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Coupling J-C Model with Atomic Motion

Entropy Exchange and Entanglement in Intensity-Dependent
Hu Yaohua

(Physics and Electronic Information College, Luoyang Normal College, Luoyang. Henan 471022, China)

Abstract Considering a moving two-level atom coupling with a single-mode thermal light field through intensity-
dependence, reduced entropy change and entropy exchange between the atom and the field is studied by using

quantum reduced entropy, entanglement is measured by using concurrence, the effect of initial atomic state, the

mean photon number of thermal field and the field-mode structural parameter on entropy exchange and entanglement
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are investigated. The results show that reduced entropy change and entanglement exhibit periodic evolution. When
initial parameters are suitable. the complete exchange between the atomic and field reduced entropy occurs, which
means there is a form of anti-correlated behavior between field and atom.
between atom and field decreases as the transition photon number increases.
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structural parameter weakens reduced entropy exchange, and shortens period of entropy exchange. Entanglement
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quantum optics; entropy exchange; reduced entropy; entanglement; moving atom; intensity-dependent
=]

HF Ot Jaynes-Cummings (J-C) f& A0 2

3R J5 7 5063 M 5AE AT AL H B H %
JEFADG A R 5L R RO, A
TR T 5 00 3 A0 B AR T X Ot 3 9 A AR OC

Z 1981 4F Buck 5 #2177 —AN5R EEAH GRS J-C

AR SR 2 T R SCERES 148 X
A, AR e i A G T Ty 25 IR i IRl A2

TN 1 7 0 1 A EL AT A 1 R 0T HL T O A T

Ph AR W 0 AL I . R SRR 28K

B SR A B AL T A S iR 2 8 T A Ak
JO3 B B A B S e 5t 7 5 i T R IR BN F) 37 0 )

fai v SAEAE (1979

E-mail: huyaohual @sina. com

TIRG AL . AP H X T 046 4 T 2251
W B 2011-10-21; WAIEEBBEH: 2012-01-08
1&E

WFF T ZR Y0, Phoenix £ EZUEW . BT R4

%7&

AR

Y 24 A A B R ) A 0 R R B M . AR
1M Q2R T R G I AL TR
HEETE: 55K ARFE IS (10905028) FIT I 4 BHE T (102300410050) ¥ 1 B

P R GE 1 24
)2 T YR BN Tl A R T AL B AR O TR BT

0527002-1



2 i

SR AR A1 2 W RN AH A E A A KR W7 I
PN I S S AR IS L S N e S LA
PEEY Al U AR G R ] g n] DL 29 A g
LIRS WL T 58 1 2] 9 33 ] o 58 3 Ak 0 A
AN W7 3 AR Ok L 3 2 n] R 5] T AR 2 05 1
", Boukobza SN R B A A J-C BRI
W, D 5 3 1 29 A S T B 2R 4 L T ELTE — R 1Y)
SMF R R T A0 50 1 29 A 5 4 2 4 1
M KRG . Hg  SCERL13, 14358 T — 1 i
LA B LU R S R HOB I A HAE T R G iR A8
e G240, FOORARLAEAN BOARAS J-C B8 b (14 4
3 48 2 25 1) 5 i s ) L ARG 2 BRI TR
A T 5 4 5 g 1 i s R R R R B A AR K
Wi o R 2 FESREEAH SCHE A J-C B8 ) b b TR
B ETFHOCH AR A 2 KRV W5 84508 X
BAPZBRRWE? 4 2058 TAE R W IR F 1 iz 3h 7E I
T 5t A B R B AR YA R
T sh xR A A J-C B i i 2 96 % B R
(Y RE I WE 7 45 X 26 B[R], BF Y — N8 3 RE R
T 5 B RO 7 5 EE A DGR G 2ok AR v 1 iR A e
ey g, % 58 T W14 I T 34 6 F B DL K S i 4
F S B0 S5 RG24 A6 05 A5 05 32 4 Fn 24 28 1Y)
SO, 25 0L R PR BEAE X 0 JR FRAS  W] DL AR R
T 1 240005 6 1 24 400 52 4 28 4, BT 550k
YA . BeAh . J5 38 3 1 3 B 45 4 2 500 5

IO 2 01 3 i) o Je] B0 4

2 RO R R B

TETE W AL 5 58 FE AR OGR4 J-C A5 AU 1 05 25
i 4 A (B =0)"

H=wS. +wa’ a+
g(Va aat S +S. ava a), (1)

K wo HIEF BT, S, Sy N5+ 10 KU i% A
BRIZSEAT oo’ F a 53 HIRRINH T o B6 I 77 1E
AR EAT g Y 5 M EAE A W5

ZRIEF iz, (DS N

H=w,S. +wa a+

gf (D (Va aa" S +S,ava a), (2)
L () AR IE 2 eR B AR E 7E IR T 77 iy 1o [
WA KA Rl L IR T 5 3 & A A 00 e [a) Ao
it iR A IR s sl DLRAR S () —
fCot) p v NIRFiE sh . o T 2RGSOy
i, 3 X TEM,,, B
prut

fCu) :sinT, (3)

A p R KREN L MEPEEGEEE. AT
iy ke W, 25 1808 3 T RE s T 5 3 R AR AT (P
wo =w) o EATARHRS A i (2) 2 I 2 B
7 AR A I T3 AR A AT LR

cos[ (a” a+ 1) gd(t)]

U, (1) = exp(—iHt) =

_jsinla” a1 S

a*a

t

. sin[(a" ‘aJr Dgd], Jata
a a+1

) €))
cosla’ agf(t)]

X o) = Jf<fvt’>dt’ = [1—cos(Bt)]/B:p = prv/L EFIETHBSHEE v = gL /x.0(0) W LLFKR N

0

() = L[l—cos(pgt)]. (5)
g

TECBE R I 20 6 Ak T B ARS

p, () = >P, [ winl, P,=—"1_ (6)
n=10

(m+ 1D’

A m = Lexplw/ksT) — 11" FRRPCEHREE R T WIS 1V 26T 8w PR %S W H R FHIIG AL

THITRGE

p.(0) =C, | (g |+C | edel,

0<C, <1 €

A C,+C = 1.6, = I(C, = O FRETHIAL TRE@FLLE . (0<C, <D FRETHIHLETRS
A.C = 0.5 WHE A T HRRA . fi w46 4 MRS AL AT (4O 30 15 BUE I 20 5 e 4 R YR %

]

P () =U,(D[p,(0) R p.(OTUI (1) = C, D P, () +C.DIP,0.(1) . (®

0527002-2



AR

12 By 58 AR S 5 J-C AR 7L v Y 90 5 48t i 2 2

Ao

p. (1) =cos’[ngd()] | g.n){g.n |+ isin[ngd () [ngd ()] | g.n){esn—1 |—
isin[ ng0 () J[ngd ()] | esn—1)<{gn |+ sin’[ngd ()] | e;n—1)<esn—1 |,

p.(1) =cos’[(n+ Dgh()] | esndesn |Fisin[(n+ Dgd (O (n+ Dgd(D)] | esn){g,n+1|—
isin[ngd (D[ (n+ Dgd()] | g.n+ 1<esn |+ sin*[(n+Dgd (]| g.n+1){g,n+11.

3 iz gl R TS IO A A S R 21 9
g THRET RGN 29U 50K 2 L8 R SRR K SO AR A RIS AAE . (8) SRXd I 7 A it (37

O SR R A 3 3 Ot B9 20 A0 8 BRI 5 230

p/(f) - Tr“p,u(z‘) :A/(t) | 7’l><71 ‘9
p. (D =Trpu® =00 | @ g [+ 10D | el 9

Ao

A =C. D P, ysin*[ngf () ]+ C, D P, cos’[ngf () ]+

C.O P, cos [ (n+ D gd(D)]+ C, D P,uysin’ [ (n+ 1 gh ()],

A, () =C. D> P, ysin’[ngf() ]+ C, D )P, cos*[ngh() ],

A () =C, > P,cos’[(n+ 1D gd ()] + C, DIP,uysin’[(n+ 1 gh ()],

YR ZRe G 1 i AR AT DO L A4S
H Y 29 4k 5% B o i X
S, =—Tr,(plnp), G=f,a (10)
FIHTCO) 20 2 19 29 1 2% B2 R B 19 A AiE A T L 35
55 15 A 0 2R
S; =—x;n A,
S, =— (,In A, +2A.1nA).
A5 5 5. R LA E W 7 0 Bl ik B
MG FSHOCT M T ER SR T, G0N
A 38 A CRIFRIAE) AS, (1) = S, (1) — S, (0) | J&
FIEAS AS, (1) = S, (1) — S, (0) VI M WEHZ M
AS(t) = AS (1) + AS, (¢) BB (] () AL FL A .
R () TR ARG —1 2 X o ]RA
R0, Fe SCHER 18] A 48 1 Jy 1ok 4 28 F B o
&) KR IER N gondy [ esndy [ gon+ 1),
lesn+ 1)} B2 X2 F=5 0, JEEMUTHETFLIL
R 1Y) B R R4

A, 0 0 0
1 B, D,
L (1) = — , (1D
p T.| 0o D' A, 0
0 0 0 B,

itqj Tu - Anﬂ + B,, +A,, + Bnﬂ . %E%ﬁ
A, =C,P,sin*[ (n+ 1) gf() ]+
C,P,cos’[(n+ D gh()],

B, =C,P,cos’ [ (n+ D gh(t) ]+
C,P, sin’[(n+ Dgd()],
D, =i(C,P, —C,P,;,) X
sin[ (n+ 1) g0 (1) Jeos[ (n+ 1) gf (1) ],
p. (ORI AE A G

C, = Timax{o, | D, |— VA, B } ’

FT LA 1 % A (8D 3T il 3k 13z Bl J A5 A
eI R LT BR A

>IT.C,
C=— .
2T,
U0 AR 2 4 R (E N IE . R G 5 b TF A IR 45

12)

4 BUEITE A RTE

BT 3 WA AR S B TR R T
J& 7R I 4 43 B 76 5 BE AR SCA A5 J-C BEA b, Ji
WA 3456 T B R T iz 3 i 3 5 25 1
S BIOGH 3E A R G811 5 T

JRFHIAS IR 38 3 5 A X A 4 1 52 e an
B LR, H e AR AL AS, (o) L AR
TR T WA AS, (0 55 2R 2 W R R Ax 2
AS() = AS,; (1) + AS, () 1 ELI B 3725 56 1 $ i
EHH 0. 1,6 FHESNE 1 TLLEH,

0527002-3



2 i

BT U T#E R (C, = D B 62 55
T A5 AR 2L 1 T B i S TR B s
11724 C. AH W/ AL AS TR 22 C sl/h
£ 0. 1B WE 1(b) Bz, AS, (1) 5 AS, () FHALI
I8 A A 5L« J5 24 Ak 1S e Ot 3 29 AR s 2D
BiAE Z F1 AS, () + AS. (1) &, BT 15 #DO6
Y 58 50 T s BRZ R I AC e, BT IR - 506
RAHZE . J3oh, B 1R i 3 Ak B0 A 2 2 R 3D

PERY . N RLRT A BF TS 53z 3l al LS B0 14 A
AgEFRZ BT I A . W 1o
AN AN B B R AR LA L aT LU
LN B AR A 5 R T s . (H AR il 20 2R 2 A
SR Y i SCRRE 12 1 7 4 S e 9 AN B2 Jl 03k
e O X B2 OB B T 4 0 R A OGRS Y
G

Lo[@ P 008 5y C.=0.1, P-1 008 10y C.=0.1, no atomic motion
. 0 ] 0 I
0.8 0.04 0.04
0.6
20.4 2 of-- 2 0‘..‘..‘..‘ X
0.2 \ UL [
L YY) A A 004/
~02 AN s el '
~04
~0.08 -0.08
0 5 10 15 20 0 5 10 15 20 0o 5 10 15 20
gt gt gt

Bl m=0.1 B FRIASX AR, TR AL LUK 7R, i RPIH Z L, T 1H
Fig. 1 Effect of the initial atomic state on reduced entropy change AS (solid line denotes entropy change of light field,
dashed line denotes entropy change of atoms, dot-and-dash line denotes the sum of atomic and field reduced entropy

changes, the same below with m=0.1
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Fig. 4 Entanglement evolution between the moving atom and the thermal light field
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