) 7_J mR 2 2 IR




DEZARLP
& T iR 12

REH F

E % R



A FRONTIER SERIES IN PHYSICS

CHAOTIC MOTIONS IN
QUANTUM SYSTEMS

Xu Gongoy

SHANGHATI SOIENTIFIO & TECHNIOAL
PUBLISHERS




RiEmE WEX

g LG
RFRAERD
®E/ ¥
TR R MR IR, 25T
(LSH& T8k 460 B)

Yed 4 A LBETHEY &4 v+a L WEORTEM
FA 850x1168 1/32 EK 7.5 3 4 <% 186,000
10954F 6 AR 1995 42 6 B 55 1 JKEDRY
Hi¥ 1—1,200
ISBN 7-5323-3663-8/0-183

O 14.10 5

(P FEF108 5



mERE

AE3HE T AR B WILRTBH ZRIET 47
Mgk, 2BHNE, HHIERSHEEHRANRILZE
5. BTREEHFROIRK, RPREFLHLAEH
M—EE RS BT ENTHRE BT RENTRY:. HE
SRR RFENEROEN, XBRMIKSH R THE
FRER S TRe sk o vt it EESARPET
EMEBRFATEZRIERESH A THER,. BTFRE
FRSEARENELIE DREMTHEN—EEM,
EPRBMEERAFRANPRRS ZHARERER
ERMMERT BBID WESRWE.

FBES BN BERAREN AT LEENES
Bek A B ik




HEEUERA P REZRR

CE R
EERE W
B B cwrzumm

£ & HFH RNE
BxW ERHK KW
AER Bt BEE
WA B R
Rits MEB RAN
mEE BEE WEE
i



A FRONTIER SERIES IN PHYSICS
EDITORIAL BOARD

Editor=in—Chief Feng Duan
Executive Editor Ni Guangjiong

Members
Dai Yuanben
Gan Zizhao
Ge Molin
Gu Bbinglin
Hou Boyu
Li Jiaming
Pu Fuke
Tao Ruibao
Wang Xun
Zhou Xiaogian

Duan Yishi
Gao Chongshou
Gong Changde
Gu Shiwei
Huang Zugia
Min Naiben
Tang Xiaowei
Wang Kelin
Zhang Qirui



WO B W

RHEWEFIRERELEWAUXNT, FEEHT -2
B, wehBek T X (AHEF), EFHEP
(F—BRABEEE), <BRFEMEED (BEF, DRENEH).
CHRTRUFEBD (FL2H) . HEFFHBRD (HHTF).
CERWEF (HAF. ZRTHE), 4, xBH2A TN
E¥R. URFRARENRAFETF, hR—FUFXTENE
, KEBHRAEERHLS>, RRBR WERINER
EF KO AEFERR VARDHWEFEARREENAN Y
W REFHBRRALE. HBEUHRI>AENT, EdY
E.EAHEABARNE G BAA,

TREAYEMFHRILERGE-NARERT, RIK X
FPREEENRK FACERAFAEZESRGRAKL. AW,
(D EZTUR—AETILXFA, KHENAAERBLTR
AWHE, L —HARERBRAES H TN T Q) 2
BITRARHER OB, L RR RN R LR, R —
MEENRAERANNYG, ERARSENTER R A AR
BEBAREHRREFS: O) EX-HRAHRANF LR K
ARENELT, RNETERFAZARERE IR BEL LR
> BAEL ML, Fl E—ARBEFRANYENE, DEARY
By () EXREMHENELQERFFERRR"AEmEEES
LERKBHRE.,

KMNFL, AABTFRTUENRTERRELERTREY K
PoMEAR AW ABFTELAR, LETEATELHR
R2p B E—REELETHRANES R AL,

11075090



2 B R % s

%Mﬁ&%zﬁﬂ%ﬂ%ﬁfk%i%kﬁiﬁﬁﬁé,&
REFHHKLEH TN E &,

LB ER AR
1992 £ 10



BMED—IFRETNGE, TSR TE—E
RANRERAMELLFHRERERBAHMN. ER M, B
BAANAARNTERR 20 e Y#E ¥ B =R, imHKE
HXHEMB T A%, WRRAITIAK Poincaré B3X TR i 3 3
MBESBAFEIM AEARENRREMZEREE, W5, B
WY B R— AR ARG AE, RERXTHAE B ER—
e, REUE, N RS AN FEN BT IEEBBEHEERAE, —
AAMBRBER T BN RERRABN, HEREERKE
BEHENER XE—FAER, RTREZXPHERRE. R
RTRMEHWE XAEBERE, HiLRBEMIBHEOYHEERT
BERZERBEMNRNERR—HRELNE, ZTEFRZRTR
MR —SBE, BRAENELERL. AEABRNFERTRETIIE
A, N—REBEFENAHRNEEHRNRE. FANNE
TRTRERBAREN, A FIEES IR MBREE R E R
RFEN, Hit, B FREMGFNRY ARG,

P, LR KR HE IR ERIR N, RE TR SRS
HARBPEN T o &R MMRENABEE, HMIRFHIE
BB LR BB B A IR Bt R, BRETFRE
MIRIEE S SR BTIS¥RY T Y OO 00 32 3 T
SEREEN, 48 S R BT ST SR R X e B L T BT 41 B B SR
Wik, 80%, BELSHKRERMN, NERTISERBEHTH
FHR., BHUFRETRFHIFOEERR, #BANBREXS
ELAE, BMBETH¥NERIENE, —ERFRE™KHE



2 )i

B+ &4k, EE RN T SR M B TR e
5, ERSHEX—FRMENESH, BBRENEBEIRES
PR R BT MRS R A B T R AR EIRRE R, AR
o M T RE IS MR AR IO TR IR A0 G VAR M, B AR RS P A R
ERBAERENRTMHES, B BB in
HAFRE—-ERAFRESE, B, MIEEASRELEHL X
HRBTERNTE, S, B7HEREHNSHEENYR
TGS, BN 1917 R ER T, H—E kMR, EE
K, WER T, CREBNETHIEHE, £E5ETEHK
SR, BRI, BAEREE, TP, BFREOHFERT
BT —F R4 B, B EFRNRE.

BT RN AXERE, R 7D A R TR
BIERRBR FMIERIEE R, FHNETRMREEANE
MAR TR THRESEOANE, XHBRNWEEULHRH
B, AERERZT, H—HEERR O MGBE, FOEN TR
AEBHIR R, ZSHERERTEETEIITAE, EEHBY
Gutzwiller () EHBRMAALH, HIR FRISLNBFH 2
BEERKIIE, BT H2EhEEEERE0 R MR
B, W HEE, BB RERE. AEBELREREH
ARE BT R IA B % B IR s R AT S RS — Rk, :

#e REARE H S EERMTR T (FREEYBaRE
BARI LS R FREMETIR BBH D KR 5 E %
), BTN N FEE NS, WRBRTRENERNAE, &
ATEWEhEES, FERE—S— SR REH TN
e, N E AR H %, DRNESREES, BLEER
BTBRAF, XREURTI%ESERNE SRS, BV
FHRRH BB/ H T =0, RBMES X, BAREIHE, B
RREEA. x
ABHNEEXRASN, $—EXNSIRMESET R
AR, BB R TFREREBITRATRE T HRAF, W=




id $

X R FRMEHTPH — LR EET FU SR, X=ZHA
HRISHFE, N TESEHAE, DNREEN, RBEF-4IK
BB, REFRENEETLEEREE. FUERERT
ENERMERUREENR FRUESH RN, RERHA
BHER., EREMEERNREESIRTRTENESRNK
FORRE), FEBIE MORAS B BOSE T B LA S AH B A RE S Bk v
MR (BAR), BR—ST RA—-BHEESIR, HRE
FEME RPN AL MENE TR GELR), URER
PR ENER(BA\R), REEFAEPRMRT
WG A7 TR R L. ‘ :

EMEHER Ay, XERRBEREIYNE, BEMESER
RRARBRI ¥ (XA NF)MBTHE, BIBEF—EE5D
RN T E B R4 K(0800) FRIOBRAW. FHaftyHE
2THERYBRHEAERRERFMNESE,

FHHERBRTEEAFNRELEERN LSRR, £
MRBATENER TR SR, TXE. B RHF, RIS, £
P, ERF.EREFS RSl — B ITE, EERBGEN, B
BB H, EWE. BAREREEFBRBRLRT s FHH
B, BTHEHZRRIR, EBERFEFSARIL WHTENE
EFEENKRETFURE.

rey it
1993428 5



Prefacé

Chaos which comes into being as a mnew branch of
science will undoubfedly fill the gap between the radically
different deterministic and probabilistic descriptions of the
unified nature. Because of this, someone think we are in
the eve of the third revolution of physics of the twentieth
century, the previous two are the theory of relativity and
quantum mechanics. If we consider Poincaré a8 the founder
of this branch of science, one will wonder why it did not
come before the previous two. Indeed sabject matters in-
volved in chaos are just fundamental ones. Especially for a
system with only two degrees of freedom, they are just
essential contents of textbooks of classical and quantum
mechanics. If one is free from such false impression that
all dynamical Systems are integrable and only required to
find the proper canonical transformations, he might be
aware of the involved questions. However, the concepts of
chaos are rather unfamiliar or even in conflict with one’s
previous knowledge, it is not easy for a physist to accept
fully the concepts of classical chaos at the first time, and
would be much more difficult to accept the concepts of
quantum chaos. There exist different, even opposite opin-
ions among the physists working on quantum chaos. Some-
one think that quantum systems cannot have deterministic
¢haos in the same spirit as for classical systems owing tg
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the uncertainty principle. Therefore quantum chaos may
be reas)nably regarded as developing science at its early
Stage.

Briefly speaking, the deterministic chaos of classical
systems is characterized by the instability of trajectories of
phase points in phase space to slight change of initial con-
ditions, the deviation of two meighbouring trajectories in-
creases exponentially with time. Then what will be the case
for chaotic motions of quantum systems? Quantum mechanics
is established to describe motions of microscopic particles,
while classical mechanics describes the motion of a macro-
scopic body consisting of microscopic particles. Therefore
_classical mechanics including classical chaos should result
from quantum mechanics in limiting conditions. It is per-
haps owing to the glorying success of quantum mechanics,
this kind of work escapes from one’s notice. The classical
transition of quantum mechanics in limiting conditions is
not yet fally realized.

In recent years, with the success of classical chaos, the
study of quantum chaos develops rapidly aiming at that goal.
The most popular way is to look for generio chaotic behav-
jors of quantum systems of which the corresponding classi-
cal systems show chaotic behaviors. The numerical results
obtained show that fluctuations of energy and quasi-energy
spectra indeed obey the statistical law. Other results give
some indications to instability of wave packets and also
quantum suppression associated with the localization. But
the dynamical origin of these interesting results is still
unclear. In early days the gquantum-olassical correspondence
was studied by starting from classical systems, the guantization
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of classical systems showing chaotic motions has been raised
'by Einstein at 1917. But this problem is still unsolved.
Recently there appear works studying the quantum-classical
correspondence by starting from quantum systems, this
‘seems to be the more powerful direction. It is reasonable
to say the current situation of the study of quantum chaos
is full of various styles in the same manner as the garden
is full of different kinds of blooming flowers.

Such a kind of situation of the study of quantum chaos
will of course be reflected in books and review articles of
this field. Some of them just gave an overview to the
published articles. This style is not so suitable to beginners
of thig field to them the main object is to obtain quickly a
general understanding of the subject. Some of them dealt
. with a certain topic ‘to some depth, of course this style is
" more suitable to specialists in thig field. The book written
- by Gutgwiller published in 1990 put emphasis on ideas and
examples and singled out the questions that have a bearing
on the connection between classical and quantum mechan-—
. io8. Gutzwiller’s book was welcomed by a wide scope of
readers.Now what can I add to the list of reference books?
1 have to take another kind of choice.

To the author’s opinion based on his recent works
supported by National Natural Science Foundation and Na-
tional Basic Research Project “Nonlinear Science”, it is
preferable to study the basic problems of quantum chaos
with the guidance of the quantum-classical correspondence
principle. Thus, differing from the existant books, I at-
tempt to carry out discussions step by step in a rather
. Systematic way, from kinematics to dynamics, from regular
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motions to chaotic motions. And the discussions are carried
out within the framework of quantum mechanics itself
throughout, while at the same time the quantum-classical
correspondence i8 carefully studied at all steps. I dont
think the final conclusion of the problem has been reached.
I rather consider the publication of the book as a way for
- facilitating discussions and promoting developments.
The contents of the book is organized as follows. In
chapter 1, a brief review is given to classical chaotic mo-
_tions. In chapter 2, the current situation of the study of
quantum chaos is analyzed. In chapter 3, some notions
- important to the study of quantum chaos are discussed in
principle. These three chapters constitute the introduc-
tory part of the book. It is only required to have a gen-
eral idea about the contents of chapter 3 at the first
reading, readers may come back to these matter afterwards.
- In chapter 4, a detailed discussion is made for prop-
erties of the quantum canonical transformation and the
- role as sufficient -and necessary condition for quantum
_regular motions. This chapter serves as the foundation of
"the following chapters. Based on it, we first discuss the
‘breaking of quantum canonical transformations in quasi-
-stationary processes (chapter 5), and statistical properties
under the condition of quantum chaos together with the
statistical theory of fluctuations of energy spectra (chapter
6). Then we go further to discuss the breaking of quant-
um canonical transformations in nonstationary processes
and statistical properties under the condition of quantum
chaos (chapter 7), and the statistical theary of the relax-
atian process leading to statistical equilibrium (chapter 8).
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At last a few words are given to some problems to be dis-
cussed (chapter 9).

As pointed out previously, the subject matter discussed
is quite elementary in character, the prerequisite knowledge
needed is just classical mechanics (including analytical
mechanics) and quantum mechanics. Besides, it is hoped
to have some knowledge of the group theory in connection
with the complete set of commuting observables (CSCO) of
the dynamical group. This book can be used as a reference
book for physists in various fields and also graduate and
senior students of physics.

The completion of this book is much benefitted by
 recent works of my group. Among the collaborators are
Yang Yatian, Fu Deji, Wang Wenge, Jie Quanlin and
Gong Jiangbin.Ren Zhongzhou, Wang Rongping and Wang
Nengping have also taken part in some works. The author
should acknowledge professors Ni Guangjiong, Gu Yan, Zhao
Yizhong, Wang Shunjin and Feng Dahsuan for their help
during the completion of the book. The author would also
like to thank the editor Mr. Dai Xuewen for his painstaking
work and intelligent collaboration. Due to the limited
knowledge of the author, there exist inevitably defects in
the book. Oritisims from specialists and readers are warmly
weloomed ,

Xu Gongou
Aug. 1993




