Galaxies

Stars, Gases, and Distance

THEORY:
Computer model
B of the early
universe.

- " Gravity arranges
& matter in thin
filaments. High-
density regions
(yellow) undergo
collapse and ignite
bursts of star
formation. These
proto-galaxies
stream along the
k% filaments (red
shows medium
density) and meet
at nodes, causing
a buildup of
galaxies. Low-
density areas are
blue” (Britt, 2001 ).

* As the universe expanded and
cooled, the four fundamental forces
became distinct
—gravity
—electromagnetism
—strong nuclear forces
—weak nuclear forces

* Quarks, then atomic particles and
their antimatter partners, appeared.

* As matter and antimatter met, they
annihilated each other, leaving behind
energy and a slight excess of ordinary
matter -- almost exclusively the
lightest elements, hydrogen and
helium.

* The faint residual heat from the Big
Bang can be observed coming from
everywhere in the sky.
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The closest star in our solar system

: - “ years ago.

» Looking at the sun’s emissions of various
chemicals at specific temperatures allows
scientists to better grasp what's going on. Our
star becomes a multicolored laboratory.

» This image from SOHO's Extreme ultraviolet
Imaging Telescope (EIT) combines images in
three different wavelengths to show solar
features unique to each. It reveals ionized
iron at three distinct temperatures all
exceeding about 1.8 million degrees
Fahrenheit (1 million degrees C).

Space.com




Life of a Star

This section taken from information at Zoom School.com

http://www.enchantedlearning.com/subjects/astronomy/stars/startypes.shtml
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Luminosity is the total brightness of a star

Giants and Dwarfs
* Giant and Supergiant Stars - Old, Large Stars

* RED GIANT
A red giant is a relatively old star whose diameter
is about 100 times bigger than it was originally,
and had become cooler (the surface temperature is
under 6,500 K).

* They are frequently orange in color.

» Betelgeuse is a red giant. It is about 20 times as
massive as the Sun about 14,000 times brighter

than the Sun, and about 600 light-years from
Earth.

TYPE Star

Ia Very luminous supergiants

Ib Less luminous supergiants

II Luminous giants

111 Giants

v Subgiants

\" Main sequence stars (dwarf stars)

VI Subdwarf

Vil White Dwarf
Blue Giant

* A blue giant is a huge, very hot,
blue star.

* It is a post-main sequence star
that burns helium.

Supergiant

A supergiant is the largest known type
of star; some are almost as large as our
entire solar system.

Betelgeuse and Rigel are supergiants.
These stars are rare. When supergiants
die they supernova and become black
holes.
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Dwarf Stars

Dwarf stars are relatively small stars, up to 20 times larger
than our sun and up to 20,000 times brighter.

Our sun is a dwarf star.

* YELLOW DWARF
Yellow dwarfs are small, main sequence stars. The Sun
is a yellow dwarf.

* RED DWARF
A red dwarf is a small, cool, very faint, main sequence
star whose surface temperature is under about 4,000 K.
Red dwarfs are the most common type of star. Proxima
Centauri is a red dwarf.

White Dwarf

* A white dwarf is a small, very dense, hot star that
is made mostly of carbon.

* These faint stars are what remains after a red giant
star loses its outer layers. Their nuclear cores are
depleted. They are about the size of the Earth, but
tremendously heavier. They will eventually lose
their heat and become a cold, dark black dwarf.

* Our sun will someday turn into a white dwarf and
then a black dwarf.

* The companion of Sirius is a white dwarf.

Supernova

* The second brightest supernova discovered in
modern times, SN 1993J, was _found in spiral
galaxy M81 on 28 March 1993 ( , 2004).

*  Bright stars don't last forever, the result is visible as and glowing
.
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Brown Dwarf

» A "star" whose mass is too small to
have nuclear fusion occur at its
core (the temperature and pressure
at its core are insufficient for
fusion).

* A brown dwarf is not very
luminous.

Neutron Stars

* A neutron star is a very small, super-dense
star which is composed mostly of tightly-
packed neutrons. It has a thin atmosphere of
hydrogen. It has a diameter of about 5-10
miles (5-16 km) and a density of roughly 10
15 om/cm3.

PULSAR
A pulsar is a rapidly spinning neutron star
that emits energy in pulses.




Binary Star

*A binary star is a system of two stars that rotate
around a common center of mass (the
barycenter). About half of all stars are in a group
of at least two stars.

*Polaris (the pole star of the Northern
Hemisphere of Earth) is part of a binary star

Double Star System
SyStem' Orbiting around the Barycenter (X)

Binary Stars

* Double Star
A double star is two stars that appear close
to one another in the sky.

* Some are true binaries (two stars that
revolve around one another); others just
appear together from the Earth because they
are both in the same line-of-sight.

Black Holes

When a star about 30
times the mass of the
Sun dies, the resulting
core is called a black
hole or dark body.

This a small, very dense
object with a force of
gravity so strong that
nothing can escape from
it, not even light.

http://hubblesite.org/newscenter/newsdesk/archive/releases/2002/30/text/
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M81 is like a twin of the Milky Way

“... near the Big Dipper'in the night sky and can be found with
binoculars. It is 12 million light-years away. White objects in the
image are foreground stars in our own galaxy” (Britt, 2003).




Another view of M3 1

Andr(ﬁne‘da Galaxy .- °

“...random motion will cause two protogalaxies to pass so close to each other s e s ook endiey

that they will experience fatal attraction... they will fall into each other" (Meller as
cited by Britt, 2001).

What type is this?
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Orion Nebula

Crab Nebula

The Eagle Nebula

Young stars

Photo from
How Stuff
Works, 2003.

The "Eskimo" Nebula (NGC2392)
Photo courtesy NASA / Space Telescope Science Institute (STScI)
Credit: NASA, A. Fruchter and the ERO Team (STScl)
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__ : shows star birth in a
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stars are visible in a cloud
of glowing gas that is
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Although light from a glowing
object contains many colors, the
color that we see when we look
directly at any hot object,
including a star, is determined
by the wavelength at which the
object emits the most light.
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Difference in Telescopes...

Chandra sees the universe in x-rays.
Hubble sees the universe in visible light,
ultraviolet, and infrared.

Spitzer is devoted to infrared
observations at specific wavelengths
Hubble can't detect.

Oxygen at lower altitudes, about 60
miles up, produces a brilliant yellow-
green, the brightest and most common
auroral color.

lonized nitrogen molecules produce
blue light, and neutral nitrogen glows
red.

The nitrogens create the purplish-red
lower borders and rippled edges seen in
some of the most dazzling aurora.

Britt (2003). Space.com

Northern Lights

fun facts

visible manifestation of the ‘
high-energy electrons L
reds and greens of oxygen and hydro

purples and pinks of nitrogen

Typical 3-hour aurora discharges about 100
million kW hours of electric energy

enough energy to power a medium-sized city of
250,000 for nearly 9 days

= about 6 days of energy output by large nuclear
power plant

*aka Northern Lights

*So, what causes
auroras?

Picture by Chris VenHaus




* The Northern Lights are created when a
solar storm interacts with Earth's
magnetic field.

 The field lines emanate from the
planet's poles and extend far beyond
the atmosphere.

o Earth’s
Magnetic
NorthlPole
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Earth’s Magnetic Field

» LAGHETOSHEATH

Earth’s Magnetosphere
oW magnetosheath

magnetopause

neutral sheet

The Earth has a magnetic field with north and
south poles.

The magnetic field of the Earth is surrounded by
the magnetosphere.

The magnetosphere keeps most of the particles
from the sun, carried in solar wind, from hitting the
Earth.

However, some particles from the solar wind can
enter the magnetosphere. When this happens the
particles create the auroral light shows we see in
the evening sky.

These particles can also interfere with electronic
equipment, ie cell phones, computers, etc.
(UCAR, 2000)

* The Sun and other planets have
magnetospheres, but the Earth has the
strongest one of all the rocky planets.

* The Earth's north and south magnetic
poles reverse at irregular intervals of
hundreds of thousands of years.

 In addition, the poles wander over
shorter periods of time (hundreds of
years).

(UCAR, 2000)




Aurora viewed from space

SA photo

Star Tracking Chart
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Planisphere

http://www.washjeff.edu/physics/plan.html
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