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SIRI SIRININLAKUL : RIGOROUS BOUNDS ON THE GROUND-STATE
ENERGY FOR MATTER AND ITS STABILITY. THESIS ADVISOR :
PROF. EDOUARD B. MANOUKIAN, Ph.D. 395 PP. ISBN 974-533-526-6

STABILITY OF MATTER/ THE SPIN AND STATISTICS CONNECTION/ INFLA-
TION OF MATTER/ CLUSTER PHYSICS AND QUANTUM THEORY OF VERY
LARGE SYSTEMS/ MATTER IN BULK.

A mathematically rigorous analysis is carried out of theéb#itsg of matter in
bulk by invoking, in the process, the fundamental Pauli @sidn principle which has
far reaching consequences in nature relevant to our woddloThis, we derive several
lower and upper bounds for the exact ground-state energy as functibttse num-
ber N of electrons and of the nuclear charges. One of the lower doobtained is
based on positivity properties followed by deriving a loveeund for the expectation
value of the exact kinetic energy of the electrons, invajvdlome power of the integral
[ @*x p?*(x) (ap?®(x)—law), wherep(x) is the electron density f d*x p(x) = N, while
another traces the classics Lieb-Thirring approach, wiidimowever much more in-
volved, based on thg?/3(x)—law, followed by establishing a “No-binding Theorem”,
leading, in the process, to a lower bound to the repulsivetrele-electron potential en-
ergy. The upper bounds are based on specific constructigdhsappropriate choices
of trial wavefunctions for the electrons. One upper bounbased on localizing the
electrons inV non-overlapping ordered boxes, with th@uclei centered at the origins
of the firstk boxes, while another is obtained by introducinginfinitely separated
clusters consisting of £ hydrogenic atoms with nuclear chargége|, ..., Z;|e| each
containing one electron all in their ground states, GNd- k) free electrons with van-
ishingly small kinetic energies. We learn, in particuléigttas more and more matter
is put together, thus increasing the numbenf electrons, the numbér of nuclei, as

separate clusters, would necessarily increase and nataailgifuse together, and their



Iv

individual charges remain bounded, i.e., N — oo, implies that ¥ — oo, and no nuclei
may be found in matter that would carry arbitrarily large portions of the total positive
charge available. We prove the inflation of matter, as N increases, by showing that
the infinite electron density limit does not occur, and that for a non-vanishing probabil-
ity of having the electrons in matter within a sphere of radius 12, the latter necessarily
grows not any slower than N/ for Jarge N. No wonder why matter occupies so large
a volume ! We also establish a non-zero lower bound for a measure of the extension of
matter. Due to the overwhelming interest in recent years in physics in two dimensions,
we prove rigorously the stability and inflation of matter in two dimensions as well. Our
methods of analyses lead to new estimates on matter when the exclusion principle is
revoked dealing with so-called “bosonic matter”. In particular, we show that if defla-
tion occurs, upen the collapse of such matter, then R necessarily cannot decrease faster
than N—1/3 for large N. Although the mathematical intricacies and the corresponding
intermediate estimates turn out to be quite tedious and involved, generating a forest of
formulas, the final results are expressed in terms of stmple expressions and are readily

physically interpreted.
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