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Abstract

We consider the long time behavior of a quantum particle in a 2-D magnetic
field which is homogeneous of degree —1. If the field never vanishes, above a cer-
tain energy the associated classical dynamical system has a globally attracting
periodic orbit in a reduced phase space. For that energy regime, we construct
a simple approximate evolution based on this attractor, and prove that it com-
pletely describes the quantum dynamics of our system.

Keywords: classical an an na ics I n an an ic 1s as ic
¢ I nss
e S e EX] o: 1 a scn a
Cn fo Ma a alP and So a ,fndd a an fo Dan Na onal

R a o nda on.



i nsi nal 1 an ic a il nians

lassical ¢ anics: li inaisan ain s s
na aci a an ian ani 1
lassical ¢ aisn na icsan as icc
an c anics: li inaisan ain s ls
a ¢ a ianc a a san niai
las an as classical si a
is nc a i icsl in
i icsl ins 1
classical si a a
ini al 1 c n : aicl la s 11in
sa a
is sii la i s
S a n a an na

i nal an a il n ac 1 aln
i ilcaliain

classical ¢ aisn na ics
n nc 1 ¢ n an
n nc in s n an
n siain classical as icc I nss
si a a
ns c¢in a 1 a l in
a in ain s | a
1S nc
in incl si n an
i inaisan | S an la
nc all an 1in al aln s
aia 1ci n
ini al 1 ci n

is 1 cali a

ii



isn 1 cali n n ai ais
is1 cali 1

iscl s
an si n
aain si a s
a in siin
si ain
is n iai

aaln si a

iii



classical a icl ina an ic 1 is sci a il nian

an ic 1 is ain C n ial i 1 niain
n is a S classical an an na ics a
1 nsinal a icl ina an ic 1

— c s sin
a In S in 18 ic
li
an nc insca in ca a in S S lin
a ca ic can  ass a las S an n 1is
i a i ann C ns an an a
c n ial sa is in is a il n an las cns ain
la s
— ns - — - - ns
— i an la n an is n I s aal 1is
a cnn a n in as s ac n il an 1 n anal
C S n in an a il nian an s aiss ¢ is in
ns in ails s
n an c las n as as n n inanal in
an | i 1 inan 1 mnsin
i i n n slsin iscas isl is nc a
isc n al sls an S ic l inc inanin 1 a
ln an scala n ial C aisn mna ics s in cns ¢ a a
a S S n 1isa n lla na ics S ic
c I nss as an sin s alna s in a
na iin nin S ic als incl s
In an scala n ials a a sin a c¢cns c sin
Sailna i S al 1aa s ails cnl an
aa isi is 1 in an als in sia s ¢ al is
¢ S n in sca in a i
cnl cas as in sia SS an all in

1 an ic ¢ in an 1ac a s 1S nc



an ¢ Il n ss ina 1 a s l in mnss i n n

a ac n icla an in a c in |
sin saina sca In ina iin all s an scala
nials mnss s n i ¢ in s 1 incl I n an scala
nials iin asi 1 iS nc an as ic ¢ I nss
i lla a a s icain nl ss scala an n
C n ials nin a s sls can n c
as a ic la cas s n al s lsin
cas 1 n ca n c n ial sn a a a
in i a i ila 1 s i n s l ¢ ic n ial
a n ¢ nsi a s in s als a la
ass 1l l s an as in n S cas s a il nian is |
is n n ni s n ic ai
classical isin issi ainis a a n all a in i ¢cins
in ic asl cal a in an cas lcal ai aan sa 1 in s
a cl nc 1 a c isa as icall s ai
ai i nsinal an iccas i ns
i n a las cas a in is a SS a a i na
an ic 1 ic 1s n s si ni isci 1s i n
classical issain si ni isc all la

a
a an as sia i lin a i aial lciis n all
C sii nc S is in ni a a n isc ns an
als ili in ill i n 1 ail anal sis n
a 1inalcniin a iss icl n ai asi ila anal sis a n
S s a as ic isa 1 ai icsialsan n as
icall s ai as in n ial cas can n 1 i
cnsi ainsi isn c nsan
ain al a is ns a anal S al in an
canics na Il in a il s cas in ic as S an
in a ic la cas la cas classical sca
in isa ac a 1 cinin ic n can ssin
is 1 n S ai a cc : s a c 1isa an
a al lin s n S il s illsial
a in icains s a si ila slsin 1 nsins i an
al an anal sis a ¢ lica
S s ¢ nsis s a classical a icl ¢ n n a lan an s C

a an ic 1 ic is ass n s s s al



1S nal lan in ic a icl ss i as nl n nn

c nn 1 n ic 1S ass a
1S S an n ai ass cia ans s an ic c n ial is
sin C s
C s n in classical a il nian ncinis in la ¢ mna s
— is aial lci an is can nical an la
n a il n alns an a
a il n al ns an a
an
s in c ans s I ci - ic S ai ns
inc in s n n n n 1S ¢ ns als na il n
a ¢ n as
il n isc ss ai s sls ain in classical a a
1 n in insic in S S as ialn ain sl in an
Cc anics s |
n n cn alns ac
an c¢ nsi ncin

in cC as lcic n 1 n



n

- ic 1s

cns ¢ asl in n n ain
in a il n ac i ain s cin ails
nsi ass cia a an ian ani I
n isin aian n c s nin ic n s ic can
i n
1 nasais in c s isna al as cl sl an
i 1inain isa i a sl inmns al ns S in
cin a isa aci all n isa ac ain s 1
cis 1 ass a isasl in S 1 i n
ic is s all n an aniis
a all as an nc ans
n a s S a c lica a s lanc ain in
cin a iss icl inc asin an sl ai icall in 1 isall s
S ¢ nsi alsasa ncin an 1 an n all
a
In
isa sii inc asin ncin an is i icin
n an n can a " a ac sa sii
Cc ns an n inc ass in ni i in n n
is ain s call 1 ai ics ial
n a I a ical in al c S n 11 a il nian ¢
can la ¢n ainsac is i n 1



ia a cnsi ains in ¢
is as S a a il n ains ain
S S in na ics  an ¢ inci n
in s 1 a nin a na ics n a
a i a al n
n ain n na n
n a iIS n i an ac s as
n a is n an
i s classical s I i ns na ics
n in s lici 1 1in
as ains a
an 1 sin aln
ac infialcniins s inc in
lassical as ic c I nss | is nc
i
an Ii i sns iniial aa ns 1 in na
in a a i1 ain an i
| n is nc a li 1
la an is nc
li
cs n cn ains ac S
ains cn ainsac a in a ¢
na an a ¢ ns nl n s sa
n in in s ain si i in
n li iin an call n i
aisan anl s cil n i1l n in ic
i s s 1 a a 1 ain cn ains ac c
ia i siin ails
ia i sclassicalc n a ¢ s a an ic c

sin ¢ S

ics

¢ inci i
nc call
S 1
ailns
iIs ail 1 s
n a
n 1is
a
1 C |
n ac
1 an si
as ic
isli i
nn
n ial n



iIsas C ncin al
1 - 1c a 1S n s
c S n in an ic | is n s
classical a il nian n C S
ic is ssniall sl a in n i
an la n
ill ni ni i
S an a n a il nian a
ill s a isan as si a
ascn a a
i in lai 1 ¢ ac S
a as ¢ al ns l in la c ina s
sin C s is's
S ain
1S C aininica s a a a
i S as a in classical cas s
isn ¢ ns an can | n
in 1 cn a a n ic a
siin classical si n iscn

1 - an al n
si ni isc il
an a
ain n
ni a ans aln
S
1 n a ila i ns
classical ¢ n a n
n ains
an ¢ acl s n
iIn sa s a as
ills in c¢cin a i
ciical n sin a
n iscnsan S
a a s



nc acc in

S in al isas s as
1 1 ¢nin ss ¢ an sn cnainsin la ¢ nin ss ¢ Ssi
1 i nal sin isin al a isc an a a S acc la a
in c ac alsn na ics 1 n a aniailn
S 1 si ila a i a na ics as s in is
na icsis ia a la n in C aa s als an
can n a a il 1s 1s
S an
is ac lan inan a isin al scan s aials ic
a s an is
i is ¢ ais n na ics a 1S nc 1 ¢ a a
n an ¢ I nss s a a S a n
a n al sl incl in s an almns:
eoe y e e 0 ow
se s dde e Yy 0 er orsw re y  erse
Ii
Ii
a 1S nc as ic s als n n S
i
i
n ain Sl ni s lilicain a an li anss n
sl n i i S a S can Ss 1In S a a s
S n an anal s classical as ic alsan
an 1 an isc ss i sl ails s
n cas sn n n a s 1 n
an C ill i n sl an la as
— — _— — —1In
in is cas in is in

¢ ns an in



is icall C

aisn na ics S S an ini ial s a
s c¢inl i n al n in al ¢ S ic a s ials in
c n cc is in ni i als i nal an an 1 1 nal
In ¢ s als an lal is ic iscn
in C ns an cas S ic ¢ I nss ans a an s a i
1 n n can as icall in i as a s siin
ansla sal n s 1 ai ics i als
S
sin an a n si ila n ic 1 in a a s s
canals i ana ia na icsa n ai i s s cin
ails an ¢ ns nl n s inc in a a s n an
can s n a as nialil n an isis
in s
nn 1iial ac a n s S n s siin iIs a
n ai 1 sis sa as a sii i s n i 1 a is
I s i sal in a ianc i sn s n ac i in a ianc
is 1 n i a an ic 1 i S i is n
i S lci is c is 1 n nl a
scala, n ial n sa is ns ains i isa an ic
| isals n s c an
nc a i n as is nia n a
a s a asi 1 ans ainla n a i in n n a ans
ain
an
n
I s a a i is a in a ian
n a S isn as ic n an cn c a
s n is a a an as ic n iss is | an
a n n s in a a na icsis a aila 1 is a 1iall
ia s ¢ ic a i a na ics ic isn n S in
ac aai isc ssi n ai s S a a sas s in
an S



ain in s in iss c¢inis in s call sca in n 1is an
S In 1 ai an classical 1c S n in Sc an n
ill s a a is a s 1 a ic insa si |1 il
I 1 a c lica
ass a issa a a iina all sii i s i
ass a in isscin a an ic 1
all C scin
S s n ic a al as a a a1 al 1d n asani ia
ns nc n cns ain ic i s ~ an ils
s all s a i nn nl S aicl 1a iin
als a a sii 1 n is 1ac cis 1 S a
i iss cinl la S
ac i a ¢ i 1ai sin an
in ain ain
ic las cncl sin a s cinl la s a alas
n in si n can Sssi as an in c iin ainin

ans s I ci

a I in 1 caliaina la 1 s
in a e oreery r e oryo e ery
eree S8 S e Yy res
in a
al a n a la n aial 1a isnn
1 an ass a 1

i S a 1S S



S ¢c a in a n 1 ass cn a

ans a 1 a in n
si ain i lis a is ¢ asin an
il in scn si ain i lis a isinc asin an 1 n
as ai n an in n
sin S a 1n cas s aiainin isl ai icin s cann
n
sin an cas can n 1 in a S
a ill sa in sa cls in al all 1 s SS n
cn a a 1S s S C a a n in 1a
al is acl n in
a a
an al 1 1a 1S nc —
iIc ¢cn aics ic sas a — as sa sl nas
nasi ila a n S a cann c lss an in an
an a n
a n c¢ ncl a als a a ini al 1 ci n a is
s cinl s all is s la n S c a a
1 S cniin
a
n i an ¢ ns nc a is a ans S I ci
n all ill sii sin is ac a SS i aial
S alnin asa ncin an in c1in ainin n ai
n all 1a S cnsi ailns ans an in
as s ains 1 as aial an



an

ic a 1S 1 n ass in a
S 1n n 1isi S | a ai alsl ins
n nin n infialcn i1 ns s all nl in
n in ac i icsl ins s ills s | a
i ics1 1 ns n S n 1is
lal sin 1 ailn
1S ialn 1 nl ¢ nsi sl 1inmns 1
si i
i S an in S'S an | a
cC sn an n
1 s ci ini ial a a
or e ery in e S0
s ys es e er or
as n as in a S ass n cn a
S C a 1 in
la s a n in a a
s ci 1 n i lis a
ic clal ¢cn aics
a n c¢ ncl a a in
in in
asa las n in s issa las n i
n anal sis si ila n i S S
in an a a ain a a
1 in aian a a in n ac n s 1 sa
i icsl in ic sn si in a
nn i ic sl ins ill an 1 1c n
n an i icsl in aln

aa n 1
S in 1 all

ics 1

in

Si n as
all

il n

a a 1

s icl

ini ial an 1

alalsl in

in

in
an c¢ ic
al is
is nl n
all 1 al

cniins



ere se yo es S0 0 d o eys

an : in a
1S nc asl in 1 al s in I s 1 s
cnsi ains nsi an sl in sa aln ic a n
1 ic sa in a SS a is
an n in C inc
ain can 1 nas
ic a S n cns ainin ain scn Ssl n




















































































































































































































































