
キャラクタテーブル - 1

主な点群のキャラクターテーブルと基底

1 次元テンソルを V、2 次元テンソルを D、3 次元テンソルを Y、4 次元テンソルを W で表し、分子固

定座標系を (a, b, c）系とする。ラマン散乱やレーリー散乱に対する散乱テンソルは D に属し、SHG、SFG

の感受率テンソルは Y に、CARS, CSRS, THG といった４波混合の感受率テンソルは W に属する。

対称種ごとにキャラクターテーブル、球対称群におけるテンソルの基底が属する既約表現の分類表を

示し、最後にゼロでない値を持つテンソル成分の一覧を示す。

　ここでいうゼロでない値を持つ成分とは、（光吸収やラマン散乱のような）分子の励起を伴わない

散乱過程、即ちレイリー散乱、SFG、SHG、CARS、4 波混合等を与える感受率テンソルの成分である。

全対称表現に属する基底だけが値を持ち、それ以外の表現に属する基底はゼロであるという条件から、

別ファイル「基底テンソル」を参照して（逆変換をすることで）デカルト座標でのノンゼロ成分とその

間の関係を見出すことが出来る。

ラマンテンソルについては、2 次元テンソル D の成分が属する既約表現と同じ対称の振動モードが、

そのテンソル成分によってラマン散乱を生起するという条件が成り立つ。ラマン散乱のノンゼロ成分の

探し方については、W テンソルの成分のうちのしかるべき形をしたもの（同じ D テンソル成分の直積、

下付き文字の並び方が abba の形をしたもの）を選ぶとき、その時の Dab がラマンテンソルのノンゼロ成

分であるというやり方も可能である。

目次

（下の目次で*印を付けた対称性をもつ系は SFG 活性である。）

(page  point group)  (page   point group)

 2 —— Cs*, Ci, C2*   12 —— D4h

 3 —— C2v, * C2h*   13 —— D6h

 4 —— D2, D2h   14 —— C3*,C4*

 5 —— C3v*, D3*   15 —— C6*,S4*

 6 —— C5v*, C4v*    16 —— S6,C3h*

 7 —— D4*, D2d*   17 —— C4h, C6h

 8 —— C6v*, D6*   18 —— Td*, Th

 9 —— D3d*, D4d   19 —— T*, O

10 —— D5d, D6d   20 —— Oh

11 —— D3h*, D5h   21 —— C∞v*

  22 —— D∞h
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 Cs    E    σxy

 A'
 A"

+1    +1
  +1    -1

   Tx, Ty

    Tz

    Rz

   Rx, Ry

 x2, y2, z2, xy
  xz, yz

 Cs  HN3

 A'  V1b, V1a,  D(0)
0, D

(1)
0, D

(2)
0, D

(2)
2b, D

(2)
2a,  Y(1)

1b, Y
(1)

1a, Y
(2)

1b, Y
(2)

1a, Y
(3)

1b, Y
(3)

1a, Y
(3)

3b, Y
(3)

3a

 W(0)
0, W

(1)
0, W

(2)
0, W

(2)
2b, W

(2)
2a, W

(3)
0,  W(3)

2b, W
(3)

2a, W
(4)

0, W
(4)

2b, W
(4)

2a, W
(4)

4b, W
(4)

4a

 A"  V0,  D(1)
1b, D

(1)
1a, D

(2)
1b, D

(2)
1a,  Y(0)

0, Y
(1)

0, Y
(2)

0, Y
(3)

0, Y
(2)

2b, Y
(2)

2a, Y
(3)

2b, Y
(3)

2a

 W(1)
1b, W

(1)
1a, W

(2)
1b, W

(2)
1a, W

(3)
1b, W

(3)
1a, W

(3)
3b, W

(3)
3a, W

(4)
1b, W

(4)
1a, W

(4)
3b, W

(4)
3a  

βaaa, βbbb, βacc, βbcc, βabb, βaab, βcac, βcca, βcbc, βccb, βbab, βbba, βaba, βbaa, βaaa, βaaa,

γaaaa, γbbbb, γcccc, γaabb, γbbcc, γccaa, γbbaa, γccbb, γaacc, γabba, γbccb, γcaab, γbaab, γcbbc, γacca, γabab, γbaba, γbcbc, γcbcb, γcaca, γacac,

γaaab, γbbab, γccab, γabaa, γabbb, γabcc, γaaba, γbbba, γccba, γbaaa, γbabb, γbacc, γaccb, γcabc, γbcca, γcbac, γacbc, γcacb, γbcac, γcbcac, γcaac, γbbba

 Ci    E     I

 Ag

 Au

+1    +1
  +1    -1   Tx, Ty, Tz

  Rx, Ry, Rz  all components

 Ci  trans-CFH2-CFH2 without internal rotation

 Ag  D(0)
0, D

(1)
0, D

(1)
1b, D

(1)
1a, D

(2)
0, D

(2)
1b, D

(2)
1a, D

(2)
2b, D

(2)
2a,  W(0)

0, W
(1)

0, W
(1)

1b, W
(1)

1a,  
 W(2)

0,W
(2)

1b, W
(2)

1a, W
(2)

2b, W
(2)

2a, W
(3)

0, W
(3)

1b, W
(3)

1a, W
(3)

2b, W
(3)

2a, W
(3)

3b, W
(3)

3a,
 W(4)

0, W
(4)

1b, W
(4)

1a, W
(4)

2b, W
(4)

2a, W
(4)

3b, W
(4)

3a, W
(4)

4b, W
(4)

4a

 Au  V1b, V1a, V0,  Y(0)
0, Y

(1)
0, Y

(1)
1b, Y

(1)
1a, Y

(2)
0, Y

(2)
1b, Y

(2)
1a, Y

(2)
2b, Y

(2)
2a,

 Y(3)
0, Y

(3)
1b, Y

(3)
1a, Y

(3)
2b, Y

(3)
2a, Y

(3)
3b, Y

(3)
3a,

(すべての γ')

 C2    E    C2z

 A
 B

+1    +1
  +1    -1

    Tz

   Tx, Ty

    Rz

   Rx, Ry

 x2, y2, z2, xy
  xz, yz

 C2  H2O2, H2S2 (Two HOO/HSS planes are perpendicular.)

 A  V1a,  D(0)
0, D

(1)
1a, D

(2)
0, D

(2)
1b, D

(2)
2b,  Y(0)

0, Y
(1)

1a, Y
(2)

0, Y
(2)

1b, Y
(2)

2b, Y
(3)

1a, Y
(3)

2a, Y
(3)

3a,
 W(0)

0, W
(1)

1a, W
(2)

0, W
(2)

1b, W
(2)

2b, W
(3)

1a, W
(3)

2a, W
(3)

3a, W
(4)

0, W
(4)

1b, W
(4)

2b, W
(4)

3b, W
(4)

4b

 B  V1b, V0,  D(1)
0, D

(1)
1b, D

(2)
1a, D

(2)
2a,  Y(1)

0, Y
(1)

1b, Y
(2)

1a, Y
(2)

2a, Y
(3)

0, Y
(3)

1b, Y
(3)

2b, Y
(3)

3b

 W(1)
0, W

(1)
1b, W

(2)
1a, W

(2)
2a, W

(3)
0, W

(3)
1b, W

(3)
2b, W

(3)
3b, W

(4)
1a, W

(4)
2a, W

(4)
3a, W

(4)
4a

βbbb, βbaa, βaab, βaba, βbcc, βccb, βcbc, βabc, βbac, βbca, βcba, βcab, βacb,

γaaaa, γbbbb, γcccc, γaabb, γbbcc, γccaa, γbbaa, γccbb, γaacc, γabba, γbccb, γcaac, γbaab, γcbbc, γacca, γabab, γbaba, γbcbc, γcbcb, γcaca, γacac,

γaaca, γbbca, γccca, γcaaa, γcabb, γcacc, γaaac, γbbac, γccac, γacaa, γacbb, γaccc, γcbba, γbcab, γabbc, γbacb, γcbab, γbcba, γabcb, γbabc
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 C2v   E    C2z   σv(yz)   σv(xz)

 A1

 A2

 B1

 B2

 +1    +1    +1     +1
 +1    +1    -1      -1
 +1    -1    +1      -1
 +1    -1     -1     +1

Tz

  Ty

  Tx

  Rz

  Rx

  Ry

x2, y2, z2

   xy
   yz
   xz

 C2v  H2O,

 A1  V1a,  D(0)
0, D

(2)
0, D

(2)
2b,  Y(1)

1a, Y
(2)

1b, Y
(3)

1a, Y
(3)

3a,  W(0)
0, W

(2)
0, W

(2)
2b, W

(3)
2a, W

(4)
0, W

(4)
2b, W

(4)
4b

 A2  D(1)
1a, D

(2)
1b,  Y(0)

0, Y
(2)

0, Y
(2)

2b, Y
(3)

2a,  W(1)
1a, W

(2)
1b, W

(3)
1a, W

(3)
3a, W

(4)
1b, W

(4)
3b

 B1  V0,  D(1)
1b, D

(2)
1a,  Y(1)

0, Y
(2)

2a, Y
(3)

0, Y
(3)

2b,  W(1)
1b, W

(2)
1a, W

(3)
1b, W

(3)
3b, W

(4)
1a, W

(4)
3a

 B2  V1b,  D(1)
0, D

(2)
2a,  Y(1)

1b, Y
(2)

1a, Y
(3)

1b, Y
(3)

3b,  W(1)
0, W

(2)
2a, W

(3)
0, W

(3)
2b, W

(4)
2a, W

(4)
4a

βbbb, βbaa, βbcc, βaab, βccb, βaba, βcbc

γaaaa, γbbbb, γcccc, γaabb, γbbcc, γccaa, γbbaa, γccbb, γaacc, γabba, γbccb, γcaac, γbaab, γcbbc, γacca, γabab, γbaba, γbcbc, γcbcb, γcaca, γacac

 C2h   E    C2z   σh(xy)    I

 Ag

 Au

 Bg

 Bu

 +1    +1    +1     +1
 +1    +1    -1      -1
 +1    -1     -1     +1
 +1    -1     +1     -1

  Tz

 Tx, Ty

Rz

 Rx, Ry

x2, y2, z2, xy

    xz, yz

 C2h  trans-dichloroethylene without internal rotation

 Ag  D(0)
0, D

(1)
0, D

(2)
0, D

(2)
2a, D

(2)
2b,  W(0)

0, W
(1)

0, W
(2)

0, W
(2)

2a, W
(2)

2b, W
(3)

0, W
(3)

2b, W
(3)

2a, W
(4)

0, W
(4)

2b, W
(4)

2a,
W(4)

4b, W
(4)

4a

 Au  V0, Y
(0)

0, Y
(1)

0, Y
(2)

0, Y
(2)

2b, Y
(2)

2a, Y
(3)

0, Y
(3)

2b, Y
(3)

2a

 Bg  D(1)
1b, D

(1)
1a, D

(2)
1b, D

(2)
1a,  W(1)

1b, W
(1)

1a, W
(2)

1b, W
(2)

1a, W
(3)

1b, W
(3)

1a, W
(3)

3b, W
(3)

3a, W
(4)

1b, W
(4)

1a, W
(4)

3b,
W(4)

3a

 Bu  V1b, V1a,  Y(1)
1b, Y

(1)
1a, Y

(2)
1b, Y

(2)
1a, Y

(3)
1b, Y

(3)
1a, Y

(3)
3b, Y

(3)
3a

γaaaa, γbbbb, γcccc, γaabb, γbbcc, γccaa, γbbaa, γccbb, γaacc, γabba, γbccb, γcaac, γbaab, γcbbc, γacca, γabab, γbaba, γbcbc, γcbcb, γcaca, γacac,

γaaab, γbbab, γccab, γabaa, γabbb, γabcc, γaaba, γbbba, γccba, γbaaa, γbabb, γbacc, γaccb, γcabc, γbcca, γcbac, γacbc, γcacb, γbcac, γcbca
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 D2   E    C2z    C2y     C2x

 A
 B1

 B2

 B3

 +1    +1    +1     +1
 +1    +1    -1      -1
 +1    -1    +1      -1
 +1    -1     -1     +1

  Tz

  Ty

  Tx

  Rz

  Ry

  Rx

x2, y2, z2

   xy
   xz
   yz

 D2

 A  D(0)
0, D

(2)
0, D

(2)
2b,  Y(0)

0, Y
(2)

0, Y
(2)

2b, Y
(3)

2a,  W(0)
0, W

(2)
0, W

(2)
2b, W

(3)
2a, W

(4)
0, W

(4)
2b, W

(4)
4b

 B1  V0,  D(1)
0, D

(2)
2a,  Y(1)

0, Y
(2)

2a, Y
(3)

0, Y
(3)

2b,  W(1)
0, W

(2)
2a, W

(3)
0, W

(3)
2b, W

(4)
2a, W

(4)
4a

 B2  V1a,  D(1)
1a, D

(2)
1b,  Y(1)

1a, Y
(2)

1b, Y
(3)

1a, Y
(3)

3a, W
(1)

1a, W
(2)

1b, W
(3)

1a, W
(3)

3a, W
(4)

1b, W
(4)

3b

 B3  V1b,  D(1)
1b, D

(2)
1a,  Y(1)

1b, Y
(2)

1a, Y
(3)

1b, Y
(3)

3b,  W(1)
1b, W

(2)
1a, W

(3)
1b, W

(3)
3b, W

(4)
1a, W

(4)
3a

βabc, βbca βcab, βcba, βcab, βacb

γaaaa, γbbbb, γcccc, γaabb, γbbcc, γccaa, γbbaa, γccbb, γaacc, γabba, γbccb, γcaac, γbaab, γcbbc, γacca, γabab, γbaba, γbcbc, γcbcb, γcaca, γacac

 D2h   E   C2z   C2y   C2x   I   σxy   σxz   σyz

 Ag

 Au

 B1g

 B1u

 B2g

 B2u

 B3g

 B3u

 +1  +1    +1   +1   +1  +1   +1   +1
 +1  +1    +1   +1   -1   -1    -1   -1
 +1  +1    -1    -1   +1  +1    -1   -1
 +1  +1    -1    -1   -1   -1   +1   +1
 +1  -1    +1    -1   +1   -1   +1    -1
 +1  -1    +1    -1   -1  +1    -1   +1
 +1  -1    -1    +1   +1   -1   -1   +1
 +1  -1    -1    +1    -1   +1  +1    -1

  Tz

  Ty

  Tx

  Rz

  Ry

  Rx

  x2, y2, z2

   xy

   xz

   yz

 D2h  ethylene without internal rotation

 Ag  D(0)
0, D

(2)
0, D

(2)
2b,  W(0)

0, W
(2)

0, W
(2)

2b, W
(3)

2a, W
(4)

0, W
(4)

2b, W
(4)

4b

 Au  Y(0)
0, Y

(2)
0, Y

(2)
2b, Y

(3)
2a

 B1g  D(1)
1b, D

(2)
1a,  W(1)

1b, W
(2)

1a, W
(3)

1b, W
(3)

3b, W
(4)

1a, W
(4)

3a

 B1u  V1b,  Y(1)
1b, Y

(2)
1a, Y

(3)
1b, Y

(3)
3b

 B2g  D(1)
1a, D

(2)
1b,  W(1)

1a, W
(2)

1b, W
(3)

1a, W
(3)

3a, W
(4)

1b, W
(4)

3b

 B2u  V1a,  Y(1)
1a, Y

(2)
1b, Y

(3)
1a, Y

(3)
3a

 B3g  D(1)
0, D

(2)
2a,  W(1)

0, W
(2)

2a, W
(3)

0, W
(3)

2b, W
(4)

2a, W
(4)

4a

 B3u  V0,  Y(1)
0, Y

(2)
2a, Y

(3)
0, Y

(3)
2b

γaaaa, γbbbb, γcccc, γaabb, γbbcc, γccaa, γbbaa, γccbb, γaacc, γabba, γbccb, γcaac, γbaab, γcbbc, γacca, γabab, γbaba, γbcbc, γcbcb, γcaca, γacac
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 C3v    E    2C3z   3σv

 A1

 A2

 E

  +1    +1    +1
  +1    +1    -1
  +2    -1     0

   Tz

 (Tx, Ty)
   Rz

 (Rx, Ry)

 x2+y2, z2

 (x2–y2, xy); (xz, yz)

 C3v  CH3X

 A1  V0,  D(0)
0, D

(2)
0,  Y(1)

0, Y
(3)

0, Y
(3)

3b,  W(0)
0, W

(2)
0, W

(3)
3a, W

(4)
0, W

(4)
3b

 A2  D(1)
0,  Y(0)

0, Y
(2)

0, Y
(3)

3a,  W(1)
0, W

(3)
0, W

(3)
3b, W

(4)
3a

 E  (V1b,V1a),  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a), (D

(2)
2b, D

(2)
2a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(2)

2b, Y
(2)

2a),
(Y (3)

1b, Y
(3)

1a), (Y
(3)

2b, Y
(3)

2a),  (W(1)
1b, W

(1)
1a), (W

(2)
1b, W

(2)
1a), (W

(2)
2b, W

(2)
2a), (W

(3)
1b, W

(3)
1a),

 (W(3)
2b, W

(3)
2a), (W

(4)
1b, W

(4)
1a), (W

(4)
2b, W

(4)
2a), (W

(4)
4b, W

(4)
4a)

βccc,  βaac = βbbc,  βaca = βbcb,  βcaa = βcbb,  βaaa = -βabb = -βbba = -βbab,

γcccc,  γaaaa = γbbbb,  γabab = γbaba,  γaabb = γbbaa,  γacac = γbcbc,  γcaca = γcbcb,  γaacc = γbbcc,  γccaa = γccbb,  

γabba = γbaab,  γacca = γbccb,  γcaac = γcbbc,  

γaaca = -γbbcb,  γcaaa = -γcabb = -γcbab = -γcbba,  γaaac = -γbbac = -γabbc = -γbabc,  γacaa = -γacbb = -γbcab = -γbcba,

 D3    E    2C3z   3 C2

 A1

 A2

 E

  +1    +1    +1
  +1    +1    -1
  +2    -1     0

   Tz

 (Tx, Ty)
   Rz

 (Rx, Ry)

 x2+y2, z2

 (x2–y2, xy); (xz, yz)

 D3
 A1  D(0)

0, D
(2)

0,  Y(0)
0, Y

(2)
0, Y

(3)
3b,  W(0)

0, W
(2)

0, W
(3)

3b, W
(4)

0, W
(4)

3a

 A2  V0,  D(1)
0,  Y(1)

0, Y
(3)

0, Y
(3)

3a,  W(1)
0, W

(3)
0, W

(3)
3a, W

(4)
3b

 E  (V1b,V1a),  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a), (D

(2)
2b, D

(2)
2a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(2)

2b, Y
(2)

2a),
(Y (3)

1b, Y
(3)

1a), (Y
(3)

2b, Y
(3)

2a),  (W(1)
1b, W

(1)
1a), (W

(2)
1b, W

(2)
1a), (W

(2)
2b, W

(2)
2a), (W

(3)
1b, W

(3)
1a),

 (W(3)
2b, W

(3)
2a), (W

(4)
1b, W

(4)
1a), (W

(4)
2b, W

(4)
2a), (W

(4)
4b, W

(4)
4a)

βaaa = -βabb = -βbba = -βbab,

-γbbbc = γaabc = γbaac = γabac,  -γbcbb = γbcaa = γacba = γacab,  -γbbcb = γaacb = γabca = γbaca,  -γcbbb = γcbaa = γcaab = γcaba,
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 C5v    E     2C5z    2C5
2    5σv

 A1

 A2

 E1

 E2

  +1    +1      +1     +1
  +1    +1      +1     -1

+2  2cos72˚  2cos144˚  0
  +2  2cos144˚  2cos72˚   0

   Tz

 (Tx, Ty)
   Rz

 (Rx, Ry)

 x2+y2, z2

(xz, yz)
 (x2–y2, xy)

 C5v

 A1  V0,  D(0)
0, D

(2)
0,  Y(1)

0, Y
(3)

0,  W(0)
0, W

(2)
0, W

(4)
0

 A2  D(1)
0,  Y(0)

0, Y
(2)

0,  W(1)
0, W

(3)
0

 E1  (V1b,V1a),  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(3)

1b, Y
(3)

1a),  (W(1)
1b, W

(1)
1a),

 (W(2)
1b, W

(2)
1a), (W

(3)
1b, W

(3)
1a), (W

(4)
1b, W

(4)
1a), (W

(4)
4b, W

(4)
4a)

 E2  (D (2)
2b, D

(2)
2a),  (Y (2)

2b, Y
(2)

2a), (Y
(3)

2b, Y
(3)

2a), (Y
(3)

3b, Y
(3)

3a),  (W(2)
2b, W

(2)
2a), (W

(3)
2b, W

(3)
2a),

 (W(3)
3b, W

(3)
3a), (W

(4)
2b, W

(4)
2a), (W

(4)
3b, W

(4)
3a)

βccc, βaac = βbbc, βaca = βbcb, βcaa = βcbb

γcccc,  γaaaa = γbbbb,  γabab = γbaba,  γaabb = γbbaa,  γacac = γbcbc,  γcaca = γcbcb,  γaacc = γbbcc,  γccaa = γccbb,  

γabba = γbaab,  γacca = γbccb, γcaac = γcbbc

 C4v    E   2C4z  C4
2≡C2"  2σv   2σd

 A1

 A2

 B1

 B2

 E

  +1   +1    +1     +1    +1
+1   +1    +1     -1     -1

  +1   -1    +1     +1     -1
+1   -1    +1     -1     +1
+2    0    -2      0      0

   Tz

 (Tx, Ty)

   Rz

 (Rx, Ry)

  x2+y2, z2

 x2–y2

 xy
 (xz, yz)

 C4v
 A1  V0,  D(0)

0, D
(2)

0,  Y(1)
0, Y

(3)
0,  W(0)

0, W
(2)

0, W
(4)

0, W
(4)

4b

 A2  D(1)
0,  Y(0)

0, Y
(2)

0,  W(1)
0, W

(3)
0, W

(4)
4a

 B1  D(2)
2b,  Y(2)

2a, Y
(3)

2b,  W(2)
2b, W

(3)
2a, W(4)2b

 B2  D(2)
2a,  Y(2)

2b, Y
(3)

2a,  W(2)
2a, W

(3)
2b, W

(4)
2a

 E  (V1b,V1a),  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(3)

1b, Y
(3)

1a), (Y
(3)

3b, Y
(3)

3a),
(W(1)

1b, W
(1)

1a), (W
(2)

1b, W
(2)

1a), (W
(3)

1b, W
(3)

1a), (W
(3)

3b, W
(3)

3a), (W
(4)

1b, W
(4)

1a), (W
(4)

3b, W
(4)

3a)

βccc,  βaac = βbbc,  βaca = βbcb,  βcaa = βcbb

γcccc,  γaaaa = γbbbb,  γaabb = γbbaa,  γaacc = γbbcc = γccaa = γccbb,  γabba = γbaab, γabab = γbaba,  γacca = γbccb = γcaac = γcbbc,

γacac = γbcbc = γcaca = γcbcb



キャラクタテーブル - 7

 D4    E   2C4z  C4
2≡C2"  2C2  2C2'

 A1

 A2

 B1

 B2

 E

  +1   +1    +1     +1    +1
+1   +1    +1     -1     -1

  +1   -1    +1     +1     -1
+1   -1    +1     -1     +1
+2    0    -2      0      0

   Tz

 (Tx, Ty)

   Rz

 (Rx, Ry)

  x2+y2, z2

 x2–y2

 xy
 (xz, yz)

 D4
 A1  D(0)

0, D
(2)

0,  Y(0)
0, Y

(2)
0,  W(0)

0, W
(2)

0, W
(4)

0, W
(4)

4b

 A2  V0,  D(1)
0,  Y(1)

0, Y
(3)

0,  W(1)
0, W

(3)
0, W

(4)
4a

 B1  D(2)
2b,  Y(2)

2b, Y
(3)

2a,  W(2)
2b, W

(3)
2a, W

(4)
2b

 B2  D(2)
2a,  Y(2)

2a, Y
(3)

2b,  W(2)
2a, W

(3)
2b, W

(4)
2a

 E  (V1b,V1a),  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(3)

1b, Y
(3)

1a), (Y
(3)

3b, Y
(3)

3a),
(W(1)

1b, W
(1)

1a), (W
(2)

1b, W
(2)

1a), (W
(3)

1b, W
(3)

1a), ((W(3)
3b, W

(3)
3a), W

(4)
1b, W

(4)
1a), (W

(4)
3b, W

(4)
3a)

βabc = -βbac,  βbca = -βacb,  βcab = -βcba

γcccc,  γaaaa = γbbbb,  γaabb = γbbaa,  γaacc = γbbcc = γccaa = γccbb,  γabba = γbaab, γabab = γbaba,  γacca = γbccb = γcaac = γcbbc,

γacac = γbcbc = γcaca = γcbcb

 D2d    E   2S4z  S4
2≡C2"  2C2   2σd

 A1

 A2

 B1

 B2

 E

  +1   +1    +1     +1    +1
+1   +1    +1     -1     -1

  +1   -1    +1     +1     -1
+1   -1    +1     -1     +1
+2    0    -2      0      0

   Tz

 (Tx, Ty)

   Rz

 (Rx, Ry)

  x2+y2, z2

 x2–y2

 xy
 (xz, yz)

 D2d
 A1  D(0)

0, D
(2)

0,  Y(2)
2a, Y

(3)
2b,  W(0)

0, W
(2)

0, W
(4)

0, W
(4)

4b

 A2  D(1)
0,  Y(2)

2b, Y
(3)

2a,  W(1)
0, W

(3)
0, W

(4)
4a

 B1  D(2)
2a,  Y(0)

0, Y
(2)

0,  W(2)
2a, W

(3)
2b, W

(4)
2a

 B2  V0,  D(2)
2b,  Y(1)

0, Y
(3)

0,  W(2)
2b, W

(3)
2a, W

(4)
2b

 E  (V1b,V1a),  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(3)

1b, Y
(3)

1a), (Y
(3)

3b, Y
(3)

3a),
(W(1)

1b, W
(1)

1a), (W
(2)

1b, W
(2)

1a), (W
(3)

1b, W
(3)

1a), ((W(3)
3b, W

(3)
3a), W

(4)
1b, W

(4)
1a), (W

(4)
3b, W

(4)
3a)

βaac = -βbbc,  βaca = -βbcb,  βcaa = -βcbb

γcccc, γaaaa = γbbbb,  γaacc = γbbcc = γccaa = γccbb,  γaabb = γbbaa,  γabba = γbaab, γabab = γbaba,  γbcbc = γacac, γcaca = γcbcb,

γbccb = γacca,  γcaac = γcbbc



キャラクタテーブル - 8

 C6v    E   2C6z  2C6
2≡2C3  C6

3≡C2"    3σv   3σd

 A1

 A2

 B1

 B2

 E1

 E2

  +1   +1    +1       +1       +1    +1
+1   +1    +1       +1       -1     -1

  +1   -1    +1        -1       +1     -1
+1   -1    +1        -1       -1     +1
+2   +1    -1        -2        0     0
+2   -1    -1        +2        0     0

   Tz

 (Tx, Ty)

   Rz

 (Rx, Ry)

  x2+y2, z2

 (xz, yz)
(x2–y2, xy)

 C6v
 A1  V0,  D(0)

0, D
(2)

0,  Y(1)
0, Y

(3)
0,  W(0)

0, W
(2)

0, W
(4)

0

 A2  D(1)
0,  Y(0)

0, Y
(2)

0,  W(1)
0, W

(3)
0

 B1  Y(3)
3b,  W(3)

3a, W
(4)

3b

 B2  Y(3)
3a,  W(3)

3b, W
(4)

3a

 E1  (V1b,V1a),  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(3)

1b, Y
(3)

1a),
 (W(1)

1b, W
(1)

1a), (W
(2)

1b, W
(2)

1a), (W
(3)

1b, W
(3)

1a), W
(4)

1b, W
(4)

1a)
 E2  (D (2)

2b, D
(2)

2a),  (Y (2)
2b, Y

(2)
2a), (Y

(3)
2b, Y

(3)
2a),  (W(2)

2b, W
(2)

2a), (W
(3)

2b, W
(3)

2a), (W
(4)

2b, W
(4)

2a),
 (W(4)

4b, W
(4)

4a)

βccc,  βaac = βbbc,  βaca = βbcb,  βcaa = βcbb

γcccc,  γaaaa = γbbbb,  γabab = γbaba,  γaabb = γbbaa,  γacac = γbcbc,  γcaca = γcbcb,  γaacc = γbbcc,  γccaa = γccbb,

γabba = γbaab,  γacca = γbccb,  γcaac = γcbbc

 D6    E   2C6z  2C6
2≡2C3  C6

3≡C2"    3C2   3C2'

 A1

 A2

 B1

 B2

 E1

 E2

  +1   +1    +1       +1       +1    +1
  +1   +1    +1       +1       -1    -1
  +1   -1    +1        -1       +1    -1
  +1   -1    +1        -1       -1    +1
  +2   +1    -1        -2        0     0
  +2   -1    -1        +2        0     0

   Tz

 (Tx, Ty)

   Rz

 (Rx, Ry)

  x2+y2, z2

 (xz, yz)
(x2–y2, xy)

 D6
 A1  D(0)

0, D
(2)

0,  Y(0)
0, Y

(2)
0,  W(0)

0, W
(2)

0, W
(4)

0

 A2  V0,  D(1)
0,  Y(1)

0, Y
(3)

0,  W(1)
0, W

(3)
0

 B1  Y(3)
3a,  W(3)

3a, W
(4)

3b

 B2  Y(3)
3b,  W(3)

3b, W
(4)

3a

 E1  (V1b,V1a),  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(3)

1b, Y
(3)

1a),
 (W(1)

1b, W
(1)

1a), (W
(2)

1b, W
(2)

1a), (W
(3)

1b, W
(3)

1a), W
(4)

1b, W
(4)

1a)
 E2  (D (2)

2b, D
(2)

2a),  (Y (2)
2b, Y

(2)
2a), (Y

(3)
2b, Y

(3)
2a),  (W(2)

2b, W
(2)

2a), (W
(3)

2b, W
(3)

2a), (W
(4)

2b, W
(4)

2a),
 (W(4)

4b, W
(4)

4a)

βabc = -βbac,  βbca = -βacb,  βcab = -βcba

γcccc,  γaaaa = γbbbb,  γabab = γbaba,  γaabb = γbbaa,  γacac = γbcbc,  γcaca = γcbcb,  γaacc = γbbcc,  γccaa = γccbb,

γabba = γbaab,  γacca = γbccb,  γcaac = γcbbc



キャラクタテーブル - 9

 D3d    E   2S6z  2S6
2≡2C3z     I   3C2   3σd

 A1g

 A1u

 A2g

 A2u

 Eg

 Eu

  +1  +1     +1        +1   +1   +1
+1  -1     +1         -1   +1   -1

  +1  +1     +1        +1   -1   -1
+1  -1     +1         -1   -1   +1
+2  -1     -1         +2    0    0
+2  +1     -1         -2    0    0

   Tz

 (Tx, Ty)

   Rz

 (Rx, Ry)

  x2+y2, z2

 (xz, yz); (x2–y2, xy)

 D3d
 A1g  D(0)

0, D
(2)

0,  W(0)
0, W

(2)
0, W

(3)
3a, W

(4)
0, W

(4)
3b

 A1u  Y(0)
0, Y

(2)
0, Y

(3)
3a

 A2g  D(1)
0,  W(1)

0, W
(3)

0, W
(3)

3b, W
(4)

3a

 A2u  V0,  Y(1)
0, Y

(3)
0 Y

(3)
3b

 Eg  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a), (D

(2)
2b, D

(2)
2a),  (W(1)

1b, W
(1)

1a), (W
(2)

1b, W
(2)

1a), (W
(2)

2b, W
(2)

2a),
 (W(3)

1b, W
(3)

1a), (W
(3)

2b, W
(3)

2a), (W
(4)

1b, W
(4)

1a)(W(4)
2b, W

(4)
2a), (W

(4)
4b, W

(4)
4a)

 Eu  (V1b,V1a),  (Y (1)
1b, Y

(1)
1a), (Y

(2)
1b, Y

(2)
1a), (Y

(2)
2b, Y

(2)
2a), (Y

(3)
1b, Y

(3)
1a), (Y

(3)
2b, Y

(3)
2a)

βccc,  βaac = βbbc,  βaca = βbcb,  βcaa = βcbb,  βaaa = -βabb = -βbba = -βbab,

γcccc,  γaaaa = γbbbb,  γabab = γbaba,  γaabb = γbbaa,  γacac = γbcbc,  γcaca = γcbcb,  γaacc = γbbcc,  γccaa = γccbb,  

γabba = γbaab,  γacca = γbccb,  γcaac = γcbbc,  

γaaca = -γbbcb,  γcaaa = -γcabb = -γcbab = -γcbba,  γaaac = -γbbac = -γabbc = -γbabc, γacaa = -γacbb = -γbcab = -γbcba

 D4d    E   2S8z  2S8
2≡2C4  2S8

3    S8
4≡C2"    4C2   4σd

 A1

 A2

 B1

 B2

 E1

 E2

 E3

  +1  +1     +1      +1      +1       +1   +1
+1  +1     +1      +1      +1       -1   -1

  +1  -1     +1      -1      +1       +1   -1
+1  -1     +1      -1      +1       -1   +1
+2  +√2     0      -√2      -2        0    0
+2   0     -2       0      +2        0    0
+2  -√2     0      +√2      -2        0    0

   Tz

 (Tx, Ty)

   Rz

 (Rx, Ry)

  x2+y2, z2

(x2–y2, xy)
(xz, yz)

 D4d  

 A1  D(0)
0, D

(2)
0,  W(0)

0, W
(2)

0, W
(4)

0

 A2  D(1)
0,  W(1)

0, W
(3)

0

 B1  Y(0)
0, Y

(2)
0,  W(4)

4b

 B2  V0,  Y(1)
0, Y

(3)
0,  W(4)

4a

 E1  (V1b,V1a),  (Y (1)
1b, Y

(1)
1a), (Y

(2)
1b, Y

(2)
1a), (Y

(3)
1b, Y

(3)
1a),  (W(3)

3b, W
(3)

3a), (W
(4)

3b, W
(4)

3a)
 E2  (D (2)

2b, D
(2)

2a),  (Y (2)
2b, Y

(2)
2a), (Y

(3)
2b, Y

(3)
2a),  (W(2)

2b, W
(2)

2a), (W
(3)

2b, W
(3)

2a), (W
(4)

2b, W
(4)

2a)
 E3  (D (1)

1b, D
(1)

1a), (D
(2)

1b, D
(2)

1a),  (Y (3)
3b, Y

(3)
3a),  (W(1)

1b, W
(1)

1a), (W
(2)

1b, W
(2)

1a), (W
(3)

1b, W
(3)

1a),
 (W(4)

1b, W
(4)

1a)

γcccc,  γaaaa = γbbbb,  γabab = γbaba,  γaabb = γbbaa,  γacac = γbcbc,  γcaca = γcbcb,  γaacc = γbbcc,  γccaa = γccbb,  

γabba = γbaab,  γacca = γbccb,  γcaac = γcbbc
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 D5d   E    2C5    2C5
2       I   5C2   5σd  2S10

3  2S10

 A1g

 A1u

 A2g

 A2u

 E1g

 E1u

 E2g

 E2u

 +1   +1     +1        +1   +1    +1   +1    +1
 +1   +1     +1        -1   +1    -1   -1    -1
 +1   +1     +1        +1   -1    -1   +1    +1
 +1   +1     +1        -1   -1    +1   -1    -1
 +2  +2cos72• +2cos144•  +2    0    0 +2cos72• +2cos144•
 +2  +2cos72• +2cos144•  -2    0    0 -2cos72• -2cos144•
 +2  +2cos144• +2cos72•  +2    0    0 +2cos144• +2cos72•
 +2  +2cos144• +2cos72•  -2    0    0 -2cos144• -2cos72•

   Tz

 (Tx, Ty)

   Rz

 (Rx, Ry)

  x2+y2, z2

 (xz, yz)

 (x2–y2, xy)

 D5d
 A1g  D(0)

0, D
(2)

0,  W(0)
0, W

(2)
0, W

(4)
0

 A1u  Y(0)
0, Y

(2)
0

 A2g  D(1)
0,  W(1)

0, W
(3)

0

 A2u  V0,  Y(1)
0, Y

(3)
0

 E1g  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a),  (W(1)

1b, W
(1)

1a), (W
(2)

1b, W
(2)

1a), (W
(3)

1b, W
(3)

1a), (W
(4)

1b, W
(4)

1a),
 (W(4)

4b, W
(4)

4a)
 E1u  (V1b,V1a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(3)

1b, Y
(3)

1a)
 E2g  (D (2)

2b, D
(2)

2a),  (W(2)
2b, W

(2)
2a), (W

(3)
2b, W

(3)
2a), (W

(3)
3b, W

(3)
3a), (W

(4)
2b, W

(4)
2a), (W

(4)
3b, W

(4)
3a)

 E2u  (Y (2)
2b, Y

(2)
2a), (Y

(3)
2b, Y

(3)
2a), (Y

(3)
3b, Y

(3)
3a)

γcccc,  γaaaa = γbbbb,  γabab = γbaba,  γaabb = γbbaa,  γacac = γbcbc,  γcaca = γcbcb,  γaacc = γbbcc,  γccaa = γccbb,

γabba = γbaab,  γacca = γbccb,  γcaac = γcbbc

 D6d    E   2S12z   2C6   2S4   2C3   2S12
5   C2    6C2'   6σd

 A1

 A2

 B1

 B2

 E1

 E2

 E3

 E4

 E5

  +1   +1    +1     +1   +1    +1    +1    +1    +1
  +1   +1    +1     +1   +1    +1    +1    -1     -1
  +1   -1    +1      -1   +1    -1    +1    +1     -1
  +1   -1    +1      -1   +1    -1    +1     -1    +1
  +2  +√3    +1      0   -1    -√3    -2     0     0

+2  +1     -1      -2   -1    +1    +2     0     0
  +2   0     -2       0   +2    0     -2     0     0
  +2  -1     -1      +2   -1    -1    +2      0     0
  +2  -√3    +1      0   -1    +√3    -2     0     0

   Tz

 (Tx, Ty)

   Rz

 (Rx, Ry)

  x2+y2, z2

(x2–y2, xy)

  (xz, yz)

 D6d
 A1  D(0)

0, D
(2)

0,  W(0)
0, W

(2)
0, W

(4)
0

 A2  D(1)
0,  W(1)

0, W
(3)

0

 B1  Y(0)
0, Y

(2)
0

 B2  V0,  Y(1)
0, Y

(3)
0

 E1  (V1b,V1a),  (Y (1)
1b, Y

(1)
1a), (Y

(2)
1b, Y

(2)
1a), (Y

(3)
1b, Y

(3)
1a),

 E2  (D (2)
2b, D

(2)
2a),  (W(2)

2b, W
(2)

2a), (W
(3)

2b, W
(3)

2a), (W
(4)

2b, W
(4)

2a)
 E3  (Y (3)

3b, Y
(3)

3a),  (W(3)
3b, W

(3)
3a), (W

(4)
3b, W

(4)
3a)

 E4  (Y (2)
2b, Y

(2)
2a), (Y

(3)
2b, Y

(3)
2a),  (W(4)

4b, W
(4)

4a)
 E5  (D (1)

1b, D
(1)

1a), (D
(2)

1b, D
(2)

1a),  (W(1)
1b, W

(1)
1a), (W

(2)
1b, W

(2)
1a), (W

(3)
1b, W

(3)
1a), W

(4)
1b, W

(4)
1a)

γcccc,  γaaaa = γbbbb,  γabab = γbaba,  γaabb = γbbaa,  γacac = γbcbc,  γcaca = γcbcb,  γaacc = γbbcc,  γccaa = γccbb,

γabba = γbaab,  γacca = γbccb,  γcaac = γcbbc



キャラクタテーブル - 11

 D3h    E   2C3z  3C2        σh   2S3z   3σv

 A1'
 A1"
 A2'
 A2"
 E'
 E"

  +1  +1     +1        +1   +1   +1
+1  -1     +1         -1   -1    -1

  +1  +1     -1        +1   +1    -1
+1  +1     -1         -1   -1   +1
+2  -1      0         +2   -1    0
+2  -1      0         -2   +1    0

   Tz

 (Tx, Ty)
 

   Rz

 
 (Rx, Ry)

  x2+y2, z2

 (x2–y2, xy)
(xz, yz);

 D3h
 A1'  D(0)

0, D
(2)

0,  Y(3)
3b,  W(0)

0, W
(2)

0, W
(4)

0

 A1"  Y(0)
0, Y

(2)
0,  , W(3)

3b, W
(4)

3a

 A2'  D(1)
0,  , Y(3)

3a,  W(1)
0, W

(3)
0

 A2"  V0,  Y(1)
0, Y

(3)
0  W(3)

3a, W
(4)

3b

 E'  (V1b,V1a),  (D (2)
2b, D

(2)
2a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(3)

1b, Y
(3)

1a),   (W(2)
2b, W

(2)
2a),

 (W(3)
2b, W

(3)
2a), (W

(4)
2b, W

(4)
2a), (W

(4)
4b, W

(4)
4a)

 E"  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a),   (Y (2)

2b, Y
(2)

2a), (Y
(3)

2b, Y
(3)

2a),  (W(1)
1b, W

(1)
1a), (W

(2)
1b, W

(2)
1a),

 (W(3)
1b, W

(3)
1a), (W

(4)
1b, W

(4)
1a)

βaaa = -βabb = -βbba = -βbab,

γcccc,  γaaaa = γbbbb,  γabab = γbaba,  γaabb = γbbaa,  γacac = γbcbc,  γcaca = γcbcb,  γaacc = γbbcc,  γccaa = γccbb,  

γabba = γbaab,  γacca = γbccb,  γcaac = γcbbc,  

 D5h   E     2C5z   2C5z
2      σh    5C2   5σv    2S5    2S5

3

 A1'
 A1"
 A2'
 A2"
 E1'
 E1"
 E2'
 E2"

 +1    +1    +1        +1    +1    +1     +1     +1
 +1    +1    +1        -1    +1    -1     -1     -1
 +1    +1    +1        +1    -1    -1     +1     +1
 +1    +1    +1        -1    -1    +1     -1     -1
 +2  +2cos72• +2cos144•  +2    0     0  +2cos72•  +2cos144•
 +2  +2cos72• +2cos144•  -2     0     0  -2cos72•  -2cos144•
 +2  +2cos144• +2cos72•  +2    0     0  +2cos144•  +2cos72•
 +2  +2cos144• +2cos72•  -2     0     0  -2cos144•  -2cos72•

   Tz

 (Tx, Ty)

  Rz

(Rx, Ry)

 x2+y2, z2

(xz, yz)
(x2–y2, xy)

 D5h
 A1'  D(0)

0, D
(2)

0,  W(0)
0, W

(2)
0, W

(4)
0

 A1"  Y(0)
0, Y

(2)
0

 A2'  D(1)
0,  W(1)

0, W
(3)

0

 A2"  V0,  Y(1)
0, Y

(3)
0

 E1'  (V1b,V1a),  (Y (1)
1b, Y

(1)
1a), (Y

(2)
1b, Y

(2)
1a), (Y

(3)
1b, Y

(3)
1a),  (W(4)

4b, W
(4)

4a)
 E1"  (D (1)

1b, D
(1)

1a), (D
(2)

1b, D
(2)

1a),  (W(1)
1b, W

(1)
1a), (W

(2)
1b, W

(2)
1a), (W

(3)
1b, W

(3)
1a), (W

(4)
1b, W

(4)
1a)

 E2'  (D (2)
2b, D

(2)
2a),  (Y (3)

3b, Y
(3)

3a),  (W(2)
2b, W

(2)
2a), (W

(3)
2b, W

(3)
2a), (W

(4)
2b, W

(4)
2a)

 E2"  (Y (2)
2b, Y

(2)
2a), (Y

(3)
2b, Y

(3)
2a),  (W(3)

3b, W
(3)

3a), (W
(4)

3b, W
(4)

3a)

γcccc,  γaaaa = γbbbb,  γabab = γbaba,  γaabb = γbbaa,  γacac = γbcbc,  γcaca = γcbcb,  γaacc = γbbcc,  γccaa = γccbb,

γabba = γbaab,  γacca = γbccb,  γcaac = γcbbc



キャラクタテーブル - 12

 D4h   E  2C4z  C4z
2≡C2"  2C2  2C2'  σh  2σv  2σd  2S4z  S2≡I

 A1g

 A1u

 A2g

 A2u

 B1g

 B1u

 B2g

 B2u

 Eg

 Eu

 +1  +1    +1      +1  +1   +1   +1  +1   +1    +1
 +1  +1    +1      +1  +1   -1    -1   -1   -1     -1
 +1  +1    +1      -1   -1   +1    -1  -1   +1    +1
 +1  +1    +1      -1   -1   -1    +1  +1   -1     -1
 +1  -1    +1      +1   -1   +1   +1   -1   -1    +1
 +1  -1    +1      +1   -1   -1    -1   +1  +1    -1
 +1  -1    +1      -1  +1    +1   -1   +1   -1    +1
 +1  -1    +1      -1  +1    -1   +1    -1  +1    -1
 +2   0    -2       0   0    -2    0    0    0    +2
 +2   0    -2       0   0    +2    0    0    0   -2

   Tz

 (Tx, Ty)

   Rz

 (Rx, Ry)

  x2+y2, z2

 x2–y2

  xy

 (xz, yz)

 D4h
 A1g  D(0)

0, D
(2)

0,  W(0)
0, W

(2)
0, W

(4)
0, W

(4)
4b

 A1u  Y(0)
0, Y

(2)
0

 A2g  D(1)
0,  W(1)

0, W
(3)

0, W
(4)

4a

 A2u  V0,  Y(1)
0, Y

(3)
0

 B1g  D(2)
2b,  W(2)

2b, W
(3)

2a, W
(4)

2b

 B1u  Y(2)
2b, Y

(3)
2a

 B2g  D(2)
2a,  W(2)

2a, W
(3)

2b, W
(4)

2a

 B2u  Y(2)
2a, Y

(3)
2b

 Eg  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a),  (W(1)

1b, W
(1)

1a), (W
(2)

1b, W
(2)

1a), (W
(3)

1b, W
(3)

1a), (W
(3)

3b, W
(3)

3a),
 (W(4)

1b, W
(4)

1a), (W
(4)

3b, W
(4)

3a)
 Eu  (V1b,V1a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(3)

1b, Y
(3)

1a), (Y
(3)

3b, Y
(3)

3a)

γcccc,  γaaaa = γbbbb,  γabab = γbaba,  γaabb = γbbaa,  γacac = γbcbc,  γcaca = γcbcb,  γaacc = γbbcc,  γccaa = γccbb,

γabba = γbaab,  γacca = γbccb,  γcaac = γcbbc



キャラクタテーブル - 13

 D6h   E  2C6z  2C6
2  C6

3  3C2  3C2'   σh  3σv  3σd  2S6  2S3  S6
3

          ≡2C3  ≡C2"                                   ≡I

 A1g

 A1u

 A2g

 A2u

 B1g

 B1u

 B2g

 B2u

 E1g

 E1u

 E2g

 E2u

 +1  +1   +1   +1   +1   +1   +1  +1  +1    +1  +1  +1
 +1  +1   +1   +1   +1   +1   -1   -1   -1    -1   -1   -1
 +1  +1   +1   +1   -1    -1   +1   -1   -1   +1   +1  +1
 +1  +1   +1   +1   -1    -1    -1  +1  +1    -1   -1   -1
 +1  -1   +1    -1   +1   -1    -1   -1  +1    +1   -1  +1
 +1  -1   +1    -1   +1   -1   +1  +1   -1     -1  +1   -1
 +1  -1   +1    -1   -1   +1   -1   +1   -1    +1   -1  +1
 +1  -1   +1    -1   -1   +1   +1   -1  +1    -1   +1   -1
 +2  +1   -1    -2    0   0    -2    0   0    -1   +1   +2
 +2  +1   -1    -2    0   0   +2    0   0    +1    -1   -2
 +2  -1   -1    +2    0   0   +2    0   0    -1    -1   +2
 +2  -1   -1    +2    0   0    -2    0   0   +1   +1    -2

  Tz

(Tx, Ty)

   Rz

(Rx, Ry)

 x2+y2, z2

 (xz, yz)

(x2–y2, xy)

 D6h
 A1g  D(0)

0, D
(2)

0,  W(0)
0, W

(2)
0, W

(4)
0

 A1u  Y(0)
0, Y

(2)
0

 A2g  D(1)
0,  W(1)

0, W
(3)

0

 A2u  V0,  Y(1)
0, Y

(3)
0

 B1g  W(3)
3a, W

(4)
3b

 B1u  Y(3)
3a

 B2g  W(3)
3b, W

(4)
3a

 B2u  Y(3)
3b

 E1g  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a),  (W(1)

1b, W
(1)

1a), (W
(2)

1b, W
(2)

1a), (W
(3)

1b, W
(3)

1a), (W
(4)

1b, W
(4)

1a)
 E1u  (V1b,V1a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(3)

1b, Y
(3)

1a)
 E2g  (D (2)

2b, D
(2)

2a),  (W(2)
2b, W

(2)
2a), (W

(3)
2b, W

(3)
2a), (W

(4)
2b, W

(4)
2a), (W

(4)
4b, W

(4)
4a),

 E2u  (Y (2)
2b, Y

(2)
2a), (Y

(3)
2b, Y

(3)
2a)

γcccc,  γaaaa = γbbbb,  γabab = γbaba,  γaabb = γbbaa,  γacac = γbcbc,  γcaca = γcbcb,  γaacc = γbbcc,  γccaa = γccbb,

γabba = γbaab,  γacca = γbccb,  γcaac = γcbbc



キャラクタテーブル - 14

 C3    E    2C3z

 A
 E

  +1    +1
  +2    -1

  Tz

 (Tx, Ty)
  Rz

 (Rx, Ry)
 x2+y2, z2

 (x2–y2, xy); (xz, yz)

 C3

 A  V0,  D(0)
0, D

(1)
0, D

(2)
0,  Y(0)

0, Y
(1)

0, Y
(2)

0, Y
(3)

0, Y
(3)

3a, Y
(3)

3b,  W(0)
0, W

(1)
0, W

(2)
0, W

(3)
0, W

(3)
3a, W

(3)
3b,

 W(4)
0, W

(4)
3a, W

(4)
3b

 E  (V1b, V1a),  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a), (D

(2)
2b, D

(2)
2a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(2)

2b, Y
(2)

2a),
 (Y (3)

1b, Y
(3)

1a), (Y
(3)

2b, Y
(3)

2a),  (W(1)
1b, W

(1)
1a), (W

(2)
1b, W

(2)
1a), (W

(2)
2b, Y

(2)
2a), (W

(3)
1b, W

(3)
1a),

 (W(3)
2b, W

(3)
2a), (W

(4)
1b, W

(4)
1a), (W

(4)
2b, W

(4)
2a), (W

(4)
4b, W

(4)
4a)

βccc,  βaac = βbbc,  βcaa = βcbb,  βaca = βbcb,  βabb = βbba = βbab = -βaaa,  βbaa = βaab = βaba = -βbbb,

βabc = -βbac,  βbca = -βacb,   βcab = -βcba,

γcccc,  γaaaa = γbbbb,  γaabb = γbbaa,  γabba = γbaab,  γabab = γbaba,  γaacc = γbbcc,  γccaa = γccbb,  γacca = γbccb,  γcaac = γcbbc,

γacac = γbcbc,   γcaca = γcbcb,  

γbcaa = γacba = γacab = -γbcbb,  γaabc = γbaac = γabac = -γbbbc,  γbcaa = γacba = γacab = -γbcbb,  γaacb = γabca = γbaca = -γbbcb,  

γbbca = γbacb = γabcb = -γaaca,  γcabb = γcbab = γcbba = -γcaaa,  γbbac = γabbc = γbabc = -γaaac,  γaaab = -γbbba,  γaaba = -γbbab,

γabaa = -γbaaa,  γbaaa = -γabbb,  γccab = -γccba,  γabcc = -γbacc,  γaccb = -γbcca,  γcabc = -γcbac,  γacbc = -γbcac,  γcacb = -γcbca

 C4    E    2C4z   C4
2≡C2

  A
  B
  E

  +1   +1     +1
  +1   -1     +1
  +2    0     -2

  Tz

 (Tx, Ty)

  Rz

 (Rx, Ry)

 x2+y2, z2

 x2–y2, xy
 (xz, yz)

 C4
 A  V0,  D(0)

0, D
(1)

0, D
(2)

0,  Y(0)
0, Y

(1)
0, Y

(2)
0, Y

(3)
0,  W(0)

0, W
(1)

0, W
(2)

0, W
(3)

0, W
(4)

0, W
(4)

4a, W
(4)

4b

 B  D(2)
2b, D

(2)
2a,  Y(2)

2b, Y
(2)

2a, Y
(3)

2b, Y
(3)

2a,  W(2)
2b, W

(2)
2a, W

(3)
2b, W

(3)
2a, W

(4)
2b, W

(4)
2a

 E  (V1b, V1a),  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(3)

1b, Y
(3)

1a), (Y
(3)

3b, Y
(3)

3a),
 (W(1)

1b, W
(1)

1a), (W
(2)

1b, W
(2)

1a), (W
(3)

1b, W
(3)

1a), (W
(3)

3b, W
(3)

3a), (W
(4)

1b, W
(4)

1a), (W
(4)

3b, W
(4)

3a)

βccc,  βaac = βbbc,  βcaa = βcbb,  βaca = βbcb,

γcccc,  γaaaa = γbbbb,  γaabb = γbbaa,  γabba = γbaab,  γabab = γbaba,  γaacc = γbbcc,  γccaa = γccbb,  γacca = γbccb,  γcaac = γcbbc,  

γacac = γbcbc,  γcaca = γcbcb,

γaaab = -γbbba,  γaaba = -γbbab,  γabaa = -γbabb,  γbaaa = -γabbb,  γccab = -γccba,  γabcc = -γbacc,  γaccb = -γbcca,  γcabc = -γcbac,

γacbc = -γbcac, γcacb = -γcbca



キャラクタテーブル - 15

 C6    E    2C6z  2C6
2≡2C3  C6

3≡C2"

 A
 B
 E1

 E2

  +1    +1     +1       +1
  +1    -1     +1        -1

+2    +1     -1        -2
  +2     -1     -1       +2

  Tz

 (Tx, Ty)

  Rz

 (Rx, Ry)

 x2+y2, z2

 (xz, yz)
 (x2–y2, xy)

 C6
 A  V0,  D(0)

0, D
(1)

0, D
(2)

0,  Y(0)
0, Y

(1)
0, Y

(2)
0, Y

(3)
0,  W(0)

0, W
(1)

0, W
(2)

0, W
(3)

0, W
(4)

0

 B  Y(3)
3b, Y

(3)
3a,  W(3)

3b, W
(3)

3a, W
(4)

3b, W
(4)

3a

 E1  (V1b, V1a),  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(3)

1b, Y
(3)

1a),  (W(1)
1b, W

(1)
1a),

 (W(2)
1b, W

(2)
1a), (W

(3)
1b, W

(3)
1a), (W

(4)
1b, W

(4)
1a)

 E2  (D (2)
2b, D

(2)
2a),   (Y (2)

2b, Y
(2)

2a), (Y
(3)

2b, Y
(3)

2a),  (W(2)
2b, W

(2)
2a), (W

(3)
2b, W

(3)
2a), (W

(4)
2b, W

(4)
2a),

 (W(4)
4b, W

(4)
4a)

βccc,  βaac = βbbc,  βcaa = βcbb,  βaca = βbcb,

γcccc,  γaaaa = γbbbb,  γaabb = γbbaa,  γabba = γbaab,  γabab = γbaba,  γaacc = γbbcc,  γccaa = γccbb,  γacca = γbccb,  γcaac = γcbbc,  

γacac = γbcbc,  γcaca = γcbcb,  γaaab = -γbbba,  

γaaba = -γbbab,  γabaa = -γbabb,  γbaaa = -γabbb,  γccab = -γccba,  γabcc = -γbacc,  γaccb = -γbcca,  γcabc = -γcbac,  γacbc = -γbcac,  

γcacb = -γcbca

 S4    E   2S4z  S4
2≡S2

 A
 B
 E

  +1   +1    +1
  +1   -1    +1

+2   0     -2
  Tz

 (Tx, Ty)

  Rz

 (Rx, Ry)

  x2+y2, z2

  x –y2, xy
 (xz, yz)

 S4

 A  D(0)
0, D

(1)
0, D

(2)
0,  Y(2)

2b, Y
(2)

2a, Y
(3)

2b, Y
(3)

2a,  W(0)
0, W

(1)
0, W

(2)
0, W

(3)
0, W

(4)
0, W

(4)
4b, W

(4)
4a

 B  V0,  D(2)
2b, D

(2)
2a,  Y(0)

0, Y
(1)

0, Y
(2)

0, Y
(3)

0,  W(2)
2b, W

(2)
2a, W

(3)
2b, W

(3)
2a, W

(4)
2b, W

(4)
2a,

 E  (V1b, V1a),  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(3)

1b, Y
(3)

1a), (Y
(3)

3b, Y
(3)

3a),
 (W(1)

1b, W
(1)

1a), (W
(2)

1b, W
(2)

1a), (W
(3)

1b, W
(3)

1a), (W
(3)

3b, W
(3)

3a), (W
(4)

1b, W
(4)

1a), (W
(4)

3b, W
(4)

3a)

βaac = -βbbc,  βcaa = -βcbb,  -βaca = βbcb,  βabc = βbac,  βbca = βacb,  βcab = βcba,

γcccc,  γaaaa = γbbbb,  γaabb = γbbaa,  γabba = γbaab,  γabab = γbaba,  γaacc = γbbcc,  γccaa = γccbb,  γacca = γbccb,  γcaac = γcbbc,  

γacac = γbcbc,  γcaca = γcbcb,  

γaaab = -γbbba,  γaaba = -γbbab,  γabaa = -γbabb,  γbaaa = -γabbb,  γccab = -γccba,  γabcc = -γbacc,  γaccb = -γbcca,  γcabc = -γcbac,

γacbc = -γbcac, γcacb = -γcbca



キャラクタテーブル - 16

 S6    E   2S6z  2S6
2≡2C3  S6

3≡S2

 Ag

 Ag

 Eg

 Eu

  +1  +1     +1       +1
  +1   -1    +1        -1

+2   -1     -1       +2
+2  +1     -1        -2

  Tz

 (Tx, Ty)

  Rz

 (Rx, Ry)

  x2+y2, z2

 (xz, yz), (x2–y2, xy)

 S6

 Ag  D(0)
0, D

(1)
0, D

(2)
0,  W(0)

0, W
(1)

0, W
(2)

0, W
(3)

0, W
(3)

3b, W
(3)

3a, W
(4)

0, W
(4)

3b, W
(4)

3a

 Au  V0,  Y(0)
0, Y

(1)
0, Y

(2)
0, Y

(3)
0, Y

(3)
3b, Y

(3)
3a

 Eg  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a), (D

(2)
2b, D

(2)
2a),  (W(1)

1b, W
(1)

1a), (W
(2)

1b, W
(2)

1a), (W
(2)

2b, W
(2)

2a),
 (W(3)

1b, W
(3)

1a), (W
(3)

2b, W
(3)

2a), (W
(4)

1b, W
(4)

1a), (W
(4)

2b, W
(4)

2a), (W
(4)

4b, W
(4)

4a)
 Eu  (V1b, V1a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(2)

2b, Y
(2)

2a), (Y
(3)

1b, Y
(3)

1a), (Y
(3)

2b, Y
(3)

2a)

γcccc,  γaaaa = γbbbb,  γaabb = γbbaa,  γabba = γbaab,  γabab = γbaba,  γaacc = γbbcc,  γccaa = γccbb,  γacca = γbccb,  γcaac = γcbbc,

γacac = γbcbc,  γcaca = γcbcb,  

γbcaa = γacba = γacab = -γbcbb,  γaabc = γbaac = γabac = -γbbbc,  γbcaa = γacba = γacab = -γbcbb,  γaacb = γabca = γbaca = -γbbcb,

γbbca = γbacb = γabcb = -γaaca,  γcabb = γcbab = γcbba = -γcaaa,  γbbac = γabbc = γbabc = -γaaac,  γaaab = -γbbba,  γaaba = -γbbab,  γabaa =

-γbaaa,  γbaaa = -γabbb,  γccab = -γccba,  γabcc = -γbacc,  γaccb = -γbcca,  γcabc = -γcbac,  γacbc = -γbcac,  γcacb = -γcbca

 C3h    E   2C3z  σh     2S6

 A'
 A"
 E'
 E"

  +1  +1     +1    +1
  +1  +1     -1     -1

+2   -1    +2     -1
+2   -1     -2    +1

  Tz

 (Tx, Ty)

  Rz

 (Rx, Ry)

  x2+y2, z2

  (x2–y2, xy)
 (xz, yz)

 C3h
 A'  D(0)

0, D
(1)

0, D
(2)

0,  Y(3)
3b, Y

(3)
3a,  W(0)

0, W
(1)

0, W
(2)

0, W
(3)

0, W
(4)

0

 A"  V0,  Y(0)
0, Y

(1)
0, Y

(2)
0, Y

(3)
0,  W(3)

3b, W
(3)

3a, W
(4)

3b, W
(4)

3a

 E'  (V1b, V1a),  (D (2)
2b, D

(2)
2a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(3)

1b, Y
(3)

1a),  (W(2)
2b, W

(2)
2a), (W

(3)
2b, W

(3)
2a),

 (W(4)
2b, W

(4)
2a), (W

(4)
4b, W

(4)
4a)

 E"  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a),  (Y (2)

2b, Y
(2)

2a), (Y
(3)

2b, Y
(3)

2a),  (W(1)
1b, W

(1)
1a), (W

(2)
1b, W

(2)
1a),

 (W(3)
1b, W

(3)
1a), (W

(4)
1b, W

(4)
1a)

βaaa = -βabb = -βbba = -βbab,  βbbb = -βbaab = -βaab = -βaba

γcccc,  γaaaa = γbbbb,  γaabb = γbbaa,  γabba = γbaab,  γabab = γbaba,  γaacc = γbbcc,  γccaa = γccbb,  γacca = γbccb, γcaac = γcbbc,

γacac = γbcbc,  γcaca = γcbcb,  

γaaab = -γbbba,  γaaba = -γbbab,  γabaa = -γbabb,  γbaaa = -γabbb,  γccab = -γccba,  γabcc = -γbacc, γaccb = -γbcca, γcabc = -γcbac,  γacbc =

-γbcac,  γcacb = -γcbca



キャラクタテーブル - 17

 C4h   E  2C4z  C4z
2≡C2"   σh  2S4z  S2≡I

 Ag

 Au

 Bg

 Bu

 Eg

 Eu

 +1  +1    +1      +1   +1   +1
 +1  +1    +1      -1    -1    -1
 +1  -1    +1      +1    -1   +1
 +1  -1    +1      -1    +1    -1
 +2   0   - 2       -2     0   +2
 +2   0   - 2       +2     0   -2

  Tz

 (Tx, Ty)

  Rz

 (Rx, Ry)

 x2+y2, z2

 x2–y2, xy

 (xz, yz)

 C4h
 Ag  D(0)

0, D
(1)

0, D
(2)

0,  W(0)
0, W

(1)
0, W

(2)
0, W

(3)
0, W

(4)
0, W

(4)
4b, W

(4)
4a

 Au  V0,  Y(0)
0, Y

(1)
0, Y

(2)
0, Y

(3)
0

 Bg  D(2)
2b, D

(2)
2a,  W(2)

2b, W
(2)

2a, W
(3)

2b, W
(3)

2a, W
(4)

2b, W
(4)

2a,
 Bu  Y(2)

2b, Y
(2)

2a, Y
(3)

2b, Y
(3)

2a

 Eg  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a),  (W(1)

1b, W
(1)

1a), (W
(2)

1b, W
(2)

1a), (W
(3)

1b, W
(3)

1a), (W
(3)

3b, W
(3)

3a),
 (W(4)

1b, W
(4)

1a), (W
(4)

3b, W
(4)

3a)
 Eu  (V1b, V1a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(3)

1b, Y
(3)

1a), (Y
(3)

3b, Y
(3)

3a)

γcccc,  γaaaa = γbbbb,  γaabb = γbbaa,  γabba = γbaab,  γabab = γbaba,  γaacc = γbbcc,  γccaa = γccbb,  γacca = γbccb,  γcaac = γcbbc,  

γacac = γbcbc,  γcaca = γcbcb,  

γaaab = -γbbba,  γaaba = -γbbab,  γabaa = -γbabb,  γbaaa = -γabbb,  γccab = -γccba,  γabcc = -γbacc,  γaccb = -γbcca,  γcabc = -γcbac,

γacbc = -γbcac,  γcacb = -γcbca

 C6h   E  2C6z  2C6
2≡2C3  C6

3≡C2"   σh  2S6  2S3  S6
3≡I

 Ag

 Au

 Bg

 Bu

 E1g

 E1u

 E2g

 E2u

 +1  +1     +1      +1      +1  +1   +1   +1
 +1  +1     +1      +1      -1   -1   -1    -1
 +1  -1     +1       -1      -1   +1   -1   +1
 +1  -1     +1       -1      +1   -1  +1    -1
 +2  +1     -1       -2      -2   -1   +1   +2
 +2  +1     -1       -2      +2  +1    -1   -2
 +2  -1     -1       +2      +2   -1   -1   +2
 +2  -1     -1       +2      -2   +1   +1   -2

  Tz

 (Tx, Ty)

  Rz

 (Rx, Ry)

 x2+y2, z2

 (xz, yz)

 (x2–y2, xy)

 C6h

 Ag  D(0)
0, D

(1)
0, D

(2)
0,  W(0)

0, W
(1)

0, W
(2)

0, W
(3)

0, W
(4)

0

 Au  V0,  Y(0)
0, Y

(1)
0, Y

(2)
0, Y

(3)
0

 Bg  W(3)
3b, W

(3)
3a, W

(4)
3b, W

(4)
3a

 Bu  Y(3)
3b, Y

(3)
3a

 E1g  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a),  (W(1)

1b, W
(1)

1a), (W
(2)

1b, W
(2)

1a), (W
(3)

1b, W
(3)

1a), (W
(4)

1b, W
(4)

1a)
 E1u  (V1b, V1a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(3)

1b, Y
(3)

1a)
 E2g  (D (2)

2b, D
(2)

2a),  (W(2)
2b, W

(2)
2a), (W

(3)
2b, W

(3)
2a), (W

(4)
2b, W

(4)
2a), (W

(4)
4b, W

(4)
4a)

 E2u  (Y (2)
2b, Y

(2)
2a), (Y

(3)
2b, Y

(3)
2a)

γcccc,  γaaaa = γbbbb,  γaabb = γbbaa,  γabba = γbaab,  γabab = γbaba,  γaacc = γbbcc,  γccaa = γccbb,  γacca = γbccb,  γcaac = γcbbc,  

γacac = γbcbc,  γcaca = γcbcb,  

γaaab = -γbbba,  γaaba = -γbbab,  γabaa = -γbabb,  γbaaa = -γabbb,  γccab = -γccba,  γabcc = -γbacc, γaccb = -γbcca, γcabc = -γcbac,

γacbc = -γbcac,  γcacb = -γcbca



キャラクタテーブル - 18

 Td   E    8C3    6σd    6S4   3S4
2 = 3C2

 A1

 A2

 E
 F1

 F2

 +1    +1    +1     +1      +1
 +1    +1    -1      -1      +1
 +2    -1     0       0      +2
 +3     0     -1     +1      -1
 +3     0     +1     -1      -1 (Tx, Ty, Tz)

(Rx, Ry, Rz)

 x2+y2+z2

 (x2+y2-2z2, x2–y2)

 (xy, xz, yz)

 Td
 A1  D(0)

0,  Y(3)
2b,  W(0)

0

 A2  Y(0)
0,  W(3)

2b

 E  (D (2)
0, D

(2)
2a),  (Y (2)

0, Y
(2)

2a),  (W(2)
0, W

(2)
2a)

 F1  (D (1)
1b, D

(1)
1a, D

(1)
0),  (Y (2)

2b, Y
(2)

1b,Y
(2)

1a),  (W(1)
1b, W

(1)
1a, W

(1)
0)

 F2  (V1b, V1a, V0),  (D (2)
2b, D

(2)
1b, D

(2)
1a),  (Y (1)

1b, Y
(1)

1a,Y
(1)

0),  (W(2)
2b, W

(2)
1b, W

(2)
1a)

[Y (3)
0, Y

(3)
1b, Y

(3)
1a, Y

(3)
2a, Y

(3)
3b, Y

(3)
3a], [W

(3)
0, W

(3)
1b, W

(3)
1a, W

(3)
2a, W

(3)
3b, W

(3)
3a], [W

(4)
1b, W

(4)
1a, W

(4)
2b, W

(4)
3b, W

(4)
3a,

W(4)
4a]: distributed over F1 + F2,  [W(4)

0, W
(4)

2a, W
(4)

4b]: distributed over A1 + E.

(without consideration of the above "distributed terms,)

βaac = βcaa = βaca = -βbbc = -βcbb = -βcbc

γaaaa = γbbbb = γcccc,  γaabb = γbbaa = γaacc = γbbcc = γccaa = γccbb,  γabba = γbaab = γacca = γbccb = γcaac = γcbbc,

γabab = γbaba = γacac = γbcbc = γcaca = γcbcb

 Th   E    8C3   3C2"   I     8S6    3σh

 Ag

 Au

 Eg

 Eu

 Fg

 Fu

 +1    +1    +1   +1     +1    +1
 +1    +1    +1    -1     -1     -1
 +2    -1    +2    +2     -1    +2
 +2    -1    +2    -2     +1    -2
 +3    0     -1    +3      0    -1
 +3    0     -1    -3      0    +1

 (Tx, Ty, Tz)  (Rx, Ry, Rz)

 x2+y2+z2

 (x2+y2-2z2, x2–y2)

 (xy, xz, yz)

 Th
 Ag  D(0)

0,  W(0)
0, W

(3)
2b

 Au  Y(0)
0, Y

(3)
2b

 Eg  (D (2)
2a, D

(2)
0),  (W(2)

2a, W
(2)

0)
 Eu  (Y (2)

2a, Y
(2)

0)
 Fg  (D (1)

1b, D
(1)

1a, D
(1)

0), (D
(2)

2b, D
(2)

1b, D
(2)

1a),  (W(1)
1b, W

(1)
1a, W

(1)
0), (W

(2)
2b, W

(2)
1b,W

(2)
1a)

 Fu  (V1b, V1a, V0),  (Y (1)
1b, Y

(1)
1a, Y

(1)
0), (Y

(2)
2b, Y

(2)
1b, Y

(2)
1a)

 [Y (3)
0, Y

(3)
1b, Y

(3)
1a, Y

(3)
2a, Y

(3)
3b, Y

(3)
3a]: distributed over 2Fu,  [W(3)

0, W
(3)

1b, W
(3)

1a, W
(3)

2a, W
(3)

3b, W
(3)

3a], [W
(4)

1b,

W(4)
1a, W

(4)
2b, W

(4)
3b, W

(4)
3a, W

(4)
4a]: distributed over 2Fg,  [W(4)

0, W
(4)

2a, W
(4)

4b]: distributed over Ag + Eg.

(without consideration of the above "distributed terms,)

γaaaa = γbbbb = γcccc,  γaabb = γbbaa = γaacc = γbbcc = γccaa = γccbb,  γabba = γbaab = γacca = γbccb = γcaac = γcbbc,

γabab = γbaba = γacac = γbcbc = γcaca = γcbcb,  γaaab = γbbba,  γbbab = γaaba,  γabaa = γbabb,  γabbb = γbaaa,  

γccab = γccba = -γabcc = -γbacc,  γaccb = γbcca = -γcabc = -γcbac,  γacbc = γbcac = -γcacb = -γcbca,



キャラクタテーブル - 19

 T   E    8C3    3C2

 A
 E
 F

 +1    +1    +1
 +2    -1     +2
 +3     0     -1  (Tx, Ty, Tz)  (Rx, Ry, Rz)

 x2+y2+z2

 (x2+y2-2z2, x2–y2)
 (xy, xz, yz)

 T
 A  D(0)

0,  Y(0)
0, Y

(3)
2b,  W(0)

0, W
(3)

2b

 E  (D (2)
2a, D

(2)
0),  (Y (2)

2a, Y
(2)

0),  (W(2)
2a, W

(2)
0)

 F  (V1b, V1a, V0),  (D (1)
1b, D

(1)
1a, D

(1)
0), (D

(2)
2b, D

(2)
1b, D

(2)
1a),  (Y (1)

1b, Y
(1)

1a, Y
(1)

0), (Y
(2)

2b, Y
(2)

1b, Y
(2)

1a),
 (W(1)

1b, W
(1)

1a, W
(1)

0), (W
(2)

2b, W
(2)

1b,W
(2)

1a)

[Y (3)
0, Y

(3)
1b, Y

(3)
1a, Y

(3)
2a, Y

(3)
3b, Y

(3)
3a], [W

(3)
0, W

(3)
1b, W

(3)
1a, W

(3)
2a, W

(3)
3b, W

(3)
3a], [W

(4)
1b, W

(4)
1a, W

(4)
2b, W

(4)
3b, W

(4)
3a,

W(4)
4a]: distributed over 2F,  [W(4)

0, W
(4)

2a, W
(4)

4b]: distributed over A + E.

(without consideration of the above "distributed terms,)

βaac = βcaa = βaca = -βbbc = -βcbb = -βbcb,  βabc = βbca = βcab = -βbac = -βacb = -βcba

γaaaa = γbbbb = γcccc,  γaabb = γbbaa = γaacc = γbbcc = γccaa = γccbb,  γabba = γbaab = γacca = γbccb = γcaac = γcbbc,

γabab = γbaba = γacac = γbcbc = γcaca = γcbcb,  γaaab = γbbba,  γbbab = γaaba,  γabaa = γbabb,  γabbb = γbaaa,

γccab = γccba = -γabcc = -γbacc,  γaccb = γbcca = -γcabc = -γcbac,  γacbc = γbcac = -γcacb = -γcbca

 O   E   8C3   6 C2  6C4   3C4
2≡3C2"

 A1

 A2

 E
 F1

 F2

  +1  +1    +1   +1      +1
  +1  +1    -1    -1      +1
  +2  -1     0    0      +2
  +3   0    -1   +1      -1
  +3   0    +1   -1      -1

 (Tx, Ty, Tz)  (Rx, Ry, Rz)

 x2+y2+z2

 (x2+y2-2z2, x2–y2)

 (xy, xz, yz)

 O
 A1  D(0)

0,  Y(0)
0,  W(0)

0

 A2  Y(3)
2b,  W(3)

2b

 E  (D (2)
2a, D

(2)
0),  (Y (2)

2a, Y
(2)

0),  (W(2)
2a, W

(2)
0)

 F1  (V1b, V1a, V0),  (D (1)
1b, D

(1)
1a, D

(1)
0),  (Y (1)

1b, Y
(1)

1a, Y
(1)

0),  (W(1)
1b, W

(1)
1a, W

(1)
0)

 F2  (D (2)
2b, D

(2)
1b, D

(2)
1a),  (Y (2)

2b, Y
(2)

1b, Y
(2)

1a),  (W(2)
2b, W

(2)
1b, W

(2)
1a)

[Y (3)
0, Y

(3)
1b, Y

(3)
1a, Y

(3)
2a, Y

(3)
3b, Y

(3)
3a], [W

(3)
0, W

(3)
1b, W

(3)
1a, W

(3)
2a, W

(3)
3b, W

(3)
3a], [W

(4)
1b, W

(4)
1a, W

(4)
2b, W

(4)
3b, W

(4)
3a,

W(4)
4a]: distributed over F1 + F2,  [W(4)

0, W
(4)

2a, W
(4)

4b]: distributed over A1 + E.

(without consideration of the above "distributed terms,)

βabc = βbca = βcab = -βbac = -βacb = -βcba

γaaaa = γbbbb = γcccc,  γaabb = γbbaa = γaacc = γbbcc = γccaa = γccbb,  γabba = γbaab = γacca = γbccb = γcaac = γcbbc,

γabab = γbaba = γacac = γbcbc = γcaca = γcbcb



キャラクタテーブル - 20

 Oh   E  8C3  6C2  6C4  3C4
2  S2  6S4  8S6  3σh  6σd

                    ≡3C2"  ≡I

 A1g

 A1u

 A2g

 A2u

 Eg

 Eu

 F1g

 F1u

 F2g

 F2u

 +1  +1  +1   +1   +1  +1   +1  +1   +1   +1
 +1  +1  +1   +1   +1   -1   -1   -1   -1    -1
 +1  +1   -1   -1   +1   -1   +1  +1   +1    -1
 +1  +1   -1   -1   +1   -1   +1  -1    -1   +1
 +2   -1   0    0   +2  +2    0   -1   +2    0
 +2   -1   0    0   +2   -2    0  +1   -2     0
 +3   0   -1   +1   -1   +3   +1   0   -1    -1
 +3   0   -1   +1   -1   -3    -1   0   +1   +1
 +3   0  +1   -1    -1   +3   -1   0   -1    +1
 +3   0  +1   -1    -1   -3   +1   0   +1    -1

 (Tx, Ty, Tz)
 (Rx, Ry, Rz)

 x2+y2+z2

 (x2+y2-2z2, x2–y2)

 (xy, xz, yz)

 Oh
 A1g  D(0)

0,  W(0)
0

 A1u  Y(0)
0

 A2g  W(3)
2b

 A2u  Y(3)
2b

 Eg  (D (2)
2a, D

(2)
0),  (W(2)

2a, W
(2)

0)
 Eu  (Y (2)

2a, Y
(2)

0)
 F1g  (D (1)

1b, D
(1)

1a, D
(1)

0),  (W(1)
1b, W

(1)
1a, W

(1)
0)

 F1u  (V1b, V1a, V0),  (Y (1)
1b, Y

(1)
1a, Y

(1)
0)

 F2g  (D (2)
2b, D

(2)
1b, D

(2)
1a),  (W(2)

2b, W
(2)

1b, W
(2)

1a)
 F2u   (Y (2)

2b, Y
(2)

1b, Y
(2)

1a)

[Y (3)
0, Y

(3)
1b, Y

(3)
1a, Y

(3)
2a, Y

(3)
3b, Y

(3)
3a]: distributed over F1u + F2u,  [W(3)

0, W
(3)

1b, W
(3)

1a, W
(3)

2a, W
(3)

3b, W
(3)

3a], [W
(4)

1b,

W(4)
1a, W

(4)
2b, W

(4)
3b, W

(4)
3a, W

(4)
4a]: distributed over F1g + F2g,  [W(4)

0, W
(4)

2a, W
(4)

4b]: distributed over A1g + Eg.

(without consideration of the above "distributed terms,)

γaaaa = γbbbb = γcccc,  γaabb = γbbaa = γaacc = γbbcc = γccaa = γccbb,  γabba = γbaab = γacca = γbccb = γcaac = γcbbc,

γabab = γbaba = γacac = γbcbc = γcaca = γcbcb



キャラクタテーブル - 21

 C∞v
   E    2C∞

φ   2C∞
2φ   2C∞

3φ         ∞σv

 Σ+

 Σ-

 Π
 ∆
  Φ
  ...

  +1    +1     +1     +1     …     +1
  +1    +1     +1     +1     …      -1

+2  2cosφ   2cos2φ  2cos3φ    …    0

+2  2cos2φ  2cos4φ  2cos6φ    …    0

+2  2cos3φ  2cos6φ  2cos9φ    …    0

  …    …      …      …     …    …

   Tz

 (Tx, Ty)
   Rz

 (Rx, Ry)

  x2+y2, z2

 (xz, yz)
 (x2–y2, xy)

 C∞v

 Σ+  V0,  D(0)
0, D

(2)
0,  Y(1)

0, Y
(3)

0,  W(0)
0, W

(2)
0, W

(4)
0

 Σ-  D(1)
0,  Y(0

)0, Y
(2)

0,  W(1)
0, W

(3)
0

 P  (V1b, V1a),  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a),  (Y (1)

1b, Y
(1)

1a), (Y
(2)

1b, Y
(2)

1a), (Y
(3)

1b, Y
(3)

1a),  (W(1)
1b, W

(1)
1a),

 (W(2)
1b, W

(2)
1a), (W

 (3)
1b, W

(3)
1a), (W

 (4)
1b, W

(4)
1a),

 D  (D (2)
2b, D

(2)
2a),  (Y (2)

2b, Y
(2)

2a), (Y
(3)

2b, Y
(3)

2a), (Y
(3)

2b, Y
(3)

2a),  (W(1)
2b, W

(1)
2a), (W

(2)
2b, W

(2)
2a),

 (W(3)
2b, W

(3)
2a), (W

(4)
2b, W

(4)
2a)

 Φ  (Y (3)
3b, Y

(3)
3a),  (W(3)

3b, W
(3)

3a), (W
(4)

3b, W
(4)

3a)

 Γ  (W(4)
4b, W

(4)
4a)

βccc, βaac = βbbc, βaca = βbcb, βcaa = βcbb

γcccc,  γaaaa = γbbbb,  γabab = γbaba,  γaabb = γbbaa,  γacac = γbcbc,  γcaca = γcbcb,  γaacc = γbbcc,  γccaa = γccbb,  

γabba = γbaab,  γacca = γbccb,  γcaac = γcbbc



キャラクタテーブル - 22

 D∞h
  E   2C∞

φ   2C∞
2φ   2C∞

3φ   …  σh  ∞C2  ∞σv  2S∞
φ  2S∞

2φ  S2

 Σg
+

 Σu
+

 Σg
 -

 Σu
 -

 Πg

 Πu

 ∆ g

  ∆ u

  Φg

  Φu

  Γｇ

 Γu

 +1    +1     +1     +1   …  +1   +1  +1   +1   +1  … +1
 +1    +1     +1     +1   …  -1   -1  +1    -1   -1  … -1
 +1    +1     +1     +1   …  +1   -1   -1   +1   +1  … +1
 +1    +1     +1     +1   …  - 1   +1   -1    -1   -1  … -1
 +2  +2cosφ  +2cos2φ  +2cos3φ … -2    0  0 -2cosφ -2cos2φ … +2

 +2  +2cosφ  +2cos2φ  +2cos3φ … +2   0  0 +2cosφ +2cos2φ … -2

 +2 +2cos2φ  +2cos4φ  +2cos6φ … +2   0  0 -2cos2φ -2cos4φ … +2

 +2 +2cos2φ  +2cos4φ  +2cos6φ … -2   0  0 +2cos2φ +2cos4φ … -2

 +2 +2cos3φ  +2cos6φ  +2cos9φ … -2   0  0 -2cos3φ -2cos6φ … +2

 +2 +2cos3φ  +2cos6φ  +2cos9φ … +2   0  0 +2cos3φ +2cos6φ … -2

 …    …      …      …      …   …  …   …  …  …  …

Tz

(Tx, Ty)

Rz

(Rx, Ry)

 x2+y2, z2

 (xz, yz)

 (x2–y2, xy)

 D∞h

 Σg
+  D(0)

0, D
(2)

0,  W(0)
0, W

(2)
0, W

(4)
0

 Σu
+  V0,  Y(1)

0, Y
(3)

0

 Σg
 -  D(1)

0,  W(1)
0, W

(3)
0

 Σu
 -  Y(0)

0, Y
(2)

0

 Πg  (D (1)
1b, D

(1)
1a), (D

(2)
1b, D

(2)
1a),  (W(1)

1b, W
(1)

1a), (W
(2)

1b, W
(2)

1a), (W
(3)

1b, W
(3)

1a), (W
(4)

1b, W
(4)

1a),

 Πu  (V1b, V1a),  (Y (1)
1b, Y

(1)
1a), (Y

(2)
1b, Y

(2)
1a), (Y

(3)
1b, Y

(3)
1a)

 ∆g  (D (2)
2b, D

(2)
2a), (W

(2)
2b, W

(2
2a), (W

(3)
2b, W

(3)
2a), (W

(4)
2b, W

(4)
2a)

 ∆u  (Y (2)
2b,Y

(2)
2a), (Y

(3)
2b,Y

(3)
2a)

 Φg  (W(3)
3b,W

(3)
3a), (W

(4)
3b,W

(4)
3a)

 Φu  (Y (3)
3b,Y

(3)
3a)

 Γｇ

 Γu  (W(4)
4b,W

(4)
4a)

γcccc,  γaaaa = γbbbb,  γabab = γbaba,  γaabb = γbbaa,  γacac = γbcbc,  γcaca = γcbcb,  γaacc = γbbcc,  γccaa = γccbb,  

γabba = γbaab,  γacca = γbccb,  γcaac = γcbbc


