Watch the video of a black hole. What questions do you have
about black holes?

Phenomenon 1: A Black Hole

The first image of a black hole shows a bright ring with a

dark, central spot. That ring is a bright disk of gas orbiting the
supermassive behemoth in the galaxy M87.

- Event Horizon Telescope Collaboration



Phenomenon 2:
How big are the
stars in our
galaxye

Star Compdarison

AQUARIUS



https://www.youtube.com/watch?v=HEheh1BH34Q

Earth and Space Science

Like the Milky Way,
the Andromeda
Galaxy is shaped
like a spiral. It is
wider than our own
Milky Way Galaxy.

Stars

A star is a sphere of hot gases that gives off light and heat.
The only star you can observe during the daytime is the Sun.
The Sun is the closest star to Earth. Other stars are much
farther away. Throughout the universe, stars are found in large
groups called galaxies. Our Sun is near the edge of a galaxy
with billions of other stars. You may know this galaxy as the
Milky Way. Our galaxy's nearest neighbor is the Andromeda
Galaxy.

Star Colors and Temperature

Stars are different colors. These colors occur because of
the surface temperature of each star. Think about the
flames of a bonfire. Different parts of the fire are different
temperatures. Cooler areas are red. The hottest areas are
orange-yellow. This same relationship between color and
temperature applies to stars. The Sun's temperature makes
it look yellow, Cooler stars are red or orange. Warmer stars
are white or blue.

Star Distances

The Sun is about 150 million km (93 million mi) from Earth. It
takes about eight minutes for its light to reach Earth. Most
stars are much farther away. The Sun appears to be the
brightest star because it is the closest star to Earth. Other
stars may be brighter but are much farther away. After

the Sun, the next closest star to Earth is Proxima Centauri.
This star is about 40 trillion km (24.8 trillion mi) away.
Because stars are so far from Earth, writing their distance in
kilometers or miles becomes awkward,

To simplify the writing of such large distances, astronomers
use a unit called a light-year. A light-year is the distance
light travels in one year, which is nearly 10 trillion km

(6 trillion mi). Proxima Centauri is 4.2 light-years from Earth,

When you observe a distant star, you are seeing what it
looked like in the past. A star you observe today may have
stopped glowing millions of years ago. However, its light is
still making its way through space. The light we see from
the Proxima Centauri system left there about 4.2 years ago.

SKILL BUILDER

Read a Diagram

In this diagram,
Earth is right next to
the Sun at 0. Count
the light-years from
Earth-Sun to Alpha
Centauri
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FACT CHECKER

A light-year is not a
measure of time, but
of distance.
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Earth and Space Science

Q Star Cycles Q The Sun, and other stars like it, started with a medium

amount of hydrogen. That hydrogen is the fuel that produces

Stars form when matter comes together and starts to give 4 s
off energy. Stars go through stages, or cycles, between their energy in the Sun, For a few billion years, hydrogen atoms SKILL BUILDER
k , : ¢ P ; .
beginning and ending. Different kinds of stars have different ::::‘tnm::tic:nbmmg Nl N ARciho Sta=cteassein _
cycles, The cycle of a star depends on how much hydrogen o ’ :ollad a r?lagrar;

i , : ollow the numbers
the star contains. A star’s cycle ends when it stops giving off Eventually the heat forces the hydrogen on the edge of the o hetiesunderiand
energy. star to expand into space. As the expanding hydrogen moves the stages of a
A star forms out of a nebula. A nebula is a huge cloud of fa'rthef fro.m '1he center of the star. it cools and tur'ns red. At rhechinsdzad star
gases and dust. Gravity pulls the mass of the nebula, most of "_“S st_age in lls.cycle. the star has bec?me a red giant. A red The Sun is in stage 3
which consists of hydrogen gas, closer together. As hydrogen giant is many times larger t.han the original star. In the star’s of this cycle,
atoms move closer, they collide with one another. These core, the temperature has risen to about 100,000,000°C
collisions produce heat, and the temperature in the cloud (180,000,000°F). Helium atoms now combine to form atoms of
rises. When the temperature reaches at least 10,000,000° carbon

Celsius (18,000,000° Fahrenheit), hydrogen atoms begin
combining to form a new gas, helium. This process gives off
tremendous amounts of heat and light. The nebula becomes
a protostar, or beginning star. The protostar continues to
gain mass because of its gravitational pull. Its heat makes it
glow

When all the helium is gone, the star can no longer combine
helium to form carbon. Now the star begins to cool and shrink,
becoming a white dwarf. A white dwarf is a small and very
dense star that shines with a cooler white light. The white
dwarf stage is the end of a medium-sized star’s cycle.

About 10 billion years pass during this cycle. Because the
Sun is approximately 5 billion years old. it is about halfway
through the cycle

Y . 2 ' ~ 4 q white dwarf
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Earth and Space Science

0 Star Cycles of Larger Stars
Stars that start off with greater amounts of hydregen end
their cycle differently. After they become red giants, the
temperature of the core of these stars increases to about
&00.000.000°C (1,080.000,000°F), At this temperature, their
atormns coembine to foerm atoms of iron.

Eventually the iron core produces more energy than gravity
can hold together, and the star explodes. The exploding star
is called a supernova. Supemnaovas shine brightly for days

or weeks and then fade away. A supernova will form a new
nebula,

If a star is very massive, it may end its cycle as a black hole. A
SKILL BUILD black hole is an object that is so dense and has such powerful
gravity that nothing can escape from it, not even light.

Read a Diagram
Look for a pattern Star Classification
between temperature
and color in these
different stars.

Stars are characterized by their size, color, and temperature.
The Sun is a medium-sized yellow star with a surface
temperature of about 6,000°C {11,000°F). Giant stars have
diameters that are 10 to 100 times that of the Sun. Super
aiants may have diameters that are 1.000 times that of the
Sun. Meutran stars are the smallest stars and are 60,000
times smaller than the Sun.

Color and Surface Temperatures of Stars

Batelgeuse

Aldebaran

Altair
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Life Cycle of a Star R —
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Star - An object that creates its
own energy:; light and heat

Star cycle The stages of a star’s life,
from birth to fuel exhaustion

A cloud of dust and gas
where stars are formed

Nebula

Supernova The explosion of a large star
P when its fuel is exhausted

Black Hole When a very large star collapses in
on itself; very sirong gravity

- The end of an average star’s life; it
White Dwart yrns into a small dense star



Stars 101



https://www.youtube.com/watch?v=EFO_bsg1sw8&t=9s

6. What determines a star’s apparent brightness? Choose two correct answers.
a. the distance the sun 1s from Alpha Centauri
b. the distance a star 1s from Earth

c. the temperature difference between a star and Earth
d. the number of light-years a star 1s from Earth
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Constellations |
3 dimensional art made of s’ra

AQUARIUS


https://www.youtube.com/watch?v=BbzCA0Lgf3Y
https://www.youtube.com/watch?v=BorcaCtjmog

Earth and Space Science

0 Constellations 0 Apparent Motion

When people in ancient cultures looked at the night sky, The stars in the northern sky seem to circle around Polaris.
they saw patterns in the stars. These patterns are called The stars appear to move because of Earth’s rotation. WORD S
constellations. They were named after animals, fictional Although the stars appear to change position, their positions
characters, or objects. within constellations do not change, The word

y ; circumpolar comes
Star patterns have been useful to ancient and modern As Earth revolves around the Sun, different constellations fro two Words.
travelers. For example, if you can see either the Big Dipper are 'visible to an observer on Earth. For example, Orion is Circum means
or the Little Dipper in the night sky, you can use them a winter anstgllatlon in the Northern'Hemnsphgre. It can “around,” and polar
to easily find Polaris, the North Star. If you travel in the be seen rising in the eastern sky on winter evenings. As euns'af the
direction of Polaris, you willbe moving north the season changes, Orion sets earlier and earlier each poles.”

night. In May. Orion disappears from the night sky in the

The ahciant Crasixdiviciad fhe by k- 12 Sactions and Northern Hemisphere. In June, the constellation Scorpius,

named some constellations after characters from Greek

\ h ) isible.
‘;}; myths, such as the hunter Orion and the hero Hercules. The the scorpion, becomes visible
e ancient Chinese divided the sky into four major regions. These seasonal changes are caused by Earth’s orbit around
Read a Diagram The name of each region included a color, an animal, and the Sun. Each night, the position of most stars shifts slightly
To find Polaris, first a direction. For example, the western region was called the to the west. Soon the stars once visible in the west cannot
find the stars in the White Tiger of the West. be seen. and other stars appear in the east.
bow! of the Big Today, astronomers divide the sky into 88 constellations.
Dipper. Many of the ancient names for constellations are still used
today. Modern astronomers have named constellations A star map shows the locations of constellations in the
visible in the Southern Hemisphere, which could not be seen night sky.

by Ancient Greeks and Romans.

Little Dipper
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Why do we see different constellations at
different times of the year?

The Revolution of the Earth
around the sun!



35. Students studying constellations noticed that some constellations, like
the Big Dipper, can be seen in the Tennessee night sky all year long.
Other constellations can be seen only during certain parts of the year.
One of the students explained why some constellations can be seen only
during certain parts of the year.

1. All stars appear to revolve around the North Star in the
night sky.

2. The Big Dipper is close to the North Star, so it appears
to move in a small circle around the North Star and
stays above the horizon all year long.

. Some constellations revolve farther away from the
North Star than the Big Dipper does.

. Since they are farther away, some constellations appear
to move in a large circle around the North Star.

. These circles are so large that part of them goes below
the horizon.

. Therefore, some constellations stay below the horizon
at night during certain parts of the year.

Which part of the student’s explanation best describes why some
constellations stay below the horizon at night?

A. Statement 1

Statement 2

B
C. Statement 3
D

Statement 5
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