Solar System Modeling

Goal:
To construct a mathematical model of the solar system, accurate and to scale for size of and distance between objects.

NSES:



K – 4


While there are components of this activity that can be adapted to the younger grades, much of this lesson is too advanced for them.

5 – 8

Science as Inquiry (Content Standard A):  As a result of activities in grades 5 - 8, all students should develop

ABILITIES NECESSARY TO DO SCIENTIFIC INQUIRY 

· Identify questions that can be answered through scientific investigations.  Students should develop the ability to refine and refocus broad and ill-defined questions.  An important aspect of this ability consists of students’ ability to clarify questions and inquiries and direct them toward objects and phenomena that can be described, explained, or predicted by scientific investigations.  Students should develop the ability to identify their questions with scientific ideas, concepts, and quantitative relationships that guide investigation.

· Use appropriate tools and techniques to gather, analyze, and interpret data.  The use of tools and techniques, including mathematics, will be guided by the question asked and the investigations students design.  The use of computers for the collection, summary, and display of evidence is part of this standard.  Students should be able to access, gather, store, retrieve, and organize data, using hardware and software designed for these purposes.

· Develop descriptions, explanations, predictions, and models using evidence.  Students should base their explanation on what they observed, and as they develop cognitive skills, they should be able to differentiate explanation from description — providing causes for effects and establishing relationships based on evidence and logical argument.  This standard requires a subject matter knowledge base so the students can effectively conduct investigations, because developing explanations establishes connections between the content of science and the contexts within which students develop new knowledge.

· Think critically and logically to make the relationships between evidence and explanations.  Thinking critically about evidence includes deciding what evidence should be used and accounting for anomalous data.  Specifically, students should be able to review data from a simple experiment, summarize the data, and form a logical argument about the cause and effect relationships in the experiment.  Students should begin to state some explanations in terms of the relationship between two or more variables.

· Recognize and analyze alternative explanations and predictions.  Students should develop the ability to listen to and respect the explanations proposed by other students.  They should remain open to and acknowledge different ideas and explanations, be able to accept the skepticism of others, and consider alternative explanations.

· Use mathematics in all aspects of scientific inquiry.  Mathematics is essential to asking and answering questions about the natural world.  Mathematics can be used to ask questions; to gather, organize, and present data; and to structure convincing explanations.

UNDERSTANDINGS ABOUT SCIENTIFIC INQUIRY

· Different kinds of questions suggest different kinds of scientific investigations.  Some investigations involve observing and describing objects, organisms, or events; some involve collecting specimens; some involve experiments; some involve seeking more information; some involve discovery of new objects and phenomena; and some involve making models.

· Current scientific knowledge and understanding guide scientific investigations.  Different scientific domains employ different methods, core theories, and standards to advance scientific knowledge and understanding.

· Mathematics is important in all aspects of scientific inquiry.

· Technology used to gather data enhances accuracy and allows scientists to analyze and quantify results of investigations.

· Scientific explanations emphasize evidence, have logically consistent arguments, and use scientific principles, models, and theories.  The scientific community accepts and uses such explanations until displaced by better scientific ones.  When such displacement occurs, science advances.

· Science advances through legitimate skepticism.  Asking questions and querying other scientists’ explanations is part of scientific inquiry.  Scientists evaluate the explanations proposed by other scientists by examining evidence, comparing evidence, identifying faulty reasoning, pointing out statements that go beyond the evidence, and suggesting alternative explanations for the same observations.

· Scientific investigations sometimes result in new ideas and phenomena for study, generate new methods or procedures for an investigation, or develop new technologies to improve the collection of data.  All of these results can lead to new investigations.

Earth and Space Science (Content Standard D):  As a result of their activities in grades 5-8, all students should develop an understanding of

EARTH IN THE SOLAR SYSTEM

· The earth is the third planet from the sun in a system that includes the moon, the sun, eight other planets and their moons, and smaller objects, such as asteroids and comets.  The sun, an average star, is the central and largest body in the solar system.

9 – 12

Science as Inquiry (Content Standard A):  As a result of activities in grades 9 - 12, all students should develop

ABILITIES NECESSARY TO DO SCIENTIFIC INQUIRY

· Identify questions and concepts that guide scientific investigations.  Students should formulate a testable hypothesis and demonstrate the logical connections between the scientific concepts guiding a hypothesis and the design of an experiment.  They should demonstrate appropriate procedures, a knowledge base, and conceptual understanding of scientific investigations.

· Design and conduct scientific investigations.  Designing and conducting a scientific investigation requires introduction to the major concepts in the area being investigated, proper equipment, safety precautions, assistance with methodological problems, recommendations for use of technologies, clarification of ideas that guide the inquiry, and scientific knowledge obtained from sources other than the actual investigation.  The investigation may also require student clarification of the question, method, controls, and variables; student organization and display of data; student revision of methods and explanations; and a public presentation of the results with a critical response from peers.  Regardless of the scientific investigation performed, students must use evidence, apply logic, and construct an argument for their proposed explanations.

· Use technology and mathematics to improve investigation and communications.  A variety of technologies, such as hand tools, measuring instruments, and calculators, should be an integral component of scientific investigations.  The use of computers for the collection, analysis, and display of data is also a part of this standard.  Mathematics plays an essential role in all aspects of an inquiry.  For example, measurement is used for posing questions, formulas are used for developing explanations, and charts and graphs are used for communicating results.

· Formulate and revise scientific explanations and models using logic and evidence.  Student inquiries should culminate in formulating an explanation or model.  Models should be physical, conceptual, and mathematical.  In the process of answering the questions, the students should engage in discussions and arguments that result in the revision of their explanations.  These discussions should be based on scientific knowledge, the use of logic, and evidence from their investigation.

· Recognize and analyze alternative explanations and models.  This aspect of the standard emphasizes the critical abilities of analyzing an argument by reviewing current scientific understanding, weighing the evidence, and examining the logic so as to decide which explanations and models are best.  In other words, although there may be several plausible explanations, they do not all have equal weight.  Students should be able to use scientific criteria to find the preferred explanations.

· Communicate and defend a scientific argument.  Students in school science programs should develop the abilities associated with accurate and effective communication.  These include writing and following procedures, expressing concepts, reviewing information, summarizing data, using language appropriately, developing diagrams and charts, explaining statistical analysis, speaking clearly and logically, constructing a reasoned argument, and responding appropriately to critical comments.

UNDERSTANDINGS ABOUT SCIENTIFIC INQUIRY

· Scientists usually inquire about how physical, living, or designed systems function.  Conceptual principles and knowledge guide scientific inquiries.  Historical and current scientific knowledge influence the design and interpretation of investigations and the evaluation of proposed explanations made by other scientists.

· Scientists conduct investigations for a wide variety of reasons.  For example, they may wish to discover new aspects of the natural world, explain recently observed phenomena, or test the conclusions of prior investigations or the predictions of current theories.

· Scientists rely on technology to enhance the gathering and manipulation of data.  New techniques and tools provide new evidence to guide inquiry and new methods to gather data, thereby contributing to the advance of science.  The accuracy and precision of the data, and therefore the quality of the exploration, depends on the technology used.

· Mathematics is essential in scientific inquiry.  Mathematical tools and models guide and improve the posing of questions, gathering data, constructing explanations and communicating results.

· Scientific explanations must adhere to criteria such as: a proposed explanation must be logically consistent; it must abide by the rules of evidence; it must be open to questions and possible modification; and it must be based on historical and current scientific knowledge.

· Results of scientific inquiry—new knowledge and methods — emerge from different types of investigations and public communication among scientists.  In communicating and defending the results of scientific inquiry, arguments must be logical and demonstrate connections between natural phenomena, investigations, and the historical body of scientific knowledge.  In addition, the methods and procedures that scientists used to obtain evidence must be clearly reported to enhance opportunities for further investigation.

Earth and Space Science (Content Standard D):  As a result of their activities in grades 9 - 12, all students should develop an understanding of

THE ORIGIN AND EVO LUTION OF THE UNIVERSE

NMES:
*************************************************************

Objectives:
Students will be able to

· evaluate relationships using proportions.

· construct a physical model of the Earth-Moon system to scale.

· estimate the approximate size, to scale, of the nine planets, the Sun, and the Moon.

· estimate the approximate distances, to scale, between the nine planets, the Moon, and the Sun.

Materials:


Per Group (if using balloons for models)

· 2 balloons (9 to 15’’)

· 10 m of string

· Solar System lithograph set

· calculator


Per Group (if using ball for models)

· Assortment of balls ranging from marble-size to basketball-size

· 10 m of string

· Solar System lithograph set

· calculator


Per Student

· 2 copies of the Solar System Model Table

· Reference resources (textbooks, etc.)

· Object to use as Earth model (optional)

Directions

1. ENGAGE

Option A


· Have students pair up.  Give each group two balloons.  Students should blow up one balloon until nearly full and tie it off.

· Tell students that this balloon is to be a model for Earth.  Allow students to comment on the accuracy of the model and compare models around the classroom.  It is important that students recognize that the different models are not identical, particularly in size.

· Tell students that this second balloon will be a model for the Moon.  Have the pairs of students blow it up to the size they think it should be in relation to the size of their Earth.  DO NOT TIE THIS BALLOON YET!

· Have students observe the different predictions around the room of the comparative sizes of the Earth and the Moon.  Ask students whether they know which is correct.  Could there be more than one correct model?  If so, how?  How can they figure out the correct size of the Moon model for each Earth model?

· Have the students use different resources (text book, Solar System lithograph set, etc.) to find the size of the Earth and the Moon.  Students may bring back different kinds of data, such as equatorial diameter, polar diameter, mean diameter, volume, mass, or density.  Discuss as a class which data would be most valuable in comparing two balloon models.  They will probably answer “diameter”, however diameter is very difficult to measure accurately for a three dimensional model.  Students may suggest different ways to measure diameter, even to measure it several times and take the mean result, they may even want to try to measure it, but the teacher should make sure they see that their measurements are imprecise.  They should consider using circumference instead of diameter.  Circumference is relatively easy to measure on a 3D model and students should note that it is algebraically related to diameter.  Depending on the mathematical level of the students, this relationship between diameter and circumference can be developed simply or explored in more detail (C = d).  Using mean diameters, they should determine that the Earth’s circumference is about 40,054 km and the Moon’s is 10,915 km.

· Using the tools on hand, student partners should adjust the size of their Moon model to accurately reflect the approximately 1/4 relationship between the circumference of the Earth and that of the Moon.  Most will use the string to wrap once around the Earth model and four times around the Moon model, but some may use other methods.  As long as they end up with an accurate set of models, it is okay.

· Have the students observe and comment on the different model sets.  Many students will be surprised by how small the Moon appears to be compared to the Earth.

Option B

· Use an assortment of different sized balls for each group.  Have the students select one to be the Earth and then select another of the remaining balls to be the Moon.

· All other parts are the same except that students who choose a small Earth model may have to adjust later on by changing to a larger model.

2. EXPLORE

· Now that students have determined the scaled sizes of the Earth and the Moon, based on a model for the Earth, they must figure out how far apart to place these models.  There are several different ways mathematically to do this, but they should all end up with their Moon being approximately 10 Earth circumferences away.  This activity should be done independently, but if students struggle, lead them in the following steps:

· They must first determine the distance between Earth and the Moon.  As before, they may have to choose between several different methods of measuring it.  They should choose the mean or average distance if given several options.  This distance is about 384,400 km.

· Looking at rough estimates, Earth is about 40,000 km in diameter and the distance between Earth and the Moon is roughly 400,000 km.  This can be quickly seen to be a 1/10 ratio.  The distance to the Moon is roughly ten times the diameter of Earth.

· Using a string wrapped ten times around the balloon representing Earth will give the students a quick and rough estimate of the distance to the Moon.

· Have student partners stand with their models the correct distance apart.  Have them comment on the different model systems that different partners have created.  They should note that each is different, based on different models of Earth to begin with, but that they all are to scale.

3. EXPLAIN

· Now, using proportions, develop these two relationships again.  The proportions can be set up in several ways that are all mathematically equivalent.  One way is:

Circumference of model Earth
=
Circumference of model Moon

Actual circumference of Earth

Actual circumference of Moon

Circumference of model Earth
=
Distance from model Sun to model Moon

Actual circumference of Earth

Actual distance from Sun to Moon

· The important thing to remember with proportions is that the proportions must be consistently set up.  In these cases, the data for the Earth is on the left while the data for the Moon is on the right.  The data for the models is on top while the data for the actual bodies is on the bottom.

· Proportions can also be solved in several mathematically equivalent ways.  One way is to cross-multiply and divide as follows:

Circumference of model Earth
=
Circumference of model Moon

Actual circumference of Earth

Actual circumference of Moon



(Actual circumference of Earth)(Circumference of model Moon)






= (Circumference of model Earth)(Actual circumference of Moon)


Circumference of model Moon
=
(Circ. of model Earth)(Actual circ. of Moon)









(Actual circumference of Earth)

· The actual circumferences of the Moon and the Earth are given values.  The circumference of the model Earth will vary from student pair to student pair.  The students should measure their Earth models several times and take the mean circumference.  Make sure students understand why it is important to use the average of multiple measurements.  The circumference of the model Moon is the unknown value to be determined.

· Have the students follow this example to double-check their models.  For size, they could only fill in the data in the final step while for distance, they will have to start with the proportion.

· Allow student pairs to compare answers and comment to the class.

4. EXTEND

· Now give the students the task of adding the rest of the Solar System to their models.  If time is insufficient for completing the entire system, assign each group a different planet (or the Sun).
· Students will set up their proportions based on those from the Earth-Moon system.  They should be as follows:
Circumference of model Earth
=
Circumference of model of other body

Actual circumference of Earth

Actual circumference of other body

Circumference of model Earth
=
Distance from model Sun to model of other

Actual circumference of Earth

Actual distance from Sun to other body

· Allow students to discuss their results.  An important part of this discussion is to recognize that it would be very difficult to actually construct an accurate model as, to fit it in a classroom, most of the planets would have to be too small to see or, to have planets large enough to see, the model would be too large to fit in a classroom.
· If appropriate, a discussion of significant figures can be included.

5. EVALUATE

Option A

· Have students bring in an object to be their own model of Earth.  Based on this model, they should each complete the calculations for a complete Solar System model.

· Check their calculations based on the keys provided.  A general key is provided for checking all individual models.  A key for a 1 cm circumference and one for 3,14 cm circumference (1 cm diameter) are also included for assistance.

Option B
· Choose a space on school grounds or in the community to use to build a model Solar System.  A long hallway, an athletic field, or a park with a path all are suitable spaces.

· Have students measure (in metric!) the length of the potential model.

· Have students use the maximum length of the model as the distance from the Sun to Pluto.  They will need to set up their proportions to reflect that this is their variable data.  They can then determine where to place the other planets and what size all of the bodies should be.  The proportions should be as follows:

Distance from model Sun to model Pluto   =
Circumference of model of other

Actual distance from Sun to Pluto

       Actual circumference of other body

Distance from model Sun to model Pluto   
Actual distance from Sun to Pluto




=
Distance from model Sun to model of other

Actual distance from Sun to other body
Option C

· Students may want to attempt to construct a physical model.  They will find that working with only one aspect, size or distance, is doable, but trying to create a physical model portraying both aspects is very difficult.
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