
Physics in 100 Years
Opportunities and Challenges



Unifications
The Grand Tradition



Why seek unification?



Answer 1: Success stories!!

space and number; geometry and algebra (Descartes)!

celestial and terrestrial law (Galileo, Newton)!

mechanics and ray optics (Hamilton)!

electricity, magnetism, and wave optics (Maxwell)!

space and time (Einstein, Minkowski)!

wave and particle (Einstein, de Broglie)!

reasoning and calculation (Boole, Turing)



Answer 2: Isn’t it pretty to think so?



Unification I: Forces and 
Substances (Separately)
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Unification 2: Force 
and Substance











Unification 3: Space-
Time and Matter





quantum gravity - more material?



infinitesimals!

- why not?



gravity waves: a new window!

or several



Unification 4: Evolution 
and Origin



How could what is perish? How could it have come to 
be? For if it came into being, it is not; nor is it if ever it 
is going to be. Thus coming into being is extinguished, 
and destruction unknown.  -  Parmenides



This world, which is the same for all, no one of gods 
or men has made. But it always was and will be an 
ever-living fire, with measures of it kindling, and 
measures going out.  -  Heraclitus



Kepler (Parmenides) versus Newton (Heraclitus)







Relativity: space + time → space-time!

More comfortable with Parmenides!





Unification 5: 
Information and Action







Unification 6: Quantum 
and Symmetry



[xj , pk] = i~ �jk

[T a, T b] = ifab
c T c



Unification 7: Mind and 
Matter







Baryon decay will be observed, and lead to a rich 
phenomenology.!

Supersymmetry will be observed, and lead to a rich 
phenomenology.!

The nature of the dark matter will be revealed.!

Tangible consequences of quantum gravity will be 
identified, and observed.

axions



New kinds of numbers, including some form of 
infinitesimals, will be used to describe space and time.!

Gravity waves will be observed, and become a 
powerful tool in astrophysics and cosmology. 



The fundamental laws will no longer separate into 
initial conditions and dynamics.!

Information will appear as a primary ingredient of 
physical law.  !

Quantum mechanics be formulated as a fundamental 
symmetry principle, and integrated together with other 
such principles.



Biological memory, cognitive processing, and emotion 
will be understood at the molecular level, comparable 
to our understanding of heredity and metabolism 
today.



Technologies
“Indistinguishable from Magic”



Enhanced Sensoria













Making Things (Micro)



molecular design



manipulating nuclei, like atoms 



Making Things (Meso)



3D, fault-tolerant, self-repairing computers!

self-assembling and self-replicating “bio-machines”



Making Things 
(Macro)



whole-planet brains (Stapledon) 



whole-sun energy gathering (Dyson) [250]



Quantum Minds



expanding the quantum sensorium, by exploiting 
projection and entanglement
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Interference possible when alternative paths can’t be 
distinguished.  !

So: Erase the evidence!





quantum notions of history, inference and causality



quantum AI!

embracing contradictions!

manipulating time



Changing Minds



distributed intelligence!

(spatially) expanding sensorium



With understanding and growing power, perhaps wisdom: !

creative humility!

complementarity 



… to myself I seem to have been only like a boy playing 
on the sea-shore, and diverting myself in now and then 
finding a smoother pebble or a prettier shell than ordinary, 
whilst the great ocean of truth lay all undiscovered before 
me.!
!
— I. Newton




