


ESSENTIAL O))

STIONE

Journey to the Stars explores the birth, life, and death of stars, and why they are important to us. Use the
Essential Questions below to connect the show’s themes to your curriculum. (Bolded terms are found in

the glossary.)

What is a star?

A star is a huge glowing ball of hot gas, mainly hydrogen
and helium. The temperature is so high in its core that
nuclear fusion occurs, producing energy. The outward
pressure of gas heated by fusion is balanced by the
inward pull of gravity, leaving the star in hydrostatic
equilibrium. This balance of forces lasts for most of

a star's life, maintaining its steady temperature. Radia-
tion and convection carry the energy from the core out
through a star's atmosphere. When the energy gets high
enough in the atmosphere that the region above it is
transparent, it escapes out into space as light of all wave-
lengths, as well as stellar wind. Though stars may appear
static, they rotate and vary in luminosity. There are
hundreds of billions of stars in the Milky Way Galaxy
alone. Among them is our Sun, the closest star to Earth.

Where do stars come from?

Every star forms in a huge cloud of gas and dust. Over
time, gravity causes the cloud to contract, drawing the
gas closer and closer together. As more gas accumulates
at the center, it becomes denser and pressure increases.
This causes it to heat up and begin to glow. Its gravity
continues to pull in gas and dust, further increasing its
mass, and thus its pressure and temperature. Eventu-
ally, the center reaches millions of degrees Celsius—hot
enough to fuse hydrogen nuclei and generate intense
energy. The heat generated by nuclear fusion causes
the gas at the center of the star to expand, exerting

an outward pressure. When hydrostatic equilibrium is
reached, a star is born. Nuclear fusion powers the star
until it eventually runs out of fuel and dies. Most stars
form in tightly packed groups called star clusters, from
which the majority are eventually ejected.

How do stars differ?

Though stars may look like similar points of light from
our perspective on Earth, they actually differ from
each other in many ways. Stars vary in their mass, size,
temperature, color, luminosity, and age. They differ in
their distance from Earth, and some orbit one or more
other stars. They also change over the course of their
lives. A star's mass determines its temperature and
luminosity, and how it will live and die. The more
massive a star is, the hotter it burns, the faster it uses
up its fuel, and the shorter its life is. The hottest and
most massive stars are blue and bright, while the
coolest and least massive stars are red and dim.

Why are stars important?

Without stars, we wouldn't be here at all. At the begin-
ning of the universe, the only elements that existed were
hydrogen, some helium, and trace amounts of lithium.
All other naturally occurring elements were formed
during the life and death of stars. At the end of a star's
life, much of its matter is blown into space, where it
provides the gas and dust for building new stars, planets,
and everything on them including our bodies. Closer to
home, when our Sun was born, its gravitational force
held gas and dust in orbit, allowing for Earth’s formation.
Now the Sun holds the planets in their orbits, heats the
surface of Earth, drives Earth’s dynamic climate, and

fuels photosynthesis.

Stars are
factories for
new elements.
As they live
and die, they
form almost
all of the
elements on
the periodic
table. These
elements make
up Earth—
and us.

How do scientists study stars?

We can see stars with the naked eye. But to observe
them in detail, we depend on technology on the ground
and in space. Ground-based telescopes enable scien-
tists to see visible light, radio waves, and some infrared
light. Satellites that orbit Earth, orbit the Sun, or journey
through space allow scientists to observe light at all
wavelengths, free from the blurring and obscuring effects
of Earth’s atmosphere, and also enable them to sample
the solar wind. In the lab, scientists conduct experiments
to infer atomic and molecular properties of stars, and to
investigate how nuclear fusion works. Finally, scientists
use theoretical modeling and computer simulations to
compute how the properties of stars (such as density,
pressure, velocity, or composition) change over time.

TEACHING wiITH THE sHow

To support a class discussion after viewing Journey to the Stars, you may wish to review the main content
points from each section of the show (bolded terms are found in the glossary) and then use the Guiding
Questions (answers available at amnh.org/resources/rfl/web/starsguide/questions.html).

1. Introduction

* We live on a planet that orbits a star that is one of
hundreds of billions in our galaxy.

e Our star, the Sun, is a middle-aged yellow star of
somewhat above average mass.

® Without nurturing light that carries energy from our
Sun, life as we know it would not exist.

¢ And without the elements formed by stars that lived
and died billions of years ago, we—and everything
around us—would not exist.

GUIDING QUESTIONS

All Grades

¢ What have you learned about stars?

® Why are stars important to us?

* How do scientists study stars? How do they study
the Sun?

Grades 3-5

* What is the Sun?

® How is the Sun important?

® How are stars the same? How are they different?

Grades 6-8

* How does the Sun affect Earth?

® How is our Sun similar to or different from other
stars?

* What are star clusters?

® What is mass? How does mass relate to gravity?

® What are the stages of the life of a star?

Grades 9-12

* What does the Sun emit?

® How do stars form?

* Why do stars shine?

® What does the color of a star indicate?

® How does life depend on ancient stars?

® How might the Sun impact future stars?

® How does the discovery of brown dwarfs expand
our understanding of stellar objects?

Visualizations of
the Sun and Earth
are created from
observations made
by scientists using
both ground-based
and space-based
telescopes.

2. Stellar History

e Over 13 billion years ago (300 million years after
the Big Bang), all that existed in the universe was dark
matter and the elements hydrogen, helium, and trace
amounts of lithium. Dark matter’s gravity gathered
the gas to form the first stars. Over the next few billion
years, stars were born more rapidly than at any other
period in the history of the universe. Stars now form at
a rate one-tenth as high.

About 4.5 billion years ago, within the Milky Way Galaxy,
our Sun was born from a dense cloud of gas and dust,
along with hundreds to thousands of other starsin a
star cluster. As happens with many young stars, our Sun
was ejected from its cluster. Since then it has traveled,
along with its planets, in orbit around the center of the
Milky Way.

Except for hydrogen and helium, all the naturally
occurring elements come from the life and death of
stars. Together, they make up all the matter of daily life.

e Stars are different masses, temperatures, and colors.
More massive stars are hotter and bluer, while less
massive stars are cooler and redder. Yellow stars are
in between.

3. The Life of Stars: Our Sun as an Example

* Nuclear fusion in the core of the Sun generates energy
(light of all wavelengths) that diffuses partway out as
radiation. Energy is then carried the rest of the way to
the surface by convection.

® The Sun, like all stars, performs a balancing act to keep
itself together: the enormous outward pressure of hot
gas is balanced by the inward pull of the Sun’s own
gravity. This is called hydrostatic equilibrium.

® The Sun continuously blasts a solar wind made up of
charged particles (protons, electrons, and heavier ions).
Magnetic explosions called solar flares and coronal mass
ejections (CMEs) produce storms in the solar wind and
generate radiation. These storms can disrupt radio, cell
phones, and GPS, or even cause power blackouts on Earth.

The Voyager Space
Probe has detected
the outer edge of the
Sun’s solar wind and
magnetic field, where
they encounter the
surrounding inter-
stellar gas. This
mission has extended
the human footprint
to the edge of the
Solar System—it has
traveled the farthest
from Earth of any
human-made objects.

Scientists use
supercomputer models to
understand star formation

and star clusters. The first
stars were massive—they
burned hot and heated
the surrounding gas (red,
purple, white filaments).
They lived fast and died
young in supernova
explosions (white region
in center).

Towards the end of its life, the Sun will become a red giant. Its outer
layers will swell towards Earth.

5. Our Solar Neighborhood

e The stellar life cycle continues today. Stars still form,
live, and die. The young Orion Nebula contains one
of many clusters of newborn stars in the Milky Way.
Some of them are just forming planets. The Pleia-
des, a mature star cluster, is ejecting stars. The Helix
Nebula was expelled by a star at the end of its life.

¢ A brown dwarf shares properties of both stars
and planets, having a mass that's in between. For
every star like our Sun, there are hundreds of brown
dwarfs. Scientists do not fully understand these
objects or how they relate to planets and stars.

® On Earth, the stars that we see in the night sky—and the
one that we see during the day—each tell a story.

4. Death of a Star: Our Sun

¢ In 5 billion years, our Sun will run out of fuel. Nuclear
fusion in the core will cease, generating less energy,
the pressure pushing outward will dwindle. Gravity will
win, the star will begin to contract and heat up, causing
additional outward pressure that will expand its outer
layers. The outer layers will swell into a red giant, and
ultimately blow out into the universe ejecting matter
that may someday form other stars and planets. The
core will collapse into a white dwarf.

e It will take tens of billions of years for the white dwarf,
the remnant of our Sun, to cool and fade away. This is
the way that nearly all stars end their lives.

Scientists find huge
stellar nurseries like
the Orion Nebula
throughout the Milky
Way Galaxy and the
universe today.

Scientists also
observe the remains
of stars, like the Helix
Nebula, within which
the star’s core has
already contracted
into an extremely
dense white dwarf.




National Aeronautics and Space Administration

JOURNEY 10THE STARS
__ACTIVITIES for Grades 3-5

BEFORE THE SHOW

Online Video: Journey to the Stars Trailer and Prelude
amnh.org/stars * Physical Science: Light, heat, electricity,

and magnetism

Levels 3-5 Science Core Curriculum

To prepare for viewing the show, watch the trailer and the

lude with tudent e Life Science: Characteristics of organisms,
prelude with your students.

life cycles of organisms, and organisms
and environments

Class Discussion: Sun’s Energy & Food Chains
Review with students the Sun and its role in the food web (e.g. producers, consumers, decomposers). Ask:

® What kinds of energy does the Sun provide for Earth?
Answers may include: The Sun provides heat and light. Plants capture this energy through the process of
photosynthesis, create sugars and starches, and store them for later use.

* Where do a plant, a grasshopper, a chicken, and a human get their food?
Answers may include: Plants take sunlight and turn it into food. Grasshoppers feed on plants. Chickens eat
grasshoppers. Humans eat chickens, and perhaps grasshoppers.

* What is the relationship between the various parts of the food chain? Or: In a food chain, what is the relationship
between a plant, a grasshopper, a chicken, and a human?
Answers may include: Plants are producers because of their ability to photosynthesize. Grasshoppers, humans,
and chickens cannot photosynthesize—they are consumers. Consumers eat producers or other consumers.

® How is the Sun a part of the food chain?
Answers may include: Most living organisms need the Sun’s energy for fuel. Some obtain this by either capturing
energy from the Sun directly. Others feed on other living organisms that have stored up energy from the Sun.
This is how the Sun’s energy is transferred through the food chain. Thus, grasshoppers must eat plants to obtain
energy from the Sun captured by the plant, chickens eat the grasshoppers that ate the plant, and humans feed
on the chicken that ate the grasshopper that ate the plant to obtain energy from the Sun.

Hands-on Activity: Web of Life Game
amnh.org/ology/features/stufftodo_bio/weboflife.php Ecosystem

e A collection of living things and the
Download and print instructions. Students can play this environment in which they live.
game to explore how all members of an ecosystem depend

on each other to survive.

AFTER THE SHOW

Online Activity: The Circle of Food Chain and Decomposition
amnh.org/nationalcenter/youngnaturalistawards/2000/hallie.html

Have students further explore food chains by reading The Circle of Food Chain and Decomposition. This article shows
how a 7th-grader established an economical way of gardening at her new house. Ask students to identify the method
presented in this article and record the different members of the food chain that enrich the soil for a successful garden.

Answers may include: The economical method of gardening is composting. Members of the food chain include dead
and decaying plant matter, saprophytes, fungus, bacteria, earthworms, centipedes, roly-polys, and pillbugs.

www.nasa.gov
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JOURNEY 10THE STARS

AFTER THE SHOW (CONTINUED)

Online Activity: Diagram of a Food Web

amnh.org/exhibitions/permanent/ocean/02_ecosystems/02a3_community.php

Have students explore the coral reef ecosystem on the Milstein Hall of Ocean Life website. Ask them to identify
members of the food chain for this ecosystem and create a food web diagram. As an extension, have students build

dioramas of this marine ecosystem.

For ideas on building dioramas, visit: amnh.org/ology/features/stufftodo_marine/coral_main.php

Sample food diagram:

Algae capture energy from the Sun through the process of photosynthesis and create food for later use. Parrotfish,
dusky farmer fish, and the powder blue surgeonfish feed on algae to obtain energy from the Sun.

/

Algae

Dusky farmer fish

Parrotfish

/
\

Powder blue
surgeonfish
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National Aeronautics and Space Administration

JOURNEY 10THE STARS
__ACTIVITIES for Grades 6-8

BEFORE THE SHOW

Online Video: Journey to the Stars Trailer and Prelude Levels 6-8 Science Core Curriculum
amnh.org/stars ) ) ]

® Physical Science: Properties and
To prepare for viewing the show, watch the trailer and the changes of properties in matter and
prelude with your students. motions and forces
Class Discussion: Solar System e Earth and Space Science: Structure of
Review with students the structure of the Solar System. Ask them: the Earth system and Earth in the

. solar system
e What is at the center of the solar system?

Answer: The Sun, our star, is at the center of the Solar System.
What types of planets are there and where are they found?
Answer: There are four inner, rocky planets that orbit closest to the Sun: Mercury, Venus, Earth, and Mars. Beyond
the Asteroid Belt, the four outer, gas giant planets are Jupiter, Saturn, Uranus, and Neptune. The Kuiper Belt
contains Pluto and other small icy objects. This area of the Solar System begins just inside Neptune’s orbit and
extends well beyond it.

* What is the largest planet? Answer: Jupiter ~ The smallest? Answer: Mercury
The furthest from the Sun? Answer: Neptune The closest? Answer: Mercury

e Which is larger: the Sun or the planets? Answer: The Sun. How much of a size difference do you think there is?
Answers may vary depending on students’ prior knowledge: the Sun is about one million times larger by volume
than Earth. This will be addressed in the Scales of the Universe Activity.

Online Video: New Horizons Mission to Pluto
sciencebulletins.amnh.org/?sid=a.v.pluto.20060216

Watch this Science Bulletins video with your class. Ask students to describe what scientists are doing to find out more
about the distant reaches of our Solar System.

Answers may include: Scientists are sending the New Horizons spacecraft to the outer reaches of the Solar System to
send back images of Pluto and other objects like it.

AFTER THE SHOW

Online Activity: Calculate Planetary Distances
amnh.org/resources/rfl/web/starsguide/activities/
planetary_distances.html

In this activity, students will use Google Earth and an online
calculator to create a scale model of the distances among
the objects in the Solar System.

Online Resource: Mapping Magnetic Influence
http://sunearthday.nasa.gov/swac/materials/
Mapping_Magnetic_Influence.pdf

This is a complete teachers guide on magnetism it is designed for students to explore magnets and to develop an
operational definition of a magnetic “field” and an operational definition for magnetic pole.

www.nasa.gov
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JOURNEY 10THE STARS
_ACTIVITIES for Grades 6-8 (continued)

HELIOPHYSICS

Heliophysics is the science of the Sun-solar system connection, it concentrates on the Sun and its interactions
with Earth and the other planets of the solar system, and the changing conditions in space.

http://science.nasa.gov/heliophysics/

To demonstrate the distance between the Sun and Earth at this scale, place the images 75 feet (23 meters) apart. This
distance represents approximately 93 million miles (150 million kilometers). For more information on this activity,
please see: http://sdo.gsfc.nasa.gov/epo/educators/activities/sunearthsize.php
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National Aeronautics and Space Administration

JOURNEY 10THE STARS
_ACTIVITIES for Grades 9-12

BEFORE YOUR VISIT

Online Video: Journey to the Stars Trailer and Prelude
amnh.org/stars * Physical Science: Structure and properties of
matter and motions and forces

Levels 9-12 Science Core Curriculum

To prepare for viewing the show, watch the trailer and

the prelude with your students e Earth and Space Science: Energy in the Earth

system, origin and evolution of the Earth

Class Discussion: Units of Measure system and the universe

Pose the following questions to your students to
introduce them to the units of measure used by
astronomers:

* What types of measurements do astronomers use to quantify distances in space?
Answers may include: Distances in astronomy are too vast to be measured in kilometers and miles.
The following units are used to measure the linear distances between stars, galaxies, and other distant celestial
objects: A light-year (ly) is the distance light travels in one year (1 ly = ~1.0x 1013 km or ~6.0 x 1012 mi).
An astronomical unit (AU) is the distance between the Sun and Earth (1 AU =~1.5x 108 km or ~ 9.3 x 107 mi).
A parsec (pc) is a unit of length, equal to just under 31 trillion km or ~19 trillion miles, or about 3.26 lys.

® Where is Earth located in the universe?
Answers may include: Earth is a planet in our Solar System, moving in orbit around the Sun. Our Sun is one of over
a hundred billion stars in our Milky Way Galaxy. And our Milky Way Galaxy is one of several thousand galaxies in
the Virgo Supercluster. Finally, this vast supercluster of galaxies is just a tiny part of the Observable Universe.

Reading: Light: Its Secrets Revealed
amnh.org/resources/rfl/pdf/du_x01_light.pdf

Have students read this online article to learn how light transmits information about the composition of distant celestial
objects. These objects are so distant that even if we could travel at the speed of light, it would take us thousands of
years to reach them. Ask students: What types of information does light provide about celestial objects too far for us to
ever reach in our lifetime?

Answers may include: The color of the light that a celestial object emits tells us its temperature. The light given off at

a specific frequency by an atom or molecule—spectra—indicates the composition of the object. Every different type of
atom or molecule gives off light at its own unique set of frequencies, like a “light fingerprint.”

Online Video: Interferometry: Sizing Up The Stars
amnh.org/sciencebulletins/?sid=b.s.peat_fire.20090601
Click on “All STORIES" tab for link to video

Have students view this Science Bulletin video on the Center for High Angular Resolution Astronomy (CHARA), the
array of telescopes that uses the technique of interferometry to spot details the size of a nickel seen from 16,000
km away. Hear astronomers discuss how CHARA's renowned precision gleans valuable data on the properties and
life cycles of stars. Engage students in a discussion about the scientific method using this video. Click on "Educator
Resources” found in the “More About This Story” tab.

www.nasa.gov
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JOURNEY 10THE STARS

ACTIVITIES for Grades 9-12 (Continued

AFTER THE SHOW

Hands-on Activity: Build a Spectroscope
http://sunearthday.nasa.gov/swac/materials/Building_a_Spectroscope.pdf

Download and print instructions. Have students build a pocket-sized spectroscope from readily available materials.
They can use their spectroscopes to examine different light sources in school, home, and around their neighborhood.

Online Activity: Astro Snapshots
Use the following Astro Bulletin Snapshots to ellicit discussions with your students:

Betelgeuse is Shrinking

sciencebulletins.amnh.org/?sid=a.s.betelgeuse.20090629
* What are some of the reasons, in general, for stars appearing larger, smaller, brighter or dimmer?
* What do astronomers know about the relationship between a stars's lifetime and it's changing size?
* What do you think may be the cause for Betelguese's recorded shrinkage?

Space Telescope Probes Nearby Stars
sciencebulletins.amnh.org/?sid=a.s.corot.20081103

* What part of the electromagnetic spectrum accounts for the Sun'’s rays?

* How does COROT's measurement of starlight reveal a star’s structure?

¢ What information does a star’s apparent texture and vibration reveal to astronomers?

Star Formation on a Black Hole's Fringe
sciencebulletins.amnh.org/?sid=a.s.black_hole.20080908
* What is the primary force that is responsible for the formation of a black hole?
e |f astronomers cannot actually see a black hole, what is some of the evidence of its existence?
® How are models useful and why are the essential in most areas of astronomy?

Online Resource: Mapping Magnetic Influence
http://sunearthday.nasa.gov/swac/materials/

This is a complete teachers guide on magnetism it is designed for students to explore magnets and to develop an
operational definition of a magnetic “field” and an operational definition for magnetic “pole.
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