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Across the Universe Stars and Galaxies

Night sky provides a strong impression of a changeless universe

G Clouds drift across the Moon + on longer times Moon itself grows and shrinks
G Moon and planets move against the background of stars
G These are merely local phenomena caused by motions within our solar system
G Far beyond planets + stars appear motionless
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Across the Universe Stars and Galaxies

According to ancient cosmological belief + stars
except for a few that appeared to move (the planets)

where fixed on sphere beyond last planet

The universe was self contained
and we (here on Earth) were at its center
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Across the Universe Stars and Galaxies

Our view of universe dramatically changed after Galileo’s telescopic observations:
we no longer place ourselves at the center and we view the universe as vastly larger
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Across the Universe Stars and Galaxies

Distances involved are so large that we specify them
in terms of the time it takes the light to travel a given distance

light second + 1 ls = 1 s 3× 108 m/s = 3× 108m = 300, 000 km
light minute + 1 lm = 18× 106 km
light year + 1 ly = 2.998× 108 m/s · 3.156× 107 s/yr

= 9.46× 1015 m ≈ 1013 km

How long would it take the space shuttle to go 1 ly?

Shuttle orbits Earth @ 18,000 mph + it would need 37, 200 yr
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Across the Universe Stars and Galaxies

For specifying distances to Sun and Moon we usually use km

but we could specify them in terms of light
Earth-Moon distance is 384,000 km + 1.28 ls.
Earth-Sun distance is 150,000,000 km + 8.3 lm
Far out in the solar system
Pluto is about 6× 109 km from the Sun + 6× 10−4 ly
Nearest star to us + Proxima Centauri is about 4.3 ly away
Nearest star is 10,000 times farther from us

than outer reach of solar system
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Across the Universe Stars and Galaxies

On clear moonless nights thousands of stars with varying degrees of brightness
can be seen + as well as the long cloudy strip known as Milky Way

Galileo first observed with his telescope that Milky Way
is comprised of countless numbers of individual stars

Half century later (about 1750) Thomas Wright suggested that Milky Way
was a flat disc of stars extending to great distances in a plane

which we call Galaxy (Greek for “milky way”)

Milky Way over Quiver Tree Forest in southern Namibia
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Across the Universe Stars and Galaxies

Galaxy has diameter ∼ 100, 000 ly and thickness ∼ 2, 000 ly
It has a bulging central “nucleus” and spiral arms
Our Sun is located half way from the Galactic center to the edge

some 26, 000 ly from the center
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Across the Universe Stars and Galaxies

G Sun orbits Galactic center about once every 250 million years
G its speed is ô

v =
2π 26, 000× 1013 km

2.5× 108 yr 3.156× 107 s/yr
= 200 km/s

G Total mass of all stars can be estimated using orbital data of Sun
G Assume most of the mass is concentrated near center of Galaxy
G Sun and solar system (of total mass m)

move in circular orbit around Galaxy center (of total mass M)
G Apply Newton’s laws

GMm
r2 = m

v2

r
G = 6.674× 10−11 N m2 kg−2

M =
r v2

G
≈ 2× 1041 kg

G Assuming all stars in Galaxy are similar to Sun (M� ≈ 2× 1030 kg)
we conclude that there are roughly 1011 stars in the Galaxy
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Across the Universe Stars and Galaxies

In addition to stars we can see with telescope
many faint cloudy patches that were once called “nebulae”

Those in the constellations of Andromeda and Orion
can actually be discerned with naked eye on clear night

At first it was not universally accepted
that these objects were extragalactic

Very large telescopes constructed in XX century
resolved individual stars within these extragalactic objects

that also contain spiral arms
It became logical that nebulae must be galaxies similar to ours
Distance to nearest spiral galaxy + Andromeda over 2 million ly
a distance 20 times greater than the diameter of our Galaxy
Today it is thought there are ∼ 4× 1010 galaxies

that is as many galaxies as there are stars in the Galaxy
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Across the Universe Stars and Galaxies

Deep field of view as seen by Hubble Space Telescope
1.3 Black-body radiation

Figure 1.2: An excerpt from the Deep Field View taken by the Hubble Space Telescope.

1.3.1 Kirchhoff-Planck distribution

Planck found empirically 1900 the so-called Kirchhoff-Planck (or simply Planck) distribution

Bνdν =
2hν3

c2

1

exp( hν
kT ) − 1

dν (1.6)

describing the amount of energy emitted into the frequency interval [ν, ν + dν] and the solid
angle dΩ per unit time and area by a body in thermal equilibrium. The function Bν depends
only on the temperature T of the body (apart from the natural constants k, c and h) and is
shown in Fig. 1.4 for different temperature T . The dimension of Bν in the cgs system of units
is

[Bν ] =
erg

Hz cm2 s sr
. (1.7)

In general, the amount of energy per frequency interval [ν, ν +dν] and solid angle dΩ crossing
the perpendicular area A⊥ per time is called the (differential) intensity Iν , cf. Fig. 1.3,

Iν =
dE

dν dΩ dA⊥ dt
. (1.8)

For the special case of the blackbody radiation, the differential intensity is given by the
Kirchhoff-Planck distribution, Iν = Bν .

Equation (1.6) gives the spectral distribution of black-body radiation as function of the
frequency ν. In order to obtain the corresponding formula as function of the wavelength λ,
one has to re-express both Bν and dν: With λ = c/ν and thus dλ = −c/ν2dν, it follows

Bλdλ =
2hc2

λ5

1

exp( hc
λkT ) − 1

dλ . (1.9)
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Across the Universe Stars and Galaxies

Hubble’s law of cosmic expansion
In late 1920’s + Hubble discovered that

spectral lines of galaxies were shifted towards red
by an amount proportional to their distances

If redshift is due to Doppler effect
this means galaxies move away from each other

with velocities proportional to their separations
This what we expect according to simplest possible picture

of flow of matter in expanding universe
Observer at any point in universe
will observe distant galaxies receding from him/her
with radial velocities proportional to their distance from observer

V = H0 × d

Hubble constant + H0 ≈ 22.4 km/s per million light years
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Across the Universe Stars and Galaxies
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Across the Universe Are we alone

All organisms living on Earth
require C-based chemistry in liquid water

According to hot Big Bang model + life (as we know it)
could not have appeared earlier than t ∼ 10 Myr after the Bang

’cause Universe was bathed in thermal radiation background
above boiling temperature of liquid water

After 10 . t/Myr . 17 Universe cooled down
to habitable comfortable temperatures + 273 . T/K . 373

Each star is surrounded by an habitable zone
defined as the orbital range around star

within which surface liquid water could be sustained

Since water is essential for life as we know it
search for biosignature gases naturally focuses on planets

located in habitable zone of their host stars
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Across the Universe Are we alone

Total energy flux F (energy per unit area per unit time)
passing through a region can be related to effective temperature T

F = σSB T4

Stefan-Boltzmann constant + σSB ≈ 5.67× 10−8 W m−2 ◦K−4

Luminosity (energy per unit time) of star is L
and flux at distance r from the star are related by

F =
L

4πr2

because area of sphere of radius r is A = 4πr2

and flux is luminosity divided by area
Quick estimate of T at given r from

σSB T4 = F =
L

4πr2

For solar system + σSB, 4π, L� are constants

T4 ∝
1
r2 ⇒ T ∝ r−1/2
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Across the Universe Are we alone�� ��Habitable zone regions
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Across the Universe Are we alone

Fermi paradox

Discrepancy between strong likelihood of alien intelligent life
(emerging under a wide variety of assumptions)

and absence of any visible evidence for such emergence

I

Drawing by.41an Dunn; @ 1950, 1978
The New YorkerMagazine,Inc.

Teller remembers: “My recollection of the event involving Fermi is clear, but only partial.
To begin with, I was thereat the incident. I believe it occurred shortly after the end of the war on
a visit of Fermi to the Laboratory, which quite possibly might have been during a summer.

<‘1remember having walked over with Fermi and others to the Fuller Lodge for lunch. While
we walked over, there was a conversation which I believe to have been quite brief and superficial
on a subject only vaguely connected with space travel. I have a vague recollection, which may
not be accurate, that we talked about flying saucers and the obvious statement that the flying
saucers are not real. I also remember that Fermi explicitly raised the question, and I think he
directed it at me, ‘Edward, what do you think? How probable is it that within the next ten years
we shall have clear evidence of a material object moving faster than light?’ I remember that my
answer was’ 10–6.’ Fermi said, ‘This is much too low, The probability is more like ten percent’
(the well known figure for a Fermi miracle.)”

Konopinski says that he does not recall the numerical values, “except that they changed
rapidly as Edward and Fermi bounced arguments off each other. ”

Teller continues: “The conversation, according to my memory, was only vaguely connected
with astronautics partly on account of flying saucers might be due to extraterrestrial people
(here I believe the remarks were purely negative), partly because exceeding light velocity would
make interstellar travel one degree more real.

“We then talked about other things which I do not remember and maybe approximately eight
of us sat down together for lunch. ” Konopinski and York are quite certain that there were only
four of them.

2
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Across the Universe Are we alone�� ��Drake’s equation

h⇣astroi h⇠bioteci

⌧

〈ζastro〉 ∼ 0.002 yr−1 and ξbiotec ≤ 1
If the communicative phase is smaller than 500 years

there would be no paradox
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