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OVERVIEW AND SUMMARY

¢ FORMWLATION oF PROBLEM
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INTERNAL WAVES OF S-WAVE




s-waves: free particle and hydrogen
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| FREE PARTICLE : CLASSICAL MECHANICS
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FREE PARTICLE. : CLASSICAL ENSEMRBLE
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On the Quantum Correction For Thermodynamic Equilibrium

By E. WIGNER
Department of Physics, Princeton Universily
(Received March 14, 1932)

The probability of a configuration is given in classical theory by the Boltzmann
formula exp [— V/hT] where V is the poteatial cnergy of this configuration. For high
temperatures this of course also holds in quantum theory. I'or lower temperatures,
however, a correction term has to be introduced, which can be developed into a power
series of h. The formula is developed for this correction by means of a probability func-
tion and the result discussed.

If a wave function ¢(x; - - - x,) is given one may build the following
expression?

P(xl:'°':xﬂ;Pl:"':Pﬂ)
1\" p=
=<E)j: '"fdyz‘"dyn'fb(x1+y1"'xn+yn)*

V(%1 = g1+ - %0 — yu)edilnavetec+omrad/h (5)
and call it the probability-function of the simultaneous values of Xiv v Xy
for the coordinates and #, - - - p, for the momenta.

* This expression was found by L. Szilard and the present author some years ago for another

purpose,
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Quantum Optics
in Phase Space
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S-STATE: W
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* J.P. Dahl, S. Varro, A. Wolf, and W.P. Schleich, to be published
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SHELL WAVE FUuNCTION
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Interference acceleration of a free particle*

VJ. P. Dahl'?, A. Wolf', and W. P. Schleich'-**

! Abteilung fiir Quantenphysik. Universitit Ulm, Albert-Einstein Allee 11, 89069 Ulm. Germany

? Chemical Physics, Department of Chemistry, Technical University of Denmark, DTU 207, 2800 Kgs. Lyn-
gby. Denmark
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VOLUME 89, NUMBER 6 PHYSICAL REVIEW LETTERS 5 AUGUST 2002

In- and Outbound Spreading of a Free-Particle s-Wave

L. Biatynicki-Birula,"? M. A. Cirone,” J. P. Dahl,* M. Fedorov,>* and W. P. Schleich®
!Center for Theoretical Physics, Polish Academy of Sciences, Aleja Lomikdw 32/46, 02-668, Warsaw, Poland
2/lhEvreilr.mg fiir Quantenphysik, Universitdt Ulm, D-89069 Ulm, Germany
3Chemical Physics, Department of Chemistry, Technical University of Denmark, DTU 207, DK-2800 Lyngby, Denmark
“General Physics Institute, Russian Academy of Sciences, 38 Vavilov Street, Moscow 117942 Russia
(Received 17 October 2001; published 23 July 2002)

‘We show that a free quantum particle in two dimensions with zero angular momentum (s wave) in the

form of a ring-shaped wave packet feels an attraction towards the center of the ring, leading first to a

contraction followed by an expansion. An experiment to demonstrate this effect is also outlined.
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Attractive and repulsive quantum forces
from dimensionality of space

1 Biatynicki-Birula'?, M A Cirone', J P Dahl'?, R F O’Connell*
and W P Schleich'

! Abteilung fiir Quantenphysik, Universitit Ulm, D-89069 Ulm. Germany

2 Center for Theoretical Physics, Polish Academy of Sciences, Al. Lotnikow, 32/46, 02-668,
Warsaw, Poland .

3 Chemical Physics. Department of Chemistry, Technical University of Deamark. DTU 207,
DK-2800 Lyngby, Denmark

4 Department of Physics, Louisiana State University, Baton Rouge, LA 70803-4001, USA

Received 19 January 2002
Published 29 July 2002
Online at stacks.iop.org/JOptB/4/5393

Abstract

Two particles of identical mass attract and repel each other even when there
exist no classical external forces and their average relative momentum
vanishes. This quantum force depends crucially on the number of
dimensions of space.
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PHYSICAL REVIEW A, VOLUME 65, 052109
Dimensional enhancement of kinetic energies

W. P. Schleich' and J. P. Dahl'**
'Abteilung fiir Quantenphysik, Universitét Ulm, D-89069 Ulm, Germany
2Chemical Phym,r Department of Chemistry, Technical University of Denmark, DTU 207, DK-2800 Lyngby, Denmark
(Received 27 December 2001; published 18 April 2002)
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EPR correlations and EPW distributions

Dedicated to Professor E. P. Wigner

When W happens to be initially nowhere negative, the classical evolution
(7) preserves the non-negativity. The original EPR wave function®

o((q, + 3q,) — (92 —390)), (8)
assumed to hold at t, =t, =0, gives
W(41:92,P1,P2,0,0) = 8(q, — g, + 4o)2n8(p, + p,) (9)

This is nowhere negative, and the evolved function (7) has the same
property. Thus in this case the EPR correlations are precisely those between
two classical particles in independent free classical motion.
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ENTANGLEMENT OF FORMATION
PARKER et al. PRA 6l , 032305 (4000)
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ENTANGLEMENT VERSWS NEGATIVE WIGNER
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IMTERFERENCE OF PLANE WAVES: D-DIMENSIONS”
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ODD - EVEN" DIMENSION.S : s-WAVE
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2. Welche Rolle spielt die Dreidimensionalitdt
des Raumes in den Grundgesetzen der Physik??)

von P, Ehrenfest,

» Warum hat unser Raum gerade drei Dimensionen ?1) oder
anders gefragt: ,,Welche singuldren?) Vorkommnisse unter-
scheiden die Physik des R, vor der in den iibrigen R, —
So gestellt, sind die Fragen vielleicht sinnlos, jedenfalls fordern
sie zur Kritik heraus. Denn ,,ist‘‘ der Raum?, ,ist'* er drei-
dimensional? Und vollends die Irage nach dem ,warum‘.
Auch: was mufl man unter ,der‘* Physik des R, oder R, vere
stehen ?

Ich werde nicht versuchen, diesen I'vagen eine minder
anstoBige Form zu geben. Gliickt es, nur erst mehr und mehr
singuléire Kigenschaften des Ry aufzufinden, dann wird schlie -
lich von selber deatlich werden, welche ,,verniinftige** TFrage
sich za der gefundenen Antwort konstruieren liBt.

§ 1. Schwerkraft und Planetenbewegung.

-Was die Bewegung eines Planeten um cinen Zentralkorper
betrifft, so kann man feststellen, daB ein charakteristischer
Unterschied zwischen R; und R, einerseits und allen hoheren
R, andersecits besteht, was die Stahilitit der Kreishahn be-

1) Auszug aus der gleichnamigen Abhandlung in Versl. d. Ak, v.
Wetensch. te Amsterdam 26. S.105. 1917 (Sitzung v. 26. V. 1917)
= Procecedings 20. 8. 200. — Die interessante Bemerkung, dic H. Weyl
kiirzlich iiber dic Vierdimensionalitit der Raum-Zeit-Welt gemacht hat
(Gravitation u. Elektrizitit. Sitzungsber. preuB. Ak. 26. S. 474 oben.
1918; Neue Erweiterung der Relativtheorie. Ann. d. Phys. 59, S. 133
Mitte. 1919), veranlaBt mich, hier noch cinmal meine Bemerkungen
zusammenzustellen, obwoh] ich mir dessen bewuft bin, daB sie sehr -
clementar sind und einzeln genommen den meisten gut bekannt sein
diirften. Aber ich hoffe eben, daB viclleicht andere dann einen Anla8
finden werden, reichcres und besseres Material zu dieser faszinicrenden
Frage vorzulegen. '

2) Vgl. hierzu ,,SchluBbemerkung 1+,






R ADIAL WAVE FUNCTION
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GOUANTUM TFicnmous POTENTIAL
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QUANTUM FICTITIoOUS POTENTIAL
CONNECTED TO SPIN 2
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