Life Cycle of a Star Lesson Plan

Name: Courtney M. Mutschler
Grade level: 5/6th

Subject Area: Concept/Vocabulary
Topic: Life Cycle of a Star

Learning Objectives for the unit: Students will gain an understanding of the chronological life cycle of a lunar star, from birth to death, as well as how to recognize the different stages.

Prior Knowledge/Background Information: This will be the students’ first lesson on stars, thus students should have little to no prior knowledge of the lifecycle of a star. 

Key Concepts: The composition of a star, its life cycle from birth to death, nuclear fusion/reaction, White Dwarf, Red Giant, Super Nova, Nebula, Black Hole, Neutron star.

Materials and Costs:

Non-Consumable:

ITEM








PRICE $

- PowerPoint on Life Cycle of a Star
$FREE

- Life Cycle Flashcards (laminated copies)
$FREE

Total Estimated Cost:
$FREE

Consumable Materials:

ITEM 
PRICE

- White sheets of paper, 4” x 5”, 250
$FREE

- Crayons ($1.79/box of 24 x 15)
26.85

- Staples
FREE

- Assessment Worksheet
FREE

Total Estimated Cost:
$26.85

Benchmarks Addressed: 

Grade 4

4.2P.1 Describe physical changes in matter and explain how they occur.

Grade 5

5.2P.1 Describe how friction, gravity, and magnetic forces affect objects on or near Earth.

Time: Time Allowed: 50 minutes

· Preparation Time: 15 minutes (organize/purchase materials, gather cards, set-up    PowerPoint)

· Instruction Time: 40 minutes (Anticipatory set, Card activity, PowerPoint, Flipbook activity)

· Clean-up Time: 10 minutes (clean-up student workstations, return materials, brief discussion) 

Background: 
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The above chart shows the lifecycle of a star with the two different paths of either an average star or a massive star. 

Birth- the birth of a star begins in the Stellar Nursery (nebula) where gas and dust begin to combine to form the star. A nebula is a cloud of dust and gas, composed primarily of hydrogen (97%) and helium (3%). Within a nebula, there are varying regions when gravity causes this dust and gas gather more atoms (mass), their gravitational attraction to other atoms increases, pulling more atoms into the “clump” (star).

A Protostar is the beginning stages of star formation when gravity pulls in the gass and dust from the star nursery and begins to shine. When the gas and dust are combined, the protostar reaches a temperature of 1,800,000 degrees F! 

Nuclear Fission- Nuclear fission creates the star when 4 hydrogen atoms get squeezed and heated together into one helium atom which creates lots of energy for the star to shine brightly. 

Life- So, what is a star? A star is a really hot ball of gas, with hydrogen fusing into helium at its core. Stars spend the majority of their lives fusing hydrogen, and when the hydrogen fuel is gone, stars fuse helium into carbon. The more massive stars can fuse carbon into even heavier elements, which is where most of the heavy elements in the universe are made. Throughout this whole process is that battle between gravity and gas pressure, known as equilibrium. It’s crucial to keep this battle in your mind when trying to understand how stars live and die. 

RED GIANT

This is a large bright star with a cool surface. It is formed during the later stages of the evolution of a star like the Sun, as it runs out of hydrogen fuel at its centre. Red giants have diameter's between 10 and 100 times that of the Sun. They are very bright because they are so large, although their surface temperature is lower than that of the Sun, about 2000-3000�C. 
Very large stars (red giants) are often called Super Giants. These stars have diameters up to 1000 times that of the Sun and have luminosities often 1,000,000 times greater than the Sun.

The Main Sequence
Stars live out the majority of their lives in a phase termed as the Main Sequence. Once achieving nuclear fusion, stars radiate (shine) energy into space. The star slowly contracts over billions of years to compensate for the heat and light energy lost. As this slow contraction continues, the star’s temperature, density, and pressure at the core continue to increase. The temperature at the center of the star slowly rises over time because the star radiates away energy, but it is also slowly contracting. This battle between gravity pulling in and gas pressure pushing out will go on over the entire life span of the star. 

Age
Most stars are between 1 billion and 10 billion years old. Some stars may even be close to 13.7 billion years old—the observed age of the universe. The oldest star yet discovered, HE 1523-0901, is an estimated 13.2 billion years old.[57]
The more massive the star, the shorter its lifespan, primarily because massive stars have greater pressure on their cores, causing them to burn hydrogen more rapidly. The most massive stars last an average of about one million years, while stars of minimum mass (red dwarfs) burn their fuel very slowly and last tens to hundreds of billions of years.[58]

 HYPERLINK "http://en.wikipedia.org/wiki/Star" \l "cite_note-58" \o "" [59]

Death- The death of a star depends on its size.   Small to medium sized stars die by becoming a white dwarf then a black dwarf. 

A white dwarf, also called a degenerate dwarf, is a very small star composed mostly of electron-degenerate matter. Because a white dwarf's mass is comparable to that of the Sun and its volume is comparable to that of the Earth, it is very dense. Their faint luminosity comes from the emission of stored heat.[1] They comprise roughly 6% of all known stars in the solar neighborhood.[2] The unusual faintness of white dwarfs was first recognized in 1910 by Henry Norris Russell, Edward Charles Pickering and Williamina Fleming;[3], p. 1 the name white dwarf was coined by Willem Luyten in 1922.[4]
White dwarfs are thought to be the final evolutionary state of all stars whose mass is not too high—over 97% of the stars in our Galaxy.[5], §1. After the hydrogen-fusing lifetime of a main-sequence star of low or medium mass ends, it will expand to a red giant which fuses helium to carbon and oxygen in its core by the triple-alpha process. If a red giant has insufficient mass to generate the core temperatures required to fuse carbon, an inert mass of carbon and oxygen will build up at its center. After shedding its outer layers to form a planetary nebula, it will leave behind this core, which forms the remnant white dwarf.[6] Usually, therefore, white dwarfs are composed of carbon and oxygen. It is also possible that core temperatures suffice to fuse carbon but not neon, in which case an oxygen-neon-magnesium white dwarf may be formed.[7] Also, some helium white dwarfs[8]

 HYPERLINK "http://en.wikipedia.org/wiki/White_dwarf" \l "cite_note-he2-8" \o "" [9] appear to have been formed by mass loss in binary systems.

The material in a white dwarf no longer undergoes fusion reactions, so the star has no source of energy, nor is it supported against gravitational collapse by the heat generated by fusion. It is supported only by electron degeneracy pressure, causing it to be extremely dense. The physics of degeneracy yields a maximum mass for a nonrotating white dwarf, the Chandrasekhar limit—approximately 1.4 solar masses—beyond which it cannot be supported by degeneracy pressure. A carbon-oxygen white dwarf that approaches this mass limit, typically by mass transfer from a companion star, may explode as a Type Ia supernova via a process known as carbon detonation.[1]

 HYPERLINK "http://en.wikipedia.org/wiki/White_dwarf" \l "cite_note-rln-5" \o "" [6] (SN 1006 is thought to be a famous example.)

A white dwarf is very hot when it is formed, but since it has no source of energy, it will gradually radiate away its energy and cool down. This means that its radiation, which initially has a high color temperature, will lessen and redden with time. Over a very long time, a white dwarf will cool to temperatures at which it is no longer visible and become a cold black dwarf.[6] However, since no white dwarf can be older than the age of the Universe (approximately 13.7 billion years),[10] even the oldest white dwarfs still radiate at temperatures of a few thousand kelvins, and no black dwarfs are thought to exist yet.[1]

 HYPERLINK "http://en.wikipedia.org/wiki/White_dwarf" \l "cite_note-cosmochronology-4" \o "" [5]

A black dwarf is a hypothetical stellar remnant, created when a white dwarf becomes sufficiently cool to no longer emit significant heat or light. Since the time required for a white dwarf to reach this state is calculated to be longer than the current age of the universe of 13.7 billion years, no black dwarfs are expected to exist in the universe yet, and the temperature of the coolest white dwarfs is one observational limit on the age of the universe. A white dwarf is what remains of a main sequence star of low or medium mass (below approximately 9 to 10 solar masses), after it has either expelled or fused all the elements which it has sufficient temperature to fuse.[1] What is left is then a dense ball of electron-degenerate matter which cools slowly by thermal radiation, eventually becoming a black dwarf.[2]

 HYPERLINK "http://en.wikipedia.org/wiki/Black_dwarf" \l "cite_note-2" \o "" [3] If black dwarfs were to exist, they would be extremely difficult to detect, since, by definition, they would emit very little radiation. One theory is that they might be detectable through their gravitational influence.[4]
Since the far-future evolution of white dwarfs depends on physical questions, such as the nature of dark matter and the possibility and rate of proton decay, which are poorly understood, it is not known precisely how long it will take white dwarfs to cool to blackness.[5], § IIIE, IVA. Barrow and Tipler estimate that it would take 1015 years for a white dwarf to cool to 5 K[6]; however, if weakly interacting massive particles exist, it is possible that interactions with these particles will keep some white dwarfs much warmer than this for approximately 1025 years.[5], § IIIE. If the proton is not stable, white dwarfs will also be kept warm by energy released from proton decay. For a hypothetical proton lifetime of 1037 years, Adams and Laughlin calculate that proton decay will raise the effective surface temperature of an old one-solar mass white dwarf to approximately 0.06 K. Although cold, this is thought to be hotter than the temperature that the cosmic background radiation will have 1037 years in the future.[5], §IVB.
The name black dwarf has also been applied to sub-stellar objects which do not have sufficient mass, approximately 0.08 solar masses, to maintain hydrogen-burning nuclear fusion.[7] These objects are now generally called brown dwarfs, a term coined in the 1970s.[8] Also, black dwarfs should not be confused with black holes or neutron stars.

Massive stars
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Betelgeuse is a red supergiant star approaching the end of its life cycle

During their helium-burning phase, very high mass stars with more than nine solar masses expand to form red supergiants. Once this fuel is exhausted at the core, they can continue to fuse elements heavier than helium.

The core contracts until the temperature and pressure are sufficient to fuse carbon (see carbon burning process). This process continues, with the successive stages being fueled by neon (see neon burning process), oxygen (see oxygen burning process), and silicon (see silicon burning process). Near the end of the star's life, fusion can occur along a series of onion-layer shells within the star. Each shell fuses a different element, with the outermost shell fusing hydrogen; the next shell fusing helium, and so forth.[44]
The final stage is reached when the star begins producing iron. Since iron nuclei are more tightly bound than any heavier nuclei, if they are fused they do not release energy—the process would, on the contrary, consume energy. Likewise, since they are more tightly bound than all lighter nuclei, energy cannot be released by fission.[42] In relatively old, very massive stars, a large core of inert iron will accumulate in the center of the star. The heavier elements in these stars can work their way up to the surface, forming evolved objects known as Wolf-Rayet stars that have a dense stellar wind which sheds the outer atmosphere.

Collapse
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An evolved, average-size star will now shed its outer layers as a planetary nebula. If what remains after the outer atmosphere has been shed is less than 1.4 solar masses, it shrinks to a relatively tiny object (about the size of Earth) that is not massive enough for further compression to take place, known as a white dwarf.[45] The electron-degenerate matter inside a white dwarf is no longer a plasma, even though stars are generally referred to as being spheres of plasma. White dwarfs will eventually fade into black dwarfs over a very long stretch of time.

The Crab Nebula, remnants of a supernova that was first observed around 1050 AD

In larger stars, fusion continues until the iron core has grown so large (more than 1.4 solar masses) that it can no longer support its own mass. This core will suddenly collapse as its electrons are driven into its protons, forming neutrons and neutrinos in a burst of inverse beta decay, or electron capture. The shockwave formed by this sudden collapse causes the rest of the star to explode in a supernova. Supernovae are so bright that they may briefly outshine the star's entire home galaxy. When they occur within the Milky Way, supernovae have historically been observed by naked-eye observers as "new stars" where none existed before.[46]
Most of the matter in the star is blown away by the supernovae explosion (forming nebulae such as the Crab Nebula[46]) and what remains will be a neutron star (which sometimes manifests itself as a pulsar or X-ray burster) or, in the case of the largest stars (large enough to leave a stellar remnant greater than roughly 4 solar masses), a black hole.[47] In a neutron star the matter is in a state known as neutron-degenerate matter, with a more exotic form of degenerate matter, QCD matter, possibly present in the core. Within a black hole the matter is in a state that is not currently understood.

The blown-off outer layers of dying stars include heavy elements which may be recycled during new star formation. These heavy elements allow the formation of rocky planets. The outflow from supernovae and the stellar wind of large stars play an important part in shaping the interstellar medium.[46]
Or, massive stars can die and become black holes. In general relativity, a black hole is a region of space in which the gravitational field is so powerful that nothing, including light, can escape its pull. The black hole has a one-way surface, called an event horizon, into which objects can fall, but out of which nothing can come. It is called "black" because it absorbs all the light that hits it, reflecting nothing, just like a perfect blackbody in thermodynamics. Quantum analysis of black holes shows them to possess a temperature and radiate like black bodies.
Despite its invisible interior, a black hole can reveal its presence through interaction with other matter. A black hole can be inferred by tracking the movement of a group of stars that orbit a region in space that looks empty. Alternatively, one can see gas falling into a relatively small black hole, from a companion star. This gas spirals inward, heating up to very high temperature and emitting large amounts of radiation that can be detected from earthbound and earth-orbiting telescopes. Such observations have resulted in the general scientific consensus that, barring a breakdown in our understanding of nature, black holes do exist in our universe.[2]

Procedures:
Anticipatory Set: To begin this unit I will ask the students to raise their hand if they know the childhood nursery rhyme, “Twinkle, Twinkle Little Star”. (I will be anticipating that almost every student will raise their hand). Then, I will have all of the students sing the “Twinkle Twinkle Little Star” nursery rhyme along with me. 

Body of the Lesson: To begin the lesson, I will divide the students into groups of 7 students each (total of 4 groups). I will pass out the prepared cards of the lifecycle stages of the 4 different types of stars which are as follows:

Set 1:
1. Dwarf Red Star Life Cycle

2. Star Nursery called a Nebula

3. Protostar

4. Main Stage Life of a Dwarf Red Star

5. Giant Red Star

6. White Dwarf

7. Black Dwarf

Set 2:

1. Yellow Star Life Cycle

2. Star Nursery called a Nebula

3. Protostar

4. Main Stage Life of a Yellow Star

5. Giant Red Star

6. White Dwarf

7. Black Dwarf

Set 3:

1. Giant Blue Star Life Cycle

2. Star Nursery called a Nebula

3. Protostar

4. Main Stage Life of a Giant Blue Star

5. Supergiant Red Star

6. Supernova

7. Neutron Star (aka Pulsar)

Set 4:

1. Massive Blue Giant Star Life Cycle

2. Star Nursery called a Nebula

3. Protostar

4. Main Stage Life of a Massive Blue Giant Star

5. Supergiant Red Star

6. Supernova

7. Black Hole

The flashcards for this activity will need to be printed out and organized in the following fashion prior to the lesson. Below is a table of how many of each flashcard needs to be printed and cut:

· Dwarf Red Star Life Cycle = 1

· Yellow Star Life Cycle = 1

· Giant Blue Star Life Cycle = 1

· Massive Blue Giant Star Life Cycle = 1

· Star Nursery called a Nebula = 4

· Protostar = 4

· Main Stage Life of a Dwarf Red Star = 1

· Main Stage Life of a Yellow Star = 1

· Main Stage Life of a Giant Blue Star = 1

· Main Stage Life of a Massive Blue Giant Star = 1

· Giant Red Star = 2

· Red Supergiant Red Star = 2

· White Dwarf = 2

· Black Dwarf = 2

· Supernova = 2

· Black Hole = 1

· Neutron (Pulsar) Star = 1

Total cards = 28

Flashcards:  Make one of each – two sided – for a total of 28 cards.  If you have fewer students than 28, remove the “title” cards (Red Dwarf Star Life Cycle, Yellow Star Life Cycle, Giant Blue Star Life Cycle, and Massive Giant Blue Star Life Cycle), for 24 students.  If you have 24 to 27 students in your class, they will be responsible for recording for each of the groups.  If you have over 28 students, you can make them responsible for distributing supplies while the other students are working in groups, and they can be assigned the responsibility of modifying the life cycles after the powerpoint presentation.

Once the groups have been divided and all the cards passed out; I will ask each person holding the card first to stand up and read the card they are holding aloud to the class. This process will repeat until all the cards from each group have been read aloud. Once this has been completed, I will ask each of the 4 groups to chronologically order their cards in the stages of the star, from birth to death and must work together. I will give the groups about 5 minutes to do this and then they will announce their results to the rest of the class by reading their lifecycle cards in the order that they choose. 

A review of the information just presented by the students about the life cycle of a star will be presented in PowerPoint form after the group activity. The PowerPoint will include all the necessary information to cover the learning objectives and the key concepts of this specific lesson and solidify the information that the students presented in their groups, and also allow the students to visually see the pictures of the lifecycle stages of a star. 

Extensions/Differentiation: The PowerPoint presentation will be followed by an activity that will help solidify the understanding of the star’s life cycle. If you are going to have your students build each of the 4 star life cycle flip books, they will each need 1 copy of the pages that have the title page (Red Dwarf Star Life Cycle, Yellow Star Life Cycle, Giant Blue Star Life Cycle, and Massive Giant Blue Star Life Cycle), plus 17 copies of the final, blank page.
As an alternative, you can have the students build a flipbook for their particular star type rather than 1 for each of the star types (Red Dwarf Star would build flipbooks for the Red Dwarf Stars, etc.).  In that case, you will need:
For each student from the teacher:
· Red Dwarf Star: copy of the title page and 6 copies of the blank template 
· Yellow Star: copy the title page and 5 copies of the blank template
· Giant Blue Star: copy the title page and 3 copies of the blank template
· Massive Giant Blue Star: copy the title page and 3 copies of the blank template
Closure: After the PowerPoint presentation and the flip book activity have been completed the students will be asked to clean-up their workspaces and prepare for the next transition. Any incomplete flip books can be completed and turned in by the next lesson meeting. A brief class discussion and wrap-up will be held for any lingering questions, comments or concerns. 

Assessment:

Evaluation of Student learning: Assessment of student learning will occur at the beginning of the next science lesson meeting, where the students will be asked to complete a short quiz of 5 questions. This assessment will be graded by the classroom teacher and returned promptly. (Assessment follows as typed below and correct answers are highlighted in red.)

Name: _________________________________

Date:________________________

Directions: Answer each question to the best of your ability. 

Life Cycle of a Star: Concept Assessment

1. What are the two main elements combined to make a star?

(gas and dust)

2. The life span of a star depends upon its _(size)______. 

3. Nuclear Fission occurs when _(4)__ numbers of hydrogen atoms are     squeezed to together to make one ___(helium)___ atom for energy. 

4. Our sun is an example of a Yellow Star.  (circle correct answer)

T
(correct answer)
F

5. What do you think is the most interesting stage of the lifecycle of a star?    Please do a rough sketch of what this stage looks like, you may label parts if necessary. 

(If a correct stage is named and a sketch is drawn 

or attempted, full points should be awarded for

 this question.)

	WHITE DWARF

One of the results of death for a small to medium sized star. When my nuclear energy is gone, I begin to contract and appear very bright.

	(white dwarf)
[image: image2.jpg]



                                                              http://www.williamsclass.com/EighthScienceWork/ImagesEighth/WhiteDwarfSirius.jpg

	Black Dwarf

One of the results of death for a small to medium sized star. 
When my nuclear energy is gone, I become a lump of coal in the sky.

	(Black Dwarf)
[image: image3.jpg]



http://www.dorlingkindersley-uk.co.uk/static/clipart/uk/dk/sci_space/image_sci_space013.jpg

	GIANT RED STAR

During its lifetime, the star swells into a giant red star as its hydrogen fuses into helium and begins to burn other fuels found in the atmosphere.


	(Giant Red Star)
[image: image4.jpg]Red Giant




                                                                                                                                                 http://www.lancs.ac.uk/ug/hilditch/pic3.gif


	STAR NURSERY

The star nursery is called the Nebula. Spaces acts as a nursery full of the gases and dust that stars need to be born. These gases and dust consist mostly of carbon and/or silicon and are provided by the clouds in the atmosphere of space.

	(Star Nursery)
[image: image5.jpg]



                                                                                                                      http://www.geolab.unc.edu/classes/Geo15/StarNursery.gif

	PROTOSTAR

A Protostar is the beginning stages of star formation when gravity pulls in the gas and dusts from the star nursery and begins to shine! When the gas and dust are combined, the protostar reaches a temperature of 1,800,000 degrees F! (That’s hot!)

	(Protostar)
[image: image6.jpg]



                                                                                                                http://library.thinkquest.org/03oct/01944/images/protostar1.jpg


	BLACK HOLE

A Black hole is one type of death for Massive Blue Stars. 
A Black hole has a gravitational pull that is so superior 
that nothing can escape its pull and its one-way surface!

	(Black Hole)
[image: image7.jpg]



                                                                                            http://www.ifa.hawaii.edu/~barnes/ast110_06/bhaq/Black_Hole_Milkyway.jpg

	SUPERNOVA

Supernovas are a type of death for Massive and 

Giant Blue Stars. They are a stellar explosion of its content material with a burst of radiation that are very luminous.



	(Supernova)
[image: image8.jpg]



                                                                                                http://wwwmagic.mppmu.mpg.de/snr.jpg

	NEUTRON STAR

The Neutron star is also known as a Pulsar star because of its ‘pulsating’ effect that can be seen when viewed at a specific angle. The Pulsar Star is a result of the gravitational collapse of a Giant Blue Star.

	(Neutron Star)
[image: image9.jpg]



                                                      http://home.xtra.co.nz/hosts/Wingmakers/Pulsar%20Star%201257+12.jpg

	Life Cycle of a Yellow Star

	Life Cycle of a

Dwarf Red Star

	Life Cycle of a

 Giant Blue Star

	Life Cycle of a 

Massive Giant Blue Star

	Main Stage Life 

of a Dwarf Red Star

	A Dwarf Red Star can live for up to 100 billion to 100 trillion years!

	Main Stage Life 

of a Yellow Star

	A Yellow star, like our sun,
 can live up to 10 billion years!

	Main Life Stage 

of a Giant Blue Star

	A Giant Blue Star can 

live as short as 1 million years!

	Supergiant Red Star

A Red supergiant starn is the largest volume
 type of star in the universe but not the most 
massive star. Examples of a red supergiant star
 is Betelgeuse.


	(Red Supergiant star)
[image: image10.jpg]



http://science.nationalgeographic.com/staticfiles/NGS/Shared/StaticFiles/Science/Images/
Content/Hubble%20Images%20Photo%20Gallery/light-echo-pr2004010a-ga.jpg



� http://aspire.cosmic-ray.org/labs/star_life/starlife_proto.html


� http://www.telescope.org/pparc/res8.html


� http://aspire.cosmic-ray.org/labs/star_life/starlife_sequence.html


� http://en.wikipedia.org/wiki/Star


� http://en.wikipedia.org/wiki/White_dwarf


� http://en.wikipedia.org/wiki/Black_dwarf


� http://en.wikipedia.org/wiki/Black_Hole





