
Is Pluto a Planet?

(Show the Henry Payne comic.)

Before we discuss the number of planets in the solar system, let's look at something much closer to everyday experience.

How many chairs are in this room?

Groups of 4 count together and write your answer on the board.

(I will have an image of a chair along with the instructions on a slide.)

Why are your answers different?

Discuss within groups until you come up with at least 2 possibilities.

I will call on one person from each group to report 2 answers.

My answers:

(1) Someone counted wrong. “1, 2, 4, 5…” (Observational Error)

(2) Someone forgot to look everywhere, e.g., behind the instructor’s desk. (Observational Bias)

(3) Someone purposely counted an object that we did not count OR purposely did not count an object that we did count. (Disagreement in Definitions)

How would we discover which of these is to blame?

(1) Have everyone count several times.

(2) Have everyone record the exact locations (the method) in which they conducted their observations.

(3) Have everyone record the exact definitions that they used for “chair” and “room”.

Groups draft definitions of “chair” and write your answer on the board.

Does solidifying your definition require you to change your answer for the number of chairs? (You said, “Sit-able as is,” yet counted a stack of chairs as more than one.)

Does seeing the other definitions explain the discrepancies in the reported number of chairs?

How do you feel about the other definitions presented? Are all definitions equally good?

What characteristics does a good definition have?

Discuss within groups until you come up with at least 2 possibilities.

I will call on one person from each group to report 2 answers.

My answers:

(1) helpful, useful, fulfills a need/its purpose

(2) accounts for all known relevant objects

(3) Given a perfect observation, the question “Does this object satisfy the definition?” may be answered unambiguously with a “Yes” or “No”.

Based on these criteria, which group’s definition will we adopt?

Class votes by show of hands.

I will now show you some more objects that have been in the room the whole time.

Camping chair (folded up). Mini-chairs.

According to the agreed-upon definition, are these chairs?

What if I produced a person for whom these are the perfect size?

Do you want to revise the definition?

Class votes by show of hands.

Congratulations! We have now passed through in only minutes what the astronomical community has experienced over the course of hundreds of years regarding the word “planet”.

Reflect for a moment on what we just did.

How was our treatment of the word “chair” different from the way we do at home? Why was this necessary?

Discuss within groups. (If helpful, draft a home definition of “chair”.) I will call on groups to report answers.

My answer:


Our treatment was more exact/precise because we wanted to do science (e.g., make a measurement).

A definition is only “good” if it achieves the desired purpose!

At home, a good definition is such that if someone asks you, “Please bring me a chair,” you bring them something that satisfies their desire to sit.

Note: This definition depends heavily on the person doing the asking! Your grandmother would not appreciate being brought a bar stool because her bad back needs something to rest against.


What is the purpose of a definition for a scientist?

Discuss within groups. I will call on groups to report answers.

My answer:


Scientists want definitions that, if used, allow everyone to agree on a measurement.


“Based on your definition of 'chair', we agree that there are X chairs in the room.”

This is not to say that everyone agrees on which definition to use!

“But my definition is better!”

Who decides which definition to use?

Inches or Meters to measure your child's height? You.

Miles or Kilometers on road signs? Government.

Planet or Dwarf Planet concerning Pluto in a textbook? International Astronomical Union. (Show IAU comic.)

Is it absolutely necessary that everyone agree on using only one definition for something?

No, but it sure helps to remove confusion!

Mars Climate Orbiter ($327.6 million) -- on September 23, 1999, the MCO disintegrated from extreme frictional heating when it passed ~57 kilometers above Mars instead of the intended ~150 kilometers.

"The 'root cause' of the loss of the spacecraft was the failed translation of English units into metric units in a segment of ground-based, navigation-related mission software," --Arthur Stephenson, chairman of the Mars Climate Orbiter Mission Failure Investigation Board (NASA press release:  99-134).

“On September 29, 1999, it was discovered that the small forces DV’s reported by

the spacecraft engineers for use in orbit determination solutions was low by a factor of

4.45 (1 pound force=4.45 Newtons) because the impulse bit data contained in the AMD

file was delivered in lb-sec instead of the specified and expected units of Newton-sec.”

(Mars Climate Orbiter Mishap Investigation Board, Phase I Report, November 10, 1999).

Your student is the spacecraft, which you hope to safely guide to knowledge.

What happens if you, the teacher (a.k.a. mission control), are operating based on a different definition than your student? (Show modified crash schematic.)

What definitions of “planet” do your students have?

Discuss within groups. I will call on groups to report answers.

What will your students think if you tell them that Pluto is not a planet anymore (without addressing the definitions and issues involved)?

Discuss within groups. I will call on groups to report answers.

What are your definitions of a planet?

Discuss within groups. I will call on groups to report answers.

Now we will begin the process of fine-tuning your definitions.

To do so, let us analyze the process that we all used (mostly unconsciously) to count chairs and walk through the same steps with planets.

Step 1: Choose a method of observation.

How many of you were conscious of the light sources illuminating the objects in the room, the detection of the light by your retina, and the interpretation of the electrical signals by your brain? (Show of hands.)

How many of you chose this method of observation? (Show of hands.)

How many of you consciously chose this method of observation? (Show of hands.)

This is the most unconscious/automatic of all steps in the chair-counting process and (in my opinion) the most ignored topic in the teaching of astronomy below the graduate level. However, the first step is often the most important, and so it is here.

Here is a net. It is one of many possible ways to catch things.

Groups: Write a list of three creatures (living and mobile) that this net can catch and three that it cannot catch. Write them on the board.

If your name was Noah, and my name was God, and I told you to catch two of every living creature to put on the ark, and you chose to use only this net for the task, would I be happy with your results?

The method of observation that you choose will bias the results. Choosing to use the sense of sight to “catch” chairs biases you against invisible chairs. I don’t know… it might be perfectly reasonable to assume that invisible chairs don’t exist, but don’t forget that it is an assumption.

What method(s) of observation are used to discover the contents of the solar system?

Discuss in groups before I continue.

The light coming from the sky at two different times is compared. Did anything move differently from the stars? If so, it belongs in the solar system!

Discuss in groups the biases of this method. I will call on each group to report.

My answers:


Only objects bright enough to be seen will be found.


Only objects moving far enough between T1 and T2 will be selected.

What does an object’s brightness imply? distance moved (in a fixed amount of time)?

Discuss in groups. Report.

My answers:


Brightness is determined by size, color, and distance.


Apparent motion is determined by speed and distance.

In the olden days, before telescopes or cameras, the only objects that satisfied this method were the Sun, Moon, Mercury, Venus, Mars, Jupiter, Saturn, and comets.

Discuss in groups: What does the telescope do to improve this method? the camera?

My answers:


Telescopes allow you to see dimmer objects (by collecting more light per second) and smaller distances moved (by magnifying the image).


Cameras allow you to see dimmer objects (by collecting more light though more seconds) and allow smaller distances moved to be recognized and increase the possible length of time between T1 and T2 that distances moved can be accurately measured (or “remembered”) (by recording the positions of the light, though a good hand-drawing will do the same).

Step 2: Conduct the search.

Was it possible for you to conduct an exhaustive search of this room for its contents?

Is it possible to do so for solar-system objects?

The strict answer is, of course, “No.”

But can a reasonable search be made? (Ignore dust bunnies, individual atoms.)

That depends on how faint you want to see and how small of a motion you want to detect!

Increasing either of these will vastly increase the time that it takes!

Show the “I’ve Got a Secret” clip (1956) with Clyde Tombaugh describing his discovery of Pluto.

How long has it been since the last object was discovered?

Does it surprise you to hear that we are still finding new objects?

Show the Eris discovery frames.

http://web.gps.caltech.edu/~mbrown/planetlila/index.html
“Because the new dwarf planet is so far away it is moving slower than most of the objects that we find. It is moving so slowly, in fact, that our computers didn't notice it the first time around! We began a special reanalysis a year later to specifically look for very distant objects. This reanalysis found the new planet at 11:20AM PST on January 5th 2005, almost 1 1/2 years after the initial data were obtained.” - Mike Brown

Step 3: Familiarize yourself with the entirety of the search results, i.e., all relevant objects.

Mentally cataloging the room’s contents involved very little brain power; you recognized every object as similar to thousands (or millions?) of the objects in your memory.

You are an expert on the typical contents of classrooms! It would be difficult for a merman to do the same the first time he entered this classroom, because his society probably does not have any of these things.

This is another step that we often fail to teach. Experts do this unconsciously and may forget how necessary it is to be familiar with the whole when discussing subsets of the whole with novices.

How familiar are you with the contents of the solar system?

Groups: Create a list of the objects you know of in the solar system.

We teach students that there are eight planets, moons, an asteroid belt, Pluto, and comets. Let's see if knowledge of these subsets is an appropriate amount of knowledge to estimate the whole.

Inner Solar System

In groups: Take a piece of paper. Put a dot in the center for the sun. Draw a circle almost large enough to reach the closest edge for the orbit of Jupiter and put a dot somewhere on the circle to represent Jupiter itself. Place a dot at each point that you believe an object exists. You may draw the sizes of their orbits if it will help you.

Each group has one representative stand and describe their plot.

Review the Inner Solar System plots from JPL HORIZONS.

Show the motions of small bodies in the inner solar system (IAU).

Show the near-earth asteroids movie (IAU).

Outer Solar System

In groups: Take a piece of paper. Put a dot in the center for the sun. Draw an ellipse almost large enough to reach the closest edge for the orbit of Pluto and put a dot somewhere on the circle to represent Pluto itself. Draw the orbit of Jupiter the size of a half-dollar. Place a dot at each point that you believe an object exists. You may draw the sizes of their orbits if it will help you.

Each group has one representative stand and describe their plot.

Review the Outer Solar System plots from JPL HORIZONS.

Show the motions of small bodies in the middle solar system (IAU).

Distant Solar System

In groups: Take a piece of paper. Put a dot in the center for the sun. Draw the orbit of Pluto to be about 1/4 of the size of the page width. Place a dot at each point that you believe an object exists. You may draw the sizes of their orbits if it will help you.

Each group has one representative stand and describe their plot.

Review the Distant Solar System plots from JPL HORIZONS.

Show the motions of small bodies in the outer solar system (IAU).

Physical characteristics of objects by size from largest to smallest:


temperature, composition (gaseous, rocky, icy)

Physical characteristics of objects by heliocentric distance from close to far:


temperature, composition

Step 4: Create a general definition.

The things you observed in this room belong to some class of objects that you are already familiar with---tables, carpet, light fixtures, computers, doors, etc. Unless you have been in this room before, you have never seen these exact chairs, yet the (very vague) notion of a chair that you came in with was sufficient to count 95% or more of what we eventually rigorously defined to be a chair.

Show the “bodies larger than 200 km” picture without labels and pass it out.

Groups: Circle all objects that you decide are planets based on your own definition.

Step 5: Reevaluate the definition based on which objects are or are not included.

THE GREAT PLANET DEBATE

http://planetary.org/explore/topics/pluto/poll.html
The IAU membership was presented with three options:

1) Accept the recommendation of a "Planet Definition" committee, which defined a planet as body that is large enough to be round and orbits a star, but is neither a moon nor a star itself. Accordingly there are currently at least 12 planets in the solar system and dozens of other "planetary candidates" that will be considered in the years to come.

2) Accept a rival proposal that will strip Pluto of its Planetary designation, leaving the solar system with only the 8 large planets.

3) Reject both proposals and leave the term planet as loosely defined as it was before.

http://www.ipetitions.com/petition/planetprotest/
“We, as planetary scientists and astronomers, do not agree with the IAU's

definition of a planet, nor will we use it. A better definition is needed.”

- Petition Statement

“In less than five days, the petition was signed by 300 professional planetary scientists and astronomers. The list of signatories includes researchers who have studied every kind of planet in the solar system, as well as asteroids, comets, the Kuiper Belt, and planet

interactions with space environment. They have been involved in the robotic exploration

of the solar system from some of the earliest missions to Cassini/Huygens, the missions

to Mars, ongoing missions to the innermost and outermost reaches of our solar system,

and are leading missions preparing to be launched. The list includes prominent experts in

the field of planet formation and evolution, planetary atmospheres, planetary surfaces and

interiors, and includes international prize winning researchers.”

- Petition Press Release

Six of the signers were current NMSU astronomers (including myself), and at least one was a graduate of the NMSU PhD program.

http://gpd.jhuapl.edu/
"The Great Planet Debate: Science as Process" conference August 14-16, 2008, at Johns Hopkins University Applied Physics Laboratory

The conference was sponsored by NASA, APL, the Planetary Science Institute, The Planetary Society, and the American Astronautical Society.

During the first two days of the conference, we will present what we have learned about planetary bodies over more than 40 years of robotic exploration of the Solar System and what we are learning about planets around other stars. The IAU’s dynamical definition of a planet will be presented, as well as an alternative geophysical definition. The utility of each will be debated, along with other potential planet definitions.

The third day of the meeting will be an Educator Workshop to discuss how the question of "The Great Planet Debate" should be treated in schools and how that can be used as a springboard to discuss science as a process, as well as other topics in planetary science.


http://www.psi.edu/press/archive/20080919planetdebate/
Problems with the political cartoons:

They depict the IAU's main objective as defining what Pluto is---not defining what a planet is.

They all present Pluto as a loner.

Not only does Pluto have lots of company, but he has a big brother, Eris, as well.

Other ideas for definitions:

http://iopscience.iop.org/1538-3881/132/6/2513/fulltext
(Soter 2006)

Mass M of a body vs. the aggregate mass m in its orbital zone. The solid lines bound the observed gap in the ratio 
   = M/m, where 
   = 5100 and 1/3 are the ratios for Mars and Ceres, respectively. The dashed line represents 
   = 100. The values of M and m are in Earth masses.

“Is Pluto a planet?” could mean one or both of the following:

Does Pluto satisfy the definition of “planet”?

(Logic: Does X have qualities A, B, and C?)

To understand the answer, they need to know:


the official definition of “planet”


the relevant (i.e., with regard to the definition) physical characteristics of Pluto

Should the definition of “planet” include Pluto?

(Philosophy: Is this a good definition?)

To understand an answer (for there are many), they need to know:


all physical characteristics of all solar-system objects


the official and alternative definitions of “planet”

So it turns out that the most frequently asked question for astronomers is a question of philosophy.


