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0@®Oooooooo L, Ly, L, 000000000000 00000O0

LoLyp — LyLy = ihL v, LyL.vy— L, Ly = ihLg, L.Lytp — LyL % = thLyy (90)
000+« 000000000000 ¢t00000 #,y,20000000000 ¢ =9(t,x,y,2)0000
0000000000000 0000000O00oOO0O0UOoOOO (o)UoooUooooo

LoL,— LyLy =ihL.,  L,L.—L.L, =Ly,  L.Ls— LyL,=ihL, (91)

0O (¢yoooooooooo L,L,0 L,L, 0000 L,L,000000000000000000O0000000
gogbgoboboaoboabodaod
00 0000000000000000 L?200000000000000000

L,L?—-I°L, =0, L,L*—L?L, =0, L.L?—IL°L,=0 (92)
000 L*=Li+L;+L2 0000

guooooobbobbooodgd

oboooobobooobooooboooobooboobOobooboOoboooooboobOOoboobD 000
gooooooooo p, 000000000 boobboobbobbooboboobbOooobbooboboOoo
gbooooboooobooooon

Az -Ap, > h (DDD h:;, h O Planckl]l]) (93)
T

000 Az000 x000000Ap, 0000 p, 0000000000000 Az000000000000000
0000Ap, 0000000000000 0O00000000000000000 Az0 Ap, 0000000 AO
000000000000000000000

00000000000000000000000000000

0000000 (2,y,2) 0000000000 (ps,py,p.) 000000000 (86)000000000000

TPy — Prx = ih, ypy — Pyy = ik, 2p, — p.z = 1h (94)
good (94)|:||:|DD[|[|[|DDDDDDDDDDDDDDD

0 (95000000 (z,9,2) 0000000000 (ps,py,p.) 000000000000000000000000O
00000000000000000
00000000000000000 (95)000000000000000000000000000

Ype — P2y =0, 2py —pr2=0, apy,—px=0, 2zpy—pyz=0, ap.—p.x=0, yp.—py=0 (96)
gbodoooboobooooobooboooooboobooooa
Ay - Ap, =0, Az - Ap, =0, Az - Ap, =0, Az - Ap, =0, Az - Ap, =0, Ay-Ap, =0 (97)

gbooooboybOp, 000000O000O0CO0O0OCO0O0OO0ODOOODOOOOOOOODOOODOOODOOOOOOn
obooooooooon
00o0000o0o0oooO0o0oooUoo ()yooooooo

LyLy — LyL, = ihL., LyL.—L.L,=ihL,, L.L, — L L. =ihL, (98)

oooooooooooooooooooOoooooooooooooon L, Ly, L, 0000000000000
gboooobooooboboooooobo
00 0000000000000000 L200000 (92)0000000000000000

L,L*—IL*L, =0, L,L? - L*L, =0, L, L?—-I1?L,=0 (99)
00000 0000000 2000000000 (L,,L,,L,)000000000000000000000
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000000000 (spin)

000 SO0 h=4 (hO Planck00)00000000000000000000000000000000O
0000 SOO000000000000000000000000000000000000000000000
(boson) 1000000000000 000000000000 (fermion) 0000000000000000000
00000000,1,2,---000000000000000004,3,5,...0000000000000000000
01000000000000000000000000000000000000000000 30000000
00000000C00O0000 10000000000000000000000000000000000000

gboobooboooobobooooobooog

ogo oooa
gl $=0,1, 2, --- 52%7 %7

boson(J O 0O) | fermion(0O00O000O)

000000000000 000000000000o00o00D000o0DoO0OoUOULOUOLOUOUOUO 300 (O
00 00)0000000 -5<85;<85, (S=8-1,5-2,..)00000000000O0000O00OCOO
gbooooboooobobooooboboooboooooobOooboooobooboocoooboOobooooobon
gilibooabooobooboobobboboda oan %DDDDDDDDDDDDDDDDDDDDDD

S Ss 0000 |00000
gl © 0 10 oooo
1 1
3 -3, +3 20 0Do0oo
1| -1, 0, +1 30 0Dooo

gooooo %DI:IDDDDDDDDDDDDDDDDDDDDDDDD lo0oboooboooooooboooobooon

oooooooono
000000 J00000000000000000000000000000000000000000000
000 ¢ =4(ta,y 2000000 2000000000000

w(f) 000 ¢y =¢s(tey,z) 00 ¢ =y (L,y,2) (100)

o000y, 0000 +%DDDDDDD¢,DDDD —%DDDDDDDDDDDDDDDDDDD %DDDDDD
gooooooooooooooooooooooooobooOyyDODOOOO0DOOOOOODODDODOt00000 z,y,2
00000000 sO000O0000O0O00O0 (l00)00o0o0oooooon

'l/} = ¢(ta$»y72a8) (101)

000 s=+i000 ¢=¢, 0000 s=-1000+¢=¢y_00000000000000s00000000
00000000000 7,y,-000000 s0000000¢000000 (101)0

v =1t q) (102)

gobobooooooboo
goooobon
go¢tooooooooo0ooooo0oooobooooooboooooDooo vo

U= \I/(t7Q1aQ2) = \I/(ta T1,Y1, 21,51, m27y23Z2;82) (103)

00000000000 ¢ = (z1,41,21,s) 000 100000000000000000000¢s = (22, y2, 22, 52)
000 2000000000000000000C00000000000000000000000C000000 ¢
0¢00000000000000000000000000000

V(t, q1,q2) = —V(t, g2, q1) (104)
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0000000000000000000000000C00000000 Y00000000000000 ¢000
00000000000000000000000000 (104)0000000000000000000000N
0000 1,2,3,---,NOOOOOOOODOOOOOOOOOOOO v, ¢, ¥s, -,y 000000000000
000 $Y0D0D00000 Slater(00000)000000000000000000 000000

Pi(q)  i(e2) - law)

1| Yo(q1)  t2(g2) -+ alan)
V=TS0 o (105)

Un(q) ¥n(g2) - ¥n(gw)

0000ooooo (1050
_ 1 (@) alae)
V2L aqr)  a(ge)
00000 (106000000 (10400000000
0000ooooog (1050

- % [01(01)¥a(g2) — 1 (g2)(a1)] (106)

1 Yi(q1) ¥i(q2) 1(gs)
U= NET VYa(q1) t2(g2) 2(gs)
(@) vs(ge)  ws(gs)

2l

[ 1(q1)Y2(q2)¥3(g3) + ¥2(q1)¥3(q2)v1(g3) + P1(g2)P2(g3)¥s(q1)
—1/)1 (g3)2(q2)v3(q1) — ¥1(g2)v2(q1)vs(as) — ¥2(g3)vs(q2) v (q1)] (107)
0000D (107000000 (104) 00000000

goooobooobobon
oboboooooboboooooboobooooooboboo 0 eeUbOoooobooboooooboobooon
gbooogoobo edboooobOobOoooOobD boobooobooboooobobooboooo

®(q1,92) = (g2, q1) (108)

0 (108) 000000 000000000 DO0O0UO0OUO0ODDOODOOOOODOOOOO0OOO0 ¢1(qr), ¢=2(g2)
O00000000000000 ¢1(qe), ¢2(q1) 000000000000 OOOOOOOO0OO 0000000
goog

= % [01(a1)62(a2) + é1(g2)d2(a1)] "
000 (109)00000000000000 ¢1=¢=¢0000
= % [61(0)¢2(9) + 61(a) b2()] -

goooboooe0oOoOoboboboOoooObOOOOODODOODODOOOODOOOODOODOODOOOODOOO

gbooooboboooboobooooboboooboobooon
obobooooobobooooobOoboooobooboooooobobooboD O eeUbOOooboobooon

gboooopooboboobooboovyooooboboooooo

U(q1,q2) = —¥(g2,01) (111)

0(111)00000000000000000000000000000000000000000000 44(q1),
V(x) 000000000000000 #(ge), ¥o() 1000000000000000000000000 OO
0(106)000000000000000000

= \%[1/’1(‘11)1/’2(42) —P1(g2)2(q1)] (112)
000 (112)00000000000000 ¢1=¢=¢q0000
= 5 [1(@)00) ~ 1 (@va(a)] =0 113)

gboooooooo booobooooobooboooboooboooboobooobooboooboobooobooboon
gbooooboooooooboooon

13



