
IRREDUCIBLE REPRESENTATIONS OF SMALL ABSTRACT

GROUPS COMPUTED WITH GAP

RICHARD J. MATHAR

Abstract. This is a table of all irreducible matrix representations of all 181

groups up to order 40, generated with the GAP software.

1. Construction

The GAP function IrreducibleRepresentationsDixon generates irreducible
representations of finite abstract groups [4, 3, 7, 1]. The skeleton of the GAP
source code looks as follows:

#!/usr/bin/env gap

LoadPackage("SONATA") ;;

LoadPackage("ctbllib") ;;

irrforgroup := function(g)

local els,e,gid,fna,ir,irr,id ;

Print("---------------\n") ;

els := Elements(g) ;;

gid := IdGroup(g) ;;

Print(gid,"\n") ;

# print elements by generators

id := 1 ;;

for e in els do

if id > 1 then

Print(id,"=",els[id],". ") ;

fi;

id := id+1 ;

od;

Print("\n") ;

Print(StructureDescription(g),"\n") ;

ir := IrrDixonSchneider(g) ;;

Print(ir) ;

Display(CharacterTable(g)) ;

Irr(g) ;;

irr := IrreducibleRepresentationsDixon(g) ;;

Print(irr,"\n") ;
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end;;

# need to start at n=2 because n=1 hangs up the IrreducibleRepresetations(g) part

for n in [2..36] do

alls := AllSmallGroups(n) ;

for g in alls do

irrforgroup(g) ;

od ;

od;

2. Results

2.1. Notations. We denote the k-th group of order o by G
(k)
o enumerating the

groups as within GAP. This aligns the following contents with my representations
of the cycle graphs [6].
gj are the group elements, where g1 is the unit element. The generators are the

elements g2 (and g3 etc. if more generators are needed). The irreducible represen-
tations are only provided for the generators here because the others are obtained
by multiplying their representations. The degrees of the representations divide the
group order [5].

The representations are denoted by Rr where r runs from 1 up to the number of

classes in G
(k)
o . The trivial representations R1, where R1(gj) = 1 or the equivalent

higher order unit matrix, are not listed explicitly.
en ≡ e2πi/n are complex numbers which equal the principal values of roots of

unity:

(1) en = e2πi/n; cp/q ≡ cos(pπ/q); sp/q ≡ sin(pπ/q).

e4 = i is the imaginary unit. < and = are the real and imaginary parts of their
arguments. The symbols

λ ≡
(

1 0
0 −1

)
, φ ≡

(
0 1
1 0

)
, ε ≡

(
1 0
0 1

)
, κ ≡

(
0 1
−1 0

)
,

are used for some frequently used 2× 2 matrices [2]. ϕ = (1 +
√

5)/2 is the golden
ratio. Other constants αo are defined in the text if the matrices would not fit in
the lines otherwise; their (first) sub-indices are the order of the group.

2.2. Order 2. G
(1)
2

R2(g2) = −1.

2.3. Order 3. G
(1)
3

R2(g2) = e3.

R3(g2) = e∗3.

2.4. Order 4. G
(1)
4

R2(g2) = −1. R2(g3) = 1.

R3(g2) = i. R3(g3) = −1.

R4(g2) = −i. R4(g3) = −1.
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G
(2)
4

R2(g2) = −1. R2(g3) = 1.

R3(g2) = 1. R3(g3) = −1.

R4(g2) = −1. R4(g3) = −1.

2.5. Order 5. G
(1)
5

Rj(g2) = ej−1
5 , j = 1 . . . 5.

2.6. Order 6. G
(1)
6

R2(g2) = −1. R2(g3) = 1.

R3(g2) =

(
−1 −1
0 1

)
. R3(g3) =

(
0 1
−1 −1

)
.

G
(2)
6

R2(g2) = −1. R2(g3) = 1.

R3(g2) = −1. R3(g3) = e23.

R4(g2) = −1. R4(g3) = e3.

R5(g2) = 1. R5(g3) = e23.

R6(g2) = 1. R6(g3) = e3.

2.7. Order 7. G
(1)
7

Rj(g2) = ej−1
7 , j = 1 . . . , 7.

2.8. Order 8. G
(1)
8

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1.

R3(g2) = −i. R3(g3) = −1. R3(g4) = 1.

R4(g2) = i. R4(g3) = −1. R4(g4) = 1.

R5(g2) = −e8. R5(g3) = i. R5(g4) = −1.

R6(g2) = −e38. R6(g3) = −i. R6(g4) = −1.

R7(g2) = e38. R7(g3) = −i. R7(g4) = −1.

R8(g2) = e8. R8(g3) = i. R8(g4) = −1.

G
(2)
8

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = −1.

R6(g2) = i. R6(g3) = −1. R6(g4) = −1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = −1.

R8(g2) = i. R8(g3) = 1. R8(g4) = −1.
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G
(3)
8

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1.

R5(g2) = λ. R5(g3) = φ. R5(g4) = −ε.

G
(4)
8

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1.

R5(g2) = iλ. R5(g3) = κ. R5(g4) = −ε.

G
(5)
8

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1.

2.9. Order 9. G
(1)
9

R2(g2) = e3. R2(g3) = 1.

R3(g2) = e23. R3(g3) = 1.

R4(g2) = −e49 − e79. R4(g3) = e3.

R5(g2) = e49. R5(g3) = e3.

R6(g2) = e79. R6(g3) = e3.

R7(g2) = e29. R7(g3) = e23.

R8(g2) = e59. R8(g3) = e23.

R9(g2) = −e29 − e59. R9(g3) = e23.

G
(2)
9

R2(g2) = e3. R2(g3) = 1.

R3(g2) = e23. R3(g3) = 1.

R4(g2) = 1. R4(g3) = e3.

R5(g2) = e3. R5(g3) = e3.

R6(g2) = e23. R6(g3) = e3.

R7(g2) = 1. R7(g3) = e23.

R8(g2) = e3. R8(g3) = e23.

R9(g2) = e23. R9(g3) = e23.
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2.10. Order 10. G
(1)
10

R2(g2) = −1. R2(g3) = 1.

R3(g2) =

(
ϕ −1
−ϕ −ϕ

)
. R3(g3) =

(
0 1
−1 ϕ

)
.

R4(g2) = φ. R4(g3) =

(
−ϕ −ϕ
ϕ −1

)
.

G
(2)
10

R2(g2) = −1. R2(g3) = 1.

R3(g2) = −1. R3(g3) = e45.

R4(g2) = −1. R4(g3) = e35.

R5(g2) = −1. R5(g3) = e25.

R6(g2) = −1. R6(g3) = e5.

R7(g2) = 1. R7(g3) = e45.

R8(g2) = 1. R8(g3) = e35.

R9(g2) = 1. R9(g3) = e25.

R10(g2) = 1. R10(g3) = e5.

2.11. Order 11. G
(1)
11

Rj(g2) = ej−1
11 , j = 1 . . . , 11.

2.12. Order 12. G
(1)
12

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1.

R3(g2) = −i. R3(g3) = −1. R3(g4) = 1.

R4(g2) = i. R4(g3) = −1. R4(g4) = 1.

R5(g2) =

(
−i 1
0 i

)
. R5(g3) = −ε. R5(g4) =

(
0 i
i −1

)
.

R6(g2) =

(
1 0
−1 −1

)
. R6(g3) = ε. R6(g4) =

(
0 1
−1 −1

)
.

G
(2)
12

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1.

R3(g2) = −1. R3(g3) = e23. R3(g4) = 1.

R4(g2) = −1. R4(g3) = e3. R4(g4) = 1.

R5(g2) = 1. R5(g3) = e23. R5(g4) = 1.

R6(g2) = 1. R6(g3) = e3. R6(g4) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = −1.

R8(g2) = i. R8(g3) = 1. R8(g4) = −1.

R9(g2) = −i. R9(g3) = e23. R9(g4) = −1.

R10(g2) = −i. R10(g3) = e3. R10(g4) = −1.

R11(g2) = i. R11(g3) = e23. R11(g4) = −1.

R12(g2) = i. R12(g3) = e3. R12(g4) = −1.
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G
(3)
12

R2(g2) = e23. R2(g3) = 1. R2(g4) = 1.

R3(g2) = e3. R3(g3) = 1. R3(g4) = 1.

R4(g2) =

 1 0 0
−1 −1 −1
0 1 0

 . R4(g3) =

 0 1 0
1 0 0
−1 −1 −1

 . R4(g4) =

 −1 −1 −1
0 0 1
0 1 0

 .

G
(4)
12

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1.

R5(g2) = φ. R5(g3) = −ε. R5(g4) =

(
0 1
−1 −1

)
.

R6(g2) =

(
−1 −1
0 1

)
. R6(g3) = ε. R6(g4) =

(
0 1
−1 −1

)
.

G
(5)
12

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = e23.

R6(g2) = −1. R6(g3) = −1. R6(g4) = e3.

R7(g2) = −1. R7(g3) = 1. R7(g4) = e23.

R8(g2) = −1. R8(g3) = 1. R8(g4) = e3.

R9(g2) = 1. R9(g3) = −1. R9(g4) = e23.

R10(g2) = 1. R10(g3) = −1. R10(g4) = e3.

R11(g2) = 1. R11(g3) = 1. R11(g4) = e23.

R12(g2) = 1. R12(g3) = 1. R12(g4) = e3.

2.13. Order 13. G
(1)
13

Rj(g2) = ej−1
13 , j = 1 . . . , 13.
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2.14. Order 14. G
(1)
14

R2(g2) = −1. R2(g3) = 1.

R3(g2) =

(
2(c1/7 − c2/7) −2c2/7
2(c2/7 − c1/7) 2(c2/7 − c1/7)

)
. R3(g3) =

(
0 1
−1 2c2/7

)
.

R4(g2) =

(
−2(c1/7 + c3/7) −2(c1/7 + c3/7)

2c1/7 2(c1/7 + c3/7)

)
.

R4(g3) =

(
−2(c1/7 + c3/7) −2(c1/7 + c3/7)
2(c1/7 + c3/7) 2c1/7

)
.

R5(g2) =

(
−2<e314 −1

1− 2<e14 2<e314

)
. R5(g3) =

(
1− 2<e14 2<e314
−2<e314 −1

)
.

G
(2)
14

R2(g2) = −1. R2(g3) = 1.

R3(g2) = −1. R3(g3) = e67.

R4(g2) = −1. R4(g3) = e57.

R5(g2) = −1. R5(g3) = e47.

R6(g2) = −1. R6(g3) = e37.

R7(g2) = −1. R7(g3) = e27.

R8(g2) = −1. R8(g3) = e7.

R9(g2) = 1. R9(g3) = e67.

R10(g2) = 1. R10(g3) = e57.

R11(g2) = 1. R11(g3) = e47.

R12(g2) = 1. R12(g3) = e37.

R13(g2) = 1. R13(g3) = e27.

R14(g2) = 1. R14(g3) = e7.
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2.15. Order 15. G
(1)
15

R2(g2) = 1. R2(g3) = e45.

R3(g2) = 1. R3(g3) = e35.

R4(g2) = 1. R4(g3) = e25.

R5(g2) = 1. R5(g3) = e5.

R6(g2) = e23. R6(g3) = 1.

R7(g2) = e3. R7(g3) = 1.

R8(g2) = e23. R8(g3) = e45.

R9(g2) = e23. R9(g3) = e35.

R10(g2) = e23. R10(g3) = e25.

R11(g2) = e23. R11(g3) = e5.

R12(g2) = e3. R12(g3) = e45.

R13(g2) = e3. R13(g3) = e35.

R14(g2) = e3. R14(g3) = e25.

R15(g2) = e3. R15(g3) = e5.

2.16. Order 16. G
(1)
16

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −i. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = i. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −e8. R5(g3) = i. R5(g4) = −1. R5(g5) = 1.

R6(g2) = −e38. R6(g3) = −i. R6(g4) = −1. R6(g5) = 1.

R7(g2) = e38. R7(g3) = −i. R7(g4) = −1. R7(g5) = 1.

R8(g2) = e8. R8(g3) = i. R8(g4) = −1. R8(g5) = 1.

R9(g2) = −e16. R9(g3) = e8. R9(g4) = i. R9(g5) = −1.

R10(g2) = −e316. R10(g3) = e38. R10(g4) = −i. R10(g5) = −1.

R11(g2) = −e516. R11(g3) = −e8. R11(g4) = i. R11(g5) = −1.

R12(g2) = −e716. R12(g3) = −e38. R12(g4) = −i. R12(g5) = −1.

R13(g2) = e716. R13(g3) = −e38. R13(g4) = −i. R13(g5) = −1.

R14(g2) = e516. R14(g3) = −e8. R14(g4) = i. R14(g5) = −1.

R15(g2) = e316. R15(g3) = e38. R15(g4) = −i. R15(g5) = −1.

R16(g2) = e16. R16(g3) = e8. R16(g4) = i. R16(g5) = −1.
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G
(2)
16

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = −i. R5(g4) = 1. R5(g5) = −1.

R6(g2) = −1. R6(g3) = i. R6(g4) = 1. R6(g5) = −1.

R7(g2) = 1. R7(g3) = −i. R7(g4) = 1. R7(g5) = −1.

R8(g2) = 1. R8(g3) = i. R8(g4) = 1. R8(g5) = −1.

R9(g2) = −i. R9(g3) = −1. R9(g4) = −1. R9(g5) = 1.

R10(g2) = i. R10(g3) = −1. R10(g4) = −1. R10(g5) = 1.

R11(g2) = −i. R11(g3) = 1. R11(g4) = −1. R11(g5) = 1.

R12(g2) = i. R12(g3) = 1. R12(g4) = −1. R12(g5) = 1.

R13(g2) = −i. R13(g3) = −i. R13(g4) = −1. R13(g5) = −1.

R14(g2) = i. R14(g3) = i. R14(g4) = −1. R14(g5) = −1.

R15(g2) = −i. R15(g3) = i. R15(g4) = −1. R15(g5) = −1.

R16(g2) = i. R16(g3) = −i. R16(g4) = −1. R16(g5) = −1.

G
(3)
16

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = 1. R5(g5) = −1.

R6(g2) = i. R6(g3) = −1. R6(g4) = 1. R6(g5) = −1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = 1. R7(g5) = −1.

R8(g2) = i. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1.

R9(g2) = −λ. R9(g3) = −φ. R9(g4) = −ε. R9(g5) = ε.

R10(g2) = iλ. R10(g3) = φ. R10(g4) = −ε. R10(g5) = −ε.

G
(4)
16

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = 1. R5(g5) = −1.

R6(g2) = i. R6(g3) = −1. R6(g4) = 1. R6(g5) = −1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = 1. R7(g5) = −1.

R8(g2) = i. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1.

R9(g2) = λ. R9(g3) = −κ. R9(g4) = −ε. R9(g5) = ε.

R10(g2) = iλ. R10(g3) = κ. R10(g4) = −ε. R10(g5) = −ε.
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G
(5)
16

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = −1. R5(g5) = 1.

R6(g2) = i. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = −1. R7(g5) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1.

R9(g2) = −e8. R9(g3) = −1. R9(g4) = i. R9(g5) = −1.

R10(g2) = −e38. R10(g3) = −1. R10(g4) = −i. R10(g5) = −1.

R11(g2) = e38. R11(g3) = −1. R11(g4) = −i. R11(g5) = −1.

R12(g2) = e8. R12(g3) = −1. R12(g4) = i. R12(g5) = −1.

R13(g2) = −e8. R13(g3) = 1. R13(g4) = i. R13(g5) = −1.

R14(g2) = −e38. R14(g3) = 1. R14(g4) = −i. R14(g5) = −1.

R15(g2) = e38. R15(g3) = 1. R15(g4) = −i. R15(g5) = −1.

R16(g2) = e8. R16(g3) = 1. R16(g4) = i. R16(g5) = −1.

G
(6)
16

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = −1. R5(g5) = 1.

R6(g2) = i. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = −1. R7(g5) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1.

R9(g2) =

(
e38 0
0 −e38

)
. R9(g3) =

(
0 −e38
e8 0

)
. R9(g4) = −iε. R9(g5) = −ε.

R10(g2) =

(
−e8 0

0 e8

)
. R10(g3) = −iκ. R10(g4) = iε. R10(g5) = −ε.

G
(7)
16

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = λ. R5(g3) = φ. R5(g4) = −ε. R5(g5) = ε.

R6(g2) =

(
−1 0

−
√

2i 1

)
. R6(g3) =

( √
2 −1

1 −
√

2i

)
.

R6(g4) =

(
−1

√
2

−
√

2i 1

)
. R6(g5) = −ε.

R7(g2) = −φ. R7(g3) =

(
1/
√

2 −1/
√

2

−1/
√

2 −1/
√

2

)
. R7(g4) = −κ. R7(g5) = −ε.
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G
(8)
16

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −λ. R5(g3) = −φ. R5(g4) = −ε. R5(g5) = ε.

R6(g2) =

(
−i

√
2i

0 i

)
. R6(g3) = −φ. R6(g4) =

(
−1

√
2

−
√

2i 1

)
. R6(g5) = −ε.

R7(g2) =

(
−i 0√

2 i

)
. R7(g3) = iκ. R7(g4) =

(
1

√
2i√

2i −1

)
. R7(g5) = −ε.

G
(9)
16

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −λ. R5(g3) = −φ. R5(g4) = −ε. R5(g5) = ε.

R6(g2) =

(
i −

√
2i

0 −i

)
. R6(g3) =

( √
2i −1

−1 −
√

2i

)
. R6(g4) =

(
1

√
2i√

2i −1

)
. R6(g5) = −ε.

R7(g2) = −iφ. R7(g3) =

(
−1/
√

2 i/
√

2

i/
√

2 i/
√

2

)
. R7(g4) = −κ. R7(g5) = −ε.

G
(10)
16

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1.

R9(g2) = −i. R9(g3) = −1. R9(g4) = −1. R9(g5) = −1.

R10(g2) = i. R10(g3) = −1. R10(g4) = −1. R10(g5) = −1.

R11(g2) = −i. R11(g3) = −1. R11(g4) = 1. R11(g5) = −1.

R12(g2) = i. R12(g3) = −1. R12(g4) = 1. R12(g5) = −1.

R13(g2) = −i. R13(g3) = 1. R13(g4) = −1. R13(g5) = −1.

R14(g2) = i. R14(g3) = 1. R14(g4) = −1. R14(g5) = −1.

R15(g2) = −i. R15(g3) = 1. R15(g4) = 1. R15(g5) = −1.

R16(g2) = i. R16(g3) = 1. R16(g4) = 1. R16(g5) = −1.
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G
(11)
16

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1.

R9(g2) = −λ. R9(g3) = −φ. R9(g4) = ε. R9(g5) = −ε.

R10(g2) = λ. R10(g3) = −φ. R10(g4) = −ε. R10(g5) = −ε.

G
(12)
16

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1.

R9(g2) = −iλ. R9(g3) = −iφ. R9(g4) = ε. R9(g5) = −ε.

R10(g2) = −iλ. R10(g3) = −iφ. R10(g4) = −ε. R10(g5) = −ε.

G
(13)
16

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1.

R9(g2) = −λ. R9(g3) = −φ. R9(g4) = −iε. R9(g5) = −ε.

R10(g2) = −λ. R10(g3) = −φ. R10(g4) = iε. R10(g5) = −ε.
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G
(14)
16

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = −1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = −1. R3(g5) = 1.

R4(g2) = −1. R4(g3) = −1. R4(g4) = 1. R4(g5) = −1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = 1. R5(g5) = 1.

R6(g2) = −1. R6(g3) = 1. R6(g4) = −1. R6(g5) = −1.

R7(g2) = −1. R7(g3) = 1. R7(g4) = −1. R7(g5) = 1.

R8(g2) = −1. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1.

R9(g2) = −1. R9(g3) = 1. R9(g4) = 1. R9(g5) = 1.

R10(g2) = 1. R10(g3) = −1. R10(g4) = −1. R10(g5) = −1.

R11(g2) = 1. R11(g3) = −1. R11(g4) = −1. R11(g5) = 1.

R12(g2) = 1. R12(g3) = −1. R12(g4) = 1. R12(g5) = −1.

R13(g2) = 1. R13(g3) = −1. R13(g4) = 1. R13(g5) = 1.

R14(g2) = 1. R14(g3) = 1. R14(g4) = −1. R14(g5) = −1.

R15(g2) = 1. R15(g3) = 1. R15(g4) = −1. R15(g5) = 1.

R16(g2) = 1. R16(g3) = 1. R16(g4) = 1. R16(g5) = −1.

2.17. Order 17. G
(1)
17

Rj(g2) = ej−1
17 , j = 1 . . . , 17.

2.18. Order 18. G
(1)
18

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1.

R3(g2) =

(
1 0
−1 −1

)
. R3(g3) =

(
−1 −1
1 0

)
. R3(g4) = ε.

R4(g2) =

(
1/(2c18) −1 + 2<e9 − 2<e218
−1/(2c18) −1/(2c18)

)
.

R4(g3) =

(
1− 2<e9 + 2<e218 <e718

−<e718 −1

)
.

R4(g4) =

(
<e718 1− 2<e9 + 2<e218

−1 + 2<e9 − 2<e218 1/(2c18)

)
.

R5(g2) =

(
−2(<e29 + <e18)/3 (−2e29 − e49 − e59 − 2e79)/3

(−e29 − 2e49 − 2e59 − e79)/3 (e29 − e49 − e59 + e79)/3

)
.

R5(g3) =

(
−2(<e29 + <e18)/3 (−2e29 − e49 − e59 − 2e79)/3

(2e29 + e49 + e59 + 2e79)/3 (e29 + 2e49 + 2e59 + e79)/3

)
.

R5(g4) =

(
0 1
−1 −1

)
.
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R6(g2) =

(
e29 + e79 −1

−e39 + e49 + e59 − e69 −e29 − e79

)
.

R6(g3) =

(
e39 − e49 − e59 + e69 e29 + e39 + e69 + e79
−e29 − e39 − e69 − e79 −e29 − e39 − e69 − e79

)
.

R6(g4) =

(
−e29 − e79 −e39 + e49 + e59 − e69

e39 − e49 − e59 + e69 e29 + e39 + e69 + e79

)
.

G
(2)
18

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1.

R3(g2) = −1. R3(g3) = e23. R3(g4) = 1.

R4(g2) = −1. R4(g3) = e3. R4(g4) = 1.

R5(g2) = −1. R5(g3) = −e29 − e59. R5(g4) = e23.

R6(g2) = −1. R6(g3) = −e49 − e79. R6(g4) = e3.

R7(g2) = −1. R7(g3) = e79. R7(g4) = e3.

R8(g2) = −1. R8(g3) = e59. R8(g4) = e23.

R9(g2) = −1. R9(g3) = e49. R9(g4) = e3.

R10(g2) = −1. R10(g3) = e29. R10(g4) = e23.

R11(g2) = 1. R11(g3) = e23. R11(g4) = 1.

R12(g2) = 1. R12(g3) = e3. R12(g4) = 1.

R13(g2) = 1. R13(g3) = −e29 − e59. R13(g4) = e23.

R14(g2) = 1. R14(g3) = −e49 − e79. R14(g4) = e3.

R15(g2) = 1. R15(g3) = e79. R15(g4) = e3.

R16(g2) = 1. R16(g3) = e59. R16(g4) = e23.

R17(g2) = 1. R17(g3) = e49. R17(g4) = e3.

R18(g2) = 1. R18(g3) = e29. R18(g4) = e23.

G
(3)
18

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1.

R3(g2) = −1. R3(g3) = e23. R3(g4) = 1.

R4(g2) = −1. R4(g3) = e3. R4(g4) = 1.

R5(g2) = 1. R5(g3) = e23. R5(g4) = 1.

R6(g2) = 1. R6(g3) = e3. R6(g4) = 1.

R7(g2) =

(
1 0
−1 −1

)
. R7(g3) = ε. R7(g4) =

(
0 1
−1 −1

)
.

R8(g2) =

(
0 e23
e3 0

)
. R8(g3) =

(
e3 0
0 e3

)
. R8(g4) =

(
−1 −e23
e3 0

)
.

R9(g2) =

(
1 0
−e3 −1

)
. R9(g3) =

(
e23 0
0 e23

)
. R9(g4) =

(
0 e23
−e3 −1

)
.
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G
(4)
18

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1.

R3(g2) =

(
1 0
−1 −1

)
. R3(g3) = ε. R3(g4) =

(
0 1
−1 −1

)
.

R4(g2) =

(
−1 −1
0 1

)
. R4(g3) =

(
−1 −1
1 0

)
. R4(g4) = ε.

R5(g2) = φ. R5(g3) =

(
0 1
−1 −1

)
. R5(g4) =

(
0 1
−1 −1

)
.

R6(g2) =

(
−1 −1
0 1

)
. R6(g3) =

(
0 1
−1 −1

)
. R6(g4) =

(
−1 −1
1 0

)
.

G
(5)
18

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = e23.

R4(g2) = −1. R4(g3) = 1. R4(g4) = e3.

R5(g2) = −1. R5(g3) = e23. R5(g4) = 1.

R6(g2) = −1. R6(g3) = e3. R6(g4) = 1.

R7(g2) = −1. R7(g3) = e23. R7(g4) = e23.

R8(g2) = −1. R8(g3) = e3. R8(g4) = e3.

R9(g2) = −1. R9(g3) = e23. R9(g4) = e3.

R10(g2) = −1. R10(g3) = e3. R10(g4) = e23.

R11(g2) = 1. R11(g3) = 1. R11(g4) = e23.

R12(g2) = 1. R12(g3) = 1. R12(g4) = e3.

R13(g2) = 1. R13(g3) = e23. R13(g4) = 1.

R14(g2) = 1. R14(g3) = e3. R14(g4) = 1.

R15(g2) = 1. R15(g3) = e23. R15(g4) = e23.

R16(g2) = 1. R16(g3) = e3. R16(g4) = e3.

R17(g2) = 1. R17(g3) = e23. R17(g4) = e3.

R18(g2) = 1. R18(g3) = e3. R18(g4) = e23.

2.19. Order 19. G
(1)
19

Rj(g2) = ej−1
19 , j = 1 . . . , 19.
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2.20. Order 20. G
(1)
20

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1.

R3(g2) = −i. R3(g3) = −1. R3(g4) = 1.

R4(g2) = i. R4(g3) = −1. R4(g4) = 1.

R5(g2) = iφ. R5(g3) = −ε. R5(g4) =

(
−2<e5 −2<e5
2<e5 −1

)
.

R6(g2) =

(
i 0
−ϕ −i

)
. R6(g3) = −ε. R6(g4) =

(
−1 −e1320 − e1720

−e1320 − e1720 −ϕ

)
.

R7(g2) =

(
2<e5 −1
−2<e5 −2<e5

)
. R7(g3) = ε. R7(g4) =

(
−2<e5 −2<e5
2<e5 −1

)
.

R8(g2) =

(
1 0
ϕ −1

)
. R8(g3) = ε. R8(g4) =

(
−ϕ −ϕ
ϕ −1

)
.

G
(2)
20

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1.

R3(g2) = −1. R3(g3) = e45. R3(g4) = 1.

R4(g2) = −1. R4(g3) = e35. R4(g4) = 1.

R5(g2) = −1. R5(g3) = e25. R5(g4) = 1.

R6(g2) = −1. R6(g3) = e5. R6(g4) = 1.

R7(g2) = 1. R7(g3) = e45. R7(g4) = 1.

R8(g2) = 1. R8(g3) = e35. R8(g4) = 1.

R9(g2) = 1. R9(g3) = e25. R9(g4) = 1.

R10(g2) = 1. R10(g3) = e5. R10(g4) = 1.

R11(g2) = −i. R11(g3) = 1. R11(g4) = −1.

R12(g2) = i. R12(g3) = 1. R12(g4) = −1.

R13(g2) = −i. R13(g3) = e45. R13(g4) = −1.

R14(g2) = −i. R14(g3) = e35. R14(g4) = −1.

R15(g2) = −i. R15(g3) = e25. R15(g4) = −1.

R16(g2) = −i. R16(g3) = e5. R16(g4) = −1.

R17(g2) = i. R17(g3) = e45. R17(g4) = −1.

R18(g2) = i. R18(g3) = e35. R18(g4) = −1.

R19(g2) = i. R19(g3) = e25. R19(g4) = −1.

R20(g2) = i. R20(g3) = e5. R20(g4) = −1.
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G
(3)
20

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1.

R3(g2) = −i. R3(g3) = −1. R3(g4) = 1.

R4(g2) = i. R4(g3) = −1. R4(g4) = 1.

R5(g2) =


0 0 0 1
0 1 0 0
1 0 0 0
−1 −1 −1 −1

 .

R5(g3) =


−1 −1 −1 −1
0 1 0 0
0 0 0 1
0 0 1 0

 .

R5(g4) =


0 0 0 1
1 0 0 0
−1 −1 −1 −1
0 0 1 0

 .

G
(4)
20

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1.

R5(g2) =

(
−2<e5 −2<e5
−1 2<e5

)
. R5(g3) = −ε. R5(g4) =

(
−1 2<e5
−2<e5 −2<e5

)
.

R6(g2) =

(
ϕ −1
−ϕ −ϕ

)
. R6(g3) = −ε. R6(g4) =

(
−ϕ −ϕ
ϕ −1

)
.

R7(g2) = φ. R7(g3) = ε. R7(g4) =

(
ϕ −1
1 0

)
.

R8(g2) = φ. R8(g3) = ε. R8(g4) =

(
−ϕ −ϕ
ϕ −1

)
.

G
(5)
20

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = e45.

R6(g2) = −1. R6(g3) = −1. R6(g4) = e35.

R7(g2) = −1. R7(g3) = −1. R7(g4) = e25.

R8(g2) = −1. R8(g3) = −1. R8(g4) = e5.

R9(g2) = −1. R9(g3) = 1. R9(g4) = e45.

R10(g2) = −1. R10(g3) = 1. R10(g4) = e35.

R11(g2) = −1. R11(g3) = 1. R11(g4) = e25.

R12(g2) = −1. R12(g3) = 1. R12(g4) = e5.
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R13(g2) = 1. R13(g3) = −1. R13(g4) = e45.

R14(g2) = 1. R14(g3) = −1. R14(g4) = e35.

R15(g2) = 1. R15(g3) = −1. R15(g4) = e25.

R16(g2) = 1. R16(g3) = −1. R16(g4) = e5.

R17(g2) = 1. R17(g3) = 1. R17(g4) = e45.

R18(g2) = 1. R18(g3) = 1. R18(g4) = e35.

R19(g2) = 1. R19(g3) = 1. R19(g4) = e25.

R20(g2) = 1. R20(g3) = 1. R20(g4) = e5.

2.21. Order 21. G
(1)
21

R2(g2) = e23. R2(g3) = 1.

R3(g2) = e3. R3(g3) = 1.

R4(g2) =

 (e37 + e57 + e67)/2 e7 + e27 + e47 + (e37 + e57 + e67)/2 −(e37 + e57 + e67)/2
e7 + e27 + e47 + (e37 + e57 + e67)/2 −(e37 + e57 + e67)/2 (e37 + e57 + e67)/2

1 0 0

 .

R4(g3) =

 0 0 1
e7 + e27 + e47 + (e37 + e57 + e67)/2 −(e37 + e57 + e67)/2 (e37 + e57 + e67)/2

−(e37 + e57 + e67)/2 (e37 + e57 + e67)/2 e7 + e27 + e47 + (e37 + e57 + e67)/2

 .

R5(g2) =

 0 1 0
e37 + e57 + e67 1 −e7 − e27 − e47
e7 + e27 + e47 −1 −1

 .

R5(g3) =

 1 e7 + e27 + e47 −e37 − e57 − e67
−1 e37 + e57 + e67 −1

e7 + e27 + e47 −1 −1

 .

G
(2)
21

R2(g2) = 1. R2(g3) = e67.

R3(g2) = 1. R3(g3) = e57.

R4(g2) = 1. R4(g3) = e47.

R5(g2) = 1. R5(g3) = e37.

R6(g2) = 1. R6(g3) = e27.

R7(g2) = 1. R7(g3) = e7.

R8(g2) = e23. R8(g3) = 1.

R9(g2) = e3. R9(g3) = 1.

R10(g2) = e23. R10(g3) = e67.

R11(g2) = e23. R11(g3) = e57.

R12(g2) = e23. R12(g3) = e47.

R13(g2) = e23. R13(g3) = e37.
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R14(g2) = e23. R14(g3) = e27.

R15(g2) = e23. R15(g3) = e7.

R16(g2) = e3. R16(g3) = e67.

R17(g2) = e3. R17(g3) = e57.

R18(g2) = e3. R18(g3) = e47.

R19(g2) = e3. R19(g3) = e37.

R20(g2) = e3. R20(g3) = e27.

R21(g2) = e3. R21(g3) = e7.

2.22. Order 22. G
(1)
22

R2(g2) = −1. R2(g3) = 1.

R3(g2) =

(
e311 + e811 −1
α22,1 −e311 − e811

)
. R3(g3) =

(
−e211 − e311 − e811 − e911 α22,2

−α22,2 −α22,2

)
.

Constants:

α22,1 ≡ −e11 − e211 − e311 − e411 − e711 − e811 − e911 − e1011;

α22,2 ≡ −e211 − e311 − e411 − e711 − e811 − e911.

R4(g2) =

(
e311 + e411 + e511 + e611 + e711 + e811 e311 + e411 + e511 + e611 + e711 + e811

−e411 − e511 − e611 − e711 −e311 − e411 − e511 − e611 − e711 − e811

)
.

R4(g3) =

(
0 1
−1 e511 + e611

)
.

R5(g2) =

(
α22,2 −e211 − e311 − e811 − e911
−α22,2 −α22,2

)
.

R5(g3) =

(
−e311 − e811 α11,1

−α11,1 e211 + e311 + e811 + e911

)
.

R6(g2) =

(
e211 + e911 −1

−e11 − e211 − e311 − e511 − e611 − e811 − e911 − e1011 −e211 − e911

)
.

R6(g3) =

(
−e11 − e211 − e511 − e611 − e911 − e1011 −e211 − e511 − e611 − e911

e211 + e511 + e611 + e911 e11 + e211 + e311 + e511 + e611 + e811 + e911 + e1011

)
.

R7(g2) =

(
1 0

e11 + e1011 −1

)
. R7(g3) =

(
e11 + e1011 −1

1 0

)
.
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G
(2)
22

R2(g2) = −1. R2(g3) = 1.

R3(g2) = −1. R3(g3) = e1011.

R4(g2) = −1. R4(g3) = e911.

R5(g2) = −1. R5(g3) = e811.

R6(g2) = −1. R6(g3) = e711.

R7(g2) = −1. R7(g3) = e611.

R8(g2) = −1. R8(g3) = e511.

R9(g2) = −1. R9(g3) = e411.

R10(g2) = −1. R10(g3) = e311.

R11(g2) = −1. R11(g3) = e211.

R12(g2) = −1. R12(g3) = e11.

R13(g2) = 1. R13(g3) = e1011.

R14(g2) = 1. R14(g3) = e911.

R15(g2) = 1. R15(g3) = e811.

R16(g2) = 1. R16(g3) = e711.

R17(g2) = 1. R17(g3) = e611.

R18(g2) = 1. R18(g3) = e511.

R19(g2) = 1. R19(g3) = e411.

R20(g2) = 1. R20(g3) = e311.

R21(g2) = 1. R21(g3) = e211.

R22(g2) = 1. R22(g3) = e11.

2.23. Order 23. G
(1)
23

Rj(g2) = ej−1
23 , j = 1 . . . , 23.
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2.24. Order 24. G
(1)
24

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −i. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = i. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −e8. R5(g3) = i. R5(g4) = −1. R5(g5) = 1.

R6(g2) = −e38. R6(g3) = −i. R6(g4) = −1. R6(g5) = 1.

R7(g2) = e38. R7(g3) = −i. R7(g4) = −1. R7(g5) = 1.

R8(g2) = e8. R8(g3) = i. R8(g4) = −1. R8(g5) = 1.

R9(g2) = κ. R9(g3) = −ε. R9(g4) = ε. R9(g5) =

(
−1 i
i 0

)
.

R10(g2) = φ. R10(g3) = ε. R10(g4) = ε. R10(g5) =

(
−1 −1
1 0

)
.

R11(g2) =

(
e38 0
−i −e38

)
. R11(g3) = −iε. R11(g4) = −ε. R11(g5) =

(
−1 −e8
−e38 0

)
.

R12(g2) =

(
e8 0
e38 −e8

)
. R12(g3) = iε. R12(g4) = −ε. R12(g5) =

(
0 i
i −1

)
.

G
(2)
24

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = e23. R3(g4) = 1. R3(g5) = 1.

R4(g2) = −1. R4(g3) = e3. R4(g4) = 1. R4(g5) = 1.

R5(g2) = 1. R5(g3) = e23. R5(g4) = 1. R5(g5) = 1.

R6(g2) = 1. R6(g3) = e3. R6(g4) = 1. R6(g5) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = −1. R7(g5) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1.

R9(g2) = −i. R9(g3) = e23. R9(g4) = −1. R9(g5) = 1.

R10(g2) = −i. R10(g3) = e3. R10(g4) = −1. R10(g5) = 1.

R11(g2) = i. R11(g3) = e23. R11(g4) = −1. R11(g5) = 1.

R12(g2) = i. R12(g3) = e3. R12(g4) = −1. R12(g5) = 1.

R13(g2) = −e8. R13(g3) = 1. R13(g4) = i. R13(g5) = −1.

R14(g2) = −e38. R14(g3) = 1. R14(g4) = −i. R14(g5) = −1.

R15(g2) = e38. R15(g3) = 1. R15(g4) = −i. R15(g5) = −1.

R16(g2) = e8. R16(g3) = 1. R16(g4) = i. R16(g5) = −1.

R17(g2) = −e8. R17(g3) = e23. R17(g4) = i. R17(g5) = −1.

R18(g2) = −e8. R18(g3) = e3. R18(g4) = i. R18(g5) = −1.

R19(g2) = −e38. R19(g3) = e23. R19(g4) = −i. R19(g5) = −1.

R20(g2) = −e38. R20(g3) = e3. R20(g4) = −i. R20(g5) = −1.

R21(g2) = e38. R21(g3) = e23. R21(g4) = −i. R21(g5) = −1.

R22(g2) = e38. R22(g3) = e3. R22(g4) = −i. R22(g5) = −1.

R23(g2) = e8. R23(g3) = e23. R23(g4) = i. R23(g5) = −1.

R24(g2) = e8. R24(g3) = e3. R24(g4) = i. R24(g5) = −1.



22 RICHARD J. MATHAR

G
(3)
24

R2(g2) = e23. R2(g3) = 1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = e3. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) =

(
e23 −e3
0 e3

)
. R4(g3) =

(
−e3 1
e3 e3

)
. R4(g4) =

(
0 −e3
e23 0

)
. R4(g5) = −ε.

R5(g2) =

(
0 −1
e23 −e3

)
. R5(g3) =

(
−e3 −e23
−e23 e3

)
. R5(g4) =

(
−e23 e3
e3 e23

)
. R5(g5) = −ε.

R6(g2) =

(
0 1
−e3 −e23

)
. R6(g3) =

(
−e23 e3
e3 e23

)
. R6(g4) =

(
−e3 −e23
−e23 e3

)
. R6(g5) = −ε.

R7(g2) =

 −1 −1 −1
0 1 0
1 0 0

 . R7(g3) =

 0 1 0
1 0 0
−1 −1 −1

 .

R7(g4) =

 0 0 1
−1 −1 −1
1 0 0

 . R7(g5) =

 1 0 0
0 1 0
0 0 1

 .

G
(4)
24

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −iλ. R5(g3) = −iφ. R5(g4) = −ε. R5(g5) = ε.

R6(g2) =

(
1 0
−1 −1

)
. R6(g3) = −ε. R6(g4) = ε. R6(g5) =

(
0 1
−1 −1

)
.

R7(g2) =

(
1 0
−1 −1

)
. R7(g3) = ε. R7(g4) = ε. R7(g5) =

(
−1 −1
1 0

)
.

R8(g2) =

(
2i α24

α24 −2i

)
. R8(g3) =

(
α24 −2i
−2i −α24

)
. R8(g4) = −ε. R8(g5) =

(
−2

√
3i√

3i 1

)
.

Constants:

α24 ≡ −e712 + e1112.

R9(g2) = −iλ. R9(g3) = iφ. R9(g4) = −ε. R9(g5) =

(
−1/2

√
3i/2√

3i/2 −1/2

)
.

G
(5)
24

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = −i. R5(g4) = −1. R5(g5) = 1.

R6(g2) = −1. R6(g3) = i. R6(g4) = −1. R6(g5) = 1.

R7(g2) = 1. R7(g3) = −i. R7(g4) = −1. R7(g5) = 1.

R8(g2) = 1. R8(g3) = i. R8(g4) = −1. R8(g5) = 1.

R9(g2) =

(
1 0
−1 −1

)
. R9(g3) = −ε. R9(g4) = ε. R9(g5) =

(
−1 −1
1 0

)
.



IRREDUCIBLE REPRESENTATIONS OF SMALL ABSTRACT GROUPS 23

R10(g2) =

(
1 0
−1 −1

)
. R10(g3) = ε. R10(g4) = ε. R10(g5) =

(
0 1
−1 −1

)
.

R11(g2) =

(
1 0
1 −1

)
. R11(g3) = −iε. R11(g4) = −ε. R11(g5) =

(
0 −1
1 −1

)
.

R12(g2) = φ. R12(g3) = iε. R12(g4) = −ε. R12(g5) =

(
0 1
−1 −1

)
.

G
(6)
24

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = λ. R5(g3) = κ. R5(g4) = −ε. R5(g5) = ε.

R6(g2) = φ. R6(g3) = −ε. R6(g4) = ε. R6(g5) =

(
0 1
−1 −1

)
.

R7(g2) =

(
−1 −1
0 1

)
. R7(g3) = ε. R7(g4) = ε. R7(g5) =

(
−1 −1
1 0

)
.

R8(g2) =

(
1 0
−1 −1

)
. R8(g3) =

(
α24/3 2α24/3
−2α24/3 −α24/3

)
. R8(g4) = −ε. R8(g5) =

(
−1 −1
1 0

)
.

R9(g2) =

(
−1 −1
0 1

)
. R9(g3) =

(
α24/3 2α24/3
−2α24/3 −α24/3

)
. R9(g4) = −ε. R9(g5) =

(
0 1
−1 −1

)
.

G
(7)
24

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = −1. R5(g5) = 1.

R6(g2) = i. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = −1. R7(g5) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1.

R9(g2) =

(
−i −1
0 i

)
. R9(g3) = −ε. R9(g4) = −ε. R9(g5) =

(
−1 i
i 0

)
.

R10(g2) =

(
1 0
−1 −1

)
. R10(g3) = −ε. R10(g4) = ε. R10(g5) =

(
0 1
−1 −1

)
.

R11(g2) = iφ. R11(g3) = ε. R11(g4) = −ε. R11(g5) =

(
−1 −1
1 0

)
.

R12(g2) =

(
−1 −1
0 1

)
. R12(g3) = ε. R12(g4) = ε. R12(g5) =

(
−1 −1
1 0

)
.
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G
(8)
24

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) =

(
1 0
1 −1

)
. R5(g3) = −ε. R5(g4) = ε. R5(g5) =

(
−1 1
−1 0

)
.

R6(g2) =

(
1 0
−1 −1

)
. R6(g3) = ε. R6(g4) = ε. R6(g5) =

(
0 1
−1 −1

)
.

R7(g2) = λ. R7(g3) = −φ. R7(g4) = −ε. R7(g5) = ε.

R8(g2) =

(
1/2 −

√
3i/2√

3i/2 −1/2

)
. R8(g3) = −φ. R8(g4) = −ε. R8(g5) =

(
−1/2

√
3i/2√

3i/2 −1/2

)
.

R9(g2) =

(
1 −1
0 −1

)
. R9(g3) =

(
−i/
√

3 2i/
√

3

−2i/
√

3 i/
√

3

)
. R9(g4) = −ε. R9(g5) =

(
0 −1
1 −1

)
.

G
(9)
24

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = e23. R5(g5) = 1.

R6(g2) = −1. R6(g3) = −1. R6(g4) = e3. R6(g5) = 1.

R7(g2) = −1. R7(g3) = 1. R7(g4) = e23. R7(g5) = 1.

R8(g2) = −1. R8(g3) = 1. R8(g4) = e3. R8(g5) = 1.

R9(g2) = 1. R9(g3) = −1. R9(g4) = e23. R9(g5) = 1.

R10(g2) = 1. R10(g3) = −1. R10(g4) = e3. R10(g5) = 1.

R11(g2) = 1. R11(g3) = 1. R11(g4) = e23. R11(g5) = 1.

R12(g2) = 1. R12(g3) = 1. R12(g4) = e3. R12(g5) = 1.

R13(g2) = −i. R13(g3) = −1. R13(g4) = 1. R13(g5) = −1.

R14(g2) = i. R14(g3) = −1. R14(g4) = 1. R14(g5) = −1.

R15(g2) = −i. R15(g3) = −1. R15(g4) = e23. R15(g5) = −1.

R16(g2) = −i. R16(g3) = −1. R16(g4) = e3. R16(g5) = −1.

R17(g2) = i. R17(g3) = −1. R17(g4) = e23. R17(g5) = −1.

R18(g2) = i. R18(g3) = −1. R18(g4) = e3. R18(g5) = −1.

R19(g2) = −i. R19(g3) = 1. R19(g4) = 1. R19(g5) = −1.

R20(g2) = i. R20(g3) = 1. R20(g4) = 1. R20(g5) = −1.

R21(g2) = −i. R21(g3) = 1. R21(g4) = e23. R21(g5) = −1.

R22(g2) = −i. R22(g3) = 1. R22(g4) = e3. R22(g5) = −1.

R23(g2) = i. R23(g3) = 1. R23(g4) = e23. R23(g5) = −1.

R24(g2) = i. R24(g3) = 1. R24(g4) = e3. R24(g5) = −1.
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G
(10)
24

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = e23. R5(g5) = 1.

R6(g2) = −1. R6(g3) = −1. R6(g4) = e3. R6(g5) = 1.

R7(g2) = −1. R7(g3) = 1. R7(g4) = e23. R7(g5) = 1.

R8(g2) = −1. R8(g3) = 1. R8(g4) = e3. R8(g5) = 1.

R9(g2) = 1. R9(g3) = −1. R9(g4) = e23. R9(g5) = 1.

R10(g2) = 1. R10(g3) = −1. R10(g4) = e3. R10(g5) = 1.

R11(g2) = 1. R11(g3) = 1. R11(g4) = e23. R11(g5) = 1.

R12(g2) = 1. R12(g3) = 1. R12(g4) = e3. R12(g5) = 1.

R13(g2) = −λ. R13(g3) = φ. R13(g4) = ε. R13(g5) = −ε.

R14(g2) = λ. R14(g3) = −φ. R14(g4) =

(
e23 0
0 e23

)
. R14(g5) = −ε.

R15(g2) = λ. R15(g3) =

(
0 −e3
−e23 0

)
. R15(g4) =

(
e3 0
0 e3

)
. R15(g5) = −ε.

G
(11)
24

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = e23. R5(g5) = 1.

R6(g2) = −1. R6(g3) = −1. R6(g4) = e3. R6(g5) = 1.

R7(g2) = −1. R7(g3) = 1. R7(g4) = e23. R7(g5) = 1.

R8(g2) = −1. R8(g3) = 1. R8(g4) = e3. R8(g5) = 1.

R9(g2) = 1. R9(g3) = −1. R9(g4) = e23. R9(g5) = 1.

R10(g2) = 1. R10(g3) = −1. R10(g4) = e3. R10(g5) = 1.

R11(g2) = 1. R11(g3) = 1. R11(g4) = e23. R11(g5) = 1.

R12(g2) = 1. R12(g3) = 1. R12(g4) = e3. R12(g5) = 1.

R13(g2) = iλ. R13(g3) = iφ. R13(g4) = ε. R13(g5) = −ε.

R14(g2) = −iλ. R14(g3) =

(
0 e712
e1112 0

)
. R14(g4) =

(
e23 0
0 e23

)
. R14(g5) = −ε.

R15(g2) = iλ. R15(g3) =

(
0 e1112
e712 0

)
. R15(g4) =

(
e3 0
0 e3

)
. R15(g5) = −ε.
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G
(12)
24

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1. R2(g5) = 1.

R3(g2) =

(
1 0
−1 −1

)
. R3(g3) =

(
−1 −1
1 0

)
. R3(g4) = ε. R3(g5) = ε.

R4(g2) =

 0 1 0
1 0 0
1 1 −1

 . R4(g3) =

 0 −1 0
0 1 −1
1 1 −1

 .

R4(g4) =

 −1 0 0
1 1 −1
0 0 −1

 . R4(g5) =

 0 0 1
0 −1 0
1 0 0

 .

R5(g2) =

 −1 0 0
−1 1 0
1 0 1

 . R5(g3) =

 −1 0 −1
−1 1 0
1 0 0

 .

R5(g4) =

 0 −1 −1
0 −1 0
−1 1 0

 . R5(g5) =

 0 1 1
1 0 1
0 0 −1

 .

G
(13)
24

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = e23. R3(g4) = 1. R3(g5) = 1.

R4(g2) = −1. R4(g3) = e3. R4(g4) = 1. R4(g5) = 1.

R5(g2) = 1. R5(g3) = e23. R5(g4) = 1. R5(g5) = 1.

R6(g2) = 1. R6(g3) = e3. R6(g4) = 1. R6(g5) = 1.

R7(g2) =

 −1 0 0
0 −1 0
0 0 −1

 . R7(g3) =

 0 0 1
1 0 0
0 1 0

 .

R7(g4) =

 0 1 0
1 0 0
−1 −1 −1

 . R7(g5) =

 0 0 1
−1 −1 −1
1 0 0

 .

R8(g2) =

 1 0 0
0 1 0
0 0 1

 . R8(g3) =

 1 0 0
−1 −1 −1
0 1 0

 .

R8(g4) =

 0 0 1
−1 −1 −1
1 0 0

 . R8(g5) =

 0 1 0
1 0 0
−1 −1 −1

 .

G
(14)
24

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1.
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R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1.

R9(g2) =

(
−1 −1
0 1

)
. R9(g3) = −ε. R9(g4) = −ε. R9(g5) =

(
0 1
−1 −1

)
.

R10(g2) =

(
−1 1
0 1

)
. R10(g3) = −ε. R10(g4) = ε. R10(g5) =

(
−1 1
−1 0

)
.

R11(g2) =

(
−1 1
0 1

)
. R11(g3) = ε. R11(g4) = −ε. R11(g5) =

(
−1 1
−1 0

)
.

R12(g2) =

(
1 0
−1 −1

)
. R12(g3) = ε. R12(g4) = ε. R12(g5) =

(
0 1
−1 −1

)
.

G
(15)
24

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1.

R9(g2) = −1. R9(g3) = −1. R9(g4) = −1. R9(g5) = e23.

R10(g2) = −1. R10(g3) = −1. R10(g4) = −1. R10(g5) = e3.

R11(g2) = −1. R11(g3) = −1. R11(g4) = 1. R11(g5) = e23.

R12(g2) = −1. R12(g3) = −1. R12(g4) = 1. R12(g5) = e3.

R13(g2) = −1. R13(g3) = 1. R13(g4) = −1. R13(g5) = e23.

R14(g2) = −1. R14(g3) = 1. R14(g4) = −1. R14(g5) = e3.

R15(g2) = −1. R15(g3) = 1. R15(g4) = 1. R15(g5) = e23.

R16(g2) = −1. R16(g3) = 1. R16(g4) = 1. R16(g5) = e3.

R17(g2) = 1. R17(g3) = −1. R17(g4) = −1. R17(g5) = e23.

R18(g2) = 1. R18(g3) = −1. R18(g4) = −1. R18(g5) = e3.

R19(g2) = 1. R19(g3) = −1. R19(g4) = 1. R19(g5) = e23.

R20(g2) = 1. R20(g3) = −1. R20(g4) = 1. R20(g5) = e3.

R21(g2) = 1. R21(g3) = 1. R21(g4) = −1. R21(g5) = e23.

R22(g2) = 1. R22(g3) = 1. R22(g4) = −1. R22(g5) = e3.

R23(g2) = 1. R23(g3) = 1. R23(g4) = 1. R23(g5) = e23.

R24(g2) = 1. R24(g3) = 1. R24(g4) = 1. R24(g5) = e3.
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2.25. Order 25. G
(1)
25

R2(g2) = e5. R2(g3) = 1.

R3(g2) = e25. R3(g3) = 1.

R4(g2) = e35. R4(g3) = 1.

R5(g2) = e45. R5(g3) = 1.

R6(g2) = −e625 − e1125 − e1625 − e2125. R6(g3) = e5.

R7(g2) = e625. R7(g3) = e5.

R8(g2) = e1125. R8(g3) = e5.

R9(g2) = e1625. R9(g3) = e5.

R10(g2) = e2125. R10(g3) = e5.

R11(g2) = −e725 − e1225 − e1725 − e2225. R11(g3) = e25.

R12(g2) = e725. R12(g3) = e25.

R13(g2) = e1225. R13(g3) = e25.

R14(g2) = e1725. R14(g3) = e25.

R15(g2) = e2225. R15(g3) = e25.

R16(g2) = e325. R16(g3) = e35.

R17(g2) = e825. R17(g3) = e35.

R18(g2) = e1325. R18(g3) = e35.

R19(g2) = e1825. R19(g3) = e35.

R20(g2) = −e325 − e825 − e1325 − e1825. R20(g3) = e35.

R21(g2) = e425. R21(g3) = e45.

R22(g2) = e925. R22(g3) = e45.

R23(g2) = e1425. R23(g3) = e45.

R24(g2) = e1925. R24(g3) = e45.

R25(g2) = −e425 − e925 − e1425 − e1925. R25(g3) = e45.

G
(2)
25

R2(g2) = e5. R2(g3) = 1.

R3(g2) = e25. R3(g3) = 1.

R4(g2) = e35. R4(g3) = 1.

R5(g2) = e45. R5(g3) = 1.

R6(g2) = 1. R6(g3) = e5.

R7(g2) = e5. R7(g3) = e5.

R8(g2) = e25. R8(g3) = e5.

R9(g2) = e35. R9(g3) = e5.

R10(g2) = e45. R10(g3) = e5.

R11(g2) = 1. R11(g3) = e25.

R12(g2) = e5. R12(g3) = e25.

R13(g2) = e25. R13(g3) = e25.

R14(g2) = e35. R14(g3) = e25.

R15(g2) = e45. R15(g3) = e25.
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R16(g2) = 1. R16(g3) = e35.

R17(g2) = e5. R17(g3) = e35.

R18(g2) = e25. R18(g3) = e35.

R19(g2) = e35. R19(g3) = e35.

R20(g2) = e45. R20(g3) = e35.

R21(g2) = 1. R21(g3) = e45.

R22(g2) = e5. R22(g3) = e45.

R23(g2) = e25. R23(g3) = e45.

R24(g2) = e35. R24(g3) = e45.

R25(g2) = e45. R25(g3) = e45.

2.26. Order 26. G
(1)
26

R2(g2) = −1. R2(g3) = 1.

R3(g2) =

(
e13 + e1213 −1
α26,1 −e13 − e1213

)
. R3(g3) =

(
e13 + e313 + e1013 + e1213 α26,1

α26,1 −e13 − e1213

)
.

Constants:

α26,1 ≡ −e13 − e313 − e413 − e513 − e613 − e713 − e813 − e913 − e1013 − e1213.

R4(g2) =

(
−1 e513 + e813
0 1

)
.

R4(g3) =

(
e13 + e213 + e413 + e513 + e813 + e913 + e1113 + e1213 e13 + e213 + e513 + e813 + e1113 + e1213

−e13 − e213 − e513 − e813 − e1113 − e1213 −e13 − e213 − e513 − e813 − e1113 − e1213

)
.

R5(g2) =

(
α26,2 e513 + e613 + e713 + e813

−e613 − e713 −α26,2

)
. R5(g3) =

(
e613 + e713 −1

1 0

)
.

Constants:

α26,2 ≡ e213 + e313 + e413 + e513 + e613 + e713 + e813 + e913 + e1013 + e1113.

R6(g2) =

(
α26,3 e213 + e613 + e713 + e1113

−e213 − e1113 −α26,3

)
.

R6(g3) =

(
e13 + e213 + e313 + e613 + e713 + e1013 + e1113 + e1213 e213 + e313 + e613 + e713 + e1013 + e1113

−e213 − e313 − e613 − e713 − e1013 − e1113 −e213 − e313 − e613 − e713 − e1013 − e1113

)
.

Constants:

α26,3 ≡ e13 + e213 + e313 + e513 + e613 + e713 + e813 + e1013 + e1113 + e1213.

R7(g2) =

(
α26,4 e13 + e313 + e513 + e813 + e1013 + e1213

−e13 − e313 − e1013 − e1213 −α26,4

)
.

R7(g3) =

(
e13 + e313 + e513 + e813 + e1013 + e1213 α26,4

−α26,4 −e13 − e313 − e1013 − e1213

)
.
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Constants:

α26,4 ≡ e13 + e313 + e513 + e613 + e713 + e813 + e1013 + e1213.

R8(g2) =

(
−e13 − e413 − e613 − e713 − e913 − e1213 −e13 − e413 − e613 − e713 − e913 − e1213

e13 + e213 + e413 + e613 + e713 + e913 + e1113 + e1213 e13 + e413 + e613 + e713 + e913 + e1213

)
.

R8(g3) =

(
e13 + e213 + e413 + e613 + e713 + e913 + e1113 + e1213 e13 + e413 + e613 + e713 + e913 + e1213

−e13 − e413 − e613 − e713 − e913 − e1213 −e13 − e413 − e613 − e713 − e913 − e1213

)
.

G
(2)
26

R2(g2) = −1. R2(g3) = 1.

R3(g2) = −1. R3(g3) = e1213.

R4(g2) = −1. R4(g3) = e1113.

R5(g2) = −1. R5(g3) = e1013.

R6(g2) = −1. R6(g3) = e913.

R7(g2) = −1. R7(g3) = e813.

R8(g2) = −1. R8(g3) = e713.

R9(g2) = −1. R9(g3) = e613.

R10(g2) = −1. R10(g3) = e513.

R11(g2) = −1. R11(g3) = e413.

R12(g2) = −1. R12(g3) = e313.

R13(g2) = −1. R13(g3) = e213.

R14(g2) = −1. R14(g3) = e13.

R15(g2) = 1. R15(g3) = e1213.

R16(g2) = 1. R16(g3) = e1113.

R17(g2) = 1. R17(g3) = e1013.

R18(g2) = 1. R18(g3) = e913.

R19(g2) = 1. R19(g3) = e813.

R20(g2) = 1. R20(g3) = e713.

R21(g2) = 1. R21(g3) = e613.

R22(g2) = 1. R22(g3) = e513.

R23(g2) = 1. R23(g3) = e413.

R24(g2) = 1. R24(g3) = e313.

R25(g2) = 1. R25(g3) = e213.

R26(g2) = 1. R26(g3) = e13.
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2.27. Order 27. G
(1)
27

R2(g2) = e23. R2(g3) = 1. R2(g4) = 1.

R3(g2) = e3. R3(g3) = 1. R3(g4) = 1.

R4(g2) = −e29 − e59. R4(g3) = e23. R4(g4) = 1.

R5(g2) = −e49 − e79. R5(g3) = e3. R5(g4) = 1.

R6(g2) = e79. R6(g3) = e3. R6(g4) = 1.

R7(g2) = e59. R7(g3) = e23. R7(g4) = 1.

R8(g2) = e49. R8(g3) = e3. R8(g4) = 1.

R9(g2) = e29. R9(g3) = e23. R9(g4) = 1.

R10(g2) = −e527 − e1427. R10(g3) = e59. R10(g4) = e23.

R11(g2) = −e727 − e1627. R11(g3) = e79. R11(g4) = e3.

R12(g2) = −e827 − e1727. R12(g3) = −e29 − e59. R12(g4) = e23.

R13(g2) = −e1027 − e1927. R13(g3) = −e49 − e79. R13(g4) = e3.

R14(g2) = −e1127 − e2027. R14(g3) = e29. R14(g4) = e23.

R15(g2) = −e1327 − e2227. R15(g3) = e49. R15(g4) = e3.

R16(g2) = e2227. R16(g3) = e49. R16(g4) = e3.

R17(g2) = e2027. R17(g3) = e29. R17(g4) = e23.

R18(g2) = e1927. R18(g3) = −e49 − e79. R18(g4) = e3.

R19(g2) = e1727. R19(g3) = −e29 − e59. R19(g4) = e23.

R20(g2) = e1627. R20(g3) = e79. R20(g4) = e3.

R21(g2) = e1427. R21(g3) = e59. R21(g4) = e23.

R22(g2) = e1327. R22(g3) = e49. R22(g4) = e3.

R23(g2) = e1127. R23(g3) = e29. R23(g4) = e23.

R24(g2) = e1027. R24(g3) = −e49 − e79. R24(g4) = e3.

R25(g2) = e827. R25(g3) = −e29 − e59. R25(g4) = e23.

R26(g2) = e727. R26(g3) = e79. R26(g4) = e3.

R27(g2) = e527. R27(g3) = e59. R27(g4) = e23.

G
(2)
27

R2(g2) = 1. R2(g3) = e23. R2(g4) = 1.

R3(g2) = 1. R3(g3) = e3. R3(g4) = 1.

R4(g2) = e23. R4(g3) = 1. R4(g4) = 1.

R5(g2) = e3. R5(g3) = 1. R5(g4) = 1.

R6(g2) = e23. R6(g3) = e23. R6(g4) = 1.

R7(g2) = e3. R7(g3) = e3. R7(g4) = 1.

R8(g2) = e23. R8(g3) = e3. R8(g4) = 1.

R9(g2) = e3. R9(g3) = e23. R9(g4) = 1.

R10(g2) = −e29 − e59. R10(g3) = 1. R10(g4) = e23.

R11(g2) = −e49 − e79. R11(g3) = 1. R11(g4) = e3.

R12(g2) = e79. R12(g3) = 1. R12(g4) = e3.

R13(g2) = e59. R13(g3) = 1. R13(g4) = e23.
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R14(g2) = e49. R14(g3) = 1. R14(g4) = e3.

R15(g2) = e29. R15(g3) = 1. R15(g4) = e23.

R16(g2) = −e29 − e59. R16(g3) = e23. R16(g4) = e23.

R17(g2) = −e49 − e79. R17(g3) = e3. R17(g4) = e3.

R18(g2) = e79. R18(g3) = e3. R18(g4) = e3.

R19(g2) = e59. R19(g3) = e23. R19(g4) = e23.

R20(g2) = e49. R20(g3) = e3. R20(g4) = e3.

R21(g2) = e29. R21(g3) = e23. R21(g4) = e23.

R22(g2) = −e29 − e59. R22(g3) = e3. R22(g4) = e23.

R23(g2) = −e49 − e79. R23(g3) = e23. R23(g4) = e3.

R24(g2) = e79. R24(g3) = e23. R24(g4) = e3.

R25(g2) = e59. R25(g3) = e3. R25(g4) = e23.

R26(g2) = e49. R26(g3) = e23. R26(g4) = e3.

R27(g2) = e29. R27(g3) = e3. R27(g4) = e23.

G
(3)
27

R2(g2) = 1. R2(g3) = e23. R2(g4) = 1.

R3(g2) = 1. R3(g3) = e3. R3(g4) = 1.

R4(g2) = e23. R4(g3) = 1. R4(g4) = 1.

R5(g2) = e3. R5(g3) = 1. R5(g4) = 1.

R6(g2) = e23. R6(g3) = e23. R6(g4) = 1.

R7(g2) = e3. R7(g3) = e3. R7(g4) = 1.

R8(g2) = e23. R8(g3) = e3. R8(g4) = 1.

R9(g2) = e3. R9(g3) = e23. R9(g4) = 1.

R10(g2) =

 1 0 0
0 e3 0
0 0 e23

 . R10(g3) =

 0 0 e3
e23 0 0
0 1 0

 . R10(g4) =

 e23 0 0
0 e23 0
0 0 e23

 .

R11(g2) =

 1 0 0
0 e3 0
0 0 e23

 . R11(g3) =

 0 e23 0
0 0 1
e3 0 0

 . R11(g4) =

 e3 0 0
0 e3 0
0 0 e3

 .

G
(4)
27

R2(g2) = 1. R2(g3) = e23. R2(g4) = 1.

R3(g2) = 1. R3(g3) = e3. R3(g4) = 1.

R4(g2) = e23. R4(g3) = 1. R4(g4) = 1.

R5(g2) = e3. R5(g3) = 1. R5(g4) = 1.

R6(g2) = e23. R6(g3) = e23. R6(g4) = 1.

R7(g2) = e3. R7(g3) = e3. R7(g4) = 1.

R8(g2) = e23. R8(g3) = e3. R8(g4) = 1.

R9(g2) = e3. R9(g3) = e23. R9(g4) = 1.

R10(g2) =

 −e29 − e59 0 0
0 e59 0
0 0 e29

 . R10(g3) =

 0 −e49 − e79 0
0 0 e23
e29 0 0

 . R10(g4) =

 e23 0 0
0 e23 0
0 0 e23

 .
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R11(g2) =

 −e49 − e79 0 0
0 e79 0
0 0 e49

 . R11(g3) =

 0 0 −e29 − e59
e59 0 0
0 e59 0

 . R11(g4) =

 e3 0 0
0 e3 0
0 0 e3

 .

G
(5)
27

R2(g2) = 1. R2(g3) = 1. R2(g4) = e23.

R3(g2) = 1. R3(g3) = 1. R3(g4) = e3.

R4(g2) = 1. R4(g3) = e23. R4(g4) = 1.

R5(g2) = 1. R5(g3) = e3. R5(g4) = 1.

R6(g2) = 1. R6(g3) = e23. R6(g4) = e23.

R7(g2) = 1. R7(g3) = e3. R7(g4) = e3.

R8(g2) = 1. R8(g3) = e23. R8(g4) = e3.

R9(g2) = 1. R9(g3) = e3. R9(g4) = e23.

R10(g2) = e23. R10(g3) = 1. R10(g4) = 1.

R11(g2) = e3. R11(g3) = 1. R11(g4) = 1.

R12(g2) = e23. R12(g3) = 1. R12(g4) = e23.

R13(g2) = e3. R13(g3) = 1. R13(g4) = e3.

R14(g2) = e23. R14(g3) = 1. R14(g4) = e3.

R15(g2) = e3. R15(g3) = 1. R15(g4) = e23.

R16(g2) = e23. R16(g3) = e23. R16(g4) = 1.

R17(g2) = e3. R17(g3) = e3. R17(g4) = 1.

R18(g2) = e23. R18(g3) = e23. R18(g4) = e23.

R19(g2) = e3. R19(g3) = e3. R19(g4) = e3.

R20(g2) = e23. R20(g3) = e23. R20(g4) = e3.

R21(g2) = e3. R21(g3) = e3. R21(g4) = e23.

R22(g2) = e23. R22(g3) = e3. R22(g4) = 1.

R23(g2) = e3. R23(g3) = e23. R23(g4) = 1.

R24(g2) = e23. R24(g3) = e3. R24(g4) = e23.

R25(g2) = e3. R25(g3) = e23. R25(g4) = e3.

R26(g2) = e23. R26(g3) = e3. R26(g4) = e3.

R27(g2) = e3. R27(g3) = e23. R27(g4) = e23.
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2.28. Order 28. G
(1)
28

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1.

R3(g2) = −i. R3(g3) = −1. R3(g4) = 1.

R4(g2) = i. R4(g3) = −1. R4(g4) = 1.

R5(g2) = −iφ. R5(g3) = −ε. R5(g4) =

(
−2c1/7 1
−1 0

)
.

R6(g2) =

(
−e1928 − e2328 e1528 + e1928 + e2328 + e2728

i e1928 + e2328

)
.

R6(g3) = −ε.

R6(g4) =

(
−2(c1/7 + c3/7) 2(c1/7 + c3/7)
−2(c1/7 + c3/7) 2c1/7

)
.

R7(g2) =

(
−i 2c2/7
0 i

)
. R7(g3) = −ε. R7(g4) =

(
0 −i
−i 2c2/7

)
.

R8(g2) =

(
1 0

−2c1/7 −1

)
. R8(g3) = ε. R8(g4) =

(
0 1
−1 −2c1/7

)
.

R9(g2) = φ. R9(g3) = ε. R9(g4) =

(
−2(c1/7 + c3/7) −2(c1/7 + c3/7)
2(c1/7 + c3/7) 2c1/7

)
.

R10(g2) =

(
2<e314 1− 2<e14
−1 −2<e314

)
. R10(g3) = ε. R10(g4) =

(
2<e14 − 1 2<e14 − 1
1− 2<e14 2<e314

)
.

G
(2)
28

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1.

R3(g2) = −1. R3(g3) = e67. R3(g4) = 1.

R4(g2) = −1. R4(g3) = e57. R4(g4) = 1.

R5(g2) = −1. R5(g3) = e47. R5(g4) = 1.

R6(g2) = −1. R6(g3) = e37. R6(g4) = 1.

R7(g2) = −1. R7(g3) = e27. R7(g4) = 1.

R8(g2) = −1. R8(g3) = e7. R8(g4) = 1.

R9(g2) = 1. R9(g3) = e67. R9(g4) = 1.

R10(g2) = 1. R10(g3) = e57. R10(g4) = 1.

R11(g2) = 1. R11(g3) = e47. R11(g4) = 1.

R12(g2) = 1. R12(g3) = e37. R12(g4) = 1.

R13(g2) = 1. R13(g3) = e27. R13(g4) = 1.

R14(g2) = 1. R14(g3) = e7. R14(g4) = 1.

R15(g2) = −i. R15(g3) = 1. R15(g4) = −1.

R16(g2) = i. R16(g3) = 1. R16(g4) = −1.

R17(g2) = −i. R17(g3) = e67. R17(g4) = −1.

R18(g2) = −i. R18(g3) = e57. R18(g4) = −1.

R19(g2) = −i. R19(g3) = e47. R19(g4) = −1.

R20(g2) = −i. R20(g3) = e37. R20(g4) = −1.
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R21(g2) = −i. R21(g3) = e27. R21(g4) = −1.

R22(g2) = −i. R22(g3) = e7. R22(g4) = −1.

R23(g2) = i. R23(g3) = e67. R23(g4) = −1.

R24(g2) = i. R24(g3) = e57. R24(g4) = −1.

R25(g2) = i. R25(g3) = e47. R25(g4) = −1.

R26(g2) = i. R26(g3) = e37. R26(g4) = −1.

R27(g2) = i. R27(g3) = e27. R27(g4) = −1.

R28(g2) = i. R28(g3) = e7. R28(g4) = −1.

G
(3)
28

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1.

R5(g2) =

(
−2(c1/7 + c3/7) −2(c1/7 + c3/7)

2c1/7 2(c1/7 + c3/7)

)
. R5(g3) = −ε. R5(g4) =

(
−2c1/7 −1

1 0

)
.

R6(g2) =

(
−2c2/7 2(c1/7 − c2/7)
−1 2c2/7

)
. R6(g3) = −ε. R6(g4) =

(
−1 2c2/7
−2c2/7 2(c1/7 − c2/7)

)
.

R7(g2) =

(
2c2/7 −1

2(c1/7 − c2/7) −2c2/7

)
. R7(g3) = −ε. R7(g4) =

(
0 1
−1 2c2/7

)
.

R8(g2) = φ. R8(g3) = ε. R8(g4) =

(
2(c2/7 − c1/7) 2(c2/7 − c1/7)
2(c1/7 − c2/7) −2c2/7

)
.

R9(g2) =

(
−2c2/7 2(c1/7 − c2/7)
−1 2c2/7

)
. R9(g3) = ε. R9(g4) =

(
2(c1/7 − c2/7) −2c2/7

2c2/7 −1

)
.

R10(g2) =

(
−1 −2<e314
0 1

)
. R10(g3) = ε. R10(g4) =

(
2<e14 − 1 2<e14 − 1
1− 2<e14 2<e314

)
.

G
(4)
28

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = e67.

R6(g2) = −1. R6(g3) = −1. R6(g4) = e57.

R7(g2) = −1. R7(g3) = −1. R7(g4) = e47.

R8(g2) = −1. R8(g3) = −1. R8(g4) = e37.

R9(g2) = −1. R9(g3) = −1. R9(g4) = e27.

R10(g2) = −1. R10(g3) = −1. R10(g4) = e7.

R11(g2) = −1. R11(g3) = 1. R11(g4) = e67.

R12(g2) = −1. R12(g3) = 1. R12(g4) = e57.

R13(g2) = −1. R13(g3) = 1. R13(g4) = e47.

R14(g2) = −1. R14(g3) = 1. R14(g4) = e37.

R15(g2) = −1. R15(g3) = 1. R15(g4) = e27.

R16(g2) = −1. R16(g3) = 1. R16(g4) = e7.



36 RICHARD J. MATHAR

R17(g2) = 1. R17(g3) = −1. R17(g4) = e67.

R18(g2) = 1. R18(g3) = −1. R18(g4) = e57.

R19(g2) = 1. R19(g3) = −1. R19(g4) = e47.

R20(g2) = 1. R20(g3) = −1. R20(g4) = e37.

R21(g2) = 1. R21(g3) = −1. R21(g4) = e27.

R22(g2) = 1. R22(g3) = −1. R22(g4) = e7.

R23(g2) = 1. R23(g3) = 1. R23(g4) = e67.

R24(g2) = 1. R24(g3) = 1. R24(g4) = e57.

R25(g2) = 1. R25(g3) = 1. R25(g4) = e47.

R26(g2) = 1. R26(g3) = 1. R26(g4) = e37.

R27(g2) = 1. R27(g3) = 1. R27(g4) = e27.

R28(g2) = 1. R28(g3) = 1. R28(g4) = e7.

2.29. Order 29. G
(1)
29

Rj(g2) = ej−1
29 , j = 1 . . . , 29.

2.30. Order 30. G
(1)
30

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1.

R3(g2) = −1. R3(g3) = e45. R3(g4) = 1.

R4(g2) = −1. R4(g3) = e35. R4(g4) = 1.

R5(g2) = −1. R5(g3) = e25. R5(g4) = 1.

R6(g2) = −1. R6(g3) = e5. R6(g4) = 1.

R7(g2) = 1. R7(g3) = e45. R7(g4) = 1.

R8(g2) = 1. R8(g3) = e35. R8(g4) = 1.

R9(g2) = 1. R9(g3) = e25. R9(g4) = 1.

R10(g2) = 1. R10(g3) = e5. R10(g4) = 1.

R11(g2) = φ. R11(g3) = ε. R11(g4) =

(
−1 −1
1 0

)
.

R12(g2) =

(
−1 −e5
0 1

)
. R12(g3) =

(
e25 0
0 e25

)
. R12(g4) =

(
−1 −e5
e45 0

)
.

R13(g2) =

(
−1 −1
0 1

)
. R13(g3) =

(
e5 0
0 e5

)
. R13(g4) =

(
0 1
−1 −1

)
.

R14(g2) =

(
0 e25
e35 0

)
. R14(g3) =

(
e45 0
0 e45

)
. R14(g4) =

(
−1 −e25
e35 0

)
.

R15(g2) =

(
1 0
−1 −1

)
. R15(g3) =

(
e35 0
0 e35

)
. R15(g4) =

(
−1 −1
1 0

)
.
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G
(2)
30

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1.

R3(g2) = −1. R3(g3) = e23. R3(g4) = 1.

R4(g2) = −1. R4(g3) = e3. R4(g4) = 1.

R5(g2) = 1. R5(g3) = e23. R5(g4) = 1.

R6(g2) = 1. R6(g3) = e3. R6(g4) = 1.

R7(g2) =

(
−2<e5 −2<e5
−1 2<e5

)
. R7(g3) = ε. R7(g4) =

(
0 1
−1 2<e5

)
.

R8(g2) =

(
2<e5 −1
−2<e5 −2<e5

)
. R8(g3) = ε. R8(g4) =

(
−1 2<e5
−2<e5 −2<e5

)
.

R9(g2) =

(
−ϕ −ϕ
−1 ϕ

)
. R9(g3) =

(
e23 0
0 e23

)
. R9(g4) =

(
−ϕ −ϕ
ϕ −1

)
.

R10(g2) =

(
2<e5 −e3

−e715 − e1315 −2<e5

)
. R10(g3) =

(
e3 0
0 e3

)
. R10(g4) =

(
0 e3
−e23 2<e5

)
.

R11(g2) =

(
0 e23
e3 0

)
. R11(g3) =

(
e23 0
0 e23

)
. R11(g4) =

(
ϕ −e23
e3 0

)
.

R12(g2) =

(
1 0

e1115 + e1415 −1

)
. R12(g3) =

(
e3 0
0 e3

)
. R12(g4) =

(
0 e23
−e3 ϕ

)
.

G
(3)
30

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1.

R3(g2) =

(
1 0
−1 −1

)
. R3(g3) =

(
−1 −1
1 0

)
. R3(g4) = ε.

R4(g2) =

(
ϕ −1
−ϕ −ϕ

)
. R4(g3) = ε. R4(g4) =

(
0 1
−1 ϕ

)
.

R5(g2) =

(
1 0

2<e5 −1

)
. R5(g3) = ε. R5(g4) =

(
0 1
−1 2<e5

)
.

R6(g2) =

(
α30,1 α30,2

α30,3 −α30,1

)
. R6(g3) =

(
α30,1 α30,2

−α30,2 α30,4

)
. R6(g4) =

(
−e715 − e815 −α30,3

α30,3 −α30,1

)
.

Constants:
α30,1 ≡ e15 + e415 − e715 − e815 + e1115 + e1415;

α30,2 ≡ 2e15 + 2e215 + e415 + e715 + e815 + e1115 + 2e1315 + 2e1415;

α30,3 ≡ −2e15 − e215 − e415 − e715 − e815 − e1115 − e1315 − 2e1415;

α30,4 ≡ −2e15 − e215 − 2e415 − 2e1115 − e1315 − 2e1415.

R7(g2) =

(
e715 + e815 −1
−α30,3 −e715 − e815

)
. R7(g3) =

(
α30,4 −α30,2

α30,2 α30,1

)
. R7(g4) =

(
−e715 − e815 −α30,3

α30,3 −α30,1

)
.

R8(g2) =

(
α30,5 α30,6

α30,7 −α30,5

)
. R8(g3) =

(
α30,8 −α30,6

α30,6 α30,5

)
. R8(g4) =

(
−α30,8 α30,9

−α30,9 −e415 − e1115

)
.

Constants:
α30,5 ≡ −e15 − 2e215 − 2e715 − 2e815 − 2e1315 − e1415;

α30,6 ≡ −2e15 − e215 − e415 − 2e715 − 2e815 − e1115 − e1315 − 2e1415;

α30,7 ≡ e15 + e215 + 2e715 + 2e815 + e1315 + e1415;

α30,8 ≡ e215 − e415 + e715 + e815 − e1115 + e1315;
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α30,9 ≡ −e15 − e215 − e415 − 2e715 − 2e815 − e1115 − e1315 − e1415.

R9(g2) =

(
α30,10/3 α30,11/3
α30,12/3 −α30,10/3

)
. R9(g3) =

(
0 1
−1 −1

)
. R9(g4) =

(
α30,11/3 α30,10/3
−α30,10/3 α30,12/3

)
.

Constants:
α30,10 ≡ −e215 + e715 + e815 − e1315;

α30,11 ≡ −2e215 − e715 − e815 − 2e1315;

α30,12 ≡ −e215 − 2e715 − 2e815 − e1315.

G
(4)
30

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = e45.

R4(g2) = −1. R4(g3) = 1. R4(g4) = e35.

R5(g2) = −1. R5(g3) = 1. R5(g4) = e25.

R6(g2) = −1. R6(g3) = 1. R6(g4) = e5.

R7(g2) = −1. R7(g3) = e23. R7(g4) = 1.

R8(g2) = −1. R8(g3) = e3. R8(g4) = 1.

R9(g2) = −1. R9(g3) = e23. R9(g4) = e45.

R10(g2) = −1. R10(g3) = e23. R10(g4) = e35.

R11(g2) = −1. R11(g3) = e23. R11(g4) = e25.

R12(g2) = −1. R12(g3) = e23. R12(g4) = e5.

R13(g2) = −1. R13(g3) = e3. R13(g4) = e45.

R14(g2) = −1. R14(g3) = e3. R14(g4) = e35.

R15(g2) = −1. R15(g3) = e3. R15(g4) = e25.

R16(g2) = −1. R16(g3) = e3. R16(g4) = e5.

R17(g2) = 1. R17(g3) = 1. R17(g4) = e45.

R18(g2) = 1. R18(g3) = 1. R18(g4) = e35.

R19(g2) = 1. R19(g3) = 1. R19(g4) = e25.

R20(g2) = 1. R20(g3) = 1. R20(g4) = e5.

R21(g2) = 1. R21(g3) = e23. R21(g4) = 1.

R22(g2) = 1. R22(g3) = e3. R22(g4) = 1.

R23(g2) = 1. R23(g3) = e23. R23(g4) = e45.

R24(g2) = 1. R24(g3) = e23. R24(g4) = e35.

R25(g2) = 1. R25(g3) = e23. R25(g4) = e25.

R26(g2) = 1. R26(g3) = e23. R26(g4) = e5.

R27(g2) = 1. R27(g3) = e3. R27(g4) = e45.

R28(g2) = 1. R28(g3) = e3. R28(g4) = e35.

R29(g2) = 1. R29(g3) = e3. R29(g4) = e25.

R30(g2) = 1. R30(g3) = e3. R30(g4) = e5.

2.31. Order 31. G
(1)
31

Rj(g2) = ej−1
31 , j = 1 . . . , 31.
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2.32. Order 32. G
(1)
32

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −i. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = i. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −e8. R5(g3) = i. R5(g4) = −1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = −e38. R6(g3) = −i. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = e38. R7(g3) = −i. R7(g4) = −1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = e8. R8(g3) = i. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = −e16. R9(g3) = e8. R9(g4) = i. R9(g5) = −1. R9(g6) = 1.

R10(g2) = −e316. R10(g3) = e38. R10(g4) = −i. R10(g5) = −1. R10(g6) = 1.

R11(g2) = −e516. R11(g3) = −e8. R11(g4) = i. R11(g5) = −1. R11(g6) = 1.

R12(g2) = −e716. R12(g3) = −e38. R12(g4) = −i. R12(g5) = −1. R12(g6) = 1.

R13(g2) = e716. R13(g3) = −e38. R13(g4) = −i. R13(g5) = −1. R13(g6) = 1.

R14(g2) = e516. R14(g3) = −e8. R14(g4) = i. R14(g5) = −1. R14(g6) = 1.

R15(g2) = e316. R15(g3) = e38. R15(g4) = −i. R15(g5) = −1. R15(g6) = 1.

R16(g2) = e16. R16(g3) = e8. R16(g4) = i. R16(g5) = −1. R16(g6) = 1.

R17(g2) = −e32. R17(g3) = e16. R17(g4) = e8. R17(g5) = i. R17(g6) = −1.

R18(g2) = −e332. R18(g3) = e316. R18(g4) = e38. R18(g5) = −i. R18(g6) = −1.

R19(g2) = −e532. R19(g3) = e516. R19(g4) = −e8. R19(g5) = i. R19(g6) = −1.

R20(g2) = −e732. R20(g3) = e716. R20(g4) = −e38. R20(g5) = −i. R20(g6) = −1.

R21(g2) = −e932. R21(g3) = −e16. R21(g4) = e8. R21(g5) = i. R21(g6) = −1.

R22(g2) = −e1132. R22(g3) = −e316. R22(g4) = e38. R22(g5) = −i. R22(g6) = −1.

R23(g2) = −e1332. R23(g3) = −e516. R23(g4) = −e8. R23(g5) = i. R23(g6) = −1.

R24(g2) = −e1532. R24(g3) = −e716. R24(g4) = −e38. R24(g5) = −i. R24(g6) = −1.

R25(g2) = e1532. R25(g3) = −e716. R25(g4) = −e38. R25(g5) = −i. R25(g6) = −1.

R26(g2) = e1332. R26(g3) = −e516. R26(g4) = −e8. R26(g5) = i. R26(g6) = −1.

R27(g2) = e1132. R27(g3) = −e316. R27(g4) = e38. R27(g5) = −i. R27(g6) = −1.

R28(g2) = e932. R28(g3) = −e16. R28(g4) = e8. R28(g5) = i. R28(g6) = −1.

R29(g2) = e732. R29(g3) = e716. R29(g4) = −e38. R29(g5) = −i. R29(g6) = −1.

R30(g2) = e532. R30(g3) = e516. R30(g4) = −e8. R30(g5) = i. R30(g6) = −1.

R31(g2) = e332. R31(g3) = e316. R31(g4) = e38. R31(g5) = −i. R31(g6) = −1.

R32(g2) = e32. R32(g3) = e16. R32(g4) = e8. R32(g5) = i. R32(g6) = −1.
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G
(2)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = −i. R5(g4) = 1. R5(g5) = 1. R5(g6) = −1.

R6(g2) = −1. R6(g3) = i. R6(g4) = 1. R6(g5) = 1. R6(g6) = −1.

R7(g2) = 1. R7(g3) = −i. R7(g4) = 1. R7(g5) = 1. R7(g6) = −1.

R8(g2) = 1. R8(g3) = i. R8(g4) = 1. R8(g5) = 1. R8(g6) = −1.

R9(g2) = −i. R9(g3) = −1. R9(g4) = 1. R9(g5) = −1. R9(g6) = 1.

R10(g2) = i. R10(g3) = −1. R10(g4) = 1. R10(g5) = −1. R10(g6) = 1.

R11(g2) = −i. R11(g3) = 1. R11(g4) = 1. R11(g5) = −1. R11(g6) = 1.

R12(g2) = i. R12(g3) = 1. R12(g4) = 1. R12(g5) = −1. R12(g6) = 1.

R13(g2) = −i. R13(g3) = −i. R13(g4) = 1. R13(g5) = −1. R13(g6) = −1.

R14(g2) = i. R14(g3) = i. R14(g4) = 1. R14(g5) = −1. R14(g6) = −1.

R15(g2) = −i. R15(g3) = i. R15(g4) = 1. R15(g5) = −1. R15(g6) = −1.

R16(g2) = i. R16(g3) = −i. R16(g4) = 1. R16(g5) = −1. R16(g6) = −1.

R17(g2) = −iλ. R17(g3) = −iφ. R17(g4) = −ε. R17(g5) = −ε. R17(g6) = −ε.
R18(g2) = iλ. R18(g3) = iκ. R18(g4) = −ε. R18(g5) = −ε. R18(g6) = ε.

R19(g2) = −λ. R19(g3) = κ. R19(g4) = −ε. R19(g5) = ε. R19(g6) = −ε.
R20(g2) = λ. R20(g3) = φ. R20(g4) = −ε. R20(g5) = ε. R20(g6) = ε.

G
(3)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = −i. R5(g4) = 1. R5(g5) = −1. R5(g6) = 1.

R6(g2) = −1. R6(g3) = i. R6(g4) = 1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −i. R7(g4) = 1. R7(g5) = −1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = i. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = −i. R9(g3) = −1. R9(g4) = −1. R9(g5) = 1. R9(g6) = 1.

R10(g2) = i. R10(g3) = −1. R10(g4) = −1. R10(g5) = 1. R10(g6) = 1.

R11(g2) = −i. R11(g3) = 1. R11(g4) = −1. R11(g5) = 1. R11(g6) = 1.

R12(g2) = i. R12(g3) = 1. R12(g4) = −1. R12(g5) = 1. R12(g6) = 1.

R13(g2) = −i. R13(g3) = −i. R13(g4) = −1. R13(g5) = −1. R13(g6) = 1.

R14(g2) = i. R14(g3) = i. R14(g4) = −1. R14(g5) = −1. R14(g6) = 1.

R15(g2) = −i. R15(g3) = i. R15(g4) = −1. R15(g5) = −1. R15(g6) = 1.

R16(g2) = i. R16(g3) = −i. R16(g4) = −1. R16(g5) = −1. R16(g6) = 1.

R17(g2) = −e8. R17(g3) = −1. R17(g4) = i. R17(g5) = 1. R17(g6) = −1.

R18(g2) = −e38. R18(g3) = −1. R18(g4) = −i. R18(g5) = 1. R18(g6) = −1.

R19(g2) = e38. R19(g3) = −1. R19(g4) = −i. R19(g5) = 1. R19(g6) = −1.

R20(g2) = e8. R20(g3) = −1. R20(g4) = i. R20(g5) = 1. R20(g6) = −1.
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R21(g2) = −e8. R21(g3) = 1. R21(g4) = i. R21(g5) = 1. R21(g6) = −1.

R22(g2) = −e38. R22(g3) = 1. R22(g4) = −i. R22(g5) = 1. R22(g6) = −1.

R23(g2) = e38. R23(g3) = 1. R23(g4) = −i. R23(g5) = 1. R23(g6) = −1.

R24(g2) = e8. R24(g3) = 1. R24(g4) = i. R24(g5) = 1. R24(g6) = −1.

R25(g2) = −e8. R25(g3) = −i. R25(g4) = i. R25(g5) = −1. R25(g6) = −1.

R26(g2) = −e38. R26(g3) = i. R26(g4) = −i. R26(g5) = −1. R26(g6) = −1.

R27(g2) = e38. R27(g3) = i. R27(g4) = −i. R27(g5) = −1. R27(g6) = −1.

R28(g2) = e8. R28(g3) = −i. R28(g4) = i. R28(g5) = −1. R28(g6) = −1.

R29(g2) = −e8. R29(g3) = i. R29(g4) = i. R29(g5) = −1. R29(g6) = −1.

R30(g2) = −e38. R30(g3) = −i. R30(g4) = −i. R30(g5) = −1. R30(g6) = −1.

R31(g2) = e38. R31(g3) = −i. R31(g4) = −i. R31(g5) = −1. R31(g6) = −1.

R32(g2) = e8. R32(g3) = i. R32(g4) = i. R32(g5) = −1. R32(g6) = −1.

G
(4)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = −i. R5(g4) = 1. R5(g5) = −1. R5(g6) = 1.

R6(g2) = −1. R6(g3) = i. R6(g4) = 1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −i. R7(g4) = 1. R7(g5) = −1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = i. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = −i. R9(g3) = −1. R9(g4) = −1. R9(g5) = 1. R9(g6) = 1.

R10(g2) = i. R10(g3) = −1. R10(g4) = −1. R10(g5) = 1. R10(g6) = 1.

R11(g2) = −i. R11(g3) = 1. R11(g4) = −1. R11(g5) = 1. R11(g6) = 1.

R12(g2) = i. R12(g3) = 1. R12(g4) = −1. R12(g5) = 1. R12(g6) = 1.

R13(g2) = −i. R13(g3) = −i. R13(g4) = −1. R13(g5) = −1. R13(g6) = 1.

R14(g2) = i. R14(g3) = i. R14(g4) = −1. R14(g5) = −1. R14(g6) = 1.

R15(g2) = −i. R15(g3) = i. R15(g4) = −1. R15(g5) = −1. R15(g6) = 1.

R16(g2) = i. R16(g3) = −i. R16(g4) = −1. R16(g5) = −1. R16(g6) = 1.

R17(g2) =

(
−e38 0

0 e38

)
. R17(g3) =

(
0 −e38
−e8 0

)
. R17(g4) = −iε. R17(g5) = −ε. R17(g6) = −ε.

R18(g2) =

(
−e8 0

0 e8

)
. R18(g3) =

(
0 e8
e38 0

)
. R18(g4) = iε. R18(g5) = −ε. R18(g6) = −ε.

R19(g2) =

(
e38 0
0 −e38

)
. R19(g3) = iκ. R19(g4) = −iε. R19(g5) = ε. R19(g6) = −ε.

R20(g2) =

(
−e8 0

0 e8

)
. R20(g3) = φ. R20(g4) = iε. R20(g5) = ε. R20(g6) = −ε.
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G
(5)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = 1. R5(g5) = −1. R5(g6) = 1.

R6(g2) = i. R6(g3) = −1. R6(g4) = 1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = 1. R7(g5) = −1. R7(g6) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = −e8. R9(g3) = −1. R9(g4) = 1. R9(g5) = i. R9(g6) = −1.

R10(g2) = −e38. R10(g3) = −1. R10(g4) = 1. R10(g5) = −i. R10(g6) = −1.

R11(g2) = e38. R11(g3) = −1. R11(g4) = 1. R11(g5) = −i. R11(g6) = −1.

R12(g2) = e8. R12(g3) = −1. R12(g4) = 1. R12(g5) = i. R12(g6) = −1.

R13(g2) = −e8. R13(g3) = 1. R13(g4) = 1. R13(g5) = i. R13(g6) = −1.

R14(g2) = −e38. R14(g3) = 1. R14(g4) = 1. R14(g5) = −i. R14(g6) = −1.

R15(g2) = e38. R15(g3) = 1. R15(g4) = 1. R15(g5) = −i. R15(g6) = −1.

R16(g2) = e8. R16(g3) = 1. R16(g4) = 1. R16(g5) = i. R16(g6) = −1.

R17(g2) = −iλ. R17(g3) = φ. R17(g4) = −ε. R17(g5) = −ε. R17(g6) = ε.

R18(g2) = λ. R18(g3) = φ. R18(g4) = −ε. R18(g5) = ε. R18(g6) = ε.

R19(g2) =

(
−e38 0

0 e38

)
. R19(g3) =

(
0 e38
−e8 0

)
. R19(g4) = −ε. R19(g5) = −iε. R19(g6) = −ε.

R20(g2) =

(
e8 0
0 −e8

)
. R20(g3) =

(
0 e8
−e38 0

)
. R20(g4) = −ε. R20(g5) = iε. R20(g6) = −ε.

G
(6)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = 1. R5(g5) = −1. R5(g6) = 1.

R6(g2) = i. R6(g3) = −1. R6(g4) = 1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = 1. R7(g5) = −1. R7(g6) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = iλ. R9(g3) = φ. R9(g4) = −ε. R9(g5) = −ε. R9(g6) = ε.

R10(g2) = −λ. R10(g3) = −φ. R10(g4) = −ε. R10(g5) = ε. R10(g6) = ε.
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R11(g2) =


0 0 −1 0
0 −1 0 0
1 0 0 0
0 0 0 1

 . R11(g3) =


0 0 0 1
0 0 1 0
0 1 0 0
1 0 0 0

 .

R11(g4) =


0 0 −1 0
0 0 0 −1
−1 0 0 0
0 −1 0 0

 . R11(g5) =


−1 0 0 0
0 1 0 0
0 0 −1 0
0 0 0 1

 .

R11(g6) =


−1 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1

 .

G
(7)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = 1. R5(g5) = −1. R5(g6) = 1.

R6(g2) = i. R6(g3) = −1. R6(g4) = 1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = 1. R7(g5) = −1. R7(g6) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = −iλ. R9(g3) = φ. R9(g4) = −ε. R9(g5) = −ε. R9(g6) = ε.

R10(g2) = −λ. R10(g3) = φ. R10(g4) = −ε. R10(g5) = ε. R10(g6) = ε.

R11(g2) =


−e8 0 0 0

0 0 −i 0
0 1 0 0
0 0 0 e8

 . R11(g3) =


0 0 −1 0
0 0 0 e8
−1 0 0 0
0 −e38 0 0

 .

R11(g4) =


0 0 0 1
0 0 −e8 0
0 e38 0 0
1 0 0 0

 . R11(g5) =


i 0 0 0
0 −i 0 0
0 0 −i 0
0 0 0 i

 .

R11(g6) =


−1 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1

 .

G
(8)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = 1. R5(g5) = −1. R5(g6) = 1.

R6(g2) = i. R6(g3) = −1. R6(g4) = 1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = 1. R7(g5) = −1. R7(g6) = 1.
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R8(g2) = i. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = −iλ. R9(g3) = φ. R9(g4) = −ε. R9(g5) = −ε. R9(g6) = ε.

R10(g2) = −λ. R10(g3) = φ. R10(g4) = −ε. R10(g5) = ε. R10(g6) = ε.

R11(g2) =


e8 0 0 0
0 0 1 0
0 −i 0 0
0 0 0 −e8

 . R11(g3) =


0 −i 0 0
−i 0 0 0
0 0 0 1
0 0 −1 0

 .

R11(g4) =


0 0 0 e8
0 0 −e38 0
0 e8 0 0
−e38 0 0 0

 . R11(g5) =


i 0 0 0
0 −i 0 0
0 0 −i 0
0 0 0 i

 .

R11(g6) =


−1 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1

 .

G
(9)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = 1. R5(g5) = −1. R5(g6) = 1.

R6(g2) = i. R6(g3) = −1. R6(g4) = 1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = 1. R7(g5) = −1. R7(g6) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = iλ. R9(g3) = φ. R9(g4) = −ε. R9(g5) = −ε. R9(g6) = ε.

R10(g2) = λ. R10(g3) = φ. R10(g4) = −ε. R10(g5) = ε. R10(g6) = ε.

R11(g2) =

(
−i 0√

2 i

)
. R11(g3) = −iκ. R11(g4) =

(
1

√
2i√

2i −1

)
. R11(g5) = −ε. R11(g6) = −ε.

R12(g2) = −iφ. R12(g3) =

(
−1/
√

2 −1/
√

2

−1/
√

2 1/
√

2

)
. R12(g4) = κ. R12(g5) = −ε. R12(g6) = −ε.

R13(g2) =

(
−1

√
2

0 1

)
. R13(g3) = −φ. R13(g4) =

(
−1

√
2

−
√

2i 1

)
. R13(g5) = ε. R13(g6) = −ε.

R14(g2) = −λ. R14(g3) =

(
−1/
√

2 −1/
√

2

−1/
√

2 1/
√

2

)
. R14(g4) = −κ. R14(g5) = ε. R14(g6) = −ε.
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G
(10)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = 1. R5(g5) = −1. R5(g6) = 1.

R6(g2) = i. R6(g3) = −1. R6(g4) = 1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = 1. R7(g5) = −1. R7(g6) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = iλ. R9(g3) = iκ. R9(g4) = −ε. R9(g5) = −ε. R9(g6) = ε.

R10(g2) = −λ. R10(g3) = φ. R10(g4) = −ε. R10(g5) = ε. R10(g6) = ε.

R11(g2) = −κ. R11(g3) =

(
−1/
√

2 −1/
√

2

1/
√

2 i/
√

2

)
. R11(g4) = −iφ. R11(g5) = −ε. R11(g6) = −ε.

R12(g2) =

(
i −

√
2i

0 −i

)
. R12(g3) =

(
−
√

2i i

−i
√

2i

)
. R12(g4) =

(
1 −

√
2i√

2 −1

)
.

R12(g5) = −ε. R12(g6) = −ε.

R13(g2) =

(
−1

√
2i

0 1

)
. R13(g3) =

( √
2i 1

1 −
√

2i

)
. R13(g4) =

(
1 −

√
2i

−
√

2i −1

)
.

R13(g5) = ε. R13(g6) = −ε.

R14(g2) =

(
1 −

√
2i

0 −1

)
. R14(g3) =

( √
2i 1

1 −
√

2i

)
. R14(g4) =

(
1 −

√
2i

−
√

2i −1

)
.

R14(g5) = ε. R14(g6) = −ε.

G
(11)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = 1. R5(g5) = −1. R5(g6) = 1.

R6(g2) = i. R6(g3) = −1. R6(g4) = 1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = 1. R7(g5) = −1. R7(g6) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = −iλ. R9(g3) = −iκ. R9(g4) = −ε. R9(g5) = −ε. R9(g6) = ε.

R10(g2) = −λ. R10(g3) = φ. R10(g4) = −ε. R10(g5) = ε. R10(g6) = ε.

R11(g2) =

(
−e38 0

0 e38

)
. R11(g3) =

(
−1/
√

2 (1 + i)/2

(1− i)/2 1/
√

2

)
. R11(g4) =

(
0 e8
e38 0

)
.

R11(g5) = −iε. R11(g6) = −ε.



46 RICHARD J. MATHAR

R12(g2) =

(
e8 0
−1 + i −e8

)
. R12(g3) =

(
−
√

2i −i
−i

√
2

)
. R12(g4) =

(
−1 −

√
2i

−
√

2i 1

)
.

R12(g5) = iε. R12(g6) = −ε.

R13(g2) =

(
e38 −

√
2i

0 −e38

)
. R13(g3) =

(
−
√

2i −e38
−e8

√
2

)
. R13(g4) =

(
1 −1 + i

1 + i −1

)
.

R13(g5) = −iε. R13(g6) = −ε.

R14(g2) =

(
e8 0
0 −e8

)
. R14(g3) =

(
1/
√

2 (1− i)/2
(1 + i)/2 −1/

√
2

)
. R14(g4) =

(
0 e38
e8 0

)
.

R14(g5) = iε. R14(g6) = −ε.

G
(12)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = 1. R5(g5) = −1. R5(g6) = 1.

R6(g2) = i. R6(g3) = −1. R6(g4) = 1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = 1. R7(g5) = −1. R7(g6) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = −e8. R9(g3) = −1. R9(g4) = 1. R9(g5) = i. R9(g6) = −1.

R10(g2) = −e38. R10(g3) = −1. R10(g4) = 1. R10(g5) = −i. R10(g6) = −1.

R11(g2) = e38. R11(g3) = −1. R11(g4) = 1. R11(g5) = −i. R11(g6) = −1.

R12(g2) = e8. R12(g3) = −1. R12(g4) = 1. R12(g5) = i. R12(g6) = −1.

R13(g2) = −e8. R13(g3) = 1. R13(g4) = 1. R13(g5) = i. R13(g6) = −1.

R14(g2) = −e38. R14(g3) = 1. R14(g4) = 1. R14(g5) = −i. R14(g6) = −1.

R15(g2) = e38. R15(g3) = 1. R15(g4) = 1. R15(g5) = −i. R15(g6) = −1.

R16(g2) = e8. R16(g3) = 1. R16(g4) = 1. R16(g5) = i. R16(g6) = −1.

R17(g2) = −iλ. R17(g3) = −κ. R17(g4) = −ε. R17(g5) = −ε. R17(g6) = ε.

R18(g2) = −λ. R18(g3) = κ. R18(g4) = −ε. R18(g5) = ε. R18(g6) = ε.

R19(g2) =

(
e38 0
0 −e38

)
. R19(g3) =

(
0 e38
e8 0

)
. R19(g4) = −ε. R19(g5) = −iε. R19(g6) = −ε.

R20(g2) =

(
−e8 0

0 e8

)
. R20(g3) =

(
0 −e8
−e38 0

)
. R20(g4) = −ε. R20(g5) = iε. R20(g6) = −ε.
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G
(13)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = 1. R5(g5) = −1. R5(g6) = 1.

R6(g2) = i. R6(g3) = −1. R6(g4) = 1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = 1. R7(g5) = −1. R7(g6) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = iλ. R9(g3) = −iφ. R9(g4) = −ε. R9(g5) = −ε. R9(g6) = ε.

R10(g2) = λ. R10(g3) = κ. R10(g4) = −ε. R10(g5) = ε. R10(g6) = ε.

R11(g2) =

(
i
√

2
0 −i

)
. R11(g3) =

(
0 1

1 −
√

2i

)
. R11(g4) =

(
1 −

√
2i

−
√

2i −1

)
.

R11(g5) = −ε. R11(g6) = −ε.

R12(g2) = iλ. R12(g3) =

(
i/
√

2 i/
√

2

−1/
√

2 i/
√

2

)
. R12(g4) = −κ. R12(g5) = −ε. R12(g6) = −ε.

R13(g2) = −φ. R13(g3) =

(
−1/
√

2 i/
√

2

−1/
√

2 −1/
√

2

)
. R13(g4) = κ. R13(g5) = ε. R13(g6) = −ε.

R14(g2) =

(
1
√

2i
0 −1

)
. R14(g3) =

(
0 1

1
√

2i

)
. R14(g4) =

(
1

√
2i√

2i −1

)
.

R14(g5) = ε. R14(g6) = −ε.

G
(14)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = 1. R5(g5) = −1. R5(g6) = 1.

R6(g2) = i. R6(g3) = −1. R6(g4) = 1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = 1. R7(g5) = −1. R7(g6) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = −iλ. R9(g3) = κ. R9(g4) = −ε. R9(g5) = −ε. R9(g6) = ε.

R10(g2) = −λ. R10(g3) = −κ. R10(g4) = −ε. R10(g5) = ε. R10(g6) = ε.

R11(g2) =

(
−i −

√
2i

0 i

)
. R11(g3) =

(
0 1

−1 −
√

2i

)
. R11(g4) =

(
1

√
2

−
√

2i −1

)
.

R11(g5) = −ε. R11(g6) = −ε.

R12(g2) = −iφ. R12(g3) =

(
1/
√

2 1/
√

2

−1/
√

2 1/
√

2

)
. R12(g4) = −κ. R12(g5) = −ε. R12(g6) = −ε.
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R13(g2) =

(
1 0√
2 −1

)
. R13(g3) =

(
−
√

2i 1
−1 0

)
. R13(g4) =

(
−1

√
2

−
√

2i 1

)
.

R13(g5) = ε. R13(g6) = −ε.

R14(g2) = λ. R14(g3) =

(
1/
√

2 −1/
√

2

1/
√

2 1/
√

2

)
. R14(g4) = κ. R14(g5) = ε. R14(g6) = −ε.

G
(15)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = 1. R5(g5) = −1. R5(g6) = 1.

R6(g2) = i. R6(g3) = −1. R6(g4) = 1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = 1. R7(g5) = −1. R7(g6) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = iλ. R9(g3) = iφ. R9(g4) = −ε. R9(g5) = −ε. R9(g6) = ε.

R10(g2) = λ. R10(g3) = κ. R10(g4) = −ε. R10(g5) = ε. R10(g6) = ε.

R11(g2) =

(
0 −1
i 0

)
. R11(g3) =

(
−1/
√

2 (1− i)/2
(1 + i)/2 −1/

√
2

)
. R11(g4) =

(
0 −e8
−e38 0

)
.

R11(g5) = −iε. R11(g6) = −ε.

R12(g2) =

(
e8 −1− i
0 −e8

)
. R12(g3) =

(
0 −i
i −

√
2i

)
. R12(g4) =

(
1 −

√
2i√

2 −1

)
.

R12(g5) = iε. R12(g6) = −ε.

R13(g2) =

(
−e38

√
2i

0 e38

)
. R13(g3) =

(
0 e8
−e38

√
2i

)
. R13(g4) =

(
1 −1 + i

1 + i −1

)
.

R13(g5) = −iε. R13(g6) = −ε.

R14(g2) =

(
e8 0
0 −e8

)
. R14(g3) =

(
i/
√

2 (1 + i)/2

(1− i)/2 i/
√

2

)
. R14(g4) =

(
0 e38
e8 0

)
.

R14(g5) = iε. R14(g6) = −ε.

G
(16)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = −1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = i. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = −1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = −e8. R9(g3) = −1. R9(g4) = i. R9(g5) = −1. R9(g6) = 1.
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R10(g2) = −e38. R10(g3) = −1. R10(g4) = −i. R10(g5) = −1. R10(g6) = 1.

R11(g2) = e38. R11(g3) = −1. R11(g4) = −i. R11(g5) = −1. R11(g6) = 1.

R12(g2) = e8. R12(g3) = −1. R12(g4) = i. R12(g5) = −1. R12(g6) = 1.

R13(g2) = −e8. R13(g3) = 1. R13(g4) = i. R13(g5) = −1. R13(g6) = 1.

R14(g2) = −e38. R14(g3) = 1. R14(g4) = −i. R14(g5) = −1. R14(g6) = 1.

R15(g2) = e38. R15(g3) = 1. R15(g4) = −i. R15(g5) = −1. R15(g6) = 1.

R16(g2) = e8. R16(g3) = 1. R16(g4) = i. R16(g5) = −1. R16(g6) = 1.

R17(g2) = −e16. R17(g3) = −1. R17(g4) = e8. R17(g5) = i. R17(g6) = −1.

R18(g2) = −e316. R18(g3) = −1. R18(g4) = e38. R18(g5) = −i. R18(g6) = −1.

R19(g2) = −e516. R19(g3) = −1. R19(g4) = −e8. R19(g5) = i. R19(g6) = −1.

R20(g2) = −e716. R20(g3) = −1. R20(g4) = −e38. R20(g5) = −i. R20(g6) = −1.

R21(g2) = e716. R21(g3) = −1. R21(g4) = −e38. R21(g5) = −i. R21(g6) = −1.

R22(g2) = e516. R22(g3) = −1. R22(g4) = −e8. R22(g5) = i. R22(g6) = −1.

R23(g2) = e316. R23(g3) = −1. R23(g4) = e38. R23(g5) = −i. R23(g6) = −1.

R24(g2) = e16. R24(g3) = −1. R24(g4) = e8. R24(g5) = i. R24(g6) = −1.

R25(g2) = −e16. R25(g3) = 1. R25(g4) = e8. R25(g5) = i. R25(g6) = −1.

R26(g2) = −e316. R26(g3) = 1. R26(g4) = e38. R26(g5) = −i. R26(g6) = −1.

R27(g2) = −e516. R27(g3) = 1. R27(g4) = −e8. R27(g5) = i. R27(g6) = −1.

R28(g2) = −e716. R28(g3) = 1. R28(g4) = −e38. R28(g5) = −i. R28(g6) = −1.

R29(g2) = e716. R29(g3) = 1. R29(g4) = −e38. R29(g5) = −i. R29(g6) = −1.

R30(g2) = e516. R30(g3) = 1. R30(g4) = −e8. R30(g5) = i. R30(g6) = −1.

R31(g2) = e316. R31(g3) = 1. R31(g4) = e38. R31(g5) = −i. R31(g6) = −1.

R32(g2) = e16. R32(g3) = 1. R32(g4) = e8. R32(g5) = i. R32(g6) = −1.

G
(17)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = −1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = i. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = −1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = −e8. R9(g3) = −1. R9(g4) = i. R9(g5) = −1. R9(g6) = 1.

R10(g2) = −e38. R10(g3) = −1. R10(g4) = −i. R10(g5) = −1. R10(g6) = 1.

R11(g2) = e38. R11(g3) = −1. R11(g4) = −i. R11(g5) = −1. R11(g6) = 1.

R12(g2) = e8. R12(g3) = −1. R12(g4) = i. R12(g5) = −1. R12(g6) = 1.

R13(g2) = −e8. R13(g3) = 1. R13(g4) = i. R13(g5) = −1. R13(g6) = 1.

R14(g2) = −e38. R14(g3) = 1. R14(g4) = −i. R14(g5) = −1. R14(g6) = 1.

R15(g2) = e38. R15(g3) = 1. R15(g4) = −i. R15(g5) = −1. R15(g6) = 1.

R16(g2) = e8. R16(g3) = 1. R16(g4) = i. R16(g5) = −1. R16(g6) = 1.
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R17(g2) =

(
e516 0
0 −e516

)
. R17(g3) =

(
0 −e38
e8 0

)
. R17(g4) =

(
−e8 0

0 −e8

)
.

R17(g5) = iε. R17(g6) = −ε.

R18(g2) =

(
e716 0
0 −e716

)
. R18(g3) =

(
0 e316
−e516 0

)
. R18(g4) =

(
−e38 0

0 −e38

)
.

R18(g5) = −iε. R18(g6) = −ε.

R19(g2) =

(
−e316 0

0 e316

)
. R19(g3) =

(
0 −e38
e8 0

)
. R19(g4) =

(
e38 0
0 e38

)
.

R19(g5) = −iε. R19(g6) = −ε.

R20(g2) =

(
e16 0
0 −e16

)
. R20(g3) =

(
0 −e716
e16 0

)
. R20(g4) =

(
e8 0
0 e8

)
.

R20(g5) = iε. R20(g6) = −ε.

G
(18)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −λ. R5(g3) = −φ. R5(g4) = −ε. R5(g5) = ε. R5(g6) = ε.

R6(g2) = −φ. R6(g3) =

(
−1/
√

2 1/
√

2

1/
√

2 1/
√

2

)
. R6(g4) = −κ. R6(g5) = −ε. R6(g6) = ε.

R7(g2) = φ. R7(g3) =

(
−1/
√

2 1/
√

2

1/
√

2 1/
√

2

)
. R7(g4) = −κ. R7(g5) = −ε. R7(g6) = ε.

R8(g2) =

(
1 −

√
2i

0 −1

)
. R8(g3) =

(
−(
√

2 + 2)c3/8 (e16 − e316 + e516 − e716)/2

−(
√

2 + 2)c3/8 (e16 + e316 − e516 − e716)/2

)
.

R8(g4) =

(
0 −1

1 −
√

2i

)
. R8(g5) =

(
1 −

√
2i√

2 −1

)
. R8(g6) = −ε.

R9(g2) = −λ. R9(g3) =

(
(−e316 + e516)/2 (e16 − e716)/2
(e16 − e716)/2 (e316 − e516)/2

)
.

R9(g4) =

(
−1/
√

2 1/
√

2

−1/
√

2 −1/
√

2

)
. R9(g5) = κ. R9(g6) = −ε.

R10(g2) =

(
1−
√

2i −e316 + e516
−e16 + e316 − e516 + e716 −1 +

√
2

)
. R10(g3) = φ.

R10(g4) =

(
1 −e316 + e516

e316 − e516 −1 +
√

2

)
. R10(g5) =

(
1−
√

2i e16 − e316 + e516 − e716
−e16 + e316 − e516 + e716 −1 +

√
2

)
.

R10(g6) = −ε.
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R11(g2) =

(
1 −e316 + e516
0 −1

)
. R11(g3) =

(
e316 − e516 −1

1−
√

2i −e316 + e516

)
.

R11(g4) =

(
−1 +

√
2 e316 − e516

−e316 + e516 1

)
. R11(g5) =

(
−1 +

√
2 −e16 + e316 − e516 + e716

e16 − e316 + e516 − e716 1−
√

2i

)
.

R11(g6) = −ε.

G
(19)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = λ. R5(g3) = −φ. R5(g4) = −ε. R5(g5) = ε. R5(g6) = ε.

R6(g2) =

(
−1 0√

2 1

)
. R6(g3) = −φ. R6(g4) =

(
1

√
2

−
√

2i −1

)
. R6(g5) = −ε. R6(g6) = ε.

R7(g2) =

(
−1

√
2

0 1

)
. R7(g3) =

(
−
√

2i 1

−1
√

2

)
. R7(g4) =

(
1 −

√
2i√

2 −1

)
.

R7(g5) = −ε. R7(g6) = ε.

R8(g2) =

(
i 0

e16 − e716 −i

)
. R8(g3) =

(
−e16 − e316 + e516 + e716 e8 + e28 + e38

e8 + e28 + e38 e16 + e316 − e516 − e716

)
.

R8(g4) =

(
−1−

√
2i e316 + e516

e316 + e516 1

)
. R8(g5) =

(
−1−

√
2i e16 + e316 + e516 + e716

e16 + e316 + e516 + e716 1 +
√

2

)
.

R8(g6) = −ε.

R9(g2) = −iφ. R9(g3) =

(
(−e16 + e716)/2 (−e316 + e516)/2
(−e316 + e516)/2 (e16 − e716)/2

)
.

R9(g4) =

(
−1/
√

2 1/
√

2

−1/
√

2 −1/
√

2

)
. R9(g5) = κ. R9(g6) = −ε.

R10(g2) =

(
i −e316 − e516
0 −i

)
. R10(g3) = φ.

R10(g4) =

(
−1 e16 − e716

−e16 + e716 1 +
√

2

)
. R10(g5) =

(
1 +
√

2 −e16 − e316 + e516 + e716
e16 + e316 − e516 − e716 −1−

√
2i

)
.

R10(g6) = −ε.
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R11(g2) =

(
−e8 − e28 − e38 e16 + e316 + e516 + e716
−e316 − e516 e8 + e28 + e38

)
.

R11(g3) =

(
−e16 − e316 + e516 + e716 1 +

√
2

−1−
√

2i e16 + e316 − e516 − e716

)
.

R11(g4) =

(
1 +
√

2 −e16 + e716
e16 − e716 −1

)
.

R11(g5) =

(
−1−

√
2i e16 + e316 − e516 − e716

−e16 − e316 + e516 + e716 1 +
√

2

)
.

R11(g6) = −ε.

G
(20)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −λ. R5(g3) = φ. R5(g4) = −ε. R5(g5) = ε. R5(g6) = ε.

R6(g2) =

(
−1 −

√
2i

0 1

)
. R6(g3) =

( √
2 1

−1 −
√

2i

)
. R6(g4) =

(
1

√
2

−
√

2i −1

)
.

R6(g5) = −ε. R6(g6) = ε.

R7(g2) =

(
−1 0√

2 1

)
. R7(g3) = φ. R7(g4) =

(
1

√
2

−
√

2i −1

)
. R7(g5) = −ε. R7(g6) = ε.

R8(g2) =

(
i 0

−
√

2i −i

)
. R8(g3) =

(
(e16 − e316 − e516 + e716)/2 (−e16 − e316 − e516 − e716)/2
(e16 − e316 − e516 + e716)/2 (−e16 + e316 + e516 − e716)/2

)
.

R8(g4) =

(
0 1

−1 −
√

2i

)
. R8(g5) =

(
1

√
2

−
√

2i −1

)
. R8(g6) = −ε.

R9(g2) =

(
−i 0

−
√

2i i

)
. R9(g3) =

(
(e16 + e316 + e516 + e716)/2 (−e16 − e316 − e516 − e716)/2

(−e16 + e316 + e516 − e716)/2 (−e16 − e316 − e516 − e716)/2

)
.

R9(g4) =

(
−
√

2i 1
−1 0

)
. R9(g5) =

(
−1

√
2

−
√

2i 1

)
. R9(g6) = −ε.

R10(g2) = −iλ. R10(g3) =

(
(−e316 − e516)/2 (−e316 + e516)/2
(e316 − e516)/2 (e316 + e516)/2

)
.

R10(g4) =

(
1/
√

2 i/
√

2

i/
√

2 1/
√

2

)
. R10(g5) = −iφ. R10(g6) = −ε.
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R11(g2) =

(
−e8 − e28 − e38 e16 + e316 + e516 + e716
−e316 − e516 e8 + e28 + e38

)
.

R11(g3) =

(
e316 + e516 −e8 − e28 − e38

i −e316 − e516

)
.

R11(g4) =

(
−1 e16 − e716

−e16 + e716 1 +
√

2

)
.

R11(g5) =

(
1 +
√

2 −e16 − e316 + e516 + e716
e16 + e316 − e516 − e716 −1−

√
2i

)
.

R11(g6) = −ε.

G
(21)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = −1. R9(g3) = −i. R9(g4) = −1. R9(g5) = 1. R9(g6) = −1.

R10(g2) = −1. R10(g3) = i. R10(g4) = −1. R10(g5) = 1. R10(g6) = −1.

R11(g2) = −1. R11(g3) = −i. R11(g4) = 1. R11(g5) = 1. R11(g6) = −1.

R12(g2) = −1. R12(g3) = i. R12(g4) = 1. R12(g5) = 1. R12(g6) = −1.

R13(g2) = 1. R13(g3) = −i. R13(g4) = −1. R13(g5) = 1. R13(g6) = −1.

R14(g2) = 1. R14(g3) = i. R14(g4) = −1. R14(g5) = 1. R14(g6) = −1.

R15(g2) = 1. R15(g3) = −i. R15(g4) = 1. R15(g5) = 1. R15(g6) = −1.

R16(g2) = 1. R16(g3) = i. R16(g4) = 1. R16(g5) = 1. R16(g6) = −1.

R17(g2) = −i. R17(g3) = −1. R17(g4) = −1. R17(g5) = −1. R17(g6) = 1.

R18(g2) = i. R18(g3) = −1. R18(g4) = −1. R18(g5) = −1. R18(g6) = 1.

R19(g2) = −i. R19(g3) = −1. R19(g4) = 1. R19(g5) = −1. R19(g6) = 1.

R20(g2) = i. R20(g3) = −1. R20(g4) = 1. R20(g5) = −1. R20(g6) = 1.

R21(g2) = −i. R21(g3) = 1. R21(g4) = −1. R21(g5) = −1. R21(g6) = 1.

R22(g2) = i. R22(g3) = 1. R22(g4) = −1. R22(g5) = −1. R22(g6) = 1.

R23(g2) = −i. R23(g3) = 1. R23(g4) = 1. R23(g5) = −1. R23(g6) = 1.

R24(g2) = i. R24(g3) = 1. R24(g4) = 1. R24(g5) = −1. R24(g6) = 1.

R25(g2) = −i. R25(g3) = −i. R25(g4) = −1. R25(g5) = −1. R25(g6) = −1.

R26(g2) = i. R26(g3) = i. R26(g4) = −1. R26(g5) = −1. R26(g6) = −1.

R27(g2) = −i. R27(g3) = −i. R27(g4) = 1. R27(g5) = −1. R27(g6) = −1.

R28(g2) = i. R28(g3) = i. R28(g4) = 1. R28(g5) = −1. R28(g6) = −1.

R29(g2) = −i. R29(g3) = i. R29(g4) = −1. R29(g5) = −1. R29(g6) = −1.

R30(g2) = i. R30(g3) = −i. R30(g4) = −1. R30(g5) = −1. R30(g6) = −1.
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R31(g2) = −i. R31(g3) = i. R31(g4) = 1. R31(g5) = −1. R31(g6) = −1.

R32(g2) = i. R32(g3) = −i. R32(g4) = 1. R32(g5) = −1. R32(g6) = −1.

G
(22)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = −i. R9(g3) = −1. R9(g4) = −1. R9(g5) = 1. R9(g6) = −1.

R10(g2) = i. R10(g3) = −1. R10(g4) = −1. R10(g5) = 1. R10(g6) = −1.

R11(g2) = −i. R11(g3) = −1. R11(g4) = 1. R11(g5) = 1. R11(g6) = −1.

R12(g2) = i. R12(g3) = −1. R12(g4) = 1. R12(g5) = 1. R12(g6) = −1.

R13(g2) = −i. R13(g3) = 1. R13(g4) = −1. R13(g5) = 1. R13(g6) = −1.

R14(g2) = i. R14(g3) = 1. R14(g4) = −1. R14(g5) = 1. R14(g6) = −1.

R15(g2) = −i. R15(g3) = 1. R15(g4) = 1. R15(g5) = 1. R15(g6) = −1.

R16(g2) = i. R16(g3) = 1. R16(g4) = 1. R16(g5) = 1. R16(g6) = −1.

R17(g2) = iλ. R17(g3) = −φ. R17(g4) = −ε. R17(g5) = −ε. R17(g6) = −ε.
R18(g2) = λ. R18(g3) = φ. R18(g4) = −ε. R18(g5) = −ε. R18(g6) = ε.

R19(g2) = iλ. R19(g3) = −φ. R19(g4) = ε. R19(g5) = −ε. R19(g6) = −ε.
R20(g2) = λ. R20(g3) = −φ. R20(g4) = ε. R20(g5) = −ε. R20(g6) = ε.

G
(23)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = −i. R9(g3) = −1. R9(g4) = −1. R9(g5) = 1. R9(g6) = −1.

R10(g2) = i. R10(g3) = −1. R10(g4) = −1. R10(g5) = 1. R10(g6) = −1.

R11(g2) = −i. R11(g3) = −1. R11(g4) = 1. R11(g5) = 1. R11(g6) = −1.

R12(g2) = i. R12(g3) = −1. R12(g4) = 1. R12(g5) = 1. R12(g6) = −1.

R13(g2) = −i. R13(g3) = 1. R13(g4) = −1. R13(g5) = 1. R13(g6) = −1.

R14(g2) = i. R14(g3) = 1. R14(g4) = −1. R14(g5) = 1. R14(g6) = −1.

R15(g2) = −i. R15(g3) = 1. R15(g4) = 1. R15(g5) = 1. R15(g6) = −1.

R16(g2) = i. R16(g3) = 1. R16(g4) = 1. R16(g5) = 1. R16(g6) = −1.

R17(g2) = −iλ. R17(g3) = iφ. R17(g4) = −ε. R17(g5) = −ε. R17(g6) = −ε.
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R18(g2) = λ. R18(g3) = −κ. R18(g4) = −ε. R18(g5) = −ε. R18(g6) = ε.

R19(g2) = iλ. R19(g3) = iφ. R19(g4) = ε. R19(g5) = −ε. R19(g6) = −ε.
R20(g2) = −λ. R20(g3) = κ. R20(g4) = ε. R20(g5) = −ε. R20(g6) = ε.

G
(24)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = −i. R9(g3) = −1. R9(g4) = −1. R9(g5) = 1. R9(g6) = −1.

R10(g2) = i. R10(g3) = −1. R10(g4) = −1. R10(g5) = 1. R10(g6) = −1.

R11(g2) = −i. R11(g3) = −1. R11(g4) = 1. R11(g5) = 1. R11(g6) = −1.

R12(g2) = i. R12(g3) = −1. R12(g4) = 1. R12(g5) = 1. R12(g6) = −1.

R13(g2) = −i. R13(g3) = 1. R13(g4) = −1. R13(g5) = 1. R13(g6) = −1.

R14(g2) = i. R14(g3) = 1. R14(g4) = −1. R14(g5) = 1. R14(g6) = −1.

R15(g2) = −i. R15(g3) = 1. R15(g4) = 1. R15(g5) = 1. R15(g6) = −1.

R16(g2) = i. R16(g3) = 1. R16(g4) = 1. R16(g5) = 1. R16(g6) = −1.

R17(g2) = iλ. R17(g3) = −iκ. R17(g4) = −iε. R17(g5) = −ε. R17(g6) = −ε.
R18(g2) = −iλ. R18(g3) = φ. R18(g4) = iε. R18(g5) = −ε. R18(g6) = −ε.
R19(g2) = −λ. R19(g3) = −φ. R19(g4) = −iε. R19(g5) = −ε. R19(g6) = ε.

R20(g2) = λ. R20(g3) = iκ. R20(g4) = iε. R20(g5) = −ε. R20(g6) = ε.

G
(25)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = −i. R9(g3) = −1. R9(g4) = −i. R9(g5) = 1. R9(g6) = −1.

R10(g2) = i. R10(g3) = −1. R10(g4) = i. R10(g5) = 1. R10(g6) = −1.

R11(g2) = −i. R11(g3) = −1. R11(g4) = i. R11(g5) = 1. R11(g6) = −1.

R12(g2) = i. R12(g3) = −1. R12(g4) = −i. R12(g5) = 1. R12(g6) = −1.

R13(g2) = −i. R13(g3) = 1. R13(g4) = −i. R13(g5) = 1. R13(g6) = −1.

R14(g2) = i. R14(g3) = 1. R14(g4) = i. R14(g5) = 1. R14(g6) = −1.

R15(g2) = −i. R15(g3) = 1. R15(g4) = i. R15(g5) = 1. R15(g6) = −1.

R16(g2) = i. R16(g3) = 1. R16(g4) = −i. R16(g5) = 1. R16(g6) = −1.



56 RICHARD J. MATHAR

R17(g2) = −λ. R17(g3) = −φ. R17(g4) = −ε. R17(g5) = −ε. R17(g6) = ε.

R18(g2) = −λ. R18(g3) = −φ. R18(g4) = ε. R18(g5) = −ε. R18(g6) = ε.

R19(g2) = −iλ. R19(g3) = φ. R19(g4) = −iε. R19(g5) = −ε. R19(g6) = −ε.
R20(g2) = −iλ. R20(g3) = φ. R20(g4) = iε. R20(g5) = −ε. R20(g6) = −ε.

G
(26)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = −i. R9(g3) = −1. R9(g4) = −i. R9(g5) = 1. R9(g6) = −1.

R10(g2) = i. R10(g3) = −1. R10(g4) = i. R10(g5) = 1. R10(g6) = −1.

R11(g2) = −i. R11(g3) = −1. R11(g4) = i. R11(g5) = 1. R11(g6) = −1.

R12(g2) = i. R12(g3) = −1. R12(g4) = −i. R12(g5) = 1. R12(g6) = −1.

R13(g2) = −i. R13(g3) = 1. R13(g4) = −i. R13(g5) = 1. R13(g6) = −1.

R14(g2) = i. R14(g3) = 1. R14(g4) = i. R14(g5) = 1. R14(g6) = −1.

R15(g2) = −i. R15(g3) = 1. R15(g4) = i. R15(g5) = 1. R15(g6) = −1.

R16(g2) = i. R16(g3) = 1. R16(g4) = −i. R16(g5) = 1. R16(g6) = −1.

R17(g2) = −iλ. R17(g3) = −iφ. R17(g4) = −ε. R17(g5) = −ε. R17(g6) = −ε.
R18(g2) = iλ. R18(g3) = iφ. R18(g4) = ε. R18(g5) = −ε. R18(g6) = −ε.

R19(g2) = −λ. R19(g3) = −iφ. R19(g4) = −iε. R19(g5) = −ε. R19(g6) = ε.

R20(g2) = −λ. R20(g3) = −κ. R20(g4) = iε. R20(g5) = −ε. R20(g6) = ε.

G
(27)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = −λ. R9(g3) = ε. R9(g4) = −φ. R9(g5) = ε. R9(g6) = −ε.
R10(g2) = −λ. R10(g3) = −ε. R10(g4) = −φ. R10(g5) = ε. R10(g6) = −ε.
R11(g2) = −λ. R11(g3) = −φ. R11(g4) = −ε. R11(g5) = −ε. R11(g6) = ε.

R12(g2) = λ. R12(g3) = φ. R12(g4) = −φ. R12(g5) = −ε. R12(g6) = −ε.
R13(g2) = λ. R13(g3) = φ. R13(g4) = φ. R13(g5) = −ε. R13(g6) = −ε.
R14(g2) = −λ. R14(g3) = φ. R14(g4) = ε. R14(g5) = −ε. R14(g6) = ε.
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G
(28)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = λ. R9(g3) = κ. R9(g4) = −ε. R9(g5) = −ε. R9(g6) = ε.

R10(g2) = −λ. R10(g3) = −κ. R10(g4) = ε. R10(g5) = −ε. R10(g6) = ε.

R11(g2) = −λ. R11(g3) = −ε. R11(g4) = φ. R11(g5) = ε. R11(g6) = −ε.

R12(g2) = −λ. R12(g3) = ε. R12(g4) = −φ. R12(g5) = ε. R12(g6) = −ε.

R13(g2) = λ. R13(g3) = −κ. R13(g4) = −iκ. R13(g5) = −ε. R13(g6) = −ε.

R14(g2) = −λ. R14(g3) = −iφ. R14(g4) = −φ. R14(g5) = −ε. R14(g6) = −ε.

G
(29)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = iλ. R9(g3) = κ. R9(g4) = −ε. R9(g5) = −ε. R9(g6) = ε.

R10(g2) = iλ. R10(g3) = κ. R10(g4) = ε. R10(g5) = −ε. R10(g6) = ε.

R11(g2) = −λ. R11(g3) = −ε. R11(g4) = φ. R11(g5) = ε. R11(g6) = −ε.

R12(g2) = −λ. R12(g3) = ε. R12(g4) = −φ. R12(g5) = ε. R12(g6) = −ε.

R13(g2) = iλ. R13(g3) = κ. R13(g4) = iκ. R13(g5) = −ε. R13(g6) = −ε.

R14(g2) = iλ. R14(g3) = −iφ. R14(g4) = −φ. R14(g5) = −ε. R14(g6) = −ε.
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G
(30)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = λ. R9(g3) = ε. R9(g4) = φ. R9(g5) = ε. R9(g6) = −ε.

R10(g2) = −λ. R10(g3) = −ε. R10(g4) = −φ. R10(g5) = ε. R10(g6) = −ε.

R11(g2) = λ. R11(g3) = iκ. R11(g4) = κ. R11(g5) = −ε. R11(g6) = −ε.

R12(g2) = −λ. R12(g3) = φ. R12(g4) = iφ. R12(g5) = −ε. R12(g6) = −ε.

R13(g2) = −λ. R13(g3) = iκ. R13(g4) = −iε. R13(g5) = −ε. R13(g6) = ε.

R14(g2) = λ. R14(g3) = iκ. R14(g4) = iε. R14(g5) = −ε. R14(g6) = ε.

G
(31)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = λ. R9(g3) = κ. R9(g4) = κ. R9(g5) = −ε. R9(g6) = −ε.

R10(g2) = λ. R10(g3) = κ. R10(g4) = −κ. R10(g5) = −ε. R10(g6) = −ε.

R11(g2) = λ. R11(g3) = −iε. R11(g4) = φ. R11(g5) = ε. R11(g6) = −ε.

R12(g2) = −λ. R12(g3) = iε. R12(g4) = −iκ. R12(g5) = ε. R12(g6) = −ε.

R13(g2) = −λ. R13(g3) = iκ. R13(g4) = −iε. R13(g5) = −ε. R13(g6) = ε.

R14(g2) = −λ. R14(g3) = −iκ. R14(g4) = iε. R14(g5) = −ε. R14(g6) = ε.
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G
(32)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = iλ. R9(g3) = −κ. R9(g4) = −κ. R9(g5) = −ε. R9(g6) = −ε.

R10(g2) = iλ. R10(g3) = −iφ. R10(g4) = iφ. R10(g5) = −ε. R10(g6) = −ε.

R11(g2) = λ. R11(g3) = −iε. R11(g4) = −iκ. R11(g5) = ε. R11(g6) = −ε.

R12(g2) = −λ. R12(g3) = iε. R12(g4) = iκ. R12(g5) = ε. R12(g6) = −ε.

R13(g2) = −iλ. R13(g3) = −φ. R13(g4) = −iε. R13(g5) = −ε. R13(g6) = ε.

R14(g2) = −iλ. R14(g3) = iκ. R14(g4) = iε. R14(g5) = −ε. R14(g6) = ε.

G
(33)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = λ. R9(g3) = −iε. R9(g4) = iκ. R9(g5) = ε. R9(g6) = −ε.

R10(g2) = −λ. R10(g3) = iε. R10(g4) = −φ. R10(g5) = ε. R10(g6) = −ε.

R11(g2) = −λ. R11(g3) = φ. R11(g4) = −iφ. R11(g5) = −ε. R11(g6) = −ε.

R12(g2) = λ. R12(g3) = φ. R12(g4) = iφ. R12(g5) = −ε. R12(g6) = −ε.

R13(g2) = −λ. R13(g3) = iφ. R13(g4) = −iε. R13(g5) = −ε. R13(g6) = ε.

R14(g2) = −λ. R14(g3) = κ. R14(g4) = iε. R14(g5) = −ε. R14(g6) = ε.
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G
(34)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = −λ. R9(g3) = ε. R9(g4) = κ. R9(g5) = ε. R9(g6) = −ε.

R10(g2) = λ. R10(g3) = −ε. R10(g4) = −κ. R10(g5) = ε. R10(g6) = −ε.

R11(g2) = −λ. R11(g3) = −κ. R11(g4) = −ε. R11(g5) = −ε. R11(g6) = ε.

R12(g2) = −λ. R12(g3) = −κ. R12(g4) = −κ. R12(g5) = −ε. R12(g6) = −ε.

R13(g2) = λ. R13(g3) = −κ. R13(g4) = κ. R13(g5) = −ε. R13(g6) = −ε.

R14(g2) = λ. R14(g3) = κ. R14(g4) = ε. R14(g5) = −ε. R14(g6) = ε.

G
(35)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = −λ. R9(g3) = ε. R9(g4) = −κ. R9(g5) = ε. R9(g6) = −ε.

R10(g2) = λ. R10(g3) = −ε. R10(g4) = −κ. R10(g5) = ε. R10(g6) = −ε.

R11(g2) = iλ. R11(g3) = iφ. R11(g4) = −ε. R11(g5) = −ε. R11(g6) = ε.

R12(g2) = −iλ. R12(g3) = iφ. R12(g4) = iφ. R12(g5) = −ε. R12(g6) = −ε.

R13(g2) = iλ. R13(g3) = −κ. R13(g4) = κ. R13(g5) = −ε. R13(g6) = −ε.

R14(g2) = −iλ. R14(g3) = κ. R14(g4) = ε. R14(g5) = −ε. R14(g6) = ε.
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G
(36)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = −i. R9(g3) = −1. R9(g4) = −1. R9(g5) = −1. R9(g6) = 1.

R10(g2) = i. R10(g3) = −1. R10(g4) = −1. R10(g5) = −1. R10(g6) = 1.

R11(g2) = −i. R11(g3) = −1. R11(g4) = 1. R11(g5) = −1. R11(g6) = 1.

R12(g2) = i. R12(g3) = −1. R12(g4) = 1. R12(g5) = −1. R12(g6) = 1.

R13(g2) = −i. R13(g3) = 1. R13(g4) = −1. R13(g5) = −1. R13(g6) = 1.

R14(g2) = i. R14(g3) = 1. R14(g4) = −1. R14(g5) = −1. R14(g6) = 1.

R15(g2) = −i. R15(g3) = 1. R15(g4) = 1. R15(g5) = −1. R15(g6) = 1.

R16(g2) = i. R16(g3) = 1. R16(g4) = 1. R16(g5) = −1. R16(g6) = 1.

R17(g2) = −e8. R17(g3) = −1. R17(g4) = −1. R17(g5) = i. R17(g6) = −1.

R18(g2) = −e38. R18(g3) = −1. R18(g4) = −1. R18(g5) = −i. R18(g6) = −1.

R19(g2) = e38. R19(g3) = −1. R19(g4) = −1. R19(g5) = −i. R19(g6) = −1.

R20(g2) = e8. R20(g3) = −1. R20(g4) = −1. R20(g5) = i. R20(g6) = −1.

R21(g2) = −e8. R21(g3) = −1. R21(g4) = 1. R21(g5) = i. R21(g6) = −1.

R22(g2) = −e38. R22(g3) = −1. R22(g4) = 1. R22(g5) = −i. R22(g6) = −1.

R23(g2) = e38. R23(g3) = −1. R23(g4) = 1. R23(g5) = −i. R23(g6) = −1.

R24(g2) = e8. R24(g3) = −1. R24(g4) = 1. R24(g5) = i. R24(g6) = −1.

R25(g2) = −e8. R25(g3) = 1. R25(g4) = −1. R25(g5) = i. R25(g6) = −1.

R26(g2) = −e38. R26(g3) = 1. R26(g4) = −1. R26(g5) = −i. R26(g6) = −1.

R27(g2) = e38. R27(g3) = 1. R27(g4) = −1. R27(g5) = −i. R27(g6) = −1.

R28(g2) = e8. R28(g3) = 1. R28(g4) = −1. R28(g5) = i. R28(g6) = −1.

R29(g2) = −e8. R29(g3) = 1. R29(g4) = 1. R29(g5) = i. R29(g6) = −1.

R30(g2) = −e38. R30(g3) = 1. R30(g4) = 1. R30(g5) = −i. R30(g6) = −1.

R31(g2) = e38. R31(g3) = 1. R31(g4) = 1. R31(g5) = −i. R31(g6) = −1.

R32(g2) = e8. R32(g3) = 1. R32(g4) = 1. R32(g5) = i. R32(g6) = −1.
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G
(37)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = −i. R9(g3) = −1. R9(g4) = −1. R9(g5) = −1. R9(g6) = 1.

R10(g2) = i. R10(g3) = −1. R10(g4) = −1. R10(g5) = −1. R10(g6) = 1.

R11(g2) = −i. R11(g3) = −1. R11(g4) = 1. R11(g5) = −1. R11(g6) = 1.

R12(g2) = i. R12(g3) = −1. R12(g4) = 1. R12(g5) = −1. R12(g6) = 1.

R13(g2) = −i. R13(g3) = 1. R13(g4) = −1. R13(g5) = −1. R13(g6) = 1.

R14(g2) = i. R14(g3) = 1. R14(g4) = −1. R14(g5) = −1. R14(g6) = 1.

R15(g2) = −i. R15(g3) = 1. R15(g4) = 1. R15(g5) = −1. R15(g6) = 1.

R16(g2) = i. R16(g3) = 1. R16(g4) = 1. R16(g5) = −1. R16(g6) = 1.

R17(g2) =

(
−e38 0

0 e38

)
. R17(g3) =

(
0 e8
−e38 0

)
. R17(g4) = −ε. R17(g5) = −iε. R17(g6) = −ε.

R18(g2) =

(
e8 0
0 −e8

)
. R18(g3) =

(
0 −e8
e38 0

)
. R18(g4) = −ε. R18(g5) = iε. R18(g6) = −ε.

R19(g2) =

(
e38 0
0 −e38

)
. R19(g3) = −φ. R19(g4) = ε. R19(g5) = −iε. R19(g6) = −ε.

R20(g2) =

(
−e8 0

0 e8

)
. R20(g3) = iκ. R20(g4) = ε. R20(g5) = iε. R20(g6) = −ε.

G
(38)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = −i. R9(g3) = −1. R9(g4) = −1. R9(g5) = −1. R9(g6) = 1.

R10(g2) = i. R10(g3) = −1. R10(g4) = −1. R10(g5) = −1. R10(g6) = 1.

R11(g2) = −i. R11(g3) = −1. R11(g4) = 1. R11(g5) = −1. R11(g6) = 1.

R12(g2) = i. R12(g3) = −1. R12(g4) = 1. R12(g5) = −1. R12(g6) = 1.

R13(g2) = −i. R13(g3) = 1. R13(g4) = −1. R13(g5) = −1. R13(g6) = 1.

R14(g2) = i. R14(g3) = 1. R14(g4) = −1. R14(g5) = −1. R14(g6) = 1.

R15(g2) = −i. R15(g3) = 1. R15(g4) = 1. R15(g5) = −1. R15(g6) = 1.

R16(g2) = i. R16(g3) = 1. R16(g4) = 1. R16(g5) = −1. R16(g6) = 1.
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R17(g2) =

(
−e8 0

0 −e8

)
. R17(g3) = λ. R17(g4) = φ. R17(g5) = iε. R17(g6) = −ε.

R18(g2) =

(
−e38 0

0 −e38

)
. R18(g3) = −λ. R18(g4) = −iκ. R18(g5) = −iε. R18(g6) = −ε.

R19(g2) =

(
e38 0
0 e38

)
. R19(g3) = −λ. R19(g4) = −φ. R19(g5) = −iε. R19(g6) = −ε.

R20(g2) =

(
e8 0
0 e8

)
. R20(g3) = −λ. R20(g4) =

(
0 −e38
e8 0

)
. R20(g5) = iε. R20(g6) = −ε.

G
(39)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = λ. R9(g3) = φ. R9(g4) = −ε. R9(g5) = −ε. R9(g6) = ε.

R10(g2) = λ. R10(g3) = −φ. R10(g4) = ε. R10(g5) = −ε. R10(g6) = ε.

R11(g2) =

(
1 0

−
√

2i −1

)
. R11(g3) = φ. R11(g4) = −ε. R11(g5) =

(
1

√
2

−
√

2i −1

)
. R11(g6) = −ε.

R12(g2) =

(
−1 −

√
2i

0 1

)
. R12(g3) = −φ. R12(g4) = −ε. R12(g5) =

(
−1 −

√
2i√

2 1

)
. R12(g6) = −ε.

R13(g2) =

(
−1 −

√
2i

0 1

)
. R13(g3) =

( √
2 1

−1 −
√

2i

)
. R13(g4) = ε.

R13(g5) =

(
1

√
2

−
√

2i −1

)
. R13(g6) = −ε.

R14(g2) =

(
1 0√
2 −1

)
. R14(g3) =

( √
2 −1

1 −
√

2i

)
. R14(g4) = ε.

R14(g5) =

(
−1

√
2

−
√

2i 1

)
. R14(g6) = −ε.

G
(40)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = −λ. R9(g3) = −φ. R9(g4) = −ε. R9(g5) = −ε. R9(g6) = ε.
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R10(g2) = λ. R10(g3) = −φ. R10(g4) = ε. R10(g5) = −ε. R10(g6) = ε.

R11(g2) =

(
i 0√
2 −i

)
. R11(g3) =

(
−
√

2i i

i
√

2

)
. R11(g4) = −ε.

R11(g5) =

(
−1

√
2i√

2i 1

)
. R11(g6) = −ε.

R12(g2) = −iλ. R12(g3) =

(
−1/
√

2 −1/
√

2

−1/
√

2 1/
√

2

)
. R12(g4) = −ε. R12(g5) = −κ. R12(g6) = −ε.

R13(g2) = −iφ. R13(g3) =

(
−1/
√

2 1/
√

2

1/
√

2 1/
√

2

)
. R13(g4) = ε. R13(g5) = −κ. R13(g6) = −ε.

R14(g2) =

(
−i 0

−
√

2i i

)
. R14(g3) =

(
−
√

2i i

i
√

2

)
. R14(g4) = ε.

R14(g5) =

(
−1

√
2i√

2i 1

)
. R14(g6) = −ε.

G
(41)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = λ. R9(g3) = φ. R9(g4) = −ε. R9(g5) = −ε. R9(g6) = ε.

R10(g2) = −λ. R10(g3) = −φ. R10(g4) = ε. R10(g5) = −ε. R10(g6) = ε.

R11(g2) =

(
−i

√
2i

0 i

)
. R11(g3) =

(
−
√

2i i

−i
√

2i

)
. R11(g4) = −ε.

R11(g5) =

(
1 −

√
2i√

2 −1

)
. R11(g6) = −ε.

R12(g2) =

(
i 0

−
√

2i −i

)
. R12(g3) =

(
−
√

2i −i
i

√
2i

)
. R12(g4) = −ε.

R12(g5) =

(
−1 −

√
2i√

2 1

)
. R12(g6) = −ε.

R13(g2) =

(
−i −

√
2i

0 i

)
. R13(g3) =

(
−
√

2i −i
i

√
2i

)
. R13(g4) = ε.

R13(g5) =

(
1

√
2

−
√

2i −1

)
. R13(g6) = −ε.
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R14(g2) =

(
−i 0

−
√

2i i

)
. R14(g3) =

( √
2i −i
i −

√
2i

)
. R14(g4) = ε.

R14(g5) =

(
−1

√
2

−
√

2i 1

)
. R14(g6) = −ε.

G
(42)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = λ. R9(g3) = φ. R9(g4) = −ε. R9(g5) = −ε. R9(g6) = ε.

R10(g2) = −λ. R10(g3) = −φ. R10(g4) = ε. R10(g5) = −ε. R10(g6) = ε.

R11(g2) = λ. R11(g3) =

(
−1/
√

2 −1/
√

2

i/
√

2 1/
√

2

)
. R11(g4) = −iε. R11(g5) = −iφ. R11(g6) = −ε.

R12(g2) = λ. R12(g3) =

(
1/
√

2 −1/
√

2

i/
√

2 −1/
√

2

)
. R12(g4) = −iε. R12(g5) = iφ. R12(g6) = −ε.

R13(g2) =

(
1
√

2i
0 −1

)
. R13(g3) =

(
−
√

2i −i
−i

√
2

)
. R13(g4) = iε.

R13(g5) =

(
1

√
2i√

2i −1

)
. R13(g6) = −ε.

R14(g2) = −λ. R14(g3) =

(
−1/
√

2 −1/
√

2

i/
√

2 1/
√

2

)
. R14(g4) = iε. R14(g5) = −iφ. R14(g6) = −ε.

G
(43)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = λ. R9(g3) = φ. R9(g4) = ε. R9(g5) = −ε. R9(g6) = ε.

R10(g2) = λ. R10(g3) = φ. R10(g4) = −ε. R10(g5) = −ε. R10(g6) = ε.
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R11(g2) =


0 e8 0 0
−e38 0 0 0

0 0 0 e38
0 0 −e8 0

 . R11(g3) =


0 1 0 0
1 0 0 0
0 0 0 −i
0 0 i 0

 .

R11(g4) =


0 0 −i 0
0 0 0 −1
i 0 0 0
0 −1 0 0

 . R11(g5) =


−i 0 0 0
0 i 0 0
0 0 −i 0
0 0 0 i

 .

R11(g6) =


−1 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1

 .

G
(44)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1. R6(g6) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1. R8(g6) = 1.

R9(g2) = λ. R9(g3) = φ. R9(g4) = ε. R9(g5) = −ε. R9(g6) = ε.

R10(g2) = λ. R10(g3) = −φ. R10(g4) = −ε. R10(g5) = −ε. R10(g6) = ε.

R11(g2) =


0 0 0 −e8
0 0 i 0
0 −i 0 0
e38 0 0 0

 . R11(g3) =


0 0 0 1
0 0 −e38 0
0 −e8 0 0
−1 0 0 0

 .

R11(g4) =


0 0 −e38 0
0 0 0 −1
e8 0 0 0
0 −1 0 0

 . R11(g5) =


i 0 0 0
0 −i 0 0
0 0 i 0
0 0 0 −i

 .

R11(g6) =


−1 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1

 .

G
(45)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = −1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = −1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = −1. R4(g4) = 1. R4(g5) = −1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = −1. R6(g3) = 1. R6(g4) = −1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = −1. R7(g3) = 1. R7(g4) = −1. R7(g5) = 1. R7(g6) = 1.
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R8(g2) = −1. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = −1. R9(g3) = 1. R9(g4) = 1. R9(g5) = 1. R9(g6) = 1.

R10(g2) = 1. R10(g3) = −1. R10(g4) = −1. R10(g5) = −1. R10(g6) = 1.

R11(g2) = 1. R11(g3) = −1. R11(g4) = −1. R11(g5) = 1. R11(g6) = 1.

R12(g2) = 1. R12(g3) = −1. R12(g4) = 1. R12(g5) = −1. R12(g6) = 1.

R13(g2) = 1. R13(g3) = −1. R13(g4) = 1. R13(g5) = 1. R13(g6) = 1.

R14(g2) = 1. R14(g3) = 1. R14(g4) = −1. R14(g5) = −1. R14(g6) = 1.

R15(g2) = 1. R15(g3) = 1. R15(g4) = −1. R15(g5) = 1. R15(g6) = 1.

R16(g2) = 1. R16(g3) = 1. R16(g4) = 1. R16(g5) = −1. R16(g6) = 1.

R17(g2) = −i. R17(g3) = −1. R17(g4) = −1. R17(g5) = −1. R17(g6) = −1.

R18(g2) = i. R18(g3) = −1. R18(g4) = −1. R18(g5) = −1. R18(g6) = −1.

R19(g2) = −i. R19(g3) = −1. R19(g4) = −1. R19(g5) = 1. R19(g6) = −1.

R20(g2) = i. R20(g3) = −1. R20(g4) = −1. R20(g5) = 1. R20(g6) = −1.

R21(g2) = −i. R21(g3) = −1. R21(g4) = 1. R21(g5) = −1. R21(g6) = −1.

R22(g2) = i. R22(g3) = −1. R22(g4) = 1. R22(g5) = −1. R22(g6) = −1.

R23(g2) = −i. R23(g3) = −1. R23(g4) = 1. R23(g5) = 1. R23(g6) = −1.

R24(g2) = i. R24(g3) = −1. R24(g4) = 1. R24(g5) = 1. R24(g6) = −1.

R25(g2) = −i. R25(g3) = 1. R25(g4) = −1. R25(g5) = −1. R25(g6) = −1.

R26(g2) = i. R26(g3) = 1. R26(g4) = −1. R26(g5) = −1. R26(g6) = −1.

R27(g2) = −i. R27(g3) = 1. R27(g4) = −1. R27(g5) = 1. R27(g6) = −1.

R28(g2) = i. R28(g3) = 1. R28(g4) = −1. R28(g5) = 1. R28(g6) = −1.

R29(g2) = −i. R29(g3) = 1. R29(g4) = 1. R29(g5) = −1. R29(g6) = −1.

R30(g2) = i. R30(g3) = 1. R30(g4) = 1. R30(g5) = −1. R30(g6) = −1.

R31(g2) = −i. R31(g3) = 1. R31(g4) = 1. R31(g5) = 1. R31(g6) = −1.

R32(g2) = i. R32(g3) = 1. R32(g4) = 1. R32(g5) = 1. R32(g6) = −1.

G
(46)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = −1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = −1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = −1. R4(g4) = 1. R4(g5) = −1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = −1. R6(g3) = 1. R6(g4) = −1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = −1. R7(g3) = 1. R7(g4) = −1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = −1. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = −1. R9(g3) = 1. R9(g4) = 1. R9(g5) = 1. R9(g6) = 1.

R10(g2) = 1. R10(g3) = −1. R10(g4) = −1. R10(g5) = −1. R10(g6) = 1.

R11(g2) = 1. R11(g3) = −1. R11(g4) = −1. R11(g5) = 1. R11(g6) = 1.

R12(g2) = 1. R12(g3) = −1. R12(g4) = 1. R12(g5) = −1. R12(g6) = 1.

R13(g2) = 1. R13(g3) = −1. R13(g4) = 1. R13(g5) = 1. R13(g6) = 1.

R14(g2) = 1. R14(g3) = 1. R14(g4) = −1. R14(g5) = −1. R14(g6) = 1.

R15(g2) = 1. R15(g3) = 1. R15(g4) = −1. R15(g5) = 1. R15(g6) = 1.
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R16(g2) = 1. R16(g3) = 1. R16(g4) = 1. R16(g5) = −1. R16(g6) = 1.

R17(g2) = −λ. R17(g3) = φ. R17(g4) = −ε. R17(g5) = −ε. R17(g6) = −ε.
R18(g2) = −λ. R18(g3) = φ. R18(g4) = −ε. R18(g5) = ε. R18(g6) = −ε.
R19(g2) = −λ. R19(g3) = φ. R19(g4) = ε. R19(g5) = −ε. R19(g6) = −ε.
R20(g2) = λ. R20(g3) = −φ. R20(g4) = ε. R20(g5) = ε. R20(g6) = −ε.

G
(47)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = −1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = −1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = −1. R4(g4) = 1. R4(g5) = −1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = −1. R6(g3) = 1. R6(g4) = −1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = −1. R7(g3) = 1. R7(g4) = −1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = −1. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = −1. R9(g3) = 1. R9(g4) = 1. R9(g5) = 1. R9(g6) = 1.

R10(g2) = 1. R10(g3) = −1. R10(g4) = −1. R10(g5) = −1. R10(g6) = 1.

R11(g2) = 1. R11(g3) = −1. R11(g4) = −1. R11(g5) = 1. R11(g6) = 1.

R12(g2) = 1. R12(g3) = −1. R12(g4) = 1. R12(g5) = −1. R12(g6) = 1.

R13(g2) = 1. R13(g3) = −1. R13(g4) = 1. R13(g5) = 1. R13(g6) = 1.

R14(g2) = 1. R14(g3) = 1. R14(g4) = −1. R14(g5) = −1. R14(g6) = 1.

R15(g2) = 1. R15(g3) = 1. R15(g4) = −1. R15(g5) = 1. R15(g6) = 1.

R16(g2) = 1. R16(g3) = 1. R16(g4) = 1. R16(g5) = −1. R16(g6) = 1.

R17(g2) = −iλ. R17(g3) = −κ. R17(g4) = −ε. R17(g5) = −ε. R17(g6) = −ε.
R18(g2) = iλ. R18(g3) = −κ. R18(g4) = −ε. R18(g5) = ε. R18(g6) = −ε.
R19(g2) = −iλ. R19(g3) = κ. R19(g4) = ε. R19(g5) = −ε. R19(g6) = −ε.
R20(g2) = −iλ. R20(g3) = −iφ. R20(g4) = ε. R20(g5) = ε. R20(g6) = −ε.

G
(48)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = −1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = −1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = −1. R4(g4) = 1. R4(g5) = −1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = −1. R6(g3) = 1. R6(g4) = −1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = −1. R7(g3) = 1. R7(g4) = −1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = −1. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = −1. R9(g3) = 1. R9(g4) = 1. R9(g5) = 1. R9(g6) = 1.

R10(g2) = 1. R10(g3) = −1. R10(g4) = −1. R10(g5) = −1. R10(g6) = 1.

R11(g2) = 1. R11(g3) = −1. R11(g4) = −1. R11(g5) = 1. R11(g6) = 1.

R12(g2) = 1. R12(g3) = −1. R12(g4) = 1. R12(g5) = −1. R12(g6) = 1.

R13(g2) = 1. R13(g3) = −1. R13(g4) = 1. R13(g5) = 1. R13(g6) = 1.

R14(g2) = 1. R14(g3) = 1. R14(g4) = −1. R14(g5) = −1. R14(g6) = 1.
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R15(g2) = 1. R15(g3) = 1. R15(g4) = −1. R15(g5) = 1. R15(g6) = 1.

R16(g2) = 1. R16(g3) = 1. R16(g4) = 1. R16(g5) = −1. R16(g6) = 1.

R17(g2) = −λ. R17(g3) = −iκ. R17(g4) = −iε. R17(g5) = −ε. R17(g6) = −ε.

R18(g2) = λ. R18(g3) = φ. R18(g4) = iε. R18(g5) = −ε. R18(g6) = −ε.

R19(g2) = −λ. R19(g3) = −φ. R19(g4) = −iε. R19(g5) = ε. R19(g6) = −ε.

R20(g2) = −λ. R20(g3) = −iκ. R20(g4) = iε. R20(g5) = ε. R20(g6) = −ε.

G
(49)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = −1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = −1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = −1. R4(g4) = 1. R4(g5) = −1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = −1. R6(g3) = 1. R6(g4) = −1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = −1. R7(g3) = 1. R7(g4) = −1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = −1. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = −1. R9(g3) = 1. R9(g4) = 1. R9(g5) = 1. R9(g6) = 1.

R10(g2) = 1. R10(g3) = −1. R10(g4) = −1. R10(g5) = −1. R10(g6) = 1.

R11(g2) = 1. R11(g3) = −1. R11(g4) = −1. R11(g5) = 1. R11(g6) = 1.

R12(g2) = 1. R12(g3) = −1. R12(g4) = 1. R12(g5) = −1. R12(g6) = 1.

R13(g2) = 1. R13(g3) = −1. R13(g4) = 1. R13(g5) = 1. R13(g6) = 1.

R14(g2) = 1. R14(g3) = 1. R14(g4) = −1. R14(g5) = −1. R14(g6) = 1.

R15(g2) = 1. R15(g3) = 1. R15(g4) = −1. R15(g5) = 1. R15(g6) = 1.

R16(g2) = 1. R16(g3) = 1. R16(g4) = 1. R16(g5) = −1. R16(g6) = 1.

R17(g2) =


0 0 −1 0
0 0 0 −1
−1 0 0 0
0 −1 0 0

 . R17(g3) =


1 0 0 0
0 1 0 0
0 0 −1 0
0 0 0 −1

 .

R17(g4) =


0 0 1 0
0 0 0 −1
1 0 0 0
0 −1 0 0

 . R17(g5) =


0 1 0 0
1 0 0 0
0 0 0 −1
0 0 −1 0

 .

R17(g6) =


−1 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1

 .
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G
(50)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = −1. R2(g6) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = −1. R3(g5) = 1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = −1. R4(g4) = 1. R4(g5) = −1. R4(g6) = 1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = 1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = −1. R6(g3) = 1. R6(g4) = −1. R6(g5) = −1. R6(g6) = 1.

R7(g2) = −1. R7(g3) = 1. R7(g4) = −1. R7(g5) = 1. R7(g6) = 1.

R8(g2) = −1. R8(g3) = 1. R8(g4) = 1. R8(g5) = −1. R8(g6) = 1.

R9(g2) = −1. R9(g3) = 1. R9(g4) = 1. R9(g5) = 1. R9(g6) = 1.

R10(g2) = 1. R10(g3) = −1. R10(g4) = −1. R10(g5) = −1. R10(g6) = 1.

R11(g2) = 1. R11(g3) = −1. R11(g4) = −1. R11(g5) = 1. R11(g6) = 1.

R12(g2) = 1. R12(g3) = −1. R12(g4) = 1. R12(g5) = −1. R12(g6) = 1.

R13(g2) = 1. R13(g3) = −1. R13(g4) = 1. R13(g5) = 1. R13(g6) = 1.

R14(g2) = 1. R14(g3) = 1. R14(g4) = −1. R14(g5) = −1. R14(g6) = 1.

R15(g2) = 1. R15(g3) = 1. R15(g4) = −1. R15(g5) = 1. R15(g6) = 1.

R16(g2) = 1. R16(g3) = 1. R16(g4) = 1. R16(g5) = −1. R16(g6) = 1.

R17(g2) =


0 0 0 −i
0 0 i 0
0 −i 0 0
i 0 0 0

 . R17(g3) =


−i 0 0 0
0 i 0 0
0 0 −i 0
0 0 0 i

 .

R17(g4) =


0 0 0 −1
0 0 −1 0
0 1 0 0
1 0 0 0

 . R17(g5) =


0 0 1 0
0 0 0 −1
1 0 0 0
0 −1 0 0

 .

R17(g6) =


−1 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1

 .

G
(51)
32

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = −1. R2(g6) = −1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = −1. R3(g5) = −1. R3(g6) = 1.

R4(g2) = −1. R4(g3) = −1. R4(g4) = −1. R4(g5) = 1. R4(g6) = −1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = −1. R5(g5) = 1. R5(g6) = 1.

R6(g2) = −1. R6(g3) = −1. R6(g4) = 1. R6(g5) = −1. R6(g6) = −1.

R7(g2) = −1. R7(g3) = −1. R7(g4) = 1. R7(g5) = −1. R7(g6) = 1.

R8(g2) = −1. R8(g3) = −1. R8(g4) = 1. R8(g5) = 1. R8(g6) = −1.

R9(g2) = −1. R9(g3) = −1. R9(g4) = 1. R9(g5) = 1. R9(g6) = 1.

R10(g2) = −1. R10(g3) = 1. R10(g4) = −1. R10(g5) = −1. R10(g6) = −1.

R11(g2) = −1. R11(g3) = 1. R11(g4) = −1. R11(g5) = −1. R11(g6) = 1.

R12(g2) = −1. R12(g3) = 1. R12(g4) = −1. R12(g5) = 1. R12(g6) = −1.



IRREDUCIBLE REPRESENTATIONS OF SMALL ABSTRACT GROUPS 71

R13(g2) = −1. R13(g3) = 1. R13(g4) = −1. R13(g5) = 1. R13(g6) = 1.

R14(g2) = −1. R14(g3) = 1. R14(g4) = 1. R14(g5) = −1. R14(g6) = −1.

R15(g2) = −1. R15(g3) = 1. R15(g4) = 1. R15(g5) = −1. R15(g6) = 1.

R16(g2) = −1. R16(g3) = 1. R16(g4) = 1. R16(g5) = 1. R16(g6) = −1.

R17(g2) = −1. R17(g3) = 1. R17(g4) = 1. R17(g5) = 1. R17(g6) = 1.

R18(g2) = 1. R18(g3) = −1. R18(g4) = −1. R18(g5) = −1. R18(g6) = −1.

R19(g2) = 1. R19(g3) = −1. R19(g4) = −1. R19(g5) = −1. R19(g6) = 1.

R20(g2) = 1. R20(g3) = −1. R20(g4) = −1. R20(g5) = 1. R20(g6) = −1.

R21(g2) = 1. R21(g3) = −1. R21(g4) = −1. R21(g5) = 1. R21(g6) = 1.

R22(g2) = 1. R22(g3) = −1. R22(g4) = 1. R22(g5) = −1. R22(g6) = −1.

R23(g2) = 1. R23(g3) = −1. R23(g4) = 1. R23(g5) = −1. R23(g6) = 1.

R24(g2) = 1. R24(g3) = −1. R24(g4) = 1. R24(g5) = 1. R24(g6) = −1.

R25(g2) = 1. R25(g3) = −1. R25(g4) = 1. R25(g5) = 1. R25(g6) = 1.

R26(g2) = 1. R26(g3) = 1. R26(g4) = −1. R26(g5) = −1. R26(g6) = −1.

R27(g2) = 1. R27(g3) = 1. R27(g4) = −1. R27(g5) = −1. R27(g6) = 1.

R28(g2) = 1. R28(g3) = 1. R28(g4) = −1. R28(g5) = 1. R28(g6) = −1.

R29(g2) = 1. R29(g3) = 1. R29(g4) = −1. R29(g5) = 1. R29(g6) = 1.

R30(g2) = 1. R30(g3) = 1. R30(g4) = 1. R30(g5) = −1. R30(g6) = −1.

R31(g2) = 1. R31(g3) = 1. R31(g4) = 1. R31(g5) = −1. R31(g6) = 1.

R32(g2) = 1. R32(g3) = 1. R32(g4) = 1. R32(g5) = 1. R32(g6) = −1.

2.33. Order 33. G
(1)
33

R2(g2) = 1. R2(g3) = e1011.

R3(g2) = 1. R3(g3) = e911.

R4(g2) = 1. R4(g3) = e811.

R5(g2) = 1. R5(g3) = e711.

R6(g2) = 1. R6(g3) = e611.

R7(g2) = 1. R7(g3) = e511.

R8(g2) = 1. R8(g3) = e411.

R9(g2) = 1. R9(g3) = e311.

R10(g2) = 1. R10(g3) = e211.

R11(g2) = 1. R11(g3) = e11.

R12(g2) = e23. R12(g3) = 1.

R13(g2) = e3. R13(g3) = 1.

R14(g2) = e23. R14(g3) = e1011.

R15(g2) = e23. R15(g3) = e911.

R16(g2) = e23. R16(g3) = e811.

R17(g2) = e23. R17(g3) = e711.

R18(g2) = e23. R18(g3) = e611.

R19(g2) = e23. R19(g3) = e511.
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R20(g2) = e23. R20(g3) = e411.

R21(g2) = e23. R21(g3) = e311.

R22(g2) = e23. R22(g3) = e211.

R23(g2) = e23. R23(g3) = e11.

R24(g2) = e3. R24(g3) = e1011.

R25(g2) = e3. R25(g3) = e911.

R26(g2) = e3. R26(g3) = e811.

R27(g2) = e3. R27(g3) = e711.

R28(g2) = e3. R28(g3) = e611.

R29(g2) = e3. R29(g3) = e511.

R30(g2) = e3. R30(g3) = e411.

R31(g2) = e3. R31(g3) = e311.

R32(g2) = e3. R32(g3) = e211.

R33(g2) = e3. R33(g3) = e11.

2.34. Order 34. G
(1)
34

R2(g2) = −1. R2(g3) = 1.

R3(g2) =

(
α34,1 α34,2

−α34,1 −α34,1

)
. R3(g3) =

(
−e417 − e1317 α34,3

−α34,3 e417 + e517 + e1217 + e1317

)
.

Constants:

α34,1 ≡ e317 + e417 + e517 + e617 + e1117 + e1217 + e1317 + e1417;

α34,2 ≡ e217 + e317 + e417 + e517 + e617 + e1117 + e1217 + e1317 + e1417 + e1517;

α34,3 ≡ −e17−e217−e317−e417−e517−e617−e717−e1017−e1117−e1217−e1317−e1417−e1517−e1617.

R4(g2) =

(
α34,4 α34,5

−α34,4 −α34,4

)
. R4(g3) =

(
α34,6 −e717 − e1017

e717 + e1017 −1

)
.

Constants:

α34,4 ≡ e17 + e217 + e417 + e717 + e1017 + e1317 + e1517 + e1617;

α34,5 ≡ e17 + e217 + e417 + e517 + e717 + e1017 + e1217 + e1317 + e1517 + e1617;

α34,6 ≡ −e17−e217−e417−e517−e617−e717−e817−e917−e1017−e1117−e1217−e1317−e1517−e1617.

R5(g2) =

(
α34,7 e217 + e317 + e817 + e917 + e1417 + e1517

−e317 − e817 − e917 − e1417 −α34,7

)
.

R5(g3) =

(
−1 e317 + e1417

−e317 − e1417 α34,8

)
.

Constants:

α34,7 ≡ e17 + e217 + e317 + e417 + e717 + e817 + e917 + e1017 + e1317 + e1417 + e1517 + e1617;

α34,8 ≡ −e17−e217−e317−e417−e517−e717−e817−e917−e1017−e1217−e1317−e1417−e1517−e1617.
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R6(g2) =

(
α34,9 e717 + e817 + e917 + e1017

−e817 − e917 −α34,9

)
.

R6(g3) =

(
α34,10 −e717 − e817 − e917 − e1017

e717 + e817 + e917 + e1017 α34,9

)
.

Constants:

α34,9 ≡ e217 + e317 + e417 + e517 + e617 + e717 + e817 + e917 + e1017 + e1117 + e1217 + e1317 + e1417 + e1517;

α34,10 ≡ −e317 − e417 − e517 − e617 − e717 − e817 − e917 − e1017 − e1117 − e1217 − e1317 − e1417.

R7(g2) =

(
α34,11 −e17 − e1617

e17 + e317 + e1417 + e1617 −α34,11

)
.

R7(g3) =

(
−e17 − e317 − e517 − e1217 − e1417 − e1617 α34,12

−α34,12 e17 + e317 + e517 + e717 + e1017 + e1217 + e1417 + e1617

)
.

Constants:

α34,11 ≡ −e17−e317−e417−e517−e617−e717−e817−e917−e1017−e1117−e1217−e1317−e1417−e1617;

α34,12 ≡ −e17 − e317 − e517 − e717 − e817 − e917 − e1017 − e1217 − e1417 − e1617.

R8(g2) =

(
1 0

e417 + e1317 −1

)
. R8(g3) =

(
−1 e417 + e1317

−e417 − e1317 α34,3

)
.

R9(g2) =

(
α34,13 −e17 − e317 − e1417 − e1617

e17 + e317 + e517 + e1217 + e1417 + e1617 −α34,13

)
.

R9(g3) =

(
−α34,11 e17 + e317 + e1417 + e1617

−e17 − e317 − e1417 − e1617 α34,13

)
.

Constants:

α34,13 ≡ −e17 − e317 − e517 − e617 − e717 − e817 − e917 − e1017 − e1117 − e1217 − e1417 − e1617.

R10(g2) =

(
α34,8 −e317 − e1417

e317 + e817 + e917 + e1417 −α34,8

)
.

R10(g3) =

(
α34,15 −e217 − e317 − e817 − e917 − e1417 − e1517

e217 + e317 + e817 + e917 + e1417 + e1517 α34,7

)
.

Constants:

α34,14 ≡ −e217 − e317 − e417 − e717 − e817 − e917 − e1017 − e1317 − e1417 − e1517.

G
(2)
34

R2(g2) = −1. R2(g3) = 1.

R3(g2) = −1. R3(g3) = e1617.

R4(g2) = −1. R4(g3) = e1517.

R5(g2) = −1. R5(g3) = e1417.

R6(g2) = −1. R6(g3) = e1317.
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R7(g2) = −1. R7(g3) = e1217.

R8(g2) = −1. R8(g3) = e1117.

R9(g2) = −1. R9(g3) = e1017.

R10(g2) = −1. R10(g3) = e917.

R11(g2) = −1. R11(g3) = e817.

R12(g2) = −1. R12(g3) = e717.

R13(g2) = −1. R13(g3) = e617.

R14(g2) = −1. R14(g3) = e517.

R15(g2) = −1. R15(g3) = e417.

R16(g2) = −1. R16(g3) = e317.

R17(g2) = −1. R17(g3) = e217.

R18(g2) = −1. R18(g3) = e17.

R19(g2) = 1. R19(g3) = e1617.

R20(g2) = 1. R20(g3) = e1517.

R21(g2) = 1. R21(g3) = e1417.

R22(g2) = 1. R22(g3) = e1317.

R23(g2) = 1. R23(g3) = e1217.

R24(g2) = 1. R24(g3) = e1117.

R25(g2) = 1. R25(g3) = e1017.

R26(g2) = 1. R26(g3) = e917.

R27(g2) = 1. R27(g3) = e817.

R28(g2) = 1. R28(g3) = e717.

R29(g2) = 1. R29(g3) = e617.

R30(g2) = 1. R30(g3) = e517.

R31(g2) = 1. R31(g3) = e417.

R32(g2) = 1. R32(g3) = e317.

R33(g2) = 1. R33(g3) = e217.

R34(g2) = 1. R34(g3) = e17.
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2.35. Order 35. G
(1)
35

R2(g2) = 1. R2(g3) = e67.

R3(g2) = 1. R3(g3) = e57.

R4(g2) = 1. R4(g3) = e47.

R5(g2) = 1. R5(g3) = e37.

R6(g2) = 1. R6(g3) = e27.

R7(g2) = 1. R7(g3) = e7.

R8(g2) = e45. R8(g3) = 1.

R9(g2) = e35. R9(g3) = 1.

R10(g2) = e25. R10(g3) = 1.

R11(g2) = e5. R11(g3) = 1.

R12(g2) = e45. R12(g3) = e67.

R13(g2) = e45. R13(g3) = e57.

R14(g2) = e45. R14(g3) = e47.

R15(g2) = e45. R15(g3) = e37.

R16(g2) = e45. R16(g3) = e27.

R17(g2) = e45. R17(g3) = e7.

R18(g2) = e35. R18(g3) = e67.

R19(g2) = e35. R19(g3) = e57.

R20(g2) = e35. R20(g3) = e47.

R21(g2) = e35. R21(g3) = e37.

R22(g2) = e35. R22(g3) = e27.

R23(g2) = e35. R23(g3) = e7.

R24(g2) = e25. R24(g3) = e67.

R25(g2) = e25. R25(g3) = e57.

R26(g2) = e25. R26(g3) = e47.

R27(g2) = e25. R27(g3) = e37.

R28(g2) = e25. R28(g3) = e27.

R29(g2) = e25. R29(g3) = e7.

R30(g2) = e5. R30(g3) = e67.

R31(g2) = e5. R31(g3) = e57.

R32(g2) = e5. R32(g3) = e47.

R33(g2) = e5. R33(g3) = e37.

R34(g2) = e5. R34(g3) = e27.

R35(g2) = e5. R35(g3) = e7.
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2.36. Order 36. G
(1)
36

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −i. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = i. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) =

(
−1 −1
0 1

)
. R5(g3) = ε. R5(g4) =

(
−1 −1
1 0

)
. R5(g5) = ε.

R6(g2) =

(
−i −1
0 i

)
. R6(g3) = −ε. R6(g4) =

(
0 −i
−i −1

)
. R6(g5) = ε.

R7(g2) =

(
−e39 + e49 + e59 − e69 −e29 − e79
e29 + e39 + e69 + e79 e39 − e49 − e59 + e69

)
. R7(g3) = ε.

R7(g4) =

(
e29 + e79 −1

1 0

)
. R7(g5) =

(
−e29 − e79 −e39 + e49 + e59 − e69

e39 − e49 − e59 + e69 e29 + e39 + e69 + e79

)
.

R8(g2) =

(
1 0
−1 −1

)
. R8(g3) = ε.

R8(g4) =

(
(−2e29 − e49 − e59 − 2e79)/3 −2(<e29 + <e18)/3

(e29 − e49 − e59 + e79)/3 (−e29 − 2e49 − 2e59 − e79)/3

)
. R8(g5) =

(
0 1
−1 −1

)
.

R9(g2) =

(
−e29 − e79 −e39 + e49 + e59 − e69
−1 e29 + e79

)
. R9(g3) = ε.

R9(g4) =

(
−e39 + e49 + e59 − e69 −e29 − e79

e29 + e79 −1

)
. R9(g5) =

(
e29 + e39 + e69 + e79 e39 − e49 − e59 + e69
−e39 + e49 + e59 − e69 −e29 − e79

)
.

R10(g2) =

(
i 0
i −i

)
. R10(g3) = −ε.

R10(g4) =

(
(2e29 + e49 + e59 + 2e79)/3 (−e29 − 2e49 − 2e59 − e79)/3
(e29 + 2e49 + 2e59 + e79)/3 (e29 − e49 − e59 + e79)/3

)
. R10(g5) =

(
−1 1
−1 0

)
.

R11(g2) =

(
i 0

−e36 − e1736 −i

)
. R11(g3) = −ε.

R11(g4) =

(
−e29 − e39 − e69 − e79 e29 + e39 + e69 + e79
−e29 − e39 − e69 − e79 e39 − e49 − e59 + e69

)
.

R11(g5) =

(
−e29 − e79 e39 − e49 − e59 + e69

−e39 + e49 + e59 − e69 e29 + e39 + e69 + e79

)
.

R12(g2) =

(
i 0

−e49 − e59 −i

)
. R12(g3) = −ε. R12(g4) =

(
e49 + e59 i

i 0

)
.

R12(g5) =

(
−e49 − e59 e36 + e1736 + e2136 + e2536 + e2936 + e3336

e36 + e1736 + e2136 + e2536 + e2936 + e3336 e39 + e49 + e59 + e69

)
.
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G
(2)
36

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = e23. R3(g4) = 1. R3(g5) = 1.

R4(g2) = −1. R4(g3) = e3. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = −e29 − e59. R5(g4) = 1. R5(g5) = e23.

R6(g2) = −1. R6(g3) = −e49 − e79. R6(g4) = 1. R6(g5) = e3.

R7(g2) = −1. R7(g3) = e79. R7(g4) = 1. R7(g5) = e3.

R8(g2) = −1. R8(g3) = e59. R8(g4) = 1. R8(g5) = e23.

R9(g2) = −1. R9(g3) = e49. R9(g4) = 1. R9(g5) = e3.

R10(g2) = −1. R10(g3) = e29. R10(g4) = 1. R10(g5) = e23.

R11(g2) = 1. R11(g3) = e23. R11(g4) = 1. R11(g5) = 1.

R12(g2) = 1. R12(g3) = e3. R12(g4) = 1. R12(g5) = 1.

R13(g2) = 1. R13(g3) = −e29 − e59. R13(g4) = 1. R13(g5) = e23.

R14(g2) = 1. R14(g3) = −e49 − e79. R14(g4) = 1. R14(g5) = e3.

R15(g2) = 1. R15(g3) = e79. R15(g4) = 1. R15(g5) = e3.

R16(g2) = 1. R16(g3) = e59. R16(g4) = 1. R16(g5) = e23.

R17(g2) = 1. R17(g3) = e49. R17(g4) = 1. R17(g5) = e3.

R18(g2) = 1. R18(g3) = e29. R18(g4) = 1. R18(g5) = e23.

R19(g2) = −i. R19(g3) = 1. R19(g4) = −1. R19(g5) = 1.

R20(g2) = i. R20(g3) = 1. R20(g4) = −1. R20(g5) = 1.

R21(g2) = −i. R21(g3) = e23. R21(g4) = −1. R21(g5) = 1.

R22(g2) = −i. R22(g3) = e3. R22(g4) = −1. R22(g5) = 1.

R23(g2) = i. R23(g3) = e23. R23(g4) = −1. R23(g5) = 1.

R24(g2) = i. R24(g3) = e3. R24(g4) = −1. R24(g5) = 1.

R25(g2) = −i. R25(g3) = −e29 − e59. R25(g4) = −1. R25(g5) = e23.

R26(g2) = −i. R26(g3) = −e49 − e79. R26(g4) = −1. R26(g5) = e3.

R27(g2) = −i. R27(g3) = e79. R27(g4) = −1. R27(g5) = e3.

R28(g2) = −i. R28(g3) = e59. R28(g4) = −1. R28(g5) = e23.

R29(g2) = −i. R29(g3) = e49. R29(g4) = −1. R29(g5) = e3.

R30(g2) = −i. R30(g3) = e29. R30(g4) = −1. R30(g5) = e23.

R31(g2) = i. R31(g3) = −e29 − e59. R31(g4) = −1. R31(g5) = e23.

R32(g2) = i. R32(g3) = −e49 − e79. R32(g4) = −1. R32(g5) = e3.

R33(g2) = i. R33(g3) = e79. R33(g4) = −1. R33(g5) = e3.

R34(g2) = i. R34(g3) = e59. R34(g4) = −1. R34(g5) = e23.

R35(g2) = i. R35(g3) = e49. R35(g4) = −1. R35(g5) = e3.

R36(g2) = i. R36(g3) = e29. R36(g4) = −1. R36(g5) = e23.
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G
(3)
36

R2(g2) = e23. R2(g3) = 1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = e3. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = −e29 − e59. R4(g3) = e23. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −e49 − e79. R5(g3) = e3. R5(g4) = 1. R5(g5) = 1.

R6(g2) = e79. R6(g3) = e3. R6(g4) = 1. R6(g5) = 1.

R7(g2) = e59. R7(g3) = e23. R7(g4) = 1. R7(g5) = 1.

R8(g2) = e49. R8(g3) = e3. R8(g4) = 1. R8(g5) = 1.

R9(g2) = e29. R9(g3) = e23. R9(g4) = 1. R9(g5) = 1.

R10(g2) =

 0 1 0
0 0 1
1 0 0

 . R10(g3) =

 1 0 0
0 1 0
0 0 1

 .

R10(g4) =

 −1 −1 −1
0 0 1
0 1 0

 . R10(g5) =

 0 0 1
−1 −1 −1
1 0 0

 .

R11(g2) =

 0 0 −e29 − e59
e3 0 0
0 −e49 − e79 0

 . R11(g3) =

 e3 0 0
0 e3 0
0 0 e3

 .

R11(g4) =

 0 e79 0
e29 0 0
−e29 −1 −1

 . R11(g5) =

 0 0 e79
−e29 −1 −1
e29 0 0

 .

R12(g2) =

 −e29 e29 + e59 −e49
e59 0 0
0 0 e29

 . R12(g3) =

 e23 0 0
0 e23 0
0 0 e23

 .

R12(g4) =

 −1 −e23 −e29
0 0 e59
0 e49 0

 . R12(g5) =

 0 0 e29
−e3 −1 −e59
e79 0 0

 .

G
(4)
36

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = φ. R5(g3) = ε. R5(g4) =

(
0 1
−1 −1

)
. R5(g5) = ε.

R6(g2) =

(
1 0
−1 −1

)
. R6(g3) = −ε. R6(g4) =

(
0 1
−1 −1

)
. R6(g5) = ε.

R7(g2) =

(
(−2e29 − e49 − e59 − 2e79)/3 −2(<e29 + <e18)/3
(e29 + 2e49 + 2e59 + e79)/3 (2e29 + e49 + e59 + 2e79)/3

)
. R7(g3) = ε.

R7(g4) =

(
(e29 − e49 − e59 + e79)/3 (−e29 − 2e49 − 2e59 − e79)/3

(e29 + 2e49 + 2e59 + e79)/3 (2e29 + 3e49 + 3e59 + 2e79)/3

)
. R7(g5) =

(
0 1
−1 −1

)
.
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R8(g2) =

(
−1 e29 + e79
0 1

)
. R8(g3) = ε.

R8(g4) =

(
−1 e29 + e79

−e29 − e79 −e39 + e49 + e59 − e69

)
. R8(g5) =

(
−e29 − e79 −e39 + e49 + e59 − e69

e39 − e49 − e59 + e69 e29 + e39 + e69 + e79

)
.

R9(g2) =

(
<e718 1− 2<e9 + 2<e218
−1 −<e718

)
. R9(g3) = ε.

R9(g4) =

(
0 1
−1 −<e718

)
. R9(g5) =

(
1/(2c18) −1 + 2<e9 − 2<e218

1− 2<e9 + 2<e218 <e718

)
.

R10(g2) =

(
(−e29 − 2e49 − 2e59 − e79)/3 −2(<e29 + <e18)/3
(−2e29 − e49 − e59 − 2e79)/3 (e29 + 2e49 + 2e59 + e79)/3

)
. R10(g3) = −ε.

R10(g4) =

(
(e29 − e49 − e59 + e79)/3 (e29 + 2e49 + 2e59 + e79)/3

(−e29 − 2e49 − 2e59 − e79)/3 (2e29 + e49 + e59 + 2e79)/3

)
. R10(g5) =

(
0 −1
1 −1

)
.

R11(g2) =

(
(e29 + 2e49 + 2e59 + e79)/3 (2e29 + e49 + e59 + 2e79)/3
(e29 − e49 − e59 + e79)/3 (−e29 − 2e49 − 2e59 − e79)/3

)
. R11(g3) = −ε.

R11(g4) =

(
−2(<e29 + <e18)/3 (−2e29 − e49 − e59 − 2e79)/3

(2e29 + e49 + e59 + 2e79)/3 (e29 + 2e49 + 2e59 + e79)/3

)
. R11(g5) =

(
−1 −1
1 0

)
.

R12(g2) =

(
(e29 − e49 − e59 + e79)/3 (e29 + 2e49 + 2e59 + e79)/3

(2e29 + e49 + e59 + 2e79)/3 −2(<e29 + <e18)/3

)
. R12(g3) = −ε.

R12(g4) =

(
(−e29 − 2e49 − 2e59 − e79)/3 −2(<e29 + <e18)/3

(e29 − e49 − e59 + e79)/3 (−2e29 − e49 − e59 − 2e79)/3

)
. R12(g5) =

(
−1 1
−1 0

)
.

G
(5)
36

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = e23. R5(g5) = 1.

R6(g2) = −1. R6(g3) = −1. R6(g4) = e3. R6(g5) = 1.

R7(g2) = −1. R7(g3) = −1. R7(g4) = −e29 − e59. R7(g5) = e23.

R8(g2) = −1. R8(g3) = −1. R8(g4) = −e49 − e79. R8(g5) = e3.

R9(g2) = −1. R9(g3) = −1. R9(g4) = e79. R9(g5) = e3.

R10(g2) = −1. R10(g3) = −1. R10(g4) = e59. R10(g5) = e23.

R11(g2) = −1. R11(g3) = −1. R11(g4) = e49. R11(g5) = e3.

R12(g2) = −1. R12(g3) = −1. R12(g4) = e29. R12(g5) = e23.

R13(g2) = −1. R13(g3) = 1. R13(g4) = e23. R13(g5) = 1.

R14(g2) = −1. R14(g3) = 1. R14(g4) = e3. R14(g5) = 1.

R15(g2) = −1. R15(g3) = 1. R15(g4) = −e29 − e59. R15(g5) = e23.

R16(g2) = −1. R16(g3) = 1. R16(g4) = −e49 − e79. R16(g5) = e3.

R17(g2) = −1. R17(g3) = 1. R17(g4) = e79. R17(g5) = e3.

R18(g2) = −1. R18(g3) = 1. R18(g4) = e59. R18(g5) = e23.

R19(g2) = −1. R19(g3) = 1. R19(g4) = e49. R19(g5) = e3.
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R20(g2) = −1. R20(g3) = 1. R20(g4) = e29. R20(g5) = e23.

R21(g2) = 1. R21(g3) = −1. R21(g4) = e23. R21(g5) = 1.

R22(g2) = 1. R22(g3) = −1. R22(g4) = e3. R22(g5) = 1.

R23(g2) = 1. R23(g3) = −1. R23(g4) = −e29 − e59. R23(g5) = e23.

R24(g2) = 1. R24(g3) = −1. R24(g4) = −e49 − e79. R24(g5) = e3.

R25(g2) = 1. R25(g3) = −1. R25(g4) = e79. R25(g5) = e3.

R26(g2) = 1. R26(g3) = −1. R26(g4) = e59. R26(g5) = e23.

R27(g2) = 1. R27(g3) = −1. R27(g4) = e49. R27(g5) = e3.

R28(g2) = 1. R28(g3) = −1. R28(g4) = e29. R28(g5) = e23.

R29(g2) = 1. R29(g3) = 1. R29(g4) = e23. R29(g5) = 1.

R30(g2) = 1. R30(g3) = 1. R30(g4) = e3. R30(g5) = 1.

R31(g2) = 1. R31(g3) = 1. R31(g4) = −e29 − e59. R31(g5) = e23.

R32(g2) = 1. R32(g3) = 1. R32(g4) = −e49 − e79. R32(g5) = e3.

R33(g2) = 1. R33(g3) = 1. R33(g4) = e79. R33(g5) = e3.

R34(g2) = 1. R34(g3) = 1. R34(g4) = e59. R34(g5) = e23.

R35(g2) = 1. R35(g3) = 1. R35(g4) = e49. R35(g5) = e3.

R36(g2) = 1. R36(g3) = 1. R36(g4) = e29. R36(g5) = e23.

G
(6)
36

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = e23. R3(g4) = 1. R3(g5) = 1.

R4(g2) = −1. R4(g3) = e3. R4(g4) = 1. R4(g5) = 1.

R5(g2) = 1. R5(g3) = e23. R5(g4) = 1. R5(g5) = 1.

R6(g2) = 1. R6(g3) = e3. R6(g4) = 1. R6(g5) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = −1. R7(g5) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1.

R9(g2) = −i. R9(g3) = e23. R9(g4) = −1. R9(g5) = 1.

R10(g2) = −i. R10(g3) = e3. R10(g4) = −1. R10(g5) = 1.

R11(g2) = i. R11(g3) = e23. R11(g4) = −1. R11(g5) = 1.

R12(g2) = i. R12(g3) = e3. R12(g4) = −1. R12(g5) = 1.

R13(g2) =

(
i 0
−1 −i

)
. R13(g3) = ε. R13(g4) = −ε. R13(g5) =

(
0 i
i −1

)
.

R14(g2) = φ. R14(g3) = ε. R14(g4) = ε. R14(g5) =

(
−1 −1
1 0

)
.

R15(g2) =

(
−i e3
0 i

)
. R15(g3) =

(
e23 0
0 e23

)
. R15(g4) = −ε. R15(g5) =

(
−1 −e712
−e1112 0

)
.

R16(g2) =

(
0 −e23
e3 0

)
. R16(g3) =

(
e3 0
0 e3

)
. R16(g4) = −ε. R16(g5) =

(
0 e1112
e712 −1

)
.

R17(g2) =

(
−1 −e23
0 1

)
. R17(g3) =

(
e23 0
0 e23

)
. R17(g4) = ε. R17(g5) =

(
−1 −e23
e3 0

)
.

R18(g2) =

(
1 0
−e3 −1

)
. R18(g3) =

(
e3 0
0 e3

)
. R18(g4) = ε. R18(g5) =

(
−1 −e23
e3 0

)
.
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G
(7)
36

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −i. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = i. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = φ. R5(g3) = ε. R5(g4) = ε. R5(g5) =

(
−1 −1
1 0

)
.

R6(g2) =

(
i 0
1 −i

)
. R6(g3) = −ε. R6(g4) = ε. R6(g5) =

(
0 −i
−i −1

)
.

R7(g2) =

(
−1 −1
0 1

)
. R7(g3) = ε. R7(g4) =

(
−1 −1
1 0

)
. R7(g5) = ε.

R8(g2) =

(
−i −i
0 i

)
. R8(g3) = −ε. R8(g4) =

(
0 1
−1 −1

)
. R8(g5) = ε.

R9(g2) = −κ. R9(g3) = −ε. R9(g4) =

(
0 i
i −1

)
. R9(g5) =

(
0 i
i −1

)
.

R10(g2) = −κ. R10(g3) = −ε. R10(g4) =

(
−1 −i
−i 0

)
. R10(g5) =

(
0 i
i −1

)
.

R11(g2) =

(
−1 −1
0 1

)
. R11(g3) = ε. R11(g4) =

(
0 1
−1 −1

)
. R11(g5) =

(
0 1
−1 −1

)
.

R12(g2) =

(
−1 −1
0 1

)
. R12(g3) = ε. R12(g4) =

(
0 1
−1 −1

)
. R12(g5) =

(
−1 −1
1 0

)
.

G
(8)
36

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = e23. R3(g5) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = e3. R4(g5) = 1.

R5(g2) = −1. R5(g3) = e23. R5(g4) = 1. R5(g5) = 1.

R6(g2) = −1. R6(g3) = e3. R6(g4) = 1. R6(g5) = 1.

R7(g2) = −1. R7(g3) = e23. R7(g4) = e23. R7(g5) = 1.

R8(g2) = −1. R8(g3) = e3. R8(g4) = e3. R8(g5) = 1.

R9(g2) = −1. R9(g3) = e23. R9(g4) = e3. R9(g5) = 1.

R10(g2) = −1. R10(g3) = e3. R10(g4) = e23. R10(g5) = 1.

R11(g2) = 1. R11(g3) = 1. R11(g4) = e23. R11(g5) = 1.

R12(g2) = 1. R12(g3) = 1. R12(g4) = e3. R12(g5) = 1.

R13(g2) = 1. R13(g3) = e23. R13(g4) = 1. R13(g5) = 1.

R14(g2) = 1. R14(g3) = e3. R14(g4) = 1. R14(g5) = 1.

R15(g2) = 1. R15(g3) = e23. R15(g4) = e23. R15(g5) = 1.

R16(g2) = 1. R16(g3) = e3. R16(g4) = e3. R16(g5) = 1.

R17(g2) = 1. R17(g3) = e23. R17(g4) = e3. R17(g5) = 1.

R18(g2) = 1. R18(g3) = e3. R18(g4) = e23. R18(g5) = 1.

R19(g2) = −i. R19(g3) = 1. R19(g4) = 1. R19(g5) = −1.

R20(g2) = i. R20(g3) = 1. R20(g4) = 1. R20(g5) = −1.

R21(g2) = −i. R21(g3) = 1. R21(g4) = e23. R21(g5) = −1.
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R22(g2) = −i. R22(g3) = 1. R22(g4) = e3. R22(g5) = −1.

R23(g2) = i. R23(g3) = 1. R23(g4) = e23. R23(g5) = −1.

R24(g2) = i. R24(g3) = 1. R24(g4) = e3. R24(g5) = −1.

R25(g2) = −i. R25(g3) = e23. R25(g4) = 1. R25(g5) = −1.

R26(g2) = −i. R26(g3) = e3. R26(g4) = 1. R26(g5) = −1.

R27(g2) = i. R27(g3) = e23. R27(g4) = 1. R27(g5) = −1.

R28(g2) = i. R28(g3) = e3. R28(g4) = 1. R28(g5) = −1.

R29(g2) = −i. R29(g3) = e23. R29(g4) = e23. R29(g5) = −1.

R30(g2) = −i. R30(g3) = e3. R30(g4) = e3. R30(g5) = −1.

R31(g2) = i. R31(g3) = e23. R31(g4) = e23. R31(g5) = −1.

R32(g2) = i. R32(g3) = e3. R32(g4) = e3. R32(g5) = −1.

R33(g2) = −i. R33(g3) = e23. R33(g4) = e3. R33(g5) = −1.

R34(g2) = −i. R34(g3) = e3. R34(g4) = e23. R34(g5) = −1.

R35(g2) = i. R35(g3) = e23. R35(g4) = e3. R35(g5) = −1.

R36(g2) = i. R36(g3) = e3. R36(g4) = e23. R36(g5) = −1.

G
(9)
36

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −i. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = i. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) =


−1 1 1 0
−1 0 0 −1
0 0 1 0
1 0 0 0

 . R5(g3) =


0 −1 0 −1
0 −1 −1 0
0 0 1 0
−1 1 1 0

 .

R5(g4) =


1 0 −1 1
1 0 0 0
0 0 0 1
−1 1 1 0

 . R5(g5) =


0 0 0 1
0 0 1 0
0 −1 −1 0
−1 0 0 −1

 .

R6(g2) =


0 0 0 1
−1 −1 1 −1
0 0 1 0
0 1 0 0

 . R6(g3) =


0 1 0 0
1 0 0 0
0 0 1 0
−1 −1 1 −1

 .

R6(g4) =


−1 −1 1 −1
0 −1 0 −1
−1 0 0 −1
0 1 0 0

 . R6(g5) =


0 1 0 0
0 0 1 0
1 0 0 0
1 0 −1 1

 .
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G
(10)
36

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −φ. R5(g3) = −ε. R5(g4) = ε. R5(g5) =

(
0 −1
1 −1

)
.

R6(g2) =

(
1 0
−1 −1

)
. R6(g3) = ε. R6(g4) = ε. R6(g5) =

(
0 1
−1 −1

)
.

R7(g2) = −ε. R7(g3) = φ. R7(g4) =

(
0 1
−1 −1

)
. R7(g5) = ε.

R8(g2) = ε. R8(g3) =

(
1 0
−1 −1

)
. R8(g4) =

(
0 1
−1 −1

)
. R8(g5) = ε.

R9(g2) =


1 0 0 0
0 0 1 0
0 1 0 0
−e23 0 0 −1

 . R9(g3) =


0 −e3 −e3 0
0 0 0 1
−e23 0 0 −1

0 1 0 0

 .

R9(g4) =


e23 0 0 0
0 e3 0 0
0 0 e3 0
0 0 0 e23

 . R9(g5) =


−1 0 0 −e3
0 −1 −1 0
0 1 0 0
e23 0 0 0

 .

G
(11)
36

R2(g2) = 1. R2(g3) = e23. R2(g4) = 1. R2(g5) = 1.

R3(g2) = 1. R3(g3) = e3. R3(g4) = 1. R3(g5) = 1.

R4(g2) = e23. R4(g3) = 1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = e3. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1.

R6(g2) = e23. R6(g3) = e23. R6(g4) = 1. R6(g5) = 1.

R7(g2) = e3. R7(g3) = e3. R7(g4) = 1. R7(g5) = 1.

R8(g2) = e23. R8(g3) = e3. R8(g4) = 1. R8(g5) = 1.

R9(g2) = e3. R9(g3) = e23. R9(g4) = 1. R9(g5) = 1.

R10(g2) =

 −1 −1 −1
0 1 0
1 0 0

 . R10(g3) =

 1 0 0
0 1 0
0 0 1

 .

R10(g4) =

 0 1 0
1 0 0
−1 −1 −1

 . R10(g5) =

 0 0 1
−1 −1 −1
1 0 0

 .
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R11(g2) =

 −1 −e3 −e23
e23 0 0
0 0 1

 . R11(g3) =

 e3 0 0
0 e3 0
0 0 e3

 .

R11(g4) =

 0 e3 0
e23 0 0
−e3 −e23 −1

 . R11(g5) =

 −1 −e3 −e23
0 0 e3
0 e23 0

 .

R12(g2) =

 0 e3 0
−e23 −1 −1

0 0 1

 . R12(g3) =

 e23 0 0
0 e23 0
0 0 e23

 .

R12(g4) =

 0 0 e3
−e23 −1 −1
e23 0 0

 . R12(g5) =

 −1 −e3 −e3
0 0 1
0 1 0

 .

G
(12)
36

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = e23. R5(g5) = 1.

R6(g2) = −1. R6(g3) = −1. R6(g4) = e3. R6(g5) = 1.

R7(g2) = −1. R7(g3) = 1. R7(g4) = e23. R7(g5) = 1.

R8(g2) = −1. R8(g3) = 1. R8(g4) = e3. R8(g5) = 1.

R9(g2) = 1. R9(g3) = −1. R9(g4) = e23. R9(g5) = 1.

R10(g2) = 1. R10(g3) = −1. R10(g4) = e3. R10(g5) = 1.

R11(g2) = 1. R11(g3) = 1. R11(g4) = e23. R11(g5) = 1.

R12(g2) = 1. R12(g3) = 1. R12(g4) = e3. R12(g5) = 1.

R13(g2) = −φ. R13(g3) = −ε. R13(g4) = ε. R13(g5) =

(
0 −1
1 −1

)
.

R14(g2) = φ. R14(g3) = ε. R14(g4) = ε. R14(g5) =

(
0 1
−1 −1

)
.

R15(g2) =

(
1 0
e23 −1

)
. R15(g3) = −ε. R15(g4) =

(
e23 0
0 e23

)
. R15(g5) =

(
0 −e3
e23 −1

)
.

R16(g2) =

(
−1 −1
0 1

)
. R16(g3) = −ε. R16(g4) =

(
e3 0
0 e3

)
. R16(g5) =

(
−1 −1
1 0

)
.

R17(g2) =

(
1 0
−e3 −1

)
. R17(g3) = ε. R17(g4) =

(
e23 0
0 e23

)
. R17(g5) =

(
0 e23
−e3 −1

)
.

R18(g2) =

(
1 0
−e3 −1

)
. R18(g3) = ε. R18(g4) =

(
e3 0
0 e3

)
. R18(g5) =

(
−1 −e23
e3 0

)
.
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G
(13)
36

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = φ. R5(g3) = ε. R5(g4) = ε. R5(g5) =

(
0 1
−1 −1

)
.

R6(g2) = φ. R6(g3) = −ε. R6(g4) = ε. R6(g5) =

(
−1 −1
1 0

)
.

R7(g2) =

(
−1 −1
0 1

)
. R7(g3) = ε. R7(g4) =

(
0 1
−1 −1

)
. R7(g5) = ε.

R8(g2) = −φ. R8(g3) = −ε. R8(g4) =

(
0 −1
1 −1

)
. R8(g5) = ε.

R9(g2) = φ. R9(g3) = −ε. R9(g4) =

(
0 1
−1 −1

)
. R9(g5) =

(
0 1
−1 −1

)
.

R10(g2) = φ. R10(g3) = −ε. R10(g4) =

(
0 1
−1 −1

)
. R10(g5) =

(
−1 −1
1 0

)
.

R11(g2) = φ. R11(g3) = ε. R11(g4) =

(
−1 −1
1 0

)
. R11(g5) =

(
−1 −1
1 0

)
.

R12(g2) =

(
−1 −1
0 1

)
. R12(g3) = ε. R12(g4) =

(
−1 −1
1 0

)
. R12(g5) =

(
0 1
−1 −1

)
.

G
(14)
36

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = 1. R5(g5) = e23.

R6(g2) = −1. R6(g3) = −1. R6(g4) = 1. R6(g5) = e3.

R7(g2) = −1. R7(g3) = −1. R7(g4) = e23. R7(g5) = 1.

R8(g2) = −1. R8(g3) = −1. R8(g4) = e3. R8(g5) = 1.

R9(g2) = −1. R9(g3) = −1. R9(g4) = e23. R9(g5) = e23.

R10(g2) = −1. R10(g3) = −1. R10(g4) = e3. R10(g5) = e3.

R11(g2) = −1. R11(g3) = −1. R11(g4) = e23. R11(g5) = e3.

R12(g2) = −1. R12(g3) = −1. R12(g4) = e3. R12(g5) = e23.

R13(g2) = −1. R13(g3) = 1. R13(g4) = 1. R13(g5) = e23.

R14(g2) = −1. R14(g3) = 1. R14(g4) = 1. R14(g5) = e3.

R15(g2) = −1. R15(g3) = 1. R15(g4) = e23. R15(g5) = 1.

R16(g2) = −1. R16(g3) = 1. R16(g4) = e3. R16(g5) = 1.

R17(g2) = −1. R17(g3) = 1. R17(g4) = e23. R17(g5) = e23.

R18(g2) = −1. R18(g3) = 1. R18(g4) = e3. R18(g5) = e3.

R19(g2) = −1. R19(g3) = 1. R19(g4) = e23. R19(g5) = e3.

R20(g2) = −1. R20(g3) = 1. R20(g4) = e3. R20(g5) = e23.

R21(g2) = 1. R21(g3) = −1. R21(g4) = 1. R21(g5) = e23.
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R22(g2) = 1. R22(g3) = −1. R22(g4) = 1. R22(g5) = e3.

R23(g2) = 1. R23(g3) = −1. R23(g4) = e23. R23(g5) = 1.

R24(g2) = 1. R24(g3) = −1. R24(g4) = e3. R24(g5) = 1.

R25(g2) = 1. R25(g3) = −1. R25(g4) = e23. R25(g5) = e23.

R26(g2) = 1. R26(g3) = −1. R26(g4) = e3. R26(g5) = e3.

R27(g2) = 1. R27(g3) = −1. R27(g4) = e23. R27(g5) = e3.

R28(g2) = 1. R28(g3) = −1. R28(g4) = e3. R28(g5) = e23.

R29(g2) = 1. R29(g3) = 1. R29(g4) = 1. R29(g5) = e23.

R30(g2) = 1. R30(g3) = 1. R30(g4) = 1. R30(g5) = e3.

R31(g2) = 1. R31(g3) = 1. R31(g4) = e23. R31(g5) = 1.

R32(g2) = 1. R32(g3) = 1. R32(g4) = e3. R32(g5) = 1.

R33(g2) = 1. R33(g3) = 1. R33(g4) = e23. R33(g5) = e23.

R34(g2) = 1. R34(g3) = 1. R34(g4) = e3. R34(g5) = e3.

R35(g2) = 1. R35(g3) = 1. R35(g4) = e23. R35(g5) = e3.

R36(g2) = 1. R36(g3) = 1. R36(g4) = e3. R36(g5) = e23.

2.37. Order 37. G
(1)
37

Rj(g2) = ej−1
37 , j = 1 . . . , 37.

2.38. Order 38. G
(1)
38

R2(g2) = −1. R2(g3) = 1.

R3(g2) =

(
α38,1 α38,1

−e19 − e419 − e619 − e819 − e1119 − e1319 − e1519 − e1819 −α38,1

)
.

R3(g3) =

(
e619 + e1319 −1

1 0

)
.

Constants:

α38,1 ≡ e19 + e319 + e419 + e619 + e819 + e1119 + e1319 + e1519 + e1619 + e1819.

R4(g2) =

(
e519 + e819 + e1119 + e1419 α38,2

α38,3 −e519 − e819 − e1119 − e1419

)
.

R4(g3) =

(
e219 + e519 + e819 + e1119 + e1419 + e1719 −α38,3

α38,3 −e519 − e819 − e1119 − e1419

)
.

Constants:

α38,2 ≡ e19+e219+e419+e519+e619+e719+e819+e919+e1019+e1119+e1219+e1319+e1419+e1519+e1719+e1819;

α38,3 ≡ −e19−e219−e419−e519−e719−e819−e919−e1019−e1119−e1219−e1419−e1519−e1719−e1819.



IRREDUCIBLE REPRESENTATIONS OF SMALL ABSTRACT GROUPS 87

R5(g2) =

(
−e219 − e619 − e1319 − e1719 α38,4

α38,5 e219 + e619 + e1319 + e1719

)
.

R5(g3) =

(
−α38,4 α38,6

−α38,6 −e19 − e219 − e319 − e519 − e619 − e919 − e1019 − e1319 − e1419 − e1619 − e1719 − e1819

)
.

Constants:

α38,4 ≡ −e19−e219−e319−e519−e619−e719−e919−e1019−e1219−e1319−e1419−e1619−e1719−e1819;

α38,5 ≡ e19+e219+e319+e519+e619+e719+e819+e919+e1019+e1119+e1219+e1319+e1419+e1619+e1719+e1819;

α38,6 ≡ e219 + e619 + e919 + e1019 + e1319 + e1719.

R6(g2) =

(
−1 e719 + e1219
0 1

)
. R6(g3) =

(
−1 e719 + e1219

−e719 − e1219 α38,7

)
.

Constants:

α38,7 ≡ −e19−e219−e319−e419−e619−e719−e819−e919−e1019−e1119−e1219−e1319−e1519−e1619−e1719−e1819.

R7(g2) =

(
−e819 − e919 − e1019 − e1119 α38,8

α38,9 e819 + e919 + e1019 + e1119

)
.

R7(g3) =

(
−e519 − e619 − e719 − e819 − e919 − e1019 − e1119 − e1219 − e1319 − e1419 α38,10

−α38,10 α38,11

)
.

Constants:

α38,8 ≡ −e319−e419−e519−e619−e719−e819−e919−e1019−e1119−e1219−e1319−e1419−e1519−e1619;

α38,9 ≡ e219+e319+e419+e519+e619+e719+e819+e919+e1019+e1119+e1219+e1319+e1419+e1519+e1619+e1719;

α38,10 ≡ −e619 − e719 − e819 − e919 − e1019 − e1119 − e1219 − e1319;

α38,11 ≡ e419 + e519 + e619 + e719 + e819 + e919 + e1019 + e1119 + e1219 + e1319 + e1419 + e1519.

R8(g2) =

(
−e319 − e1619 α38,12

−1 e319 + e1619

)
.

R8(g3) =

(
−e219 − e319 − e419 − e919 − e1019 − e1519 − e1619 − e1719 α38,13

−α38,13 −α38,13

)
.

Constants:

α38,12 ≡ −e19−e219−e319−e419−e519−e719−e819−e919−e1019−e1119−e1219−e1419−e1519−e1619−e1719−e1819;

α38,13 ≡ −e219 − e319 − e419 − e819 − e919 − e1019 − e1119 − e1519 − e1619 − e1719.

R9(g2) =

(
α38,14 e219 + e319 + e719 + e1219 + e1619 + e1719

−e219 − e719 − e1219 − e1719 −α38,14

)
.

R9(g3) =

(
α38,15 α38,16

−α38,16 −e219 − e319 − e619 − e719 − e819 − e1119 − e1219 − e1319 − e1619 − e1719

)
.

Constants:

α38,14 ≡ e19 +e219 +e319 +e419 +e619 +e719 +e819 +e1119 +e1219 +e1319 +e1519 +e1619 +e1719 +e1819;
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α38,15 ≡ e19 + e219 + e319 + e619 + e719 + e819 + e1119 + e1219 + e1319 + e1619 + e1719 + e1819;

α38,16 ≡ e219 + e319 + e719 + e819 + e1119 + e1219 + e1619 + e1719.

R10(g2) =

(
−α38,8 e719 + e819 + e919 + e1019 + e1119 + e1219

−e819 − e919 − e1019 − e1119 α38,8

)
.

R10(g3) =

(
0 1
−1 e919 + e1019

)
.

R11(g2) =

(
−e519 − e1419 α38,16

−1 e519 + e1419

)
.

R11(g3) =

(
e319 + e419 + e519 + e619 + e1319 + e1419 + e1519 + e1619 α38,17

−α38,17 −e419 − e519 − e619 − e1319 − e1419 − e1519

)
.

Constants:

α38,16 ≡ −e19−e219−e319−e419−e519−e619−e719−e819−e1119−e1219−e1319−e1419−e1519−e1619−e1719−e1819;

α38,17 ≡ e219 + e319 + e419 + e519 + e619 + e719 + e1219 + e1319 + e1419 + e1519 + e1619 + e1719.

G
(2)
38

R2(g2) = −1. R2(g3) = 1.

R3(g2) = −1. R3(g3) = e1819.

R4(g2) = −1. R4(g3) = e1719.

R5(g2) = −1. R5(g3) = e1619.

R6(g2) = −1. R6(g3) = e1519.

R7(g2) = −1. R7(g3) = e1419.

R8(g2) = −1. R8(g3) = e1319.

R9(g2) = −1. R9(g3) = e1219.

R10(g2) = −1. R10(g3) = e1119.

R11(g2) = −1. R11(g3) = e1019.

R12(g2) = −1. R12(g3) = e919.

R13(g2) = −1. R13(g3) = e819.

R14(g2) = −1. R14(g3) = e719.

R15(g2) = −1. R15(g3) = e619.

R16(g2) = −1. R16(g3) = e519.

R17(g2) = −1. R17(g3) = e419.

R18(g2) = −1. R18(g3) = e319.

R19(g2) = −1. R19(g3) = e219.

R20(g2) = −1. R20(g3) = e19.

R21(g2) = 1. R21(g3) = e1819.

R22(g2) = 1. R22(g3) = e1719.

R23(g2) = 1. R23(g3) = e1619.

R24(g2) = 1. R24(g3) = e1519.
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R25(g2) = 1. R25(g3) = e1419.

R26(g2) = 1. R26(g3) = e1319.

R27(g2) = 1. R27(g3) = e1219.

R28(g2) = 1. R28(g3) = e1119.

R29(g2) = 1. R29(g3) = e1019.

R30(g2) = 1. R30(g3) = e919.

R31(g2) = 1. R31(g3) = e819.

R32(g2) = 1. R32(g3) = e719.

R33(g2) = 1. R33(g3) = e619.

R34(g2) = 1. R34(g3) = e519.

R35(g2) = 1. R35(g3) = e419.

R36(g2) = 1. R36(g3) = e319.

R37(g2) = 1. R37(g3) = e219.

R38(g2) = 1. R38(g3) = e19.

2.39. Order 39. G
(1)
39

R2(g2) = e23. R2(g3) = 1.

R3(g2) = e3. R3(g3) = 1.

R4(g2) =

 −e713 − e813 − e1113 α39,1 α39,2

e713 + e813 + e1113 1 −e213 − e513 − e613
α39,2 −e213 − e513 − e613 α39,1

 .

R4(g3) =

 α39,3 α39,2 −e413 − 2e713 − 2e813 − e1013 − 2e1113 − e1213
−e213 − e513 − e613 e13 + e213 + e313 + e513 + e613 + e913 −α39,1

α39,2 −e213 − e513 − e613 α39,1

 .

Constants:

α39,1 ≡ e13 + e213 + e313 + e413 + e513 + e613 + 2e713 + 2e813 + e913 + e1013 + 2e1113 + e1213;

α39,2 ≡ e13 + 2e213 + e313 + e413 + 2e513 + 2e613 + e713 + e813 + e913 + e1013 + e1113 + e1213;

α39,3 ≡ −e13 − 2e213 − e313 − e413 − 2e513 − 2e613 − 2e713 − 2e813 − e913 − e1013 − 2e1113 − e1213.

R5(g2) =

 −e413 − e1013 − e1213 e13 + e313 + e913 1
α39,4 α39,5 −e413 − e1013 − e1213

0 0 1

 .

R5(g3) =

 α39,4 α39,5 −e413 − e1013 − e1213
α39,7 α39,6 α39,5

−α39,4 −e413 − e1013 − e1213 e213 + e413 + e513 + e613 + e1013 + e1213

 .

Constants:

α39,4 ≡ 2e13 + e213 + 2e313 + e413 + e513 + e613 + e713 + e813 + 2e913 + e1013 + e1113 + e1213;

α39,5 ≡ e13 + e213 + e313 + 2e413 + e513 + e613 + e713 + e813 + e913 + 2e1013 + e1113 + 2e1213;

α39,6 ≡ −2e13 − e213 − 2e313 − 2e413 − e513 − e613 − e713 − e813 − 2e913 − 2e1013 − e1113 − 2e1213;
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α39,7 ≡ −2e13 − 2e313 − e713 − e813 − 2e913 − e1113.

R6(g2) =

 −α39,6 e213 + e413 + e513 + e613 + e1013 + e1213 e13 + e313 + e913
α39,7 α39,6 α39,5

1 0 0

 .

R6(g3) =

 0 0 1
1 0 0

−e13 − e313 − e913 1 e413 + e1013 + e1213

 .

R7(g2) =

 −e13 − e313 − e913 1 e413 + e1013 + e1213
0 1 0

α39,5 −e13 − e313 − e913 α39,4

 .

R7(g3) =

 −e213 − 2e413 − e513 − e613 − 2e1013 − 2e1213 α39,4 α39,6

α39,5 −e13 − e313 − e913 α39,4

α39,7 α39,6 α39,5

 .

G
(2)
39

R2(g2) = 1. R2(g3) = e1213.

R3(g2) = 1. R3(g3) = e1113.

R4(g2) = 1. R4(g3) = e1013.

R5(g2) = 1. R5(g3) = e913.

R6(g2) = 1. R6(g3) = e813.

R7(g2) = 1. R7(g3) = e713.

R8(g2) = 1. R8(g3) = e613.

R9(g2) = 1. R9(g3) = e513.

R10(g2) = 1. R10(g3) = e413.

R11(g2) = 1. R11(g3) = e313.

R12(g2) = 1. R12(g3) = e213.

R13(g2) = 1. R13(g3) = e13.

R14(g2) = e23. R14(g3) = 1.

R15(g2) = e3. R15(g3) = 1.

R16(g2) = e23. R16(g3) = e1213.

R17(g2) = e23. R17(g3) = e1113.

R18(g2) = e23. R18(g3) = e1013.

R19(g2) = e23. R19(g3) = e913.

R20(g2) = e23. R20(g3) = e813.

R21(g2) = e23. R21(g3) = e713.

R22(g2) = e23. R22(g3) = e613.

R23(g2) = e23. R23(g3) = e513.

R24(g2) = e23. R24(g3) = e413.

R25(g2) = e23. R25(g3) = e313.
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R26(g2) = e23. R26(g3) = e213.

R27(g2) = e23. R27(g3) = e13.

R28(g2) = e3. R28(g3) = e1213.

R29(g2) = e3. R29(g3) = e1113.

R30(g2) = e3. R30(g3) = e1013.

R31(g2) = e3. R31(g3) = e913.

R32(g2) = e3. R32(g3) = e813.

R33(g2) = e3. R33(g3) = e713.

R34(g2) = e3. R34(g3) = e613.

R35(g2) = e3. R35(g3) = e513.

R36(g2) = e3. R36(g3) = e413.

R37(g2) = e3. R37(g3) = e313.

R38(g2) = e3. R38(g3) = e213.

R39(g2) = e3. R39(g3) = e13.

2.40. Order 40. G
(1)
40

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −i. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = i. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −e8. R5(g3) = i. R5(g4) = −1. R5(g5) = 1.

R6(g2) = −e38. R6(g3) = −i. R6(g4) = −1. R6(g5) = 1.

R7(g2) = e38. R7(g3) = −i. R7(g4) = −1. R7(g5) = 1.

R8(g2) = e8. R8(g3) = i. R8(g4) = −1. R8(g5) = 1.

R9(g2) =

(
i 0

2<e5 −i

)
. R9(g3) = −ε. R9(g4) = ε. R9(g5) =

(
−1 e20 + e920

e20 + e920 −2<e5

)
.

R10(g2) = −κ. R10(g3) = −ε. R10(g4) = ε. R10(g5) =

(
0 i
i 2<e5

)
.

R11(g2) =

(
ϕ −1
−ϕ −ϕ

)
. R11(g3) = ε. R11(g4) = ε. R11(g5) =

(
0 1
−1 ϕ

)
.

R12(g2) =

(
−2<e5 −2<e5
−1 2<e5

)
. R12(g3) = ε. R12(g4) = ε. R12(g5) =

(
0 1
−1 2<e5

)
.

R13(g2) =

(
−e3140 − e3940 e3140 + e3940

e38 e3140 + e3940

)
. R13(g3) = −iε. R13(g4) = −ε. R13(g5) =

(
0 −1
1 ϕ

)
.

R14(g2) =

(
0 −i
1 0

)
. R14(g3) = −iε. R14(g4) = −ε. R14(g5) =

(
−ϕ −e3140 − e3940

−e2140 − e2940 −1

)
.

R15(g2) =

(
e8 0

e740 + e2340 −e8

)
. R15(g3) = iε. R15(g4) = −ε.

R15(g5) =

(
−1 −e20 − e920

−e20 − e920 −2<e5

)
.

R16(g2) =

(
0 −i
−1 0

)
. R16(g3) = iε. R16(g4) = −ε. R16(g5) =

(
2<e5 e8
e38 0

)
.
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G
(2)
40

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = e45. R3(g4) = 1. R3(g5) = 1.

R4(g2) = −1. R4(g3) = e35. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = e25. R5(g4) = 1. R5(g5) = 1.

R6(g2) = −1. R6(g3) = e5. R6(g4) = 1. R6(g5) = 1.

R7(g2) = 1. R7(g3) = e45. R7(g4) = 1. R7(g5) = 1.

R8(g2) = 1. R8(g3) = e35. R8(g4) = 1. R8(g5) = 1.

R9(g2) = 1. R9(g3) = e25. R9(g4) = 1. R9(g5) = 1.

R10(g2) = 1. R10(g3) = e5. R10(g4) = 1. R10(g5) = 1.

R11(g2) = −i. R11(g3) = 1. R11(g4) = −1. R11(g5) = 1.

R12(g2) = i. R12(g3) = 1. R12(g4) = −1. R12(g5) = 1.

R13(g2) = −i. R13(g3) = e45. R13(g4) = −1. R13(g5) = 1.

R14(g2) = −i. R14(g3) = e35. R14(g4) = −1. R14(g5) = 1.

R15(g2) = −i. R15(g3) = e25. R15(g4) = −1. R15(g5) = 1.

R16(g2) = −i. R16(g3) = e5. R16(g4) = −1. R16(g5) = 1.

R17(g2) = i. R17(g3) = e45. R17(g4) = −1. R17(g5) = 1.

R18(g2) = i. R18(g3) = e35. R18(g4) = −1. R18(g5) = 1.

R19(g2) = i. R19(g3) = e25. R19(g4) = −1. R19(g5) = 1.

R20(g2) = i. R20(g3) = e5. R20(g4) = −1. R20(g5) = 1.

R21(g2) = −e8. R21(g3) = 1. R21(g4) = i. R21(g5) = −1.

R22(g2) = −e38. R22(g3) = 1. R22(g4) = −i. R22(g5) = −1.

R23(g2) = e38. R23(g3) = 1. R23(g4) = −i. R23(g5) = −1.

R24(g2) = e8. R24(g3) = 1. R24(g4) = i. R24(g5) = −1.

R25(g2) = −e8. R25(g3) = e45. R25(g4) = i. R25(g5) = −1.

R26(g2) = −e8. R26(g3) = e35. R26(g4) = i. R26(g5) = −1.

R27(g2) = −e8. R27(g3) = e25. R27(g4) = i. R27(g5) = −1.

R28(g2) = −e8. R28(g3) = e5. R28(g4) = i. R28(g5) = −1.

R29(g2) = −e38. R29(g3) = e45. R29(g4) = −i. R29(g5) = −1.

R30(g2) = −e38. R30(g3) = e35. R30(g4) = −i. R30(g5) = −1.

R31(g2) = −e38. R31(g3) = e25. R31(g4) = −i. R31(g5) = −1.

R32(g2) = −e38. R32(g3) = e5. R32(g4) = −i. R32(g5) = −1.

R33(g2) = e38. R33(g3) = e45. R33(g4) = −i. R33(g5) = −1.

R34(g2) = e38. R34(g3) = e35. R34(g4) = −i. R34(g5) = −1.

R35(g2) = e38. R35(g3) = e25. R35(g4) = −i. R35(g5) = −1.

R36(g2) = e38. R36(g3) = e5. R36(g4) = −i. R36(g5) = −1.

R37(g2) = e8. R37(g3) = e45. R37(g4) = i. R37(g5) = −1.

R38(g2) = e8. R38(g3) = e35. R38(g4) = i. R38(g5) = −1.

R39(g2) = e8. R39(g3) = e25. R39(g4) = i. R39(g5) = −1.

R40(g2) = e8. R40(g3) = e5. R40(g4) = i. R40(g5) = −1.
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G
(3)
40

R2(g2) = −1. R2(g3) = 1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −i. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = i. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −e8. R5(g3) = i. R5(g4) = −1. R5(g5) = 1.

R6(g2) = −e38. R6(g3) = −i. R6(g4) = −1. R6(g5) = 1.

R7(g2) = e38. R7(g3) = −i. R7(g4) = −1. R7(g5) = 1.

R8(g2) = e8. R8(g3) = i. R8(g4) = −1. R8(g5) = 1.

R9(g2) =


−e8 −e38 e38 −1

0 e8 0 0
0 0 0 i
i 0 0 0

 . R9(g3) =


0 0 1 0
0 i 0 0
−1 0 0 0
−e38 e8 −e8 −i

 .

R9(g4) =


−1 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1

 . R9(g5) =


0 0 0 −e38
i −1 1 e8
i 0 0 0
0 e38 0 0

 .

R10(g2) =


−1 −1 −1 −1
0 0 0 1
0 0 1 0
1 0 0 0

 . R10(g3) =


0 1 0 0
1 0 0 0
0 0 1 0
−1 −1 −1 −1

 .

R10(g4) =


1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

 . R10(g5) =


0 0 0 1
1 0 0 0
−1 −1 −1 −1
0 0 1 0

 .

G
(4)
40

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −iλ. R5(g3) = −iφ. R5(g4) = −ε. R5(g5) = ε.

R6(g2) =

(
−2<e5 2<e5

1 2<e5

)
. R6(g3) = −ε. R6(g4) = ε. R6(g5) =

(
−2<e5 2<e5
−2<e5 −1

)
.

R7(g2) =

(
2<e5 1
2<e5 −2<e5

)
. R7(g3) = −ε. R7(g4) = ε. R7(g5) =

(
0 −1
1 2<e5

)
.

R8(g2) =

(
i 0

−2<e5 −i

)
. R8(g3) =

(
−e20 + e920 + e1320 − e1720 2e25 + 2e35

−2e25 − 2e35 e20 − e920 − e1320 + e1720

)
.

R8(g4) = −ε. R8(g5) =

(
1 e20 − e920

−e20 + e920 e5 + 2e25 + 2e35 + e45

)
.
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R9(g2) = −iφ. R9(g3) =

(
(−e20 + e920 − 3e1320 + 3e1720)/5 (4e20 − 4e920 + 2e1320 − 2e1720)/5

(−4e20 + 4e920 − 2e1320 + 2e1720)/5 (e20 − e920 + 3e1320 − 3e1720)/5

)
.

R9(g4) = −ε. R9(g5) =

(
−2<e5 2<e5
−2<e5 −1

)
.

R10(g2) =

(
i 0

e1320 + e1720 −i

)
.

R10(g3) =

(
(−3e20 + 3e920 + e1320 − e1720)/5 (−2e20 + 2e920 + 4e1320 − 4e1720)/5
(2e20 − 2e920 − 4e1320 + 4e1720)/5 (3e20 − 3e920 − e1320 + e1720)/5

)
.

R10(g4) = −ε. R10(g5) =

(
−1 ϕ
−ϕ −ϕ

)
.

R11(g2) =

(
e20 + e920 −i
−e20 − e920 −e20 − e920

)
.

R11(g3) =

(
(e20 − e920 + 3e1320 − 3e1720)/5 (4e20 − 4e920 + 2e1320 − 2e1720)/5

(−4e20 + 4e920 − 2e1320 + 2e1720)/5 (−e20 + e920 − 3e1320 + 3e1720)/5

)
.

R11(g4) = −ε. R11(g5) =

(
2<e5 −1

1 0

)
.

R12(g2) =

(
1 0

2<e5 −1

)
. R12(g3) = ε. R12(g4) = ε. R12(g5) =

(
−2<e5 −2<e5
2<e5 −1

)
.

R13(g2) =

(
−2<e5 −2<e5
−1 2<e5

)
. R13(g3) = ε. R13(g4) = ε. R13(g5) =

(
2<e5 −1

1 0

)
.

G
(5)
40

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = −i. R5(g4) = −1. R5(g5) = 1.

R6(g2) = −1. R6(g3) = i. R6(g4) = −1. R6(g5) = 1.

R7(g2) = 1. R7(g3) = −i. R7(g4) = −1. R7(g5) = 1.

R8(g2) = 1. R8(g3) = i. R8(g4) = −1. R8(g5) = 1.

R9(g2) =

(
1 0

2<e5 −1

)
. R9(g3) = −ε. R9(g4) = ε. R9(g5) =

(
−1 2<e5
−2<e5 −2<e5

)
.

R10(g2) =

(
−1 ϕ
0 1

)
. R10(g3) = −ε. R10(g4) = ε. R10(g5) =

(
−1 ϕ
−ϕ −ϕ

)
.

R11(g2) =

(
1 0

2<e5 −1

)
. R11(g3) = ε. R11(g4) = ε. R11(g5) =

(
−2<e5 −2<e5
2<e5 −1

)
.

R12(g2) =

(
2<e5 −1
−2<e5 −2<e5

)
. R12(g3) = ε. R12(g4) = ε. R12(g5) =

(
0 1
−1 2<e5

)
.

R13(g2) = φ. R13(g3) = −iε. R13(g4) = −ε. R13(g5) =

(
−2<e5 −2<e5
2<e5 −1

)
.
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R14(g2) =

(
1 0

−e1320 − e1720 −1

)
. R14(g3) = −iε. R14(g4) = −ε.

R14(g5) =

(
−1 e1320 + e1720

e1320 + e1720 −ϕ

)
.

R15(g2) =

(
−ϕ e1320 + e1720
−i ϕ

)
. R15(g3) = iε. R15(g4) = −ε. R15(g5) =

(
0 −i
−i ϕ

)
.

R16(g2) =

(
2<e5 −i

e20 + e920 −2<e5

)
. R16(g3) = iε. R16(g4) = −ε. R16(g5) =

(
0 i
i 2<e5

)
.

G
(6)
40

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = λ. R5(g3) = −κ. R5(g4) = −ε. R5(g5) = ε.

R6(g2) =

(
−1 −ϕ
0 1

)
. R6(g3) = −ε. R6(g4) = ε. R6(g5) =

(
0 −1
1 ϕ

)
.

R7(g2) =

(
ϕ −1
−ϕ −ϕ

)
. R7(g3) = −ε. R7(g4) = ε. R7(g5) =

(
−1 ϕ
−ϕ −ϕ

)
.

R8(g2) =

(
(−e25 − e35)/2 (e1320 − e1720)/2
(e1320 − e1720)/2 2<e10

)
. R8(g3) = κ. R8(g4) = −ε.

R8(g5) =

(
2<e10 (e1320 − e1720)/2

(−e1320 + e1720)/2 2<e10

)
.

R9(g2) =

(
(−e25 − e35)/2 (e1320 − e1720)/2
(e1320 − e1720)/2 2<e10

)
. R9(g3) = κ. R9(g4) = −ε.

R9(g5) =

(
2<e10 (−e1320 + e1720)/2

(e1320 − e1720)/2 2<e10

)
.

R10(g2) =

(
−e5 − 2e25 − 2e35 − e45 −e20 + e920
e20 − e920 − e1320 + e1720 e5 + 2e25 + 2e35 + e45

)
.

R10(g3) =

(
e20 − e920 − e1320 + e1720 2e25 + 2e35

−2e25 − 2e35 −e20 + e920 + e1320 − e1720

)
.

R10(g4) = −ε. R10(g5) =

(
−2e25 − 2e35 −e20 + e920 + e1320 − e1720

e20 − e920 − e1320 + e1720 e5 + 2e25 + 2e35 + e45

)
.

R11(g2) =

(
2<e5 −2<e5
−1 −2<e5

)
.

R11(g3) =

(
(−e20 + e920 − 3e1320 + 3e1720)/5 (4e20 − 4e920 + 2e1320 − 2e1720)/5

(−4e20 + 4e920 − 2e1320 + 2e1720)/5 (e20 − e920 + 3e1320 − 3e1720)/5

)
.

R11(g4) = −ε. R11(g5) =

(
0 −1
1 2<e5

)
.

R12(g2) =

(
−2<e5 −2<e5
−1 2<e5

)
. R12(g3) = ε. R12(g4) = ε. R12(g5) =

(
−2<e5 −2<e5
2<e5 −1

)
.
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R13(g2) =

(
1 0
ϕ −1

)
. R13(g3) = ε. R13(g4) = ε. R13(g5) =

(
−1 ϕ
−ϕ −ϕ

)
.

G
(7)
40

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = −1. R5(g5) = 1.

R6(g2) = i. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = −1. R7(g5) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1.

R9(g2) = −iφ. R9(g3) = −ε. R9(g4) = −ε. R9(g5) =

(
−1 −2<e5

2<e5 −2<e5

)
.

R10(g2) = iφ. R10(g3) = −ε. R10(g4) = −ε. R10(g5) =

(
2<e5 −1

1 0

)
.

R11(g2) =

(
−2<e5 2<e5

1 2<e5

)
. R11(g3) = −ε. R11(g4) = ε. R11(g5) =

(
−1 −2<e5

2<e5 −2<e5

)
.

R12(g2) =

(
−ϕ −ϕ
−1 ϕ

)
. R12(g3) = −ε. R12(g4) = ε. R12(g5) =

(
−1 ϕ
−ϕ −ϕ

)
.

R13(g2) =

(
i 0

2<e5 −i

)
. R13(g3) = ε. R13(g4) = −ε. R13(g5) =

(
−1 e20 + e920

e20 + e920 −2<e5

)
.

R14(g2) =

(
e20 + e920 −i
−e20 − e920 −e20 − e920

)
. R14(g3) = ε. R14(g4) = −ε. R14(g5) =

(
2<e5 −1

1 0

)
.

R15(g2) =

(
1 0
ϕ −1

)
. R15(g3) = ε. R15(g4) = ε. R15(g5) =

(
0 1
−1 ϕ

)
.

R16(g2) = φ. R16(g3) = ε. R16(g4) = ε. R16(g5) =

(
0 1
−1 2<e5

)
.

G
(8)
40

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −λ. R5(g3) = −φ. R5(g4) = −ε. R5(g5) = ε.

R6(g2) =

(
1 0

2<e5 −1

)
. R6(g3) = −ε. R6(g4) = ε. R6(g5) =

(
−1 2<e5
−2<e5 −2<e5

)
.

R7(g2) =

(
−ϕ −ϕ
−1 ϕ

)
. R7(g3) = −ε. R7(g4) = ε. R7(g5) =

(
−ϕ −ϕ
ϕ −1

)
.

R8(g2) =

(
ϕ ϕ
1 −ϕ

)
.

R8(g3) =

(
(3e5 + e25 − e35 − 3e45)/5 (2e5 + 4e25 − 4e35 − 2e45)/5

(−2e5 − 4e25 + 4e35 + 2e45)/5 (−3e5 − e25 + e35 + 3e45)/5

)
. R8(g4) = −ε. R8(g5) =

(
0 1
−1 ϕ

)
.
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R9(g2) =

(
2<e10 (e25 − e35)/2
−2<e10 (−e25 − e35)/2

)
. R9(g3) = −φ. R9(g4) = −ε.

R9(g5) =

(
2<e10 −2<e10
−2<e10 2<e10

)
.

R10(g2) =

(
−1 0
−ϕ 1

)
. R10(g3) =

(
(−3e5 − e25 + e35 + 3e45)/5 (−2e5 − 4e25 + 4e35 + 2e45)/5
(2e5 + 4e25 − 4e35 − 2e45)/5 (3e5 + e25 − e35 − 3e45)/5

)
.

R10(g4) = −ε. R10(g5) =

(
−1 ϕ
−ϕ −ϕ

)
.

R11(g2) =

(
−1 2<e5
0 1

)
. R11(g3) =

(
(e5 − 3e25 + 3e35 − e45)/5 (4e5 − 2e25 + 2e35 − 4e45)/5

(−4e5 + 2e25 − 2e35 + 4e45)/5 (−e5 + 3e25 − 3e35 + e45)/5

)
.

R11(g4) = −ε. R11(g5) =

(
2<e5 −1

1 0

)
.

R12(g2) =

(
2<e5 −1
−2<e5 −2<e5

)
. R12(g3) = ε. R12(g4) = ε. R12(g5) =

(
−1 2<e5
−2<e5 −2<e5

)
.

R13(g2) =

(
ϕ −1
−ϕ −ϕ

)
. R13(g3) = ε. R13(g4) = ε. R13(g5) =

(
−1 ϕ
−ϕ −ϕ

)
.

G
(9)
40

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = e45. R5(g5) = 1.

R6(g2) = −1. R6(g3) = −1. R6(g4) = e35. R6(g5) = 1.

R7(g2) = −1. R7(g3) = −1. R7(g4) = e25. R7(g5) = 1.

R8(g2) = −1. R8(g3) = −1. R8(g4) = e5. R8(g5) = 1.

R9(g2) = −1. R9(g3) = 1. R9(g4) = e45. R9(g5) = 1.

R10(g2) = −1. R10(g3) = 1. R10(g4) = e35. R10(g5) = 1.

R11(g2) = −1. R11(g3) = 1. R11(g4) = e25. R11(g5) = 1.

R12(g2) = −1. R12(g3) = 1. R12(g4) = e5. R12(g5) = 1.

R13(g2) = 1. R13(g3) = −1. R13(g4) = e45. R13(g5) = 1.

R14(g2) = 1. R14(g3) = −1. R14(g4) = e35. R14(g5) = 1.

R15(g2) = 1. R15(g3) = −1. R15(g4) = e25. R15(g5) = 1.

R16(g2) = 1. R16(g3) = −1. R16(g4) = e5. R16(g5) = 1.

R17(g2) = 1. R17(g3) = 1. R17(g4) = e45. R17(g5) = 1.

R18(g2) = 1. R18(g3) = 1. R18(g4) = e35. R18(g5) = 1.

R19(g2) = 1. R19(g3) = 1. R19(g4) = e25. R19(g5) = 1.

R20(g2) = 1. R20(g3) = 1. R20(g4) = e5. R20(g5) = 1.

R21(g2) = −i. R21(g3) = −1. R21(g4) = 1. R21(g5) = −1.

R22(g2) = i. R22(g3) = −1. R22(g4) = 1. R22(g5) = −1.

R23(g2) = −i. R23(g3) = −1. R23(g4) = e45. R23(g5) = −1.

R24(g2) = −i. R24(g3) = −1. R24(g4) = e35. R24(g5) = −1.
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R25(g2) = −i. R25(g3) = −1. R25(g4) = e25. R25(g5) = −1.

R26(g2) = −i. R26(g3) = −1. R26(g4) = e5. R26(g5) = −1.

R27(g2) = i. R27(g3) = −1. R27(g4) = e45. R27(g5) = −1.

R28(g2) = i. R28(g3) = −1. R28(g4) = e35. R28(g5) = −1.

R29(g2) = i. R29(g3) = −1. R29(g4) = e25. R29(g5) = −1.

R30(g2) = i. R30(g3) = −1. R30(g4) = e5. R30(g5) = −1.

R31(g2) = −i. R31(g3) = 1. R31(g4) = 1. R31(g5) = −1.

R32(g2) = i. R32(g3) = 1. R32(g4) = 1. R32(g5) = −1.

R33(g2) = −i. R33(g3) = 1. R33(g4) = e45. R33(g5) = −1.

R34(g2) = −i. R34(g3) = 1. R34(g4) = e35. R34(g5) = −1.

R35(g2) = −i. R35(g3) = 1. R35(g4) = e25. R35(g5) = −1.

R36(g2) = −i. R36(g3) = 1. R36(g4) = e5. R36(g5) = −1.

R37(g2) = i. R37(g3) = 1. R37(g4) = e45. R37(g5) = −1.

R38(g2) = i. R38(g3) = 1. R38(g4) = e35. R38(g5) = −1.

R39(g2) = i. R39(g3) = 1. R39(g4) = e25. R39(g5) = −1.

R40(g2) = i. R40(g3) = 1. R40(g4) = e5. R40(g5) = −1.

G
(10)
40

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = e45. R5(g5) = 1.

R6(g2) = −1. R6(g3) = −1. R6(g4) = e35. R6(g5) = 1.

R7(g2) = −1. R7(g3) = −1. R7(g4) = e25. R7(g5) = 1.

R8(g2) = −1. R8(g3) = −1. R8(g4) = e5. R8(g5) = 1.

R9(g2) = −1. R9(g3) = 1. R9(g4) = e45. R9(g5) = 1.

R10(g2) = −1. R10(g3) = 1. R10(g4) = e35. R10(g5) = 1.

R11(g2) = −1. R11(g3) = 1. R11(g4) = e25. R11(g5) = 1.

R12(g2) = −1. R12(g3) = 1. R12(g4) = e5. R12(g5) = 1.

R13(g2) = 1. R13(g3) = −1. R13(g4) = e45. R13(g5) = 1.

R14(g2) = 1. R14(g3) = −1. R14(g4) = e35. R14(g5) = 1.

R15(g2) = 1. R15(g3) = −1. R15(g4) = e25. R15(g5) = 1.

R16(g2) = 1. R16(g3) = −1. R16(g4) = e5. R16(g5) = 1.

R17(g2) = 1. R17(g3) = 1. R17(g4) = e45. R17(g5) = 1.

R18(g2) = 1. R18(g3) = 1. R18(g4) = e35. R18(g5) = 1.

R19(g2) = 1. R19(g3) = 1. R19(g4) = e25. R19(g5) = 1.

R20(g2) = 1. R20(g3) = 1. R20(g4) = e5. R20(g5) = 1.

R21(g2) = −λ. R21(g3) = −φ. R21(g4) = ε. R21(g5) = −ε.

R22(g2) = λ. R22(g3) =

(
0 −e35
−e25 0

)
. R22(g4) =

(
e45 0
0 e45

)
. R22(g5) = −ε.
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R23(g2) = −λ. R23(g3) =

(
0 e45
e5 0

)
. R23(g4) =

(
e35 0
0 e35

)
. R23(g5) = −ε.

R24(g2) = λ. R24(g3) =

(
0 −e35
−e25 0

)
. R24(g4) =

(
e25 0
0 e25

)
. R24(g5) = −ε.

R25(g2) = −λ. R25(g3) = −φ. R25(g4) =

(
e5 0
0 e5

)
. R25(g5) = −ε.

G
(11)
40

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = −1. R5(g4) = e45. R5(g5) = 1.

R6(g2) = −1. R6(g3) = −1. R6(g4) = e35. R6(g5) = 1.

R7(g2) = −1. R7(g3) = −1. R7(g4) = e25. R7(g5) = 1.

R8(g2) = −1. R8(g3) = −1. R8(g4) = e5. R8(g5) = 1.

R9(g2) = −1. R9(g3) = 1. R9(g4) = e45. R9(g5) = 1.

R10(g2) = −1. R10(g3) = 1. R10(g4) = e35. R10(g5) = 1.

R11(g2) = −1. R11(g3) = 1. R11(g4) = e25. R11(g5) = 1.

R12(g2) = −1. R12(g3) = 1. R12(g4) = e5. R12(g5) = 1.

R13(g2) = 1. R13(g3) = −1. R13(g4) = e45. R13(g5) = 1.

R14(g2) = 1. R14(g3) = −1. R14(g4) = e35. R14(g5) = 1.

R15(g2) = 1. R15(g3) = −1. R15(g4) = e25. R15(g5) = 1.

R16(g2) = 1. R16(g3) = −1. R16(g4) = e5. R16(g5) = 1.

R17(g2) = 1. R17(g3) = 1. R17(g4) = e45. R17(g5) = 1.

R18(g2) = 1. R18(g3) = 1. R18(g4) = e35. R18(g5) = 1.

R19(g2) = 1. R19(g3) = 1. R19(g4) = e25. R19(g5) = 1.

R20(g2) = 1. R20(g3) = 1. R20(g4) = e5. R20(g5) = 1.

R21(g2) = −iλ. R21(g3) = −iφ. R21(g4) = ε. R21(g5) = −ε.

R22(g2) = iλ. R22(g3) =

(
0 −e25
e35 0

)
. R22(g4) =

(
e45 0
0 e45

)
. R22(g5) = −ε.

R23(g2) = iλ. R23(g3) =

(
0 e5
−e45 0

)
. R23(g4) =

(
e35 0
0 e35

)
. R23(g5) = −ε.

R24(g2) = −iλ. R24(g3) =

(
0 e1720
e1320 0

)
. R24(g4) =

(
e25 0
0 e25

)
. R24(g5) = −ε.

R25(g2) = −iλ. R25(g3) =

(
0 −e5
e45 0

)
. R25(g4) =

(
e5 0
0 e5

)
. R25(g5) = −ε.
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G
(12)
40

R2(g2) = −1. R2(g3) = −1. R2(g4) = 1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = 1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = 1. R4(g3) = −1. R4(g4) = 1. R4(g5) = 1.

R5(g2) = −i. R5(g3) = −1. R5(g4) = −1. R5(g5) = 1.

R6(g2) = i. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1.

R7(g2) = −i. R7(g3) = 1. R7(g4) = −1. R7(g5) = 1.

R8(g2) = i. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1.

R9(g2) =


0 0 1 0
1 −1 1 −1
0 −1 0 0
0 0 0 1

 . R9(g3) =


−1 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1

 .

R9(g4) =


0 −1 0 0
−1 0 0 0
−1 1 −1 1
0 0 0 1

 . R9(g5) =


0 0 0 −1
1 −1 1 −1
1 0 0 0
0 1 0 0

 .

R10(g2) =


0 0 0 1
1 0 0 0
0 1 0 0
0 0 1 0

 . R10(g3) =


1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

 .

R10(g4) =


0 0 1 0
0 0 0 1
1 0 0 0
0 1 0 0

 . R10(g5) =


−1 −1 −1 −1
0 0 0 1
0 1 0 0
1 0 0 0

 .

G
(13)
40

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1.

R9(g2) =

(
−2<e5 2<e5

1 2<e5

)
. R9(g3) = −ε. R9(g4) = −ε. R9(g5) =

(
−2<e5 2<e5
−2<e5 −1

)
.

R10(g2) =

(
−1 2<e5
0 1

)
. R10(g3) = −ε. R10(g4) = −ε. R10(g5) =

(
0 1
−1 2<e5

)
.

R11(g2) =

(
−1 ϕ
0 1

)
. R11(g3) = −ε. R11(g4) = ε. R11(g5) =

(
0 1
−1 ϕ

)
.

R12(g2) =

(
ϕ 1
ϕ −ϕ

)
. R12(g3) = −ε. R12(g4) = ε. R12(g5) =

(
−ϕ ϕ
−ϕ −1

)
.
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R13(g2) =

(
1 0

2<e5 −1

)
. R13(g3) = ε. R13(g4) = −ε. R13(g5) =

(
−2<e5 −2<e5
2<e5 −1

)
.

R14(g2) =

(
2<e5 −1
−2<e5 −2<e5

)
. R14(g3) = ε. R14(g4) = −ε. R14(g5) =

(
0 1
−1 2<e5

)
.

R15(g2) =

(
ϕ −1
−ϕ −ϕ

)
. R15(g3) = ε. R15(g4) = ε. R15(g5) =

(
ϕ −1
1 0

)
.

R16(g2) =

(
ϕ −1
−ϕ −ϕ

)
. R16(g3) = ε. R16(g4) = ε. R16(g5) =

(
−ϕ −ϕ
ϕ −1

)
.

G
(14)
40

R2(g2) = −1. R2(g3) = −1. R2(g4) = −1. R2(g5) = 1.

R3(g2) = −1. R3(g3) = −1. R3(g4) = 1. R3(g5) = 1.

R4(g2) = −1. R4(g3) = 1. R4(g4) = −1. R4(g5) = 1.

R5(g2) = −1. R5(g3) = 1. R5(g4) = 1. R5(g5) = 1.

R6(g2) = 1. R6(g3) = −1. R6(g4) = −1. R6(g5) = 1.

R7(g2) = 1. R7(g3) = −1. R7(g4) = 1. R7(g5) = 1.

R8(g2) = 1. R8(g3) = 1. R8(g4) = −1. R8(g5) = 1.

R9(g2) = −1. R9(g3) = −1. R9(g4) = −1. R9(g5) = e45.

R10(g2) = −1. R10(g3) = −1. R10(g4) = −1. R10(g5) = e35.

R11(g2) = −1. R11(g3) = −1. R11(g4) = −1. R11(g5) = e25.

R12(g2) = −1. R12(g3) = −1. R12(g4) = −1. R12(g5) = e5.

R13(g2) = −1. R13(g3) = −1. R13(g4) = 1. R13(g5) = e45.

R14(g2) = −1. R14(g3) = −1. R14(g4) = 1. R14(g5) = e35.

R15(g2) = −1. R15(g3) = −1. R15(g4) = 1. R15(g5) = e25.

R16(g2) = −1. R16(g3) = −1. R16(g4) = 1. R16(g5) = e5.

R17(g2) = −1. R17(g3) = 1. R17(g4) = −1. R17(g5) = e45.

R18(g2) = −1. R18(g3) = 1. R18(g4) = −1. R18(g5) = e35.

R19(g2) = −1. R19(g3) = 1. R19(g4) = −1. R19(g5) = e25.

R20(g2) = −1. R20(g3) = 1. R20(g4) = −1. R20(g5) = e5.

R21(g2) = −1. R21(g3) = 1. R21(g4) = 1. R21(g5) = e45.

R22(g2) = −1. R22(g3) = 1. R22(g4) = 1. R22(g5) = e35.

R23(g2) = −1. R23(g3) = 1. R23(g4) = 1. R23(g5) = e25.

R24(g2) = −1. R24(g3) = 1. R24(g4) = 1. R24(g5) = e5.

R25(g2) = 1. R25(g3) = −1. R25(g4) = −1. R25(g5) = e45.

R26(g2) = 1. R26(g3) = −1. R26(g4) = −1. R26(g5) = e35.

R27(g2) = 1. R27(g3) = −1. R27(g4) = −1. R27(g5) = e25.

R28(g2) = 1. R28(g3) = −1. R28(g4) = −1. R28(g5) = e5.

R29(g2) = 1. R29(g3) = −1. R29(g4) = 1. R29(g5) = e45.

R30(g2) = 1. R30(g3) = −1. R30(g4) = 1. R30(g5) = e35.

R31(g2) = 1. R31(g3) = −1. R31(g4) = 1. R31(g5) = e25.

R32(g2) = 1. R32(g3) = −1. R32(g4) = 1. R32(g5) = e5.

R33(g2) = 1. R33(g3) = 1. R33(g4) = −1. R33(g5) = e45.
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R34(g2) = 1. R34(g3) = 1. R34(g4) = −1. R34(g5) = e35.

R35(g2) = 1. R35(g3) = 1. R35(g4) = −1. R35(g5) = e25.

R36(g2) = 1. R36(g3) = 1. R36(g4) = −1. R36(g5) = e5.

R37(g2) = 1. R37(g3) = 1. R37(g4) = 1. R37(g5) = e45.

R38(g2) = 1. R38(g3) = 1. R38(g4) = 1. R38(g5) = e35.

R39(g2) = 1. R39(g3) = 1. R39(g4) = 1. R39(g5) = e25.

R40(g2) = 1. R40(g3) = 1. R40(g4) = 1. R40(g5) = e5.
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