Stars and Planets
A Gaggle of Galaxies

In This Exploration:

» Find out about our galaxy, the
Milky Way, and our neighboring
galaxies

= Create and use a galaxy-sized
scale factor to explore distances
between galaxies

» Classify galaxies and look back
in time on a Hubble image

lllustration Credit: NASA/JPL-Caltech/R. Hurt SSC)

A Gaggle of Galaxies

Our own galaxy, the Milky Way, has between about 200
billion and 500 billion stars. There are so many stars that all but | Thinking about
the closest blur together into a milky haze. The Milky Way is a | the size of the
big galaxy, (although not the biggest) at 100,000 light years | Milky Way
across (that’'s 1,000,000,000,000,000,000 km or 1,000,000
trillion km). Our small sun is a star a bit more than halfway out | How much space
from the center of the galaxy. The Milky Way is a barred spiral | would you need
galaxy. It has a flat shape with a 3000 light-year-thick bar-like |to make a scale
bulge in the middle, and spiral arms. We live on the edge of the | model of the Milky
spiral arm called the Orion arm. Almost all of the individual stars | Way using a
you can see when you look up at the night sky are in the same | Scale factor of
arm of the Milky Way that we are. R el e

The Galaxies in our Neighborhood If you could build

. \ . such a model,

Our galaxy is one of approximately 50 galaxies in a small W o
cluster of galaxies known as the Local Group. Most of the REAL Earth?
galaxies in the Local Group are small. M 33 (also known as the
“Triangulum Galaxy”) and M 31 (also known as the “Andromeda
Galaxy”) are the only other large galaxies in the Local Group,
and both are also spiral galaxies. Andromeda is the biggest, at
about twice the width of the Milky Way, and M 33 is only 50,000
light years across. Many of the smaller galaxies in the Local
Group are satellites of the bigger ones. The Milky Way has
several satellite galaxies, including the Large and Small

Would your model
galaxy fit in our
REAL solar
system?
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Using Our Galaxy
Scale Factor:

1m = 100,000 ly

If the center of your
desk or table is the
center of the scale
model Milky Way,
how far away from
the your desk
would the scale
model Large
Magellanic Cloud
be?

Andromeda and
M33 are the
farthest objects in
the Local Group.
Both are about 3
million light years
away from the Milky
Way. How far
away would the
model Andromeda
or model M33 be
from your desk?

Would Andromeda
and M33 fit in your
school? Would
they fit in your
classroom?

(Note: on this scale,
the distance
between the Sun
and the Alpha
Centauri system
would be 0.04 mm,
which is too small
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Magellanic Clouds. Distances between star systems are
almost unimaginably big compared with the sizes (distances
between) of stars, but galaxies can be close together
compared with their size.

A Scale Factor Big Enough to Fit Galaxies

Let’s imagine we could shrink the Milky Way down to a
diameter of 1 m (about the size of a desk) and shrink the rest
of the local group by the same amount. We then have a new
scale factor, where 1 m on our new scale model equals
100,000 light years in the real local group. The actual Large
Magellanic Cloud is 160,000 light years from the center of the
Milky Way.

There are about as many galaxies in the known
universe as there are stars in the Milky Way. These galaxies
come in many different shapes and sizes. With our best
telescopes, we can see galaxies more than 13 billion light
years away. That means it has taken more than 13 billion
years for their light to get to us. The light we see with our
telescopes started its journey from the most distant galaxies
more than 13 billion years ago. Looking at objects so far
away really is looking back in time!

Andromeda Galaxy and M33 Galaxy

Image Credits NASA/JPL/California Institute of Technology, Galaxy Evolution Explorer (GALEX)
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Imaae Credit: NASA. ESA. S. Beckwith (STScl) and the Hubble Ultra Deep Field Team

This Hubble Ultra Deep Field image is a picture of 10,000 extremely distant
galaxies in a very tiny area of the sky. (This image is of an area of the sky the tenth of
the size of the full moon as seen from Earth.) The Hubble Space Telescope took this
composite image in 2004 using two different cameras. One camera used infrared light
to see the small, most distant, and reddest galaxies in the image. Some of the galaxies
that look the biggest and the brightest are a bit closer, but still about 13 billion light
years away. One thing you should be able to see in the picture is that galaxies come in
many different shapes. (A few stars in our own galaxy are also in this image, but you
can tell those by the four points of light that they seem to have because they are so
bright compared to the distant galaxies.)
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Galaxy Activity

Look carefully at the Hubble Ultra Deep Field.
= Can you find galaxies that look similar to one another?

Now come up with a classification scheme of your own.
= Pick a name for a type of galaxy, and list three characteristics of that galaxy.
= Do this for three different types of galaxies.

Name of Characteristics
Galaxy Type
Example: Spiral Flat, pancake shaped, spiral arms.

Red Galaxies, Expansion of the Universe, and the Big Bang

The small red galaxies in the Hubble Deep Field are the farthest away from us.
The fact that they are so red is also evidence for the Big Bang!

Not so long ago, astronomers thought that the Milky Way was the entire
universe, and that the universe remained static (unchanging) with time. Astronomers
didn’t even realize that there were other galaxies until the 1920s. Edwin Hubble
realized that many “nebula” which astronomers had found were distant galaxies. He
also discovered something else very strange — the farther away the galaxies were, the
more red their light had become. This red shift showed that most galaxies were
moving away from each other, which led to the idea of the Big Bang. If galaxies are
moving apart, at some point in the past, they must have been close together.

The universe had a beginning, which we now call the Big Bang. The idea that
the universe began billions of years ago and has been expanding ever since was very
strange to scientists when it was first suggested. Even Albert Einstein had accepted the
idea of a static universe before Hubble’s observations. The reddest galaxies in the
Hubble Ultra Deep Field look so red that a special infrared camera had to be used to
see them. The universe is about 14 billion years old, and the light we see was emitted
only 800 million years after the universe was born.
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Imagine a balloon that has a picture of a wave drawn on it.

This wave represents a wave of light.

Now inflate the balloon. What happens?

TS S

The peaks and valleys of the wave stretch out and become farther apart. The
wavelength has increased. If the wave was visible light, the light would be more red
because red light has the longest wavelength of all visible light. The balloon represents
the expansion of space that has continued since the Big Bang. Early in the Universe,
the galaxies were much closer together. The light emitted by far away galaxies has
been expanding with the Universe since the moment it was emitted.

Do the galaxies, stars, planets, and people expand with the Universe? No. We
are held together by gravity or by the materials we are made of. Galaxies that aren’t
kept together by gravity are pulled apart from one another, but their stars and planets
travel with them. Each galaxy is like a little island universe in space. Think of galaxies
as raisins in a loaf of bread dough rising in the oven. As the bread expands, the raisins
get further apart.

Image adapted from hitp:ffmap.gsfc.nasa.govim_unifuni_101bbtest1.html
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