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I,, and O. The Abelian D, subgroup of T is indicated also.
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r22 —Rf -1 R% —R% rs —r, 7 r3 —r32 —rlz r42
r32 —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 rs -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

Minus (-)signs

for Fermions

(Ignore (-) for Bosons or
classical particles)

Minimal equation for ¢,

2 ~
c =4c,

3
C

r

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

¢,=Ri>+R2*+R3?, ™S
T’ class products oI v,
ﬁ— N — :
[.--4,..--7/’ :
/
— T
l=¢| ¢ C, c,
T
C 4e, |41+4c, 3c,
T
C 4c, 3¢’
c, 31+2c¢,

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

C

C




letrahedral T class algebra

¢;=1, c¢=ritr2tritrs,

c¢fr=ri> 2 +ry*trs,

T’ group products

B EEnianiananis 1][1T11 1 0 oﬁﬁ) 10 001
1 r ry ry rs rrl,z rizz r3r% r4r42 1%;% pZ
r r12 -r} —r22 —r32 -1 —R% —R% —Rf —Fs . “Alg . wTa
rs ~r3 r? -ri -r} R -1 R? -Rj} r e =TI
ry | —ré -—r? r? —r22 R? —Rf o R% =V r ry
rs —r22 —r_% —r,z r42 R,z R? —R% -1 Py .+ =8 r
ri | -1 R? R} R} |-r, r3 r, rs ré r3 r$
r22 —Rf -1 R% —R% rs —r, 7 rs —r32 —rlz rf
r_% —R% -R%? -1 Rf ry ry —rs r r22 —r42 _’12
ré -—R_% R% —R% -1 r3 r 7y o 7 —r,2 rg‘ —rzz
Rl2 —ry r3 -r, r r22 —r,2 r? -r3 | -1 R% —R3
R% ~Fa r ry 175 ry —r? —r,2 r22 —R% -1 R|2
R3| —r, ot J r ry ri r3 —r% —r,2 R% —R]2 -1

Minus (-)signs

for Fermions

(Ignore (-) for Bosons or

classical particles)

Minimal equation for ¢,

C

¢’ =4¢,
=4¢,c, =4(41+4c,)=161+16¢c,
f—161c +16¢ ¢, =161c, +16(3c,)

"—64c, =(c)-641)c, =0

¢,=Ri>+R2*+R3?,

T w] A
T class products | r w_\)
'_ ] ”,f’,
/
— T
l=¢| ¢ C, c,
c, | 4c’ |41+4c 3¢,
T
C 4c, 3¢’
c, 31+20p

Minimal equation for ¢,

—31+2c
—2c

~31=0

(cp—31xcp+1)=




letrahedral T class algebra

c/=1, =r1+r2tritrs, cf=ri2tr2triitraed,
T’ group products
+120° -120°
r—"°~—mmm r———A—""
[111][111][111][111] [111][111][111][1111 IOOﬁH)IO 001
I r I Ty Py IOZ

1 r ry rs rs r,2 r% r32 r42 R%
r réd —r? —-r} -r3 |-1 —R:? —R%} —R}|-r, -ry -n
ry | —r3 r3 —-r} -r} R -1 R? —R} 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 7, —ry r
rf -1 Rf‘ R% R% -r rs r, rs r42 rzz r%
r22 —Rf -1 R% —R% rs —r, 7 r3 —r;z —rlz r42
r;z —R% —R% -1 Rf ry ry —rs r r2 —r42 —rl2
r} ——R% R% —R% -1 rs r 7y o 7 —r,2 r32 —r22
Rl2 —ry r3 -r, r r22 —r,2 r42 —r% -1 R% —R%
R% _r2 rl r4 gl 4 r‘i' —r‘f —-r,z r22 —R% —1 R%
R% —-ry  —r, r ry r‘,2 r32 —r% —r,z R% —R]2 -1

Minus (-)signs
for Fermions

(Ignore (-) for Bosons or
classical particles)

Minimal equation for ¢,

=4c,

=4¢,c, =4(41+4c,)=161+16c¢,

¢, =161c, +16¢c ¢, =161c, +16(3c,)
*—64c, =(c’-641)c, =0

\UJN[\.)

C

¢,=Ri>+R2*+R3?,

T’ class products oI v,
ﬁ— N — :
[.--4,..--7/’ :
/
_ f
l=¢| ¢ C, c,
c, | 4c’ |41+4c 3¢,
T
C 4c, 3¢’
c, 31+2c¢,

Minimal equation for ¢,

2
p
2

p

ch = 4e+3ml)(cr = 4e_3ml)(cr -41)(c, -0)=0 ]

—31+2c
—2c -31=0

(¢, -31)(c,+1) =




letrahedral T class algebra
letrahedral T class minimal equations

* letrahedral T class projectors and characters ‘



Tetrahedral T class projectors T class products

°n u B s N
[cg - E ng B Pu_clasgsc OGXg cg
u s g
Minimal equation for ¢ :(¢ —4¢el)(c,—4e*1)(c.-41)(c,-0)=0

Minimal equation for ¢,

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

=¢,| C, C, c,

c, | 4c¢, |4l+4c, 3c,
C, 4c, 3¢

c, 31+2c¢,
= ‘_] ‘_‘_ _’7




letrahedral T class projectors

L

o U
C
eXg

e =2

u

gM

’

pH=
( classes Cg °G

2

gu

Xy cgj

T class products

Minimal equation for ¢ :(¢ —4¢el)(c,—4e*1)(c.-41)(c,-0)=0

ple) _ (¢, —4e*1)(e, —41)(c.-0)
C (de-4de*)(4e—4)(4e-0)

Minimal equation for ¢,

+27i
[(cr —4e

S 1)(c, —4de > 1)(e, —41)c, -

27

0)=0)

=¢,| C, C, c,
c, | 4c¢, |4l+4c, 3c,
C, 4c. 3¢
c, 31+2c¢,
N

>




letrahedral T class projectors T class products ~
prel l=¢,| c, C, c,
°c XM . pli= > s “*c -
¢, =y—==5P l °GYe ‘e c, | 4¢, |41+4c 3¢
g u f‘u c assescg r r 0 r
Minimal equation for ¢ :(c,—4el)(c.—4e*1)(c.—-41)(c.-0)=0 Er 4Cr 3¢
(4e —4e*)(4e-4)4e-0) -
peen _ (€, —4el)(c, - 41)(c, - 0) o

(de*—de)(de*-4)(4de* -0) /

Minimal equation for ¢,

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




letrahedral T class projectors

u
PM: 2 f XALL*C
classes Co G7& 8

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

T class products

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

p _ (€, = 4el)(e, —4e*I)(e, - 0)
C (4-4e)(4-4e¥)(4-0)

Minimal equation for ¢,

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

=¢,| C, C, c,

C 4¢, |4l+4c, 3c,

C 4c, 3¢

C 31+2c¢,




Tetrahedral T class projectors T class products

l=¢, vc, C, c,
°c X‘u u ph= 3 o M*c N
c. =S8 P l o Xe e C 4¢ | 41+4c 3¢
g u ﬁ‘u cassescg r r 0 r
Minimal equation for ¢ :(c,—4el)(c.—4e*1)(c.—-41)(c.-0)=0 Er 4Cr 3¢
plée) _ (c, —4e*1)(c, —41)(c, - 0) C, 31+2c¢,
(4e —4e*)(4e-4)4e-0) '
pen _ (€, —4el)(e, ~41)(c, - 0) B

(de* —de)(de* -4)(4e* -0) o

p _ (€, = 4el)(e, —4e*I)(e, - 0)
C (4-4e)(4-4e¥)(4-0)

PO _ (c, —4del)(c, —4e*1)(c, -41)
C (0-4e)(0-4e¥)(0-4)

Minimal equation for ¢,

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




letrahedral T class projectors T class products

l=¢, vc, C, c,
OCng U ph= 3 W e ~
c, =Y—=-25P l o Xe e C 4¢ |41+4c 3¢
g M E‘u cassescg r r P r
Minimal equation for ¢ :(c,—4el)(c.—4e*1)(c.—-41)(c.-0)=0 Er 4Cr 3¢
pUe) _ (¢, —4e*1)(c, —41)(c, -0) _ (¢’ —4(e*+1)c, —16:c%)c, c, 31"'20,0
(4e —4e*)(4e-4)(4e-0) 64(e - e*)(e-1)e '

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

p _ (€, = 4el)(e, —4e*I)(e, - 0)
C (4-4e)(4-4e¥)(4-0)

PO _ (c, —4del)(c, —4e*1)(c, -41)
C (0-4e)(0-4e¥)(0-4)

Minimal equation for ¢,

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




letrahedral T class projectors T class products

l=¢, vc, C, c,
OC XM w PM: E glu “*c ~
c. =S8 P l o Xe e C 4¢ | 41+4c 3¢
g u E‘u cassescg r r 0 r
Minimal equation for ¢ :(c,—4el)(c.—4e*1)(c.—-41)(c.-0)=0 Er 4Cr 3¢
pUe) _ (c, —4e*1)(c, —41)(c, -0) _ (cf —4(e*+1)c, +16€*)c, c, 31"'20,0
(de—-4¢e*)(4e—-4)(4e-0) 64(c —e*)(e-1)e

_4¢.c +4(e)dc, +16e*c, et
64i\3(e> - ¢)

pees _ (€, = 4eD)(e, ~41)(c, ~0)

(de* —dg)(4e* —4)(de* —0)

p _ (€, = 4el)(e, —4e*I)(e, - 0)
C (4-4e)(4-4e¥)(4-0)

PO _ (c, —4del)(c, —4e*1)(c, -41)
C (0-4e)(0-4e¥)(0-4)

Minimal equation for ¢,

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




letrahedral T class projectors T class products

l=¢, vc, C, c,
°c XM w PM: E a M*c ~
c. =S8 P l o Xe e C 4¢ | 41+4c 3¢
g ‘u g‘u cassescg r r P r
Minimal equation for ¢ :(c,—4el)(c.—4e*1)(c.—-41)(c.-0)=0 Er 4Cr 3¢
pUo) _ (¢, —4e*1)(c, —41)(c, -0) _ (¢ —4(e*+1)c, +16:e%)c, c, 31"'20,0
(de-4e*)(4de-4)(4e-0) 64(c —e*)(e-1)e '
_4€.c +4(e)4¢€, +16e*c, 16(1+c )+16eC, +16-e%c, e
64i/3(e” - ) 64i/3(~i/3) v

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

p _ (€, = 4el)(e, —4e*I)(e, - 0)
C (4-4e)(4-4e¥)(4-0)

PO _ (c,—4el)(c, —4e*1)(c, - 41)
C (0-4e)(0-4e¥)(0-4)

Minimal equation for ¢,

[(cr = 4e+3m 1)(c, - 4e_3ml)(cr - 41)(c, -0)=0 )




letrahedral T class projectors T class products 1

o u f“
C, X U= u*
¢ = E—g g PM P ] E oGXg Cg
g y E‘u classes cg

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

4¢ ¢ +4(e)de +16-e*c, 16(1+c )+16ec, +16-e*c, 1+c +eC, +e*c,

64ix/3(e2 - ¢) 64i/3(~iv/3)

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

=¢,| C, C, c,
C, 4c. 41+4cp 3c,
C, 4c. 3C
c, 31+20p
12
1+ c,+ £*C +ec,
12

p _ (€, = 4el)(e, —4e*I)(e, - 0)
C (4-4e)(4-4e¥)(4-0)

PO _ (c, —4del)(c, —4e*1)(c, -41)
C (0-4e)(0-4e¥)(0-4)

Minimal equation for ¢,

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




. T N
Tetrahedral T class projectors class products l=c,| c ¢ c,
OCng U ph= 3 W}(“*c ~
c, =Y—=-25P l o Xe e C 4¢ |41+4c 3¢
g ‘u g‘u C assescg r r P r
Minimal equation for ¢ :(c,—4el)(c.—4e*1)(c.—-41)(c.-0)=0 Er 4Cr 3¢
pée) _ (¢, —4e*1)(e, —41)(c.-0) _ (¢ —4(e*+1)c, +16c*)c, c, 31"'20,0
(de-4e*)(de-4)4e-0) 64(c —e*)(e-1)e

4¢ ¢ +4(e)de +16-e*c, 16(1+c )+16ec, +16-e*c, 1+c +eC, +e*c,

64iv/3(e> - ¢) -

64i/3(=i3) . 12

puen _ (&, —4el)(e, —41)(c, -0) _L+c, + 7€ e, N
(de* —de)(4e* —4)(4e*-0) = /\

P(4) _ (Cr — 481)(Cr — 48*1)(07’ — O) e-1
(4-4g)(4—de¥)(4—-0) m

po _ (¢, —4eD)(c, - 4e*1)(c, - 41)
(0-4&)0-4e%)(0-4) | T:c,=|¢c ¢ & ¢,

Minimal equation for c, o] £ 1

[(cr = 4e+3m 1)(c, - 4e_3ml)(cr - 41)(c, -0)=0 )




letrahedral T class projectors T class products 1

=¢,| C, C, c,
OCng U ph= 3 W}(“*c ~
c =y—=-20P o Xe e C 4¢. | 41+4c 3¢
g y o classescg r r P r
Minimal equation for ¢ :(c,—4el)(c.—4e*1)(c.—-41)(c.-0)=0 Er 4Cr 3¢
pée) _ (¢, —4e*1)(e, —41)(c.-0) _ (¢ —4(e*+1)c, +16c*)c, c, 31"'20,0
(de-4e*)(de-4)4e-0) 64(c —e*)(e-1)e
4¢ ¢ +4(e)de +16-e*c, 16(1+c )+16ec, +16-e*c, 1+c +eC, +e*c,
B 64ix/3(e? - ¢) - 64i/3(-i/3) . 12
puen _ (¢, —4eD)(c, ~41)(c, - 0) _Lxerete vee| LA
(4e*—-4e)de*-4)(4e*-0) 12

por _ (€ - 4el)(c, —4e*D)(c, -0) (c;—4(e+e*)e, +161)c,
- (4-4¢e)(4-4e*)(4-0) - 64(1-(e+&*)+1)

PO _ (c,—4el)(c, —4e*1)(c, - 41)
C (0-4e)(0-4e¥)(0-4)

Minimal equation for ¢,

[(cr = 4e+3m 1)(c, - 4e_3ml)(cr - 41)(c, -0)=0 )




letrahedral T class projectors T class products 1

=¢,| C, C, c,
ngX(g . PM= E f“xu*c ~
c, =Y—=-25P l o Xe e C 4¢ |41+4c 3¢
g M K‘M cassescg r r P r
Minimal equation for ¢ :(c,—4el)(c.—4e*1)(c.—-41)(c.-0)=0 Er 4Cr 3¢
pée) _ (¢, —4e*1)(e, —41)(c.-0) _ (cf —4(e*+1)e, +16¢*)c, c, 31"'20,0
(de-4e*)(de-4)4e-0) 64(c —e*)(e-1)e
4¢ ¢ +4(e)de +16-e*c, 16(1+c )+16ec, +16-e*c, 1+c +eC, +e*c,
B 64ix/3(e? - ¢) - 64i/3(-i/3) N 12
plaen _ (¢, —4el)(c, —41)(c, -0) _ l1+c +e*c, +ec, i3
(4e*-4e)de*-4)(4e*-0) 12

pw _ (&, —deb)e, —4e71)(e, —0) (¢’ —4(e +e¥)e, +161)c,
(4-4e)(4-4e*)(4-0) 64(1 - (e+ e*)+1)
4¢.c. +44c¢, +16¢,
T 641+ 1+1)
PO _ (c, —4el)(c, —4e*1)(c, - 41)
(0-4e)0-4e%)(0-4)

Minimal equation for ¢,

[(cr = 4e+3m 1)(c, - 4e_3ml)(cr - 41)(c, -0)=0 )




letrahedral T class projectors T class products

o u (“
C, X U= w*
¢ = E—g g PM P ] E oGXg Cg
g y E‘u classes cg

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

l=¢, vc, C, c,
c, | 4c¢, |4l+4c, 3c,
C, 4c, 3¢
c, 31+20p

4¢ ¢ +4(e)de +16-e*c, 16(1+c )+16ec, +16-e*c, 1+c +eC, +e*c,

64ix/3(e? - ¢) - 64i/3(-i/3) 12
peen _ (€, —4el)(e, - 41)(c, - 0) _1l+c,+e%c +ec, et
(4e*-de)(de*-4)(4e*-0) 12 /‘\\
e-1 g=e+23m —eX=¢e+1
pio) _ (c, —4el)(c, —4e*D)(c, -0) (c;—4(e+e¥)c, +16])c,
(4-4¢e)4-4e*)(4-0) 64(1-(e+¢e*)+1) o g
4¢ ¢ +4-4¢ +16¢, 16(1+c,)+16¢, +16c, l+c, +¢C +c, th:_l\/\
C 641+1+1) 64(1+1+1) B 12 T
PO _ (¢, —4el)(c, —4e*1)(e, —41)
(0-4&)(0-4e*)(0-4) r:c,=|¢ ¢ ¢ ¢
o xi=|1 1 1 1
, x.= |1 €* ¢ 1
Minimal equation for c, o] | g*
+27i -2i / X; _ 1 € € 1
[(cr —4e ° 1)(c.—4e * 1)(c, —41)(c,-0)=0 )




letrahedral T class projectors T class products 1

=¢,| C, C, c,
ngXg U ph= 3 W}(“*c ~
c, =Y—=-25P l o Xe e C 4¢ |41+4c 3¢
g u /é!l crassescg r r 0 r
Minimal equation for ¢ :(c,—4el)(c.—4e*1)(c.—-41)(c.-0)=0 Er 4Cr 3¢
ple) _ (¢, —4e*1)(c, —41)(c, -0) _ (Cf —4(e*+1)c, +16-€*)c, C, 31+20p
(de-4e*)(de-4)4e-0) 64(c —e*)(e-1)e
4¢ ¢ +4(e)de +16-e*c, 16(1+c )+16ec, +16-e*c, 1+c +eC, +e*c,
B 64ix/3(e? - ¢) - 64i/3(-i/3) N 12
e _ (€, —4el)(c, - 41)(c, - 0) _LHe,+ et vee, S
(4e*-4e)de*-4)(4e*-0) 12

p _ (& —4el)e, —4e*1)(c, -0) (¢ —4(e+e%)c, +161)c,
 (G-d4e)4-4e¥)4-0) 64(1—=(e+£¥)+1)

4¢ ¢ +4-4¢ +16¢, 16(1+c,)+16¢, +16c, l+c, +¢C +c,
T oeal+1+l)  6A(+1+D) -— 0
po _ (¢, —4el)(c, —4e*1)(e, -41) (c’—4(e+¢e*)c, +16-1)(c, - 41)
(0-4£)(0-4e%)(0-4) 64(—&)(—e*)(-1)

Minimal equation for ¢,

[(cr = 4e+3m 1)(c, - 4e_3ml)(cr - 41)(c, -0)=0 )

_ 1 l=—g-¢*
T:c,=|¢ ¢ € ¢,
xr=|1 1 1 1
X, = |1 €% ¢ 1
xo= |1 & &% 1




letrahedral T class projectors T class products 1

=¢,| C, C, c,
ngXg U ph= 3 W}(“*c ~
c, =Y—=-25P l o Xe e C 4¢ |41+4c 3¢
g u /é!l crassescg r r 0 r
Minimal equation for ¢ :(c,—4el)(c.—4e*1)(c.—-41)(c.-0)=0 Er 4Cr 3¢
ple) _ (¢, —4e*1)(c, —41)(c, -0) _ (Cf —4(e*+1)c, +16-€*)c, C, 31+20p
(de-4e*)(de-4)4e-0) 64(c —e*)(e-1)e
4¢ ¢ +4(e)de +16-e*c, 16(1+c )+16ec, +16-e*c, 1+c +eC, +e*c,
B 64ix/3(e? - ¢) - 64i/3(-i/3) N 12
e _ (€, —4el)(c, - 41)(c, - 0) _LHe,+ et vee, S
(4e*-4e)de*-4)(4e*-0) 12

p _ (& —4el)e, —4e*1)(c, -0) (¢ —4(e+e%)c, +161)c,
 (G-d4e)4-4e¥)4-0) 64(1—=(e+£¥)+1)

4¢ ¢ +4-4¢ +16¢, 16(1+c,)+16¢, +16c, l+c, +¢ +c,
T oea+1+D) | 6A(l+1+1) -—
po _ (¢, —4el)(c, —4e*D)(c, -41) _ (¢, -4(e +£%)e, +16-1)(c, - 471)
(0-4e)(0-4e*)(0-4) 64(—¢)(—e*)(=1)
4¢ +4¢ +16-1)(c, —41) ol
} ~64 1/

Minimal equation for ¢,

[(cr = 4e+3m 1)(c, - 4e_3ml)(cr - 41)(c, -0)=0 )

_ 1 l=—g-¢*
T:c,=|¢ ¢ € ¢,
xr=|1 1 1 1
X, = |1 €% ¢ 1
xo= |1 & &% 1




letrahedral T class projectors T class products 1

=¢,| C, C, c,
ochg pi EPDM: > ZMXM*C] -
¢, = %7 classesey °GE B c, | 4c¢, |4l+4c, 3¢,
Minimal equation for ¢ :(¢,—4el)(c.—4e*1)(c.—-41)(c.-0)=0 (~1r 4Cr 3¢
pUe) _ (¢, —4e*1)(e, —41)(c.-0) _ (¢’ —4(e*+1)ec, +16:c%)c, c, 31"'20,0
(de-4e*)(de-4)4e-0) 64(c —e*)(e-1)e
4¢ ¢ +4(e)de +16-e*c, 16(1+c )+16ec, +16-e*c, 1+c +eC, +e*c,
T 64i3(ei-e) 64i/3(~i/3) ) 12
pie _ (¢, —4el)(c, —41)(c, -0) _ l1+c +e*c, +ec,
(4e*-4e)4e*-4)(4e*-0) 12
peo _ (¢, —4el)(c, —4e*1)(c, - 0) _ (¢’ —4(e+e*)e +161)c,
(4-4e)4-4e*)(4-0) 64(1-(e+e*)+1)
4¢.c, +4-4¢ +16¢c.  16(1+ c,)+ 16¢, +16¢, 1+ c,+ C . +c,
64(1+1+1) 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(-¢)(—e*)(-1) Iec,=|¢ ¢ € ¢,
=4(~:r+4cr+16-1)(cr—4.1) o R X§= 11 11
-64 VL
_4&.c,+4c’+16¢, —16€, —16¢, - 641) B X, = |1 e* e 1
_64 / xo= |1 & &% 1




letrahedral T class projectors T class products 1=c, c ¢ o
OCng P EPW: 3 Z“XM*C - P
[Cg = %7 ] classese, O g] ¢, 4¢ |4l+4c, | 3c
Minimal equation for ¢ :(¢,—4el)(c.—4e*1)(c.—-41)(c.-0)=0 (~1r 4Cr 3¢
pUe) _ (¢, —4e*1)(e, —41)(c.-0) _ (cf —4(e*+1)e, +16¢*)c, c, 31"'20,0
(de—-4e*)(4e—-4)4e-0) 64(c —e*)(e-1)e
4¢ ¢ +4(e)de +16-e*c, 16(1+c )+16ec, +16-e*c, 1+c +eC, +e*c,
T 64i3(ei-e) 64i/3(~i/3) I
pie _ (¢, —4el)(c, —41)(c, -0) _ l1+c +e*c, +ec,
(4e*-4e)4e*-4)(4e*-0) 12
P _ (c.—4el)(c, —4e*1)(e, -0) _ (¢’ —4(e+e*)e +161)c,
(4-4e)4-4e*)(4-0) 64(1-(e+e*)+1)
4¢ ¢ +4-4¢ +16¢, 16(1+c,)+16¢, +16c, l+c,+¢C, +c,
T 6441+ 64(1+1+1) ) 12
PO _ (c, —4el)(c, —4e*1)(c. —41) _ (¢ —4(e+e*)e, +16-1)(c, —41)
(0-4e)0-4e*)(0-4) 64(-&)(-e*)(=1) Iec,=|¢ ¢ € ¢,
_48,+4¢,+16-1)(c, -41) | )= 1
-64 i
48 ¢ +4c2+16¢ — 168 —16¢, — 641) X, = |1 er e 1
- _64 / xo= |1 & &% 1
4(41+4cp)+ 16¢ +16¢, -16¢, —16¢ —641)

—64




letrahedral T class characters T class products 1

=¢,| C, C, c,
°c Xg " EPDM: > ZMXM*C] -
[Cg = %j—u P] classescy "G E 8 ¢, 4¢ |4l+4c, | 3c
Minimal equation for ¢ :(¢,—4el)(c.—4e*1)(c.—-41)(c.-0)=0 (~1r 4Cr 3¢
pUe) _ (c.—4e*1)(e, —41)(c,-0) _ (cf —4(e*+1D)e, +16:¢*)c, c, 31"'20,0
(de—-4e*)(4e—-4)(4e-0) 64(e —e*)(e-1)e
4¢ ¢ +4(e)4e +16-¢*c,  16(1+c )+16¢c, +16-¢*c, l+c, +e€, +¢*c,
T 643 ) 64i/3(~iv/3) - 12
pUe _ (¢, —4el)(c, —41)(c, -0) _ 1+ c,+ e*C, +ec,
(de*-4de)(de*-4)(4e*-0) 12
pio) _ (c, —4el)(c, —4e*1)(c, -0) (¢’ —4(e+e*)e +161)c,
(4-4¢e)4-4e*)(4-0) 64(1-(e+e*)+1)
4¢.c +4-4¢ +16¢, 16(1 + cp) +16¢, +16¢, 1+ c,+ C +cC,
64(1+1+1) 64(1+1+1) 12
poO _ (c,—4el)(c, —4e*1)(c, -41) _ (¢ —4(e+e*)e, +16-1)(c, —41)
(0-4e)0-4e*)(0-4) 64(—¢)(—e*)(-1) I'ec,=/¢ ¢ ¢ ¢,
=4ér+4cr+16°1)(cr—4°1) T U MY X;\= 1 1 1 1
—64 Y
48 ¢ +4c’+16¢ - 168 —16¢, —641) B xe= |1 e e ]
] —64 / xo= |1 & €% |1
_ 4(41+4cp)+16ér+16cr—16(~:r—16cr—64-1)=—48-1+16cp =§1—lc x'= |3 0 0 -1
—64 —64 4= 4" i
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Octahedral O class minimal equations
Octahedral O class projectors and characters



Octahedral O class algebra

c;=1, c=ritrtritratri?tr?+r’+rs,  ¢,=Ri?>+R?+R3?,
¢z=R1+Ry+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,¢i= RiZii+....= Ro+...
+R%+.... +1i +....
+R3%i1+.... TR+




Octahedral O class algebra

c;=1, c=ritrtritratri?tr?+r’+rs,  ¢,=Ri?>+R?+R3?,
¢z=R1+Ry+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¢k for each ¢ :
cr6i = RiZiit...= . Ra+.. ¢ e;=2¢epte;or: 4ertle etc.

+RYZi+.... 1) F...] T

+R3%1+.... tR’+




Octahedral O class algebra 7.0
¢;=1, c=ritrtrtratri2+r+ri+rse,  ¢,=Ri2+R2*+R3?, ;ﬁ;\g
¢:=Ri+R2+R3+R13+R3+R33, ¢;=i1+Hiz +iz+His+is+is \;;
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 ¢i ...... ... in (°cp):(°ci)=(3):(6)=18 terms
croei = RiZii+...= Ro+... ¢e;=2crte;or: 4ertle etc.

+R2%i1+.... +1o + :

CRZi AR So0: 2(°cr)+(°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+.... +gihyttgihot '+ +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,
c, | 8l+4dc,+8c, 3c, 4c+4c, 4c+4c,
c, 31+2¢, c +2c, 2¢c,+c,
Cp 61+3c,+2¢, | 3c.+4c,
C, 61+3c, +2c,

Minimal equation for ¢,
c,’=31+2c¢,

c,’-2¢,-31 =0
(¢,-31)(¢,+1) =0



>

Octahedral O class algebra
Octahedral O class minimal equations
Octahedral O class projectors and characters

<



Octahedral O class minimal equations

pH=

gu
>

classes Cg °G

u*
C
Xg g

o U
C, =2 “ate pr
u
O class product table
1= [ c, Cp C,
¢, | 8l+dc,+8c, 3c, 4c+4c, 4c+4c,
c, 31+2¢, c.+2¢, 2¢,+c,
Cp 61+3c,+2¢, | 3c.+4c,
C, 61+3c, +2c,

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

QN
€Y/
%<

3 -



Octahedral O class minimal equations

pH=

gu
>

u*
C
o GX g 8
classes Cg

o U
C, =2 “ate pr
u
O class product table
1= [ c, Cp C,
¢, | 8l+dc,+8c, 3c, 4c+4c, 4c+4c,
c, 31+2¢, c.+2¢, 2¢,+c,
Cp 61+3c,+2¢, | 3c.+4c,
C, 61+3c, +2c,

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

ci3=6'1ci+30rci+2cpci



Octahedral O class minimal equations QN
I( :_\\ \\..‘»‘ .
AN
o M Py K LN
C X gll'l’ | 902 = r"
¢ =y 878 p S —xte, Wised/
g u u classes Cy G% T}
O class product table . .
= o . - - Minimal equation for c;
1 : p : " cA=61+3¢,+2¢
c, | 8l+4c,+8c, 3c, de +4c, 4e +4c, p
c 31+2¢ C.+2C 2¢+cC ci3:6.1ci+3crci+2cpci
o) p R i R i
=0¢;t3(4crt4¢;)+2(2¢rtc¢;
Cr 61+3c,+2¢, | 3c.+4c, 34k )+2(2exte)
C, 61+3c, +2c,




Octahedral O class minimal equations QN
I’ :_\\ \\Q‘*‘ '
¥ |
0 u B Aes
c.X Vs A,
¢ =y 878 p S —xte, Wised/
5 u / u classes Co Gl I}
O class product table o |
- Minimal equation for c¢;
-4 < < Cr € c’=6-1+3¢,+2¢
¢, | 8l+dc,+8c, 3c, 4e +4c, 4e t+4c, I r P
c 31+2c¢ Cc.t+2¢ 2¢, +c ¢’ =6-1¢ci+3c-¢it2¢e,e;
p e . —6ei+3(der+4e)+2(2ex+e)
Cr 61+3c,+2¢, | 3c.+4c, A= 6cat 20,
¢ 61+3c,+2¢,




Octahedral O class minimal equations }"\\\:l
o M A 5 b
c.X Vs A,
¢ =Yy —L-5 P S - X“*Cg sl
5 u s classes ¢, G™8 NP
O class product table o .
= Minimal equation for ¢
o = o e - c2=6-1+3c+2¢
¢, | 8l+dc,+8c, 3c, 4c+4c, 4c+4c, l i P
c 31+2¢ C.+2¢ 2¢ +¢C ci3:6.1ci+3crci+2cpci
’ ’ A S =6¢;it3(4crt4c)+2(2¢crt¢;)
Cp 61+3c,+2¢, | 3c.+4c, c3=16¢x+20c:
C, 61+3c, +2c,

¢’= 16¢czc; +20c¢ic;



4
Octahedral O class minimal equations QY I
(@) M *4;\"' \.5\1‘1
C X f‘u | 8l <1 ’
g u s classes Cg G NP
O class product table o .
T Minimal equation for ¢
~o o e o - c?=6-1+3¢,+2c
¢, | 8l+de +3c, 3¢, 4c.+4c, 4c+4c, l i P
c 31+2¢ c +2¢ 2¢,+C ¢’ =6-1cit3e cit2c,c
’ ’ — £ =6¢i+3(4crt4c)+2(2¢crtci)
(o 61+3c,+2¢, | 3c.+4c, ci=16¢r+20c:
C, 61+3c, +2c,
c’=  16¢cre; +20cic

=16(3¢,+4c,)+20(6-1+3¢+2¢,)



Octahedral O class minimal equations <P7 )
Pl Y,
© “ . A/ %
c.X Vs A
c =% g7vg pH pP= 3 e & 1/
5 u classesc, "G & & 7
w ¢ g ~J
O class product table . ,
- Minimal equation for c¢;
~a & Ce i - c?=61+3¢,+2¢
¢, | 8l+de +3c, 3¢, 4c.+4c, 4c+4c, l i g
c 31+2c¢ cpt+2¢ 2¢,+c ci3:6.1ci+30rci+2cpci
’ il I S =6¢;+3(4crt+4¢;)+2(2¢cx+c¢;)
Cr 61+3c,+2¢, | 3c.+4c, e =16¢r+20c;
C, 61+3c, +2c,

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

=48¢,+64¢,+120-1+60¢c,+40c,)



&
Octahedral O class minimal equations |

A
°c X . M ‘.ﬁ"'ﬁ"ii_; 5, l'
cC = EM P PY= 2 XA“ c .{‘f -~ 4
5 u classesc, G~ ¢ B R4/
w ¢ g ~J
O class product table . ,
- Minimal equation for c¢;
~a & Ce i - c?=61+3¢,+2¢
¢, | 8l+de +3c, 3¢, 4c.+4c, 4c+4c, l i g
c 31+2c¢ c.+2¢, 2¢,+c, ci3:6.1ci+3crci+2cpci
’ il I S =6¢;+3(4crt+4¢;)+2(2¢cx+c¢;)
Cr 61+3c,+2¢, | 3c.+4c, e =16¢r+20c;
C, 61+3c, +2c,

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



Octahedral O class minimal equations PN
e, X" M e ALY
5 u classese, G & 5 R4
u L g J
O class product table . ,
- Minimal equation for c¢;
~a & Ce i - c?=61+3¢,+2¢
¢, | 8l+de +3c, 3¢, 4c.+4c, 4c+4c, l i g
c 31+2c¢ cpt+2¢ 2¢,+c ci3:6.1ci+3crci+2cpci
’ il I S =6¢;+3(4crt+4¢;)+2(2¢cx+c¢;)
Cr 61+3c,+2¢, | 3c.+4c, e =16¢r+20c;
C, 61+3c, +2c,
c’= 16cze; +20cic

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

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



Octahedral O class minimal equations Q& IN Y
OC X " / H ‘n S A\r o ;ﬁl"
c, =y —&%e p e %<7
8 u classesc, U & 8 |/
p L g J
O class product table o .
- Minimal equation for ¢
T T ¥ - - ¢2=61+3¢,+2¢
c, | 8l+4c +8c, 3¢, 4e +4c, 4e +4c, : roeTp
c 31+2¢ c +2¢ 2¢,+C ¢’ =6-1¢t3c,cit2e.e;
’ ’ A S =6¢;it3(4crt4c)+2(2¢crt¢;)
Cp 61+3c, +2c, 3¢, +4c, e =16cr+20¢;
c, 61+3¢,+2¢, (

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

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

L 40¢3=640cz+800c;



Octahedral O class minimal equations §~<\\ A
"Xy o % ;F‘v
c = Eﬁ P Pt= Y e x4 =0
g u classesc, G~ ¢ B RN’
u L g J
O class product table o .
- Minimal equation for ¢
—o o o o - c2=6-1+3¢c,+2¢
c, | 8l+4c +8c, 3¢, 4e +4c, 4e +4c, : roeTp
c 31+2¢ c +2¢ 2¢,+C ¢’ =6-1¢t3c,cit2e.e;
’ ’ A S =6¢;it3(4crt4c)+2(2¢crt¢;)
(o 61+3c,+2¢, | 3c.+4c, e =16cr+20¢;
c, 61+3¢,+2¢, (

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

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

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

=640cr+656¢;
. 40¢7=640ca+800¢; 800
¢ -40¢3+144¢; =0 -656

144



Octahedral O class minimal equations §~<\\ A
"Xy o % ;F‘v
c = Eﬁ P Pt= Y e x4 =0
g u classesc, G~ ¢ B RN’
u L g J
O class product table o .
- Minimal equation for ¢
—o o o o - c2=6-1+3¢c,+2¢
c, | 8l+4c +8c, 3¢, 4e +4c, 4e +4c, : roeTp
c 31+2¢ c +2¢ 2¢,+C ¢’ =6-1¢t3c,cit2e.e;
’ ’ A S =6¢;it3(4crt4c)+2(2¢crt¢;)
(o 61+3c,+2¢, | 3c.+4c, e =16cr+20¢;
c, 61+3¢,+2¢, (

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

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

. 40c=640ck+800c; 800

c-40c3+144¢; =0=(c?-36:1)(c?-4-1)(¢c;-0-1) -056
144



Octahedral O class minimal equations §~<\\ A
"Xy o % ;F‘v
c = Eﬁ P Pt= Y e x4 =0
g u classesc, G~ ¢ B RN’
u L g J
O class product table o .
- Minimal equation for ¢
—o o o o - c2=6-1+3¢c,+2¢
c, | 8l+4c +8c, 3¢, 4e +4c, 4e +4c, : roeTp
c 31+2¢ c +2¢ 2¢,+C ¢’ =6-1¢t3c,cit2e.e;
’ ’ A S =6¢;it3(4crt4c)+2(2¢crt¢;)
(o 61+3c,+2¢, | 3c.+4c, e =16cr+20¢;
c, 61+3¢,+2¢, (

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

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

. 40c=640ck+800c; 800

c-40c3+144¢; =0=(c?-36:1)(c?-4-1)(¢c;-0-1) -056
Minimal equation for ¢, ( 0=(c+6:1)(ci-6-1)(c; +2-1)(¢c; -2-1)(ci-0-1) ] 144
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Octahedral O projector algebra
Begin with minimal equation:(ﬂ= (c;+2-1)(ci2T)(cit6-1)(ci-6-1)(ci-0-1) )

o U
Co X 2.
— g~ pt U= u
[g - E u P] EP) clasgsc OGXg cg]
u ‘

P _ (¢, +21)(c,-61)(c, +61)(c -0)
 2+2)(2-6)2+6)2-0)

O class product table

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




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

o U
Co X 2.
— g~ pt U= u
[g - E u Pj EP) clasgsc OGXg cg]
u ‘

by _ (€ +21)(e, =6 D(e, +61)(¢, =0) _ (¢, +24)(¢] 36 e,
 Q2+)(2-6)2+6)(2-0) 256

O class product table

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




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

o U
Co X 2.
— g~ pt U= u
[g - E u Pj EP) clasgsc OGXg cg]
u ‘

P2 _ (¢, +21)(c,-61)(c, +61)(c,-0) _ (c, + 2'1)(Ci2— 361)c, ~ cf+ 2'cf— 36 Cl.2— 72c,
2+2)(2-6)2+6)(2-0) -256 -256

O class product table

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




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

o U
Co X 2.
— g~ pt U= u
[g - E u Pj EP) clasgsc OGXg cg]
u ‘

p _ (€ +21)(¢, - 61)(¢, +61)(¢, - 0) _ (¢, + 21)(¢’, - 36D)c, ¢ +2¢’,-36¢",-T2¢,
(2+2)(2=6)(2+6)2-0) 256 256
Expanding P

O class product table

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




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

o U
Co X 2.
— g~ pt U= u
[g - E u Pj EP) clasgsc OGXg cg]
u ‘

P2 _ (¢, +21)(c, —61)(c, +61)(c, -0) _ (c, + 2'1)(Cl-2— 361)c, ~ cf+ 2'cf— 36 Cl.2— 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+de +3c, 3c, 4c+4c, 4c+4c,
c, 31+2¢, c.+2c, 2¢ +c,
Cp 61+3c,+2¢, | 3c.+4c,
C, 61+3c,+2¢c,




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

o U
Co X 2.
— g~ pt U= u
[g - E u Pj EP) clasgsc OGXg cg]
u ‘

P2 _ (¢, +21)(c,-61)(c, +61)(c,-0) _ (c, + 2'1)(Cl-2— 361)c, ~ cf+ 2'cf— 36 Cl.2— 72c,

(2+2)(2-6)2+6)2-0) 2256 2256
Expanding P®
co= +16¢z+20¢;
2= 61+3¢+2¢,
Ci = + Ci

O class product table

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




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

A

gppj

[Pu=

X, cg]

classes Cg °G

P2 _ (¢, +21)(c,-61)(c, +61)(c,-0) _ (c, + 2°1)(C52_ 361)c, ~ cf+ 2'cf— 36 Cl.2— 72c,

(2+2)(2-6)2+6)2-0)

Expanding P®
c/=120-1+108¢,+104c,

-256

co= +16¢z+20c¢;
¢’= 6-1+3¢+2c¢,
Ci = + Ci

O class product table

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

QN
€AY
N8 ‘1-
%<

w e



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

o U
Co X 2.
— g~ pt U= u
[g - E u P] EP) clasgsc OGXg cg]
u ‘

P2 _ (¢, +21)(c,-61)(c, +61)(c,-0) _ (c, + 2'1)(Cl-2— 361)c, ~ cf+ 2'Cf— 36 Cl.2— 72c,

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

O class product table

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




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

"Co Xy I
e -3
p) _ (¢, +2)(c, =6 1)(c, + 6 1) (¢, -0) _ (¢, + 21)(¢;-361)c, _ c'+2¢ -36¢c-72c
(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¢;
¢’= 6-1+3¢c,+2¢,
Ci = + Ci
O class product table
1= C, c, [ C,
¢, | 8l+de +3c, 3c, 4c+4c, 4c+4c,
c, 31+2¢, c.+2c, 2¢ +c,
Cp 61+3c, +2c, 3¢ +4c,
C, 61+3c,+2¢c,




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

o U
C_X e *
-y_87¢8 p* P4= e
[Cg % gﬂ J ( clasgscg OGXg gj
p) _ (c, +21)(c, - 6)(¢c, +6D(c,-0) (¢, +21)(c;-36D)c, ¢/ +2¢/-36¢;-72¢,
(2+2)(2=6)(2+6)2-0) 2256 2256

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¢, -72¢,

C = T C

O class product table

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




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

ochg u U= a u*
[Cg B % gﬂ PJ EP) clasgscg OGXg cgj
p) _ (¢, +2)(c, =6 1)(c, +61) (¢, -0) _ (¢, + 21)(¢;-361)c, _ c'+2¢ -36¢c-72c
(2+2)(2=6)(2+6)2-0) 2256 2256
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¢, -72¢,
c; = + C -72¢; = -72¢;

O class product table

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




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

ochg u U= a u*
[Cg B % fﬂ PJ EP) clasgscg OGXg cgj
p) _ (¢, +2)(c, =6 1)(c, +61) (¢, -0) _ (¢, + 21)(¢;-361)c, _ c'+2¢ -36¢c-72c
(2+2)(2=6)(2+6)2-0) 2256 2256
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¢, -72¢,
c; = + C -72¢; = -72¢;

-256P?) =-96-1+ 0 ¢,+32¢, +32¢z- 32¢;

O class product table

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




Octahedral O projector algebra -
Begin with minimal equation.'C(): (ci+2-1)(ci2T)(cit6-1)(ci-6-1)(ci-0-1) ) 2"\\\{ x
ochg U e 0 | ;"‘ ‘fp
[Cg - % 4 PJ EP) clasgscg OGXg cgj ’T
p) _ (¢, +2)(c, =6 1)(c, +61) (¢, -0) _ (¢, + 21)(¢;-361)c, _ c'+2¢ -36¢c-72c
(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¢, -72¢,

c; = + C -12¢ = -72¢;

-256P2) =-96-1+ 0 ¢,+32¢, +32¢z- 32¢;

1 1 1
P? = él—gcr +—C ——C,+—C,
8 8 8 " 8 3

O class product table

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




Octahedral O projector algebra

Begin with minimal equation:(ﬂ= (c;+2-1)(ci2T)(cit6-1)(ci-6-1)(ci-0-1) )

o M
A

u
PM: 2 f XALL*C
classes Co CHCI

P2 _ (¢, +21)(c,-61)(c, +61)(c,-0) _ (c, + 2°1)(C52_ 361)c, ~ cf+ 2'cf— 36 Cl.2— 72c,

(2+2)(2-6)2+6)2-0) 256 2256
Expanding P®
¢?=120-1+108¢,+104c, ¢! =120-1+108¢,+104c,
¢3= +16¢a+20¢; +2¢° = +32¢z+40c¢;
¢’= 61+3¢+2¢, -36¢°=-216-1-108¢, -72c¢,
c; = + C -72¢i = -72¢;

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

P¥= —1+—c,-—c,——c,+—¢
8 8 3 3 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, 4e +4c, Applying the
conventional
c, 31+2¢, c.+2c, 2¢ +c, label T for (2)
Cp 61+3c, +2c, 3¢ +4c, x" 3 0O -1 =1 1
C, 61+3c,+2¢c,




Octahedral O projector algebra r -
Begin with minimal equation: 0= (¢c.=2T)(¢i-2-1)(¢ci+6-1)(ci-6-1)(ci-0-1) 7?;’*-.—&.\_\'*:._, o
o u -\ L Y
CoXo mu 2N %
=2 P P'= 3 —xlc N
[g u K‘U classescg G7¢& 8 NG J
p _ (€ +21)(¢, 6 1)(¢, +61)(¢, - 0) _ (¢, + 21)(¢;-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+3¢+2¢, -36¢°=-216-1-108¢, -72¢,
c; = + C -12¢ = -72¢;
-256P2) =-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 = Z1+—c - —C,+—=Cp——C,
8 8 8 8 8
O class product table Octahedral O characters X: | 8=1 Tia Py Ry g
1= C, c, Cp C, ‘
c, | 8l+4c+8c, 3¢, 4e +4c, 4e +4c, Applying the
C 31+2¢ c.+2¢, 2¢,+¢, conventional T,
P P ’ ’ label T>for(2) x| 3 0 -1 1 -l
Cp 61+3c, +2c, 3¢, +4c, and T; for (-2) 5" 3 0 -1 -1 1
C, 61+3c,+2¢c,




Octahedral O projector algebra
Begin with minimal equation: 0= (¢;+2-1)(¢;-2-1)(¢+6-1)(c6"T)(ci-0-1)

© U
c,xt .
[ g u K‘u classescg G"& 5

P2 _ (¢, +21)(c,-61)(c, +61)(c,-0) _ (c, + 2'1)(Cl-2— 361)c, ~ cf+ 2'cf— 36 Cl.2— 72c,
2+2)(2-6)2+6)(2-0) -256 -256

¢=120-1+108¢,+104c, ¢! =120-1+108¢+104c,

¢3= +16¢a+20¢; +2¢7° = +32¢r+40¢;
¢’= 6-1+3¢+2¢, -36¢°=-216-1-108¢, -72¢,
c; = + C -72¢i = -72¢i

-256P2) =-96-1+ 0 ¢,+32¢, +32¢z- 32¢;
3. 0 | 1 1

P» = Z1+—¢c ——¢,—-—c,+—¢,
8 8 8 " 8 8
B 3. 0 | | |
Expansion 0f15 has (-)sign on last 2 terms... P = gl + gcr — gcp + gcR — gci

O class product table Octahedral O characters X: | 8=1 Tii Py
1=c c, c, Cy c, x" 1 11
c, | 8l+4c+8c, 3¢, 4e +4c, 4e +4c, (Rgmair;/ng x| o1 11
cnaraciter E
c, 31+2¢, c.+2c, 2¢ +c, derivations X 2 -1 2
c, 61+3c,+2¢c, | 3c,+4c, left as an ' 3 0O -1 1 -1
c, 61+3c,+2c,, eXercise) x| 3 o -1 -1 1
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Octahedral O, =0Ox {1,1} characters of OxXCiDO

Octahedral O characters

X: g = 1 I‘1...4 pxyz xyzZ il...6
A, x| v 1 1 1 1
A Xl 11 -1 -1
EVEN ° 7,
parity ¢ X 2 -1 2 0 0
(gerade) T,, " | 3 0 -1 1 -1
Doooy™ 3 0 -1 -1 1
O class product table
1= C, c, [ C,
¢, | 8l+de +3c, 3c, 4c+4c, 4c+4c,
c, 31+2¢, c.+2c, 2¢ +c,
Cp 61+3c, +2c, 3¢, +4c,
C, 61+3c,+2¢c,

(Remaining

character

derivations

left as an
exercise)

symmetry

3D — Inversion

[ -1

C,-symmetry

I I
I 1

C,-characters

c, |1 1

+

g |1 1
u | 1 -1

Parity P
(gerade)

(ungerade)

l.1...4 pxyz nyz l1...6

o () (\) —_ —_
I
[
(\®)

1 1




Octahedral O, =0Ox {1,1} characters of OxXCiDO

X: g = 1 I‘1...4 pxyz xyz il...6 g = I Irl...4 Ipxyz Inyz Iil...6 Symmetl’:y
A, X e 1 1 1 1 1 1 1 1 1 1 3D — Inversion
A, x| IS IR (- | 1 1 -1 -1 1 ..
EVEN _° 7, (1) =/ — |
parity ¢ X 2 -1 2 0 0 2 -1 2 0 0 L T 1 J
(gerade) 1,, " | 3 o -1 1 -1 3 0 -1 1 -l -
C,- t
Lo x™| 3 0 -1 -1 1| 3 0o -1 -1 I pmmeny
1 1
I 1
C,-characters
Ci|1 1 -
! Parity P
g |1 1| (gerade)
u | 1 -1 |(ungerade)
O class product table Octahedral O characters Xe | 8=1 T4 P, R 1
1= c, c, Cp c. x|l 11 1 1
c, | 8l+4c+8c, 3¢, 4e +4c, 4e +4c, (Remaining  x™ | 1 1 1 -1 -1
character E
c, 31+2¢, c.+2c, 2¢ +c, derivations X 2 -1 2 0 0
c, 61+3c,+2¢c, | 3c,+4c, left as an ' 3 0O -1 1 -1
c, 61+3c,+2c,, eXercise) x| 3 o -1 -1 1




Octahedral O, =0Ox {1,1} characters of OxXCiDO

: g = 1 I‘1...4 pxyz nyz il...6 g = I Irl...4 Ipxyz Inyz Iil...6 Symmetl’:y
A, X Pl 1 1 1 1 1 1 1 3D - Inversion
A, x| 1 1 1 -1 -l 1 1 -1 -l 1.
EVEN =~ 7, (1) = / SO \
parity ¢ b% 2 -1 2 0 0 2 -1 2 0 0 L T 1 J
(gerade) 1,, " | 3 o -1 1 -1 3 0 -1 1 -l -
- 4
Lo x™| 3 0 -1 -1 1| 3 0o -1 -1 I Crrsymmetry
Aol 11 1 1 .
A, X I 1
AZu
OD_D A X . I b=l C,-characters
parity £, 4% | 2 -1 2 0 0 cl1 1 +
(ungerade) T, XTlu 3 0 1 { 1 I Parity P
T g |1 1| (gerade)
2 Iy
2u X 3 0 -1 -1 1 u | 1 -1 |(ungerade)
O class product table Octahedral O characters Xs | 8=1 Tia Py Ry i
1= c, c, Cp c. x|l 11 1 1
c, | 8l+4c+8c, 3¢, 4e +4c, 4e +4c, (Remaining  x™ | 1 1 1 -1 -1
character E
c, 31+2¢, c.+2c, 2¢ +c, derivations X 2 -1 2 0 0
c, 61+3c,+2¢c, | 3c,+4c, left as an ' 3 0O -1 1 -1
c, 61+3c,+2c,, eXercise) x| 3 o -1 -1 1




Octahedral O, =0Ox {1,1} characters of OxXCiDO

Oy easily derived from those of O and Cy !

: g = 1 I‘1...4 pxyz nyz il...6 g = I Irl...4 Ipxyz Inyz Iil...6 Symmetl’:y
A, X Pl 1 1 1 1 1 1 1 3D - Inversion
A, x>l 1 11 - = 1 1 -1 -l 1.
EVEN =~ 7, (1) = / SO \
parity L+ A7 2 -1 2 of 2 -1 2 0o o0 L T J
(gerade) T, 4"s | 3 0 -1 -1l 3 o -1 1 -l -
- 4
Ly o™ 3 0 -1 -1 1] 3 0o -1 -1 1 Crsymmetry
fel 1 11 1 1 1 1 1 1 L
Ay X - T T I 1
AZu
ODD 4, x 11 1 -1 1] -1 -1 -1 +1 +1 C.-characters
parity £, 45| 2 -1 2 0| -2 +1 =2 0 0 cl1 T +
(ungerade) . . I Parity P
Tm X 3 0 -1 -1 -3 0 +1 -1 +1 ¢ |1 1| (eerade)
2u P 3 0) -1 -1 1 -3 0) +1 +1 -1 u | 1 -1 |(ungerade)
O class product table Octahedral O characters Xs | 8=1 Tia Py Ry i
1= c, c, Cp c. x|l 11 1 1
c, | 8l+4c+8c, 3¢, 4e +4c, 4e +4c, (Remaining  x™ | 1 1 1 -1 -1
character E
c, 31+2¢, c.+2c, 2¢ +c, derivations X 2 -1 2 0 0
c, 61+3c,+2¢c, | 3c,+4c, left as an ' 3 0O -1 1 -1
c, 61+3c,+2c,, eXercise) x| 3 o -1 -1 1
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Octahedral OyD O subgroup correlations

Fig. 3.1.1 PSDS

0’1...6

S,

Ir= TIp= IR= i
S1...4 nyz

I

-1
1

-1
-1

-1 -1

0

1L 6

xyz
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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



Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
x'©0)| g=1 r_, ]gg: 9&; Iici()6° D42 1,p2180°,Rz290°, pz180°, 13,4 @‘ Fig. 3.1.1 PSDS
A 1 1 1 1 1 z.
A, 1 1 -1 -1 Dz ‘ -
E 2 2 0 0 /ﬁ.’ Da
1 3 fo\ -1 1 -1 /
T2 _3 O _1 _.1 ! ‘ 4 / »
@n,’ TS
@“1.6' . : .l| o )
X (D) | 8=1 Pige Rige Py L : /‘\\ N L
A 1 1 1 1 1 Q‘\\
B1 1 1 -1 1 -1 \\‘\
A4 |1 |11 -1 - O
B, 1 1 ~1 | 1 - voth
'
2 X\ @ﬁh'

Order of Symmetry Group | |
7d 3 4 6 8 12 6 54 28




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

180° 90°  180° Dy: 1,p2180°,Rz200°, P y180°, 13,4 Ca

X:(O) g=1r, Pz nyz Ls

Fig. 3.1.1 PSDS

=
—_
—
—
—
—_

&

=

X:(D4) g=1 pig Rl ¢ y180° i3,4 T
A r 1 ] 1 1 : 'v
1 -1 1 -1 \
| | -1 -1 ‘ ‘ (
-V

=

E 20 0 0 "‘ % '
War I
ol ND

o AN

7 Order of SymmotryGrocpl .
2 3 4 6 8 12 16 24 48

(3),




Octahedral O,>0DD 4D Cy subgroup correlations

O] D subduction

. 180° 90°  180° Dy 1,p2180°,Rz290, Px.y180°, 13,4
X, 0)|g=1 1, p,, R 1, Al(O) lD4 =1 1 1 1 1

A 1 \1/ 1 1 1 o pennld ’ '

A, 1 1 -1 -1

E 2 2 0 0

T, 3 0 -1 1 -1

T, 3
Xe (D) gl= 1 P ,

A 1 1 1 1 1

B, 1 1 -l 1 -l

A, 1 1 1 -1 -l

B, 1 1 -1 ] -1 1

E 2

20 0 0 gg’ (\gﬂ h .-‘, Qﬂ
ErE) A4
‘\\\)%@/

‘\\
@

Order of Symmetry Grocpl

Can

. 6 8 12 16 24 48



Octahedral O,>0DD 4D Cy subgroup correlations

O] D, subduction
x,(0)| g=1 1, ]fffj" 910{; 1i<1906° Dy 1,p2180°,Rz2900, P y180°, 13,4
. -~ A(O)|Ds=1, 1, 1, I, 1. Ai(O)|Ds=A1(D4)
A 1 | 1 1 1
A, 1 1 -1 -1
L 2 2 0 0
I, 3 fo\ -1 1 -1
o3
X, (D) gl= L P ,
A 1 1 1 1 1
b, 1 1 -1 1 ~1
4, 1 1 1 1 -1
B, 1 1 -1 -1 1
E 2

) 0 0 0 ?%»‘(\“A ‘A%hs' Tl
:& -\‘ )
‘\\\}it@/

‘\\
Re)

Order of Symmetry Group |

Can

v ZR. W 6 8 12 16 24 48



Octahedral O,>0DD 4D Cy subgroup correlations

O] D, subduction
x,(0)| g=1 1, ]ffjj 910{;2 1i<1906° Dy 1,p2180°,Rz2900, P y180°, 13,4
: 1 1 - 1 A(O)|Ds=1, 1, 1, I, 1. Ai(0)|Ds=41(Dy)
A | L m©ups=1, 1, -1, 1, -l
L 2 2 0 0
I, 3 fo\ -1 1 -1
73
Xg (D,) gl= 1 P.180° , o\i34
A 1 1 1 1 1
b, 1 1 -1 1 ~1
4, 1 1 1 1 -1
B, 1 1 -1 -1 1
E 2

) 0 0 0 ?%»‘(\“A ‘A%hs' Tl
:& -\‘ )
‘\\\}it@/

‘\\
Re)

Order of Symmetry Group |

Can

v ZR. W 6 8 12 16 24 48



Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
0| g1 1., lg)g: 91%; | 1{2" Dy 1,p2180°,Rz290, Px.y180°, 13,4 )
y 1 o EErE— A(O)|Ds=1, 1, 1, I, 1. Ai(O)|Ds=A41(D4)
A1 I L [A0)De=1, 0L I, -1. Ax0)[Ds=B1(Dy)
E 2 2 0 0
T, 3 fo\ -1 1 -1
Lol A
X:,L(D4) g= y180° i3,4
A 1 1 1 1 1
B, 1 1 -1 |
A, 1 1 1 B
B, 1 1 -1 -1 1
E 2

20 0 0 gg’ (\gﬂ h .-‘, Qﬂ
a2 T
‘\\\)%@/

‘\\
@

Order of Symmetry Grocpl

Can

. 6 8 12 16 24 48



Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction

2= x, BUR G

gA 1 11"4 f 1xy Z 116 A(O)1Da=1, 1,
A: 1 Lo g [MAOUDe=1,
E | 2 » o o | BOIDs=2, 2,
T, 3 fo\ -1 1 -1

T, 3
Xﬁ (D,) gl= , °\i3,4

A, 1|1 1 11

B, 1|1 -1 1 -1

A, 1|1 1 -1 -1

B, 1|1 -1 | -1 1

E 2 2 0 0 0

%

Dy 1,02180°,Rzx00°, Pr.y180°, 13,4
1. A1(O)|Ds=A41(Dy)
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction

2= x, BUR G

gA 1 11"4 f 1xy Z 116 A(O)1Da=1, 1,
A: 1 Lo g [MAOUDe=1,
E | 2 » o o | BOIDs=2, 2,
T, 3 fo\ -1 1 -1

T, 3
Xﬁ (D,) gl= , °\i3,4

A, 1|1 1 11

B, 1|1 -1 1 -1

A, 1|1 1 -1 -1

B, 1|1 -1 | -1 1

E 2 2 0 0 0

%

Dy 1,02180°,Rzx00°, Pr.y180°, 13,4
1. A1(O)|Ds=A41(Dy)
-1. Ax(O)|Ds=B1(Dy)

E(O)|Ds=A1BB1(D4)

\J

Ce X
SR

N

Can

z(\\i\:
\{

R

Order of Symmetry Grocpl

@40
a7/
\!

6 8 12 16 24

48



Octahedral O,>0DD 4D Cy subgroup correlations

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

O| Dy subduction
180° 90°  180° Dy 1,p:180°,Rz290°, Pr,y180°, 13,4
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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
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Octahedral O,>0DD 4D Cy subgroup correlations

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

O] Dy subduction
o gp°  180° Du: 2180°.R2190°. Dy o Fig. 3.1.1 PSDS
X:(O) g=1 L 4 ]ggz 910{xyz il...6 ! 1’p = ,R st @
v AOIDe=1, L L L L @
1 — - - k’l
A | o Az(O)lD4_1, e = Ry RO o / ‘ m
1, . o o | EOID=2,2, 0, 2, 0. ," ‘ .
T, 3 fo\ -1 1 -1 |T20)Ds=3, -1, 1, -1, -1. /, l ;.E
T2 3 T2(O)lD4 — 37 _19 _19 _19 1 . 4 ’Th
l \ a1 A\ “'-"’5'.'
X' (D) | g8=1 pg : o iy, Cy o la 5 anE
A | 1 1 | 1 n 4 11 .1 2 2
B 1 1 -1 Al 1
A, 1 1 1 152 Co
B, 1 1 -1 - 1 r | 1
E » 2 o [o\lo\ . .
Xg (€,) lg =1 %{HISW R,
0), 1 1 1 1
1), 1 i -1 i
(2), 1 -1 1 -1
(3), 1 —i -1 I

B P T s st

. Wl 6 8 12 16 24 48



a %4

Octahedral OyDO:Inversion (g&u) parity
Octahedral Oy2>0DCr subgroup correlations
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Preview of applications to high resolution spectroscopy



Octahedral O,>0DD 4D Cy subgroup correlations

O] D4 subduction
180° 90°  180° Dy 2180°.R2190°. Dy e Fig. 3.1.1 PSDS
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Octahedral O,>0DD 4D Cy subgroup correlations

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

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

O] D4 subduction
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Octahedral O,>0DD 4D Cy subgroup correlations

O] D4 subduction
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Octahedral O,>0DD 4D Cy subgroup correlations

O] D4 subduction
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Octahedral O,>0DD 4D Cy subgroup correlations

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

O] D4 subduction |
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Octahedral O,>0DD 4D Cy subgroup correlations

O] D4 subduction |
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Octahedral O,>0DD 4D Cy subgroup correlations

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

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

o o © . . Fig. 3.1.1 PSDS
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Octahedral O,>0DD 4D Cy subgroup correlations

O] D4 subduction
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Octahedral O,>0DD 4D Cy subgroup correlations

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

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

O] D4 subduction
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Octahedral O,>0DD 4D Cy subgroup correlations

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

O] Dy subduction
180° 90°  180° Dy 2180°.R2190°. Dy e Fig. 3.1.1 PSDS
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Octahedral O,>0DD 4D Cy subgroup correlations

0| D4 subduction
. . Fig. 3.1.1 PSDS
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Octahedral O,>0DD 4D Cy subgroup correlations
O| Dy subduction
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Fig. 3.1.1 PSDS
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a %4

Octahedral OyDO:Inversion (g&u) parity
Octahedral Oy2>0DCr subgroup correlations
O»D>0DD4 subgroup correlations
Or2>0DD4DCy subgroup correlations
* Preview of applications to high resolution spectroscopy ‘



Summary of some Octahedral symmetry results:

thi=1 Centrum: K(O)=Z , (£7) =10+10+20+30+30=5
A .
ﬁ o 11 Cubic-Octahedral  Rank:  p(O)=Eq, (£%) =1"+11+21431431=10
/Ti— 3 Order:  %0)=Zy, (£7)! =17+124+224+37437=24
=3 /
O group , T Ry
— TYz ~ 11—
Xﬁg g 'Fl—-i Py R:{:yz oo
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d-orbiials Aq 1 1 1 —1 —1
(x?+y7-222 x2S B 2 —1 2 0 0
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FTIR ond Laoser Diode Spectra
K.C. Kim,W. B. Person, D. Seitz, and B.J. Krohn
J.Mol. Spectrosc. T6, 322(1979).
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