
1

Astrophysical phase space

Several diagrams placing all entities 
on a single diagram. 

Size/Mass; 
Time/Energy (three versions); 
Density/Temperature;
Mass/Complexity (estimated)

Identifies limits of human experience

3.  Universe as a creative laboratory
The Universe is a wild and wonderful place !

• it is vast, beyond imagination
• its building blocks are minute, beyond imagination
• Almost all of it is:

– hotter or colder
– denser or more rarified
– more powerful or more delicate
– evolves faster or more slowly

} than we can
possibly imagine

Within such extremes, the Universe is highly creative

Lets try to locate our world amongst these properties,
and identify where creativity arises, and why…….

10-4 10-2 1 102 104

Size (meter)

10-6

10-4

1

10-2

102

104

106

M
as

s  
(k

g)

cm kmmm

1 gm

1 mg

1 ton

1 kton

100 km

Mountain

Horizon

sequoia 
whale

In
se

ct
ssand 

grains

neutron
star
material

room of air

room of rock
room of water

dust 
speck

white
dwarf

material

interstellar
medium

cars

Pe
op

le

breakfast
cereal

wat
er

 d
en

sit
y

Human World

10-20 10-10 1 1010 1020 1030

Size (meter)

10-30

10-20

10-10

1

1010

1020

1030

1040

1050

1060
M

as
s  

(k
g)

Nature’s building blocks

1020

1030

1010

1

M☺

Stars &
Planets

Atoms

Galaxies

pc MpcAUµmnm

Nuclei

Visible
Universe

Human
World

10-20 10-10 1 1010 1020 1030

Size (meter)

10-30

10-20

10-10

1

1010

1020

1030

1040

1050

1060

M
as

s  
(k

g)

Matter in the Universe

1020

1030

1010

1

M☺
Mass affects sp

acetime

•

ISM clouds

galaxies
clusters

pc MpcAUµmnm

••H nuc
U nuc

Nuc
lea

r d
en

sit
y

Ato
m

ic 
de

ns
ity

Universe

Clos
ur

e d
en

sit
y

(5
 H

 at
om

 m
-3 )

Black Holes

•
S.S.

Earth• •Jup.

mountain

Sun
•

human•

•

••

cell

U atom
H atom

H.W.

voids

N.S.• •
W.D. •SMBH

B.H.

10-20 10-10 1 1010 1020 1030

Size (meter)

10-30

10-20

10-10

1

1010

1020

1030

1040

1050

1060

M
as

s  
(k

g)

Universe & its Building Blocks

1020

1030

1010

1

M☺

☼
Remnants

mass affects sp
acetime

Stars

Clos
ur

e d
en

sit
y

Planets

Atoms

Galaxies
Clusters

pc MpcAUµmnm

Nuclei

Nuc
lea

r d
en

sit
y

Atom
ic 

de
ns

ity

Universe

Molecules

Black holes
collapse

H.W



2

1040

1020

10-20

1

10201010110-1010-20

ydminnsfs Gy AU

eV

GeV

Time (seconds)

E
ne

rg
y  

(J
o u

le
s)

evolution

ms

•10 km asteroid
impact

•
supernova

MT
1 t TNT

tectonics

1060

γ
X  UV Vis  IR

nuclei

atoms
molecules

photons

cells

human
world

ky

••
H
A

Bombs •All

MW

1Watt

µW

• •car crash lunch

“hello”• •wristwatch

Energy and Time
in the Universe

• storm

QSOs
clusters

•stars M☺

100 10 1 0.1
106 L☺

L☺

1012 L☺

•Earth’s KE •spindown

•lightening

10-30 10-20 10-10 1 1010 1020

102

104

106

108

1010

1

Density  (kg m-3)

T
em

pe
ra

tu
re

 (K
)

Closure Water Nuclei1 H cm-3

biosphere0
100°C

ionized
simple
molecules
complex 
molecules

nuclear
reactions

nuclei
destroyed

H He

He CNO

1keV

1MeV

1eV

dust

sta
rs

cores

surface

W.D. N.S.

ICM

IGM
ISM

DMCs

1010 H cm-3

CMB

1m

5m~80%

~20%

< 0.01%

< 10-20 %

B.H.

Su
n

1 atm 10
10

10
4 yr

10
Myr

Location & state of baryonic matter

planets

Atms.

10-30 10-10 1010 1030

animals
plantsinsects

cells

DNA
RNA

molecules

atoms

IC

book

rock
salt

planets

stars

galaxies

solid

gaseous

oceans

atmospheres

1050

Mass (kg)

C
om

pl
ex

ity

Complexity in the Universe

complexity per unit mass

DM halos E
qu

iv
al

en
t “

br
ig

ht
ne

ss
”

Light
bulb

Star

Galaxy

Quasar

0 2 4 6 8 10 12
0.0

0.5

1.0

Dark Energy
(? vacuum energy)

Dark Matter
(? WIMPS)

Baryonic matter

70%

26%
4%

85%

15%
H + He “heavy” elements

now

Composition History of Universe
Fr

ac
tio

n

Age (Gyr) S.S.

Hydrogen
74%

Helium
24%

C,N,O…Fe…
Cu…Pb…U 

2%

Fraction by
Composition

IGM/ICM/ISM
Hot: 106-108 K

~ 80 %
Cold: 10-100K

~ 0.1 %

Stars ~ 20%
Planets

< 10-2 % ?

Fraction by
Location

4%


