Make a “Deep Impact”
Lesson Plan by Dee McLellan, NASA Solar System Educator Program

At Meadow Creek School, Andover, Minnesota

Overview: In this lesson, students will collect enough pennies to match the copper deadmass in the Deep Impact impactor. 

Objectives:

1) The students will learn about the Deep Impact spacecraft. (Technology)

2) They learn more about comets. (Solar System Education)

3) They learn about math, measurement, using scales, organizing data, and making replicas. (Math)

4) They contribute to the needs of others on our planet. (Humanities)

Teacher Background:
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Why copper?

The impactor is made primarily of copper (49%). We don’t expect to find a lot of copper in the comet; therefore, any large amount will be from the impactor and can be ignored.

Furthermore, the copper spectral lines do not overlap with other elements and won’t confuse analysis of those elements.

What is spectroscopy?
Spectroscopy is a scientific measurement technique in which light that is emitted, absorbed, or scattered by materials is studied to identify and quantify those materials.

http://deepimpact.jpl.nasa.gov/science/spectroscopy.html
The Copper Deadmass

The deadmass is 140kg or 308 lbs

Formula:  lbs / 2.2 = kilograms and kg x 2.2 = pounds

http://www.manuelsweb.com/kg_lbs.htm
Note: When I make a conversion of a number from one set of units to another, I do the following.
I set up an equation following the format:
2 x 2 = 4
I include in my equation the units of the numbers I am working with:
2.2 lbs/kg x 370 kg =
Before I do the arithmetic with the numbers, I check the equation of the units I put in the equation. If I want to know the mass of the impactor in pounds, is my units equation going to give me a number representing pounds?
lbs/kg x kg = lbs
If there is a kg unit in the denominator and one in the numerator, they will cancel out and the result of the arithmetic will be a number that represents pounds.
I use this approach to be sure I am applying the conversion factor correctly (using it as a multiplier and not a divisor).
Comet Tempel 1 

Currently, Tempel 1 has an orbital period of 5.5 years and a perihelion distance of roughly 1.5 AU. With an orbital eccentricity of 0.5, Tempel 1's orbit lies between the orbits of Mars and Jupiter. These values varied in the past and will change in the future because of close approaches with the planet Jupiter. While we can calculate the orbital parameters, determining the size and shape of the nucleus has been difficult because we can't see the nucleus. However, based on a variety of observations, we believe the nucleus is very roughly 6km in diameter and that it is somewhat more elongated rather than spherical. 

http://deepimpact.jpl.nasa.gov/science/tempel1.html
NOTE: AU stands for astronomical unit which is the mean distance of the Earth from the Sun = 93 million miles or 1.49 X 10 8 km

Mission

The Deep Impact objectives are:

1. Observe how the crater forms 

2. Measure the crater's depth and diameter 

3. Measure the composition of the interior of the crater and its ejecta 

4. Determine the changes in natural outgassing produced by the impact 

Making a “Deep Impact” procedures
1) Introduce the mission to the students using resources from the Deep Impact and the Solar System Educators Websites: 

http://deepimpact.jpl.nasa.gov/index.html
http://solarsystem.nasa.gov/ssep/
2) Have students collect and bring in copper US pennies.

Note: US pennies are not all copper. The purpose of this lesson is to give the students the feel of the size and weight of the copper mass. We are not trying to collect pure copper. A class could collect anything, such as nuts and bolts, washers, etc. The pennies, however, remind the students of the copper of the deadmass. This also gives the chance for the students to make a “deep impact” by making a humanitarian contribution to a cause. 

3) Provide a bucket or container to collect the pennies.

Math

Weights – Measurements – Estimation

Collect enough pennies for each student or pairs of students in your class to have a small paper cup full. Have the students weigh their small cup of pennies and count how many pennies are in the cup. 

Based on their measurement, have the students predict and calculate how many pennies it will take to reach the target weight of 308 lbs or 140 kg.

Addition

Students can add up all of the weights of each group and the penny counts to see how much they have collectively.

Percentage

Student can figure how much percent of the target weight they have and what percent they still need.

Note: These are just a few math applications your students can explore as they work to reach the deadmass weight and size.

Humanitarian
Have your students decide on a humanitarian cause to “impact” with their collection.

