.

Context (how it is taught):

· Brainstorming session on how to change the temperature of a beaker of water led by teacher
· Discovery lab where students see how energy is transferred by measuring temperature changes of water when using conduction, convection, and radiation
· Researching where some of this energy transfer is used industry

Activity Description:

In this lesson, students are asked to brainstorm how they can change the temperature of a certain amount of water.  Students will conduct a discovery lab in which they see radiation, convection and conduction using water.  Students will research industries that utilize these three types of energy transfer.

Standards: 

Math: MD1





Science: SB3
Technology: TF1




Engineering: EB5
Materials List: 

· 250 mL Beakers

· 400 mL Beakers

· Thermometers

· Food Coloring

· Sunlight or Heat Lamp

· Computers with Internet Access

Asking Questions: (Conduction, Convection, Radiation)

Summary: Class will discuss questions about heat transfer in a beaker of water.
Outline: 

· Discuss questions about heat transfer

· Introduce what is causing the temperature to change

Activity: The teacher will hold up a beaker of water and asks the questions below.  Students will brainstorm possible answers that will lead to heat transfer.  This will be used to introduce what happens at the molecular level when heat is transferred. 

	Questions
	Answers

	What are ways you can heat up some water?
	Microwave, put in sunlight, heat on stove, heat in oven, add a hot spoon, etc. 

	What are ways you can cool down water?
	Put in frig or freezer, put an ice cube in it, blow on it, etc.

	What causes the heat to move from one object to another?
	Molecules bumping into each other which transfers energy (heat)
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Exploring Concepts: (Conduction, Convection, Radiation)

Summary: Students will complete a lab to discover how heat is transferred by different methods.
Outline: 

· Students will measure temperature changes when using different types of heat transfer

· Students will discover three different ways to change the temperature of a beaker of water

· Students will answer questions to help them see the differences in the three types of heat transfer
Activity: Students will complete the following lab and answer the questions.  

Objective: Students will discover that heat can be transferred in different ways.

1. Fill 250 mL beaker with 125mL of cold tab water

a.    Measure the temperature of the water

b. Put beaker on the windowsill in the sunlight (if no sunlight, use a heat lamp)

c.    Measure the temperature again when finished with the rest of the lab.

2. Fill a large beaker with hot water to almost the top

a.    Put about 100 mL of cold water in a small beaker

b. Add a few drops of food coloring to the cold water and mix

c.    Very slowly and close to top of hot water, pour the cold water into the hot water

d. Notice the direction that the cold, colored water goes

e.    Record your observations

3. Pour 250 mL of hot water into a 400 mL beaker

a.    Measure the temperature

b. Pour 125mL of cold tap water into a 250 mL beaker

c.    Measure the temperature

d. Carefully set the 250 mL beaker into the 400 mL beaker

e.    Let set for five minutes

f.    Measure the temperature of both beakers

4.   Measure the temperature of the water in the sun and record

5.  Questions to answer:

a.    In Part 1, did the temperature increase or decrease?  How much did the temperature change?  What caused the temperature to change?

b. In Part 2, what did you observe?  Why did the cold, colored water move the way it did?

c.    In Part 3, did the temperature increase or decrease for each beaker?  How much did the temperature change for each beaker?  What caused the temperature to change?

Instructing Concepts: (Conduction, Convection, Radiation)

Thermodynamics

Thermodynamics: Thermodynamics is the study of the processes in which energy is transferred as heat or work and is based upon the Kinetic-Molecular Theory.  A theory that matter is made of tiny particles that are always in motion.  When these particles increase in motion or increase in kinetic energy (KE) the object becomes hotter and if the motion is decreased than the object becomes cooler.  Temperature measures the average motion or KE of those particles, while thermal energy (internal energy) measures the total or sum of the potential energy (PE) and KE of all the particles within the substance.  Often, the terms temperature and thermal energy become confused with the term “heat”.  Heat in thermodynamics is a measurement of the amount of kinetic energy that flows from one object to another due to temperature differences.  This transfer of heat will continue until both objects reach the same temperature known as thermal equilibrium.
Laws of Thermodynamics:
1) First Law of Thermodynamics: The first law is really a restatement of the Law of Conservation of Energy meaning that the amount of energy at the beginning will equal the amount of energy at the end (energy is neither created nor destroyed it only changes form).  Often, heat can be transformed into work.  An example is a car engine (heat engine): original heat produced by igniting the gas = amount of work done by the cylinder + amount of waste heat expelled or ΔU = Q + W, where ΔU is change in internal energy, Q is heat transferred to the system, and W is work done on the system.

2) Second Law of Thermodynamics:  Heat will never of itself flow from a cold to hot object. The reason heat flows spontaneously from hot to cold and not the reverse is because it follows that principle of entropy. Entropy measures the amount of disorder (messiness) in a system.  Natural systems tend to proceed toward a state of greater disorder.  As KE increases, so does the disorder of the particles within the substance unless forced by an outside source to be orderly.

3) Third or Zeroth Law of Thermodynamics:  Simply stated that no system can reach absolute zero. Absolute zero is the temperature at which all KE ceases (0 K,-459˚F, or-273˚C).  Investigators have discovered it difficult to attain because in order to transfer the heat out of an object there must be a temperature difference. So, a second object must be colder than absolute zero to draw heat or KE away from the first object making it unlikely to attain.
4) Zeroth Law of Thermodynamics: If two systems are at the same time in thermal equilibrium with a third system, they must then also be in thermal equilibrium with each other.
Measuring Thermodynamics:

1)Heat: As stated earlier, measures the amount of KE transferred from a hot object to a colder object until reaching thermal equilibrium and is calculated using the formula below:

       Q = mC∆T, where Q is heat, m is mass, C is specific heat, and ΔT is change in temperature
2) Specific Heat:  Specific heat measures the capacity of a substance to store heat based on its chemical composition and is calculated using the formula below:
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 , where C is specific heat, Q is heat, m is mass, and ΔT is change in temperature

3) Latent Heat:  Latent heat measures the amount of heat per unit mass required to change the phase of a substance and is calculated in the formula below:
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, where L is latent heat, Q is heat, and m is mass (or Q = mL
Organizing Learning: (Conduction, Convection, Radiation)

Summary: Students will find real life examples in occupations and/or industry where the three types of heat transfer are used.  Students will share and explain their findings to the rest of the class.
Outline: 

· Students will research heat transfer used in occupations and/or industry

· Students will share and explain their findings to the rest of the class

Activity:  Many business and industry have heat transfer as part of their processes.  The Nebraska Public Power District with its many power-generating plants directly applies heat transfer in the generation of electricity.  Students will use the Internet to research industries like NPPD and/or occupations that use the three types of heat transfer.  In their research, they must locate an example of each type of heat transfer (each type of heat transfer can be from a different occupation and/or industry).  They will then share these with the rest of the class with any presentation method they choose.  In their presentation, they must explain which type of heat transfer each example is and their reasoning as to why it is that particular type.
Understanding Learning: (Conduction, Convection, Radiation)

Summary: Students will understand the difference between conduction, convection, and radiation and how each transfers heat.
Outline: 

· Formative Assessment of Thermodynamics
· Summative Assessment of Thermodynamics
Activity: Students will complete short answer questions concerning the types of heat transfer.
Formative Assessment: As students are engaged in the lesson ask these or similar questions:

1) Are students able to differentiate between the different types of heat transfer?

2) Are students able to give examples of each type of heat transfer?

3) Are students able to explain how the heat transfer is taking place?

Summative Assessment: Students can complete the following quiz questions:
1) What type of heat transfer is taking place when you heat a pan of water on an electric stove?

2) What type of heat transfer is taking place when you bake a cake in the oven?

3) What type of heat transfer is taking place when you bake a cake in the oven?

4) What type of heat transfer is taking place when your car is outside in the sun?

5) How is heat transferred during conduction?

6) How is heat transferred during convection?

7) How is heat transferred during radiation?

Alternative Summative Assessment:  Make poster giving an example (picture would be best) of each type of heat transfer.  The poster should explain how the heat is being transferred and what type of transfer it is.    This could be a physical poster, glogster, etc.
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