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1. The Groups C,, C,, C;

C E
€Y
A 1
C=C, E On
(m)
A’ 1 1 X, ) R, X, yz, 2 Xy
A" 1 -1 z, Ry, R, Vz, Xz
i= Sz E I
(1)
A, 1 1 R, R, R. X’y 2
Xy, Xz, yz
Ay 1 -1

X,z




2. The Groups C, (n =2, 3,...,8)

C2 E CZ
(2)
A 1 1 z, R, xz, yz, 22, Xy
B 1 -1 x, ¥ R, R, yzZ, Xz
G E G C32 e=exp (2mi/3)
3)
A 1 1 1 zR. X+ 2
1 & g .
E : (x, V)(Ry Ry) (" =), 2xy)(vz, xz)
1 & &
Cy E Cy (&) Cj
4)
A 1 1 1 1 zR X+ 2
B I -1 1 -1 x* =y 2xy
1 1 -1 -
E 1 =i =1 i (x, Y)(R., R)) vz, xz)
Cs E G 2 C c? e = exp(2ni/S)
A 1 1 1 1 1  zR. X+ 2
& g &* &
El * *) 2 (x’y)(Rx’ Ry) ()/'Z, XZ)
& & &
g & ¢ 2 .
EZ *) * 2 (‘x _y H 2xy)
E & &
Cs E Cs Cs C, C? C’ ¢ = exp(2mi/6)
3 6
(6)
A 1 1 1 1 1 1 zR. X+ 2
B 1 -1 1 -1 1 -1
1 ¢ - -1 - &|
. Y)
E . . (xy, yz)
1 {1 & —-& -1 —& E (R., Ry) Y
1 - - 1 - —¢ .
E, . . (" =), 2xp)
1l - - 1 - -




2. The Groups C, (n =2, 3,...

,8) (cont..)

G E G Cc ¢ ¢ ¢ oc &= exp (2mi/7)
A 1 1 1 1 1 1 zR. ¥+, 2
{1 c 2 83 3 *2 g*}
o . (x.»)
E 2 3 3 2 Xz, yz
1 1 & £ g ¢ &) (R R) (xz, yz)
1 & Y R
E> 1 &2 & & & &° & =", 2x)
1 & & & &7 ¢ &°
E3 1 *3 *2 82 8* 53
Cg E Cg C4 Cz Cj Cg CSS C87 &= €Xp (27[1/8)
A 1 1 1 11 11 1 z R. ¥+, 2
B 1 -1 1 1 1 -1 -1 -1
1 ¢ i -1 4 - -¢ : (x
)
E * . * >
! {1 N } R, R) 77
1 1 -1 1 -1 = 1 - .
E . .. ("= 2xy)
? I -1 -1 1 -1 1 - 1 i
1 —¢ i -1 - & & =&
E3 % *
Il - =1 -1 1 & & -¢




3. The Groups D,(n=2,3,4,5, 6)

D, E Ca(2) G(y) Gy(x)

(222)

A 1 1 1 1 Xy, 7
B, 1 1 -1 -1 z, R, xy

B, 1 -1 1 -1 » R, Xz

B; 1 -1 -1 1 x, R vz

D; E 2C; 3G,

(32)

A, 1 1 1 X+ 2

A, 1 1 -1 z R.

E 2 -1 0 @ VR, R) (-, 2x) (xz, y2)

D, E 2C, G (=C2) 2C 26

(422)

A, 1 1 1 1 1 X+, 27
A, 1 1 1 -1 -1 zR.

B, 1 -1 1 1 -1 Xt =y
B, 1 -1 1 -1 1 xy

E 2 0 -2 0 0 (x,»)(R.R) (xz, y2)
Ds E 2Cs 202 5C,

A 1 1 1 1 X+ 7
As 1 1 1 -1 z R.

E, 2 2c0s72° 2cos 144 0 x, R, R)  (xz y2)

E, 2 2 cos 144" 2cos 72 0 (=7, 2xp)
Dy E 2C, 205 G 3G, 3C)

(622)

A, 1 1 1 1 1 1 X+ 2
As 1 1 1 1 -1 -1 zR.

B, 1 -1 1 -1 1 -1

B, 1 -1 1 -1 -1 1

E, 2 1 -1 =2 0 0 (x»R,R) (xz2)

E, 2 -1 - 2 0 0 (=%, 2xp)




4. The Groups C,,(n =2,3,4,5, 6)

Cyy E G ou(x2) o, (y2)

(2mm)

A 1 1 1 1 z X,z
A, 1 1 -1 -1 R. xy

B, 1 -1 1 -1 x, R, xz

B, 1 -1 -1 1 v, R, yz

Csy E 2C, 30,

(3m)

A 1 1 1 z X +yh 27

A, 1 1 -1 R.

E 2 -1 0 @R R) (-, 2x0)(xz, y2)

Cyy E 2C, G 20, 204

(4mm)

A, 1 1 1 1 1z X+, 27
A, 1 1 1 -1 -1 R

B, 1 -1 1 1 -1 Xt =y
B, 1 -1 1 -1 1 Xy

E 2 0 -2 0 0 (x, »)(R, R)) (xz, y2)
Cs, E  2Cs 2C? 50,

A 1 1 1 1z X472 2
A 1 1 1 -1 R

E, 2 2 cos 72° 2 cos 144° 0 x, V(R R)  (xz,y2)
E, 2 2 cos 144° 2 cos 72° 0 (* =72 2xy)
Céy E 2C, 26 C, 30, 3oq

(6mm)

A, 1 1 1 1 1 1z X +y 7
A 1 1 1 1 -1 -1 R

B, 1 -1 1 -1 |

B, 1 -1 1 -1 -1 1

E, 2 1 -1 =22 0 0 ()R, R) (xz,y2)

E, pJ | 2 0 0 (" =%, 2xp)




5. The Groups C,n(n=2,3,4,5, 6)

C2h E C2 [ Oh
(2/m)
A, 1 1 1 1 R, X%, %, 2%, xy
B, 1 -1 1 -1 R.R,  xz,yz
A, 1 1 -1 -1 z
B, 1 -1 -1 1 X,y
C3h E C3 C32 Oh S3 S35 &= €Xp (211',1/3)
(6)
A' 1 1 1 1 1 1 R X+ 2
1 ¢ et 1 ¢ e" ,
E' ; ; (x ») (" =", 2xy)
1 ¢ & 1 ¢ &
A" 1 1 -1 -1 -1 z
1 ¢ & -1 —-¢ =&
E" . . (R, R)) (xz, yz)
1 & & -1 —-g -¢
Can E G G C i S; on S
(4/m)
A, 1 11 11 11 1 R. X+y, 7
B, 1 -1 1 -1 1 -1 1 -1 (o =72, 2xp)
1 1 -1 -1 1 1 -1 -1
E R, R )
e oS- i1 - -1 i BeR =)
A, 1 1 1 1 -1 -1 -1 -1 z
B, 1 -1 1 -1 -1 1 -1 1

1 i -1 -1 -1 -1 1 i
E, i ) ) . (x, »)




5. The Groups C,,(n=2,3, 4,5, 6) (cont...)

Cn E G ¢} C; Cf on S S S Se ¢ = exp(2mi/5)
A1 1 1 1 11 1 1 1 R. X+ 2
E, 1 2 *2 * 1 82 6*2 g*
* * * % X,
: 1 ¢ gt e 1 ¢ 2 2 ¢ (5.)
R - I B S g’ .,
E2 1 *) * gz 1 *) e 2 z (x -V, 2xy)
A" 1 1 -1 -1 -1 -1
) 1 2 *2 _1 s _52 *2 _g*
E| _r 9 s 1 g g 2, (R, R)  (xz,y2)
) 1 & & -1 - £ &7
E2 * * *
1 *oe £ -1 —&% —¢ —&’
Cen E Cs C; G, C32 C65 i S35 S65 Op Se S5 &= 6Xp(2TEl/6)
(6/m)
2.2 2
A, 1 1 1 1 1 1 1 1 1 1 1 1 Xtz
B, 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 (R, R)  (xz,yz)
1 ¢ - -1 - & 1 ¢ - -1 - £
Eig 1 R -1 - & 1 & -¢ -1 - &
1 & - 1 - - 1 - - 1 - —¢
Ej 1 —¢ & 1 —¢ - 1 —& £ 1 - =¢ o —)7, 2xp)
A, 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1
B. 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1
1 & - -1 -¢ S 1 —
Ew 1 & - -1 - ¢ -1 = ¢ 1 & —¢ (x,»)
1 - - 1 - - -1 " -1 & ¢
Eoy 1 —¢ —£ 1 —¢ - -1 ¢ -1 & g




2’ 3’ 4’ 5, 6)

6. The Groups D, (n

o(xy) o(xz) o(xz)

i

E G GO)  GKx)

Dy,

(mmm)

Blg
Bzg
B3g
Ay
B
Bau
Bsu

3C2 Op 2S3 3GV

2C;

D3h

6)m2

2

2

2

X ty,z

Ay

(o — ", 2xy)

(x, )

0

EI

"
1
"

2

E n

(R, R)) (xz, yz)

0

2S4 Op 2GV 2Gd

"
2

2

'
2

G 2

E 2C

D4h

(4/mmm)
Ay,

2

2

X t+y,z
X =y

Xy

A,
By,
By,

(xz, yz)

0 (R.R)

0

-2

A
Any
B
By

0 0 (Y

2




6. The Groups D, (n=2,3,4,5, 6) (cont...)

DSh E 2C5 2C52 5C2 Oh 2S5 2S53 SGV

Al 1 1 1 1 1 1 1 1 7
A} 1 1 1 -1 1 1 1 -1 R.

E| 2 2cos 72° 2 cos 144° 0 2 2cos72° 2 cos 144° 0 (x,»)

E) 2 2cosl44° 2 cos72° 0 2 2cos 144° 2 cos 72° 0 (* =, 2xy)
Al 1 1 1 -1 -1 -1 -1

Al 1 1 1 | -1 -1 1 ,

E{ 2 2 cos 72° 2 cos 144° 0 -2 2cos72° —2cos 144° 0 (R, R) (xy, yz)
E} 2 2cos144°  2cos72° 0 -2 —2cos 144° —2cos72° 0

Dy E 2Cs 2C; C 3¢, 3¢y i 28 28 o, 3o4 3o,

(6/mmm)

A 1 1 1 1 11 1 1 1 1 1 1 Xy 7
Ay 1 1 1 1 -1 -1 1 1 1 1 -1 -1 R

By, 1 -1 1 -l 1 -1 1 -1 1 -1 1 -1

By, 1 -1 1 -l -1 1 1 -1 1 -1 -1 1

E, 2 1 -1 =2 0 0 2 1 -1 =2 0 0 (R—R)  (xz,)2)
E,, 2 -1 - 2 0 0 2 -1 - 2 0 0 (* =%, 2xy)
Ay 1 1 1 1 1 1 -1 -1 -1 -1 -1 -l

A 1 1 1 1 -1 -1 -1 -1 -1 -l 1 1 =z

B 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1

Ba, 1 -1 1 - -1 1 -l 1 -l 1 1 -1

E, 2 1 -1 =2 0o 0 =2 - 1 2 0 0 (x,y)

Ea, 2 -1 -l 2 0 0 =2 1 1 2 0 0

10



7. The Groups D,g (n=2,3,4,5,6)

Dry=Vy E 28, G 2C, 264
(42)m
A, 1 1 1 1 1 X+ 2
A, 1 1 1 -1 -1 R.
B, 1 -1 1 1 -1 Xt =y
B, 1 -1 1 -1 1 z xy
E 2 0 -2 0 0 (x,») (xz, y2)
(R, R))
Dsq E 2C; 3G, i 28¢  3oq
(3)m
A, 1 1 1 1 1 1 X Hy, 7
Ag, 1 1 -1 1 1 -1 R
E, 2 - 0 2 -l 0 (R.R) (" =%, 2xp)
(xz, yz)
An 1 1 1 -1 -l -1
Any 1 1 -1 -1 -l 1 z
E, 2 -1 0 -2 1 0 ()

A 1 1 1 1 1 1 1 X+ 2
A 1 1 1 1 1 -1 -1 R

B, 1 -1 1 -1 1 1 -1

B, 1 -1 1 -1 1 -1 1z

E, 2 J2 (NN Y -2 0 0 (x,»)

E, 2 0 -2 0 2 0 0 (=%, 2xp)
E; 2 2 0 ﬁ -2 0 0 (R, R)) (xz, y2)




7. The Groups D,qg (n =2,3,4,5, 6) (cont..)

Dsy E 2C;s 2C; 5C, i A PASES 504

A 1 1 1 11 1 1 1 X +)7, 2
Ay 1 1 1 -1 1 1 1 -1 R,

Eig 2 2cos72° 2 cos 144° 0 2 2cos72° 2 cos 144° 0 (R.R) (xy, y2)

Ej, 2 2cos144° 2cos72° 0 2 2cos144° 2 cos 72° 0 (* =, 2xp)
A 1 1 1 1 -1 -1 -1 -1

Ay, 1 1 1 -1 -1 -1 -1 1 z

Ey, 2 2c0s72°  2cos 144° 0 2 2cos72° —2 cos 144° 0 (x,y)

Exn 2 2cos144° 2cos 72° 0 -2 2cosl44° —2cos72° 0

D6d E 2S12 2C6 2S4 2C3 2S152 C2 6C; 6(5d

A1 1 1 1 1 1 1 1 1 ¥ +yh 2
A 1 1 1 1 1 1 1 -1 -1 R

B, | -1 1 -1 1 -1 1 1 -1

B, 1 -1 1 -1 1 -1 1 -1 1,

E, 2 \/g 1 0 -1 B \/g -2 0 0 (x

E, 2 1 -1 2 - 1 2 0 0 (* =, 2xp)
Ey 2 0 ) 0 2 0 ) 0 0

E, 2 -1 -1 2 -1 -1 2 0 0

Es 2 \/g 1 0 -1 \/5 -2 0 0 (R R) (xy,y2)

12



8. The Groups S, (n =4, 6, 8)

S4_ E S4 C2 Si
4)
A 1 1 1 1 R. x4y 2
B | 1 -1 z (% —y*, 2xy)
1 -1 —1
E . . ()C, y) (Rm Ry) (XZ: yZ)
-1 -1 1
Se C; C32 i Sé Se e=exp (2mwi/3)
(3)
A, 1 1 1 1 1 R. X +)2 2
£ & 1 £ & .,
Eg * * (Rxa Ry) (X -V, 2xy) (xys yZ)
& 1 &
A, 1 1 -1 -1 -1 z
£ g 1 P g
E. . . (x, )
& 1 &
Ss AV C, S83 G Sgs Cj SS7 £=¢eXp (2TCI/8)
A 1 1 1 1 1 1 1 1 R. X+ 2
B 1 -1 1 -1 1 -1 1 -1 z
1 1 —& -1 —-& -1 &
* . * . (x9
E, 1 & —1 - -1 - 1 & Y)
1 1 -1 —1 1 1 -1 —1
E, 1 =i -1 i 1 =4 -1 i (7 =", 2)
1 —& —1 & -1 & 1 -
E; 1 iy i . -1 & — & | RuR) (,y2)

13



9. The Cubic Groups

T E 4C; 4c32 3¢, € =exp (2mi/3)
(23)
A 1 1 1 1 Xy 4z

(\/3— (.X'2 _y2)222 _x2 _y2)

T 3 0 -1 (xa Vs Z) (xya Xz, yZ)
(Ry, Ry, R.)
Td E 8C3 3 C2 6S4 6(5d
(43m)
A 1 1 1 1 1 +y+
A, 1 1 1 -1 -1
E 2 -1 2 0 0 Q7 —x" =y, 3 (=)
T, 3 0 -1 1 -1 (R,R,R)
T, 3 0 -1 -1 1 (x,»2) (xy, xz, yz)
T E 4C3 4C32 3C2 1 4S6 4S62 30y E=€Xp (27[1/3)
(m3)
A, 1 1 1 1 1 1 1 XAy 47
E boe e 1l & 1 (22 -2,
¢ 1 P & 1 1 £ e 1 N3 (=)

T, 3 0 0 -1 3 0o -1 (R, Ry, R.)  (xp,yz, x2)
A, 1 1 1 1 -1 -1 -1 -

1 & g 1 -1 - - -l
E, .

1 & & 1 -1 —-& — -1
T. 3 0 0o -1 -3 0 0 1 (2
0 E 8C; 3G, 6Cy  6C
(432)
A 1 1 1 1 1 X+y+
A, 1 1 1 -1 -1
E 2 -1 2 0 0 (222 —x* =),

V3 (P =yY)
T, 3 0 -1 1 -1 (x,,2)
(Ry, Ry, R.)

T, 3 0 -1 -1 1 (xy, xz, yz)

14



9. The Cubic Groups (cont...)

O E 8C; 6C, 6C, 3G i 6S; 85 3on 604

(m3m) (=C2)

Al 1 1 1 1 1 1 1 1 1 1 Xyt

Ay 1 1 -1 - 1 1 -1 1 1 -1

E, 2 - 0 0 2 2 0 -1 2 0 (222 —x* 57,
NENCESD)

Tig 3 0 -1 1 -1 3 1 0 -1 -1 (R,R,R)

Toe 3 0 1 -1 -1 3 -1 | 1 (xy, xz, yz)

Ay 1 1 1 1 1 -1 -1 -1 -1 -1

A, 1 1 -1 - 1 -l 1 -1 -1 1

E, 2 -l 0 0 2 22 0 1 2 0

Th 3 0 -1 1 -1 3 - 0 1 1 (2

Ta 3 0 1 -1 -1 -3 1 0 1 -1

15



10. The Groups 1, I,

I E 112G 12¢ 20C;  15C, » zl[usiJ
2
A 1 1 1 1 1 x>y
T, 3 n' n 0 -1 (x, v, 2)
(R., R, R.)
T, 3 n n' 0 -1
G 4 -1 -1 1 0
H 5 0 0 -1 1 (222 —x* =),
V5 (=)
Xy, yz, ZX)
L E 12Cs 12¢2 20C; 15C, i 12870 128° 208 15, N 1( 1)
s 10 nt=—|1£5°
2
A, 1 1 1 1 11 1 1 11 XAyt
Ty, 3 1']+ n 0 -1 3 n rl+ -1 -1 (RR,.R.)
T3 n o -1 3 q n 0 -1
G, 4 -1 -1 1 0 4 - -1 1 0
H, 5 0 0o -1 1 5 0 0 -1 1 Q7 -x"-y",
NNEaESY)
(xy, yz, 2x)
A, 1 1 1 1 1 -1 -1 -1 -1 -
T3 1 n 0o -1 3 n' 0 1  (ny2)
T, 3 n n+ 0 -1 -3 T'l+ n 0 1
G, 4 -1 -1 1 0 —4 1 1 -1 0
H, 5 0 0 -1 1 -5 0 0 1 -1

16



11. The Groups C,, and D,

COOV E Cz ZC:; eee [celo ¥
INEN 11 1 1 z X+ 2
A=Y 1 1 1 -1 R.
E=I1 2 2 2 cos ¢ 0 (x»)(R.R) (xz, y2)
E,= 22 2 cos 2¢ 0 (o =%, 2xp)
E:=0 2 2 2cos 3¢ 0
Do, E 2c? e 00y i 28¢ 0C)
oy 1 1 11 1 1 X+t 2
%, 1 1 -1 1 1 -1 R,
I, 2 2cos ¢ ... 0 2 —2 cos ¢ 0 (R.R) (xz, yz)
Ag 2 200824 ... 0o 2 2 cos 24 0 (x> =%, 2xy)
s 1 1 1 -1 -1 -1 z
s 1 1 -1 -1 -1 1
I 2 2cos g ... 0o 2 2 cos ¢ 0 )
Ay 2 2cos2¢ ... 0o -2 2 cos 2¢ 0

17



12. The Full Rotation Group (SU; and Rj)

sin(j+;j¢

G | =20

@)=
2

2j+1 6=0

Notation : Representation labelled I " with j=0,1/2,1,3/2,...00, for R; j is confined to integral
values (and written / or L) and the labels S=T O p=r® p=r? etc. are used.

18



