The Disintegration of the Shuttle Columbia

Where the Shuttle Columbia Narrative coincides with the Curriculum

The events that occurred on February 1, 2003 regarding the Shuttle Columbia can be linked to Cluster 4, Weather Dynamics, of the Senior 2 Science Curriculum. As stated in the first Prescribed Learning Outcomes, S2-4-01, teachers are to illustrate the composition and organization of the atmosphere. In the following narrative, it becomes evident that as the Shuttle Columbia passed through Earth’s atmosphere, significant changes occur that aided in its break-up. By considering why Columbia combusted when it did, students should consider that there was a sudden ‘exertion’ on the shuttle as the atmosphere became denser. In this way, teachers can use this event to introduce the differing regions in the Earth’s atmosphere (troposphere, stratosphere, mesosphere, and thermosphere).

This narrative can also be revisited in the fourth and fifth Prescribed Learning Outcomes, S2-4-04 and S2-4-05, of Cluster 4. These topics ask students to explore severe weather events, including changes in atmospheric pressure. Students do not readily associate air with pressure. From the Shuttle Columbia tragedy, it becomes evident that the atmosphere does exert a pressure, and this pressure increases as one gets closer to Earth. Based on the knowledge obtained in S2-4-01, students now know that the atmosphere is composed of various gases that have a mass and exert a ‘force’ (I use the term ‘force’ in this paper where Senior 2 students would more likely describe a heaviness, or pushing sensation). As these gases push down on the Earth, they produce atmospheric pressure, just as one produces pressure when they push down on a bleeding wound.

Specifically, this report deals with the first use of the narrative and introduces the concept of Earth’s atmosphere. It addresses the components of the atmosphere and its four regions.

The Narrative – The Disintegration of the Shuttle Columbia

On January 16, 2003 the Shuttle Columbia set off on a space mission that would have its crew of seven working on over 80 experiments. Included in the experiments were studies that looked at bone and cancer cell growth, purifying urine for drinking water, floating fireballs, and the human immune system. On February 1, 2003, following sixteen days of significant research, Rick Husband and his crew prepared for their re-entry and decent to Earth. 

· Who remembers what happened?

At 8:15 ET of that morning, Columbia fires rockets that are designed to slow the shuttle down. Following what appeared to be a smooth thirty-five minutes, mission control reports that it is not receiving data from the temperature sensors in the left wing. At 9:00 a.m. ET NASA loses communication with Columbia. At the same time residents in Texas, Arkansas, and Louisiana hear a “big bang” and observe streaking flames in the sky. The shuttle had broken-up between 70-75 kilometres above the earth.

· Why did the Shuttle Columbia break-up?

· Why did the Shuttle Columbia break-up between 70-75 kilometres above the Earth?

So what may have gone wrong with the Columbia on its 28th flight since it was first launched on April 12, 1981? Why did the shuttle explode 70-75 kilometres above the Earth? To answer these questions, we must first explore the flight path of re-entry for this type of space vessel. The following steps explain the way that Columbia was supposed to land.

1) The shuttle flips upside down to gain protection from solar heat and radiation. 

2) The shuttle’s crew fires its rear thrusters to face it backwards and help slow it down. 

3) Crew fires rear thrusters again to orient the orbiter with its bottom facing the atmosphere at about a 40-degree angle. 

4) Leftover fuel is burned as a safety precaution and the shuttle re-enters the atmosphere 

5) The shuttle goes through a series of wide "S" turns, like a skier going down a hill.

In the diagram, notice that the fourth step of the decent is the point of re-entry. Shortly after this phase, the Shuttle Columbia was destroyed. Notice that the belly of the shuttle is exposed during the re-entry – the stage at which the shuttle experiences its highest temperatures.

NASA outlines a probable cause of the Columbia tragedy. During lift-off, a piece of foam came off the left side of the shuttle and struck the underside of the wing damaging a protective tile. Upon re-entry the tile that was damaged by the foam was likely torn off. This damage to the protective shield would have effected the shuttle’s ability to dissipate or deal with temperatures that would reach 1,650 °C during re-entry. As a consequence the shuttle broke-up shortly after.
The above explanation proposes why the shuttle Columbia broke-up, but does not fully indicate why the combustion occurred after re-entry, 70-75 kilometres above the Earth. To solve this problem, we have to consider what is meant by re-entry. Re-entry refers to the point at which a shuttle comes back into Earth’s atmosphere, over 100 kilometers above the Earth’s surface. Earth’s atmosphere is so significant in this process because at this point, particles begin to gather that were absent in ‘outer space’. Each of these atmospheric particles or molecules collided with the shuttle Columbia and as a result its exterior heated very rapidly. Former Canadian astronaut Roberta Bondar stated that “We are being buffeted by this tremendous atmosphere we bump into.” In space, there are virtually no particles with which the shuttle interacts. Unfortunately, the malfunction with the shuttle’s protective tiles made it impossible for Columbia to maintain a constant temperature as the shuttle bumped into the particles in Earth’s atmosphere and generated heat. By the time the shuttle was 70-75 kilometres above the Earth it had heated to the point of combustion. As such, the shuttle essentially disintegrated.
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The Narrative with commentary

On January 16, 2003 the Shuttle Columbia set off on a space mission that would have its crew of seven working on over 80 experiments. Included in the experiments were studies that looked at bone and cancer cell growth, purifying urine for drinking water, floating fireballs, and the human immune system. On February 1, 2003, following sixteen days of significant research, Rick Husband and his crew prepared for their re-entry and decent to Earth. 

· Who remembers what happened?
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Commentary

· This introductory paragraph is designed to trigger students’ memory regarding the tragedy that occurred on February 1, 2003.

· The question that follows the reading of the paragraph (identified in bold italics) ensures that students’ thinking has been activated.

· The accompanying picture is placed on the overhead projector so to serve as a visual stimulus of the event. 

At 8:15 ET of that morning, Columbia fires rockets that are designed to slow the shuttle down. Following what appeared to be a smooth thirty-five minutes, mission control reports that it is not receiving data from the temperature sensors in the left wing. At 9:00 a.m. ET NASA loses communication with Columbia. At the same time residents in Texas, Arkansas, and Louisiana hear a “big bang” and observe streaking flames in the sky. The shuttle had broken-up between 70-75 kilometres above the earth.
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· 
This second paragraph satisfies the students’ need to know whether or not they were correct in their prediction.

· As well, the paragraph provides students with an important piece of information – the elevation at which the Shuttle Columbia broke-up.

· The accompanying picture is placed on the overhead projector to further stimulate the students.



Think-Group-Share Activity

1. Individually record your theories, prediction, thoughts, or knowledge regarding the following 2 questions.

· Why did the Shuttle Columbia break-up?

· Why did the Shuttle Columbia break-up between 70-75 kilometres above the Earth?

2. At your tables or in groups of four, share your responses to the two questions. Everyone should share their answers to question one first and then number two should be addressed.

3. As a group, come to a consensus on one or more possible responses to each question.

4. On the board, each group will record their statements, which are to be discussed as a class

· 
The Think-Group-Share activity is designed to place students in a state of disequilibrium. Many students will know the answer to the first question, but it is likely that few will know the answer to the second question.

· This activity also enables the teacher to recognize students’ previous knowledge or misconceptions regarding the Earth’s atmosphere.

· Notice that the term atmosphere has not been introduced to students thus far. Perhaps as groups they will identify the significance of this region.

So what may have gone wrong with the Columbia on its 28th flight since it was first launched on April 12, 1981? Why did the shuttle explode 70-75 kilometres above the Earth?

To answer these questions, we must first explore the flight path of re-entry for this type of space vessel. The following steps explain the way that Columbia was supposed to land.

6) The shuttle flips upside down to gain protection from solar heat and radiation. 

7) The shuttle’s crew fires its rear thrusters to face it backwards and help slow it down. 

8) Crew fires rear thrusters again to orient the orbiter with its bottom facing the atmosphere at about a 40-degree angle. 

9) Leftover fuel is burned as a safety precaution and the shuttle re-enters the atmosphere 

10) The shuttle goes through a series of wide "S" turns, like a skier going down a hill. 

When the orbiter reaches 610 metres above the ground, the shuttle falls at a steep angle. Landing gear is deployed 25 seconds before touch down.
· 
This section begins the acquisition of knowledge stage of the narrative.

· Students begin to receive information regarding the events that effected the Columbia disaster.

· The accompanying picture should be placed on the overhead serving as a visual depiction of the events that occurred upon re-entry.

In the diagram, notice that the fourth step of the decent is the point of re-entry. Shortly after this phase, the Shuttle Columbia was destroyed. Notice that the belly of the shuttle is exposed during the re-entry – the stage at which the shuttle experiences its highest temperatures.

NASA outlines a probable cause of the Columbia tragedy. During lift-off, a piece of foam came off the left side of the shuttle and struck the underside of the wing damaging a protective tile. Upon re-entry the tile that was damaged by the foam was likely torn off. This damage to the protective shield would have effected the shuttle’s ability to dissipate or deal with temperatures that would reach 1,650 °C during re-entry. As a consequence the shuttle broke-up shortly after.

· 
As the narrative continues, the teacher sets the stage for the most likely cause of the Columbia disaster.

· Students should come to a cognitive equilibrium regarding the first question proposed above.

· However, this is not the question that is relevant to the curriculum. It is merely an activating question that intrigues students and prepares their minds.

· Again, note that the word atmosphere has not yet been used. It is still irrelevant until we address why the shuttle broke-up 70-75 kilometres above the Earth.

The above explanation proposes why the shuttle Columbia broke-up, but does not fully indicate why the combustion occurred after re-entry, 70-75 kilometres above the Earth. To solve this problem, we have to consider what is meant by re-entry. Re-entry refers to the point at which a shuttle comes back into Earth’s atmosphere, over 100 kilometers above the Earth’s surface. Earth’s atmosphere is so significant in this process because at this point, particles begin to gather that were absent in ‘outer space’. Each of these atmospheric particles or molecules collided with the shuttle Columbia and as a result its exterior heated very rapidly. Former Canadian astronaut Roberta Bondar stated that “We are being buffeted by this tremendous atmosphere we bump into.” In space, there are virtually no particles with which the shuttle interacts. Unfortunately, the malfunction with the shuttle’s protective tiles made it impossible for Columbia to maintain a constant temperature as the shuttle bumped into the particles in Earth’s atmosphere and generated heat. By the time the shuttle was 70-75 kilometres above the Earth it had heated to the point of combustion. As such, the shuttle essentially disintegrated.

· 
Finally, in this section of the narrative, the teacher addresses the reason why the Shuttle Columbia broke-up 70-75 kilometres above the Earth.

· For the first time, the teacher introduces the term ‘atmosphere’.

· Remind students that ‘outer space’ is a vacuum that is void of particles or molecules.

· Ultimately, through this final paragraph, students should reach a cognitive equilibrium explaining why Columbia broke-up 70-75 kilometres above the Earth’s surface.

· Ask students if they have any questions regarding the narrative.

Concluding Questions

The following questions are to be answered by the students as a follow-up exercise that demonstrates their comprehension of the Columbia disaster and their understanding as to why the tragedy occurred. 

1. What was the malfunction that most likely led to the break-up of Columbia?

2. Why did the shuttle break-up just after re-entry into our atmosphere at 70-75 kilometers above the Earth?

3. In your opinion, is there anything that could have been done prior to liftoff on January 16, 2003 that would have avoided the Columbia tragedy? Explain your answer or give a suggestion as to what could be done?

4. If the problems with the Shuttle Columbia were known about prior to re-entry on February 1, 2003, is there anything that could have been done before the vessel entered Earth’s atmosphere? Explain your answer or give a suggestion as to what could be done?

5. Your textbook lists the major components, particles, or molecules of Earth’s atmosphere. What are they?

6. Your text outlines the four regions of our atmosphere. Using that information, complete the following chart.

	Region
	Elevation
	Temperature Change
	What Occurs in the Region

	Troposphere
	
	
	

	
	10 km – 50 km
	
	

	
	
	decrease
	

	
	
	
	aurora borealis occur in this region


7. Based on the chart and the Columbia narrative, in which region did the shuttle combust? Based on ‘What Occurs in that Region,’ why is this significant?

Students can find supplementary material at:

http://www.nasa.gov/columbia/home/index.html
· 
This final section of the narrative activity serves as the assessment of the students’ experience and the knowledge gained.

· The questions are aimed to cover all levels of Bloom’s Taxonomy (knowledge-5, comprehension-1, 2, & 6, analysis-7, application-3 & 4, synthesis-3 & 4, evaluation 3 & 4)

· At this point, previously shared misconceptions should be eliminated. If they are not, the teacher can address them by reviewing the students’ responses to the concluding questions.

· The questions posed in this section can be answered using virtually any Senior 2 General Science text.
· Note that the answer to number 7 is the mesosphere – the region where meteors burn up.

All information for this narrative was taken from:

http://www.nasa.gov/columbia/home/index.html
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