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Classical and Quantum Dynamics of a Periodically
Kicked Harmonic Oscillator

Yang Shuangbo Wei Dong
( School of Physics and Technology Nanjing Normal University Nanjing 210046 China)

Abstract: This paper studies the classical and quantum dynamics of a periodically kicked Harmonic oscillator system. It
is found that as we increase the kicking strength « and fractal takes place in classical phase space the eigenvalue distri—
bution of the one step time evolution operator will diffuse toward the center of the unit circle from on the unit circle.
When the eigenvalues are normalized the normalized eigenvalue distribution will back to on the unit circle.
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Fig.1 (a -e) Stochastic web structure at different kicking strength k. ¢ =1:4;x, =0 p, = 3.145 iteration number

n =30000; (f) k =0.7 g = (ﬁz_ 1) 5 different trajectories

x2(27):%13'=—%=—wax+Ksinxn;m6(t—nﬂ (2)
nT-0(n+1)T-0
X, = (x'n + Lsinx”)coswcT - wx,sinw, T (3)
7
inw, T
Xppp = (x’n + Lsinxn)% + x,cosw, T . (4)
M .,
K . ow T wa:ZTr&EZTrqq
w
o’ H,
> =0 KAM KAM
ol
K
KAM
I(a-e) 1:4 . k =0.7
K



1: 4 K k=1.6 K
K 1:4
‘xy =0 p, =3.145. 1( 1)
qz(ﬁf‘l) . k=07 5 ( )
. K
2
Floquet
E](x Tv) — e—;ﬂ‘;‘i{(lt — e—%l:l,,Te—%K('()sx (5)
A2 l A
H, :%L-’-?sz %’ . N Floquet U(x NT)
lps\"T
Uy = lA/(x NT) o (6)
U(x T)
Up, = A, (7)
A U(x I n) Ulx 1)
1)
A _ E\T K S j k)2 (2
Rt D1 = cos(BT) (- )+ 2 (-0 (=)o (3] ] 4
AENTY S 1y K\ 22 (27 +1)°
ZSln( h );( 1) ,]21.“(—%)(3 o Ln( 20l ) (8)
. T\ < ; 22 (2 4 1)
In({ (nl Ul n)) =2(:os( - )_,‘:zo(_l) ]2j+1(—%)e 4a2 Ln(%)—
. EST K - _ j K —% 2]72
sm( : )[J‘)(‘f +2;( 1) jzj(_g)e L,,(az)]. (9)
2)
Gl Ul n+20+1) = @+20+11 Ul n) =0 (10)
A (-1 n! ENTY s ( _ iy [ =K\ (2)2a(2
Re<n|U|n+2l> = 21_1 (n+2l)!{005( h);( 1) JZ](h) (a)e Lrl(a2)+
BT\ s vy [ —k). (24 1) (27 4 1)
Sm( h ),25( D Jz-"”(?) ( a )e L”( 20 )} (1)
r _(_1)[ n! (S ) 1)/
Im Gl Ul n+2D) = E (n+21)1{°°*’ . J_:O( 1)
(24 1\ (2 4 1) %)
I (=) () e ()
(ENT\ s )k V[ 2\ 2 (2
sinl 55) 3 (- ) () e (3} (12)

J ?
7 _ (=1’ n! B T\~ _yir [~ K).
Ren+201 U1 n) =7 /(n+2[)!{cos( = )2'( 1) sz(T)
. . 2

N2 n 2 0 ® _
(2—]) e'aLZLil(z%) + Sin(iE”*” T) Z (=115,
a a h '



( ) 34 4 (2011 )

- -1)' n! E T\ <«
Im®@ +2{1 Ul n) =( {cos( n+2l ) —-1)7
2! (n+20)! h ]25 (=1)

27 + 1\ ez (2 + 1) L (E, T : )k V[ 2\ 2 (2
(= ) (P t) e () i) 3y v (- ) () e ()
S h a 2a° h ; (=10, h/\« o

(14)

Hw, 1 1

a = TESz(n+?)hwc . 1 n+7.]0
J. 0 n L, LY n n .
Floquet Ay (T
Floquet W, :
Y= D e (T) | n) =g +ip,. (15)
n=0
gy
3
T K 3000 U
3.1
(1) 2e-1:4 K 1
)
4 2( a)
1:4
) _ 1.0 : 1.0
(a) k=0.13 (h) k=1.24. - (c) k=2.6
rd : \ \!,f - 7 i_{ ) ) S
0.6 0.6 o 0.6 N R
~ 02 ~ 02 ~ 02 53
:;H :_ : :; e ‘-ui-«:-w“ 3 LDt S5
= 02 = 02 i 5 S g2
-06]{ . : -0.6 w 7 D -0.6 !
o N # B R T o '
-1.0 -1.0 LI -1.0
-1.0 -06 -02 02 06 1.0 -1.0 =06 -02 02 06 1.0 -1.0 -06 -02 02 06 1.0
Re(A) Re(A;)
1.0
(d) k=0.13
0.6
~ 02 - %
S ) =
= o2 = B
-0.6
-1.0
-1.0 =06 -02 02 06 1.0 1.0
Re(A;)
2 (a-c¢) K g=1:4; (d-f) *© q=(ﬁ2—l)

Fig.2 (a - c) The eigenvalue distribution for the resonant system at different kicking strength ¢ = 1: 4;(d - f) The eigenvalue

distribution for the nonresonant system at different kicking strength ¢ = (/57%1)
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Fig5 Theaverage values (n|U*U|n) versus n for different « values
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