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forces that govern them, we can understand 
everything.

Reductionism



© Piers Coleman 2021

Crystal

Atom

Molecule

Nucleus

Nucleon

Quark

Reductionism is the marvelous idea that as 
we take matter apart to its smallest 
constituents and understand the laws and 
forces that govern them, we can understand 
everything.

Reductionism



© Piers Coleman 2021

Crystal

Atom

Molecule

Nucleus

Nucleon

Quark

Reductionism is the marvelous idea that as 
we take matter apart to its smallest 
constituents and understand the laws and 
forces that govern them, we can understand 
everything.

Reductionism

20th Century.  Atoms, particles, relativity, 
Quantum mechanics, Prediction of 
Antimatter, Discovery of gauge symmetries: 
a monumental tribute to the power of 
reductionism (Pais).



© Piers Coleman 2021

Reductionism

20th Century.  Atoms, particles, relativity, 
Quantum mechanics, Prediction of 
Antimatter, Discovery of gauge symmetries: 
a monumental tribute to the power of 
reductionism (Pais).

These expositions capture the beauty 
and romance of discovery                                          , yet they also give 
rise to an impression that the frontier of 
science is purely reductionist                                                ,   and that 
the frontiers lie exclusively at the 
extremes of scale




© Piers Coleman 2021

Reductionism

20th Century.  Atoms, particles, relativity, 
Quantum mechanics, Prediction of 
Antimatter, Discovery of gauge symmetries: 
a monumental tribute to the power of 
reductionism (Pais).

These expositions capture the beauty 
and romance of discovery                                          , yet they also give 
rise to an impression that the frontier of 
science is purely reductionist                                                ,   and that 
the frontiers lie exclusively at the 
extremes of scale


Dark Energy

Gravity Waves



© Piers Coleman 2021

Reductionism

20th Century.  Atoms, particles, relativity, 
Quantum mechanics, Prediction of 
Antimatter, Discovery of gauge symmetries: 
a monumental tribute to the power of 
reductionism (Pais).

These expositions capture the beauty 
and romance of discovery                                          , yet they also give 
rise to an impression that the frontier of 
science is purely reductionist                                                ,   and that 
the frontiers lie exclusively at the 
extremes of scale


Dark Energy

H =

✓
 1

 2

◆

Higgs

Gravity Waves



© Piers Coleman 2021

Reductionism

20th Century.  Atoms, particles, relativity, 
Quantum mechanics, Prediction of 
Antimatter, Discovery of gauge symmetries: 
a monumental tribute to the power of 
reductionism (Pais).

These expositions capture the beauty 
and romance of discovery                                          , yet they also give 
rise to an impression that the frontier of 
science is purely reductionist                                                ,   and that 
the frontiers lie exclusively at the 
extremes of scale


Dark Energy

H =

✓
 1

 2

◆

Higgs
10500

String Multiverse

Gravity Waves



© Piers Coleman 2021

Emergence, by contrast, is 
the intriguing idea that as 
matter comes together, it 
develops novel properties 
and unexpected patterns 
of collective behavior.
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``The behavior of large and complex aggregations of 
elementary particles, it turns out, is not to be understood in 

terms of a simple  extrapolation of the properties of a few 
particles. Instead, at each level of complexity entirely new 

properties appear, and the understanding of the new 
behaviors requires research which I think is as 

fundamental in its nature as any other.’'  Philip. W. 
Anderson ``More is Different'' , 1967.
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Each compound is a miniature 
quantum universe, with its own types

of emergent properties. 


The “Quantum Phase transitions”

which separate the worlds can be

likened to black holes in the fabric of 
the phase diagram. 
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1023 qubits
Novel phases of matter
Hi Tc, Topological, FQHE

Possible Generalizations to the cosmos 
eg Anderson Higgs Mechanism
     Superfluidity in pulsars
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