Gravitational

The cosmic A e
Future? calendar Hetid S,
| /Age of the Earth Relativity l :
: Precession o
Red shift ___ > Age of the Ideas of Mercury
Universe Structure and General —

evolution of Relativity
Parallax Lum|n05|ty stars /
3 Relativity
Measurement / Nattro

S|ze of the COS m O I Ogy Exotic case — stars

Earth " Universe studies
Solar System \

Galaxy ... Black holes, quasars
A human history
Gravity of cosmology Detecting
Newton/Kepler — ’ A
/ Einstein Planets & — Orbiting 4
MOONS other stars =
Computer K
Simulation /
The Solar
System

i

e -',Z;The Earth




The Cosmos is all that is or ever was or ever will be.

In the last few millennia we have made the most astonishing
and unexpected discoveries about the Cosmos and our place
within it, explorations that are exhilarating to consider. They
remind us that humans have evolved to wonder, that

understanding is a joy, that knowledge is prerequisite to
survival.

| believe our future depends on how well we know this Cosmos
in which we float like a mote of dust in the morning sky.

Carl Sagan (1934-1996)
Cosmos pp20




Stars & Galaxies

A star is a luminous
sphere of plasma held
together by its own
gravity.

The nearest star to
Earth is the Sun.

For at least a portion
of its life, a star shines
due to thermonuclear
fusion of hydrogen
into helium in its core,
releasing energy that
traverses the star's
interior and then
radiates into outer
space.
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Stage 1 2 protons fuse to make deuterium, with the release of a positron and energy
‘A positron is a positively charged electron. The energy is carried away by a y-ray

* "M~ energy

Stage 3 The proce'é,s ivs completed when two Helium-3 nuclei fuse to make Helium-4



Visible, IR, and UV radiation

Stars vary in radius, mass and
surface temperature (which
is related to their luminosity)

Stefan-Boltzmann law:

LocT?
s ¥ / N

— Total power Surface temperature
ey = Bright spots and short-lived radlatEd (a” /Kelvln

magnetic regions
frequencies)

Antares

Sun

Betelgeuse

Y

Sol Sdus Polux
s Rigel  Aldebaran




Low-mass stars High-mass stars

» M|d7:ﬁgz %czgtar L) Massive star .
Protostar

- Spica
Red giant
Arctgrus V1647 Orionis Red supergiant
+ Red Betelgeuse
dwarf Star-forming |
Proxima nebula
« Centauri Eagle Nebdla

- '
J Blue dwarf a

PLae”bngy . Neutron starg
Dumbbell White i BRagy Supernova:
Nebula - dwart g Kepler's Star
Sirius B ot ‘ (remnant: Crab.Nebula)
Black hole
Cygnus X-1

The lifecycle of a star — much of what happens depends upon its mass




The Crab Nebula,
remnants of a
supernova that was
first observed
around 1050 AD
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Mass-radius diagram for objects of planetary and stellar mass.
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NGC 4414, a typical spiral galaxy in the
constellation Coma Berenices, is about 55,000
light-years in diameter and approximately 60
million light-years away from Earth.

Colliding spiral galaxies

Galaxies are gravitationally bound systems of stars, gas, dust, planets and dark matter
Galaxies range from a few thousand stars to over 104 stars

There are approximately 170 billion galaxies in the observable universe!
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Gamma-ray emissions

X-ray emissions
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The Spitzer Infrared Nearby Galaxies Survey (SINGS) Hubble Tuning-Fork

The Spitzer Space Telescope observed 75 galaxies as part of its SINGS

(Spitzer Infrared Nearby Galaxies Survey) Legacy Program. The NGC 5085 (Me3)
galaxies are presented here in a Hubble Tuning-Fork diagram, which &
groups galaxies according to the morphology of their nuclei and spiral
arms. The designation of these galaxies and their placement in the
diagram is based on their visible-light appearance. The main goal of the
SINGS program is to characterize the infrared properties of a wide range
of galaxy types. The images of the galaxies are composites created
from data taken by IRAC (the Infrared Array Camera) at 3.6 and 8.0 um,
and MIPS (the Multiband Imaging Photometer for Spitzer) at 24 um.

NGC 5033

NGG 4626 M6
The infrared range probed by these and other observations
taken for the SINGS project allows for the detailed study of
star formation, dust emission, and the distribution of stars in NGC 3031 {M81)
each galaxy. Light from old stars appears as blue in the
images, while the lumpy knots of green and red light are sa3b
produced by dust clouds surrounding newly born stars. The ’ NGC 4796 {M94) . !’
elliptical galaxies on the left are almost entirely made of old S
stars, while spiral galaxies like our own Milky Way are rich in s X Ry
young stars and the raw materials for future star formation. . ‘ . -
1 Weak Bulge
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More information can be found at:
http://sings.stsci.edu/
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e s o s g SINGS Team
SINGS observations by rdon (ot 2007 Robert Kennicutt, Jr. (Principle Investigator), Daniela Calzetti (Deputy Principle Investigator), Charles
Blue=IRAC 3.6um (stars) Engelbracht (Technical Contact), Lee Armus, George Bendo, Caroline Bot, Brent Buckalew, John
L “AC Bii Cannon, Daniel Dale, Bruce Draine, Karl Gordon, Albert Grauer, David Hollenbach, Tom Jarrett, Lisa
Green=IRAC 8um Ke Claus Leitherer, Aigen Li, Sangeeta Malhotra, Martin Meyer, John Moustakas, Eric Murphy
(aromatic features from dust grains/molecules) Regan, George Rieke, Marcia Rieke, Helene Roussel, Kartik Sheth, J.D. Smith, Michele
Thornley, Fabian Walter & George Helou




