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Four states of matter

Solid Liquid Gas Plasma
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Phase 
transitions 
in matter

Competition between 

Energy   

&

Entropy 

determines 

phase stability

Typical phase diagram
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What is entropy

The probability of going from left to right is overwhelming, but that of 
going in the other way is practically zero
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Phase 
diagram 
of water
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Six distinct phases of plutonium

Contraction on melting
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Ordering in liquid crystals

Entropy

• Translation

• Orientation 3 3
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Pressure 
scale
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Temperature 
scale
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Extreme low temperatures
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Attainable 
temperatures

in nature

1 eV = 11600 K
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Parameters at extreme conditions
Object T [K]  [g/cc] P [bar]
Intergalactic gas 10-7 – 10 -8 10-30 – 10-3 10-17 10-7

Earth centre 5 x 103 10 – 20 3.6 x 106

Jupiter centre (1.5-3) x 104 5 - 30 (3-6) x 107

Diamond anvils 4 x 103 5-20 5 x 106

Shock waves 107 13-15 5 x 109

MCF (Fusion) 108 3 x 10-9 50
ICF (Fusion) 108 150-200 1 x 1011

Sun 1.5 x 107 150 1011

Red giant (2-3) x 107 103 – 104 5 x 1012

White dwarf 106 106 – 109 1016 – 1022

Nuclear collision (Au) 107 – 1014 1015 1030

Neutron stars Black holes 108 – 1011 1014 -1016 1025 1027

Early universe 1032 1094 10106
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Matter phase diagram
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Matter at extreme conditions
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Neutron stars, Black holes
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Laboratory experiments
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Dynamic experiments
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Planetary interiors
mantle

lithosphere
core

At centre

P=4 Mbar
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=13g/cc

The Earth
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T=20 000K
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Liquid  
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Gas-liquid 
atmosphere
0.7 Mbar
6500K 
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Extreme pressures are 
generated in fusion
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Temperature in Sun
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Solar evolution

Star Life time  ~  10 billion years x  ( M / M ) 3
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Extreme States of Matter (Springer 2011)

Vladimir E. Fortov
Russian Academy of Sciences
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