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Quantum Thermodynamics with application to an atom-cavity system
Morteza Rafiee

Department of Physics, Shahrood University of Technology, Shahrood

Abstract- In this paper we give an introduction to the ideas of quantum thermodynamics, using only basic concepts from quantum
and statistical mechanics. Then, we discuss the framework of non-equilibrium processes in quantum systems. We then apply these
results to the problem of atom-cavity system while their interaction describe by Jaynes-Cummings model. Here, we introduce the
concept of quantum thermodynamics of close quantum system and so by considering a good cavity, coupling of cavity modes
with its reservoir has been omitted.

Keywords: Quantum thermodynamics, atom-cavity, average work, irreversible entropy.

\YY

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1141-en.html

[ Downloaded from opsi.ir on 2025-07-14 ]

VYA poge VEY

Ol sl iliges 8 358 akaly Wk oo (ol yee
ploul I8 e B e csl S35 jlalig! ool ,s
ARBEASL I Glaeas ol (g5 Sl 5 ead
ol & 5o [Y]ogd oo ool W, =W —AF >0
ks 5 Q=0) 3,l6 3925 Lo)S Jobd (cagiilyS s
T B e B g
SN tsi"‘L""bﬁ"’)" L, o 6‘)'.' ¥] ASirr = ﬂNirr b
able geduls a5 S 0 28 (ogulsS abele
S a5 cunl JyuS el A(L) a5 wsb H(A())
abasd o] o ol cll> ouisS aseine walasd ya o ol
—oolel pleS laze S L Joles o ol o aileles .l
S S bagi (T adgl b onlpls 5 0nds (5l

g o Aoyl )

~pH (2)

pe(2) =€ A(/I) ()

2wl b &b ZA)=Tre™ M) o7 .«
i by s adad lame b ailels Lls)l t =0 alaxd
by 2 See i A B A G A ke SSSep
meas o[ 1) adsl Sglals cleiys L albls 1 =0
Sodeale Cllaoig b albeln T =7 oloj 0 9 & polie
)L§ JJ).!J 6‘)4 ‘59‘“"5" uamgr:,] )JOLQAO))B 9 ‘|m>
GoSoslal g0 4y wiejls wlels (59,5 ool plowl W
99591 Cawds Jlais! e ls sl gz U (7,0) Sles
Sl pgd pSeilul o & s ol sxSeilal o &

popy, =& 1(IU (T’0)|m>%(m. )
[0] 5 conl @ lie 0uls ploeil IS (. S0ls
W)=>PP (en —5). 4p)
I,m
STgl— il dilobiw (o0 gilyS Sl o0 5-¥
Silpee ol SOl Ui wilels S gy o 4 aalol (o
o Saalys 45wl Sl G e ead &l

2 Oyget oloy 4 ataly el Sedels
[Fl(h =1yl

H.=maa+o, (t)0—22+ g(ac, +a'c ).

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

doddio —)

olaed 892y e 4 H9Swg Sl slraileles cwy 4o
50390 0,5 o LB s slaps g cdlial)d ol
Sde b Vgome  (Siolusges o Soslwil culple
@5 D @l 0 @SS slaces (sl
Jolw (g Lol Sl ol slwans],d 4o 0590l [Vl
abasly 5o ol (ol s 5 ol Gige slaay b 5l (S
oledbl (( Seoludge i s yial )l Jols e slaasl)d
ol e s e a1 alele Sl Jeow 1 S
Olyd eled glp Siuog,d b g OVolae Laylyd
G adlas 0550 Wb (0L SIL3) wlelw odsms JSis
O o Raegh ol pls cal glads I Liands a5 W3S
—adle Jolwi e slaanlyd 0 S slhalbls adlae
adllas ()3 o5 slawy cde @ baibels () o aiis v
lys 5 bl J ue 0 Jy ooy yulel o] Selis
o s g Cdl pl sezg a0 lan ol ool
LS 5 ) Jed 5l olocesS (59, 5 SzsS laailals
5 S8l s gy o ol aale oy 5 s e
ol e JBs @ plSeagn oloy jgpe 4 oedi o
laslobe Joud cpl jo aiinn ogiilsS slaaslolu jo 4yl
bl ow)yp 4 o0gilsS slaaibeln Lo 5l .aijls 59>
4y 5 ooglsS Sl o ol Sl Sl oS STolS-
30 ol e 9 Seoliydg0 i 50 55 Ly y2i - ¥
ERERERRINHE

Gk ol Olgiee 1y alebe S (55,2 LI (ol plal a8
dgad oyt el Sylale jo A (S8 gl i
5 A =A0) o Ysare g ansS 55 )5 sl ol 4 a5
S 9y &5 3l e O WS o0 e A = A(2)
25 Dzt g Seol ST g5l 0gd has )5 4 wlsi o
D9 50 iy yS
W =AF =AU -Q o)
5 Sl AU wads dols sbo)f Q5T o a5
&5 Sleis AF=F([, 4 )-F(T,4) 5 g5y
Gl 4y 7o a5 gy claaigl s ol aibols o]

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1141-en.html

[ Downloaded from opsi.ir on 2025-07-14 ]

WA o VEIY OlRl SS9 (5)9ld 5 (cwiite 1S retd 5 SHF 9 9 Sl (ST g 5 Cen

0aisS &S il SlglS-sl 03l 5g0 b slass (59, caclin
e ol jo )5 Sl ol ply sl (6550 slo,las o
3wl osle

w )=ZZP|OPmT“ (en—¢&). )

n I,m

G5 ieer o (N) Slls—wil ol pge > slaxs
lsbre adsl o el wlile glos b cenlie
w5 ool oad 5,8 i 0 g =15 @ =100
55 5 RSl (55T 5 I (eSibe 4 bgiye s00e
adsl SsSU gl 4 (T =0.2k, T=0.5K) aliseo sloo
obey w2 2l SU it polie 5 6 =-10
5 oSl LB () JS8pe el el oy T 2l
5 2l ol it polie e pAbeSil g5
oo ooy T =02k los jo 5, =10 S&SL I3l
ol 2 85 W asie (Prn) cosS analne L oo
15 N =1 S5l o)l 90 el el s ol sles
Sl ol Jee s ((A) alal) oSl 5 b
el (Selale 3 @y Sl Sos8 2l skl
$lp oshie fpay g el Jolw,e ol Sl ol
Gyl (@ls Sl i) ailebs Sgilisle o i
@95l Ghie g ol el 5 Sss liles
@l ooy GRlBl b ossdoe oy pdlbeaasil
" Ol ) Slied 5 90T o0 Doge o)) @ Dl
2GSl g0l cdle cnl jo 28 )S L e )00
S i S e o pho Caoms 4 odd Sy
5 bl o ailebs 63531 cnlnbe 5 (6 = =6y) oo )l
S o) 50 xSk I cnlple el pluSG Ll
Slewlee (MNUSE 3 S (oo Joo oo S @ 2l
Obey e p (SU Sl ) (Gylaeb o5k sl 35
2RBEESl 9,8 adg B8, 4z ST sl oad 1SS
oo Jho oo 4 S slagles sl g sl JS wilen
IS i oy a0 ool LIS uSilie (S s
5 0058 oleSa 2l 5 ads) Sl 5l e nl e
S5 DS 2l S 2l by yo )8 (Sl

e ol Ll 5 4l glaol;]

uiSle 0 (@) S sl (@)@, o] 4o o
B sl Shee (B)A" (SIS 5 o3 (o e 018
soSlee (0)o, 5 Jb pwile 0, o (L9
55 B Ll e e el sdiy (Gml) YU
Sskealn .l sad LAt o (Gegh ceti) STolS e
v (9)e ol sas {Ine)|n+19)} slasyn; o
—o88 ol N g @il (Al L) (09 a5l pogie
dolee Olsice alo o ol 4o [V]ogs oo 5,k coula
Slabsd s 0 0508 Jo (S paal (o 1) Kooy,
ok Sy e able s by
el g et {In,e),In+1,9)}
ly()=>a,t)|ne)+b ,t)In+Lg). &
dsher 35 4 iyt len 5 355 e 5 ik U
oy ) 0 L (el
a (t)=—ig/n+1e'"®p__(t).
b,..(t)=—igv/n+1e9®a (t).
5 ol o SHL bl )=o) -, o o«
32 0 i () (655 poliestg cunl STolS o
L el E.(N)=(n +%)a)i\/5(t)2+4g2(n +1) aba
SHb sln b Sl Sl (85 Sl e
S ol (600, o o5 8(0) =5, + =%

Sekels sl Sl ksl ey T (eld) ads
el ol beul o a8 e s (o) ca p bl

M

t

Sledi SSSon @l e ol Soe ealiST i
ool bl gelsls Sley Olposs asmaiys 5 SeSU
JrsS 9 s (SSSon ol e Al et
S s Jleel 4 azgi b g conl (5551 polieosng) SsSU
§ ey ol Wbl 3 (SU s Sl s,
Sloe DMz aSulay daxgi b sl oo Sl Ol s
Jo ol gt oo bl oS LV () caiSesn
A5 Ll 929 398 (o) aily (Seilals Lo
OGS0 y Oliee 5l S 55 Sl (o3l el Jlake (285
Sl ol skl (SHL 5 ol
g asls B N e ol 4 {|ne)|n+10)}
Joe STg5-3l o3l 590 2> N Gl 4y a5
gad ooliil 35 CanseS Olsiear plgise Ll a8 )l
& ez S prkies abele (nl 6l I eShe aloxe

YO

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1141-en.html

[ Downloaded from opsi.ir on 2025-07-14 ]

VYA poge VEY

Seelinage i aslie [L8 ) casS ol (F) 5 (V) slo 5o
iy S e Sl 4 Sl bl oy
o2 SlolS=wil o3l 590 cl> uwgs Lo ol jo .l s
Sl ool a8 F by o Sk IS acilee (o

& S azmpii-¥

o5l Seeludge s owyp s B 4 SRegR (nl)d
B (055lgS alols SO lgae 4y STlols—o31 ailoles S
2y s g Sl 4l by o Sle S5 el
L eldle on (S T ol ob) se Ol
so (FU oyl Dlpsd) Gy 6551 olie ohus
ObSapd 655l polie ohs b 2l e s 9sdee
50 g Cenl sgale 5T (55,0 Jolas 5 jao 5l 255
Al dels She plp Sl 5o e 50 pdbelSil g8
$lp Sesluoge i e 5l o] Cawds =l oplple
Sealizsges p e slaas,lss b 5 5o wblo ol
OWSTERNCH PRI N TR

31 3wl

olSails ;5 oIS VsSii 5 Lmdly gSmil§ 28 (LG )

&=y

[1] Herbert B. Callen, Thermodynamics and an Introduction
to Thermostatistics, 2nd ed. Wiley, New York, 1985.

[2] F. Plastina, A. Alecce, T. J. G. Apollaro, G. Falcone, G.
Francica, F. Galve, N. Lo Gullo, and R. Zambrini,
Irreversible  Work and Inner Friction in Quantum
Thermodynamic Processes, Phys. Rev. Lett.113, 260601
(2014).

(3]

G. Gallavotti and E. G. D. Cohen, Dynamical ensembles

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

d,=-10, 5,=10, T=0.2

45
40 [—yS
—— - =S >
r
35

30

25

20 '
1)
15 e
A
Al
10 Ay
LY
5 *o
~
-~ ~—
o

o 2 4 6 8 10 12 14 16 18 20

Ol camp RS iL p9y0T 5 (Sl IS Sl (V) JSS
T =02k les 15 (SsSU Sl 5l o)lie o3k S 5o 2l

3,=-10, 6=2, T=0.2

W
. _ <8 >
e

oo sz pletSil g5l 5 GeSle HI Sl (NS
T =02k sbes jo 5 (SsSb &l 5l olaeb o5l 5y ol

8,=-10, 4,=10, T=0.5

<w>

in nonequilibrium statistical mechanics, Phys. Rev. Lett.

15

[4]

[5]
(6]

(7]

74, 2694-2697 (1995).

R. Dorner, J. Goold, C. Cormick, M. Paternostro, and V.
Vedral, Emergent Thermodynamics in a Quenched Quantum
Many-Body System, Phys. Review. Lett 109, 160601 (2012).
C. Jarzynski, Nonequilibrium Equality for Free Energy
Differences, Phys. Rev. Lett. 78, 2690-2693 (1997).

E. T. Jaynes and F. W. Cummings, Comparison of quantum
and semiclassical radiation theories with application to the
beam maser, Proc. IEEE 51, 89 (1963).

M. O. Scully, M. S. Zubairy, Quantum Optics, Cambridge
University Press, 1997.

Olej e p RSl 99T 5 eSile S s @) S
T =05k sles 53 5 (So56 i 5l ol 03k So 50 (2l

d,=-10, 6,=2, T=0.5

6

o R
o 5 10 15

Olj e Rt (sl 5 GeSile IS Sl (S

T =05K b ,0 5 S ol 5l o)l ojb oy ol

2 50 T =05K slo o ol a4 by mbs

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=1443594
http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=1443594
http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=1443594
https://scholar.google.com/citations?user=aq1uJYkAAAAJ&hl=en&oi=sra
https://books.google.com/url?client=ca-print-cambridge&format=googleprint&num=0&id=20ISsQCKKmQC&q=http://www.cambridge.org/9780521435956&usg=AFQjCNEq42FLbcdhRezEZ4xFLNWO8pCQHA&source=gbs_buy_r
https://books.google.com/url?client=ca-print-cambridge&format=googleprint&num=0&id=20ISsQCKKmQC&q=http://www.cambridge.org/9780521435956&usg=AFQjCNEq42FLbcdhRezEZ4xFLNWO8pCQHA&source=gbs_buy_r
http://opsi.ir/article-1-1141-en.html
http://www.tcpdf.org

