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The research on the quantum discord properties about several
models

ABSTRACT

In quantum information science, quantum entanglement has a wide range of applications,
including quantum dense coding, quantum teleportation, quantum key distribution and so on.
Quantum dense coding uses entangled state as a channel,which has an interesting
non-classical effect in quantum communication. It can obtain a higher information capacity
than the classical channel, reflecting the importance of quantum entanglement. Without the
help of quantum entanglement, quantum dense coding cannot be effectively completed.
Quantum dense coding is an important application of quantum information, so it becomes an
important content to analyze and study the characteristics of dense coding in different models.
The core content of this paper is how to determine the optimal dense coding capacity in the
model. This thesis mainly includes six chapters, and the main work of this thesis is in chapter
three to five.

The first chapter introduces the development of quantum information, elucidate the
importance of quantum entanglement, and reviews the development theory of quantum dense
coding and quantum teleportation.

The second chapter introduces some fundamental concepts related to quantum dense
coding theories, such as Von Neumann entropy, DM interaction, decoherence.We also
describes the spin chain system model and spin compression model, and gives a detailed
introduction to different types of systems.

In chapter 3, we use the spin compression model of double qubit to analyze the
characteristics of quantum dense coding. Two qubit spin compression models can be divided
into two types, namely one-axis twisting model and two-axis counter twisting model. Based
on the Hamiltonian and eigenvectors of the two models, the effects of external magnetic field
Q, squeezing interaction p and temperature T on dense coding capacity are analyzed. By
analyzing the parameters Q, p and T, the results show that the parameters and have a positive
effect on the dense encoding capacity, while the temperature T has a negative effect on the
dense encoding capacity. More importantly, by adjusting and optimizing these parameters, not

only effective dense coding can be carried out in a proper range, but also the optimal dense
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coding can be achieved.

In chapter 4, we study the optimal dense coding of the two-qubit anisotropic Heisenberg
XXZ model under decoherence conditions, with the Werner state as the initial state. Our
results show that the initial state purity r has a great influence on the initial value of the
optimal dense encoding capacity. When the purity r of the initial state increases, the initial
value of the optimal dense coding capacity also increases. In addition, the coupling coefficient

and the DM interaction both have a strong influence on the frequency of the oscillation and

the area of the t that the optimal dense coding is feasible (l‘ ,-). Interestingly, the decoherence

rate y strongly affects the dense coding capacity.With the decrease of 7, the area of, (which

will make the dense encoding capacity greater than 1) becomes more wider.When y = 0, it
will still allows a valid dense coding. So we can adjust the parameters to get a optimal dense
coding.

In chapter 5, we investigated the properties of quantum dense coding between two
identical and spatially separated atoms in free space with different initial states. It shows that
the dense coding capacity ) experienced a sharp decline firstly and then gradually increased
to be one steady valuel with increasing t.The implementation of dense coding capability
depends heavily on the initial state. It is worth noting that the dense encoding of the initial
pure state in this system is not useful because the dense encoding capacity is always less than

I(a valid dense encoding capacity satisfies y > 1). In addition, for the initial entangled state
and mixed state, the valid dense coding capacity can be obtained. The results show that there
is a threshold, and the dense coding capacity is valid when # <7, . Tuning the atomic distance
between the two atoms slightly broaden the valid dense coding region and improve the value
ofZ, .Our results show that reducing the purity of the initial state not only broadens the coding

region, but also prolongs the effective time for successful implementation of effective dense
coding capacity.

In chapter 6, By introducing the nonuniform magnetic field » and the decoherence
parameters, the properties of quantum dense coding is investigated in detail with different
initial states. We mainly investigated the influences of those parameters on dense coding

capacity yin detail, such as the nonuniform magnetic field » and the anisotropic parameter A .

It is show that the quantum dense coding properties are very complicated under different

initial states. The dense coding capacity is strongly influenced by the anisotropic parameters
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and additional magnetic field : (1) the magnitude of the dense coding capacity is strongly
depended on the value of B; (2) when the system of the external magnetic field B constant, the

dense coding value of y is decreased quickly with decreasing the anisotropic parameter A for
fixed B. The influence of the inhomogeneous magnetic field b on y is very weakly, and the
physical reason is also given. By studying the influences of different parameters on y ,it shows

that by proper adjusting the value of B,b,J and the anisotropic parameters A one can obtain
obtain the effective dense coding ( y is greater than 1). One point we must mention is that not
only the dense coding capacity value is increased but also the range of effective dense coding
is broadened.

In chapter 7, we give a summary and prospects.

KEYWORDS: spin compression model, optimal dense coding, decoherence, DM interaction
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1
\QM>JEMJ ), (1-13)
Hora,

|(01,2> = cos@| OO>L2 +sin 9| 1 l>
|¢,,,) =sin600) , —cosd|11)

1,22

(1-14)

1,2°

M ERR T AT A B RE S, KT 3 L BIRZ4 5 Von Neumann & U5, ‘&
%%&%&%&hﬁ%ﬁﬁ,ﬁ%ﬁ%&ﬁm%m%wﬁ%wﬁF%,%ﬁ?3%%§
A |+) I, KT L ADRET 2 KRS SR A ,) s 2RLT 3 BPRAAE Sy |-), I,
AT LUK T 1 AR T 2 ST AR L i

CLff I & 145 B DL B 45 SRR %4 Alice, Alice W EINE B2 )5 5I A—N B
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%?%%,#ﬁﬁ?lu&%%%%w%&%%%wwwﬁhﬂ%DWJ%%JTﬁﬁ
LAEHRAE, T8 X E3RAE Uy, © 1, BT 25 (cos 600), ) ®|0)  HHe A
) 1
‘ l//>1,2,aux = \/ESIHQ[E (‘ OO>1,2 +‘ 1 1>1,2 )] ®‘ O>aux
+cos6 1—SIn ‘9|10> ®) (1-15)
o :
L IE e ZRIR KN
sin @ 0 |- sin22(9 0
cos@ cos 6
0 1 0 0
U.. -
v 0 0 0 -1 (-1
- s1n20 B sin & 0
cos” 60 cosd
Hrr, |10),  FRERKLT 1 AR 2 MIFT A IR T34, AR AIIRHERL 5~ 1 AR5 2
AR UFEIMR N, (EIX 25 Alice 755 3% R X B & 7 HLRFHRAT Von Neumann

D, FLESE RAT A2y o BT P A O -

(1) sk Alice WM& R |0) , KT 1 AKLT 2 2F & FRKYHES

1
jgwm;ﬁmgmmz,Amzm$m . Alice ¥ 1 TR IRLT- 1 30T DURDBEHL

) L IEAE e (1,0,,0,,0%) , %5 Alice AT 58 %31 UG ¥4 i%h0 T K %44 Bob. UL Bob
— R RS 1 IR (R T 2 IR, WIRELUS Bob BEAT LLAME Alice fI#1E
ﬁﬂpgﬁ%@wgo%E&m@%gm%imgﬁﬁ%lﬁﬁWEﬁw,wguﬁ
T LA B F S A FAR 15

(2) N5 Alice WML R A1), Alice i Il 45 ot nl LAAIIERL T 1 AR T
2 A TGRS, I AT OB S A £ R | B, DR SR T R A5
% 1A A 0 215 B R A A sk«
Iy =14 P, (1-17)
DA b S A B AR AR O R A, SIS (1-7) AT A ok, CLfF Ak i

W O RIS HIE RS BRSO 2 P i T i .

9
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1.3.2 [ERfEFHZHRG

[ 5 B 7 A 25 4 i 1104-106). (Simultaneous Dense Coding, SDC) HI Situ T 2010 4%
HI— AN ' TSR BT B RE— AN RIE T M2 AT, BT 7 LK
CNFERETRERIL TR AT Bell AR GHZ 2543 5 1 ZAEIR LR A 2% 4 i
TR

(1) B RGBT ab T Bell 25 1 7 F A 25 4w 77 %6

B el 447 —A EPR BL 7%, {5 Alice. Bob Fl Charlie J&[FI#4 1X MR 7%,
Horr Alice A RLT 4, FKL T 4, , Bob A KT B, Charlie I K1 C. HIGEM AL T
REFTHBMET RAERN:

|w(0)) =%(\ 00)+[11)),,, ®%(\ 00)+|11)) . (1-18)

BT RS T 1R TR G B ST A4 DO A 25
(a) Alice %53 B CFTHAE HORLT 4, UKL T 4, BT L ERME U (bby) « Ulcres) s
TEPTIARIE RIS R b, A0 ST BT 013 B0 B 7 LS |, b BT R
BTN
Wy D)=U, (b)) ®U , (cic,)|w (0)) =|4(bb,)) , , ®|d(e,ey)), . (1-19)

Hr:

1

U(00)= —1 0
O0=c.=| =

vooy=1=|" "°
00)=1=

U(10)= N
(10)=0, = 0 1 (1-20)

Uudal= = 01
(h=oo,=| "

Ix)

(b) Alice MHLT 4, M 4, AT AR, BT

|¢<xy)>:%<| 0x) + (-1

10
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1 i J
(1-21)
1
1

23 mir T P A 22 3R Alice HURT AR B ST IRL T 4, 143545 Bob, Bob LRI T 4,
%%y Charlie, MINE T RGN ERIELALSALN:
v (2))=OFT, . [|¢(bb,)), , ®|b(cic,)), ] (1-22)
(¢) BEIS, Bob A Charlie RALT 4, MUKL T~ 4, AT HK A 8 LI AR 007, AT 581
B &R T RGERRN:
lw(3))=QFT;, OFT,  [|4(bb,)),, ®|é(cic))), 1=]6bby)),, ®ldlcicy)), . (1-23)
(d) %K, Bob 1 Charlie %X K~ 4, « KL B $447 Bell ZEill & HJ#:AE, 135
A5 (b,,b,) » FIXTRLT 4, v KT C 44T Bell 2L & HJIRAE, BRMWIGELR (c,c,) -
(2) HRGHRTAT GHZ A1 [R5 B 25 g 7 &
T S A I R AL T GHZ A 75 1) EPR LTR3¢ Alice I KL T~ 4, FIKL T 4, 5
Bob #IAKL T Bi FTKL T~ Ba, Charlie il K7 C,c, » HURRHERLIREFTA R E T &
GRINN:

lw(0)) = % (|000)+|111)) . 5 ®% (|000)+[111)),, .. (1-24)

A TFAZARAE T B E TR G U AT LAy g DY A 20 B
(a) Alice Jo7r A% B QT HEA AL T 4, AR 7 4, 34T K IEAE U (b b,) ~ Ulec,) s
FEPATHERAE R T, M iCH O T T G B s e E T ks b, WINE &8
TRGERKTRN:

() =U, (bh,)®U, (¢,c;)|w(0))=|GHZ (b1b2)>A13,32 ®|GHZ (c1c2)>A1C1C2 (1-25)
Horp:
|GHZ(xy)) :i(\ Oxx) +(~1)’ 15}) (1-26)
V2

(b) Alice XKL 4, MUKL T 4, BEAT A F A4, Alice i AT LAME H ST REA KL T
A, %1525 Bob, ERIT 4, f£i#45 Charlie.
BARE AT

11
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(1-27)

v (2))=OFT , , [|GHZ (b)), , , ®|GHZ (c,c,))
(¢) JERF, Bob Fil Charlie XL T 4, FUKL T 4, 4TI 2 (8 LI AR 00T, B 52
B LS BT RAR RN

|‘//(3)> :QF]—ZAZQFE,AZ [| GI—]Z(b1b2)>AIBIB2 ®|GHZ(6102)>

4,C,Cy ]

AIC]CZ ]

=|GHZ (bb,)) , , , ®|GHZ (cc,)) (1-28)

4,88,

(d) Bob B} Charlie iid f# I IEZC & 745 | GHZ (xy))}xy I3 Xt B LURE 4,8, B,

4,C,C,

4,C,C, 4T Von Neumann JU &8 K 3REUE 2. o
(e) Bob Ll f Charlie 38 i i F IE 52 & 7 & 70 A0 & 7 EURF ABB. ACC #E4T
vonNeumann Ml &HKIREUE B (5,,5,) LA (¢, ¢,)
DA _FJ 2R 2 il A T Bell 25 DA K GHZ 75 1) [RI B AR 25 il /7 58, TEIXANGmts il
H1, BdE Bob 5 Charlie PN ANG1E, 15 WI7E S8 =20 2 HITARART B A0 — J7 R JC i 3K A 4
E R

1.4 EFREES

TR AL A0S SR B op 54— R R, e R 4 T
YIS AT (5 B, T EPR e ) — AN 5 T A R S T AT A
M, BER R BT ANE BRAR “Hi” # EPR WHn— MR L, SUEH EPR
st 1 — AN BT IR S 0 TE B, AR 2 35 0 0 4 SR & LB H0 it i v LA
XA T A S AR R A 5 AR, IRER ST T X T A A A . AR s
DB TR AN, B 263K Alice (BEUL#) M1 Bob (Ki%#) f3HHG —
AP EPR AL T, A BIRIT 1 RURCT 2, Alice SRR 1 RUITE RIE MR HAS
BIFHEATBEA I, 3R Bob T HF KT 2 A8 Sb—HRAS . Alice JBIT4 i
{0 T 45 A 3% 25 Bob, Alice ARHEIX 45 BT T 1 {0RH () & 1E A8 #es 7T LAY
BRI R, ST R AR A R I T A

1993 4F, Bennett*214%5 A\ I A X fh &7 2 JRG1E, SR T BT RIBHE R, 1£ 1997
HE ] Zeilinger! 14025 N T4 M S 06 b B0AIE 55 B0 1 25 F0 S 8 3 M) 25 5% 0 T A 44
TFRATAEA RN T AAIFEE M B0 — TR o AR FF R TR S 7R3 o e T

12
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AL B S EAL, NAER TRIBASMEIRASLE RS TR Z EEER, =_ihT
BRNTT %

XEBA RN A — TR T RIGALS KRR AT,

BTRIGASRIEFMAETAUEIG, RIS A7 o] LIS AR JE T
Al R LR

BT RIEAR S RN A T n] AR - BB Alice 1 Bob AEF — M7, Alice
FARIF 1. 2, Bob FFARLT 3. iy 1 FrabiRm &7 & LR N:

|9), =0, + A1), (1-29)
| g) ARF Alice Z L% Bob ({5 8. Alice 5 Bob 2 [ & F{ZiEF R A

), =75 (000, -11.)0)) 1-30)
R, AR T R R BPIRE A
¥} =14), ®v ),
= (a|0), +b|1>1)%(| 0.1),, —[1,0),.)
= %(a|0,0>12|1>3 —al0,1)]0), +5[1,0) |1), -B[L1) |0),

FIH Bell 81724k, A

o,o>=%<¢+>+\¢>> ,1,1>=%(¢*>—‘¢>)
|0,0>=%(‘P+>+“P‘>) ,1,1>:%(‘P+>—“P‘>)

FEHIRLT 1 AR T 2 AT RIS LUS , =AM i B ELAR S T LU iR #1910 3%
LW

v), (al0), + 1),

W)= g5 v ) a0 A1)+

1

:En¢_>”(a‘ 1), +40), )+ ¢+>lz(a\ 1), -8 0>3)] (1-31)
Alice 257 200 H CHTHIA ROR T 1 #9(5 BEPRES |¢), 145 Bob, XN Bob fiTHf
HIRT 3 i NE|9),» B Alice XPRLT 1 AR 2 BATECG IR, 7E Alice $44T

13
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R DN B PR AR AR T 3 2 el R R 2 B 25 AR S B AR L 1 B T8 b

R T BRI AL L R AR AT RE 05 SR AE X A 3ok 72 v 75 B R A a5
Alice 1 Bob 35545547 — % il %47 ) EPR XJ A1 Alice #ZREAE X R 1~ 1 AR T~ 2 ATHR S
M. W~ ERTR:

Alice ZREE BEENETS P
e = s
— Vi ‘\_“ I E

/l-/ \\[\ T ‘\\
( BS ) ( U )
\“.r- S /w/ e A

wr

i \ ,/ Bob
‘/_,/ '\A 2 : ///,f'
P \ M
CRABTE

HF2 E Pz

1-1 BEFREASIE

W] BLE A, FATTIAE R I P A Ji b 5 2] 2B A il 2 A B — R, IR A
a7 73 3l NER VR AN S 3 A g8 T A HRAE, REB[E TEGENAREEER, 2
—AMEARTFUH AR r R 500 S N ORIIE AR R & 7 A G S R
T AR RS, (H S AE LI AR i AT I B B B R AR S Lk AN AN R 7 B NS
il &t B B KB T M ERS, AR Br B RS 1R K& TS BT AR

HIE AT LA R, AT 7 M G Dy B 705 AR S 5 il A R 1) — Rk ok
WIAAAE, REWs EPRIE 5 s B AL PAE 55, X2 M5 BIA LI . (BRI
R A T 5 A EIA S R A A A A BAE A, BB AR TN TR T
BAH T 4 Rt e AR A QAL FE AR, A ARl 5 2R e it BLEE 1996 £ (1)
I, S ERHAS Bennett! !SI HA R} A 5L RIS 1 8720 Etifl al U@ IR AT
RN, IXA A 7 ZEAE 21 R JSE RN 2 P AR AR EPR X7 B HioK, 1X 48 EPR X B4
5 &R EAILEC . BIHERE — BRRRS T2 . BEE AR, — &
F T A R EIR T ER ok . SBAE 2001 4, AR OSE AR I 2Rt
PRI HU 7 AR 1K) EPR X A] DLSRBIMHE BANTE R B &S 4il, 1R EIZ T
TCEA A B FTRE A I A A R AT R 2R R A, I DAHE R RIVR & A5 AT 2BAL 105 %

14
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re AT R ). el — Bt e DU, 655 NG EdRE 1 & 1@ S e &
ARH I BB AR, S TR TSR E TR SR, FEERRHE ST
TUE 7GR AR EADE P e 2 @i B E T Eu e — A WR” .
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2 FXIEILEA

2.1 Von Neumann entropy

15 SRR R iR R G E B BRI, B DL RS . AL EhmE
SRR, 8% KM Shannon U120k KA 20 HUE B2 MR KN, EE5HRENLE
& x PEEHIRE B R EERN x BE B . YR E x TIEEAERZ D
HERGHBUEIFEA T 2K %R Frbl, BENARE W LLAYZME BRI — e s, i
FEHLAR BRI — R BRI H AR RS RN BN FE N A, A
A s x WS BB - B, EMERBEUE BN XX, X, 512370 A5 AR R Y
Shannon J# &t AT LLE 7R

H(X)=H(p,,p,p,)=—2, p,log p, 2-1)

Horp & BE R AR BT 5 “Tog & LA 2 VIR, BT BLa] DLUA BRI B RS I /e 534k
L“p=0"It}, log0 %A E X, FTLALITE 0log 0 =0, WHLEMAKAEBIFAXT R A 720 .

Xk
02240 — Al o P AR TR B, e T DU SR AN 58 SUHE ) — 454 x
S BRI A pOO)FT q(x)2 181 FIFIALRRE o R AT LA A

p(x)
q(x)

=—H(X)-)_ p(x)logg(x (2-2)

H(p()|q(x))= ZP(X) log™——

FATE X -0log0=0, HF px)>0, N - p(x)log 0=+ . FHXTHHZIEMR, B
H(p(x)g(x))>0, HFHXI FE 2 B BER U A [F T 23 AN R AL ey, n SR
IIATEIZE S IGOR, AR RS BUE 38K, e, Wb, B 25/ME Y 0 1, e
PR 0 58 AR A

MXHEEA AR, HE®) ) g(x)20, ENERB M EM RS HNY
p(x) = q(x), EANBERT x MEFRROL. I AN SR, R R — A%
log xIn2=Inx<x-1, FEIXEFANTFHELENEXLILA: —logx21-x/In2

17
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BT AR 5(2-2) vl AR A

H(p(x)lq(x))= ‘;p ) 10g%

1 _9(x)
= In2 Zx:px(l p(x))

1
= sz: (P, —q(x)

1
=—({1=-1D)=0
ln2( )

AR AT DAE AR AR Stk o (H R AR R B R E I AR EA S, T vl A
HAR A BE — MRFIR A AT TR, ARG AR 10 25 R R LURIE H AR g 25 2R

Ke. FHBEERER
s X ATY YR ERE S FEREZEIACR, XN HUH 2GSRI
5 R0, I3 X MY BENLAR &2 18] (& 0 € -

H(X:Y) E_Zp(xv y) IOg(X, y) (2-3)

Kt p(x, y) RFHHOB SR BREMHEARNEFABXHVBEELEE, W
RY MECEMIERE, ol HES B HY)RERHE R, W5 XY)RIA IR A
FEVERUAT DL SRR, ATAE Min T A5k

HX|Y)=H(X,Y)-H() (2-4)

FT AU SRR AE TR Y (B 264 T ORIE X AHEREE . BAS Eaia] LUK
FORBENLAL B2 B A E T, RRAN:

H(X:Y)=H(X)+H(Y)-H(X,Y) (2-5)

HEXBEEAX (X :Y)=H(X)-H(X |Y) AT SRR B B4 Ak,

Shannon i (#1457 AT EARESE Ay -

()H(X,Y)=HY,X),H(X:Y)=H(Y :X).
QENHY|X)20, ILMERE H(X:Y)<H®Y), HEBENHY & XHKEE, ¥ = £(X)

JOT o
G)HW <HX, v), HIAHAMHY & X WREHRES .

18
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(4) JxReErint

H(X,Y)<HX)+H(Y)  HAAMCH XAY @Ml Ry ReE S
GYFANHY | X)<H (Y)

M HX )20 HHAMH X MY 2B R IR S .

(6) SR ICAT Ik
H(X,Y,Z)+HY)<H(X,Y)+H(Y.,Z), HXHANY Z-Y—>X # % Markov #E ]
HESEE

(7) FAI R

H(X|Y,Z)<H (X|Y)

FETEREERF, G- #% MK 25032134 (Von Neumann entropy) & — AN HE 1]
2+ . Von Neumann entropy 5 Shannon i B8 E—FF, (H2 A1 MAE1EE K%
ll, Von Neumann entropy FRitid & F(SIHHIPES, FIA Von Neumann entropy HEE &
SIMTAEAS A G R, IR AR RNTE &1L TR RN

Von Neumann entropy A 1R 2 MEFIER, RE 58 MOGER] Tx—FFk. 2017
%, Liang!"*31%:F Von Neumann entropy 118 T ZH4E3)) /)5 1E HVF 2 & T A A I E T R
i it B A RIATE 2. 2018 4F, ZhulBSOSEARH 1 20 14k T2 ZERIRAS N 1Y) Von Neumann
entropy 14 2GS Ab T 85 RIS (1) BARRIE T o M5 8k B 2 1 2% % R A Von Neumann
entropy FIECAIERT,  ECUnA e M = A ASEIG T 2 g8 20 9 _E 5P B 1 7 T
B MR ROAR AR R A 1 S AT A RS R R R A B

2019 £, Kumaril'*¥1% 5] ] Von Neumann entropy HH AN R PE RS H T 15 BALHIT)
B P A=A BRI, 2020 4, Hou Z5MF 7T 1 AEMIXHG o 2l 4= 4 b S50
2, MR TR LA R AATTIN S 4, DA 2] ¥ PR AR BE R %] . Wang S57E T R T 2
2R B TG ) AN E 1 R RIWETIR T, WAL T Bell 257852 21 A RS IR 5N N 2 A AT A%
o TR 2 NI AR LT I B R BRI 2 2 5145 Sl & B B MR, (H2
Ja KA BHAE X} von Neumann entropy 45 H T #75E X

BN S E AR AME AL AR B TARKRR RIS A B i ol 51139 14014
T AE R LA A RS B Bl U, R AR T ) IE A A G B A
FORF I8, X R IA ME IE IR IZWT oA — DM, XSG T 2 53 B e ECEE
J5T LA AT RS 58 (1) S FH
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e 75 B P S Shannon 5 Von Neumann %3 b JU-FAH [, 15 5538 545 A
o AT ZGH 5 BV Von Neumann Jt il LA SUA:
S (p)=—tr(plog p) (2-6)
AR B RSO BL 2 NIRRT . (B A, 72 p BIALE(E, T Von Neumann 4§ &
X5 N:
S(p)=- 2, log A, (2-7)
[FIFEE L 0log 0=0 o FESEPRTFRAT BATSS I 2P EAE FH TR (2-7), AR 1A
MRS B AR E B Bk p Mo 2B EEA, WEATRAERNE AT AR R
N:
S(pllo)=w(plogp)-tr(plogo) (2-8)
W A7 Q-8) T LAAIE, it EEREY, TR E A NI, ER2AIRE
N HIAES RS RTG53 B HARAE RGN, BIS(pllo) >0, HHMNE =6 I, &
TARAL . EDMAZFEXWPHN Klein A5,
BTG R, B AP E T EAS B E XX

S(4,B)=~tr,,(p" log p™*)
S(A|B)=S(4,B)-S(B)
S(A:B)=S(A)+S(B)-S(4,B)

= S(A)-S(A| B)=S(B)-S(B| 4) 2-9)

Hooh p P H R A R AB 1075 AR

(1) Von Neumann i A5 4 045t IF HLAIA F I NE.

(2) BfERE B R T d 4EH07 RS A, e B i, Hlog d »
%%%%?%ﬁ#ﬁ?é%&éﬁ,%%myu

(3) HE& 5% AB NAISK, A S(A)=S(B).
(4) Wi p, 23 p, BFREER, ):

S(Zpipi)=H(pi)+ZpiS(p,-) (2-10)
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(5) Hhar e B
B RG A WIEREA]) . RY%BIWBERFN P, p, WEREFL p, %,

i
S(ZpiliXiI@pij=H<pi)+zpi8(pi) (2-11)

(6) VKT HIE AN = fg A,
W9 A fl B ARINE S RGNS B EEGRR NP, G468 RGN0 T 5
J& NS4

S(4,B)<S(A)+S(B)
S(4,B)> S(A)—S(B)
IR HIFR A Von Neumann J6§ 1 8 T I HEAN 25 0 = AN, A B HRCN
Araki-Lieb 1453,
(7) Von Neumann 4 1) ™ 4

R p REELHAT p, KBRS, WD 2 B 2% AR = 2N

S(Z pip,-j > piS(p) (2-13)

(2-12)

(8) WA
HFA T REHROE & RGOR AT IEE . = MRS 5 =4 T ARGl e
B RGBSR, TA TR AR RO IR T ISR . AT i
R RARTE RS R—ARATZMNLER. HTFEABRTREA B, CH
S(A4,B,C)+S(B)< S(A,B)+S(B,C) 2-14)

2.2 BiRERGIRE

BETHRAGLE -MELSRS, EESLIE TEEME TR, Zhou!'s
S5 NAE 2002 42 H H s A] LLT & TR ERAE, 2003 4, Bose 4 Hi AR I ] Y
H e EE RE AL AR TS T IE R, Yeo 5 ANH HERE RGAT T B T RIEALESMTF.
TR LR AN R AR LA R 2R 1 B R A AT 4
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FRFIRE

P98 (Ising) A7 F 52 FIR AR AR HPRE 7 A e /MR A, I EAR 2 B 52 50
PR R A T2 B, G iR R — 4, T4k, =Z4ERI, BRI RS
PoE— A B e, a0 RAR T TE R KR L 240 Z A EAR AR T R gt AL A
AR AT LR =i i A, B 8 B B kL R IR RERIRES, — i
B e ERPRES, R B e T IRPIRES .

1T B e AR BT 2 A A5 AH AR Il i) B e T 60— 20, BT BL 3 R G S 252 B S
I, A (0 BRI AR 2 — AT, BRI M A T AT, XA B AR
REMITROL, ZEAT5 R a2 B, EAT 2R N XA FIPIRES &b
FiR TR B, BRI R R E N, XSRS A B et 2R S
EAHRR AL B ERATEAER], A ERITT R A BEAt AL A T o AR B R ANEAE A %
i LN A AT BEIRZAS AR 26 S AL E M SORFERERS M. PRk, SRl 2) 1 W 4a i
fie, HERER I ARG P A FEPRE S BBC 2 e 8, XA ) Ul e 63 7] T A o

G AR A [ e i R ] AR O

H=JY S!S/, (2-15)

Horpr, TR B ATRS mUE] AR G R .

TR, B IREME TSR R RO, e R TE B AR B e RSt
L AT AT T T [ AR (1 B e e R G, B ek AR B
A DL R A G B 7 T SEALAT & g f 0511920, i ELAE A F o 1 SR Bk T L
WARAER, © W Z N T8 A g8 B E L AT OB & T L,
AR AR AL OSSR Dy f il LK) B e R AE T ik FE R, i HAE R 7 AR g0 7
ZERRRG, BT B RESSIADG RS S 2 Y R G P R LIl AR . B TE
S SRS B 1601 [ 75 B AR AR T 1 TGOy — DR AL, AR
B e EER AL ) 7 R MAN R M A VP2 A FIRISEAL, Bande Rl B iesE. 278 B iegEAn 2
R esE, Wk ER:
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e S B S
R A Zan S B S

B 2-1 LA gnetk. FE AR ERAEHE

2.3 DM tHE{EH

Dzyaloshinskii 5 BUE = f TR T, B S98BEERORD R, R T 2 H— A
PN A B, 3 MBURE A B R B TR P 7R 4 1) A AR F S 80 . 1949 4R,
Neel 1_F 3 B A B SR B TR BEERA 285 A R . ok, B3R Li ROA Neel
PRI, Li YA TSR B EAS R SR T Bk 2% 5% ) 2SS0, 17 2 St T I ki
SV, (ER SRR B AR A 15 00 F BRI, TR MR R R
GERI A B Te M R LA R BR FAL 25

[iiJ5 Borovik-Romanov 25 A3 i S0 s 5L 24 4 BE 1R w0 RE it S BN, AU SR AR
4% Neel TV 55 BeMAME R RIE T 250, AR 4 4B AR FIRE S, BB R AR,
T REL o 4 Pl 2 ) B G ORI AR &9 2%, X 15 Borovik-Romanov 25 A1
SEUG AR I R AFTE T JE o TR R UL, Neel 36T 8B SR U T 4% 7 280 F i
RARBELE AE I -

1958 45, Dzyaloshinski 713 6 b} LI PRI R 2 DR A 11 90708 R A Lot 1620
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(B OSSOV A T 1 SRR TLAE P, 1SS PloAf T4 Pt 4 SO0 HE R 2 2 At —
35 S FGHRRENE, AFTER tH XA BT 18 2 DL S AR AY . fbd5 HH7E a— Fe,O,
oh, TR ET S M, AT E R a— Fe,O, i ARSI E ek T 1 ar— Fe,0,
ST R FOXRRIE, AT, 5% 06 T BT = fA 0 HEAE . 1960 4E Moriya 325
AV ) £ B R T SRR IR R AR, XU T Anderson HEAS 1 )
BARTTIR, FE T IXRE R B ATt

2. D, (8xS)) (2-16)

()

HobiD, 4% DM AMIIER S8, S, RIS, S BIFmfe i i R 2§ FRY B e s
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AR T HAR R G0, BRI 35 A B 1 A 70 20 RV a2k A RnT F 2R
BT L2 P SRR 2 x S TE R

BLTE, AT ER SR T LU RGE P HORES R AL S A3 AT B 35 4 1
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