SPIRIT 2.0 Lesson:

“Solar System, Way Out!” (Scale)
============================ Lesson Plan ==============================
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Lesson Title:  Solar System, Way Out!

Draft Date: December 31, 2008
Author (Writer): Derrick A. Nero

Topic: Scale, emphasis on astronomical distances.

Grade Level: Middle

Content (what is taught): 

· Scale


Context (how it is taught):

· Students create a scale model of the distances between planets in the Solar System galaxy.
Activity Description:

In this lesson, students research the distances between planets in the Solar System in terms of various units (e.g., astronomical unit (AU), kilometer, and mile). Students will compare planets’ distances in relation to the Sun and also to one another. Then, students will designate the various units studied to distances relative to their surroundings (e.g., meter, feet, hallway floor tile, etc.). Students will study scale.

Students will create a scale model of the distances between planets in the Solar System in a space in or around their school. The scale model will represent the proportional distances between significant objects in the Solar System (e.g., the Sun, planets, asteroid belt, and plutoids).

Standards: 

Science



Math




Technology

A1, A2, B2, D3


A1, B3, C4, D1, D2


A3, C2

Materials List: 

Astronomical database

Measuring tape, 50-100m

Colored masking tape

Engineering notebook

ASKING Questions (Solar System, Way Out!)

Summary: Students are asked to determine distances between familiar landmarks. 

Outline:

· Present familiar landmarks.

· Facilitate an inquiry of the distances between landmarks.

Activity: 

The teacher will present photographs of various familiar landmarks to the students. Students will hypothesize the distance between the familiar landmark and their school or between two landmarks. 

	Questions
	Possible Answers

	· What units of measurement would be most useful to report?
	Various. Depending on the proximity and the country (i.e., U.S. Customary when in the United States and Metric everywhere else).

	· What resources would be useful to find the distances between landmarks?
	Various. Measuring tape, atlas, mapping software, or Global Positioning System.

	· What is the importance of communicating the unit of measurement used to perform a task to others?
	Various. Maintain consistency to repeat result(s) of original task(s).


EXPLORING Concepts (Solar System, Way Out!)
Summary: Students explore the use scaling.    

Outline:

· Students will explore scaling in design.

· Students will apply scaling to design.

Activity: 

Students will observe and measure various scale models of familiar cars, planes, and structures. Students will measure the length, width, and height of the scale models. Then, students will hypothesize the measurements of the original car, plane, structure, using the proportions of the scale model measurements. Students will complete a measurements table (see table below) of the three measurements taken of their respective scale model and their hypothesized measurements of the models’ original. 

Scale Model and Original Measurement Table

	
	Scale Model
	Original

	
	Length
	Width
	Height
	Length
	Width
	Height

	Chevrolet Corvette
	
	
	
	
	
	

	Wright Flyer
	
	
	
	
	
	

	Statue of Liberty
	
	
	
	
	
	


To provide formative assessments as students are exploring the use of scaling in design ask yourself or your students these questions:

1. Did students understand the need to scale?

2. Did students primarily use U.S. Customary or Metric measurement units?

3. Did students compare the units of measurements of the scale model to that of the original? If the same units, was the order of magnitude recognized?

Students will draw a scale model of an inanimate object from a selection of objects and a CEENBot. Students must record measurements of the inanimate object and CEENBot, and calculate the scale necessary to draw the object in their Engineering Notebook so that the drawings fills the page either horizontally or vertically. Students will provide three perspectives of the inanimate object and CEENBot: Top View, Side View, and Front View.

To provide formative assessments as students are exploring the application of scaling in design ask yourself or your students these questions:

1. Did students utilize the Engineering Notebook’s grid?

2. Did students desire the use of drafting tools (e.g., drafting triangle, protractor, compass, etc.)?

3. Did students primarily use U.S. Customary or Metric measurement units?

Astronomical Measurement
Putting “Astronomical Measurement” in Recognizable terms: Astronomical measurement is the process of measuring great distances present in space.  The most common units used are the mile, kilometer, light year, astronomical unit, and parsec. Astronomical measurements are critical for our understanding of the universe.  The sheer size of the universe’s expanse makes using common units impossible.  For this reason the light year, astronomical unit, and parsec were created to quantify these large expanses. 
Putting “Astronomical Measurement” in Conceptual terms: Each of the five common units used to measured space were defined and developed differently.  The mile (mi) is much older than any of the other units and was developed with several versions. Currently, the survey mile is used for astronomical measurement as it is equal exactly to 5280 feet.  The basis of the kilometer (km) is the meter, which in 1983, was defined as the length travelled by light in vacuum during 1 / 299,792,458 of a second.  A kilometer is equal to 1000 meters. Finally, the development of the light year (ly) came. It is really a measurement of distance, but is based on the length a light ray can travel in space in one year.   An astronomical unit (AU) is the approximate mean distance between the Earth and the Sun. The AU is considered an approximation because the Earth travels in an elliptical pattern around the Sun, yet it measures the radius of an assumed circular orbit. Nonetheless, it is a helpful comparison for other objects in space. The parsec (pc) is defined as the distance from the Earth at which stellar parallax is 1 second of arc.  Originally the method of calculating the parsec involved trigonometry, but currently the parsec is based off other astronomical units and equals approximately 3.26 light years or about 206,265 astronomical units.

Putting “Astronomical Measurement” in Mathematical terms:  The five main astronomical units can be readily converted one to another. All that is needed is to know the conversion factor. Then, a mathematical method known as dimensional analysis or unit analysis will aid in making the conversion. (see attached chart and diagram) 

Astronomical measurements are often necessary to determine how long or how fast an object in space travels. The distance (astronomical measurement) will equal the rate traveled multiplied by time (d = rt).  Note when using the formula d = rt it is important that the units be in agreement. For instance, if the distance is in light years, the rate must be in light years per time. 

Putting “Astronomical measurement” in Applicable terms:  Astronomical measurements are used for determining the distance between objects in space as well as for developing ideas of space travel. A daunting tasking knowing the formula d=rt indicates transport in space must either be extremely fast or very time consuming to reach any of the vast distances. Using current technology it takes over 3 days to travel the approximate 384,000 km (less than .003% of an AU) to the moon.  This example makes it evident that current technology (rocket engines) will not suffice for long-term space travel.  Some examples of theoretical space travel are:  1) generational ships, 2) traveling in suspended animation, 3) frozen embryos, 4) faster than light travel, and 5) wormholes in space.  These ideas are theoretical and may never exist, but serve as launching boards that scientists can use to developing ideas for traveling in the large expanses of space.  
Related I’s: Dimensional Analysis

Attachments:

I_Sci_014_Astronomical_Measurement_I_Diagrams.doc
ORGANIZING Learning  (Solar System, Way Out!)
Summary: Students use a data table to record the distances between objects in the solar system and create a scale for the distances between the objects.

Outline:

· Research and record distances between objects in the Solar System.

· Compute a scale to represent distances between objects in the Solar System.

Activity:
Students research the general properties of the elements of their “vanity” license plate using the assigned astronomical database (i.e., textbook, reference book, software, and/or online). Students complete a “Solar System Distances” organizer (see table below).

Solar System Distances Organizer

	Object

(distance from

the Sun)
	Original
	Scale Model

	
	Astronomical Unit (AU)
	Kilometer
	Mile
	Scale: _________

	Mercury
	
	
	
	

	Venus
	
	
	
	

	Earth
	
	
	
	

	Mars
	
	
	
	

	Asteroid Belt
	
	
	
	

	Jupiter
	
	
	
	

	Saturn
	
	
	
	

	Uranus
	
	
	
	

	Neptune
	
	
	
	

	Pluto
	
	
	
	


UNDERSTANDING Learning (Solar System, Way Out!)
Summary: Students create a scale model of the Solar System.

Outline:

· Formative assessment of the use of scale models.

· Summative assessment of application of scale models.

Activity:

Formative Assessment

As students are engaged in learning activities ask yourself or your students these types of questions:

1. Can students explain why astronomical units were chosen?

2. Can students explain the relationship between an object’s distance from the Sun and its average surface temperature?

Summative Assessment

Students will form small groups (three to four students) to create a scale model of the Solar System galaxy.

1. Scale models must represent the relative distance between objects in the Solar System.

2. Scale models must accurately display objects of the Solar System.

a. Denoting “original” (actual) distances and scaled distances.
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