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Overview 

In this assignment, students are given the task of being Hollywood film consultants.  In the 1997 movie “Volcano”, molten lava flows down Wilshire Boulevard in Los Angeles.  To introduce the lesson, the teacher plays a short (~5 minute scene) from the movie in which the lava flow is stopped by Tommy Lee Jones organizing fire trucks and helicopters to spray or dump water at the leading edge of the flow.  Students are asked “Is this scene realistic in terms of being able to cool off the lava enough to stop the flow?”
Subject 
Chemistry, Physics, Earth Science, or Environmental Science.  Specific topics include problem solving, estimation, heat, temperature, heat capacity, specific heat, latent heat of vaporization, and latent heat of crystallization.  As discussed below, students with no background whatsoever in heat concepts or phase changes can still complete this lesson if the teacher simply provides the 2 key equations to the class.
Audience 
Traditionally, the concept of heat is only formally covered in chemistry and physics classrooms, but it has wide-ranging applications to topics typically covered in earth and environmental science classes, such as heat flux in the atmosphere, oceans, and mantle.  
Time Required
1 or 2 class periods, depending on whether students are asked to present their results to their classmates.

Materials Required
The teacher will need to rent a copy of the 1997 movie “Volcano” starring Tommy Lee Jones.  Finding the scene to show in class: The ~5 minute scene from the movie that the teacher will show is at 1:16 into the movie (according to a VHS copy).  From 1:19:30 to 1:20:15 there is a short scene with Anne Heche in an underground tunnel which can be fast-forwarded, and then the scene of interest concludes from 1:20:15 to 1:21.  The scene prior to the scene you want shows the daughter of Tommy Lee Jones playing rock-paper-scissors with some young kids in a shelter.  The scene to show in class begins with a group of firefighters backing up away from the oncoming lava with concrete barriers behind them.  

Calculators will be needed for the students to complete this assignment.
Background 
Many mistakes that students make in science classes can be avoided if students become adept at the art of making estimations to determine “ballpark” or “reasonable” values for the outcome of a particular problem.  Mistakes that derive either from misapplication of equations or from calculator mistakes can often be identified and remedied if students are taught to habitually ask themselves what range of orders of magnitude they expect the answer to have, and then check their answer against this expectation.   This project was designed to help students develop these estimation skills.
The movie “Volcano” depicts a fictional scenario, but the idea of blocking or diverting lava flows to protect communities has been implemented in real life in Italy, Hawaii, and Iceland. (See additional information section below.)  Professional geologists study heat transfer using partial differential equations and boundary values to solve questions like the one proposed in this assignment, but students without any background in calculus can still make a good estimation of the answer, and can certainly answer the question “Is this realistic?” using only simple multiplication and division.  The assignment is purposefully left open-ended, with no correct right or wrong answer.  It is designed to expose students to the uncertainty involved in real science, where research is often judged by the quality and applicability of the methods employed, rather than by the accuracy of the outcome.
This lesson is designed to follow lessons regarding the concepts of heat capacity, specific heat, latent heat of vaporization, and latent heat of crystallization.  Ideally, students will have already conducted a laboratory experiment on heat capacity (a calorimeter lab, for example).  Once the concept of heat has been studied, the concepts of latent heats of vaporization and crystallization can be taught fairly quickly as a precursor to this lesson.
If a teacher would like to use this lesson without tying it into concepts of heat, he or she could simply provide the following information to the class before starting the lesson.
1. Heat is defined as that energy which can be transferred from one body to another as a result of temperature differences. 
2. Different amounts of heat are required to bring about a given rise in the temperature of given masses of different substances. This is because different substances have different specific heat capacities.  
· Specific heat: The amount of energy required to increase the temperature of a given mass of a substance by 1° C.  
 Heat energy transferred to change the temperature = mass  x specific heat  x change in temperature
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 q = heat energy transferred (J)

M = mass (g)


Cs = specific heat (J g-1 °C-1)


ΔT = change in temperature (°C)
3. Sometimes, supplying heat to a body does not result in an increase in temperature. Rather, a phase change (from liquid to solid, or from liquid to vapor) takes place. In the process, latent heat (of crystallization or vaporization) is absorbed at a constant temperature. 
· Latent heat of crystallization: The energy required to accomplish the phase change from liquid to solid form. (This is also called the enthalpy of crystallization or enthalpy of freezing.)
Heat energy transferred to change the state = latent heat  x mass 
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q = heat energy transferred (J)

ΔHcryst = latent heat of crystallization (J g-1)

M = mass (g)

Learning and Behavioral Objectives
This assignment aims to help students…
· Work together to tackle an open-ended question

· Identify key variables

· Practice making and justifying assumptions

· Practice estimation

· Practice unit conversions

· Use equations relating to heat

· Solve a series of equations to answer a question

National Science Education Standards 
Science as Inquiry:
· Design and conduct scientific investigations. 
· Communicate and defend a scientific argument.
Physical Science:
· Interactions of energy and matter.
Assessment Strategy

A suggested set of evaluation questions is provided as a guide.  Students present their solutions to their classmates, who are asked to peer-evaluate.  This approach gives students practice in both examining and defending scientific arguments. If time is limited, students may turn in a written presentation of their solution for the teacher to evaluate instead.

Teaching Tips
1. Introduce phase changes and latent heats of vaporization and crystallization.

2. Present the question, “Is this scene realistic in terms of being able to cool off the lava enough to stop the flow?” Then play the scene from the movie.  

3. Divide students into groups of 3-4 students and ask them to tackle the question.  As necessary, prompt students to break the problem down into parts, asking them “What would you need to know in order to answer this question?”
4. Allow some time for students to struggle on their own, perhaps 10 minutes or so.  During this time students will probably identify some key variables.  At this point, ask each group to create a list of variables they would like to know.
5. Depending on time constraints and the teacher’s preference, either provide the requested variables, or encourage students to conduct their own research to find these values. (A list of potentially useful variables is provided along with this document.)
6. Allow students sufficient time to complete their calculations.  Encourage students to document clearly the assumptions they are making.  Show students the evaluation form they will be using.
7. During the second class period, ask each group of students to present their results to the class (~ 5 minutes each), using a chalkboard or overhead projector as necessary to explain their thought process.  Ask the students in the audience to evaluate their peers.
Additional Information
Lava diversions have been attempted in many places to protect property and valuable resources. Techniques employed include the use of ground-based explosives, aerial bombing, man-made barriers like earthen walls, and water sprayed on lava for cooling.  
The following URL links to an excellent account of a volcanic eruption and subsequent lava cooling operations entitled “Man Against Volcano: The Eruption on Heimaey, Vestmannaeyjar, Iceland.”

http://pubs.usgs.gov/gip/heimaey/heimaey.pdf
This pdf file is a U.S. Geological Survey report written in 1976.  It is somewhat long (33 pages) but it is filled with great pictures and maps and is written for a lay-person audience.  It describes the course of the eruption, the private and public resources that were threatened, how the decision to attempt lava-cooling operations was made, the operations themselves, the economic cost, and some unexpected beneficial consequences that followed.  This report could be the basis for a great classroom discussion on the interaction of earth science and public policy.
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