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Commute, permute, interchange, exchange %[5 4& 533 g G HY B

Beeysed . SeBuini . SRk sRiA st interchanging 4 [RlHr 7% &
TFEIRIRERAR T T exchange term, BEAL T WLAZHYERIBLE], HEEEATRE.

1 5|F

Wiki ¢ Lie Algebra 9 id] 4% ,
IEANZBRAEE, Bk —me Xt
BHJ: “In mathematics, Lie algebras
(/i:/, not/'lar/) are algebraic struc-
tures- - (fE 27, 2 AUBORHiF X A
AR E LAy, HEEH TR
EIRZ AarEE, XARERRERE B
FEARRK Y Lie(Z%) 24 55 345 15 B
BT T, HAVMERTA B
T bR B 2 B SR A A
W, RS A, HAEE T
KA Z, DRI, WFHEIER
W lie,  light (A A 5T A ELE
BRI, Sk, le fED R
(8 JE R B AR IE Y lagen, 1E 4 4l
. OBCEREER B IETERY legen;

light {EAJEHIEEK B S5/ Licht,
TERERIY . 7 5 IR Kk A SRR
leicht, AABRAKEAZ, SlUtid
PRt s SRR T, XIS S AR
7, BOREIEATLIE", FiEXFA
KFEBMESERE T HANFER
PEIES, ARG ki)
ARSI A, o TR A A o
HERE, Jeifans- ARy £ %2
WAk, PR, (BREWEN, UHZ
A R AR Y A T T T 128 B L1 ST
ARBE, RS iR AR
Br, BRARH B,

WA N A T R
(Mavra peD) [ BAR, X EHiFFl1X
AFEH AR AR, KA R
Py 5 8 s 2 & R it A48
LRI R 245K T2 5L, & Pk
B A RES AR LR T AR

1) XMFSIEN R AR RIS AR B RN T B G KRR, — DA ERE RIS EECE
(LB st RO RS L3 Bk Z F SEEB D MBATITEM, 4 HFERGE S B — RS E
1A, AR S accusative, ERRXAELIMEWE RS, KM, P S & ZFKHRA

EHE

=1
.
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MR IR A AL I P T8 Sk
& PR R AR R RN 122 (B AR
Prik, MR A (GRS A
It s 7 —#k. A ELAYIE
SR DBk 2 T, mEE
T I AT DL R % A 5% [ 25
LB EM, Lh4n, transformation,
1) T hi T 15 30 i) formare, & 28
AT B 2 B R TR (R, 5
TEAEK B — 0L R 2 T
BB, WA, AR IR
trans + formare 3 ¥ fi# transformation
P RER R A e B A IS, R
1eT Rg Sk 25 R 3 TR B AR B
H5IUmg—/ a8, mtHANE
[T IR RRATX — A

Change xR B LAY H 5
CiH], H change fiTAE HIRYA)iA], 4N
interchange FI1 exchange, #B % 1% Bk,
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£ ot F, sont telles qu'elles: donnent:
el que soit Yordre dans lequel on les.
ppelées. commutatives entre elles..

; aBz=Eaz;....

1 1814 4E Ay — ik Sc B2 18 3 b i Ykt B commutative

—ii
e, Ak, WL BRI AL
1% commute, permute Z£i7] , X JLA
TR ERIR 7 A o SR A P B
& ULILEE A SR B2 SCEk A
oy iy AR BT ALEL R

2 FikE

BB AR A T fE
st s, B/NVERIR I, FR
A5 LU nik A i e i, ik
A 142=2+1, 2x3=3x2, {fEH A
AT, XBerE AR R T —
KE%@?%%W%AE%£Q
BREFT, HNEX SR A S
commutative law, zjjlﬂcommute, 5!6
A B T & mutare, gk A& 3 3 HY
kb 4n Jacob Bernoulli 19 44

= eadem mutata resurgo” H1 [1Y) mutata

change,

kA XA TA BT IE Y commutative,

st R — TIF, SR, M
15— LEHYE A iX 4 BiHY . A bina-
ry operation is commutative if chang-
ing the order of the operands does not
change the result (—/~—Jriz®., 40
R o A% Tz B QA IR AE 5 R AN

A2, NFRiZisRR
A AR o
Commutative
AEAENEIR
i A 7E 1814 45,
H B 7 Frangois
Servois [ — &
SCOCE H(E ),
H3#E, 51 A com-
mutative —ji] A& £F
PRV eR T A E S A B PE R, AE
JR3CH, V& TR & commutatives
Al commutative between
UL T & 5 R PR A BRI B A%
PEMA 2T BN R AL — IR
BRUERTPERT . R B EORL AT e
G T AR, RIS T H i o
1350 )& commutative law, NI 3L 48
2 1844 4%, 1843 4%, Hik NG 25
(Rowan Hamilton) 5| A T P J¢ g’ﬁz
O=a+bi+cj+dk ik B+, H
FEI3A, j, k)a&Xfz=athi Y U
W), =i=k'=ijk=—1, "a Z WL
Xk BLE R T Mt B A LT
ifii Graves fR gt #3 H T
J\TCHL (octonion), {HZEHTILTIA
l67eH, 4 7, FMIME— T CEE
s 80), —H(EH), M,
INTCHL, EaAReH— B S I AT
NTCEVE? VAT AN IR T XA
[, LIRS T sk
commutative law F[I associative law
(G5 BRI %Q@EU&(HDJF
3=14(2+3), (2x3)x4=2x(3x4),
R B — Ezﬁl(ﬁiﬁﬁ&?ﬁ%fiﬂhu A
B, ZIEOR R R A S A
A, PYICEH R A A éﬂam?{ﬁiﬁ

entre elles,

them,

Graves,

2) Mathematics 24 A 25, B0 (R] /& mathematics 1R/ NME/N—335> . Mathematician 224K
N, %S FN polymath, % Thomas Young, Henri Poincaré, Ervin Schrodinger, John von Neumann,
Roger Penrose iX ‘5 Ay 2 FZ #)-2 polymath,  f G 2% T HX FERG D B R H A IR R LB sn — 1Y,

MRARRE, TREGE RN,
3) BEUE RENEEL, SR
Jacob Bernoulli fyZLhd |, ——E &7
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o RANEARSE R BRI BT, SRR EZITE T

sttt B A T 8 O=a+bit
cjitdk, A ii=—ji. MMi/\JCEOE L,
Bt B, Bl R AR
A-BC=AB-C=ABCxt¥Hx &",
UL, BUREIN T 2R M B
SEAAR OG5 Ve A I e 2 4T
R, B AT AN XEH T R
(BB M AR B, (8, A8
M, RAEKRIRE R IRE
f 3k # rh IR B 4 A A N A8 i A
BARLE, AMPANRE AL
. el —M, G2 0FEYR
155 25 B IR foe N AT A 3 31 K A7
TERIIE

Mooc %o BT E R e
(non-commutative) 4 it A~ A& & i P
) AB#BA, TRk ij=—ji, X
Ffr AB=— BA W) HE 28 i P4 ¥ B A
anti-commutative( )z &2 #t 1), H A
A& P HR VBB R A TR
%, Wi & A K& 1S (exterior
product ¢ # wedge product), i &
ulNv==vAu ; J5#¥ 4 Grassmann
B, R 0,0,=-0,0, . B1RA bk
BARAE ulu=0, 00=0, HIE
R HMR B Grassmann 473 BLiX
FE 1Y AR 2 R BB 44 SR &2 alternating
. BIE—x g A —k, toan
ZRE MR
u/\v/\w:(ulvzw3+uzv3wl+u3v,wz—
W, v, — —uw,w)e, N e, \ e, ’
E%‘Ei Bhrl, 2, 3FEAM A%

T A B — k. Alter-
nating Bk 3 alternative 1% 2k 28 B .
A3 %, Alternative algebra, X i%A
REEARE, fRiE —Res s A
IR E . Nz Rt E T 28

U,V W,
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%, 2 ABB)=(4B)B,
AAB)=(4A)B, T XM &FH,
alternative H, /& P fif exchange inter-

action [N =4,
3 XHZHE5Lik

FE Wy BESCHR Hf commutate B 1%
BB, FRRAEM B R T H
non-commutative #p i& 7 non-com-
muting, % Sy FIILHE(conjugation)
B3R, HAAMERXNG KA pe=qp, L
WA p=qpq ', XJaEAERIER
K IEHE e & JLBRF B e
AR R G R A 5 R R E A AL,
FEE X R SR L —
HE

R A Of B 1) 5 A Al 28 e
(AT 2 W) 18 s AL B SR
R AR AR A, R IR
IS e 7 IR AR J B A R S e A IR
RIEME IR, WORE—HE TRIRA
WU A X AR IR IR 5
“KBBEEERHOX AT, il EE
WFENL, X Hpy g, 5
T Y NEY R X S ERA U
FREE T, SeE KB E
AL (VYRR ML DS Uy oy ettt B e
R, BRFKRAREE, X2k
x5, EEIFREIETFH
I A A A SR U R B
L AT HENSR, RiZamm
R ARG, 4%, dEx5
PERLIZ EE AT S 4 P L 2 2 A
W, =1 5 aE T 5 5T
(non-commuting operators) By, # L {5
(EHEX B8 T RA 2 8. AP

MRA, B, WAEIHEME LI,
AEXT 5y, Bl AB#BA, ABLixA
AL, BB REFRATRE SR
HIp Bt e, P%GRAE AB — BA i,
AB—BA, WERK[A, B], #XH4H
commutator, (¥ 1% %t 5 T 8% 28
. MELFEHEN B, & hE
B TR EZ%E, W [vp]=ik
R T A E R, P
WegmtEh “ B R BRI ]
AE [a] IS B 3 N 5 — /> BL - A 30
REFNQLE”, 4R &M )% Bgkhe
“EIR. BN E AR 1B
REFNOLE” I, it &Rk
R I R B R VR F Bk S O o6 —
A& R G E AT B R R
2 BMEHEAX2HR, P
PR E ST, WE L
FhE O —stRER & T2 EE,
%t 55 F-(commutator)[4, B]=AB— BA
A A T Ml R — e R B A (s
oL, R E LR 5
¥ (anticommutator), {4, B}=AB+
BA,  Sfe iy 5% 5 5 Z 0 e B .
Grassmann $¢ & xf | 4 5 AT ) 4
HALE,

{EHTAR =R EIMRE R,
A RBTEA TARERR 1, 2, 3
A AL B i (permutation, A I, B
4 cyclic permutation), Permutation,

per + mute, =

J 4 to change thor-
oughly( 4 2% — i), xf T4 & (1,
2, 3), R PAME LR
ik, FERAER, 3, D, G, 1,
2), (1, 3, 2), 2, 1, 3)Fu3, 2,
1), Bp =%}% /Y permutation 1= 4 75
FhArfE, W.4%, permutation i & ff

4) Josiah Willard Gibbs 5| \ KBS AR IS, HEFEMZAANE 7. — PMEYREE, B
RGP B[R L7 MR B AR A — R R, MR EA H BN B VF 2 B2 SR B A
TAEEAR RS St R R AT TEXT AR B T B RS IR IR By, BB, —EHIE

5) Hocptmmm— A, stilEms,

AR SR W, —FFE

6) XHLHEH = REKRASPAATAERER, SEHX=RE 55BN I8

{&(determinant), ——2£ &

Y39 - 433 (201447) 7 1)

M BT A € X, Pt LA A permutation
group( & # ) B ME 2 . B e (per-
mute) 5 %t 5 /78 i (commute) [&] I ,
HAHEE NI, tanfzh
B EFR, (1. J]=ike,l,
Hi ) Levi-Civita £F 5 e, 5k &
i, j, kWJpermutation,

4 ZHIEH

AN E g — 2
RELEIME, Al el kA5
3 id: interchange F[1 exchange, %
5l 1A change, >k A 7415 Y chang-
er, ARptAHH. KM EL,
40 changer la place avec qqn( F1 3t
N #e A~ HE), B 1H 1Y interchange 11
exchange, W& RIS A inter(A),
J& # W28k ex(B), #ASN), W
O @ RPR SP S S
POE T W ER s BE i 7 e, T
R, AEDUTE M B SCHR P A 4 i
KK, BTELAREHENAHE
17T,

45t interchange, H# M2 —
SEHifi7, {F interchange station(33f¢
ulh) 5 H A E PR XA E A,
BB AN | ek 2 i At ih B H ik
KB A G B 4 (interchange) .
1B A permutation n] & kA& £ /K inter-
change X} R r BHIEER . & AT
WA AR A A, w)=uAw, WE
Alw, w)=-Aw, w) , KK EuH
L RERER S5 S B F U B A DN |
fx % (since interchanging the roles
of u and w reverses the orientation of

the parallelogram),
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Exchange, & w5 Kk —1
PARRISMER G, HAMEX R
7 & F &, She exchanged a few
sentences with the man, FtiH M —>
ZN—ABNFILATE, Bzl
Bk fRZLAZET, BR TP AN ZIE,
AR, “TIBLRG, REEE
FEMER RS E LR FFF)E
A3 i — B R A 75 25(1 am so low that
I would exchange the greatest sight
of beauty in the world for the sight of
your figure---)” ), 3% j& 30 HLAY ex-
change, “4n[A2: 5 dLfAAH IR Y
AR e R STV RER (SN
A R 1Y e S 1Y e S
Y 8 1T AN A& B & A= ok A% (Particles
that interact through the strong force
exchange gluons, much as particles
involved in electromagnetic interac-
tions exchange photons. Quark col-
or, butnot flavor, is changed by the
exchange of gluons.)”, X &FH# 3L
fik B[ exchange,,

S > g v REH 2 B
B TR MAER]. e, AR
SRR, A RTERT] "
(interchange) ] A~ Fr T2 B~ 5
“ZEHFH 45 (exchange integral)” B %8
Ao I R AN Rl S 3R] 2 R
K/ A o 2 T AR
+ B BRURD [ P A BE (O R Tk
FORE LM A, FExAN BT
F&H interchange F1 exchange [ IF #ff
M T REA B THER B 5 ry# B
B,

FERT 5, HRL AT
BRAL @ FH o ot 19 A T8 BRI R R
HeQp+yp Qe 5 oQi-¢y Q¢
XMFIER . AfhaWe? Boh T
(interchange) 4 4 [ KL - " A8 B Y 52

VEP, HAME(EA+1F — 1(H "]
BT S R A B FRIX A (A
B)e A AT X 43 BB G 5 BR 5L
PLAZRE AR T HIAIES

W R D R A K, BB E]
T R 28 e (interchange) # FR i 25
KGRI R AL, AR AR
RARRIRER, oA —IARA 2
# FR 4> (exchange integral) J.. (477
W)o XS AR 5y S8 ASHRBER 2L
J , Heisenberg® F1 Dirac ££ 1926
EEERR T, KMIEHEE T
R, RN A 2
VEM . 251 I mT Ok Mok m vk
Fudy A A, 7E Heisenberg 1Y 2k
RER R, RV IR 28 e T (ex-
change term) >k H W 1) 338 i 5)
i, HE WA NOE M A e Z FFIAH
BAEM . X AR TR S BIHE
&, B R Z AR REAR BE K
(EEN

HMORRE SERR, oW
interchange % b 4 B £ B 8 A g
A5 £ R AR o T A 4 SRR A
exchange term (integral, interaction)
We? 23— B X A IR i E N
2, AR Lok, RET
e B A LR A NAE . BB Anix
— B

trons,

“When there are two elec-
the wave function for which
the sum of the two spins equals 1
does not change its value when the
spin variables of the electrons are
exchanged, The wave function for
which the sum becomes 0 changes
sign when the spin variables are inter-
changed” “, {i—4) i ET1YH
JieZs i exchanged, fg—A)MIH T in-
terchanged, T§ & Wiki iY exchange

interaction il &, ‘BB #| . “This

7) BEARERN, ZHEMMEERE? SEEy IR R H, FTLXHEYEEE “EI

57 T ——EHE

. 492 -

means that the overall wave function
of a system must be antisymmetric
when two electrons are exchanged,
ie. interchanged with respect to
both spatial and spin coordinates( #;
PR HL - 25 (R FR B e AL AR 9 in-
terchanged T, HI P/~ H, T are ex-
changed 1 -----)", XBEAFAM
ANGETEW |

45 & 5 Heisenberg b FH &2
FEPEIRRI AR, RA KA REF A
{1 2, interchange the spin variables 5
F Y AN/& exchange term,  {EAHIEI
R, J& 7 A 4 8 exchange
TWE? IEFRAIE SR HFA B
oS HRER ., 8 H M
A [ & BB — A B R R
£ 7% [ 3 2 ffi(interchange) it {2 &
I PR~k R 50 7 TR B P  iT
FREEFoR T, W T
(exchange)RER I Ju, (EIX AR
A TR E R . W TR
R/ I T-{E A7 2 e (exchange)
F,— (shuttling of the electron): £
AT E 2Bk b (alternatively)
I R R AR, 5k TE
B, PR ST e SR S L
Bk G Z A2, R MY
BERRA & A E FIF A 52 (This alter-
nation is the essence of the exchange
force), 45K, AR A AnfmlfE
H AR ARA A ik el He A7 AE R L1
21 A 5 B R T L Y Bk
Z, W F A H exchange interaction
A 2R AR

PN 0p S EPS aviN OF
2, 193246 H, Heisenberg |n]
Zeitschrift fiir Physik 2% & 8828 T fib
RIS, ESCEBE TR
TRl B AR A, B
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fE i — R Z m AR D
exchange force (UHlt 2 s A TR IX
NS, TS I)\I_JLLB;’E(lsospln)
IS . R FRERIE &
B F A% R A T MBZE[:K
Heisenberg | It #E 1S 4% Ty 44 501 & —
Fif exchange force, [K 4 andf A& P fk
BHITE, SAREMIXE AR
tbo M2, whr— 2RIzt
2 TWE? 2 H— A HA A ARED R
TR TR KT, KBTS
i B M e 48 1F B9 alternation,
Heisenberg £ i H1 F— i 1 2 A 58
?ﬁ%ﬂ’ﬂ%i&é%? Fﬂ%lﬁi HL—
iR, IR B,
ﬁﬂ%&?Zlﬁlx?ﬁ%H’JE HL - —rpig
T, XA R MR ) 2 5%,
EAE MBS R T, 19344, 1%
I BHBR T —rp 28 e & 2
100 % B, F U & A /T 1. 1936 4%,
=T, e, BREL
8 H.AE I AE 25— Fh exchange interac-
tion LA J& o 4 98 AH B 1E H 2 Jr +
(meson)( &l 2) B SL, fF i B 52 4fE
] — /> SE G 40 By iS¢ . Exchange
interaction B 4fk: /" 4 ik FT 1.
TS w2 RBIHHEIEN, 1EA
Y B R - T ko R A ex-
change particle( F 2% % #f (1 B2 1),
iX 4~ exchange interaction HIf 2x 19 g
SF Rt e e gk B AT v R LR
HINR,

Exchange interaction Jii 3 i f
F MBS, By —A
F 2 A FAMLTILZ BT 1 19 RKKY
(Ruderman—Kittel—Kasuya—Yosi-

da G E)EM, S P LR

ARSI K $
R VT B 5 1%

L - 2 [A] A AH B0

FIt i B — T AR A AL

i, JE R TR

Jot d-BE £ B H

L A e 2 [l o 1%
FHFRAENBE,

iX B AY exchange A~ A&

AN AL )
+(localized) 7 [a] 28
TIAE RS,

2 U1 B i v A) ok #

# & Heisenberg 5 % & 2
B 2 1 R (ex-
change interaction, M interchange ¥
+ A% B ok B R R,
RKKY P B, B3R
A% B EBCE TN BT 2
HJSCEkTE(correlation energy), RKKY
B — A f S A4 R B G PL
WER, EWE £ B R E 5
PR T B T P bR T 2 25 B R 2 Y
JE B R B Bk W — R Bk M 2
Al A 3% 7

5 HiE

WX 4 %, FI|JE A fi inter-
change variables fi FI [1') §E & R 4 %
PR A exchange term #1140 & 1% Ut i
#5_ {F Heisenberg 1926 4EfHE 0™,
H A tauschen (change) F11 Vertausc-
hung (interchange) B9 5 £ , Ex-
change energy, exchange term ix />
MR AEMP L — Ik By, I&F
%I,

8) HEAEARHE, 4t 4 moment of momentum, moment of inertia, magnetic moment, electric di-

pole moment SR WAL TV EIE, HIERIE, BAE, HEME, AREEENmMAR

BE, XA

S Bt P IE 25 W R 9 F i, moment, momentum, 7Kgk & movement(GE 7)), AR L E

W, —E&&E
9) XiE—

W/ A 7h1E 4 austauschen £l wechseln, #3238 #ify =

Y39 - 433 (201447) 7 1)

NE Ay EIERE S, Austauschwechselwirkung, Austausch-wechsel-wirkung, i i 5 4> 18] 6t

E Rk Eiils (RN EHE

PN R Z [l 2 - A

XHEEER, i T e

KT MRS 2 A s iy,
S A 2 i © . 3 SCHY inter-
change fll exchange & 2R 7] LLEE HnL
X5, HARHATFEEM, anfEto
interchange ideas Flto exchange some
sentences H1 it A H A {4 X
e FERAARE, WRAEFHAYIE,
JL 3 HY interchange F1 exchange £+ 1
1% HLAR A& échanger, (LTERIE T H
A A L’ interaction d’
échange est le résultat de la symétrie
d'échange (3 #ufE F A& 4 [RPRL T 2 [A]
AR M FRIERIEE )™, B 3L
— SR, T RANEIE 7 I
% A interchanger iX 2 id], HIRA
4 17 interchangeabilité( ®] I #i 1),
TETESCRR R BEA R {RIE . 2K lE
JH (Die Austauschwechselwirkung”)
B 22 1 HiE (Austauschenergie) f&
Thy 2 [RIRL -3 i iz & (ihre Plétze zu
vertauschen) fij % H AV RE R T . &
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Hh HE VS Tz 1Y 2h 7] & austauschen, fij
2 #e B F Y A& 5 i vertauschen,
R N 2 A5 X oA TR P ok 19
iR, Jatls, EMCFRA
B 2 0 R 1% 2 AR AH 5% [ K K
WBRSCIEIZE R, o T IR A H e

%% 0k
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