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Nuclear Alchemy

Produced by the
Big Bang:

Hydrogen

Helium

Duterium
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All Other Elements:

Created inside
~ stars via
- Nuclear Fusion

SUN : CUrréhtIy fusing Hydrogen into Helium
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(Soon to be )
‘White Dwarf: |
Carbon/Oxygen

Messier 57:
The - '
Ring .

Nebula

The fate of low-mass stars
(like the Sun)



Stellar Burming Shells
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Image: Mike Guidry



Supernova 1987A




. 1,000 years later:

~ (Messier 1, the Crab Nebula)
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_ Obligattry Bullet Points!!
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The Big Ba-ng'hnade orly Hydrogen &. Helium

All other elements are created N stars Vvia
Fusion « :

Supernovae make the most. masswe
eIements (including |ron) C N

The atoms Iin you have been inside stars, and
have been through supernovae”' (Yipers)

" Er, wasri 't this talk about interacting galaxies??



Sizes and distances of stars

The Sun  Atennis ball (2 14" across) .
Earth The head of a pin (1/50" across), 6m away

Jupite? A small marble (/4 acrosS), 30m away

Alpha Centauri A tennis'ball in New York (1000mi away)
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Milky Way Galaxy

Galaxies are much closer together compared to their size
than stars within a galaxy are compared to their size

Andromeda Galaxy



NASA and The Hubble Heritage Team (STScl) « Hubble Space Telescope WFPC2 « STScl-PRC99-41
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The Mice « Interacting Galaxies NGC 4676
Hubble Space Telescope « Advanced Camera for Surveys

NASA, H.

Ford (JHUJ), G. lllingworth (UCSC/LO), M. Clampin (STScl), G. Hartig (STScl), the ACS Science Team and ESA » STScl-PRC02-11d
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Colliding Galaxies NGC 4038 and NGC 4039
Hubble Space Telescope * Wide Field Planetary Camera 2

PRCY7-34a « 5T Scl OPO « October 21, 1997 « B. Whitmore (ST Scl) and NASA




Tidal Forces

....result'from & difference in gravity from one side of "
an @bject to the other
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Tidal Tails i* Interacting Galaxies -
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Galaxy Collision Simulation Movie
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- Simulation Data: Chris Mihos, Case Western ; Lars Hernquist, Harvard . .
, Visualization: Frank Summers, STScl



“Galaxy Crash”

An interactive*Java
galaxy collision

simulator on the web
that you can play-with.
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http://burro.asfr.cwru.edu/JavaLab/GéICrashWeb/main.html

(or search for “Galaxy Crash” in Google)



" NGC3077

Telescope Picture Hydrogen Gas
(Radio Telescope Picture)

Min Yun, NRAO
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NOAO

Galaxy M82 .
HST - WFPC2 .
MNASA, ESA, and R. de Grijs (Institute of Astronomy, Cambridge UK) * STScl-PRC01-08a
. ., @ ..
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| The Eagle Nebula
Stars form
from dense *
molecular
clouds
ey \ 2
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PRC95-44a - ST Scl OPO - November 2, 1995
J. Hester and P. Scowen (AZ State Univ.), NASA



Orion Nebula Mosaic HST - WFPC?2

» PRC95-45a - ST Scl OPO - November 20, 1995
C.R. O’Dell and 5. K. Wang (Rice University), NASA



Messier 51 : The Whirlpool Glaxy .

Image: NOAO
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y digital photograph
taken in Chile




Galactic Cannibalism

The Saggitarius Dwarf Tidal Stream

@ '. Image: D. Martinez-Delgado & G. Perez



‘. - Colliding Soon* with a
__-.,'_G;a-_.laxy Near You!

.- Messier 31:
The Andromeda
N Ga laxy

(* well, In
several billion
years....

Image T AlRector and B.A. Wolpa/NOAO/A URA/NSF It
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.+ NGC3115(50)

L




M104
Sombrero Galaxy (Sa)
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The HGCAC Project
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| Edwin Hubble's
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Sequence of decreasing merger damage?



(jalaxy Collisions and You .

Galaxies are seen running mto each other!

Galaxies make a mess out of each other when
they collide: twisted shapes, long tails.

Galaxy collisions ar
emphasizing spiral™a

tially tied to
d galaxy evolution.

Galaxy collisions condense gas, can trigger bursts
of star formation.

All elements heavier than Helium are made-«in
stars... the heaviest ones in supernovae. .

How much of the star formation of the Universe
happens in these "starbursts"???



