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Three groups: O, D4, and D3 let you “do™
all the other 32 crystal point groups
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4-7 =12 lines - 2 pts =24 positions
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Introduction to octahedral/ tetrahedral symmetry O, >0~TyDT

Octahedral-cubic O symmetry

J %

Octahedral group O operations
Class of 1: 1

>
rk = rk Ra Rx,y’z — Rl’2’3
Class of 8:
+120° rotations iQC()ZgSS of 6
on [111] axes Rz rotations
o 2 I on[100] axes
2 Re Rz I5Class of 6:
2 3 3 . :
: Class of 3: R3 ](Si(io’”gmenS ;
d on iagonals
! 180°rotations R | .] i 4
'3 on [100] axes R| L=k
r 2
2 2 Pry. = Ri.; 3 R?a_
f' = r2 = r_l r4 2 A g
e Rx,y,z = R1,2,3 = Rl,z,g

Order °O=6 hexahedron squares - 4 pts =24
=8 octahedron triangles - 3 pts =24
=12 lines - 2 pts =24 positions

Friday, April 3, 2015

11



Introduction to octahedral/ tetrahedral symmetry O, >0~TyDT

Octahedral-cubic O symmetry

Order °O=6 hexahedron squares - 4 pts =24
=8 octahedron triangles - 3 pts =24
=12 lines - 2 pts =24 positions

J %

Octahedral group O operations

Class of 1: 1 B
rk = rk Rz Rx,y’z — Rl’2’3
Class of 8:
+120° rotations iQC()ZgSS of 6
on [111] axes R2 rotations
4 2 I on[100] axes .
2 2 Re Rz I5Class of 6:
: ; R3 180° rotations
’ E
le . Of-3. d on [110] diagonals
! 180°rotations R i
'3 on [100] axes R| L=k
fo 3 R2
2 px, z T3 3 R3
f=rzr = ' 2

Rx,y,z = Rizs = R1_,12,3
letrahedral symmetry becomes Icosahedral

T symmetry Th symmetry I, symmetry
(]}1 rectangles have
Vﬁ rL Golden Ratio 1 j?/5
s o e IR TR ‘ E

L2
(N

Friday, April 3, 2015




Introduction to octahedral/ tetrahedral symmetry O,DO~T;DOT

Octahedral-cubic O symmetry and group operations
letrahedral symmetry becomes Icosahedral

* Octahedral groups OyD>0~T4DOT
Octahedral O and spin-OCU(2)

<

Friday, April 3, 2015

13



Introduction to octahedral tetrahedral symmetryO,DO~TaDT
Octahedral groups Oy D>0~TsDOT
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Figure 4.1.5 The full octahedral group (O,) and four non-Abelian subgroups 7, T},
[, and O. The Abelian D, subgroup of T is indicated also.
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Introduction to octahedral tetrahedral symmetryO,DO~TaDT
Octahedral groups OnD>0~TyuDT " Fig. 3.1.1 PSDS
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Introduction to octahedral tetrahedral symmetry OyDO0~T4DT
Octahedral groups OrD>0~Tq and OrDTWDT
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Octahedral O and spin-OCU(2) rotation nomogram from Fig. 4.1.3-4 PruiesorSmmers, Dynanics ani Spectoscops
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letrahedral T class algebra
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letrahedral T class algebra
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letrahedral T class algebra
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letrahedral T class algebra
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letrahedral T class algebra
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letrahedral T class algebra
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L:Lx/ >/
/
_ i
1=¢,| ¢ C, c,
T
c, | 4c, |4l+4c, 3c,
f f
C, 4c, 3¢’
c, 31+2c¢,

Minimal equation for ¢,

Minimal equation for ¢,
=31+2c,
—2¢,-31=0
(c,—3D(c,+1)=0

C

C

Friday, April 3, 2015
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letrahedral T class algebra

¢;=1, c¢=ritr2tritrs,

c‘rr:r12_|_r22_|_r32_|_r42, Cp:R12‘|‘R22‘|‘R32,

T group products T class products X/
+ ° - ° | P
KEQQ__/_—) c>—132\07/t\ +180° XYZ '{/ |
[Trr)[rrperT][rar] [irrjfrat]{roeait1] [roo]foro]foor] /
I# r r. 7, ,
b nmanbed B 3 ooawen e W R
2 2 2 2 2 2 2

r o R 7 DR RL . o AL, ;O RS vy T e ] P . Wil ey _ T

et Aoy 0 Bk of R R A LR =¢| C, C, ¢,
ry | —r3 —rf r3 —r} R} -R? -1 R} | -r, r r,

rol=rd wnd ap et LRl R SR =1k ko an h c Adc¢’ | 41+4¢ 3¢
ri | -1 R? R} R} |-r rs r, rs ré r3 r$ r r p r
r3 | —R} -1 R} —Rj ra —r; r ry | —r3 —rf r2

#| B <R =t CRE R retih o] A bR c' 4¢ 3¢/
2| -R3 R} -R} -1 o el e r r r
T4 3 2 1 3 F ra T4 1 3 re
Ri|=re rn =, n | ¥ -2 2 -r2|-1 R} -R3 C 3142¢
Ri|-r, rn g —ry | 713 -r} -r} r3|-R% -1 R} P P
R}| —r; =—-r4 r ry ri r3 -r¥ -r} R} -R} -1
Minimal equation for ¢, Minimal equation for ¢,

2 ~ 2
¢ =4c, ¢, =31+2c¢,

3_ 48 ¢ = : —16- 2
c,=4¢.c, =4(41+4c )=161+16¢c, ¢, —2¢,—31=0

¢, =161c, +16¢ ¢, =161c, +16(3c,)

(c,~31)(c,+1)=0

Friday, April 3, 2015
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letrahedral T class algebra

¢;=1, c¢=ritrtr3+trs, cf=ri2+r?+ri?+rs?, ¢,=Ri2+R22+R3?,
W T
T group products T class products ST Vg,
+120° _120° e 22
—— A —~__——  £]80° XY/ L7
[Trr][TT1][1TT][11T] [111][111][111][111] [100][010][001] /'/
S T R TP Yl Y T
1 r¢ —r —-r} -r} |-1 —RY —R} —-R}|-r, -r3y -r, . +
n|-% & - - | R -1 R -R| o or o-n I=¢| ¢ ¢, €
ry | —r3 —rf r3 —r} R} -R? -1 R} | —r, r r, ;
re | —r2 —-r} —r} ri R} R} -R3} -1 Py 1 =i r
ri | -1 R? R3 R} |-r rs r, rs ré r3 r$ cr 4Cr 41+4cp 3cr
r3 | —R} -1 R} —Rj ra —r; r rs | —ré —=rf r2
PRI TN T e c' 4e. 3¢!
r} -—R_% R% —R% -1 r3 r 7y o 7 —r,2 rg‘ —rzz
R?| —r, AR r ri -—rf 2 -r3 | -1 R —Rj} C 31.'-20
Ri|-r, rn g —ry | 713 -r} -r} r3|-R% -1 R} P P
R}| —ry -1, r ry ri r3 -r¥ -r} R} -R} -1
Minimal equation for ¢, Minimal equation for ¢,
2 _ A8 2
c. =4c, ¢, =31+2c¢,
3 _g& — . —164. c?
c,=4¢.c, =4(41+4c )=161+16¢c, ¢, —2¢,-31=0
4
r—16 1c, +16c ¢, =161c, +16(3c,) (Cp—3‘1)(cp+1)=

*—64c, =(c)—641)c, =0
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letrahedral T class algebra

¢,=Ri>+R2*+R3?,

c;=1, c=ritratrtrs, ch=ri2+r2+ri?+rs,
T’ group products
+1720° -120°
————— ——A——  *[80° XY/
[Trr)[rrperT][rar] [irrjfrat]{roeait1] [roo]foro]foor]
I r I By Ox Py Pz

1 r ry ry rs r,2 r% r32 r42 R]2 R% R%
r r]2 —r‘f —r§ —-r32 -1 —R% —R§ —Rf —Fs . =y “Ta
) —r32 r22 —r} —r,2 R% -1 Rf -—Rj;' r Ve =—rs
r3 —rf —rl2 r_% —r22 R% —Rf -1 R% -y r ry
rs —r22 —r_% —r,z r42 R,z R% —R% -1 ra —ry r
ri | -1 R? R} R} |-r rs r, rs ri r3 r$
r22 —Rf -1 R% —R% rs —r, 7 r3 —r32 —rlz r42
r;z —R% —R% -1 Rf ry ry —r; r r22 —r42 —rl2
r} ——R% R% —R% -1 r3 r 7y o 7 —r,2 r32 —r22
Rl2 —ry r3 -r, r r22 —r,2 r42 —r32 -1 R% —R%
R% _r2 rl r4 —r3 r32 —r‘f —-r,z r22 —R% —1 R%
R% —-ry  —r, r ry r‘,2 r32 —r% —r,z R% —R]2 -1

e, O Y
T class products B =y
f

=c,| ¢ 'l C

1 r r P

c, | 4c |41+4c, | 3c,

¢ 4c, 3¢/

c, 31+2c¢,

Minimal equation for ¢,

¢ =4c,

N WS N

C

*—64c, =(c’—641)c, =0

4¢.c, = 4(41+4c,)=161+16c,
¢, =161c, +16¢ ¢, =161c, +16(3c,)

Minimal equation for ¢,
=31+2c,
—2¢,-31=0
(c,—3D(c,+1)=0

C

C

27

ch 4o (e, —4e * 1)(c, —41)c, —

0)=0]
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>

letrahedral T class algebra
letrahedral T class minimal equations
letrahedral T class projectors and characters

<
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Tetrahedral T class projectors T class products 1=c, c = o
o %,LL . L o r r p
(c =y == P“J E? = ook cgj c, | 4¢, |41+4c 3¢
g u f‘u classes g r r P r
Minimal equation for ¢ :(c,—4€l)(c.—4e*1)(c.—41)(c.—0)=0 ér 4Cr 3¢
c, 31+2c¢,
Qs L‘F‘ 7
5 W_x |
|»“{/ -

Minimal equation for ¢,

[(cr - 4e+3m 1)(c, - 4e_3m 1)(c.—41)(c.—0)=0 )

Friday, April 3, 2015 33



letrahedral T class projectors

+2 i —2mi
[(cr—4e S 1)(e, —4e 3 1)(c, —41)(c, -

0)=0)

Friday, April 3, 2015

T class products 1=c,| c ¢ c,
% H_ Z f‘u u*
¢, = 2 “ete po P elussese, e S c, | 4¢, |41+4c, 3¢,
u
Minimal equation for ¢ :(c,—4€l)(c.—4e*1)(c.—41)(c.—0)=0 Er 4Cr 3¢
plée) _ (¢, —4&e*1)(c, —41)(c, ~0) c, 31+2c¢,
(4e—4e*)(4e—-4)(4e-0)
e l‘Lr-\l, ‘ Ry
/
Minimal equation for ¢,

34




letrahedral T class projectors

+2 i —2mi
[(cr—4e S 1)(e, —4e 3 1)(c, —41)(c, -

0)=0)

Friday, April 3, 2015

T class products 1=c,| c ¢ c,
X u G
[c = 2 “ete P“J EP) _dasszescg e cgj c, = 4¢, |4l+4c, 3c,
u
Minimal equation for ¢ :(c,—4€l)(c.—4e*1)(c.—41)(c.—0)=0 Er 4Cr 3¢
pl4e) _ (¢, —4&e*1)(c, —41)(c, ~0) C, 31+2c¢,
(4e—4e*)(4e—-4)(4e-0)
qet L‘ g By
peen _ (€, —4el)(e, —41)(c, ~0) B z
(4e*—4e)(de*—4)(4e*-0) /
. . |=—g—¢€*
Minimal equation for ¢,

35




Tetrahedral T class projectors T class products

o U Mo
C _ u
C :2 g%g ]:P)H EP)H—Z > OG%g ng
g p f” classesc,

Minimal equation for ¢ :(c,—4€l)(c.—4e*1)(c.—41)(c.—0)=0
ple) _ (c,—4e*1)(e, —41)(c.—-0)
(de—4e*)(de—-4)(4e-0)

peen _ (€, —4€l)(e, —41)(e, —0)
- (4e*—de)(de*—4)(4e*—0)

(c,—4el)(c, —4e*1)(c,-0)
(4—-4¢e)4—-4e*)(4-0)

P(4) —

Minimal equation for ¢,

[(cr - 4e+3m 1)(c,. — 4e_3m 1)(c.—41)(c.—0)=0 )

=c, C, C, c,
c, | 4c¢, |4l+4c, 3c,
C, 4c. 3¢
C, 31+20p
N
K %v"" = /
4_,..-“{'#:
]
|=—g—£*

36
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Tetrahedral T class projectors T class products

o U Mo
C _ u
C :2 g%g ]:P)H EP)H—Z > OG%g Cg]
g p f” classesc,

Minimal equation for ¢ :(c,—4€l)(c.—4e*1)(c.—41)(c.—0)=0
ple) _ (c,—4e*1)(e, —41)(c.—-0)
(de—4e*)(4e—-4)(4e—-0)

peen _ (€, —4€l)(e, —41)(e, —0)
- (4e*—de)(der—4)(4e*-0)

(c,—4el)(c, —4e*1)(c,-0)
(4—-4¢e)4—-4e*)(4-0)

P(4) —

(c,—4el)(c, —4e*1)(c, —41)
(0-4e)(0—-4e*)(0-4)

P(O) _

Minimal equation for ¢,

((cr - 4e+3m 1)(c,. — 4e_3m 1)(c.—41)(c.—0)=0 )

=c, C, C, c,
c, | 4c¢, |4l+4c, 3c,
C, 4c. 3¢
C, 31+2c¢,
Y
i
|=—g—£*

37
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Tetrahedral T class projectors T class products 1=c,| c ¢ c,
"Xy o =y L <
c =y—=L"5p P e S C 4¢. | 41+4c 3¢
g u classesc r r P r
u 5
Minimal equation for ¢ :(c,—4€l)(c.—4e*1)(c.—41)(c.—0)=0 Er 4Cr 3¢
wey (€, —4e*1)(c, —41)(c,-0) (Cf —4(e*+1)c, —16€™)e, c, 31_|_2cp
(de—4e*)(de—-4)(4e-0) 64(e—e*)e—-1)e ’

puen _ (¢, —4el)(e, —41)(c, —0) e
(4e*—4e)de*—4)(4e*-0)

(c,—4el)(c, —4e*1)(c,-0)
(4—-4¢e)4—-4e*)(4-0)

P(4) —

(c,—4el)(c, —4e*1)(c, —41)
(0-4e)(0—-4e*)(0-4)

P(O) _

Minimal equation for ¢,

+2 i -2
[(cr—4e 3 1)(c, —4e ? 1)(cr—4-1)(c,,—0)=0) eLeny]

38
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Tetrahedral T class projectors T class products 1=c,| c ¢ c,
o %.U . THS 2 ‘u*c ~
c =y—=L"5p P= e S C 4¢. | 41+4c 3¢
g u classesc r r P r
u 5
Minimal equation for ¢ :(c,—4€l)(c.—4e*1)(c.—41)(c.—0)=0 Er 4Cr 3¢
uey (¢, —4e*1)(c, —41)(c,—-0) (cf —4(e*+1)e, +16:€*)c, c 31+2¢
= = P
(4e—4de¥)(4e —4)(4e—0) 64(c —e¥)(e— e L
_4¢,c,t4(e)dc, +16€*c, 0 —
64i\/3(” — €) MESISN

P(4e*) _ (Cr — 481)(cr — 41)(Cr . O) sl /j
(4de*—4e)(4e*—4)(4e*—0)

(c,—4el)(c, —4e*1)(c,-0)
(4—-4¢e)4—-4e*)(4-0)

P(4) —

(c,—4el)(c, —4e*1)(c, —41)
(0-4e)(0—-4e*)(0-4)

P(O) _

Minimal equation for ¢,

+2 i -2
[(cr—4e 3 1)(c, —4e ? 1)(cr—4-1)(c,,—0)=0) eLeny]

39
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Tetrahedral T class projectors T class products 1=¢, c ¢ c,
o %.U . THS H ‘u*c ~
c, ==L P P= oGhe ‘e c | 4¢ |41+4c 3¢
g p g.u classescg r r p r
Minimal equation for ¢ :(c,—4€l)(c.—4e*1)(c.—41)(c.—0)=0 Er 4Cr 3¢
wey (¢, —4e*1)(c, —41)(c,-0) (cf —4(e*+1)e, +16:€*)c, c, 31_|_2cp
(4e—-4e*)(4e—-4)(4e—-0) 64(e—e*)(e—-1)e '
_4¢c,+4(e)4e, +16:€*e,  16(1+c, )+16¢ec, +16-€%c, My W ks
64i3(e* —¢€) 64i/3(—i/3) i)

peen _ (€, = 4el)(e, —41)(c, ~0) g
(4e*—4de)(de*—4)(4e*-0)

(c,—4el)(c, —4e*1)(c,-0)
(4—-4¢e)4—-4e*)(4-0)

P(4) —

(c,—4el)(c, —4e*1)(c, —41)
(0-4e)(0—-4e*)(0-4)

P(O) _

Minimal equation for ¢,

+2 i -2
[(cr—4e 3 1)(c, —4e ? 1)(cr—4-1)(c,,—0)=0) eLeny]

40
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letrahedral T class projectors T class products

o U Mo
C _ u
C :2 g%g ]:P)H EP)H—Z > OG}(g Cg]
g p E‘u classesc,

Minimal equation for ¢ :(c,—4€l)(c.—4e*1)(c.—41)(c.—0)=0
pUe) _ (c,—4e*1)(e, —41)(c,.—-0) _ (cf —4(e*+1)c, +16:€*)c,
(4e—4e*)(4de—-4)(4e-0) 64(e—e*)(e—-1)e

_4¢,c,+4(e)4€, +16€*c, 16(1+c, )+16ec, +16e*c, B 1+c +e€, +e*c,

64i\/3(e> — £) N 64i~/3(=iv/3)

ple — (c, —4el)(c, —41)(c, —0)
T (4eF—de)(deF—4)(4e*—0)

(c,—4el)(c, —4e*1)(c,-0)
(4—-4¢e)4—-4e*)(4-0)

P(4) —

(c,—4el)(c, —4e*1)(c, —41)
(0-4e)(0—-4e*)(0-4)

P(O) _

Minimal equation for ¢,

[(cr - 4e+3m 1)(c,. — 4e_3m 1)(c.—41)(c.—0)=0 )

e£e*+]

l=¢, vc, C, c,
c, | 4c¢, |4l+4c, 3c,
C, 4c. 3¢
C, 31+2c¢,
12
~1+c,+e%c +ec,
12
|=—g—£*

41
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Tetrahedral T class projectors T class products 1=c,| c ¢ c,
ocg%g 1 pH= X 7 e -
c,=2>——=DP l °G*e '8 C 4¢, | 41+4c 3¢
g H E‘LL C assescg r r P r
Minimal equation for ¢ :(c,—4€l)(c.—4e*1)(c.—41)(c.—0)=0 Er 4Cr 3¢
uey (€, —4e*1)(c, —41)(c, —0) (c:—4(e*+1)c, +16:€*)c, c, 31_|_2cp
(4e —4e*)(4e—-4)(4e-0) 64(e—e*)(e-1)e
_4¢,c,+4(e)4€, +16€*c, 16(1+ cp)+16eér +16-g*c, B 1+ c,+ec, +€*c,
- 64i\3(e*—¢) 64i/3(—iv/3) | 12
puen _ (€, —4el)(e, —41)(¢, —0) 1+, +e%¢, +ec, -
(4e*—de)(4e*—4)(4e*-0) 12
b _ (¢, = 4€l)(c, —4e* (e, —0) . e N
(4—-4€e)4—-4e*)(4-0)
po _ (c, —4el)(c, —4e*1)(c, —41)
(0-4e)(0—-4e*)0—-4)
>/ oxi= |1 e* e 1
Minimal equation for ¢, e ,_{ %ge* — |1 e e* 1
+27i =27
[(cr —4e ° 1)(c,—4e ° 1)(c,—41)(c.—-0)=0 )

42
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Tetrahedral T class projectors T class products 1=c,| c ¢ c
“c X M o e :
c, =y <=5 pt P= X ook S c. | 48 |41+4c 3¢
g I E‘u C assescg r r P r
Minimal equation for ¢ :(c,—4€l)(c.—4e*1)(c.—41)(c.—0)=0 Er 4Cr 3¢
uey (€, —4e*1)(c, —41)(c, —0) (c:—4(e*+1)c, +16:€*)c, c, 31+2cp
(4e—4e*)(de—4)(4e-0) 64(e —e*)(e—-1)e
_4¢,c,+4(e)4€, +16€*c, 16(1+ cp)+16eér +16-g*c, B 1+ c,+ec, +€*c,
- 64i\3(e*—¢) 64i/3(—iv/3) | 12
plen — (c, —4el)(c, —41)(c,—0) _ 1+ C,t £*C, +ec, eetmif3
(4e*—4e)(4e*—4)(4e*-0) 12
e—1 e:e+23m —&X=¢e+1

per _ (€, —4eD)(c, —4e¥1)(c, ~0) _ (¢ —d(e+e¥)e, +161)e,
T (A—4e)(4—4e5)(4-0)  64(1—(e+e¥)+])

poO _ (c,—4el)(c, —4e*1)(e, —41)
(0—-4&)(0—-4e*)(0-4)
>/ oxi= |1 e* e 1
Minimal equation for ¢, o ,_{ %ge* — |1 e e* 1
+2 i —27i
[(cr —4e ° 1)(c,—4e ° 1)(c,—41)(c.—-0)=0 )

43
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Tetrahedral T class projectors T class products 1=c,| c ¢ c,
ocg%g 1 = 7 e -
c,=Yy—=E5P = ke e c, @ 4¢ |41+4c 3¢
g u K‘u’ C ClSS@SCg r r P r
Minimal equation for ¢ :(c,—4€l)(c.—4e*1)(c.—41)(c.—0)=0 Er 4Cr 3¢
wey (¢, —4e*1)(c, —41)(c,—-0) (¢ —4(e*+1)c, +16€*)c, c, 31_|_2cp
(4e—4e*)(4e—-4)(4e-0) 64(e—-€*)(e-1)¢e
_4¢,c,+4(e)4€, +16€*c, 16(1+ cp)+16gér +16-g*c, B 1+ c,+ec, +€*c,
- 64i\/3(e> - €) - 64i/3(—i3) . 12
puen _ (¢, —4el)(e, —41)(c, —0) _Lve,reve feel i
(4e*—4e)(4e*—4)(4e*-0) 12
oo _ (€, —4e)(c, —4e*1)(c, —0) _ (c] —4(e+e%)e, +161)c, o, e N
(4—-4e)4—-4e*)(4-0) 64(1—(e+&*)+1)
_4¢,c,+44¢, +16¢,
641+ 1+1)
poO _ (c,—4el)(c, —4e*1)(e, —41)
(0-4e)(0—-4¢e*)(0—-4)
>/ oxi= |1 e* e 1
Minimal equation for ¢, s /.'/ %ge* — |1 e e* 1
+2 i —27i
[(cr —4e ° 1)(c,—4e ° 1)(c,—41)(c.—-0)=0 )

44
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. ]" ~
letrahedral T class projectors class products 1=¢, c g c,
ocg%g 1 =" ¥ 2 e ~
Cg - 2— P P _classesc OG%g 8 cr 4cr 41+4C 3Cr
u Vs g P
Minimal equation for ¢ :(c,—4€l)(c.—4e*1)(c.—41)(c.—0)=0 Er 4¢ 3¢
ey (€, —4e*1)(c, —41)(c,-0) (Cf —4(e*+1)e, +16€%)c, C 31+2c¢
= = p p
(4e—4e*)(4e—-4)(4e-0) 64(e—e*)(e—-1)e
_4¢,c,+4(e)4€, +16€*c, 16(1+c, )+16ec, +16e*c, B 1+c +e€, +e*c,
- 64i\3(e*—¢) 64i/3(—iv/3) - 12
weo _ (€, —4€l)(c, —41)(c, —0) _L+c,+e%c tec, e eiei3
(4e*—4¢e)(4e*—4)(4e*-0) 12

per _ (€, —4eb)(e, —4e¥1)(c, —0) _ (¢;—4(e+eH)e, +161)e,

(4—4de)4—4e*)(4-0) 64(1—(e+£%)+1)
48, +4-4¢ +16¢c, l6(1+c,)+l16¢, +16c, ~1+c,+¢ +c,
T 641+ 6401+ =TT

(c,—4el)(c, —4e*1)(c, —41)
(0-4e)(0—-4e*)(0-4)

P(O) _

Minimal equation for ¢, o]
/

[(cr - 4e+3m 1)(c,. — 4e_3m 1)(c.—41)(c.—0)=0 )

et+et=—1
8*—e2*m\32/\\8 et

T:c,=|¢ ¢ € ¢,

h )(;‘ = (1 1 1 1
X.= |1 €% € 1
Xo=1|1 e &% 1
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. ]" ~
letrahedral T class projectors class products 1=¢, c g c,
ocg%g 1 => 2 e ~
Cg - 2— P P _classesc OG%g 8 cr 4cr 41+4C 3cr
u Vs g P
Minimal equation for ¢ :(c,—4€l)(c.—4e*1)(c.—41)(c.—0)=0 Er 4¢ 3¢
ey (€, —4e* 1)(c, —41)(c,—0) _ (Cf —4(e*+1)c, +16-€¥)c, C 31+2c¢
(4e—4e¥)(de — 4)(4e—0) 64( — £%)(e— D)e & &
_4¢,c,+4(e)4€, +16€*c, 16(1+c, )+16ec, +16e*c, B 1+c +e€, +e*c,
- 64i\3(e*—¢) 64i/3(—iv/3) - 12
weo _ (€, —4€l)(c, —41)(c, —0) _L+c,+e%c tec, e eiei3
(4e*—4e)4e*—4)(4e*-0) 12

per _ (€, —4eb)(e, —4e¥1)(c, —0) _ (¢;—4(e+eH)e, +161)e,

(4—4e)4—-4e*)(4-0) 64(1—(e+€%)+1)
48, +4-4¢ +16¢c, l6(1+c,)+l16¢, +16c, ~1+c,+¢ +c,
64(1+1+1) 64(1+1+1) 12
po _ (¢, —4el)(c, —4e*D)(c, —41) _ (¢, —4(e+e¥)e, +16-1)(c, —471)
(0—-4e)(0—-4e*)(0—-4) 64(—&)(—e*)(-1)

Minimal equation for c, s
/

[(cr - 4€+3m 1)(c,. — 4e_3m 1)(c.—41)(c.—0)=0 )

T:c,=|¢ ¢ € ¢,
Cx.= |1 1 11
X.= |1 €% € 1
Xo=1|1 e &% 1

46
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. ]" ~
letrahedral T class projectors class products 1=¢, c g c,
ocg%g 1 => 2 e ~
Cg - 2— P P _classesc OG%g 8 cr 4cr 41+4C 3cr
u Vs g P
Minimal equation for ¢ :(c,—4€l)(c.—4e*1)(c.—41)(c.—0)=0 Er 4¢ 3¢
ey (€, —4e* 1)(c, —41)(c,—0) _ (Cf —4(e*+1)c, +16-€¥)c, C 31+2c¢
(4e—4e¥)(de — 4)(4e—0) 64( — £%)(e— D)e & &
_4¢,c,+4(e)4€, +16€*c, 16(1+c, )+16ec, +16e*c, B 1+c +e€, +e*c,
- 64i\3(e*—¢) 64i/3(—iv/3) - 12
weo _ (€, —4€l)(c, —41)(c, —0) _L+c,+e%c tec, e eiei3
(4e*—4e)4e*—4)(4e*-0) 12

per _ (€, —4eb)(e, —4e¥1)(c, —0) _ (¢;—4(e+eH)e, +161)e,

(4—4e)4—-4e*)(4-0) 64(1—(e+€%)+1)
48, +4-4¢ +16¢c, l6(1+c,)+l16¢, +16c, ~1+c,+¢ +c,
64(1+1+1) 64(1+1+1) 12
o _ (c,—4el)(c, —4e*l)(c,—41) (c,—4(e+e¥)e, +16-D(c, —41)
(0—-4e)(0—-4e*)(0—-4) 64(—&)(—e*)(-1)

4§, +4c,+16-1)(c, —41) sl D,

—64

Minimal equation for c, s
/

[(cr - 4€+3m 1)(c,. — 4e_3m 1)(c.—41)(c.—0)=0 )

T:c,=|¢ ¢ € ¢,
x.= |1 1 1 1
X.= |1 €% € 1
Xo=1|1 e &% 1

47
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Tetrahedral T class projectors T class products 1=c,| c ¢ c,
°n %H " oM *
[cg =y =< P‘j EP) _dasszesc e cg] ¢, | 4c¢, |41+4c 3¢,
TR g P
Minimal equation for ¢ :(c,—4€l)(c.—4e*1)(c.—41)(c.—0)=0 Er 4¢ 3¢
e _ (€, =4e¥1)(c, —41)(c, —0) _ (¢ —4(e*+1)c, +16€%)c, c, 31+2¢,
(4e—4e*)(4e—-4)(4e—-0) 64(e—e*)(e—-1)e
_ 48.c,+4(e)4e, +16-e*c, 16(1+c, )+16ec, +16-e*c, 1+c, +eC +e*c,
 64iN3(er-e) 64i/3(~iv/3) - 12
aery (€, —4el)(c, —41)(c, -0) . 1+ C,T £*¢, t+ec,
(4det—4de)de*—4)(4e*-0) 12
piar _ (€, —4eD(e, —4e¥1)(c, —0) _ (¢;—4(e+eH)e, +161)e,
(4—-4¢e)4d—-4e*)(4-0) 64(1—(e+€*)+1)
48, +4-4¢ +16¢c, l6(1+c,)+l16¢, +16c, ~l+c,+¢ +c,
641 +1+1D) 64(1+1+1) - 12
po _ (¢, —4el)(c, —4e*1)(c, —41) _ (. —4(e+e¥)e, +16-1)(c, —41)
(0—-4e)(0-4e*)(0-4) 64(—€)(—€*)(=1) I'ec,=|¢ ¢ € ¢
_ 48, +4¢,+16-1)(c, —41) — =1 1
_64 S
48 +4c+16¢, — 168, —16¢, —641) |~ K= |1 &r & ]
—64 / Xo=1|1 e &% 1

48
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Tetrahedral T class projectors T class products 1=c,| c ¢ c,
e xbh T o
[cg =y =< P‘j EP _dasszesc e cg] ¢, | 4c¢, |41+4c 3¢,
u M g P
Minimal equation for ¢ :(¢,—4€l)(c.—4e*1)(c.—41)(c.—0)=0 Er 4¢ 3¢
ey _ (€, —4e*1)(c, —41)(c, —0) _ (] —4(e*+)c, +16:%)c, c, 31+2¢,
(4e—4e*)(de—-4)(4e-0) 64(e—e*)(e—-1)e
_4¢,c,+4(e)4€, +16€*c, 16(1+c, )+16ec, +16e*c, B 1+c +e€, +e*c,
- 64i\/3(e> - €) - 64i/3(—i3) 12
wen (€, —4el)(c, —41)(c, —0) B 1+ C,+ g*¢, +ec,
(4e*—4de)de*—4)(4e*-0) 12
pior _ (€, —del)(e, —4e* (e, —0) _ (¢} —4(e+e¥)e, +16Dc,
(4—-4¢e)4—-4*)(4-0) 64(1—-(e+€*)+1)
48, +4-4¢ +16¢c, l6(1+c,)+l16¢, +16c, ~l+c,+¢ +c,
641 +1+1D) 64(1+1+1) - 12
por _ (€, —4el)(e, —4e*D)(c, —4D) _ (¢ —4(e+e9e, +16-1)(c, 41
(0—-4e)(0—-4e*)(0—-4) 64(—e)(—e*)(—1) I':c,=|¢ ¢ € ¢
_ 4¢ +4c.+16-1)(c,—41) T U MY X; - |1 1 1 1
_64 S
48 ¢ +4¢>+16¢, —168 —16¢, —641) |~ = |1 & & 1
- _64 / Xo=1|1 e &% 1
4(41+4c,)+16¢€,+16¢c, —16¢, —16¢c, —64-1)
~ —64
49
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letrahedral T class characters T class products 1

=c, C, c
°c, %5 . e s A e ’ p
[cg :%7 P] [ classesc, "0 ¢ g] c, | 4c¢, |4l+4c, 3c,
Minimal equation for c¢.:(c.—4€l)(c.—4e*1)(c,—41)(c,—0)=0 C, 4d¢ 3¢
pue _ (€, —4e*1)(c, —41)(c, —0) _ (¢, —4(e*+1)c, +16:€%)c, c, 31+2¢,
(4de—4e*)(4e—4)(4e—-0) 64(e—e*)(e—-1)e
_4¢,c,+4(e)4e, +16€*c, 16(1+c, )+16ec, +16-e*c, B 1+c +e€, +e*c,
643t -e) 64i/3(—i"/3) N 12
plen _ (c, —4el)(c, —41)(c,—-0) _ 1+c, +e*C, +ec,
(4e*—4de)de*—4)(4e*-0) 12
p _ (¢, —4el)(c, —4e*1)(c, —0) _ (¢, —4(e+e*)c, +161)c,
(4—-4¢e)4—-4e*)(4-0) 64(1—(e+&*)+1)
48, +4-4¢ +16¢c, 16(1+c,)+16¢, +16¢, I+c,+¢ +c,
64+ 1+1D 64(1+1+1) B 12
por _ (€, —4eD(c, ~4e* (e, —41) _ (¢ —4(e+eDe, +16- (e, —4D)
(0—-4e)(0—4e*)(0—-4) 64(—&)(—€*)(—1) I':c,=|¢ ¢ € ¢,
:4ér+4cr+16-1)(cr—4-l) st %;: ) | ) )
—64 R
48,c,+4c2+16¢, — 168, —16¢, —6411) — X,= |1 e* e 1
i —64 / Xe=11 € ¢e* 1
_ 4(41+4cp)+16ér+16cr—16ér—16cr—64-1)=—48-1+16cp :él—lc =13 0 0 -
—64 —64 4 47 °
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Octahedral O class algebra

c;=1, c=ritrtritratri?tr?+r’+rs,  ¢,=Ri?>+R2?+R3?,
cz=R1+R2+R3+R?+R23+R33, ¢;=l1th+iz+lstis+ie

O class products
Unnecessary to do 24°=576 products since each row (or column) of cacg has same class proportion

For example:

c,¢ci= RiZiit....= Ry+....
+R2%+.... +1i +....
+R3%i1+.... TR+
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Octahedral O class algebra

c;=1, c=ritrtritratri?tr?+r’+rs,  ¢,=Ri?>+R2?+R3?,
cz=R1+R2+R3+R?+R23+R33, ¢;=l1th+iz+lstis+ie

O class products
Unnecessary to do 24°=576 products since each row (or column) of cacg has same class proportion

For example: So there are 2¢x for each ¢ :
cre¢i = RiFiit...= Ro+... ¢, ¢;=2crte;;or: 4ertle et

+R%i+.... +1p +.... e

+R32i1+.... +R3+
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Octahedral O class algebra 7.0
c;=1, c=ritratr3trstric+r2?+ri’+rs?,  ¢,=Ri>+R2?+R3%, “.;:v;'_ 8%
c:=Ri1+tR2+R3+R3+R2*+R33, ¢;=i1+Hi2+Hiz+ig+is+ie \,.;
J

O class products
Unnecessary to do 24°=576 products since each row (or column) of cacs has same class proportion

For example:c,¢c; =? So there are 2¢i for each ¢ ...... ... n (°c,)'(°ci)=(3):(6)=18 terms
creei = RiZii+....= Ro+.... ¢ ¢;=2¢erte;or: 4ert2e etc.

+RZi1+.... + 1 +.... P

SR AR So: 2(°ca)+(°ci) =2-6+6=18

Proof that class proportion cannot vary:

c.cr = gihi+ghi+....= gihi+tgihit/+.... = gihi+tgit/thit’+.... = githi+ g thit/+...
+giho+goho+.... +gihy+tgihot '+ +giho+tgit/thot/+.... +giho+ g thot'+....
= gihst+ghs+.... tgihot+tgihst/+.... +gihy+tgit-‘thst/+.... +gho+ g thst!+...

O class product table
1=c¢ C, c, Cp C,
¢, | 8l+4c,+8c¢, 3c, 4ct4c, 4ct4c,
c, 31+2¢, c,t+2c, 2¢,tc,
Cp 61+3c,+2¢, | 3c.+4c,
C, 61+3c,+2c,
Minimal equation for ¢,
c,’=31+2c¢,
c,’-2¢,-31 =0

(¢,-31)(c,+1) =0
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P
Octahedral O class minimal equations }"f\\:l
\ e/
c zz_ochg P+ ) f“ x“*cj & i’
“ u g.u classes Cy CHEI "}
O class product table o .
I=c c c. . ¢ Minimal iquatlon for ¢;
¢, | 8l+de +8c, 3c, 4ect4c, 4ectdc, cr=6-1+3¢+2¢,
c, 31+2¢, c.t2¢, 2¢,tc,
Cp 61+3c,+2¢, | 3c.t+4c,
C, 61+3c,+2¢,
56
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Octahedral O class minimal equations

o H
c :2 Cg%g PH

1
E?“:: }5 ;f ;{‘l*c
classes Co CHEE

g 7 g,u
O class product table
1= (N c, Cp C,
¢, | 8l+de +8c, 3¢, 4c t4c, 4c t4c,
c, 31+2¢, c,t+2c¢, 2¢,+c,
(o 61+3c,+2¢, | 3c,t4c,
C, 61+3c,+2¢,

Minimal equation for ¢
¢c’=6-1+3¢c,+2¢,

¢’ =6-1ci+3c¢cit+2¢ ¢
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o
Octahedral O class minimal equations QU 1
C % g,u * .A' L~ " ’
cg = Zﬂ Pu PM: Z OG%:; cg ~ ’7‘ y
u / H classes Cg N/
O class product table . .
[—c o o o . Minimal equation for c¢;
1 : ” ’ " ¢?=6'1+3¢,+2c
c, | 8l+4c+8c, 3c, det4c, dept4c, p
c 31+2c ¢ t+2¢ 2¢,t+c cri=0-1ei+3eqeit e,
p p R i RTY
=0¢;+3(4crt4e;)+2(2¢rtc¢;
¢, 61+3c,+2¢, | 3c+dc, r3(dentde)ro(2ente)
C, 61+3c,+2¢,
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Octahedral O class minimal equations N 1
C Xy H wAL_8%/
— Cg—)cg P“ D ¢ ,u*c ‘df e ’
Cg =2 " ; oG%g g NI
i f classes cg J
O class product table . .
[—c o o o . Minimal equation for c¢;
1 : ” ’ " c2=6"1+3¢,+2¢
c, | 8l+dc,+8c, 3c, 4e+4c, 4e,+4c, P
c 31+2¢ c.+2c¢, 2¢,+c¢, ¢’ =6-1¢i+3¢,cit2¢,¢;
- - S = =6¢;+3(4crt4c;)+2(2¢crt¢y)
Cp 61+3c +2¢ 3¢, +4c¢ 3_
p P c’=16¢cz+20c;
C, 61+3c,+2¢,
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Octahedral O class minimal equations N 1
C Xy H wAL_8%/
_§ ek Pt 3 e, <77
Cg =2 " ; oG%g g b
i f classes cg J
O class product table . .
[—c o o o . Minimal equation for c¢;
1 : ” : " c?=6-1+3¢,+2¢
c, | 8l+4c+8c, 3c, det4c, dept4c, p
c 31+2¢ ¢ +2¢ 2¢,+c ¢’ =0-1c+3e.ci2¢,e
- - S = =6¢;+3(4crt4c;)+2(2¢crt¢y)
Cp 61+3c +2¢ 3¢, +4c¢ 3_
p P c’=16¢cz+20c;
C, 61+3c,+2¢,
c/= 16¢cre; +20cic
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Octahedral O class minimal equations g IN M2
llf‘?\\g\ Wa.
© H A/ i ‘
c_X V- A ,y
¢, =X ——-= P P= 3 xbe, Qinedy
u / H classes Cg 7},
O class product table . .
[—c o o o . Minimal equation for c¢;
1 : . : | ¢?=6'1+3¢,+2¢
c, | 8l+dc,+8c, 3c, 4e+4c, 4e,+4c, P
c 31+2¢ ¢, +2¢, 2¢ .+, ci3:6’1ci+3crci+2cpci
- - S = =6¢;+3(4crt4c;)+2(2¢crt¢y)
Cp 61+3c +2¢ 3¢, +4c¢ 3_
p P c’=16¢cz+20c;
C, 61+3c,+2¢,

c¢t=  16¢cre; +20c¢ic;
=16(3¢,+4c,)+20(6-1+3¢,+2¢,)
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Octahedral O class minimal equations §a, 7N
o U <v~.j'”-," 5\4
c_X *H * ‘)$f‘“<¥’f”,i
cg = Zﬂ Pu PH: Z ye %g cg ~ ’7‘ v
u / H classes Cg 7},
O class product table . .
[—c o o o . Minimal equation for c¢;
1 : ” ’ " c2=6"1+3¢,+2¢
c, | 8l+dc,+8c, 3c, 4e+4c, 4e,+4c, P
c 31+2¢ c.+2c¢, 2¢,+c¢, ¢’ =6-1¢i+3¢,cit2¢,¢;
- - S = =6¢;+3(4crt4c;)+2(2¢crt¢y)
Cp 61+3c +2¢ 3¢, +4c¢ 3_
p P c’=16¢cz+20c;
C, 61+3c,+2¢,

c¢t=  16¢cre; +20c¢ic;
=16(3¢,+4c,)+20(6-1+3¢,+2¢,)
=48¢,+64¢c,+120-1+60c¢,+40c,)
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A&
Octahedral O class minimal equations $~ In =
o U <v~.j'”-," 5\4
c_X *H * ‘)$f‘“<¥’f”,i
m oM classesc Z)
O class product table . .
[—c o o o . Minimal equation for c¢;
1 : ” i " c?=6'1+3¢,+2c
c, | 8l+4c+8c, 3c, det4c, dept4c, p
c 31+2¢ c.+2c¢, 2¢,+c¢, ¢’ =6-1¢i+3ceit2e,e
- - S = =6¢;+3(4crt4c;)+2(2¢crt¢y)
Cp 61+3c +2¢ 3¢, +4c¢ 3_
p P c’=16¢cz+20c;
C, 61+3c,+2¢,

c¢t=  16¢cre; +20c¢ic;
=16(3¢,+4c,)+20(6-1+3¢,+2¢,)

=48¢,+64¢,+120-1+60¢,+40¢c,)
=120-1+108¢,+104¢,
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Octahedral O class minimal equations KPZN
_y_8%g pi T X i~
U / classes Co N/
O class product table . .
[—c o o o . Minimal equation for c¢;
1 : ” : " c?=6-1+3¢,+2¢
c, | 8l+dc,+8c, 3c, 4e+4c, 4e,+4c, P
c 31+2¢ ¢ +2¢ 2¢,+c ¢’ =0-1c+3e.ci2¢,e
- - S = =6¢;+3(4crt4c;)+2(2¢crt¢y)
Cp 61+3c +2¢ 3¢, +4c¢ 3_
p P c’=16¢cz+20c;
C, 61+3c,+2¢,
c/= 16¢cre; +20cic

=16(3¢,+4c,)+20(6-1+3¢+2¢,)
=48¢,+64¢,+120-1+60¢,+40¢c,)
=120-1+108¢,+104c,

¢’ =120c¢;+108¢,c; +104c,¢
= 120e+108(4ep+4e;)+104(2cr+c)
=640cr+656¢;

64
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Octahedral O class minimal equations

u H
O class product table
1= (N c, Cp C,
¢, | 8l+de +8c, 3¢, 4c t4c, 4c t4c,
c, 31+2¢, c,t+2c¢, 2¢,+c,
Cp 61+3c,+2c, 3¢, +4c,
c 61+3c,+2¢,

Minimal equation for ¢

¢?=61+3¢,+2¢,
¢’ =6-1ci+3c¢cit+2¢ ¢

=06¢;+3(4crt4¢;)+2(2¢rtci)
¢’ =16¢cr+20c¢; ;

c¢t=  16¢cre; +20c¢ic;
=16(3¢,+4c,)+20(6-1+3¢,+2¢,)

=48¢,+64¢,+120-1+60¢,+40¢c,)
=120-1+108¢,+104¢,

¢’ =120c¢;+108¢,c; +104c,¢
= 120e+108(4ep+4e;)+104(2cr+c)
=640cr+656¢;

' 40¢3=640cz+800c;

f'u % ‘n"'" \t\_'IS;*
1" cj S
g 8

classes Cg °G

65
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Octahedral O class minimal equations < }\y‘l
g H ¥ classesc, U & 8 ‘ \3'7‘
po £ g J
O class product table o .
. Minimal equation for ¢
—° o e o - c2=6-1+3¢,+2¢
c, | 8l+4c+8c, 3c, 4e +ic, 4e tc, l roeTp
c 314+2¢ ¢, +2¢, 2¢,+c, cr'=0-lert3eeit2ee
’ ’ - £ =6¢i+3(4crt4e)+2(2¢rtc:)
Cp 61+3c +2¢ 3¢, +4c¢ 3_
d e ¢ =16¢rT20¢; !
C, 61+3c,+2¢,

l6cre; +20c¢c;
=16(3¢,+4¢c,)+20(6:1+3¢c,+2¢,)
=48¢,+64¢c,+120-1+60c,+40c,)

=120-1+108¢,+104c¢c,

¢’ =120c¢;+108¢,c; +104c,¢
=120c;+108(4cr+4c;)+104(2cx+c;)
=640cr+656¢;
- 40¢7=640ca+800¢; 800
¢ -40¢3+144¢; =0 -656
144
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Octahedral O class minimal equations < }\y‘l
g H ¥ classesc, U & 8 ‘ \3'7‘
po £ g J
O class product table o .
. Minimal equation for ¢
—° o e o - c2=6-1+3¢,+2¢
c, | 8l+4c+8c, 3c, 4e +ic, 4e tc, l roeTp
c 314+2¢ ¢, +2¢, 2¢,+c, cr'=0-lert3eeit2ee
’ ’ - £ =6¢i+3(4crt4e)+2(2¢rtc:)
Cp 61+3c +2¢ 3¢, +4c¢ 3_
d e ¢ =16¢rT20¢; !
C, 61+3c,+2¢,

l6cre; +20c¢c;
=16(3¢,+4¢c,)+20(6:1+3¢c,+2¢,)
=48¢,+64¢c,+120-1+60c,+40c,)

=120-1+108¢,+104c¢c,

¢’ =120c¢;+108¢,c; +104c,¢
=120¢:+108(4cr+4c;)+104(2ck+c)
=640cx+656¢;
| 40¢7=640ec+800c; 800
¢”-40c7+144¢; =0=(c?-36-1)(c? -4-1)(¢;i-0-1)  -030
144
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Octahedral O class minimal equations < }\y‘l
g H ¥ classesc, U & 8 ‘ \3'7‘
po £ g J
O class product table o .
. Minimal equation for ¢
—° o e o - c2=6-1+3¢,+2¢
c, | 8l+4c+8c, 3c, 4e +ic, 4e tc, l roeTp
c 314+2¢ ¢, +2¢, 2¢,+c, cr'=0-lert3eeit2ee
’ ’ - £ =6¢i+3(4crt4e)+2(2¢rtc:)
Cp 61+3c +2¢ 3¢, +4c¢ 3_
d e ¢ =16¢rT20¢; !
C, 61+3c,+2¢,

Friday, April 3, 2015

Minimal equation for ¢,

l6cre; +20c¢c;
=16(3¢,+4¢c,)+20(6:1+3¢c,+2¢,)
=48¢,+64¢c,+120-1+60c,+40c,)

=120-1+108¢,+104c¢c,

(

¢’ =120c¢;+108¢,c; +104c,¢
=120¢:+108(4cr+4c;)+104(2ck+c)
=640cx+656¢;
| 40¢7=640ec+800c; 800
¢”-40c7+144¢; =0=(c?-36-1)(c? -4-1)(¢;i-0-1)  -030
144

0=(c+6-1)(ci-6-1)(c: +2-1)(¢; -2-1)(ci-01) ]
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Octahedral O projector algebra
Begin with minimal equation:(ﬂ= (¢;+2:-1)(ci2T)(cit6:1)(ci-6-1)(ci-0-1) ]

0 U
C ,éll *
[c _y et P“J P'= 3 X ¢
e m g/.t classescg

per _ (€ +21)(¢,~6)(¢, +61)(c, ~0)
 242)2-6)2+6)2-0)

O class product table

1=c¢ C, c, Cp C,
¢, | 8l+4c.+8c, 3¢, 4ct4c, 4ct4c,
c, 31+2¢, c,t+2c, 2¢,+c.
Cp 61+3c,+2¢, | 3c.t4c,
C, 61+3c,+2c¢,
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Octahedral O projector algebra
Begin with minimal equation.(0= (¢;+2:-1)(ci2T)(cit6:1)(ci-6-1)(ci-0-1) )

o U
C, X 2
[Cg = 2% PLLJ EP)u:I ) OG;gg cgj
U f C assescg
P _ (¢, +21)(c,—61)(c, +61)(c,—0) (c;+ 2-1)(cf -36-1)c,
2+2)2-6)2+6)2-0) -256

O class product table

1=c¢ C, c, Cp C,
¢, | 8l+4c.+8c, 3¢, 4ct4c, 4ct4c,
c, 31+2¢, c,t+2c, 2¢,+c.
Cp 61+3c,+2¢, | 3c.t4c,
C, 61+3c,+2c¢,
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Octahedral O projector algebra
Begin with minimal equation.(0= (¢;+2:-1)(ci2T)(cit6:1)(ci-6-1)(ci-0-1) )

o U
CoX o
— g™8 pH H— u
[cg _2 K PJ EP) ClaSSze“sc oG%g cgj
u g
PR — (¢, +21)(c,—61)(c;,+61)(c,—0) (c;+ 21)(¢;—361)c, B c'+2¢'—36¢c—-72c,
2+2)(2-6)2+6)(2-0) —256 —256

O class product table

1=c¢ C, c, Cp C,
¢, | 8l+4c.+8c, 3¢, 4ct4c, 4ct4c,
c, 31+2¢, c,t+2c, 2¢,+c.
Cp 61+3c,+2¢, | 3c.t4c,
C, 61+3c,+2c¢,
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Octahedral O projector algebra
Begin with minimal equation.(0= (¢;+2:-1)(ci2T)(cit6:1)(ci-6-1)(ci-0-1) )

1
pl= T f e
classesc. (7 £ 8

o K
[c _y ke P“J
S ow oM g
p _ (€ +21)(¢, =6 1)(¢, +61)(¢,—0) _ (¢, + 21)(¢?,—361), c* +2¢’ —36¢,—T2¢c,
2+2)(2-6)2+6)2-0) 256 256
Expanding P

O class product table

1=c¢ C, c, Cp C,
¢, | 8l+4c.+8c, 3c, 4ct4c, 4ct4c,
c, 31+2¢, c,t+2c, 2¢,+c.
Cp 61+3c,+2¢, | 3c.t4c,
C, 61+3c,+2c¢,

QN |
&~ "“\“\'{ .
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Octahedral O projector algebra
Begin with minimal equation.(0= (¢;+2:-1)(ci2T)(cit6:1)(ci-6-1)(ci-0-1) )

o I
Co X o
c =y—="2p* P'= X —xbc,
5 7 g/.t classescg G
P — (¢, +21)(c,—61)(c;,+61)(c,—0) (c;+ 21)(¢;—361)c, B c'+2¢'—36¢c—-72c,
2+2)2-6)2+6)(2-0) —256 —256
Expanding P

¢’= 6'1+3¢c+2¢,
Ci = + Ci

O class product table

1=c¢ C, c, Cp C,
¢, | 8l+4c.+8c, 3¢, 4ct4c, 4ct4c,
c, 31+2¢, c,t+2c, 2¢,+c.
Cp 61+3c,+2¢, | 3c.t4c,
C, 61+3c,+2c¢,

Friday, April 3, 2015



Octahedral O projector algebra
Begin with minimal equation.(0= (¢;+2:-1)(ci2T)(cit6:1)(ci-6-1)(ci-0-1) )

o U
EY e
u / classesc,
PR — (c; +21)(c, —61)(c,+61)(c;, - 0) _ (¢, +21)(c;—361)c, _ c'+2¢'—36¢c—-72c,
2+2)2-6)2+6)(2-0) —256 —256
Expanding P
Cl= +16¢r+20c¢;
¢’= 6:-1+3¢c,+2¢,
Ci = + Ci
O class product table
1=¢ C, c, C, c,
¢, | 8l+4c.+8c, 3c, 4c t4c, 4c,t4c,
c, 31+2¢, c,t+2c, 2¢,+c.
Cp 61+3c,+2c¢, 3¢ +4c,
C, 61+3c,+2c¢,

Friday, April 3, 2015



Octahedral O projector algebra
Begin with minimal equation:(ﬂ= (¢;+2:-1)(ci2T)(cit6:1)(ci-6-1)(ci-0-1) ]

@ U T
[Cg = Z—Cg%g P“J EP)” = 2 f G%Qf *cgj
7 g/.t classescg
p _ (€, 72)(e, —6D)(e, +61)(e,=0) _ (¢, +21)(¢}=36De, _ ef+2¢]-36¢/-T2¢,
 242)2-6)2+6)(2-0) ~256 i ~256

Expanding P

c/=120-1+108¢,+104c,

cr= +16¢x+20¢;

¢?= 61+3¢+2¢,

C = + C;

O class product table

1=c¢ C, c, Cp C,
¢, | 8l+4c.+8c, 3¢, 4ct4c, 4ct4c,
c, 31+2¢, c,t+2c, 2¢,+c.
Cp 61+3c,+2¢, | 3c.t4c,
C, 61+3c,+2c¢,

Friday, April 3, 2015



Octahedral O projector algebra
Begin with minimal equation:(ﬂ= (¢;+2:-1)(ci2T)(cit6:1)(ci-6-1)(ci-0-1) ]

o, LH
C, X T2l
— g™8 pH H— H
[cg j % K/.L PJ EP) ClaSsze:sc oG%g cgj

g
py _ (€121, —6D)(¢, +6)(¢, ~0) _ (¢, +21)(¢}=36De, _ e/+2¢]~36¢]-T2¢,

(2+2)(2—6)(2+6)2—0) 256 256
Expanding P®
¢?=120-1+108¢,+104c, ¢’ =120-1+108¢,+104¢,
co= +16¢z+20¢;
2= 61+3¢+2¢,
Ci = + Ci

O class product table

1=c¢ C, c, Cp C,
¢, | 8l+4c.+8c, 3¢, 4ct4c, 4ct4c,
c, 31+2¢, c,t+2c, 2¢,+c.
Cp 61+3c,+2¢, | 3c.t4c,
C, 61+3c,+2c¢,

Friday, April 3, 2015



Octahedral O projector algebra
Begin with minimal equation:(ﬂ= (¢;+2:-1)(ci2T)(cit6:1)(ci-6-1)(ci-0-1) ]

o, LH
C, X T2l
— g™8 pH H— H
[cg j % K/.L PJ EP) ClaSsze:sc oG%g cg]

g
py _ (€121, —6D)(¢, +6)(¢, ~0) _ (¢, +21)(¢}=36De, _ e/+2¢]~36¢]-T2¢,

2+2)(2-6)2+6)(2-0) —256 —256
Expanding P® L
¢/=120-1+108¢,+104c, ¢’ =120-1+108¢c,+104¢,
¢3= +16¢a+20¢; +2¢7° = +32¢r+40¢;
¢’= 6:-1+3¢c,+2¢,
Ci = + Ci
O class product table
1= C, c, Cp C,
¢, | 8l+4c.+8c, 3c, 4ct4c, 4ct4c,
c, 31+2¢, c,t+2c, 2¢,+c.
Cp 61+3c,+2c¢, 3¢ +4c,
C, 61+3c,+2c¢,

Friday, April 3, 2015



Octahedral O projector algebra
Begin with minimal equation:(ﬂ= (¢;+2:-1)(ci2T)(cit6:1)(ci-6-1)(ci-0-1) ]

o, LH
C, X T2l
— g™8 pH H— H
[cg j % K/.L PJ EP) ClaSsze:sc oG%g cg]

g
py _ (€121, —6D)(¢, +6)(¢, ~0) _ (¢, +21)(¢}=36De, _ e/+2¢]~36¢]-T2¢,

(2+2)(2—6)(2+6)2—0) 256 256
Expanding P®
¢?=120-1+108¢,+104c, ¢’ =120-1+108¢,+104¢,
¢3= +16¢a+20¢; +2¢7° = +32¢r+40¢;
¢?= 61+3c+2¢, -36¢°=-216-1-108¢, -72c¢,
Ci = + Ci

O class product table

1=c¢ C, c, Cp C,
¢, | 8l+4c.+8c, 3¢, 4ct4c, 4ct4c,
c, 31+2¢, c,t+2c, 2¢,+c.
Cp 61+3c,+2¢, | 3c.t4c,
C, 61+3c,+2c¢,

Friday, April 3, 2015



Octahedral O projector algebra
Begin with minimal equation:(ﬂ= (¢;+2:-1)(ci2T)(cit6:1)(ci-6-1)(ci-0-1) ]

o, LH
C, X T2l
— g™8 pH H— H
[cg j % K/.L PJ EP) ClaSsze:sc oG%g cg]

g
py _ (€121, —6D)(¢, +6)(¢, ~0) _ (¢, +21)(¢}=36De, _ e/+2¢]~36¢]-T2¢,

2+2)2-6)(2+6)(2-0) —256 —256
Expanding P®
¢?=120-1+108¢,+104c, ¢’ =120-1+108¢,+104¢,
¢3= +16¢a+20¢; +2¢7° = +32¢r+40¢;
¢’= 61+3¢+2¢, -36¢°=-216-1-108¢, -72¢,
c; = + C -12¢; = -72¢;
O class product table
1= C, c, Cp C,
¢, | 8l+4c.+8c, 3c, 4ct4c, 4ct4c,
c, 31+2¢, c,t+2c, 2¢,+c.
Cp 61+3c,+2c¢, 3¢ +4c,
C, 61+3c,+2c¢,

Friday, April 3, 2015



Octahedral O projector algebra S
Begin with minimal equation.'C(): (¢i+2-1)(ci2T)(cit6-1)(ci-6-1)(ci-0-1) ) %‘J\\ /%
© H POV
C % g.u * | o2 ’
— g8 pH H— u M~
=y—=—=0P = X c ,
[ g ‘% gli J EP) classescg OG%g g] “’T

py _ (€, +2)(€, —6D)(e, +61)(e,=0) _ (¢, +21)(e}=36De, _ e/+2¢]~36¢]~T2¢,

(2+2)(2—6)(2+6)2—-0) 256 256
Expanding P®
¢?=120-1+108¢,+104c, ¢’ =120-1+108¢,+104¢,
¢3= +16¢a+20¢; +2¢7° = +32¢r+40¢;
¢?= 61+3c+2¢, -36¢°=-216-1-108¢, -72c¢,
c; = + C -12¢ = -72¢;

-256P?) =-96-1+ 0 ¢,+32¢, +32¢z- 32¢;

O class product table

1= C, c, Cp C,
¢, | 8l+4c.+8c, 3¢, 4c¢t+4c, 4¢+4c,
c, 31+2¢, c,t+2¢, 2¢+c,
(o 61+3c,+2¢, | 3c.t4c,
C, 61+3c,+2c¢,

81
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Octahedral O projector algebra
Begin with minimal equation:(ﬂ= (¢;+2:-1)(ci2T)(cit6:1)(ci-6-1)(ci-0-1) ]

o U [T
[cg = ch—%g P“J EP)”: 2 f(;%g*cg]
m g.u classescg
p) _ (¢, +21)(c,—61)(c,+61)(c,—0) (¢, +21)(c;—361)c, ¢ +2¢ —36¢/—72¢,
(2+2)(2—6)(2+6)2—0) 256 256
Expanding P®
¢?=120-1+108¢,+104c, ¢’ =120-1+108¢,+104¢,
¢3= +16¢a+20¢; +2¢7° = +32¢r+40¢;
¢?= 61+3c+2¢, -36¢°=-216-1-108¢, -72c¢,
c; = + C -72¢; = -72¢;

-256P?2) =-96-1+ 0 ¢,+32¢, +32¢z- 32¢;

1 1 1
P = él—gcr +—¢ ——c,+—¢,
8 8 8 " 8 3

O class product table

1= C, c, Cp C,
¢, | 8l+4c.+8c, 3c, 4ct4c, 4ct4c,
c, 31+2¢, c,t+2c, 2¢,+c.
Cp 61+3c,+2c¢, 3¢ +4c,
C, 61+3c,+2c¢,

Friday, April 3, 2015



Octahedral O projector algebra -
Begin with minimal equation.(0= (¢;+2:-1)(ci2T)(cit6:1)(ci-6-1)(ci-0-1) ) 2"\\? o
B ng X g u _ oM # | ;’k_" s ‘.
[Cg _% Vs PJ EP)M_classze“scg OG%g cgj ’T
p) _ (¢, +21)(c,—61)(c,+61)(c,—0) (¢, +21)(c;—361)c, ¢ +2¢ —36¢/—72¢,
2+2)2-6)2+6)(2-0) —256 —256

Expanding P®

¢?=120-1+108¢,+104c, ¢’ =120-1+108¢,+104¢,

¢3= +16¢a+20¢; +2¢7° = +32¢r+40¢;

¢’= 61+3¢+2¢, -36¢°=-216-1-108¢, -72¢,

c; = + C -12¢ = -72¢;

-256P?) =-96-1+ 0 ¢,+32¢, +32¢r- 32¢;
3. 0 1 1 1

P»= Z1+—-¢ ——¢,——c,+—c,
8 8 8 " 8 3

‘u _ .
O class product table X, | 8=1 ri. Py Ry i
1=c c, c, Cr C;
c, | 8l+4c+8c, 3¢, 4e +4c, 4¢ +ic, Applying the
c, 31+2¢, c,t+2c, 2¢,+c. /gfgg/‘/;glzgfz )
Cp 61+3c,+2c¢, 3¢ +4c, x" 3 0O -1 =1 1
C, 61+3c,+2c¢,
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Octahedral O projector algebra M
Begin with minimal equation: 0= (¢c.=2T)(¢i-2-1)(¢ci+6-1)(ci-6-1)(ci-0-1) P \\_, h
A4
°c 22 O\ 3y
(: -y _£78 ég;téf ]Pﬁl E?H:: ¥ - ;{2; c@; ol .;
m oM classescg G 4§
p) _ (¢, +21)(c,—61)(c,+61)(c,—0) (¢, +21)(c;—361)c, ¢ +2¢ —36¢/—72¢,
(2+2)2-6)(2+6)(2-0) —256 —256
Expanding P®
¢?=120-1+108¢,+104c, ¢! =120-1+108¢,+104c,,
¢3= +16¢a+20¢; +2¢7° = +32¢r+40¢;
¢’= 61+3c+2c¢, -36¢°=-216-1-108¢, -72¢,
c; = + C -72¢ = -72¢;
-256P?2) =-96-1+ 0 ¢,+32¢, +32¢z- 32¢;
3. 0 1 1 1
P¥= —1+—c,——c,——c,+—¢
8 8 3 3 3
: 3. 0 1 1 1
Expansion 0f152)has (-)sign on last 2 terms... P = §1+ c — gcp + — . C,— gc
O class product table Octahedral O characters Xs | 8=1 Tia Py Ry g
1= C, c, Cp C, '
c, | 8l+4c+8c, 3¢, 4e +4c, 4¢ +ic, Applying the
conventional
c, 31+2¢, c,t+2c, 2¢,+c. label T for (2) P 3 0 -1 1 -1
Cx Ol+3e+2e, | 3etde, | and T, for(2) 4| 3 o -1 -1 |
C, 61+3c,+2c¢,

84

Friday, April 3, 2015



Octahedral O projector algebra P o
Begin with minimal equation: 0= (¢;+2-1)(¢;-2-1)(¢+6-1)(c6-T)(ci-0-1) 2‘ \3' o
© H vy '( ¢/
CoX 2 PR
C = Zﬂ Pu Pu: 2 OG%(‘S’ cg r"’ 4 /
5 m oM classesc N/
p) _ (¢, +2)(c, —61)(c, +61)(e,—0) _ (¢, + 21)(¢;—361)c, _ c'+2¢'—36¢c—-72c,
2+2)2-6)2+6)(2-0) —256 —256
¢?=120-1+108¢,+104c, ¢’ =120-1+108¢,+104¢,
¢3= +16¢a+20¢; +2¢7° = +32¢r+40¢;
¢?= 61+3c+2¢, -36¢°=-216-1-108¢, -72c¢,
c; = + C -72¢ = -72¢;
-256P?2) =-96-1+ 0 ¢,+32¢, +32¢z- 32¢;
3. 0 1 1 1
P¥= —1+—c,——c,——c,+—¢
8 8 8 8 8
: 3. 0 1 1 1
Expansion 0f152)has (-)sign on last 2 terms... P = g1 + gcr — gcp + gcR — gci
O class product table Octahedral O characters X. | 8=1 Ti. P, Ry i
1= c, c, Cp c. x| 11 1 1
c, | 8l+4c+8c, 3c, 4e tic, 4¢ +ic, (Remaining  x* | 1 11 -1 -1
character E
c, 31+2¢, c,t+2c, 2¢,+c. derivations X 2 -1 2 0 0
c, 61+3c,+2c, | 3c+4c, left as an x"| 3 o -1 1 -1
c, 61+3c,+2c, exercise) x| 3 o -1 -1 1
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* Octahedral OyDO:Inversion (g&u) parity
Octahedral Or>0DCy subgroup correlations
O»D>0DD4 subgroup correlations

Or2>0DD4DCy subgroup correlations
Preview of applications to high resolution spectroscopy

<
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Octahedral O, =Ox {1,1} characters of OxXCiDO

Octahedral O characters Xe

%5 g — 1 I‘1...4 pxyz xyz il...6
A, x| v 1 1 1 1
A, ™| 1 1 1 -1 -l
EVEN .
parity ¢ X 2 -1 2 0 0
(gerade) T,, "< | 3 0 -1 1 -l
TZg %Tz‘(" 3 O —1 —1 1
O class product table
1= C, c, Cp C,
¢, | 8l+4c.+8c, 3c, 4ct4c, 4ct4c,
c, 31+2¢, c,t+2c, 2¢,+c.
Cp 61+3c,+2c¢, 3¢ +4c,
C, 61+3c,+2c¢,

(Remaining
character

derivations
left as an
exercise)

symmetry

3D — Inversion

C,-symmetry
1 I
I 1
C,-characters
C;|1 1
g |1 1
u | 1 -1

+

Parity P
(gerade)

(ungerade)

A

X

X"
XE
X"
X

LW W D = =

Friday, April 3, 2015
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Octahedral O, =Ox {1,1} characters of OxXCiDO

%5 g — 1 I‘1...4 pxyz xyz il...6 g — I Irl...4 Ipxyz Inyz Iil...6 Symmetl’:y
A, X B 1 1 1 1 1 1 1 1 1 1 3D — Inversion
A, x™ 1 1 1 =1 1| I -1 -
EVEN v (I) = -1 -
oarity Lt X 2 -1 2 0 o 2 -1 2 0 0 y
(gerade) 1y, 4™ | 3 0 -1 1 -1 3 o -1 1 -1
Ci- t
Lo g™ 3 0 -1 -1 1| 3 0o -1 -1 1 ey
I I
I 1
C,-characters
C;|1 1 -
: Parity P
g |1 1| (gerade)
u | 1 -1 |(ungerade)
O class product table Octahedral O characters X. | 8=1 Ti. P, Ry i
1= c, c, Cp c. x| 11 1 1
c, | 8l+4c+8c, 3¢, 4e +4c, 4¢ +ic, (Remaining  x* | 1 1 1 -1 -1
character E
c, 31+2¢, c,t+2c, 2¢,+c. derivations X 2 -1 2 0 0
c, 61+3c,+2c, | 3c+4c, left as an " 3 o -1 1 -1
c, 61+3c,+2c, exercise) x| 3 o -1 -1 1
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Octahedral O, =Ox {1,1} characters of OxXCiDO

5 g = 1 I‘1...4 pxyz xyz il...6 g — Irl...4 Ipxyz Inyz Iil...6 Sym m etl/:)/
A, Pl 11 1 1 1 1 1 1 1 3D — Inversion
A, ™| 1 1 1 -1 1| 1 1 IS 1.
EVEN E, (1) = 1.
parity Lt X 2 -1 2 0 o 2 -1 2 0 0 y
(gerade) 1y, 4™ | 3 0 -1 1 -1 3 o -1 1 -1
Ci- t
ng %ng 3 0 _1 _1 i 3 0 1 1 1 (-Symmetry
Al 11 1 1 P
A, X I 1
A2u —_— —
ODD A X . I I I I C,-characters
parity £, 4% | 2 -1 2 0 0 ol +
(ungerade) T I I Parity P
Tlu X 3 o -1 1 - g |1 1| (gerade)
2u X Y 3 0 -1 -1 1 u | 1 -1 |(ungerade)
O class product table Octahedral O characters X | 8=1 T P, Ry i
1= c, c, Cp c. x| 11 1 1
c, | 8l+4c+8c, 3¢, 4e +4c, 4¢ +ic, (Remaining  x* | 1 1 1 -1 -1
character E
c, 31+2¢, c,t+2c, 2¢,+c. derivations X 2 1 2 0 0
c, 61+3c,+2c, | 3c+4c, left as an x"| 3 o -1 1 -1
c, 61+3c,+2c, exercise) x| 3 o -1 -1 1
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Octahedral O, =Ox {1,1} characters of OxXCiDO
Oy easily derived from those of O and Cy !

%5 g — 1 I‘1...4 pxyz nyz il...6 g — I Irl...4 Ipxyz Inyz Iil...6 Symmetl’:y
A, X Pl 11 1 1 1 1 1 1 1 3D — Inversion
A, ™| 1 1 1 -1 1| 1 1 IS 1
EVEN 7, (I)= -1
parity L X 2 -1 2 0 o 2 -1 2 0 0 y
(gerade) 1y, 4™ | 3 0 -1 1 -1 3 o -1 1 -1
Loyl 3 0 1 0 13 0 1 1 Crsymmetry
- 11
A, X 1 1 1 1 1 —1 —1 —1 —1 —1 [ 1
AZu —_ —_— —_— — —
ODD A, X 1 1 1 1 1 1 1 1 +1 +1 C,-characters
parity £, 4% | 2 -1 2 0 0| -2 +1 -2 0 0 ol +
(ungerade) I .
YT, 4l 3 0 211 <1 3 0 41 -1 41 Parity P
T g |1 1| (gerade)
2u x' 3 o -1 -1 1 -3 0 +1 +1 -1 u | 1 -1 |(ungerade)
O class product table Octahedral O characters X | 8=1 T P, Ry i
1= c, c, Cp c. x| 1 11 1 1
c, | 8l+4c+8c, 3¢, 4e +4c, 4¢ +ic, (Remaining  x* | 1 1 1 -1 -1
character E
c, 31+2¢, c,t+2c, 2¢,+c. derivations X 2 -1 2 0 0
c, 61+3c,+2c, | 3c+4c, left as an x"| 3 o -1 1 -1
c, 61+3c,+2c, exercise) x| 3 o -1 -1 1
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Octahedral OyDO:Inversion (g&ku) parity
Octahedral Or>0DCy subgroup correlations
O»D>0DD4 subgroup correlations

Or2>0DD4DCy subgroup correlations
Preview of applications to high resolution spectroscopy
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Octahedral OyD O subgroup correlations

. Fig. 3.1.1 PSDS

X 5 g=1 r , Py nyz i
1" 1 1 | 1 1 : @
X" 1 1 1 o |

E
X 2 -1 2 0 0 E
x"| 3 G d
x" 3 O -1 -1 1

0 -1 1 -1 jﬁ%
Cz T
A

vorh

(@) Al

Order of Symmetry Group | .
2 3 4 6 8 12 16 24 48
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Octahedral OyD O subgroup correlations

3 Fig. 3.1.1 PSDS
. e | Ir= Ip= IR= Ii=
%g Loy pxyz xyz L s S| 4 nyz Sxyz 61...6 ‘ %
¥ 11 1 1 1 1|1 1 1 1 1
A
/1 1 1 -1 -1|1 1 1 -1 -l
¢ P
*12 -1 2 0 0|2 -1 2 0 0 : j%
2 T
¥“!3 0o -1 1 -1/3 o0 -1 1 -l
T Ca
Y |3 0o -1 -1 1|3 0 -1 -1 1 A
1 1 1 1 141 -1 -1 -1 -l %, T
x> 11 1 1 -1 —1|-1 -1 -1 1 1 s A
d
x“12 -1 2 0 0|2 1 =2 0 0 ©)
c
¥ l3 0 -l -1|/-3 0o 1 -l
|3 0 -1 -1 1]-3 0o 1 1 -l ¢
050 |A A E T T, Ce

0.:D> O?Cb

2
£tk
=

E, 1
, 1 2 AN
T 1
- Can
A |1
A, 1
18 z
T, 1 e
u Order of Symmetry Group | .
T,, ' ' | 2 3 4 6 8 |12 6 24 48
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Octahedral Oy,DO0 subgroup correlations (Parity)
Octahedral Oy,D0 subgroup correlations
O»D>0DD4 subgroup correlations

Or2>0DD4DCy subgroup correlations
Preview of applications to high resolution spectroscopy
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Octahedral O,>0DD 4D Cy subgroup correlations

180° 9p°  180°

%5 ©O)|g=1r, p,. R, 1
A 1 1 1 1 1
A, 1 1 -1 -1
E 2 2 0 0
T, 3 O\ -1 1 —1
T, 3 1
X: (D,) | g= + ¢ y180° i,
A 1 1 1 1 1
B, 1 1 -1 1 —1
A, 1 1 1 -1 -1
B, 1 1 -1 —1 1
E 2 -2 0 0 0

O| Dy subduction

D4: 17p218009RZ:|:9007 p218009 i3’4

Fig. 3.1.1 PSDS

Cz
Cq A
2 A
@ d
c
vorh
Ce
C i~ T
3 2y Al
Al AN
Can %
2
Order of Symmetry Gmwl
2 < 6 8 12 6 24 48
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Octahedral O,>0DD 4D Cy subgroup correlations
O| Dy subduction

180° 90°  180° Dy 1,p2180°,Rz290°, Px,y180°, 13,4 4
%5(0) g=1 1, p,, R, 1 , , , ’

| 1 1 1

Fig. 3.1.1 PSDS

vorh

L
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
) B 180° 90°  180° D2 1,p2180°,Rz290°, px,y180°, 13,4
X.0) | g=1r, p,, R 1, Al(O) lD4 =1 1 1 1 1
A 1 \1/ 1 1 1 i gl ’ '
A, 1 1 -1 -1
E 2 2 0 0
T, 3 fo\ -1 1 -1
T, 3
%5 (D,) gl: - °\i3,4
A, 1 1 1 1 1
B, 1 1 -1 1 -1
A, 1 1 1 S
B, 1 1 -1 -1 1
E 2 2 0 0 0

AN
x@/A
R

Order of Symmotrysnowl
2 3 4 6 8 12 16 24 48
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Octahedral O,>0DD 4D Cy subgroup correlations
O| Dy subduction

X“(O) g:1 E ]3’00 91010 ];?’060 D4: 17p2180°,R2:|:9O°, Px,y180°, i3’4
8 xyz xyz AI(O)\LD4: 1, 1, 1, 1, 1 ) Al(O)iD4 :AI(D4)

0 @» X As'
e
@,
\

X
SN/ /4
(0

Order of Symmﬂrysnowl
2 3 4 6 8 12 16 24 48
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Octahedral O,>0DD 4D Cy subgroup correlations
O| Dy subduction

X“(O) g:1 E ]3’00 91010 ];?’060 D4: 17p2180°,R2:|:9O°, px,y180°, i3’4
8 xyz xyz AI(O)\LD4: 1, 1, 1, 1, 1 ) Al(O)iD4 :AI(D4)
AO)|Ds=1, 1, -1, 1, -1.

0 @» X As'
e
@,
\

X
SN/ /4
(0

Order of Symmﬂrysnowl
2 3 4 6 8 12 16 24 48
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Octahedral O,>0DD 4D Cy subgroup correlations
O| Dy subduction

o op0 180° D 1,pa1soe,Rosore, prpisoe, i
%5(0) g:1 L 4 ]ggz 910{xyz i16 ! l,p % ,Ri90,p’y180’l3’4

S AA(O)Ds=1, 1, 1, 1, 1. Ai(0)|Ds=A1(Dy)

AO)|Ds=1, 1, -I, I, -1. A2(0)|Ds=B1(D4)

0 @» X As'
e
@,
\

X
SN/ /4
(0

Order of Symmﬂrysnowl
2 3 4 6 8 12 16 24 48
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Octahedral O,>0DD 4D Cy subgroup correlations
O| Dy subduction

70| g=1 r ]gOO & 1i80° Dy 1,p2180°,Rz290°, Px,y180°, 13,4
- Ll T % M IA(O)De=1, 1, 1, I, 1. Ai(O)|Ds=A1(D4)
AO)|Ds=1, 1, -1, I, -1. AxO)|Ds=B1(D4)
EO)|Ds=2, 2, O, 2, O.

| g&’\‘\“f%"' 9
LR Y
‘\\\)it@/

\\\
RO

Order of Symmﬂrysnowl
2 3 4 6 8 12 16 24 48

Can

Friday, April 3, 2015 101



Octahedral O,>0DD 4D Cy subgroup correlations
O| Dy subduction

180° 90°  180° Da: 1,p2180°,Rz290°, Pr.y180°, 13,4
L (O =1 r, vyz nyz i 6 ’ ’
%9871 n. P A0 Da=1, 1, 1, 1, 1. Ai(0)|Ds=A1(Dy)
AO)|Ds=1, 1, -I, I, -1. A2(0)|Ds=B1(D4)
EO)|D+=12, 2, O, 2, 0. E(O)|Ds=A1®B1(D4)

| g&’\‘\“f%"' 9
LR Y
‘\\\)it@/

\\\
RO

Order of Symmﬂrysnowl
2 3 4 6 8 12 16 24 48

Can
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Octahedral O,>0DD 4D Cy subgroup correlations
O| Dy subduction

\ ) 180° 90> 180° Das: 1,p:180°,Rzx90°, P, y180°, 13,4

K@ |871 T P Row hs |y oyip,=1. 1 1, 1, 1. Ai(O)|Ds=A1(Dy)
AO)|Ds=1, 1, -1, I, -1. AxO)|Ds=B1(D4)

EO)|Ds=2, 2, 0, 2, 0. E(O)|Ds+=41®B (D)

TiO)|Ds=3, -1, 1, -1, -1.

| g&’\‘\“f%"' 9
LR Y
‘\\\)it@/

\\\
RO

Order of Symmﬂrysnowl
2 3 4 6 8 12 16 24 48

Can
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Octahedral O,>0DD 4D Cy subgroup correlations
O| Dy subduction

70| g=1 r ]gOO & 1i80° Dy 1,p2180°,Rz290°, Px,y180°, 13,4

- Ll T % M IA(O)De=1, 1, 1, I, 1. Ai(O)|Ds=A1(D4)
AyO)|Ds=1, 1, -1, 1, -1. AxO)|Ds4=Bi(Dy)

E(O)|Ds=2, 2, 0, 2, 0. E(O)|Ds=A10B(Dy)

Ti(0)[Ds=3, -1, 1, -1, -1. Ti(O)|Ds=E ®A2(Dy)

| gg‘«\(‘f%é, 9
LR Y
“\\gt@/

\\\
RO

Order of Symmctrysnowl
2 3 4 6 8 12 16 24 48

Can
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Octahedral O,>0DD 4D Cy subgroup correlations
O| Dy subduction

\ ) 180° 90> 180° Das: 1,p:180°,Rzx90°, P, y180°, 13,4

K@ |871 T P Row hs |y oyip,=1. 1 1, 1, 1. Ai(O)|Ds=A1(Dy)
AyO)|Ds=1, 1, -1, 1, -1. AxO)|Ds4=Bi(Dy)

E(O)|Ds=2, 2, 0, 2, 0. E(O)|Ds=A10B(Dy)

Ti(0)|Ds=3, -1, 1, -1, -1. Ti(O)|Ds=E ©A2(Dy)

T.(0)|Ds=3, -1, -1, -1, 1.

| g&’\‘\“f%"' 9
LR Y
‘\\\)it@/

\\\
RO

Order of Symmﬂrysnowl
2 3 4 6 8 12 16 24 48

Can
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Octahedral O,>0DD 4D Cy subgroup correlations
O| Dy subduction

\ ) 180° 90> 180° Das: 1,p:180°,Rzx90°, P, y180°, 13,4

K@ |871 T P Row hs |y oyip,=1. 1 1, 1, 1. Ai(O)|Ds=A1(Dy)
AyO)|Ds=1, 1, -1, 1, -1. AxO)|Ds4=Bi(Dy)

E(O)|Ds=2, 2, 0, 2, 0. E(O)|Ds=A10B(Dy)

Ti(0)|Ds=3, -1, 1, -1, -1. Ti(O)|Ds=E ©A2(Dy)

T2(0)|Dy=3, -1, -1, -1, 1. To(O)|Ds=E ®B>(Dy)

| g&’\‘\“f%"' 9
LR Y
‘\\\)it@/

\\\
RO

Order of Symmﬂrysnowl
2 3 4 6 8 12 16 24 48

Can
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Octahedral O,>0DD 4D Cy subgroup correlations

180° 9p°  180°

O| Dy subduction

Da: 1,p2180°,Rz290°, Pr.y180°, 13,4

H =1 r R i
)CgA(IO) g 1 1i.4 p;yz lxyz 116 Al(O) lD4 =1, 1,
. 1 o AO)|Ds=1, 1,
E | 2 » o o | BHONDi=2, 2,
| 3 fo\ 1 1 -1 |T(ODs=3, -1,
v 3 Lo\ 1 1 1 [T(O)Ds=3, -1,
24(D,) gl _ _ i,
A L1 1 L1
B |1 |1 1| 1 -
Y N T I T T (R "
B, | 1 |1 1| 1 1
E | 2 =2 0 0 0

1,
1,

0,

1,
1,

, 1.
1, -1.
2, O.
-1, -1.
-1, 1.

OlD,

A1(O)|Ds=A41(Dy)
Ax(0)]

E(O)|Ds=A1®B1(Dy)

Ti(0)|Dy=E ®Ax(Dy)-; | |
Tz(O)VD4=E@Bz(D4)"'E

A B A B, E
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N
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Octahedral O,>0DD 4D Cy subgroup correlations

O| D4 subduction

2o s o e Ry G|
T AOD = 1
N L [ MO)De=1, 1, -,
o, . o o | BOLDi=2, 2, 0,
r, | 3 fo\ -1 1 -1 |T20)]Ds=3, -1, 1,
T, 3 T2(0)|Ds=3, -1, -1,
XS(D4) gl: °\i3,4

A 1 1

B, 1

A, 1

B, 1 1

E 2 lo\/o\

%5 (C,) lg =1 IQQRM%O Rz—90

0), 1 1 1

1), 1 i —1 —1I

(2), 1 -1 1 -1

(3), 1 —I —1

1,p2180°,Rz+90°, Px,y180°, 13,4

Fig. 3.1.1 PSDS

S B @
I8 o}
20 /"" o
N
-1, 1. 4/"’
o ’. \“"—?1’ 5
OlD,| A B A B E
A |1
A, 1
E 1 1 : :
T 1 1
T, 11
] l Jo:wofswlnmms%sy ] l ]
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a 4

Octahedral OyDO:Inversion (g&ku) parity
Octahedral Or>0DCy subgroup correlations
O»D>0DD4 subgroup correlations

* Or2>0DD4DCy subgroup correlations ‘

Preview of applications to high resolution spectroscopy
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
180° 90°  180° Dy 2180°. R2100°. Dy o Fig. 3.1.1 PSDS
%5(0) g=1r, p,, R, 1 ? l’p 180°,Rz290°, Px,y180°, 13,4 4
— 7 T MODe=1 L L]
A1 1 1 -1 -1 A20)| D=1, 1, -I, Ji5 =] m
E | 2 s o o | EOILDs«=2,2 0, 2, 0. E
T1 3 0 —1 1 —1 TZ(O)\LD4:39 _19 19 '1, '1 . d
T, 3 T.0)|Ds=3, -1, -1, -1, 1 gt/ln
. l \ . A A\
;{g 4 g= + , o 13’4 ()Jnl)4 [41 lgl 142 132 .
A 1 1 1 1 1 i 1
B, 1 1 —1 . 1
A, 1 1 1
E | I B :
B, 1 1 —1 — 1 r | |
E j 2 0\/(: \/o\ . o
%5 (€,)| g=1 IQQRM%O R_,
0), | 1 1
(1)4 1 l —1 —1
(2), 1 ~1 1 —1
(3), 1 —i ~1 ‘
U3h
J I Order of Symmetry Groqpl ] l l
3 4 8 12 6 24 28
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
2] g=1 1, b R 11806 Da: 1,p:180°,Rex00°, Pry1s0°, 3,4 ‘ R
- T A©O)|Ds=1, 1, 1, |
A: | o AO)|Ds=1, 1, -1, | B
- ) 5 0 o EO)|Ds=2, 2, O, Dl E m
T, 3 fo\ -1 1 -1 [T2(0)ID4=3, -1, 1, -1, -1. d @
T, 3 fo\ -1 -1 1 |T(0)|Dg=3, -1, -1, -1, 1. Th
| AL
x'(D,) | g= . o Dy] Cy subduction =
- _ ’ ’ OlD, | A, B A, B, E
A . . I X % Cs: 1, Rzro00, p2180°, Rz-90° A |1
B, Lt -l Ai(Dy|Cs=1, 1, 1, 1. A, 1
A, 1 1 1 sl |
B, 1 1 -1 [~ 1 - . .
E | 2 2 o [To\[lo\ Ti C
%5 (& lg =1 IQQRZ>Rz9O
(0), 1 1 1 1
1), 1 i -1 —
(2), 1 -1 1 -1
(3), 1 — -1 i
] l JO«hrofSymnnﬂnmem:Th ] l l
TR T 8 12 . B, 285 . 4B
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
2] g=1 1, b R 11806 Da: 1,p:180°,Rex00°, Pry1s0°, 3,4 ‘ R
" 1 o EErE— AO)|Ds=1, 1, 1, | e
Al | o AO)|Ds=1, 1, -1, | B
N > o o | EOIDi=2,2, 0, 2, 0. E Dl
T 3 N -1 1 -1|T20)|Ds=3, -1, 1, -1, -1. . @
T, 3 fo\ -1 -1 1 |To(O0)|Ds=3, -1, -1, -1, 1 Th
- . A A
X, (D) | g= o D4| Cy subduction 0 xLD4 A B A B E
A . . I Cys: 1, Rz900, p2180°, Rz-90° A |1
R I AiDyYlCs=1, 1, 1, 1. =0) 4 I
A, 1 1 1 N |
B, N I . . |
E | 2 =2 o0 0\/ Ti 11
%5 (C,) lg =1 IQQR>Rz9O
), | 1 1 1 1
(1), 1 i -1 i
(2), 1 —1 1 —1
3), R S| i
J l J(Mﬂ.rofSyLﬂnnnr;:;ég!L// ] l '
TR, W WA - 8 12 6 24 48
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
x:0) | g=1 r_, ]335 9101; ]1(1906 D4:_ L,pz180°,Rz200°, Pry1soc, 134 4 i s
— 7 T Aolb=1L L L T
A | L |Moibe=1, 1, -, 1, .
E | o » o o |[EOID=2 2 00 2 0. [ Tl
T, 3 o\ -1 1 -1 |T(0)|Ds=3, -1, 1, -1, -1 d
T, 3 o\ -1 -1 1 [T(0O)|Ds=3, -1, -1, -1, 1 éTh!
%5(D4) g= o D4| Cy subduction ol a5 ook
Al 1 1 1 C4 & 1’ RZ+9OO, leSOO, RZ-9OO Al 1
B1 1 1 —1 A](D4)lC4 =5 1, 1, 1, 1 :(0)4 A2 1
" Lo 1 BI(D4)lC4=1, -1, 1, -l. E |1 1 - |
B, 1 1 ~1 r 1 1
E 2 2 0 0\/ . o
24(C,) lg—l R><1‘z R .,
0), 1 1 1 1
(2), 1 —1 1 ~1
(3), 1 —i —1 i
D34
J l Order of Symmetry Group | ] l '
T WA 8 12 6 24 48
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
2©)|g=1 1, p. R, ]1(1906 D4:_ L,pz180°, Re200°, P y180°, 13,4 4 i
— 7 T Aolb=1L L L T
Aﬁ 1 1 —1 —~1 fx2((2)ll)4:: 19 19 '1, 1, -1 .
E | o s o o | EOILDs«=2,2 0, 2, 0. = m
T, 3 o\ -1 1 -1 |T(0)|Ds=3, -1, 1, -1, -1 d
n | 3 fo\ a0 TOLDe=3, -1, -1, - £
%5(D4) g= o D4| Cy subduction ol a5 ook
Al 1 1 1 C4 & 1’ RZ+9OO, leSOO, RZ-9OO Al 1
B1 1 1 —1 A](D4)lC4 =5 1, 1, 1, 1 :(0)4 A2 1
. Bz(w)wﬁl, 0o L o=@ E |11 .
B, 1 | —1 r 1 1
E 2 2 0 o\/ i o
%5 (C,) lg =1 IQQRHH;O Rz—90
0), 1 1 1 1
(2), 1 —1 1 —1
(3), 1 —i -1 i
D3h
J l Order of Symmetry Group | ] l '
2 3 4 8 12 16 24 48
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Octahedral O,>0DD 4D Cy subgroup correlations

180° 9p°  180°

%5 ©O)|g=1r, p,. R, 1
A, 1 1 1
A, 1 -1 -1
E 2 0 0
T, o\ -1 1 -1
T, o\ i

O| Dy subduction
Dy 1,02180°,Rz£90°, Px.y180°, 13,4
A©O)|Ds=1, 1, 1, o
AO)|Ds=1, 1, -1, | A
EO)|Ds=2, 2, O, 2000
T (0)|Ds=3, -1, 1, -1, -1.
T.(0)|Ds=3, -1, -1, -1, 1.

&

0 =

~

>

~

)=} —
(]q(_[\.)_‘_m»—‘»—n“ W L ==

Fig. 3.1.1 PSDS

. ' D4] Cy subduction Z olp, | A B A B E
A 1 ! Cs: 1, Rzwo00, P2180°, Rzo0° A |1
b S AiDylCy=1, 1, 1, L. =(0)4 A, 1
22 1 11 Bi(DylCs=1, -1, 1, -1. =(2)4 E |1 1 - -
2 N AZ(D4)VC4=1, 1, 1, 1. T I I
E —2 0 0\/ T, I 1
%5 (C,) =1 IQQR>Rz9O
©), | 1 1 1
(1), 1 i S
(2), 1 —1 1 —1
G, | 1 - - ‘
D3k
J l (Mﬂ.rofSymHNNannmpl ] l '
T, | 8 12 6 24 48
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Octahedral O,>0DD 4D Cy subgroup correlations

180° 9p°  180°

%5 ©O)|g=1r, p,. R, 1
A, 1 1 1
A, 1 -1 -1
E 2 0 0
T, o\ -1 1 -1
T, o\ i

O| Dy subduction
Dy 1,02180°,Rz£90°, Px.y180°, 13,4
A©O)|Ds=1, 1, 1, o
AO)|Ds=1, 1, -1, | A
EO)|Ds=2, 2, O, 2000
T (0)|Ds=3, -1, 1, -1, -1.
T.(0)|Ds=3, -1, -1, -1, 1.

&

0 =

~

>

~

)=} —
(]q(_[\.)_‘_m»—‘»—n“ W L ==

Fig. 3.1.1 PSDS

. ' D4] Cy subduction Z olp, | A B A B E
A 1 ! Cs: 1, Rzwo00, P2180°, Rzo0° A |1
b S AiDylCy=1, 1, 1, L. =(0)4 A, 1
4 : : Bi(DylCs=1, -1, 1, -1. =(2)4 E |1 1 - -
% S \4091C=1, 1, 1, 1 =06 T N
E —2 0 0\/ T, I 1
%5 (C,) =1 IQQR>Rz9O
©), | 1 1 1
1), 1 i S
(2), 1 —1 1 —1
G, | 1 - - ‘
D34
J l (Mﬂ.rofSymHNNQanwpl ] l '
T, 8 12 i 9B.re AR D
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
20| g=1 r_, ]335 9101; ]1(1906 D4:_ L,pz180°,Rz200°, P 1807, 13,4 4 A
A 1 1 1 1 Al(O)\LD4_ 17 19 1, 1, 1 .
A | L |Moibe=1, 1, -, 1, .
E | o » o o |[EOID=2 2 00 2 0. [ Tl
T, 3 [0\ -1 1 -1 |T2(0)|Ds=3, -1, 1, -1, -1. d
T, 3o\ -1 1 T>(0)|Ds=3, -1, -1, -1, 1 @}h
XS(D4) 8= o o Dy4| Cy subduction T
A 1 1 1 Cy: 1, Ryvooe, pzigoe, Rz00° A |1
X 1 : - A](D4)VC4:19 19 19 1. :(0)4 A2 1
S BDLCi=1, -, 1, -l =@u E |11 - .
N 0\/ \APLC=1, 1, 1L =04 T 1 !
l ><‘\‘ 32(1)4) Ci— 1l -1, 1, -l T, 11
%5 (C4) 8= 1 Rz+90° Rz+180 RZ_90
0), 1 1 1 1
(2), 1 —1 1 ~1
(3), 1 —i ~1 i
D3k
] l JOﬂhrofSymnnhywsumpl ] l |
TR, S R 8 jpr= e g 48
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
20| g=1 r_, ]335 9101; ]1(1906 D4:_ L,pz180°,Rz200°, P 1807, 13,4 4 A
A 1 1 1 1 Al(O)\LD4_ 17 19 1, 1, 1 .
| L meolpe=1,01, 1,
E | o » o o |[EOID=2 2 00 2 0. [ Tl
T, 3 [0\ -1 1 -1 |T2(0)|Ds=3, -1, 1, -1, -1. d
r, | 3 fo\ o o1 1 [TA0Ds=3, -1, -1, -, | 3
XS(D4) 8= o o Dy4| Cy subduction T
A] 1 1 1 C4 .- 1’ RZ+9OO, leSOO, RZ-9OO Al 1
X 1 1 = A](D4)VC4:19 19 19 1. :(0)4 A, 1
S BD)IC=1, -1, 1, -l =2 B [1 1 - .
P I 0\/ AZ(D4) Ci=1, 1, 1, 1. =0k T, 1 I
l ><‘\‘ Bz(D4) Ci=1, -1, 1, -1. =) T, L1
4 5 (C4) 8= 1 Rz+90° Rz+180 R 7—90
0), | 1 1
(2), 1 ~1 1 —1
(3), 1 —i ~1 ‘
D3k
] l Order of Symmetry Group | ] l |
TR, 8 VIR | WA 28
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
7o) g=1 r ]gOo 910{ 15060 D 1,p2180°, Rex00°, Pr.y180°, 13,4 ™ Fig. 3.1.1 PSDS
v S AO)IDe=1, 1, 1, 1, L.
A1 -1 A2(0)|Ds=1, 1, -1, |
E > o o | EOLDs=2,2, 0, 2, 0. = m
T, o -1 1 -1|T20)\|Ds=3, -1, 1, -1, -1. d @
T, o\ -1 -1 1 |T2(0)|Ds=3, -1, -1, -1, 1. )

Cq

D4| Cy subduction

. : Cy: 1, Rzvooe, pz180°, Rz-o0° A |1 .1 .2 .2 .
: - AiDy|Cy=1, 1, 1, I. =(0)4 A, A
1 11 Bi(DyY|Cs=1, -1, 1, -1. =(2) E 1 1T - ..
. AZ(D4) c=1, 1, 1, 1. =(0) (A T

T, L

B2(D4) Ci=1, -1, 1, -1. =)
><‘\A E(DylCi=2, 0, 2, 0.

&
0 =
N
-
N —
N —

X 5 (C4 ) =1 Rz+90 Rz+180 Rz—90
0), 1 1 1 1
1), 1 [ —1 —1
(2), 1 —1 1 —1
(3), 1 —1 —1 l

D3k
] l J Order of Symmetry Group | ] l ]
2 3 4 6 8 12 16 24 48
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Octahedral O,>0DD 4D Cy subgroup correlations

O] Dy subduction
X.(0)| g=1 r ]gg: 9101; ]i(jio D 1,pz180°,Res00%, Pryisoe, 3,4 s B L0
— 7 T Aolb=1L L L T
A1 1 -1 A2(0)|Ds=1, 1, -1, |
rol s o o | EOLDi=2,2, 0, 2, 0 = Tl
T, s o\ -1 1 -1 |T2(0)|Ds=3, -1, 1, -1, -1 d @
T, 3 fo\ -1 -1 1 |T2(0)|Ds=3, -1, -1, -1, 1 5
1 A
%5 (D)) | g= . . Dy] Cy subduction 0\LD4 e
4 1 : 1 Cys: 1, Rz900, p2180°, Rz-90° A |1
B 1 1 -1 Ai(DyY|Cs=1, 1, 1, 1. =(0) A, .
22 1 1 11 Bi(DyY|Cs=1, -1, 1, -1. =2)+ E |1 1 . ,
T 0\/ A2(D4) c=1, 1, 1, 1. i(0)4 T, 1 1
B2(D4) Ci=1, -1, 1, -1. =@ T, [ 1
l X\ EDylCs= 12, 0, -2, 0. =(1)sDG)
x4C) | g=1 RN R R_g
0), 1 1 1
1), 1 i -1 i
(2), 1 —1 1 —1
(3), 1 —i -1 '
] l omrofsmmtrysm\.:'lsy ] l ]
T W 8 2o e 48
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
2o lg=1r, b R, 11806 Da: 1,p:180°,Rex00°, Pry1s0°, 3,4 ‘ R
1 AO)D= 1, 1, 1, L
Al | o AO)|Ds=1, 1, -1, | B
N > o o | EOIDi=2,2, 0, 2, 0. E m
T 3 N -1 1 -1|T20)|Ds=3, -1, 1, -1, -1. o @
r, | 3 fo\ -1 -1 1 [T20)|D4=3, -1, -1, -1, 1. Th
1 (A A
Xe(D)) | g= . . Dy] Cy subduction o xLD4 A B A B E
4 1 1 : Cs: 1, Reo00, P2180°, Rz-90° A |1
R I AiDYICi=1, 1, 1, 1. +=O04 A I
22 1 1 11 Bi(DylCy=1, -1, 1, -I. ie=2y E |1 1 - :
. . 0\/ AZ(D4) Ci=1, 1, 1, 1. :f---:(0)4 T, 1 1
B2(D4) C.=1, -1, 1, —1.:‘:"“"_(2)4 & 11
l X\ EMDy)|Cs= 2, 0, -2, 0zt —(1)4@(3)4
24C) | g8=1 RE. R Ry B plc,|o, 1, 2, 3,=T1,
0), 1 1 1 1| EETE e A1
1), 1 i —1 —i | e B, 1
(2), 1 —1 1 -1 | e A, 1
(3), 1 —i —1 il e B, 1
---------------------- E 1 1
] l OﬂhrofSymnnﬂv(;:;g?E// ] l ]
TR, OO 8 1P 0B.0: 2 AB
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
2| g=1 1, p. R, ]1(1906 D4:_ 1,pz180°,Re00°, Pry180°, 13,4 ‘ )
A 1 1 1 1 1 Al(O)\LD4_ 1, 1, 1, 1, 1 .
| L meolpe=1,01, 1,
E | o » o o |[EOID=2 2 00 2 0. [ Tl
T, 3 o\ -1 1 -1 |T20)|Ds=3, -1, 1, -1, -1. d
r, | 3 o\ -1 -1 1 TofO)De=3, -1, -1, -1, |1 3
%5 (D) | 8= o D4| Cy subduction o L a noa s
Al 1 1 1 C4 = 1’ RZ+9OO, leSOO, RZ-9OO Al 1
X ) : - A](D4)\,C4 = 13 19 19 1. :(0)4 A2 1
22 1 1 11 Bi(Dy|Cs=1, -1, 1, -1. =(2)4 E |1 1
P I B ¥ T A e it N MU RS PR (UL Lo
B2(D4) Ci=1, -1, 1, -1. =@ T, 1
l ><‘\‘ EDy)|Cs= 2, 0, -2, 0. =(1)4B(3)4
%: (€)1 871 Rowr Rowwr Row O\ Cy subduction plc,|o, 1, 2, 3,=1]
0), 1 1 1 1 e lo Gk 2 -1 A " .
m, | 1 i -1 oo | 2y L2 Sk 5 1
(2), 1 ~1 1 ~1 Al A, i
@, | 1 - -1 f]‘; 1 1 5 |- 1
T |1 1 1 E [ - 1 - 1
L . 1 J l Order of Symmetry Gm\f‘lsy ] l '
2. W 8 2 G ame van
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
x:00) | g=1 r_, ]gO: glo{oz 1i<1906° Dy l,pZISOO,RZﬂ()O, Px,y180°, i3’4 4 Fig. 3.1.1 PSDS
” S AO)IDe=1, 1, L, L L
A L o=, 1, -, 1, L
Ez s o o | BOIDs=2, 2, 0, D0 E m
T, N -1 1 -1|T2(0)|Ds=3, -1, 1, -1, -1. - @
2 o\ -1 -1 1 |T2(0)|Ds=3, -1, -1, -1, 1. Th

Cq

D4| Cy subduction

: : Cs: 1, Rzrooe, pzigoe, Rz900 A 1 ——
: - AiDy|Cy=1, 1, 1, I. =(0)4 Azi 1 ...
1 11 Bi(DyY|Cs=1, -1, 1, -1. =(2) E 1 1T - ..

. A2(D4) =1, 1, 1, 1. =(0) Lol

B2(D4) C=1, -1, 1, -1, =(2)4 Tzi
X\ EDJICi=2, 0, -2, 0. TP |

%5(C4) =1 Rz+90 Rz+180 Rz—90 0| C. subduction D4~LC4 0, 1, 2, 3,= _4
0), 1 1 1 1 _ , LA 1l
olc, |0, 1, 2, 3,=1 | .
1), 1 [ —1 —1 : 4 S g R L et B, 1
A1 —>1 . . AR NP
(2), 1 —1 1 —1 ) A, 1
(3), 1 —1 —1 l ? B, 1
E E 1 1
T,
T D3h
2 J l J Order of Symmetry Groq;l ] l '

T, S, S 8 2 6 24 28
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction

2©)|g=1 1, p. R, ]1(1906 D4:_ L,pz180°, Re200°, P y180°, 13,4 4 i
A 1 1 1 1 Al(O)\LD4_ 17 19 1, 1, 1 .

A | L |Moibe=1, 1, -, 1, .

E| o2 . o o | EOLD=2,2, 0, 2, 0 3 M
T, 3 o\ -1 1 -1 |T(0)|Ds=3, -1, 1, -1, -1 d
T, 3 o\ -1 -1 1 T.(0)|D,=3, -1, -1, -1, 1 érh!

x: (D)) | g= o D4| Cy subduction ol a5 ok
A] 1 1 1 C4 & 1’ RZ+9OO, leSOO, RZ-9OO Al 1 . . . .
B, 1 1 -l AiDy|Cs=1, 1, 1, 1. =(0) I P B
22 1 1 11 Bi(DyY|Cs=1, -1, 1, -1. =(2) E1 1 - . .
R r\V L \4:09LCe=1, 1, 1, 1 =T

VeD)lCi=1, 1, 1, 1 =@« il - 1
| O\ EPoGm 2 0 2 0, =)

%5(C4) g=1 R 5 R_ R_g O1.Cy subduction i D4~LC4 0, 1, 2, 34:_4
0), 1 1 1 1 elo 19 s_Tli e A |1
1), | i —1 —1 O0Ca 1% B %M f T 5 L
@, | 1 o o | A e e
3, | 1 - -1 f]‘; wr : B 1

T, E 1 1
D3h
Tz l l JOrdorof Symmetry Group | ] l ]
2 3 4 6 8 12 16 24 48
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
x40) | g=1 r ]335 9101; ]i(jio D4:_ 1,p:180°,Rz290°, Pr,y180°, 13,4 4 R TR
T 1 T A(O)|Ds=1, 1, 1, | RSN
Al 1 L Ly |AAONDs=1, 1, -1, | BRED)
cle ko2 o0 o|FOD=2 2 0 20 i
T, 3 fo\ -1 1 a1 |T200{D4=3, -1, 1, -1, -l. d ?S
T, A T(0)|Ds=3, -1, -1, -1, 1 T
Xe(D)) | g= . . D] Cy subduction olp |4 B A B E
A bt : Cy: 1, Raro0e, Pr18o°, Rz00° A |1
" R E— Ai(DylCs=1, 1, 1, 1. =(0)4 A, 1
22 1 1 11 Bi(Dy|Cy=1, -1, 1, -1. =(2) E-| 1 1 -
. o ‘0 0\/ AZ(D4) =1, 1, 1, 1. =) I 1
32(134) Ci=1, -1, 1, -1. =2 L 1
l ><‘\A EDy|Cs= 2, 0, -2, 0. =(1)sBG)
%5(C4) g=1 R R R 0| C, subduction D4~LC4 o, 1, 2, 3,=
O, | v 1 1 1 wolo @88 5 510 o A T
M, | 1 i o R N L T e B 1
@, | 1 - I . A Rt A |1
(3), R S| i f]‘; 1 1 . B, 1
r E 1 1
D3
1, ] l JOM"‘ of Syr|nmotry G&q/ ]
. ST S 8 06, A%
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
vole-1 5, o R, D4 L pehn Besonpyisor i ity i A
A 1 1 1 1 1 f\l((z)ll)4__ 19 19 1, 1, I
| L meolpe=1,01, 1,
E | o » o o |[EOID=2 2 00 2 0. [ Tl
T, 3 [0\ -1 1 -1 |T2(0)|Ds=3, -1, 1, -1, -1. d
T, 3 o\ -1 -1 1 T(0)|Ds=3, -1, -1, -1, 1 érh!
x: (D,) | g= o o Dy4| Cy subduction T
Al 1 1 1 C4 = 1’ RZ+9OO, leSOO, RZ-9OO Al 1
X R — Ai(Dy|Cs=1, 1, 1, . =(0)4 A, i
22 1 1 11 Bi(DyY|Cs=1, -1, 1, -1. =(2) E 1 1 .
R 0\/ AZ(D4) C=1, 1, 1, 1.~k Il 1
32(1)4) Ci=1, -1, 1, -1. =2 T, : 11
LN mmiie=2 o) 2o =
2:(C) 1 g=1 R 5. R_ R_, O\C: subduction plc, o, 1, 2, 3,=1
0), 1 1 1 1 o lo BB 3-7|i s A 1 .
1), 1 i | i OCa | BmS Semh]t e 5 1
Dt : B ol e A
3, | 1 = - f]‘; 1 1 B 1
T1 —] —1 2 —] ,‘:' ................................ E . —>] —]
D3n
1 J l J Order of Syr|nm01ry GM ] l '
2 3 4 6 8 12 16 24 48
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
x'0)| g=1 r_, ]gxf: 9101; Ii(jio D 4:_ 1,pz180°,Rz£90°, Pxy180°, 13,4 4 iR Th
e A O)De=1, 1, 1, 1, L
N R e 1T E S W N S R R
T, 3 fo\ -1 1 -1 [T2(0)ID4=3, -1, 1, -1, -1. . ?ﬁ
T, 3 o\ -1 -1 1 T.(0)|Ds=3, -1, -1, -1, 1. ™
Xe(D)) | g= . . Dy] Cy subduction ol | A B 4 B E
A : . . Cys: 1, Rz900, p2180°, Rz-90° A |1
SO I AiDyYlCs=1, 1, 1, 1. =0) 4 !
22 1 1 11 Bi(DyY|Cs=1, -1, 1, -1. =(2) E |1 1 - :
. .5 ‘O 0\ / AZ(D4) ce=1, 1, 1, 1. =(0) A I
32(04) Ci=1, -1, 1, -1. =) L 1 |
l X\ E(D4)\LC4_ 29 O) _29 _____ O_ _-____:_(_1_}?_6?_(_3_)4_‘____5
%5(C4) g=1 R_. R_, R_g O|.Cy subduction D4~LC4 0, 1, 2, 34:_4
0), 1 1 1 1 lolo Bilg 3-7|F A1
M, | 1 i T R e B 1
@, | 1 - I . A R LA |1
(3), 1 = -l i ij 1 1 B, 4
Tl 11 ez E —] =
N TR T O D3k
T, | - e ri [Om‘“mmwml ] I ]
. W Y - 8 VIR W SRR
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Octahedral O,>0DD 4D Cy subgroup correlations

O> DD Cy subgroup and
level-splitting/relabeling
correlations
O levels | D, levels

A
A [T B
B
= B
A
T1 —_— —2
_E_
B
T2 S —_—
.:;::_L::.

O| Dy subduction
D4: l,pZISOO,Rzi%O, px’ylgoo, i3’4 4 Fig. 3.1.1 PSDS
A1(O)|Ds= 1, alimiddos™ cl sl
AxO)|Dg=1, 1, -1, 1, -1,
EOIDi=2, 2, 0, 2 0. f
T2(O)lD4:3, '19 19 '1, -1. d
T2(0)|Ds=3, -1, -1, -1, 1 ﬁ?}
D4| Cy subduction
olD,| A B A B, E
Cy: 1, Ryvooe, pzigoe, Rz00° A |1 .
Ai(Dy)|Cs=1, 1, 1, 1. =(0)4 A, 1
Bi(Dy|Cs=1, -1, 1, -1. =12 E |1 1 - :
AxDy|Cs=1, 1, 1, 1. =(0) o -1 1
B:Dy|Cs=1, -1, 1, -I. =(2)4 T,- 11
EDyICi=2, 0, -2, 0. (@B
0| Cs subduction D4‘1’C4 0, 1, 2, 34:_4
o A |
O‘LC4 0, 1, 2, 3,=], L el 1
b et B1 1
A, 1 JRREE
PR A, 1
T, 1 Bes &2 1 ‘._:,,-,-,,-,,...........:j:;;;:::: .......... E 1 —1
" i Po- PP ri ..... [omuofsmmtrysmzrﬁ l l ]
2 3 4 8 12 16 24 48
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
D4: 17p218009RZZ|:9009 px’ylgoo, i3’4 4 Fig. 3.1.1 PSDS
A(O)|Ds=1, 1, 1, ST
AZ(O)\LD4:1, 19 '19 19 o B
EO)|Ds=2, 2, O, PR E
ODDsDCy subgroup and (0)Ds=3, -1, 1, -1, -l. g T%?
level-splitting/relabeling RO)IDs=3, -1, -1, -1, 1 T
correlations
O levels | D, levels L C, levels Dy| Cy subduction
OlD,| A, B, A, B, E
A _i .............. Cy: 1,R2+9O°,p21800,Rz-9O° A 1 .
Ai(Dy)|Cs=1, 1, 1, 1. =(0)4 A, 1
A B Bi(D)|Cs=1, -1, 1, -1. =2 E |1 1 - .
AxDy)|Cs=1, 1, 1, 1. =(0)4 T, 1 1
P . S BxD)lCs=1, -1, 1, -1. =(2)4 T, 11
el B . | EDYLCi=2, 0, -2, 0. =(1)0®C)s
0, O] Cs subduction D4‘LC4 0, 1, 2, 34:_4
Ay e . . A
S £ 4 olc,|0, 1, 2, 3,=1, | .E
L e — | v ettt T B, 1
el 14 Al 1 e EOVTIEEetts
D A |
5 /42 1 "E... . .-B S |
I N .
T2 e _L ........ -JL— 7} 1 1 2 1 ‘:.-.r .......... E —>] —]
A N RO N e o - I
2 | 6 8 12 6 24 48
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a 4

Octahedral OyDO:Inversion (g&ku) parity
Octahedral Or>0DCy subgroup correlations
O»D>0DD4 subgroup correlations
Or2>0DD4DCy subgroup correlations
* Preview of applications to high resolution spectroscopy ‘
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Summary of some Octahedral symmetry results:

thi=1 Centrum: K(0)=%,,, (£*)0 =10+10+20+30+30=5
i?fj:: I .
v C“b""gﬂ“"ed’“f Rank:  p(O)=Eq, (£ =1+11+21+3143= ]
¢h=3
¢12=3
O group , T Ry
— TYz = 11
Xﬁg g 'Fl—-i Py R:{:'yz oo
s-orbital r* >C‘£ — .ﬁq 1 1 1 1 1
d-orbiials Aq 1 1 1 —1 —1
(x?+y7-222 x2S B 9 —1 2 0 0
p-orbitalsix, v, 20T 3 0 —1 1 —1
XZ,YZ,Xy$ Ts 3 0 —1 —1 1
d-orbitals
e - R=
- df e o~ 3 = - R,
()4 (g 2 B)g=-1), O3 (D3 @D=CD3 e
A l 1 . . . A 1 ]- . .
ALl e . 1 . AE l : :
E 1 . 1 . E . 1 1 ( 0?03
‘ ' correlation
ypt -1 T as ar
T 5| - l 1 1 T , 1 1 | | exercise)

Order:  %0)=Zy, (£7)! =17+124+224+37437=24
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(a) SF, ¥, Rotational Structure FT IR and Laser Diode Spectra
K.C. Kim,W. B. Person, D. Seitz, and B.J. Krohn

J.Mol. Spectrosc. T6, 322(1979).

Ri20) I Primary AET species mixing
| | e T Tad T e L 7] f e fp
il . koo e it ,:fagr;t.’;.xr.;.x Tujih distagce from
620cm'  6lsem 6l _— % sepegalrix .
(b) ABB) Fine Struct 1 1S ) . P(BB)
- SF6 v, PES)~16m ] LA TS <]
A" --'-wm*-‘wv'-wkuw AT o *‘::'.:,f - ul
Four foid axis ,.--",,':'.’--_:--M more. £ 4 fmixing “‘-"4'.3“ .ﬁ: ~~ x‘%ﬁ\:\.ﬁ
____...__:-__,_..-"‘"__':_...-':'j_...--"“" species mixing ,ff f;"r / . - Rt :"' i ot '
e .I'KE— a1 52 83 84 g5 86 87 &8
{c}Supurflnn Structure [Rotahmul axis funneling) i - : '

— /s

83 87 86 85 51 83 82 81 80 79 78 ?? 76 75 74 73 /2 71..FL

rol : > a— 1500%Hz OT2H: 7 KHz '_H_ 12 Mz

L B A " 210" Hz zl 03skHz LT -

:_.....:mﬂu | 90 Hz 2TH [EFA L1 62 kHz %‘ﬂ i

70 Hz m E a0 ] R E 4H: | & || T kHz [T T L1 B.2MHz | T2

Eﬂ i [AF [ L ARE/LLL W
_- BFR R ==

e

Observed repeating sequence(s)...A T E T?IT1 ET,A, T,T,

--+.

|

: . , AI | . M . Al l " .

Local correlations explain clustering... aly . .
.. but what about spacing and ordering?... Asls = 1 » dt

EjJl I - E |- | |

...and physical conseguences? T, (1 1 - 1 T (1 11

4] = | | | '['3 | | |
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20% 300 40% s0° 60 L ' 140° 1507 160®

(111)-clusters

l_..l" A m ® " L] . - . B
7 2-fold (110)-clusters
' C, symmetry
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