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Computation

Information and Physics
Every computational process proceeds in a physical system

Today’s computer use classical physics

“Classical Computers”
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“All computable functions are
computable by Turing machine.”

Die Church-Turing Hypothese

Eine Version:

Computable: algorithm exists that terminates



N-bit register

N qubits

Step 1

Models of Computation

Step 2
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Cooler Computers

kT “Brownian Motion“
Switches become unstable

If this trend continues,
quantum effects will domi-

nate in 10 - 20 years



Maxwell’s Demon
If we conceive a being whose faculties are so sharpened that he can
follow every molecule in its course, such a being, whose attributes
are still essentially finite as our own, would be able to do what is at
present impossible to us. For we have seen that the molecules in a
vessel full of air at uniform temperature are moving with velocities
by no means uniform... Now let us suppose that such a vessel is
divided into two portions, A and B, by a division in which there is a
small hole, and that a being, who can see the individual molecules,
opens and closes this hole, so as to allow only the swifter molecules
to pass from A to B, and only the slower one to pass from B to A. He
will thus, without expenditure of work, raise the temperature of B
and lower that of A, in contradiction to the second law of thermody-
namics.

James Clark Maxwell, Theory of heat, 1871



Maxwell’s Demon



Maxwell’s Demon



Reversible Copy



Mechanical Fredkin Gate



Reversible Gates



S. Lloyd, Nature 406, 1047-1054 (2000).
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