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Abstract: What if the second law of thermodynamics, in the hierarchy of physical laws, were at the same level as the fundamental laws of
mechanics, such as the great conservation principles? What if entropy were an intrinsic property of matter at the same level as energy is universally
understood to be? What if irreversibility were an intrinsic feature of the microscopic dynamical law of all physical objects, including an individual
qubit or qudit?

This talk will show how positive answers to these questions need not contradict any of the known results of quantum mechanics. We construct a
logicaly consistent, mathematically sound and definite, physically intriguing, non-relativistic and non-statistical quantum theory, in which the
second law of thermodynamics is embedded as a fundamental microscopical law. The theory hinges upon a nonlinear extension of unitary
Hamiltonian dynamics which for uncorrelated and noninteracting systems reduces to the usual Schroedinger equation for the zero entropy states, but
in general generates a group (not a semi group) of irreversible time evolutions, where the non-Hamiltonian entropy generating term in the evolution
equation attracts the state towards the direction of maximal entropy increase. Various examples and features of this highly non-conventional
dynamical theory are discussed. References available at http://www.quantumthermodynamics.org/
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Features of the resulting theorv
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Traditional construction

Mechanics: Classical

Homozeneous

preparation of a syvstemn
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Mixed density operators have multiple
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Quantum Statistical Mechanics, for a single isolated
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Isolated two-level system, standard Quantum Mechanics
Hamiltonian.n® h
r(r) Bloch sphere.

Enerav. E =no h-r(f) & r= |r| —
h
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Isolated two-level system, Quantum Thermodvnamics
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Desiderata for a general dynamical law (isolated system)
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Desiderata for a general dynamical law (isolated system)

. d
Fnerov conservation. — (S »e J=0
o gt ="

. d |
Entropy nondecrease. T‘— > plnp )20
At SRS _

Probability conservation. p. = 0. -

Energy, Eflw

canomical distributi on




Desiderata for a general dynamical law (isolated system)
Mot ot B D) Reformulat e in terms of 7
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Energy, Efw
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canomcal distributi on




Desiderata for a general dvnamical law (isolated system)

. d
Energy conservation. — Y
dt —
d

Entropy nondecrease. — =4 . N

p.lnp. |
dt i

| |

) L

Probability conservation. o = 0. (N
) ' at -

Energy, Elw

canomcal distributi on




Desiderata for a general dynamical law (isolated system)

Mod Phys Leti A 20. 977 (2003

Reformulat e in terms of

s 3

de —

Energy, Eflw




Desiderata for a general dynamical law (isolated system)

Mod Phys Lett A 20977 (2005)

Reformulate in terms of » = J1

Bifes

Foreach value of £ = N !
there must be one and only one
stable equilibrium state ( 2nd law)

| Wwith canonical distribution

expl—c, £.7)
N expl—¢




Equivalent variational formulation
Gheorghm-Svirschesskn. Phys Rev A 63, 054102 (2001) [n terms of
quant-ph 0112046

LS e J=0
aJg = .

steepest -entropy - ascent dvnamical ansatz
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— i the direction of max subject to
dt Jt

vhere © > () depends on »




Equivalent variational formulation
Gheorghm-Svirschessky. Phys Rev A 63. 054102 (2001) [n terms of
quant-ph 0112046

d '
= x lT P ]: ()
\ artational formulation ¢ dt = '

= ] ‘.*lIb_iCx;[, to I‘_—l{— k- Tl | § Bl ]E ()

dt

steepest -entropy - ascent dvnamical ansatz

B _ ) dS dE

— m the direction of max subject to

dt :
dr- 1

and = —where © > () depends on »
At =

— i TR

s Peometsr Insooue, Warsrioo, Canada MNowember 2, 2007 - References available at: wew.quantumthermodynamics.org




Equivalent variational formulation

Gheorghm-Svirschevskr. Phys Rev A 63. 05H 02 (2001) [n terms of 7

quant-phy 0112046

\arnational formulation -
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J Maih Phvs. 27 305 (1986). review . quani-ph-01 1 2046

Stability of equilibrium states and second law

as there are zero elgenvalues ot p.

equilibrium states and limit cveles are nnstable.

il T =rimeter Insorue, Watsroo, Canada. Nowember 2 2007 - Refercnces available at: wew.quantumthermodynamics.org




The two ansatzs of “Quantum Thermodvnamics™

* The second law 1s torced directlyv into the microscopic laws and
emerges as a theorem of the generalized dvnamical law (stabilitv
of equilibrium states)

» Entropv emerges from the microscopic level as a measure of the
degree of “load sharing™ among the energy levels. The higher the
sharing the lower the energyv available for conversion to work.

» Irreversibilitv emerges as a manifestation of spontaneous internal
load redistribution among the imtially occupied energy levels.




Time dependence of energyv-level occupation probabilities

i

An arbitrary mmtial
distribution (state)

G P

0 J e R e R |

Phys Rev-E. 73. 026113 (2006)




Time dependence of energv-level occupation probabilities

The trajectorv passes

verv close to an

unstable equilibrium state

An arbitrary imtial
distribution (state)

OO0 O
BOLIMN —

Strong causality:

Phys.Rev E. 73. 026113 (2006)

Bl T-rimeter Insome Waterloo, Canada November §




Internal dvnamical structure for a 4-level system

Phyvs Rev E. 73. 026113 (2006)
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Internal dvnamical structure for a 4-level system

Phys Rev E. 73. 026113 (2006) ), eXpl—p" (L. 0) ¢
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stable equilinmum states




Standard Time-Energyv Uncertainty Relations
Tt ] N Pt Ton e i B - NI 1

quant-ph 0511091

== i?en;imferlnmm, Waterioo, Canada Nowember 3. 2007 - References available at: www.quantumthermodynamicsorg




Standard Time-Energyv Uncertainty Relations
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Steepest-entropyv-ascent uncertainty relations

quant-ph-0511091




Steepest-entropv-ascent
quant-ph-0511091 uncertainty relations




Time dependence of energy-level occupation probabilities

quant-ph-0511091
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time-entropyv
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Affinities and dissipative rates of change

\nv nonequilibrium p car

D expl— Z




Found Phyvs . 17 363 (1987). review m quani-ph-01 12046
Generalized Onsager conductivities and reciprocity

quadratic form of the generalized afhinities.

ds
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NO-SIGNALING CONDITION AND LOCAL EFFECTS OF CORBELATIONS
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Measurable effects?

s

atomic beam
( diluted)
(near stable eql.)

[}

Llaser beam ( pump

resonance  detuned |

s O O O

[ Ln

IntJ Theor Phys.. 24 1233 (1985)
s G.P. Beretta,
Peomerer Inscoue. Watsrloo, Canada Nowember 2 2007 - References available at: wew.quantumthermodynamics.ory
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Uniting mechanics and statistics

An advenrurous scheme which seeks (o incorporate thermodynamics into the quantum laws of motion
may end arguments about the arrow of wme — but only if it works.

\',_'-_:_;:';1; mechanics and statistics

None of this implies that the arguments
about the reconailiation between micro-
scopic reversibility and macroscopic ir
reversibility will now be stilled. Indeed,
while for as long as the present justifica-
non of the basis of statistical mechanics
hoids water, there will be many who say
that what Beretta er a/. have done 1s strnict-
ly unnecessary. But this is a field in which
the proof of the pudding is in the eating.

John Maddox

o Peomerer Insoome, Wassrioo, Canada MNowember 2, 2007 - References available at: wew.quantumthermodynamics.org
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Separability: structure of the equation of motion for...

!

...an indivisible svstem

...a composite system
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