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Abstract

In this paper, we use a two-qubit system to simulate the quantum battery charger model. By accu-
rately solving that two identical two-level atoms are in a single-mode cavity field system, the ef-
fects of quantum discord on energy conversion and ergotropy in the quantum battery under dif-
ferent average photon numbers are discussed. The results show that the quantum discord pro-
vides the power for the transmission of low energy to high energy in the quantum battery system,
and the ergotropy will change with the increase of the number of photons. When the number of
photons is small, the evolution of the system is greatly affected by quantum discord. With the in-
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crease of the number of photons, the weight of the number of photons in the evolution becomes
larger and larger, resulting in a more complex evolution of the system.
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BPREKNENEFEEPEERIE, B E TGRSR SN, 2N
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EEFRIJFOI AN, B B[ 12] RGN TGN B R R b E 1 R4, T
R T2 K. Tabesh S5[ 131070 1@ B AT A H &7 IR KR, B8 TS
IR A FANEy SR ] RENEE N BE I RN AL 3L RPN SO E TR0 8h /1% . 8RR, KB JEIRFS /B
A3 T LAAE By R W] IR T R 1 H e A e R R HE E AR A - Kamin S5 [ 14] 0B LR B RS
JRA] RINEE 5] S B2 80N A R T B F B I 7o FeE R, I HL 042880 RT DA 3 4 v T R T RE
Caravelli Z5[ 158158 7 AHF-1EAE S AIEAEE T AT ISR S 0k & 7 i A, 453 1 50 T A i 3 i
WE & AT OA S & R B KD RE A B ot . Bk, GERH T ET RIBIE AL )
W) Re B A7 AT DA AE TR BT BR . 72 BRI R MIB KT, AL FEWR THEARPFEPDE TR TR TR
Xt B FL i R R R A S K D (R RS

2. Highaid
NG, BRI E T R EF R AR AT R N
2.1. BEFLth

FELME R, WRN D RG o KSR EITIE, WARRBR N pt . j osdlE
FIBEHLAE R, LKA BEHLAZ BT 245 2T L Shannon # H (a) =) pi log p§ KK, PINLH

ARGt a M b Z ) 4R BE AT AR RN
I(a:b)=H(a)+H(b)-H(a,b) (1)

Horeh R 5t a A0 b BEAT RIS P B3RS AU RE S 234 — MBS 20 AT R R py 37, FIH Bayes 4 50T AT )
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HAFNRIL:
J(a,b):H(a)—H(a|b):H(b)—H(b\a) 2)

ab
N a p; — NTE=N NTITE=N 5
Hrh H(a|b)= Zk:pjf log pili BRSNS, pop = pf FRERERG b WMELSRT, RG a MNEME
J!

k

I3, WERRA AR
WKL HAE B MG 28 7 R, BIH Von Neumann §40# Shannon 5, -
1(ps)=8(p.)+S(P,)=S(Pu)=S(p,)~S(alb) 3)
Hrdr, S(pj) = —Tr(pj log, pj) =—> A log, ; 73 Von Neumann %, N5 j £7x T RE a(b)l#H BN R 5
ab, p, M p, 7& p,, FLINEEREE, {ﬂ;} RETE p, WAFEARILE; S(alb)=S(p.,)-S(p,) FmillE
FANT RGN T RGEM KA.
HE—NEARRGREN BT RS, R 7RI e SO EAS BAIE SOCE 2 A1 2,

R s
D(py)=1(Pu)=C'(Pus) 4)
K C'(p,, ) REIKIK, HE SUN:
CTpM)=SOa)—%g[SOMIUh}ﬂ ()

b B MAI E BRI R (T, L S (o {TL) =3, 58 (p,) BT RS a (EAE T RS b L5k
IR T AN, IEEA p, =T (1,01, )/ 1+ 2y =Try (pT1, ) o B, BT BI16]07 LA A
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ot H, RAN A S, LR S0 2R T B A
p(t)=Up(0)U* (1)
oo FA G 1 4 TE I AL HRFRT LA
U =exp(—iH,t/h)
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P 00 py

p(t)z 0 py py O
0 py py O

Py 0 0 py,
PR A T DA BB AR 7 R e s B A B A B0 B, (1) = 0 (1) 0 L |
PRI LA R RAERE, ATH E, (t) =, (pll +p22) » Ey (t) =@, (pll + ,033) °
N T RALAEIEA X IEBRAE T, FE 70 Id R AN R] LUE T it SR B S K RER, SN TI[17]

(14)

[18]:
W(r):Tr(pB(z')HB)—Tr(O'pBHB) (15)
Horb Hy M py 20 A8 I RIS S E AR . JE3 X IEEEARAE T o, BV SRIEE ROV, BE, o,
WA py BIREBNS
WRAEARAHFI5), KRN
1
W(T)Za)O(Z(pM+p33)—1)®((p“+p33)—5j (16)

Hrf ©(x—x,) 2 Heaviside 4. EXBRATHW,, =,
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Figure 1. Average photon number n=10": (a) Evolution curve of charger energy (solid line) and battery
energy (dotted line); (b) Evolution curves of quantum discord D (solid line) and ergotropy W (dotted line)
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Figure 2. Average photon number 7 =10": (a) Evolution curve of charger energy (solid line) and battery
energy (dotted line); (b) Evolution curves of quantum discord D (solid line) and ergotropy W (dotted line)
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Figure 3. Average photon number n = 0.1: (a) Evolution curve of charger energy (solid line) and battery ener-
gy (dotted line); (b) Evolution curves of quantum discord D (solid line) and ergotropy W (dotted line)
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Figure 4. Average photon number =5 : (a) Evolution curve of charger energy (solid line) and battery energy
(dotted line); (b) Evolution curves of quantum discord D (solid line) and ergotropy W (dotted line)
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