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EssENTIAL QUESTIONS

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.



HOW DO WE KNOW?

Observations

Aside from dark matter, all objects in the
universe emit light. Almost everything we

know about these objects—from their chemical
composition to their temperature to their age—
comes from studying this light, only a fraction of
which is visible to the human eye. Sophisticated
telescopes capture different wavelengths of
light, like X-rays and microwaves. This enables
astrophysicists to investigate distant celestial
objects. For example, they use cutting-edge
observational techniques to see small, dim ob-
jects like brown dwarfs. On Earth and in space,
these telescopes are our eyes to the universe.

Models & Simulations

Telescopes can provide snapshots of celestial
objects in different stages of development.
However the time scales are often just too long
to see them in action. So, to help them under-
stand billions of years of stellar history, astro-
physicists create mathematical models that are
based on the laws of physics to describe how
nature behaves across the cosmos. They some-
times use powerful computers to make vast
numbers of complex calculations to simulate
the life of stars. Astrophysicists compare these
models and simulations to observational data
for verification. The visualizations in Journey to
the Stars are based on both numerical models
and observational data.

Computer simulations
can follow the motion of
gas in three dimensions
to represent the interior
of the Sun.

The results of such
simulations can be
visualized to reveal
what happens beneath
the Sun’s surface.
Here we can see
swirling currents of
gas that carry the
Sun’s energy outward.

COME PREPARED

Before you visit, review the Essential Questions to see how the
show's educational themes connect to your curriculum. Consider
what you would like your students to learn before, during, and
after your trip.

Visit amnh.org/education/stars to:

1. Download activities. You may wish to use these activities
before, during, and after your Museum visit to focus your
experience around an educational theme:

® Ecosystems and food webs (grades 3-5)
e Sizes and distances of celestial objects (grades 6-8)
e |ife cycle of stars and the light stars emit (grades 9-12)

You and your class chaperones can use some of the activities
to guide you through suggested exhibitions after the show.

2. Plan your visit. Find important information on reservations,
logistics, and lunchrooms.

NOTE: Please plan to arrive at the planetarium show boarding
area, located on the 1st floor of the Rose Center, 15 minutes
before the show starts.

CORRELATION TO STANDARDS

Your viewing of Journey to the Stars can be correlated to the
standards below. Visit amnh.org/resources/rfl/web/starsguide/
standards.html for a full listing of relevant NYS Science Core
Curriculum Standards and NYC Scope & Sequence topics.

National Science Education Standards

All Grades ® A1: Abilities necessary to do scientific inquiry

e A2: Understanding about scientific inquiry ® E1: Abilities of
technological design ® E2: Understanding about science and
technology ® G1: Science as a human endeavor ® G2: Nature
of science

Grades K-4 ¢ B1: Properties of objects and materials

® B2: Position and motion of objects ® B3: Light, heat,
electricity, and magnetism ® C3: Organisms and environments
e D2: Objects in the sky ® D3: Changes in Earth and sky

Grades 5-8 ¢ B1: Properties and changes of properties in matter
® B2: Motions and forces ® B3: Transfer of energy ® D3: Earth in
the Solar System

Grades 9-12 ¢ B1: Structure of atoms ® B2: Structure and
properties of matter ¢ B4: Motions and forces

® B5: Conservation of energy and increase in disorder

® B6: Interactions of energy and matter ® D1: Energy in the
Earth system e D4: Origin and evolution of the universe
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TEACHINE WITH 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

e 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.

e 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?

e 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?

e 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.

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).




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 produce storms
in the solar wind and generate radiation. In rare cases,
such storms can disrupt radio, cell phones, and GPS,
or even cause blackouts on Earth.

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.

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

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.

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, and gravity will
win. 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.

¢ [t 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.




ONLINE RE

All Grades

Journey to the Stars for Educators
amnh.org/education/stars
Free online resources and fieldtrip information.

Cullman Hall of the Universe
amnh.org/rose/universe.html

Vivid animations of stellar life cycles in the “Stars Zone"
include a high mass star that swells into a red giant and
a low mass star that becomes a white dwarf.

Solar & Heliospheric Observatory (SOHO)
soho.nascom.nasa.gov

Nearly up-to-the-minute images of the Sun and a full
range of educational resources, including a very informa-
tive “Sun 101" resource and access to solar physicists.

StarGazers

stargazers.gsfc.nasa.gov

Lesson plans, activities, and information about the
structure and workings of the Sun.

Elementary & Middle School

Astronomy OLogy

amnh.org/ology/astronomy

Hands-on activities and articles related to astronomy, such
as a Stargazing Sky Journal, Build the Big Dipper Mobile,
One-on-One with the Sun, and Planetary Mysteries.

Solar System Exploration
solarsystem.nasa.gov/educ/lessons.cfm

Lesson plans and activities related to NASA missions
throughout the Solar System, as well as profiles of the
men and women involved in NASA's space exploration.

CREDITS

Journey to the Stars was developed by the American Museum of Natural History, New York (www.amnh.org)
in collaboration with the California Academy of Sciences, San Francisco; GOTO INC, Tokyo, Japan; Papalote ®
Museo del Nifio, Mexico City, Mexico and Smithsonian National Air and Space Museum, Washington, D.C.

Journey to the Stars was created by the American Museum of Natural History, with the major
support and partnership of NASA, Science Mission Directorate, Heliophysics Division.

Middle & High School

Sun-Earth Day

sunearthday.nasa.gov

Extensive educational guides, activities, and images
related to the Sun, as well as information about the
Sun-Earth Day program, which celebrates a different
aspect of NASA Sun-Earth Connection research each year.

Discovering the Universe
amnh.org/resources/moveable_astro

Curriculum materials that explore stars and other
celestial bodies, and demonstrate how astrophysicists
analyze their distant light for clues to their physical and
chemical properties.

Science Bulletins

amnh.org/sciencebulletins

Videos, interactives, and essays that introduce students
to current research in astrophysics. Check out the Astro
features and snapshots, including “SALT: Imaging the
Southern Sky,” “Sloan Digital Sky Survey: Mapping the
Universe,” and “Earth’s Magnetic Shield.”

Chandra X-Ray Observatory
chandra.harvard.edu/edu/

Information and activities related to the Chandra X-Ray
Observatory, which scientists use to study high-energy
regions of space, such as the remnants of supernovas.

How Stars Work

howstuffworks.com/star.htm

Information about the properties and life cycles of stars.
See also: howstuffworks.com/sun.htm

Photo Credits

Sun insert: Layers of the Sun diagram and
the Sun in three wavelengths, © NASA.
All other images: © American Museum
of Natural History.

Made possible through the generous sponsorshipof LOCKHEED MARTIN Z %

And proudly sponsored by accenture

Supercomputing resources provided by the Texas Advanced Computing Center (TACC) at
The University of Texas at Austin, through the TeraGrid, a project of the National Science Foundation.

The Museum gratefully acknowledges Celeste Sant’ Angelo and Stephen Koval

for their support of this Educator’s Guide.
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JOURNEY TO THE STARS

_ABouT THE SH OW"

The journey begins on
Earth, where we bask
in the warm rays of the
setting Sun. We lift off
and travel out beyond our
Solar System, and even be-
yond the edge of our galaxy.

We then jump over 13
billion years into the past,

to a time when there were no stars at all.

In this primeval state, there was only an invisible
substance called dark matter, along with hydrogen and
helium gas. But soon, the first shining stars appeared.
They burned hot, lived fast, and exploded in incredible
supernovas that blasted new elements out into space.
These new elements provided the essential raw
materials for building new stars, planets, and, eventually,
even life. The gravity of dark matter collected gas into
galaxies—more and more galaxies formed, along with
more and more stars within them. One of the galaxies
was our own Milky Way.

Our journey brings us forward in time to
about 4.5 billion years ago, when our very
own Sun was born. A cloud of gas and dust, some-
where in the Milky Way, formed stars of many different
masses and colors. Within this tightly packed group of
stars, called a star cluster, was our young Sun. The in-
tense light and heat of the
massive bright stars dispersed
the surrounding cloud of
gas and dust. The most
massive stars lived only
briefly and exploded in
gigantic supernovas.
Eventually, the less
massive stars were flung
out of the cluster—some,
like our Sun, with planets
already formed and
orbiting around them.

We travel to the present day, zooming in
on our Sun, to see how stars work. The Sun’s
layers are revealed from the outside in: the million-
degree corona blasting out a solar wind, the photo-
sphere with its darker sunspots, and, below that, the
tumultuous currents of hot gas churning above the
radiant interior. The Sun's core is where nuclear

fusion happens: atomic nuclei fuse together, releasing
immense amounts of energy. Pulling back from

the Sun, we see how its churning outer layers generate
a vast magnetic field, and a stunning visualization then
reveals how the Sun’s magnetic field and solar wind
extend across the Solar System. Earth’s own magnetic
field almost always shields it from the dangerous blast
of charged particles—only a trickle of solar wind gets
through, sliding down to the poles and producing
radiant displays of light called
auroras. A quick jump
to the future, 5 billion
years from now,
reveals our Sun at
the end of its life,
as it expands into
ared giant and
then sheds its
outer layers into
space. All that is
left is a white dwarf,
the hot dense
remnant of the Sun'’s
core, which will cool
down over billions of years.

Our journey returns us to the present, to
explore stars in our galactic backyard that
are going through all these processes now.
We visit the dazzling Orion Nebula, Pleiades, and
Helix Nebula to observe stars being born, being
ejected from star clusters, slowly dying, and shedding
matter that may someday form other stars and planets.
Finally, a short flight back home lets us experience
the familiar night sky as seen on Earth. When morning
arrives, the light of the rising Sun clearly reveals what
stars have made possible.

The Hayden Planetarium at the Rose Center for Earth and Space uses state-of-the-art technology to communicate
the excitement of cutting-edge science. A digital video system projects across the theater's 67-foot-wide

hemispheric dome, and every seat has an amazing view.

Based on authentic scientific observations, data, and models, the planetarium show takes us deep into space and
through billions of years to witness the birth, life, and death of stars. Along the journey, we discover how and why
stars are important to us—indeed, how and why they make all life possible.
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AT THE MUSEUM

Rose Center for Earth & Space

¢ Scales of the Universe (2nd floor)
Investigate the vast range of sizes in the universe
using the Hayden Sphere as a basis for comparison.

¢ Heilbrunn Cosmic Pathway (entrance on 2nd floor)
Walk down this gently sloping 360-foot walkway
to explore 13 billion years of cosmic evolution.

¢ Cullman Hall of the Universe (lower level)
Examine how the universe evolved into galaxies,
stars, and planets.

Gottesman
Hall of
Planet Earth

(1st floor)

Explore how our
own Earth took
shape over 4.5

Arthur Ross Hall

of Meteorites
(1st floor)

Discover how our
Solar System evolved
into the Sun and
planets of today.

EXPLORE ONLINE

Journey to the Stars
amnh.org/stars
Visit the planetarium show website.

Astronomy OLogy

amnh.org/ology/astronomy

Kids can find out how to keep a stargazing sky journal,
read an interview with the Sun, and more!

Science Bulletins

amnh.org/sciencebulletins

Videos, interactives, and essays bring you current
research in astrophysics.

Cullman Hall of the Universe
amnh.org/rose/universe.html

Click on the “Stars Zone” to watch animations of stellar
life cycles, including a high mass star that swells into
ared giant.

billion years ago.

FUN FACTS

e Our Sun has lots of company: it is one of more
than 200 billion stars in the Milky Way Galaxy alone.
Every individual star that you can see with the
naked eye is in the Milky Way.

® But there are many more stars than that. There are
perhaps 40,000,000,000,000,000,000,000 stars
or more!

e Stars are factories for new elements. As they live
and die, they convert their hydrogen gas into all
the rest of the elements on the periodic table.
These elements make up Earth and you.

® A star's mass—how much matter it contains—
determines its temperature, luminosity, color,
and how it will live and die.

e Our Sun is more massive than the average star.
Nearly 90% of stars are less massive, making them
cooler and dimmer.

¢ The hottest and most massive stars are bright and
blue, while the coolest and least massive stars are
dim and red. Yellow stars like our Sun are
in-between.

e About 99% of stars, including our Sun, will end their
lives as white dwarfs. Only about 1% of stars are
massive enough to explode as a supernova.
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All stars are born, mature, and eventually die. A star’s mass is the most important factor that determines how
it will live and die.

Stars are Born Stars Live and Die
Throughout the universe, After billions of years of hydrostatic equilibrium, a star will run out of fuel in its core and begin to die.
dense clouds of gas What happens next depends on the mass of the star.
:T;i:su(:: :]tr:r:bg rbal\;cg For low and intermediate mass A high mass star (between 8 The most massive stars
pulls the gas and dust stars (up to 8 solar masses), the and 20 solar r.nasses) becqmes (over 20 solar masses).form
into clumps. If the clump outer layers swell into a regl a red supergiant and begins red or yellow supergiants,
is massive enough, a star giant. The star then ejects its to shed stgllar matter. The.star and then explode in super-
forms—increased pres- outer Iayers, while t.he interior Follapses in on itself, causing novas, forming black holes
sure and temperature collapse; into a white dwarf. it to gxplode as a supernova, in their centers. Black holes
cause its core to ignite, It takes. billions of years for ejecting even more matter. lts are so dense that not even
initiating nuclear fusion. th.e whltg dwarf to cool down. core becomes. a neutron star, light can escape their gravity.
Lower mass objects such Ninety-nine percent of stars which takes millions of years

end their lives like this. to cool down.

as brown dwarfs, planets,
and asteroids form along

with stars. The Cycle Continues

As a star dies, it ejects matter out into space that provides raw material for new stars, planets, and
other celestial objects.

black

/ hole

massive red or

star =2 yellow = ejection == supernova
supergiant

— neutron
star
low & d tell hit
intermediate * = —p- o » G

stellar

giant ejection dwarf

mass star

Brown Dwarfs & Planets

Brown dwarfs are neither stars nor planets. Smaller than all stars
(less than 0.08 solar masses), they have enough mass to generate
limited nuclear fusion, fusing only deuterium (heavy hydrogen) for
a brief period of millions of years. After this fuel runs out, the brown
dwarf simply cools down over billions of years. Planets are not
massive enough to fuse any form of hydrogen.
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Big Bang: The moment, over 13 billion years ago, when
the universe began to expand from an almost infinitely
dense and hot state.

Big Bang nucleosynthesis: The fusion of hydrogen
into helium when temperatures were high enough
throughout the universe, from three seconds to twenty
minutes after the Big Bang.

black hole: An object so dense that nothing can escape
its gravity, not even light. Black holes are formed by the
most massive stars at the ends of their lives.

brown dwarf: An object less massive than a star but
more massive than a planet. Nuclear fusion of deuterium
(heavy hydrogen) occurs within its core for a brief period
of millions of years after its birth.

chromosphere: A hot outer layer present in many stars,
lying between the photosphere and the corona.

convection: The rising of heated material and falling of
cooled material in a region simultaneously heated from
below and cooled from above, such as a pot of water
about to boil or the interior of a star.

convective zone: A layer of a star, where convection
occurs, producing turbulence. This turbulence generates
the Sun’s magnetic field.

core: The center of a star, where nuclear fusion
generates intense energy.

corona: The million-degree outermost layer of many
stars, which is so hot that gas escapes the star's gravity
and flows out into space as a stellar wind.

dark matter: An invisible substance making up most of
the mass in the universe that is detected by its gravita-
tional influence. It has existed since the Big Bang.

element: A substance containing only atoms that all
have the same number of protons.

gravity: The force of attraction between any two masses.

heliosphere: The extent of space affected by the Sun’s
magnetic field, which reaches past Pluto.

hydrostatic equilibrium: In a star, the balance achieved
between the enormous outward pressure of gas heated
by fusion and the inward pull of its own gravity.

luminosity: The total amount of light that a star emits.
Luminosity is not the same as brightness, which drops
off with distance.

magnetic field: The forces produced by moving,
charged material, such as the turbulent, ionized gas in
a star’s convective zone.

mass: The amount of matter contained within a given
object.

neutron star: A stellar remnant formed by a massive
star when it explodes as a supernova at the end of its life.
They are extremely dense and about the size of a city.

nuclear fusion: The combination of light atoms such
as hydrogen and helium into heavier ones, such as
helium, carbon, and oxygen. This process releases
intense energy.

photosphere: The layer of a star where it becomes
transparent, and where light escapes into space.

radiation: Energy that travels in the form of rays or
waves (e.g. electromagnetic waves such as light, radio,
X-rays, and gamma rays), or in the form of subatomic
particles.

radiative zone: The layer of a star just above the core,
where energy produced by nuclear fusion in the core is
diffused outward by radiation.

red giant: The form that most stars take near the end
of their lives, after they use up their fuel and their outer
layers swell. High mass stars become red supergiants,
or even yellow supergiants.

solar flare: A magnetic explosion on the Sun that
produces storms in the solar wind and generates
dangerous radiation.

star: A huge luminous ball of hot gas in hydrostatic
equilibrium.

star cluster: A group of many stars orbiting each other
tightly.

stellar wind: A flow of high-speed gas ejected by stars.
It is called the solar wind when referring to our Sun.

sunspots: Darker, cooler areas on the Sun’s photo-
sphere that form where the magnetic field is strongest.

supernova: An explosion that occurs when a high
mass star uses up its fuel and is unable to maintain
hydrostatic equilibrium.

white dwarf: The final state of 99% of all stars after they
evolve into red giants. White dwarfs are very dense and
about the size of Earth.

“STELLAR"” CAREERS

astrophysicist or astronomer: A scientist who studies
the physical laws of the universe and the physical
properties of celestial objects such as stars and galaxies.
Today these titles are used interchangeably.

heliophysicist: A scientist who studies the Sun. Also
called a solar physicist.
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Our star, the Sun, is a middle-aged yellow star that is more massive than the average star. It is a star that
nurtures and supports life on Earth. Its heat and light warm Earth’s surface, drive phenomena such as
weather and ocean currents, and fuel photosynthesis. We experience the Sun’s energy every time we feel
its warmth on our skin or see with the aid of its light. (Bolded terms are found in the glossary.)

CORE

The Sun's energy is generated

) deep within its core by one of
convective zone the most powerful processes in
the universe: nuclear fusion.
Hydrogen nuclei smash together,
forming helium and releasing
huge amounts of energy. This is
why a star shines. It burns its fuel
through nuclear fusion (unlike fire,
which burns through oxidation).
The balance between the outward
push of gas heated by fusion and
the inward pull of gravity is called
hydrostatic equilibrium.

radiative zone

RADIATIVE &
CONVECTIVE ZONES

In the radiative zone, closest to
the core, the gas is smooth and
static, and the energy (light of all
wavelengths) diffuses through it
as radiation. Above this layer is

corona the convective zone, where
swirling currents of gas carry
photosphere chromosphere the Sun'’s energy outward in a

process called convection: gas
is simultaneously heated from
below by fusion, and cooled from
above as energy is released into
space. Convection causes the
gas to churn, like water just
before it boils.

PHOTOSPHERE, CHROMOSPHERE, & CORONA

The photosphere is the Sun'’s visible surface, where the atmosphere of the Sun becomes transparent to visible light.
Sunspots are cooler regions of the photosphere. The chromosphere and corona are the outermost layers of the
Sun. The chromosphere is ten times hotter than the photosphere, but the corona is still hotter—a million degrees—
so hot that it escapes the star’s gravity and flows out into space as solar wind.
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Understanding Sunshine

What we see as sunshine is the visible light that reaches Earth and lights our day. But the Sun also gives off energy in
invisible wavelengths of light, such as gamma rays, X-rays, ultraviolet, infrared, microwave, and radio.

Spacecraft that orbit Earth and the Sun provide dramatic, close-up images of the Sun in different wavelengths of light.
Heliophysicists color code the images to make them easier to interpret: they use artificial color to visualize the Sun in

different wavelengths.

Frequency:
hnhgﬂz) & 10° 10° 10"
1 ) 1

Radio Microwave:

L} L}
Wavelength: 104 102
(in meters)

Solar Wind and Radiation

The solar wind is a constant flow of hot gas
that blasts out from the Sun'’s corona at a
million miles an hour. Fortunately, Earth’s
magnetic field and atmosphere almost always
protect us: typically, only a trickle of solar wind
gets through, sliding down to the North and
South Poles and producing radiant displays of
light called auroras. Earth's magnetic field also
protects us from the constant flow of danger-
ous radiation emitted by the Sun. However,
sometimes magnetic explosions on the Sun,
called solar flares, create storms in the solar
wind. Under rare conditions, they can disrupt
radio, cell phones, and GPS, or even cause
blackouts on Earth. The Sun, the Sun’s mag-
netic field, and the solar wind together form

a dynamic, interconnected system called the
heliosphere, which extends across our Solar

System to beyond the Kuiper Belt.
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Solar wind drags the
Sun’s magnetic field
along with it. Earth
is almost always
protected from the
solar wind by its own
magnetic field and
atmosphere.

'
104

The Sun and the
Electromagnetic Spectrum

The electromagnetic spectrum
is the entire range of electro-
magnetic radiation (light).

As wavelength increases,
frequency and energy
decrease.

This image of the Sun is actually
three images merged into one.
Heliophysicists took images of
the solar corona at three wave-
lengths within the invisible UV
range. They assigned a color
code (red, yellow, blue) to each
image, revealing what solar
features, like flares, look like

at the different wavelengths.

Satellite images
reveal gusts in the
solar wind.
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JOURNEY 10THE STARS amnh.org/stars

__ACTIVITIES for Grades 3-5

BEFORE YOUR VISIT
Elementary Science Core Curriculum
Online Video: Journey to the Stars Trailer and Prelude Major Understandings

amnh.org/stars
To prepare for your Museum visit, watch the trailer and the
prelude with your students.

Living Environment 6.2b
® The Sun’s energy is transferred on Earth from
plants to animals through the food chain.

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 NOTE: Distribute copies of the Student
Download and print instructions. Students can play this game to Worksheet before coming to the Museum.
explore how all members of an ecosystem depend on each other

to survive.

DURING YOUR VISIT

Journey to the Stars Planetarium Space Show (30 minutes) TIP: Please plan to arrive at the 1st floor
Before the show, prompt students to think about these questions: space show boarding area 15 minutes before
the show starts.

® How is the Sun important?
* What kinds of energy does the Sun provide for Earth?

Cullman Hall of the Universe: Explore an Ecosphere (20-30 minutes)

On the lower level, find the giant glass ball. It is a totally enclosed,
self-sustained ecosystem called an “ecosphere.” Help students

observe the things that are living and non-living, and then list them

on their worksheets. (Tip: You may wish to have students use

magnifying glasses.) Tell students that there are bacteria inside of

the glass ball and that they're microscopic. They are not visible without

the aid of a microscope. Ask: What role do the bacteria play in the ecosphere?
Answers may include: These bacteria are decomposers. They break down
waste material produced by the shrimp and recycle it back into the system.
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JOURNEY 10THE STARS amnh.org/stars
ACTIVITIES for Grades 3-5 (continued)

BACK IN THE CLASSROOM

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.

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.

Parrotfish

P
\

/ Higae

Dusky farmer fish

Powder blue
surgeonfish
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JOURNEY 10THE STARS amnh.org/stars

STUDENT WORKSHEET for Grades 3-5

Explore an Ecosphere

This giant glass ball is known as an “ecosphere.” No one ever needs to feed the living things
inside. What this ecosystem does need to maintain a healthy balance is sunlight. Did you notice
that the ball spins slowly? It spins so that all parts of the ecosystem are exposed to sunlight.

Observe what's inside and select three things to investigate. They can be living or non-living.

NAME: NAME: NAME:

Draw it: Draw it: Draw it:

Describe how it is connected to its food web. For example, what organisms might it eat or be
eaten by? Where might it get its food? How does it contribute to this ecosystem?

Write it: Write it: Write it:

What role does the Sun play in this ecosystem?
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JOURNEY 10THE STARS amnh.org/stars

STUDENT WORKSHEET for Grades 3-5
Explore an Ecosphere ANS WER KEY

This giant glass ball is known as an “ecosphere.” No one ever needs to feed the living things
inside. What this ecosystem does need to maintain a healthy balance is sunlight. Did you notice
that the ball spins slowly? It spins so that all parts of the ecosystem are exposed to sunlight.

Observe what's inside and select three things to investigate. They can be living or non-living.

NAME: NAME: NAME:

Draw it: Draw it: Draw it:

Possible student selections include the shrimp, algae, rock, and bacteria (microscopic).

Describe how it is connected to its food web. For example, what organisms might it eat or be
eaten by? Where might it get its food? How does it contribute to this ecosystem?

Write it: Write it: Write it:

Answers may include: All the elements found in the ecosphere are important to its function. Life functions
inside just as it does on the Earth. The shrimp, algae, and the bacteria have key roles that directly affect
each other and their roles in the ecosphere. The shrimp breathe out carbon dioxide (CO,) an element
essential for the algae, which use it together with light to produce oxygen. Algae produce oxygen only
when light is available, during the day. No oxygen is made in the dark (or at night). Shrimp and bacteria
need oxygen to breathe. When it is dark, they consume the oxygen available while none is being made.
This is why there are not too many living things inside of the ecosphere; there would not be enough
oxygen at night to keep them alive.

The shrimp eat the algae, bacteria, and even their own shed exoskeleton. The shrimp eats not all bacteria,
some find great hiding places in the rocks, gravel, and plant life in the ecosphere. These bacteria break
down waste materials and recycle them back into the ecosystem.

What role does the Sun play in this ecosystem?

Answers may include: The Sun is the starting point for the food chain. The light energy that it provides is captured by
the algae and used along with carbon dioxide to provide food and oxygen for the shrimp. The shrimp, which cannot
create their own food, get their energy from the Sun by eating the algae. The waste that the shrimp produce is broken
down by the bacteria and recycled back into the ecosystem.
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JOURNEY 10THE STARS amnh.org/stars
_ACTIVITIES for Grades 6-8

BEFORE YOUR VISIT

Online Video: Journey to the Stars Trailer and Prelude
amnh.org/stars

To prepare for your Museum visit, watch the trailer and the
prelude with your students.

NYS Science Core Curriculum

Major Understandings

Physical Setting 1.1a

e Earth's Sun is an average-sized star. The
Sun is more than a million times greater in
volume than the Earth.

Physical Setting 1.1c

® The Sun and the planets that revolve

* What is at the center of the solar system? around it are the major bodies in the Solar
Answer: The Sun, our star, is at the center of the Solar System. 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.

Class Discussion: Solar System
Review with students the structure of the Solar System. Ask them:

e 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.

NOTE: Distribute copies of the Student Worksheet before coming to the Museum.

DURING YOUR VISIT

Journey to the Stars Planetarium Space Show (30 minutes) '
Before the show, prompt students to do the following: TIP: Please plan to arrive at the 1st floor
space show boarding area 15 minutes before

e Several times during the show, the Sun will be shown along the show starts

with planets and moons in the Solar System. Notice the
relative distances and sizes of these objects.
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JOURNEY 10THE STARS amnh.org/stars

ACTIVITIES for Grades 6-8 (Continusd

DURING YOUR VISIT (Continued)

Scales of the Universe: Investigate Sizes and Distances of Celestial Objects
(25-30 minutes)

When you exit the planetarium show (3rd floor), take the escalator down to the 2nd floor
and walk through the gift shop towards the glass windows. You are now on the Scales of
the Universe Walkway. Turn left and walk around the central Hayden Sphere (with the
glass windows on your right) to the area that displays the planet models—some of the
planets are suspended above you (look for Saturn and Jupiter), while others are
mounted on the railing.

1. Investigate Sizes of Planets (Use Student Worksheet)
Draw students’ attention to all eight planet models. Remind students that the 87-foot
Hayden Sphere represents the size of the Sun. Ask students to observe the planets’
relative sizes. Read planet information provided on the accompanying panels, and
use that information to complete their worksheets.

2. Investigate Sizes of Stars
After students have completed their worksheets, have them walk back a few steps to
explore the panel “Stars and Their Sizes,” as well as the models above the panel.
Explain that the Hayden Sphere now represents the red supergiant star Rigel, and that
one of the models represents the size of our Sun in this new scale. Draw their attention
to the other models mounted above, representing different stars. Point out to students
that stars can vary in size as planets do.

BACK IN THE CLASSROOM

Wrap-Up Activity: Calculate Planetary Size Differences

Have students refer to their completed worksheets for the question “How many Earths can fit in a hollowed-out Sun?”
Have them use information they collected on the planets’ sizes together with the following equation for finding the
volume of a sphere: v =43 r® [v=volume, r=radius] to answer the following questions:

* How many Jupiters could fit in a hollowed-out Sun? Answer*: Over 900 Jupiters
* How many Earths could fit in a hollowed-out Jupiter? Answer*: Over 1200 Earths

* Answers to both questions will vary depending on how many digits of pi are used and how much students round off
numbers as they work through the equation.

Online Activity: Calculate Planetary Distances 0 o

amnh.org/resources/rfl/web/starsguide/activities/ . j
F—

;uK’;\?\‘ b

planetary_distances.html
/ } /__;K

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.
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STUDENT WORKSHEET for Grades 6-8

Investigate Sizes and Distances of Celestial Objects

The circles on this page are scaled to accurately represent the relative size of objects in our Solar
System. (Notice that one of circles is too large to fit on the page!) Observe the relative sizes of the
planet models and the Hayden Sphere, which represents the Sun.

Label each circle with the name of the celestial object it represents (use the planet models and the
Hayden Sphere to guide you). Then look at the panels that list the actual sizes (diameters) of each
object that you've labeled. Record the actual size of each object next to the name.

C

Find the panel showing the Earth
and the Sun. How many Earths could
fitin a hollowed-out Sun?

Find the picture of the
Moon on the panel to
O O O 0 the right of the planet
pictures. Using the
information on the

panel, draw a circle
of the appropriate
size next to the circle
that you have already
labeled as Earth.
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STUDENT WORKSHEET for Grades 6-8

Investigate Sizes and Distances of Celestial Objects

The circles on this page are scaled to accurately represent the relative size of objects in our Solar
System. (Notice that one of circles is too large to fit on the page!) Observe the relative sizes of the
planet models and the Hayden Sphere, which represents the Sun.

Label each circle with the name of the celestial object it represents (use the planet models and the
Hayden Sphere to guide you). Then look at the panels that list the actual sizes (diameters) of each
object that you've labeled. Record the actual size of each object next to the name.

\ ANSWER KEY

JUPITER SATURN
140,000 kilometers 120,000 kilometers

SUN
(Hayden |
Sphere)

Find the panel showing the Earth
and the Sun. How many Earths could
fitin a hollowed-out Sun? Answer: More than a million Earths

MOON
/3,500 km Find the picture of
URANUS NEPTUNE . thaem,\e/llct)cc; rt1hoenr;[hﬁt of
51,000 50,000 O O O o P ng
kilometers kilometers the_ planet.plctures..
Using the information
on the panel, draw
a circle of the
appropriate size next
EARTH VENUS MARS ~ MERCURY to the circle that you
13,000 km 12,000 km 6,800 km 4,900 km  have already labeled

as Earth.
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JOURNEY 10THE STARS amnh.org/stars
_ACTIVITIES for Grades 9-12

BEFORE YOUR VISIT
NYS Regents Earth Science Curriculum/
Online Video: Journey to the Stars Trailer and Prelude | The Physical Setting

amnh.org/stars
To prepare for your Museum visit, watch the trailer and
the prelude with your students.

Major Understandings

Physical Setting 1.2a

® The Universe is vast and estimated to be over ten bil-
lion years old. The current theory is that the Universe
was created from an explosion called the Big Bang.

Physical Setting 1.2b

e Stars form when gravity causes clouds of molecules

Class Discussion: Units of Measure
Pose the following questions to your students to
introduce them to the units of measure used by

astronomers: . : . .
to contract until nuclear fusion of light elements into
* What types of measurements do astronomers heavier ones occurs. Fusion releases great amounts
use to quantify distances in space? of energy over millions of years.

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.

e 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

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.

NOTE: Distribute copies of the
Student Worksheet before coming
to the Museum.
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JOURNEY 10THE STARS amnh.org/stars
ACTIVITIES for Grades 9-12 (continued)

DURING YOUR VISIT

Journey to the Stars Planetarium Space Show (30 minutes)

Before the show, prompt students to do the following as they watch the show: TIP: Please plan to arrive at the 1st
floor space show boarding area 15

e Several times during the show, the Sun will be shown along with the minutes before the show starts

planets of the Solar System. Note the relative distances and sizes of
these objects.
e |dentify the types of energy that the Sun emits.

Big Bang Theater, Hayden Planetarium (5 minutes)

When you exit the planetarium show (3rd floor), take the escalator down to the 2nd floor.
Turn left and proceed towards the Big Bang Theater (bottom half of the Hayden Sphere).
After the show, ask students:

* What is the evidence for the Big Bang?
Answers may include: The afterglow from the Big Bang that has traveled
millions of light years.

® What can light tell us about objects in the universe?
Answers may include: Through the science of spectroscopy, the light emitted by stars may be broken down into
its various wavelengths. These wavelengths can be used to identify the various substances, or elements, present
in that star's composition.

Cullman Hall of the Universe: Life Cycle of Stars & the Light They Emit
(30 minutes)

On the lower level, find the “Stars” wall. Have students explore this area of the exhibition
using the Student Worksheet.

BACK IN THE CLASSROOM

Hands-on Activity: Build a Spectroscope
amnh.org/resources/rfl/pdf/du_u03_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 illicit 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?
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STUDENT WORKSHEET for Grades 9-12

Investigate Life Cycle of Stars & the Light They Emit

1. Find the area of this exhibition labeled “Stars.” Find and fill in the information in the table below.

Type of Star Its mass in relation |Life expectancy Type of remnant An example this
to the Sun (birth to death) type of star

Low-mass star

Intermediate-mass
star

High-mass star

Very high-mass star

What trends do you observe in the table between mass and life expectancy?

Describe how the mass of a star relates to its life span.

2. Look for the panel labeled “Organizing the Stars” and find the Hertzsprung-Russell (H-R)
diagram. This diagram shows luminosity increasing upward and temperature increasing from
right to left.

Pick one type of star that is shown on the diagram and describe its luminosity and temperature.
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JOURNEY 10THE STARS STUDENT WORKSHEET for Grades 9-12 (cont’d)

How does a star's mass change as its luminosity and temperature increase?

Describe the relationship between this plot of stars and the stages in the life of a star.

3. Turn around and find a circular exhibit called “A Spectacular Stellar Finale.” Describe the
phenomenon that occurs as a star reaches the end of its life.

4.View the black hole video in the Black Hole Theater located on the opposite corner of where
you are standing to discover what happens after the death of a star. Record some questions that
come to mind about this mysterious stellar phenomenon. (*Please note that the Black Hole Theater has
an additional screening that alternates with the black hole video. )
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STUDENT WORKSHEET for Grades 9-12

Investigate Life Cycle of Stars & the Light They Emit

1. Find the area of this exhibition labeled “Stars.” Find and fill in the information in the table below.

Type of Star Its mass in relation |Life expectancy Type of remnant An example this
to the Sun (birth to death) type of star
8-80% of the Sun’s 0.975 trillion years white dwarf Proxima, Centauri,
Low-mass star mass Barnard’s star,
Gliese 65
Intermediate-mass | 0-8-8 times the Sun’s | 9.75 billion years white dwarf Sirius, Polaris (the
star mass north star), Sirius B,
the Sun, Ring Nebula
8-20 times the Sun’s | 9.5 million years neutron star Antares, Cassiopeia
High-mass star mass A, Spica, Pular
J1939+2134
20-100 times the 0.925 million years black hole Rigel, Eta Carinae,
Very high-mass star | Sun’s mass Cygnus X-1

What trends do you observe in the table between A Ns WER KE Y

mass and life expectancy?

Answers may include: As mass increases life expectancy decreases.

Describe how the mass of a star relates to its life span.

Answers may include: The mass of a star determines how bright and fast it burns. Examples include, low mass stars
are the longest-lived of the energy producing objects in the universe. Some low mass stars will live for trillions of
years. The very high mass stars are the rarest and shortest lived.

2. Look for the panel labeled “Organizing the Stars” and find the Hertzsprung-Russell (H-R)
diagram. This diagram shows luminosity increasing upward and temperature increasing from
right to left.

Pick one type of star that is shown on the diagram and describe its luminosity and temperature.

Answers may include: The vertical axis represents the star’s luminosity or absolute magnitude. The horizontal axis
represents the star's surface temperature. A star in the upper left corner of the diagram is hot and bright. A star in
the upper right corner of the diagram is cool and bright. A star in the lower left corner of the diagram is hot and dim.
A star in the lower right corner of the diagram is cold and dim. The Sun rests approximately in the middle of

the diagram.
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JOURNEY 10THE STARS STUDENT WORKSHEET for Grades 9-12 (cont’d)

How does a star's mass change as its luminosity and temperature increase?

Answers may include: As a star’s luminosity and temperature increase, its mass also increases. In fact, a star's mass is
the determining factor of a star’s temperature and luminosity, and how it will live and die.

Describe the relationship between this plot of stars and the stages in the life of a star.

Answers may include: Each star is represented by a dot. The position of each dot on the diagram tells us two things:
a star's luminosity (or absolute magnitude) and its temperature. These are two of the main characteristics that
change throughout the life of a star.

3. Turn around and find a circular exhibit called “A Spectacular Stellar Finale.” Describe the
phenomenon that occurs as a star reaches the end of its life.

Answers may include: When a high mass star runs out of fuel, it collapses in on itself, causing it to explode as a
supernova and ejecting matter out into space. Its core becomes a neutron star, which takes millions of years to cool
down. The most massive stars also explode as a supernova, and form black holes in their centers.

4.View the black hole video in the Black Hole Theater located on the opposite corner of where
you are standing to discover what happens after the death of a star. Record some questions that
come to mind about this mysterious stellar phenomenon. (*Please note that the Black Hole Theater has
an additional screening that alternates with the black hole video. )

Some good questions may include: Why do some stars end up as black holes? If nothing travels at the speed of
light, except light, how can a black hole also pull light into itself? If we can’t see a black hole, how do we know it’s
there? What is the best evidence of the existence of a black hole? How big or small can a black hole be? How is time
changed in a black hole?

ANSWER KEY
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