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1 5/

W o B~ R A B e o % [A, B] = AB — BA, [A,B], = AB — BA* 45N
A 5 B ) Lie FAIR} Lie B & 6 : &/ — o &P (RATINELZNE). WRXIHMER R
A, B e o, 515A O([A B]) = [5(A), B] + [A,6(B)] 1 6([A, Bl.) = [6(A), B« + [4,6(B)]., M
SRR 0 & o ERAELYE Lie AT RMLGHFIIEZEIER) Lie WRBUS. WRIMEEM A, B,C <

ke H #: 2017-05-16; 257 H 1]: 2017-12-25
HEEWH: HREARBEIEERIITHE (11471199)
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o, 53AA O([[A, B],C]) = [[6(A), B],C] + [[4,6(B)],C] + [[A, B],6(C)] # &([[A, Bl.,Cl.) =
[[6(A), Bl., Cl. +[[4,6(B)]., Cl. +[[4, Bl.,6(C)]., MAMHIFx 6 1 o LRIAELRNE Lie = F 7] S0t
SRR LR} Lie =B WU BAR, RN Lie Al RBURAIAELAR! Lie AT ML 524k
Ltk Lie —HEA[ FWLGHFIIEZAER) Lie = HA[ WU, RZAMAL. MRMEER A, B,C € o,
4 O([[A, Bl C]) = [[6(A), B, C] + [[A,6(B)]x, C] + [[4, Bl., 6(C)), MK 6 & o EAYARLAER
4 Lie = A GHLG. —fit, JRZMIR & Lie = H ] MU IEARR TIELME: Lie =8 n] SMLEf
SORE TARLMR Lie =AM fildn, X & =Co C, Bt 61 o/ — o/ f
0, A=0,

o) = { A+1, A#0.
6 52 o EAARRIEIR A Lie = TEA] SUAHER RARLNER Lie ST SHUL. i o = Ma(C),
Wt 6o/ — o K

< air a2 ) . < ai1(an1 + az) 0 )
a1 a2 0 ari(ann +ag) )’

M6 J2& o FRYAEZtE Lie ZH ] PN EAELPEIR & Lie —H ] U

PAIARE LAY ARZRE: Lie A SMEA Lie = Al S I 5HBF I EAR1E T —RFNZ5R (0L
3 [1-4, 6, 9, 11, 13]). FLAER, KT« B IEL YR} Lie v 3R AIEL R Lie = H 0]
SRS IR TR E e, FHER T A BASEE B 10 20 m ERTR, « 5
ERYARRMIR G Lie —HE A BN LA FAEZME Lie = Al SBUN XORFE FHELRPER} Lie =
A FIL, ASCEFFREF von Neumann A% ERIEZAMHIR G Lie = W] ML

W A JE— N Hilbert 2], B(JX) & A FRrGAREHA T2, o C B(#) Z—
A~ von Neumann {835, ¥ o H—AHFEIEHF.0HR CL FITHERF von Neumann 1Y,
o —FREAE X, Yeod HXAY ={0}HEX=0Y =0.

2 FEFERHEIHA

AL EBARE] TN 5
T 2.1 % « 2& Hilbert 23[d] FFEF von Neumann {83 H dim(e7) > 1. G 5wt
0: 9 — o WRIMERW A, B,Ced, f
([[A, B+, C]) = [[6(A), B, C] + [[A,6(B)]x, C] + [[A, Bl., 6(C)],

M) & JZRTINAY *- 7

JTIERIER 2.1, BT O,

53 21 & 2 H—AKK, d: % > Z B AT WREEN 2 € 2, F
xd(x) — d(z)x = 0, | Z A[AHEL d = 0.

53 2.2 &% & JEFHF von Neumann {4, Y € . WIRXEEN B e o7, [V, B]. € CI,
MYy ecCI.

B 4R dim(«/) = 1, ] & = CI. \iff Y € CI. 3 dim(«7) > 1, N o BAE3c et
%0 4 h(B) = [¥.Bl.. N h(I) = Y — ¥* € CL, AT

WB)=YB - B(Y — h(I)) =YB — BY + h(I)B.
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S g0 of — o Ky g(B) = [V, B], Wl g 2&MTT, HHMEEM B € o/, & Bg(B) —
g(B)B = 0. W51 2.1 fl o MAEZcHt, NAMEER B e o/, 5 YB = BY. Hiit Y € CI.
HEEE.

AT o 2 von Neumann fRE{H. dim(«) > 1, § h o ERJAFLRMIR G Lie ZH [
FL, P of jﬂﬂ/\@%jk%n?}%y Py=1- P, dj = Pjd Py, j,k=1,2.

5|38 2.31 ¥ Ay € oy, 5 = 1,2, WURIMERAY Biz € Ao, H A11Bi2 = BiaAg, N
A1 + Ay € CI.

5|32 2.4 P6(P)*Py = —P10(P1)P2; Pd(Pyp)P; + Pd(Pj)P; =0 (1< j#k<2).

B EHARERIER] S 6(0) = 0. XS j ke {1,2} H j#k, A

0 =6([[Pe, Pjls, Pu]) = [[0(P), Pjlw, Pe] + [[Pe, 6(P)))s, Pl
= —P;0(Py)" Py — Pi6(Py) Py — Pjo(Py) Py — Ppo(P;) P

Xt ERZETe P, AT P 15 Pio(P) Py = —P0(P)Py; 23 Py, A3 P & Puo(Py)P; +
P.6(P;)P; = 0. jIFEE.

S 2.1 A T = Pi6(P)Ps + Pod(Po)Py, MIBIHE 2.4, T = —T. 2 XM & : of — of
A ©(A) = 0(A) — [A,T]. EERIEAA ©(([4,B].,C]) = [[®(A),B].,C] + [[A, ®(B)].. C] +
[[A, Bl.,®(C)] MEER A, B,C € o oL FHFIH 24, % j ke {1,2} Hj#kB, A

O(Py) = 0(P;) — [P, T] = 6(P;) — Pj6(P;) Py + Ppo(Py) Py = Pjo(Pj)Pj + Pp6(Pj)Py. (2.1)

BIIE 2.5 O AN
TEEA A PA T ILANET SRR
BrE 1 XMEER Az € Ho, Boy € 9b1, A P(A12 + Bar) = ®(Ai12) + ®(Ba).
W T = ®(Ai2 + Ba1) — (A1) — ®(Ba1). MMEEM Co1 € by, H [[P2, Co1]s, Bar] = 0 il
o(0) = 0 %I
O([[P2, Ca1ls, A12 + Ba1]) = ©([[P2, Ca1]«, Ai12]) + ®([[P2, Co1]«, Ba1))
= [[®(P2), C21]s, A12 + Bai] + [P, ®(C21)]x, A12 + Boai]
+ [[P2, Ca1]s, (A12) + ®(Ba1)];
F—JH, B
O ([P, Ca1]4, A1z + Bai]) = [[®(P2), Ca1ls, A12 + Ba1] + [[Pa, ®(Ca1))«, A12 + Boai]
+ [P, Ca1]s, P(A12 + Bay)].
T2, MEER O € b,
[P2, Con ], T] = 0. (2.2)

Xt (2.2) AH P15 PITCy = 0. NI o BEME, A Tiz = 0. Z5UAMHE 1o, = 0.
®(A124+Ba1) = ‘I)<H%P1, i(P — Pl)] ,A1g — B21])

_ H(I)(;H),i(Pg - Pﬂ} e - Bm} " HQP B(i(P, - Pﬂ)} A - le}

*

+ H%Pl,i(Pg — Pl)] (A — Bm)}

*
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of[snan-n)] ] -] e

vo([[srtrs- o] -a]) - [[arirs - ] a0

+ |:|:%P171(P2 — Pl)] , ®(Agg — 321)}

*

= P(A12) + P(Ba1) + [P1, P(A12 — Ba1) — P(A12) — P(—Bay)].
T2 T = [P1, ®(A1g — Bay) — ®(A12) — ®(—Bay)]. Wi T11 = Toz = 0.
T 2 MEEM Aj; € oy, Bik € i, By € Sy, 1< j#k <2, H
(a) ®(A4;; + Bji) = ®(4;;) + 2(Bjr);
(b) ®(Aj; + Bij) = ®(Aj;) + ©(Buj)-
W T = ®(Aj; + Bji) — ®(Aj5) — ®(Bjr). H [P}, Ajjls, Pl = 0 Fl @(0) = 0 %01
([[Pj, Ajj + Bikls, Pi]) = ([P, Ajjle, Pi]) + ([P, Bjkls, Pj])
= [[®(P ) Ajj + Bjkls, P + [P, ©(Aj5) + ©(Bj)l, Pj]
+ [[P AJJ + Bjk]*a <I>(P~)];
A7 T
O([[P;, Ajj + Bjkl, Bj]) = [[®(P5), Ajj + Bjle, Pjl + [P, @(Aj5 + Bjk)l+, Pj]
+ [[Pj, Ajj + Bijkl«, 2(F;)].
T2
[[P;,T)«, Pj] =0. (2.3)
Xt (2.3) KT P, £i9 Pj, /o3& Py 53 P, W Ty = Tji, = 0. NI T = Tj; + Th
IHERBH Cik € Dk, B [[Cik, Ajjls, Pu] =0 %
([[Cjk, Ajj + Bjkls, Pu]) = ©([[Cjks Ajjls, Pu]) + @([[Clk, Bjkss Prl)
= [[®(Cjr), Ajj + Bjls, Pl + [[Cjr, ®(Aj5) + ®(Bj)]x, Pr]
+ [[Cjk, Ajj + Bjkls, (Pr));
AT
©([[Cjk, Ajj + Bjkl«, P]) = [[2(Cjk), Ajj + Bjls, Pl + [[Cjk, ®(Aj; + Bji)l s, Pi]
+ [[Cir, Ajj + Bjkl«, ®(Pr)]-
T2 [Ck, T, Px) = 0. XF LT P; 459 Py, W) Cj TP, =0. NTH o7 AR, T = 0. H
[[Bjk, Cjk)s, Pl = 0 ZBAE ([T, Cjl«, Pe] = 0. NIfTH & B9EM:, T;; = 0. Frh ®(4;, + Bji) =
®(Aj5) + 2(Bjk)-
ZfpAHh, W (b) HOALAL.
¥rE 3 XMERM Ajk, Bjr € i, 1 <j# k<2, ®(Ajr + Bji) = ®(Aji) + ®(Bjr).
—J5 T, HEE 15
([[P; + By, Pj — Ajil«, Pj]) = ®(Bjy, + Aji + Bji) = ®(Bj;,) + ®(Ajx + Bjr);
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S, EWiE 1, 2 f1 ©(0) =0, 15
O([[Pj+Bjy, Pi—Ajil«, Bj]) = [[2(F; + Bjy), P — Ajils, Pj]
+ [Py + Bji, (Pj — Aji)ls, Pi] + [[Pj + Bjy, P — Aji]s, ®(F))]
= [[®(P)) + ®(Bji), P — Ajils, Pj]
+ [[Pj+Bjy, ®(P;)+0(—Aji )|, P +[[Pj+Bjy, Pj—Aj]«, ©(F;)]
= O([[P}, Pjls, Bj]) + ([P, —Ajk]«, j])
+ ©([[Bk, Pjls. Pi]) + @([[Bjr, —Ajkl« Pi])
= ©(Aj) + ©(Bj + Bji)
= ®(Ajx) + ©(Bj;) + (Bjy).
M @(Aj, + Bjr) = ©(Ajk) + (Bji).-
WiE 4 XMERER A, Bj; € 95 (=1,2), F ©(4;; + Bj;) = ®(4;;) + (Byj).
B T=®(Aj;+Bj;)—2(A;;)—2(Bj;). H ©(0) = 0 K& [[iPy, I]«, Ajj+Bjj]= [[iPy, I]«, Ajj] =
[[iPx, I]«, Bj;] = 0, A[4%
O([[iPx, 1]+, Aj; + Bjj]) = @([[1Pk, 1]+, Ajs]) + @([[1P%k, 1]+, Bjj])
= [[®(Pk), 1]+, Ajj + Bj;] + [[1P, ©(I)]+, Aj; + Byl
+ [[1Px, 1]+, D(A55) + D(Bj;)];
557,
O([[iPe, 1]+, Ajj + Bj;]) = [[2(Pk), 1]+, Ajj + Bjs] + [[1Pk, ®(1)]+, Aj; + Byl
+ ([P, 1], ®(A;; + Bjj)]-
T
[[iPy, ]+, T] = 0. (2.4)
Xt (2.4) X/AHe P, 759 Py, 7v3f P; £53% P, W Ty; = Tji, = 0.
W Cjr € Py, 1 <k#j <2, NHEWSF 3 H
B(214;;Cjp + 2iB;;Ci) = ®(21A4;;C5x) + B(21B;;C;1)
= O([[iP;, Ajj]«, Cj]) + ([[iP;, Bjjl«, Cj])
= [[®(iF)), Aj;j + Bjjls, Cj] + [[1P;, ®(Aj;) + ©(Bj;)], Cjrl
+ ([P, Ajj + Bjjle, ®(Cjr);
H—J7TH
®(2iA;;Cj + 2iB;;Cji) = ®([[iP}, Aj; + Bjjls, Cji])
= [[®(iP)), Ajj + Bjjls, Cji] + [[1P;, ®(Aj; + Bjj)ls, Ciie]
+ [[iP;, Ajj + Bjjls, (Cji)]-
FR& [[iP;, T)., Cj] = 0. Nfith o f9EME, 15 = 0.
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FHHWNE 3 A
©(CrjAjj + Ck; Bij) = ®(CrjAj;) + ®(Ck; Bjj)
([P, Ckjle, Ajj]) + @([[Pr, Crjl, Bjjl)
[[2(Pr), Crjles Ajj + Bjjl + [Py ®(Crj)ls, Ajj + Bjj
+ [[Brs Crsls, R(Aj5) + 2(Bj;)];

F—JrH, H
®(CjAjj+CrjBjj) = ®([[Pr, Crjls, Ajj + Bjj)
= [[®(Pr), Crjls Ajj+Bjj] + [[Pr, (Chj)lv, Ajj+Bjj)
+ [Pk, Crjli, (A4 Bjj)]-

T [[Pr; Crjls, T) = 0. B o7 W92, NI Thr, = 0.
= 5 XMEEM A € A1, Bio € o, Co € oo, H

O(A1y + Bia + Coz) = ©(A11) + $(By2) + (Ca2).
W T = ®(A11 + Bia + Ca) — ®(A11) — ®(B12) — ®(Ca2). HTF ®(0) =0 H. [[%Pl,i(Pz -
Py, Aut] = [[$P1,i(Py — P1))s, Cao] = 0, W—J5TH

T
q><[ 5pl,l(Pz—Pl)] ,A11+Bm+022])

*

) R o A )

= {‘I><%P1>,1(P2 - Pl)]7A11 + B2 + 022] + H%Phq)(i(Pz - Pl))} ,Ai + Bia + 022]

*

+ H%Pl,i(Pg — Pl)] ,®(A11) + ®(Br2) + <I>(022)} ;

*

FH—HH
®<H§P1, P2—P1] A11+Bl2+022:|)

—-

i .
H ( Pl); P2P1)} An +312+022} +[[2P1,(I)(1(P2P1)) yA11 + Bia 4+ Cao

*

+ H?P i(Py — Pl)}@(fln + Bzt 022)}

*

(i) -

Xt (2.5) AT P I Po, 7T P 53 P, i[5 Tip = To = 0.
W X192 € A2, H ®(0) =0 il [[iPy1, Cazs, X12] = [[iP1, Bi2]«, X12] = 0, A[ {5

O([[iPy1, A11 + Biz + Caals, X12])
= O([[iPr, Caz]s, X12]) + ([[iP1, Biz2]+, X12]) + ([[iP1, A11]s, X12])
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= [[®(iP1), A11 + B2 + Caals, X12] + [[1P1, ®(A11) + P(B12) + ©(Ca2)]s, X12]
+ [[iP1, A11 + Bia 4 Caa)s, ®(X12)];
F—JiTE, A
O([[iP1, A11 + Bia + Caa]s, X12])
= [[®(iP1), A11 + Bi2 + Caals, X12] + [[iP1, ®(A11 + Bz + Caz)l, X12]
+ [[iP1, A11 + Bz + Caal, ®(X12)].
Xi2) = 0. \NIfTH & BYZEME, T = 0.

D(X12C2 — A1 Xi2) + ([[P1, X12]«, Bi2])
= O([[P1, X12]«, A11]) + @([[P1, Xi2]+, C22]) + ©([[Pr, X12]+, Bi2])
= [[®(P1), X12]«, A11 + Bz + Ca2] + [[P1, D(X12)]«, A11 + Bia + O]
+ [[P1, X12]4, @(A11) + D(B12) + ®(Ca2)];
F—J7H, B4 [P, Xi2]«, Bi2] = 0, LA
O(X12C2 — A1 Xi2) + ([[P1, X12]«, Bi2])
= O([[P1, X12]«, A11 + C22]) + ©([[Pr, X12]+, B12])
= O([[P1, X12]«, A11 + B2 + Ca2))
= [[®(P1), X12]«, A11 + Biz + Ca2] + [[P1, D(X12)]«, A11 + Bia + Cag]
+ [[P1, X12]4, (411 + Biz + C22)).
FIE [[Pr, Xa2)e, T] = 0. H o BN, NI To2 = 0.
T 6 MMEREM Ay € Sy, Bio € Sho,Coy € oy, Dos € s, H
O(A11 + Bia + Co1 + Do) = O(A11) + O(Bi2) + 2(Ca1) + P(D22).

W T = ®(A1 + Biz + Ca1 + Dyg) — ®(A11) — @(Bia) — ®(Ca1) — ®(Da). HWTEH 1 Al
[5P1,i(P2 — P1))s, A1) = [[3P1,i(P2 — P1))s, Daa] = 0, £

(I)(Blg — 021) = (I)(Bl ) + q)(7021)

] ] so( [t ] 5
[irri] ) so([tra ] o)

yA11 + Bia 4+ Cop + Dzz]

*

[Pl,‘b(i(ftb —P))| ,A11+ B2+ Co + D22}

[aroe- 0]
[1

,P(A11) + ©(B12) + D(Co1) + <1>(D22)} ;
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H—J7H
i
®(Bia — Ca1) = (I)(HQPI’IPQ_H] A11+312+021+D22]
ZHCI’<IP1), P2_P1:| A11+312+C21+D22:|
+H%P1, P2—P1))] A11+312+021+D22}
i
+H2P1, P2—P1} (A11+B12+021+D22}
T2 .
H%Pl,i(Pg - Pl)}T] = 0. (2.6)

Xt (2.6) X7 Py 55 Po, 7238 Po £7E Pr, M| Tho = Ty = 0. ZEATFWrE 5 AUIEHERE, f75

T =Tee = 0.

B, BINE 3, 4 16, MIAMERM A,B € o, ®(A+ B) = Y3, ®(Ajx + Bj) =

305 ket B(A) + 51 @(Bje) = ©(A) + ®(B), Bl @ RTAY. JELE
5|38 2.6 () C A HO(P) =0, 1<j#k<2
iEBH X (2.1) AT Py A P, 72T P, /3 P;, Wl P;®(P;) P, = P®(P;)
®(P;) = P;®(P;)P; + P,®(P;)Py.
T‘&Aké%k,ﬁﬂ[ jk> Pjle, Pj] = 0 1 @(0) = 0, 1%
= O([[Ajk, Pjls, P5]) = [[2(Aji), Pyls, Py] + [[Ajk, ®(P)))s, Pj]
= O(Ajr) Py — Py®(Ajk)" Pj — PjO(A;r) P + P ®(A 1)"
= ®(P))Aj, — Ajr®(P;) + P@(P)) Ay
Xt BT Py 5T P, 723 Py 5% Py, A
AjkCI)(P‘)Pk = ij)(Ajk)*Pk, PkCD(Pj)A;k = PkCI)(Ajk)Pj.
I, Pu®(Py) A%, = Pe®(Py)* A%y NI o f3R1E,
P®(P;) Py = Pu®(P})* P

[A
[

B 53 2.5,
—®(Aji) = P(—Ajr) = ([P}, Ajrls, By])
= [[(F)), Ajil«, Pj] + [P, (Ajk)]w, Pyl + [Py, Ajils, ©(F5)]
= —Pj®(P))Aji + Aj®(P))" + 2P ®(Aji) Py — (A1) P
— Pj®(Aji) + Ajr®(P;) — ©(F;) Ajie.
Xt XM AFEE Py, P, AKATE P 455 Py, N
Pj®(Aj)P; = Pod(Ajp) P =0
A K
Ajp®(P,)* Py + Ajp®(P;) Py = 2P,0(P;) Ay,

P; = 0. J\ifiT

(2.7)

(2.10)

(2.11)
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H (2.9) Al (2.11) X, W Aj®(Pj) Py = Py (P;) Az AT 513 2.3 f1 (2.7) 3K, A
®(P;) = P;®(P;)P; + P,®(P;)Py, € CI. (2.12)
YAEREW) Bk € i, B [Py, Ajil«, Bjx) = 0, H
0= ([P}, Ajk]+, Bjx])
= [[2(F)), Ajkle; Bjk] + [P, ®(Ajk)]w Bj] + [Py, Ajr]«, ©(Bji)]
= —®(Ajk)Bji + Bjs®(Ajk) Pj + Ajr®(Bjr) — ®(Bjr) Ajp-
Xt XL AFSE Py Al Py,

Bjx®(Aj1) P = —A;1.®(Bjr)Pj, Pu®(Bjr)Ajx = —Pe®(Aj1) Bjp. (2.13)
FrilH, A
Pe®(Aj) A = Aj®(A;1) Py = 0. (2.14)
B (2.13) X, WIXHMEER Bjk, Xk € Zjk,
Bjx®(Ajp) Xk = A;r®(X;1) Bji. (2.15)

HFIEE 2.3 F1 (2.15) X, AT Pe®(A ) X1 + Ajp®(X;%) P; € CI. fitbv]458
Pk(I><A ) ]kE(CPk H Ajkq)( Jk)P G(CP

WITTTHENST F,G : . x ol — C, (578

F(Ajr, Xj5)Pe = Pe®(Aj1) X (2.16)
H
G(Ajk, Xji) P = X;kx®(Ajr) Pj. (2.17)
B (2.16) F (2.17) =X, WIXMERER Ajk, Xk, Yk € Zji,
F(Aji, Xjr)Yje = Yir®(Ajk) Xjiu = G(Ajk, Yr) Xjr- (2.18)

BRIRAFAE (Ao, Vo) € i, x oy (15 F(Ao, Vo) # 0, NI (2.18) X, MMEEM Yir € i, A
F(Ao, Vo)Yji = G(Ao, Yik)Vo.

T Yk = M(Yi)Vo, ot (Vi) = GEETE) € C.AE (2.16) HU X5 = Vo, W F(Ajx, Vo) Py =
Po®(Ajp)Vo. THEH (2.14) X, SMEBH Ajk € i, H
F(Ajk, Vo)MA k) Py = Pr®(Aji) AN Aji) Vo = Pu®(Ajk) A, = 0.

MG A(Ajx) = 0 5 F(Ajr, Vo) = 0. 412 AM(Ajx) = 0, W Ay = M(Aji)Vo = 0, #ETT F(Aj, Vo) =
0. TRAERER Aji € S, BAH F(Ajk, Vo) = 0. FealHs, F(Ao, Vo) =0, &, XULHXMER
B Aji, Xji € i, #A F(Aji, Xji) = 0. H (2.16) X, I Pe®(Ajr) Xk = 0. B & BRI,
M P®(Ajr)P; = 0. NI (2.10) 2, ®(Ajx) = Pj®(Ajr) Py € Hji,. %@f (2.8) X, MIXHMERR
Ajr € A, B Ajp®(Pj)Pr= 0. T4 P®(P;) P, =0, #Ei (2.12), ®(P;) =0, j = 1,2. JEEE.

538 2.7 FEAERIINBU f; o — CI, HEHERMN Aj; € o5, B ©(4A;5) — f;(Aj;) €
A5 (1 =1,2).
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WEBA & Ajy e o Hok#j, WEFIH 26 A

0 = ©([[Py, Ajjls, Py]) = [P, R(Ajj)s, Pi] = Pe®(Aj5) Py + Py®@(Aj5) Py (2.19)
Xt (2.19) Ao Py 5 P FIAHE P, 53 Py, W Pj®(Aj;) P = PrL®(Aj ;) Py = 0. )i

MHERH Bk € Sk, B [Ajj, Bekle = 0 A[15 [®(A;5), Brrls + [Aj5, ®(Bii)]«, C] = 0 XHMEEH
C e o WL il o J&H-Fr %

(®(A);), Brr]« + [Ajj, ®(Bri)]« € CIL.
W2
[Po®(A11) P2, Bag)s + [A11, PL®(Bag)P1]. € CI (2.21)

Al
[qu)(AQQ)Pl, Bll]* + [AQQ,PQCI)(BM)PQ]* cClI. (222)

B (2.21) %1 [Pa®(A11)Pa, Byl € CPy XHEEEM Bag € o AL HFIFE 2.2, M| P,®(A)P, €
CP,. MIMAFFEM f1: @41 — CI, [§if% P®(A1n) P2 = f1(An) P 2800, | (2.22) XA HI7F
TEWL fo @ @y — CI, [fif5 P1®(Ag) Py = fo(As2)P1. H (2.20) 2, FIL ©(Ay5) — fi(Ay;) =
Pi®(Aj;) Py — fi(Aj;) P € ;. IEER.

& 2.2 @HEIH 2.7, e RS f o/ = CI Ao — o f(A) = fL(PLAP) +
fo(P2APy) Fl A(A) = ®(A) — f(A), M58 2.5-2.7, A BA TFFMHER:

(a) A SERTNAY;

(b) A(% ) C i, ok =1,2;

(€) Alagy, = Play, 1<j#k<2.

5|3 2.8 A EAINAST

WA " 1<j#k<2 Aj; Bj; € A, Aj,Bji € yp,. IELUT LB 5 IEA.

HIE 1 (a) A(A);Bik) = A(Aj5) Bk + Aj;A(Bji);

(b) A(AjxBrk) = A(Ajk) Bk + Aji A(Brk).

(a) HI A MPERTRIGIE 2.6, T

—A(Aj;Bjk) = ([P}, Bjkls, Ajs]) = [P, A(Bjk)]«, Ajj] + [[P), Bikle, A(Aj5) + f(Aj5)]

= —A;;A(Bjk) — A(Aj;)Bjk,

R A(A;;Bjk) = A(Aj5) By + Aj; A(Bjr). ZE(LUHL, (b) AL

WS 2 A(A;;Bj;) = A(4)5)Bj; + Aj; A(Bjj).

HWE 1(a), SMEEM Xk € i, A

A(Aj;Bjj) Xk + Aji B A(Xjk) = A(A;; By Xjk) = A(Aj;)Bj; Xk + Aj A(Bj; Xjik)

= A(A;)Bj; Xjik + Aj; A(Bj;) Xk + Aj; Bjj A(Xjik).-
PN}
(A(A;;Bj;) — A(Aj5)Bjj — Aj; A(Bj;)) Xk = 0.

B o ERM, W A(A);B;j;) = A(A;5)Bj; + Aj;A(Bj;).
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BTE 3  A(AjxBij) = A(Ajx) Brj + AjrA(By;).
H A BRI (b), () KBTH 1(a), M
A(AjkBrj) Xjk + Ajr B A(Xjk) = A(AjiBr; Xjk) = ([[Ajk: Bijle, Xjkl)
= [[A(Ajk), Brjle, Xjx] + [[Ajr, A(Brj)lx, Xjx]
+ [[Ajks Brijles A(Xjr)]
= A(Ajr)Brj Xk + Ajr A(Brj) Xk + Ajr B A(Xjk).
ITAMERR X € i, B (A(AjrBrj) — A(Aji) Brj — AjA(Brj)) X6 = 0. B o BIRME T
J& A(AjuBrj) = A(Ajr)Brj + Aje A(Brj).
w5, WS 1-3, W A(AB) = A(A)B+ AA(B) XHMERER A, B € o ML T A &R
ST JIEER.
S|3E 2.9 XMEEMN Ac .o, H A(A*) = A(A)*.
WBA W 1<j#k<2H Ajp € . B A BT (b), (c) MG 2.6, F
A(Ajr) + A(AS) = ©([[Ajk, Pils, Pu]) = [[A(Ajk), Pels, Pi] = A(Ajk) + A(Ajx)"
NI
A(A%) = A(Aj)" (2.23)
W Ajj e o B A BIERT (b), (c) FITIFE 2.6, AMERER X € S, A
A(A;; Xji) = ([[Aj5, Xjkle, Pr]) = [[A(Aj;) + F(Aj5), Xjklw Pr] + [[Aj5, AXGk)]«, Pr]
= A(A);) Xji + A AXGk) + (F(Az5) — F(A35)7) X
M, B 5128 2.8 RIS 1(a) KA f(Aj)" = f(Ay5), B f(Ay;) € RI F A @R (b), ()
TSI 2.6 40
([[Aj5, Bjls, Ajr]) = [[A(Aj5) + f(Aj;), Pile Aji] + [[Ajj, Pjle, A(Aj)]
= A(Aj) Aje — A(Ay;)" Ajie + A A(Aj1) = AJA(Aj)-
ST, B A BIPERT (c) X517 2.8 BIETE 1(a),
O([[Ajj, Pjls, Aji]) = A(Aj;A5%) — A(A}; Ajk)
= A(Aj;)Aje + AjiA(Ajk) — A(AS;) Aji — A A(Aj).
N (A(A;fj) — A(4;)")Ajr =0. B o BYEME N A(A;fj) =A(4;;)%, j=1,2. 455 (2.23) &,
Fi& A(AY) = A(A)* MERER A € o BOL IEE.
THE 2.1 BUIEER IR 2.8 F1 2.9, ] A REATHIAY « S MM
A([[A, B]., C)) = [[A(A), Bls, C] + [[4, A(B)]+, C] + [[A, B+, A(C)]
XEFAR) A B,C € o BIBOL. H5I3E 2.9 UEBR IR f(o);) CRI (j=1,2) IJ f Y
FESCATHL SRR A e o, f f(A) e RL gl A #E X
f([A, B+, C)) = ©([[A, Bl., C]) — A([[4, B, C])
= [[A(A4) + f(A), B].,C] + [[4, A(B) + f(B)]x, C]
+[[4, Bl., A(C) + f(CO)] — A([[A, B, C])
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= [[A(A),B]*,C] + [[AvA(B)]*vc] + HAvB}*vA(C)]
— A([[A4, Bl., C)) + [[4, f(B)]+, C]

= [[4, f(B)]..C).
16 ESUFE A = i, 3 LC B8 O, WIRHER B,C € o 45 f([B.C]) = 0. It
F(B)[A— A*,C] = [[A, {(B)}..C] = £([[4,B..C]) = 0 (2.24)
MFFA A, B,C € of WL, 16 (2.24) &, F iA fOF5 A Wig
F(B)[A+ A*,C] = 0. (2.25)

455 (2.24) 1 (2.25) 2, W f(B)[A,C] = 0. B o HEFH. dim(«) > 1 %1, F#7E A,C € o f§
3 [A,C] # 0. NITAAEER B € o, F f(B) = 0. #1li @ = A A - 7 b1 @ #YE X,
MAEER A€ o, 6(A) = O(A) + [A,T), HAt T = Pio(P1) P + P2d(Po) Py = —T*. AR, Wbt
A—[AT] & o ERATIN « 3. B, 0 ZATmEy - 7. uEEE.

VENEH 2.1 M H, FATERIA T HER.

#iL 2.1 B o RIRYENE Hilbert 23], 6 : B(A#) — B(X) ZARLYERE Lie =
MU, MAFAE T € B(o) H T +T* =0, {IRMEEMN A€ B(J£), f 6(A) = AT — TA.

UEBA ERE 2.1 A1 0 ZATINAY - S ti3C (8] AS5IR AT 6 S22ty I 0 =T
L, FE7E S € B(JF), [ARMIEER A€ B(J), H 0(A) = AS — SA. ;1 T

A*S — SA* = §(A*) = §(A)* = S*A* — A*S*,

WAFLE X e R, fHF S+5* =X 4 T=S5— 3\, W T+T*=0, HHMEEW Ae B(#), A
8(A) = AT — TA. JIF¥E.
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