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Sex in Space: Astronomy 230§
Section 1- MWF 1400-1450

106 B1 Eng Hall
Ledie Looney This class (Lecture 2):
Phone: 244-3615 Size chles arlld
Email: Iwl @ uiuc . edu osmology
Office: Astro Building #218
Next Class:

OfficeHours:
MTF 10:30-11:30 a.m. or by
appointment

Cosmology and the
origins of elements

Outline

» The Drake equation.

» Let'stake some timeto get our bearings
around the Universe.

s—

* How bigisit? How many observable stars?

* What are the important scales?

 Light isimportant in thisgame. Do wedl
know what it is?

 Our fate.
Music: Princes of the Universe — Queen
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Grades : Drake Equation
Due Sept 811111 ) |
Regulrement [ Percentage of Grade | Paoints Frank
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HW #1

Due on Sept 3@

Write down the Drake equation and a personal
estimate on the number of civilizations with which
we can communicate today. For each term write 2-4
sentences on why you picked the value. Arethere
l[imits on the value? What are they? Do you think
the number is well known?

Do not look in your book or use web or ask boy/girl friend.
Guesses arefine. At this point, ,you could say “1 star/year
just seemed good”. We will use this at the end of classto see
if thereisadifferencein your personal estimate.
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Space is Big!

“Space is big. Really big. You just won't believe how vastly hugely
mind-bogglingly big it is. | mean, you may think it's a long way
down the road to the chemist, but that's just peanuts to space...

To be fair though, when confronted by the sheer enormity of the

distances between the stars, better minds than the one responsible
for the Guide's introduction have faltered.

The simple truth is that interstellar distances will not fit into the
human imagination.”
--Douglas Adams
The Hitchhiker's Guide to the Galaxy
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One of

We are;

» 1 planet out of 9inour
solar system.

o 1 stellar system of 100
billion starsin our Milky
Way

» 1 galaxy of the 100
billion galaxiesin the
observable Universe.

Astronomy 230 Fal
Aug 27, 2004

So what?

e |If you wereto count every star in the
Milky Way at one star a second, how long
would it take you to count all the stars?

3years

30 years

300 years
3000 years
30,000 years

oD
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507
* Inthe Universe, the number —

of starsis greater than the
number of grains of sand on
all of the beaches of the
Earth. (Paraphrasing Carl Sagan.)

» Each of these stars may have
planets.

 Isit sensibleto think that life
only exists on Earth?
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Images from
V oyager
(launched in
1974) at 4
billion miles _
out. Movi ng at JUPITER
100 times faster
than a speeding
bullet. And
arguably justin
interstellar
Space last year.

[WieTH i
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Size Scales

To put astronomical scales into areference, imagine a
model of our Solar System.
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Size Scales

* |f the Sun wasthe size of a grapefruit, then the Earth would be
the size of a pinhead.

» The Earth would be 25 meters away from the Sun. The Moonis
only 4 centimeters away!

* Pluto would be 600 meters away.

» The nearest star (grapefruit size) would be in California. Imagine
the difficulty in finding even the closest planet.

Astronomy 230 Fall 2004

Aug 27, 2004




| nter stellar Travel

Don't forget that the Voyager spacecraft are about
the fastest vehicles made by mankind. Even so,
Voyager would take over 100,000 years to reach
some of the closest star systems.

http://nssdc.gsfc.nasa.gov/photo_gallery/photogallery-
spacecraft.html
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What islight?

* Visiblelight isonly atiny portion of the full electromagnetic

spectrum
o Light comesin many colors that you can not see! The color x-ray

or color radio or color microwave.
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NASA
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Speed of Light

» Light has afinite speed that is the same for all observers.
Regardless of the observer’s speed. (Special relativity).

» Nowadays we define the speed of light to be 2.998 x 108 m/s

» The second is defined very precisely using atomic clocks
(9.192631770 x 10° periods of the radiation corresponding to
the transition between the two hyperfine levels of the ground
state of the cesium 133 atom at 0 K, if you must know)

» Thusthe meter isdefined as the distance traveled by light in
vacuum during 1/(2.99792458 x 108) second
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Distances

How far isit to Chicago?
Around 135 miles
Or 217 km
Or 712800 feet
Or 285120 paces
Or 1 The Matrix DVD units at car speed
Or 2 hours at car speed
Or 0.7 ms at light speed

Or 8.7 x 10'° microns
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A Light Year ﬂ

The light-year
* Distance that light travelsin one year
e Speed of light: roughly 3.00x10° km/sec
» Secondsin one year:

nin | hou _ day =
sl | (241 '| 365 Cays ) 3.1610"sec
| day | | vear |

|f1[ll

I'II[II hour

so0 1 light year = (3.00x10° km/sec) x (3.16x107 sec) = 9.42x10'? km

» Nearest star (Proxima Centauri) is about 4.2 light years away.
» Analogousto saying: Chicago is about 2 hours away.
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First Contact?

e Let'sassumethat thereislifein the
Alpha Centauri stellar system.

It will take 100,000 years to travel
on aVoyager-like spacecraft.

o Itwill take 8.4 yearsto send out a
radio message and get aresponse.

* For starsin the sword of Orion, it
would take 3000 years.
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WheredoweLive? ﬂ
And What isour Fate?

Our Sun is an average star. It’s about
halfway through its lifespan. It will
evolveto a Red Giant in about 5
billion years. Then in another
thousand years after that, it will gect
its outer layers forming a planetary
nebulae and a central white dwarf.

But our Solar System islocated in our
Galaxy— The Milky Way.

http://spaceflightnow.com/news/n0009/07hubbl e/
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Galaxies are the Fundamental “ Ecosystems’
of the Universe

Three Main Types of Galaxies:

e Spirdls  (77%)
o Ellipticals (20%)
o Irregulars  (3%)
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“ Near by” e - “Nearby” spiral galaxy (M51)
spiral ' ; ' p

galaxy

M 31

Andromeda”’




The Lens of Gravity:
A foreground galaxy cluster makes
images of faint background galaxies

Distant

- The deepest
optical image of
a patch of sky

— Likelooking
back intime....

— Galaxiesas
they were, 1to
10 billion years
ago.

A iswhat we see from Earth inside the
Milky Way. B iswhat the Milky Way
“might” look like if we were far away

looking back at our own galaxy from

some other galaxy
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WeArein aDisk of Stard! ﬂ

The distribution of starsin the
Milky Way isin athin disk.
The Milky Way isvery thinin
comparison to its diameter— 1K)
imagine 3 CDs stacked. ~ — = I

PARLEHHED D]t waodis

laghl wears

Few
More stars
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Our Place

* Weredlized that we are not the center of the Galaxy in the
1920s.

* All of the globular clusters are orbiting around a point in
Sagittarius— 26000 lyrs or 8000 parsecs away.

e That must be the center of our Galaxy.

°® Globular clusters
[ )

Galaxy

[
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Our Galaxy

* Globular clusters—
oldest stars

e Gaactic nucleus

* Nuclear bulge- mostly
old stars, but very

B CHOL B0 LY
(30 kpc)

03 LY

- (8kpo) |

Fuclear bulge

Ciplactic rmcisum

densely packed _'-._h
e Spira arms . -
« Disk—mostly young ok, '

stars and lots of dust e :

- Globular clustars

» Note position of the
Sun, just over half way
out.
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Our Galaxy

(movie)
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Fate of the Milky Way:
It’s coming right for us!

» What will happen to the
Milkyway?

— It will continueto grow asit
cannibalizes the smaller
orbiting galaxies.

— The Andromeda galaxy ison
acollision course.

— Eventually (billions of years)
we will end up acombined
gaaxy.
— Probably look like an
elliptical galaxy.
http://www.seds.org/messier/small/m87.gif
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Defining Life I

Aswe will discuss later, defining lifeis very difficult.

Traditional attributes of life defineit as;

i E 1omy i
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Elementsof Life

e Carbon isthe most important element in life on
Earth with oxygen and nitrogen coming in aclose
second. But where did they come from?

» To understand this question, we need to address
the origin of the Universe.

:C Carbon L
* In other words, Cosmology. g; % &
&
L3
L
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The Universe

* Began with aBig Bang
— 13.7 billion years ago
» Still expanding and cooling
— Therate of expansion is known
e ItisBIG
— Asfar aswe are concerned, it isinfinite in any direction
* Theuniverse is homogeneous and isotropic
» Homogeneous - The same “stuff” everywhere
* Isotropic- Thesamein al directions
e OQOur placein the Universeis not specid
» Extension of the Copernican revolution
» The center of the Universe is everywhere or nowhere!
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