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SHINE Lesson: 

How Specific Is Your Heat?
==========================Lesson Header ==========================

Lesson Title: How Specific Is Your Heat?

Draft Date: June 15, 2011
1st Author (Writer): Jeremy Scheffler

Associated Business:

Instructional Component Used: Specific Heat

Grade Level: Physics – 11th/12th Grade

Content (what is taught): 

· Specific Heat

· Heat Transfer

· Thermal Equilibrium

Context (how it is taught):

· Students will observe and measure thermal equilibrium between two substances with different initial temperatures
· Students will calculate the specific heat of an unknown material
Activity Description:

Students will investigate specific heat by combining substances with different initial temperatures and making predictions, observations, measurements, and calculations to understand the role of specific heat in determining equilibrium temperature.

Standards: 

Math: MB2, MD2




Science: SB1, SB3
Technology: TD3




Engineering: EB2
Materials List:

· Ice

· Scales

· Water

· Thermometers

· Container

· Infrared Temperature Sensors
· Insulated Cups with Lids

Asking Questions: (How Specific Is Your Heat?)

Summary:  Students will make predictions, observations, and explanations about the interaction between ice and water when combined in a container.
Outline: 

· Students will observe changes in the phase and/or temperature of a substance

· Students will discuss heat transfer and thermal equilibrium

Activity: Have students make predictions as to what will happen when you combine ice and water in a container.  Combine the ice and water and have students make observations during the process.  Afterwards, have students explain what happened when the ice and water were combined.
	Questions
	Answers

	What are some characteristics of ice?
	It is cold, solid, clear, etc.

	What are some characteristics of water?
	It is liquid, clear, warmer than ice, etc.

	What will happen when ice is combined with water?
	The water will decrease in temperature, and the ice will melt.

	Why does the water decrease in temperature?

Why does the ice melt?
	Thermal internal energy is transferred from the water to the ice, resulting in a decrease in temperature for the water and change in phase from solid to liquid for the ice. (The ice may also experience an increase in temperature.)

	What determines the equilibrium temperature when two substances are combined?
	The mass, initial temperature, and thermodynamic properties (specific heat and latent heat.)

	What are some other applications of heat transfer between substances?
	Car radiator, computer heat sink, etc.

The inspiration for this lesson was the condenser used by NPPD to transfer heat from steam to water after the steam has been used to turn the turbine of an electric generator. (A diagram is attached showing the condenser as a part of the complete process at NPPD’s Cooper Nuclear Station.)


Attachment:

· Diagram of NPPD’s Cooper Nuclear Station: S110_SHINE_How_Specific_Is_Your_Heat_A_Diagram.doc

[image: image6.jpg]LOUP POWER DISTRICT
"Serving You Electrically”
www.loup.com




 

Exploring Concepts: (How Specific Is Your Heat?)
Summary: Students will record data and make predictions and observations for the interaction between hot water and cold water when combined in an insulated cup.
Outline: 

· Students will observe and measure thermal equilibrium between two substances with different initial temperatures.

Activity: Students will complete the following exploration activity and record all measurements and predictions in the table shown below.

1) Measure and record the mass of hot water in one insulated cup and the mass of cold water in another insulated cup.

2) Measure and record the initial temperatures of the hot and cold water immediately before combining them in one cup. Place a lid over the cup immediately after combining the hot and cold water.

3) Predict and record the equilibrium temperature of the water.

4) Measure and record the equilibrium temperature of the water.

5) Provide a possible explanation for any difference between the predicted and measured equilibrium temperature.

	Mass of Hot Water
	Mass of Cold Water
	Initial Temperature of Hot Water
	Initial Temperature of Cold Water
	Predicted Equilibrium Temperature
	Measured Equilibrium Temperature

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Instructing Concepts: (How Specific Is Your Heat?)

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 away the heat or KE 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: (How Specific Is Your Heat?)

Summary:  Students will record data and perform calculations to determine the specific heat of an unknown material.

Outline: 

· Students will perform a lab and use recorded data to calculate specific heat

· Students will analyze their data and explain any differences between calculated and actual specific heat values

Activity:  Students will perform the following lab and record all measurements and calculations in the table below.

1) Measure and record the mass of water in an insulated cup and the mass of a solid sample of an unknown material.

2) Measure and record the initial temperatures of the water and the unknown material immediately before combining them in the cup. Place a lid over the cup immediately after combining the water and the unknown material.

3) Measure and record the equilibrium temperature of the water and the unknown material.

4) Calculate the specific heat of the unknown material. [(c m ΔT)unknown + (c m ΔT)water = 0] 

5) Provide a possible explanation for any difference between the calculated specific heat and the actual value, if available.

	Mass of Water
	Mass of Unknown Material
	Initial Temperature of Water
	Initial Temperature of Unknown Material
	Equilibrium Temperature
	Specific Heat of Unknown Material

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Understanding Learning: (How Specific Is Your Heat?)

Summary: Students will explain the meaning of specific heat and solve problems involving heat transfer between substances.

Outline: 

· Formative assessment of specific heat
· Summative assessment of specific heat
Activity: Students will complete short answer and quiz problems related to specific heat.

Formative Assessment: As students are engaged in the lesson ask these or similar questions:

1) Are students able to define specific heat?

2) Are students able to describe how specific heat affects the transfer of heat between substances?

3) Given quantities for substances (mass, temperature, specific heat), are students able to set up equations and solve for an unknown quantity?

Summative Assessment: Students will answer the following short answer questions:

1) What is specific heat?

2) What properties determine the equilibrium temperature when two substances are combined?

3) What is one possible explanation if the measured equilibrium temperature when two substances are combined is lower than the calculated equilibrium temperature?

Students will solve the following quiz questions:

1) A sample of water with a mass of 60 grams, a specific heat capacity of 1 kcal/kg·C°, and an initial temperature of 90°C is poured into a calorimeter with a mass of 100 grams and an initial temperature of 20°C. After reaching thermal equilibrium, the temperature of the system is 80°C. Assume that no heat is transferred to or from the surroundings.
a) How much heat is transferred from the water to the calorimeter?
b) What is the specific heat capacity of the calorimeter?

2) A 0.55-kg sample of lead has a specific heat capacity of 128 J/kg(C° and an initial temperature of 135°C, a 0.75-kg sample of copper has a specific heat capacity of 387 J/kg(C° and an initial temperature of 185°C, and a 0.25-kg sample of water has a specific heat capacity of 4,186 J/kg(C° and an initial temperature of 23°C. If the lead and copper are added to the water, what is the equilibrium temperature of the system if no heat is transferred to or from the surroundings?
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