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TEKS Objectives
This lab correlates to the following TEKS objectives:
	P.2
	The student uses a systematic approach to answer scientific laboratory and field investigative questions. The student is expected to:

	
	E.
	design and implement investigative procedures, including making observations, asking well-defined questions, formulating testable hypotheses, identifying variables, selecting appropriate equipment and technology, and evaluating numerical answers for reasonableness;

	
	K.
	communicate valid conclusions supported by the data through various methods such as lab reports, labeled drawings, graphic organizers, journals, summaries, oral reports, and technology-based reports.

	P.3
	The student uses critical thinking, scientific reasoning, and problem solving to make informed decisions within and outside the classroom. The student is expected to:

	
	B.
	communicate and apply scientific information extracted from various sources such as current events, news reports, published journal articles, and marketing materials.

	P.6
	The student knows that changes occur within a physical system and applies the laws of conservation of energy and momentum. The student is expected to:

	
	B.
	investigate examples of kinetic and potential energy and their transformations;

	
	D.
	demonstrate and apply the laws of conservation of energy and conservation of momentum in one dimension;

	
	E.
	describe how the macroscopic properties of a thermodynamic system such as temperature, specific heat, and pressure are related to the molecular level of matter, including kinetic or potential energy of atoms;

	
	G.
	analyze and explain everyday examples that illustrate the laws of thermodynamics, including the law of conservation of energy and the law of entropy.


Driving Question
Why does the temperature of a small steel plate increase when it is hit repeatedly with small steel balls?
Materials and Equipment	
	Mandatory Equipment
	Optional Equipment

	PASCO Mechanical Equivalent of Heat Tube
	PASCO Thermal Hammer

	PASCO Data collection system
	Balance

	PASCO Temperature sensor
	Meter stick


Background Information
Research your project topic based on the driving question above. Use any resources available to research background information that will help you to complete your project.
Below is a list of key words that may be helpful when doing your background research.
	Mechanical energy
	Potential energy

	Kinetic energy
	Conservation of energy

	Mechanical equivalent of heat
	Heat

	Specific heat
	Work

	Collision heat
	Thermal hammer


Safety and Maintenance
Pay attention to the following maintenance recommendations, and add these important safety precautions to your normal laboratory procedures:
Be certain that the end caps and steel plate are secure before using the Mechanical Equivalent of Heat Tube.
Do not hit the Thermal Hammer on anything but the included foam pad.
Do not hit the Thermal Hammer excessively hard on the foam pad as this may damage it.
Investigation
Use these guiding questions to help answer the driving question:
	PART 1:
	Assemble the Mechanical Equivalent of Heat Tube and place the small steel balls into it. Connect the built-in temperature sensor to the data collection system and begin recording data at a high sample rate. Invert the tube several times, allowing the steel balls to strike the metal plate inside the tube. What happens to the temperature of the metal plate as the steel balls strike it?
Is the energy of the plate changing if its temperature changes? If yes, how is it changing and what is causing it to change?
How does the energy of the steel balls change when the tube is inverted? Is work being done on the steel balls when the tube is inverted? If yes, what is doing the work?
What happens to the energy of the steel balls when they strike the metal plate at the bottom of the tube? Is all the mechanical energy conserved? If not, where does some of the energy go?
How does the temperature increase or decrease in the plate change if half the number of steel balls is used? Why?

	PART 2:
(optional)
	Assemble the Thermal Hammer and place the small steel balls into it. Connect the built-in temperature sensor to the data collection system and begin recording data at a high sample rate. Strike the Thermal Hammer several times onto the foam pad. What happens to the temperature of the metal plate in the hammer as the steel balls strike it?
Is the energy of the metal plate changing if its temperature changes? If yes, how is it changing and what is causing it to change?
How is the total energy of the steel balls inside the hammer changing each time the hammer is struck, and is the change in energy of the steel balls greater in the Thermal Hammer versus the tube? Explain how you know.
What happens to the energy of the steel balls each time they strike the metal plate in the Thermal Hammer? Is all the mechanical energy conserved? If not, where does some of the energy go?
How is the temperature change affected if the Thermal Hammer strikes the foam with more force? Why?

	PART 3:
(optional)
	Using your temperature measurements, how could you determine the amount of energy introduced to the metal plate in the tube or hammer each time it is inverted or struck? Describe your procedure and the equation(s) you would use.
Using the tube and a meter stick, how can you determine the amount of energy being introduced to the metal plate every time the tube is inverted? Describe your procedure and the equation(s) you would use.
What is the equation used to calculate the mechanical equivalent of heat?
Use the answers to the previous questions to calculate an experimental value for the mechanical equivalent of heat.


Extension and Synthesis Questions
The answers to the following questions will guide you to further critical thinking about your project topic and will build knowledge to help answer questions your classmates may ask when you make your presentation.
1.	How would the tube or Thermal Hammer demonstration be different if the steel balls were placed in the refrigerator overnight before performing the demonstration? Would the temperature increase or decrease be different? Why or why not?
2.	Is heat introduction due to mechanical energy only restricted to objects striking one another, similar to the tube or Thermal Hammer demonstration, or are there other ways to introduce heat to a substance using mechanical energy? If yes, what is one additional way?
3.	Is it possible for the amount of heat absorbed by the metal plate in either the tube or the Thermal Hammer to ever be greater than the work done to it by the steel balls? Why or why not?
4.	Assuming the mechanical equivalent of heat is 4.18 J/cal, how much heat is generated by a 30.0 kg aluminum ball dropped from a height of 5.00 m onto a concrete floor? Assume all of the balls’ mechanical energy is converted to heat energy.
[bookmark: _GoBack]5.	If 65% of the heat generated in the previous question goes into warming the aluminum ball, what will the ball’s temperature be if its starting temperature before it was dropped was 20 °C? Assume the specific heat of aluminum is 0.215 cal/g·K.
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