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The calculation of transient probability amplitudes for two non-
interacting oscillators interacting via a common heat bath

Arezoo Mahmoudsalehi, Nooshin Saadatnia, Fardin Kheirandish
Department of Physics, University of Isfahan, Isfahan

Abstract- In this paper the quantum dynamics of two non-interacting quantum oscillator interacting with a common heat-
bath is investigated by introducing a new Lagrangian. The quantum Langevin equation for each oscillator is obtained
and different dissipative cases are discussed. The transient probability amplitudes among energy levels for one oscillator
are obtained up to the second order time-dependent perturbation theory and the way that the oscillators are interacting
due to the common bath is discussed.
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VYAQ
Db g yid BB WWWLOPSEIE cole o a5 canl jlael slls 5)ge 4o alie oy


http://www.opsi.ir/
http://opsi.ir/article-1-585-en.html

[ Downloaded from opsi.ir on 2026-07-03 ]

Shgo (V) gaal, cdle cpl jo .ol

1 1 2 1 1 55
L:—Mx Ma)x + z —— uw-z
2 24t A

—j dv( —VZYZ) jdvf WXY,  ©
+j0 dvf, (VY

il S iple o8 > SV¥olas 5l oolainl b 0gd oo

Y, VA&, =f, (WX +f, (V)2 *)

7+ o’z :_lrodvfz VY, ™)
uJo

., 1 (o .

X + X :_Vjo dvf, (VY N

2 Oyee a5 @b ookl b (F) sdlolrs lgx>

1wl
Y, 0=y @)
+j;dt Gy (t—t")[fx (WX )+, (V)Z ()]

Giloz () calolee Som Clsz YN (1) alal, oyl o

QY

WD
N )=y N () cos(vt) + PN (0)5'”(“) 0
Gv(t—t’)=w, >t o)

7 )+ w22 (t)+1°'—jt dt'y,, (t —t)Z (')
()
+——j dt ' (U)X )——éz )

)'('(t)+a)2x(t)+——J. dt"yy (C —t)X ()
(")

[ i 070 = 5O

s W55 i Yij s G @85S 09pY Yol jo oS
YIRS
(%)

:_I:dvfz(v)v‘v'“ t), i=x,z

vij (¢ _t'):J-o dvf; (Wfj (VG (t-t'),i,j =X,z
g 2l G g Lo 5 L0 Vij a5 sl SO a3V
Ly, WY o 5l eoliiwl b coles ,o amo o olis |y

St S e oKssls N YAY oLo..{O YO LYY

doddo—)
935 o55lsS Solp ES oy p slp ol LS g o
=L>UL.> )fl ‘J)w bz 3 omwjg 0,3
Ll canyls o5 ol 1) (Sadcus ol JS& padlyso
PSS\ 000 N S - SO S| P SN PSP SWIOE 99
oolainl olo)S plax Gl a4 canl ol Ko ol
5 07 S @bl olrys Gl |y LS il Ll w-*-‘S
ol cpl Jdo o oS0 Sl jo Ol Ol)d s Slaie
-@}b)ou@l)bmdwlw)aﬁwluT
-0)9.:[5 LSLQSJ"‘) J.AJT)J as Cnnd (= U] Le U‘J‘ Lol p..s),\f
OleSS wai oo 3)lg S y Galise gakais g0 40 a5 (4l
St gy G s s T ples Jus il
OSen y D3 Gl oS > Gl Jow oglate Sa
MLN 43‘) oS
SHSY-Y

5 SR g Sy g9l JSae glailele 31,5Y
oSy 1 oS o b & Site Gl plos o,

LZLS +LB +|—int )

sHSY Sl w4 Ling glp « Ls akaly cnl yo
5 LSSley o Sean 5 oS ple> Silug 9
hls b Silogi @S o0 2,8 (Solw sl aiiws plox
plo> iz e My @ Lo ey g sele
Sealen sl Slog 5l ) lwgn Syge 0 1) 2b)S
Lg 5 Ls ¢lr [fleeSse wilodae s Jitws

:r,.i)lo

Lg :lm(x'12+x'§)—lmw2(xf+x§) M)
2 2
AP au2 32

Lg _ZIO dv(YV v&v) Ay

¢ Z=XpTXp X =X1HX2[2 pyr 38 e szl o
SHSY 5 S S |, u=m/2, M=2m

S A JSE g b Sppe ) BSea

oS
Line =IO dvf, (VXY +J‘O dvf, (V)zZY, )

ZgX ‘5mb§ww§b fi(V) d-la._s‘)o.ﬂ)a


http://opsi.ir/article-1-585-en.html

[ Downloaded from opsi.ir on 2026-07-03 ]

X (t) = cos(wt)x (0) + ——=

sin(at)
. X (0)+

. Vv .
\ (0)sm(vt)—gsm(a)t) 09
Y 6()2—\/2
cos(wt) —cos(vt)

a)2 —V2

2,5 Geni ) X1 () Olee (V) 5 OA) Ly oS5 L

¥

1 o0 VY
-VLdW“W
+P) (0)

x1(t) = %cos(aﬁ)[xl(O) +x2(0) ]+

is'“i)“")[xl(O) + x'2(0)]+ifd vz (V)

0

av
o? —vz)sin(vt) 7005(‘4)

W ( - 2
(a)z_vz)Z{g:/j (“’2—"2)2+[0:/j

Y sin(nt)
7]

(a)z - vz)cos(v t)
N
(a2-1?) {WJ (62 -12) {WJ
u u
a5 Cowl zoly sl oo s 4 55 X (L) alie 5k 4

S99 )] (S enp s il ax ST Sl
2y galawly 4 4 C8 5 Al Gl e oplple bl

Q‘j}“so 5 580 @L“‘ 4 ‘;Lwd &l cl ool S99
IS el gl ol 6 o e |y i
2,8 i 0 (V0) gabal) 1o 77y (8) cu o

‘539-51.«0 oY
rdeale g, a1y Slegs 9o oo bLs )1 Gise ol jo
P25 e e oiws jo jslaie ol glp o oo (LS

:M)lo

g S o825l AYAY ol YO LYY

g ) Oyge b 0‘9"6‘ LA ON
2

{52+w2+s—722 (s)}z(5)+
U

F } { S }
— VX (s) [x(s)= S+—7y (s) |z (0)+ \o)
u 7
+2(0)+ 2 7y ()X(0)+ &, (5)
J7; J7;

{sz + o’ +i (S)}X(S)+
M Vxx

st ) |2(s)=|s+——7. (5) |x(0) \§
M Vzx = M Vxx A7)

+X(O)+ Vzx (S)Z (0)+_‘§x (S)

T (8)=afs & 550 Gl al s
&9[3‘7/5 B aS y,y (S):V/S 9 Vxx (S):ﬂ/s
f,(V)>f (V) Soke w b sl a> By 5 oiiun

:f"'i)b ¢
(Iv)

asin(Q,t)

20 +cos(Q,t )} z(0)

z(t)=e /‘{

a

,7t 7ﬂt .
e sin(Q,t) . 24 SIN(Q,t)

7(0)+Ze

o :Ll (24

x (0)

sm(Q t) N

1 o t 2
—;IO dvfz(v)J.Odte t -t

a

2
~(a/2u)
Oygo s abaly ol T2/ S S5 S as a4 sle
OA)

ol e 0 Q= alwly ol o a5

2 (t):%J‘:d v, ()

AR

2 2\ av
WVN o (a) —v )Sln(vt) . 4 cos(1t) )

o2 o) (o2 nf o)

) %sin(vt)

o222 o) (wz—v2)2+[0”]2
u u

Aol 40 g 0l bows

TR S A ) Oygo A X(t)

:\.\..s.‘


http://opsi.ir/article-1-585-en.html

[ Downloaded from opsi.ir on 2026-07-03 ]

V) =|0), ®l0), ®|p)y e & wlle >
W) ol <l @ ) sadsd cls 5113 sanls
.5

3

V)

lw) =[n), ®[0), ®[0)g .|w); =|n-1) ®|1), ®|0)g

I‘“")S](S‘Q Cawd L ‘)
R
(W [Yine v >=2\/ﬁ(7j J.Odtlj.o dt,
.[0 d v[gf cos| m(ty —t, )]e_i V(tl_tZ)J

P p50 gaim b Gy Jooo Shee o] o o5
90 Ol bl SO gonins jlis g Sl ool dslxe

(YA)

coacls glls S Jlazsl £ abal, ol 5o sl Sy’
el o0 N slalilsS ol b cslite o b b s
~chr wb el 575, (S)=afs ahl, 4 a2 L
Sls i plgioe s 8 pdy B segpge S L (Sab

2 hoa

= ya
9v 2zmy )

JLo.';.;-| Lgd.;.a‘o GML"“’ 6‘)‘.‘ =re Lg\d.]a;.l) CJ'?-‘)’.L;'? 9
.J..).T‘SA Cewd 4 (YA) 138

& S demii= Y

Jine Slogs 93 msle lis Gy 99 4 allie ol )
boie Siie oS ples S L iSenyy o oS
Jo b sl Gy 0 Sedee Senn Sl K0Sy
Sy 5o 9 B Slug e (gamilxe g (y55Y SYole
90 slacdls o AT Jlis! cdaials gaulze b pgo
S gy bLS,I al Solags

&=l o ¥

[\] Weiss, U.: Quantum Dissipative Systems. World Scienti_c

Publishing, Singapore (* v A)

[Y] Caldeira, A.O., Leggett, AJ.: Ann. Phys. \ iﬂ’ YV
N AAY

(Y] Leggett, AJ, et al.: Rev. Mod. Phys. © 4, Y (Y4AY,

[i] Kheirandish F. and Amooghorban E.: Int. J. Theor. Phys.
oy Yosdy AERE?)

\vay

St S e oKssls N YAY oLo..{O YO LYY

s FLM)=12[f, ) +f, ()] akl, ol o o5
sl eolial Lo (V) =Y2[f, (v)-f, (V)]
i a4 P g X J‘H=Zipix'i—|_‘@}uﬁu

s SgilS gdilST g Slaize

pl :mx'1+d1, p2 ZmXZ +d2, PV ZYV(t) (YY)

oas i 0 :IO dvfi (VY Sppe a5 dy
b oo L sable  Sylaels e
Hlj HoAS wy H=H0+Hlﬁ’)}@
i o Gl |y iiSemy g bl Sgiliale

2 2
) —p—1+p—2+£ma)2(x12+x22)

]

“2m 2m 2 o)
1> 2 2

+E-[O dv[P‘, +V&V:|
m m
42

e o aler Saish 90 laanlp Bl slit o,
oSl ol 5 1, Sgilsle aslsl o sl oad L
5 Slagi 55 & bgre B 5 ) (K =12) osli 5 3>
il oboF plex sl Slagi 4 bgpe @] 5 2y
Sl plalr Ly, G o Slee oS o0
“o o3l ) [8,801=5(v—v) 5 [§.4]1=3;
5 3 sloles e p H'5 Ho Gsilals o
2 Sl @ arg bl polie Bl Loy soal

&g & eiind 56 o wilele Sealis

Ho=Hosc +Hs

z . o )
=ho 84 +hj0 dv vala,
k=1

0= a [ e a) o
k=1

gy =(W2)Jol v { )\ 00 & g, o Wadies
RCCIC SR T U RO [P


http://opsi.ir/article-1-585-en.html
http://www.tcpdf.org

