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Biggs in [14] states that Kirkman [see ibid. ref. 63.2] had
by 1863 a recursive method for determining permutation groups of
Tow degree. In this he has clear priority over others. Ignorant
of this, we did not use his methods which may yet be the best.
Groups are omitted in his list because of early errors and the
recursive nature of his method. He does not distinguish groups
with the same numbers of elements of each cycle type. An account
of activity at the beginning of this century is in [2].

We have relied on Sims [9] for primitive groups. Our list
stops at degree 11 since Miller [7] Tists 298 groups of degree 12.

Our approach [5,10,17,15] to computing Galois groups of poly-
nomials needs a list of transitive groups and orbit lengths of the

i group action on ordered and unordered sets of roots. The latter

is found [15] and we hope the former will fulfil a need.

P

*This work was partially supported by the National Research Council
of Canada and FCAC of Quebec.
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854 BUTLER AND MC KAY

THEORY AND BACKGROUND

;\- We will use the notation and definitions of [12]. Let G be
a transitive permutation group on Q of size n. Then either G is
primitive - the primitive groups of degree up to twenty are given
in [9] - or G stabilizes a partition of © where each of the m sets
of the partition has the same size k. The stabilizer of the
partition in the symmetric group Xn is isomorphic to the semidirect
product

m
(B3 5,
The transitive imprimitive groups are determined by investigating
the subgroup structure of the partition stabilizer. This requires
a knowledge of the transitive groups of degree k and m. Recourse
is also made to the following theory on the subgroups of a direct
product. The first result is a reformulation of Goursat-Lambek's
result [13, p.237, Ex.30]. We have not found this approach in
the literature, although it is probably not new.
Theorem

Let G] and G2 be finite groups. The subgroups H of G, x G

1 2
in one-to-one correspondence with the tuples (H],H2,H3,w)

W
where H] < GT’ H2 §7G2, H3 A-HZ’ and y: H1 > H2/H3 is a surjective

homomorphism.
Proof

We give the correspondence and its inverse. For a subgroup
H, the tuple is given by H] = {a|(a,b) e H}, H2 = (b](a,b) e H},

Hy = {bj{1,b) € H}, and y(a) = bH, where (a,b) € H. Given a tuple

3
the subgroup is H = {(a,b)|a ¢ Hy, boe vla)l. o

Let (g;,9,) € G x G, then (H1,H2,H3’w)(9]»92) -

(H % H K: H %2 _]w } where the homorphism ']w is defined
L UL 99] 9, p g] 92
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-1

g g
by a > (p(a | )) 2.

Hence a unique

of subgroups of G] x G2 is formed as

a) choose a representative of |

b) <choose a representative Hy

c) choose a normal subgroup Hy
class, and

d) there is an action w—>g]"]wgz

No (Hi) x (N (Hy) n N. (Hy)
Gy G, 2 G, 3

Y from each orbit which cont
phism.
For completeness we state the fo
Theorem

Let G, and G, be finite groups.

1 2

G] X 62 are in one-to-one corresponde

(H],HZ,Ha,w) where H] A G], H2 4 Gy,
P H] > HZ/H3 is a surjective homomor
Representing subgroups by their

(KK, Ky,T) f-(H]’HZ’H3’w) holds if

1272273

K3 = K2 n H3, and the diagram

T

K] \ KZ/K

(5

commutes. O
METHOD
When the degree is prime then ev

primitive. For degree 4 and 6 the su
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-1
g g
by a > (¥(a | ) 2.

Hence a unique representative of each class
of subgroups of G] x 62 is formed as follows:
a) choose a representative of H1 of each G] - class,

b) choose a representative H2 of each 62 - class,

c¢) choose a normal subgroup H, of H, from each N, (H2) -

2
class, and

d) there is an action w+g]"]Wg2 on Hom (H]’HZ/HS) by

N. (H,) x (N
G‘ 1 G2

v from each orbit which contains a surjective homomor-

(HZ) n N. (H,)). Choose one homomorphism
G2 3

phism.
For completeness we state the following result:
Theorem

Let G, and 62 be finite groups. The normal subgroups H of

1

G1 X 62 are in one-to-one correspondence with the tuples

(H],HZ,H3,¢) where H, A Gy, Hy A 6y, Hy o Hy, Hy A Gy, and

br Hy Ho/Hg is a surjective homomorphism with im iZ(Gz/H3)'
Representing subgroups by their tuples, the inclusion

(K],KZ,K3,T) f_(H],HZ,Ha,w) holds if and only if K] f_H], K2 < H2,

K3 = K2 n H3, and the diagram

T

K] \ KZ/K3 5 K2H3/H3

[y (i

Hy y Ho/Hg

commutes. O
METHOD

When the degree is prime then every transitive group is

primitive. For degree 4 and 6 the subgroup lattice of the
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symmetric group can be easily determined. For degree 8 and 9, an
b,p]ementation of the subgroup lattice program [8] was kindly
modified by Felsch and Neubuser to indicate the transitive sub-
groups. It was applied to the stabilizers of the partitions [42],
[24], and [33]. The algorithm [1] determined the groups which
preserved both partitions of type [42] and [24] thus allowing us
to avoid duplication. The conjugacy classes of elements of the
groups were then determined, and any cases of possible conjugacy
in the symmetric group were investigated using the algorithm [3]
which determines conjugacy of subgroups in a permutation group.

We used the implementation of the algorithms [1,3] in CAYLEY
[4]. The system also determined the conjugacy classes of elements
of the groups, except that for large groups we used the character
tables [6] or theoretical considerations.

For degree 10 the transitive subgroups of the partition
stabilizers were determined by hand. We then proceeded as in the
degree 8 case.

Let G be the stabilizer of the partition [{1,2,...,5},
{6,7,...,10}] and let f = (1,6)2,7)..(5,10). Then G is isomorphic

(25 X 25)22. Let L be the subgroup of G stabilizing one set

of the partition. Then L Ig % Ig- Let H be a transitive sub-
group of G and let K = HnL. As there is an element g in H-K
interchanging the two sets of the partition, K = (K],KZ,K3,w)
where K] = Kzf is transitive on 5 letters. Hence K

1 is 25, A5

Fsa, F52 or 25. In g there is one class of each isomorphism type

and their normalizers are &., I., F 4, F 4, and F 4 respectively.
5> “5° '5 5 5

Their normal subgroups are obvious. There is one orbit (of

surjective homomorphisms) on Hom(K],Kz/K3) in each case, except

for Hom(F54,F54/25) which has two orbits with representatives

a - 25a and a -~ Zsa']. Having determined K, we determine H by

e
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considering the classes of involutic
representative we ask whether <K,g>
interchanges the two sets of the par
<NL(K),f>.

We Tist the resultsin Table 1.

Let G be the stabilizer of the
(7,8),{9,10}]. Define the elements
5, and f = (1,3,5,7,9)(2,4,6,8,10).
L2 = <a

i=1,2,...,85, L3 =

Then L] is an elementary abelian su&

il

normal in G and G/L] is isomorphic t
subgroups of L] are Li’ i=1,2,3an

Let H be a transitive subgroup
can assume F is a Sylow 5-subgroup o
1,2,3 or K= 1. Using the canonical
choose H to be a transitive subgroup
<(1,2,3,4,5)>. Then for each pair (
extending the action of H on the 5 s

action on the 10 letters.

For example, let H = <f,g> = Fg
let K = L,. Then g has order 2 or 4

2
assume g = (1)(2)(3,9)(4,10)... Usi
necessary we can assume g = (3,9)(4,
(4,10)(5,7,6,8).
The group H is also imprimitive

ifK=1o0r L3.

Tables
For each degree we present the

of that degree in a set of tables.
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considering the classes of involutions of NZ10(K)/K' If E'is a
representative we ask whether <K,g> is transitive (that is, if g
interchanges the two sets of the partition). Note that NZ]Q(K) =
<NL(K),f>.

We Tist the resultsin Table 1.

Let G be the stabilizer of the partition [{1,2},(3,4},{5,6},
(7,8),{9,10}]. Define the elements a; = (2i-1,21) for i = 1,2,...,
5, and f = (1,3,5,7,9)(2,4,6,8,10). Let L1 = <ai|i=1,2,...,5>,
L2 = <aiai+1( i=1,2,...,8>, L3 = <ajayazagag> and F = <f>,
Then L] is an elementary abelian subgroup of order 25 which is
normal in G and G/L] is isomorphic to 25. The only F-invariant
subgroups of L1 are Li’ i =1,2,3 and the identity.

Let H be a transitive subgroup of G and Tet K = HN L,. We

1
can assume F is a Sylow 5-subgroup of H and hence K = Li’ i-=
1,2,3 0or K=1. Using the canonical homomorphism . G+G/L] we
choose H to be a transitive subgroup of I; containing F =
<(1,2,3,4,5)>. Then for each pair (K,H) we determine H by

extending the action of H on the 5 sets of imprimitivity to an

action on the 10 Tetters.

nw

For example, let H = <f,g> Fg where g = (2,5)(3,4) and
let K = L2. Then g has order 2 or 4. As (1,2)(3,4) € L2 we can
assume g = (])(2)(3,9)(4,10)... Using other elements of Ly if
necessary we can assume g = (3,9)(4,10)(5,7)(6,8) or g = (3,9)
(4,10)(5,7,6,8).

The group H is also imprimitive of type [52] if and only

if K=1or L3.

Tables
For each degree we present the information about the transitive groups

of that degree in a set of tables. The groups are named T1, T2, etc..., for
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b
C .
TABLE 1 TABLE II: Groups
(K,.K3)  generators of K N (K) Ny (K)/K g
: 10 ()
oo (B aja,, did, i Z, f | (1, Fg)
2. (ZS,AS) 3118,,C,C,d,d, 3 1, x 1, f, d,f 5 (],Fg)
3. (B5)  ap.dp.ap.d, 31, f (1,,)
4. (AS,I) a72,5,¢1C, 1 22 x 1, f, did,f | (L3,ZS)
5. (A5,A5) 21,C153,1C) 3 D8 f (L3,F§)
5. (F1) ajaptyb 6 4 f (LyFR)
7. (FaoZg)  apsapbiby 10 Dy fobyf (Lyohg)
8. ! a1,az,b1b§] 0 7,x1, f bff (Ly.5)
9. (FLF) ayubfiaybhibb, 100 Zy X 7 £, by f (L2,
| 10, (Fo.Fe)  ap,bpaay.b, 07, f L (L,.F2)
| . (2 aa,bib 6 1,x1, £, bybyf 1 (L,F)
12, (F,25)  apaagbyy oo Fo Db (Lzs Ag)
| 13, (FEF8)  ap.bd,a,,b5 10 g f (L, 1)
- 1. (2g.1) a3, N B o bgt (Ly»25)
- (25.25)  aj.a, 10 (g =140 7, F | (L +F5)
— R— | (Ly.F)
ay = (1,2,3,8,5) by = (2,3,5,8) ¢ = (1,5)(2,3) ¢ = (1,2) (Ly.A5)
f = (1,6)(2,7)(3,8)(4,9)(5,10) a, = al, b, = b], c)= cf, d, = df J (12!
W= <byuby, | b2 = b3, b = b,, - b} = (byb,)? = 1> .

|
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-
TABLE I11: Groups imprimitive of type [25]
e (K)/K 9
10 (K,H) 9
f (1, F) (1,2)(3,10)(4,9)(5,8)(6,7)
x 2, £, d,f (1.Fg) (1,2)(3,6,9,8)(4,5,10,7)
f (1,5) (1,4)(2,3)(5,6)(7,8)(9,10)
x Z2 f, d]dzf l (L3,25) .
; f (L3.F9) gy = (3,9)(4,10)(5,7)(6.8)
f 4 =
5 Fobyf (LyAs) (1,9)(2,10)(3,5)(4,6)
2
% 7, fobyf | (Ly.55) (1,3)(2,4)
, X Z2 f, b-lf | (LZ’ZS) -
3 f (L,,F2) g, or (3,9)(4,10)(5,7,6,8)
i q
» X 1, f o byb,f (L,.Fo) g, or (1,2)(3,5,9,7)(4,6,10,8)
fo bybpf (Ly, Ag) g5 = (1,9)(2,10)(3,5)(4,6)
) f |1 (L, Zg) g, = (1,9)(2,10) or (1,9)(2,10)(3,4)
x L./ f beZf (L,,Z.)
2 4\ * U172 > -
4 ;% ] 1 g
7y % 1y) 1, ] (Ly,F5) 9
4
(Ly,Fg) 9,
L.,A
1,5)(2,3) d; = (1.2) (Ly5Ag) 93
(Ly,2¢) g
o f - Jf 1775 4
by = by = ¢pa dp = Gy
1 2 _
1 = (byby)™ = 1>
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convenience, and if there may be confusion about the degree of the group we
L ten T i to mean the i-th group of degree n.
In Table A we Tist the order of the group, whether it contains only Table 3A: groups of degree 3
even permutations, the number of inequivalent minimal sets of imprimitivity Group | Order | Even

of each possible type, and the number of conjugacy classes of elements. If —

i< ai ; 1 3 +
the group has a faithful representation of smaller degree this is given in T

T2 6

the column headed 'Other Representations',and if the group is known by a
common name this name is given in the column headed 'Name'.

In Table B we give a set of generators for each group. Table 3B: group generators

Table C sets out the number of elements of each group with each cycle
type. a = (1,2,3)

The notation for the group names is as follows: n denotes the cyclic T = <a>

group of order n; pn denotes an elementary abelian group of order p", where

p is a prime; Dn denotes the dihedral group of order nj; Qg is the quaternion Table 3C: cycle type distribution

—— e e W —

group of order 8; An is the alternating group of degree n; Ly is the

| 2
symmetric group of degree n. If A and B are names for groups then A-B denotes l 13 1
f
a group with a normal subgroup isomorphic to A such that (A:B)/A is isomorphic } n .
to B; while AxB denotes the direct product. T2 1 3
For n=11, to save space the cycle types of elements occurring only in
i )alternating and symmetric groups are omitted. An element of cycle type
\N!T:az ay a, Table 4A: groups of degree 4
1 2 "...k " occurs nl/n i ai! times or not at all. Only those permutations
( Group Order Even
with Zazj even occur in the alternating group. i
Let Nn denote the number of transitive groups of degree n. We find | 4
I n=12 3456 7 8 9 10 11 ‘ T2 4 +
'Nn=112551675034 45 8 A—:Z\Oé T3 8
T4 12 +
—
1 T5 24
|
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Table 3A: groups of degree 3

Group Order Even Number of Name
| classes
T 3 + 3 A3
T2 6 3 23
Table 3B: group generators
a = (1,2,3) b = (1,2)
Tl = <a> T2 = <a,b>
Table 3C: cycle type distribution
2
13 1 3
T 1 2
T2 1 3 2
Table 4A: groups of degree 4
Group Order Even Imprim}tive Number of Name
[24] classes
T 4 v 4 4
2 4 + 3 4 22
T3 8 Y 5 D8
T4 12 + 4 A,
75 24 5 Z,
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!
\ |
Table 4B: group generators
a = (1,3,4) c = (2,4)
b=(1,3) d = (1,2)(3,4)
T1 = <ac> T4 = <a,d> b
‘ Table 5B: group generators
| T2 = <bc,d> T5 = <acb>
i a=(1,2,3,4,5)
| 13 = <ac,bc>
’ b= (1,2)
Table 4C: cycle type distribution v
Ti = <a?
; 2 3 )
; 14 IZ 22 1 4 T2 = <a,c™>
[ T T3 = <a,c>
! il 1 1 2
| T2 1 . . . e e s
: 3 | Table 5C: cycle type distribution
| T3 1 2 3 . 2 I
4 2
T4 1 3 f 2 3
. 8 |
: (A L B
T5 1 6 3 8 6 i
5 1|1
|
Table 5A: groups of degree 5 ‘ T2 |1 5
Group Order Even Number of Classes Name IENN . 5
T4 |1 . 15
| T 5 + 5 5
! 15 | 1 10 15 20
| T2 10 + 4 5.2
T3 20 5 5.4
T4 60 + 5 A5
l 75 120 7 25
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|
I {
- (2,4) i
= (1,2)(3,4) {
]
= <a,d>
Table 5B: group generators
= <ach> |
l a=(1,2,3,4,5) c = (2,3,5,4)
: b = (1,2)
T = <ar T4 = <a,bab>
3 | 2
1 4 I} T2 = <a,c > 15 = <a,b>
| | T3 = <a,c>
2 !
!
| Table 5C: cycle type distribution
2
' 2 22 3 4
8 IR CR. 215
8 6
Tl 1 . . . . . 4
T2 1 . 5 . . . 4
-
+ of Classes Name 1 . 5 . . 10 4
T4 1 . 15 . 20 . 24
5 5
T5 1 10 15 20 20 30 24
4 5.2
5 5.4
5 A5
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Table 6A: groups of degree 6
Group Order Even Imprimitive Number of Other Name
[2%1|3?] Classes Representations
Tl 6 Y v 6 6
T2 6 3 Y 3 3T2 23
73 12 v Y 6 D]2
T4 12 + Y 4 474 A4
T5 18 % 9 3XZ3
T6 24 v 8 2xA4
17 24 ¥ v 5 475 1,/2°
T8 24 vV 5 475 24/4
T9 36 v 9 32,52
710 36 + v 6 12,
T 48 vV 10 ZXZ4
{ T12 60 + 5 5T4 L(2,5)
s | / 9 3%.0g
T14 | 120 7 575 PGL(2,5)
T15 360 + 7 A6
T16 720 " 26

——

s i

TRANSITIVE GROUPS

Table 6B: group generators

bod
1

(g}
1

(1]
n

h =

T
T2
T3
T4
T5
T6
17
T8
T9

T10

= (1,2,3)
= (1,4)(2,5)(3,6)
= (1,5,2,4)(3,6)

ab
bc2
= (1,2)
= (1,3,5)(2,4,6)
fgf92
= <d>
= <e,j>
= <d,e>
= <g,h>
= <a,b>
= <g,f>
= <g,h,i>
= <g,h,j>
= <a,b,e>
= <a,c>
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j—
r of Other Name
ses Representations
6
312 DR
Dy2
474 A4
3x£3
2xA4
475 £,/2
4
475 /4
32.22
3.4
2xZ4
' 5T4 L(2,5)
2
3%Dg
5T5 PGL(2,5)
Ag
L

TRANSITIVE GROUPS

Table 6B: group generators

a = (1,2,3)

b= (1,4)(2,5)(3,6)
c = (1,5,2,4)(3,6)

d = ab

e = bc2

f=(1,2)

g =(1,3,5)(2,4,6)

h = fgfg?

T = <d>

T2 = <e,j>
T3 = <d,e>
T4 = <g,h>
T5 = <a,b>
16 = <g,f>
17 = <g,h,i>
T8 = <g,h,j>
19 = <a,b,e>
T10 = <a,c>

i= (],3)(2,4)

i = (1,6)(2,5)(3,4)
k = (1,2,3,4,5)

1= (1,6)(2,5)

m= (2,3,5,4)

111 = <f,g,i>
T12 = <k,1>
T13 = <a,b,c>
T14 = <k,T,m>
T15 = <c,k>
T16 = <d,k>

875
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"‘b’
Table 6C: cycle type distribution Table 7A: groups of degree
3 Group Order Ev
2 22 3 2 4 4 s
(AT RS L SR RS T RN R SN BN T 7
T . . 1 . .2 : .2 T2 1
2|1 . . 3 . .2 . S s 2l
| . 3 4 . .2 . .. 2 T h2
T4 |1 . 3 . . . 8 . . . : 15 168
5|1 . ) 3 4 . 4 i ) . 6 16 2520
T6 | 1 3 3 1 . . 8 . . . 8 17 5040
7 |1 . 9 . . .8 , 6
T8 1 . 3 6 . . 8 6
Table 7B: group generators
19 1 . 9 6 4 . 4 . . . 12
a = (],2:314)5a6;
TI0| 1 . 9 . 4 . 4 . 18
b =(2,4,3,7,5,6)
T 3 9 7 . . 8 6 6 . 8
121 ) 15 . ) .20 . .24 _ 1 - <a>
3 6 9 6 4 12 4 . 18 .12 T2 = <a,b
T4 ] 1 . 15 10 . . 20 30 . 24 20 T3 = <a,b
s |1 ) a5 ) 40 .40 ) 90 144 ) ‘ T4 = <a,b
6|1 15 45 15 40 120 40 90 90 144 120 T5 = <ac
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\b'
Table 7A: groups of degree 7
Group Order Even Number of Name
Classes
4 4 5 .
2 2
3 1 2 1 6 Tl 7 + 7 7
2 . . . 2 T2 14 5 D14
2 . . . . T3 21 + 5 7-3
2 . . . 2 T4 42 7 7:6
8 T5 168 + 6 L(3,2)
4 . . . 6 T6 2520 + 9 A
8 . . . 8 T7 5040 15 Iy
8 6
8 6
Table 7B: group generators
4 12
a=(1,2,3,4,5,6,7) c = (2,3)(4,7)
4 18
b=(2,4,3,7,5,6) d = (1,2,3)
8 6 6 8
20 . 24 . T = <a> T6 = <a,d>
3
4 . 18 . 12 T2 = <a,b”> 17 = <b,d>
20 30 .28 20 3 = <a,b>
40 . 90 144 . T4 = <a,b>

40 90 90 144 120 T5 = <a,c>
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| ble 8A: oups of d e 8
\' ~ [t [te] Vo) Vel © o (=] | ‘Taei‘ group eqre
s+ o } D
~o~ 1 Group Order Even Imprimiti
o - < o | (2% 14
— <t _ )
m |
‘ T1 8 % Y
o l T2 8 + 3 | v
w L o o l? T3 8 + 7 v
o Q
L [Tel
| T4 8 + 5 Vv
+ o 2 ' T5 8 + vV
N L
6 16 v v
<+ N - N O O [
< o) ™
wow % 17 16 v Y
< . . . . . .5 18 16 vV
~
T9 16 + 3 vV
N(") <t <t 0 o (=) [ -
- ~ ~ 1 ® @D T10 16 + 3 v
o o~ ‘
T 16 + v vV
o~
[s2] o~d () (@]
INEN T12 24 + Y
NI T T13 24 + % v
= T4 24 + YoV
- o o T15 32 vV v
4 ~ ~
- < . T16 32 v Y
pe D = 17 32 vy o
2 - ‘
ks T18 32 + 3 Vv
e o o™
v o — — wy (9]
pe! N2 2 T19 32 + M Y
Q
ES w T20 32 + Y |/
D o e =
v T21 32 Y vV
2
© - —_ o - = = = - T22 32 + Y vV
=2 — N © =& 1 w0~ 7123 48 Y
° [ = -
‘a T24 48 + " Y
K




14

14

T4

48

720
720

42
504

630

56
280

210

/0

21
105

T5
T6

105 105 70 420 210 280 210 630 420 504 504 840

21

17

BUTLER AND MC KAY

TRANSITIVE GROUPS

Table 8A: groups of degree 8
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Group Order Even Imprimitive Number of Other Name
[24] [42] Classes Representations

Tl 8 4 % 8 8

T2 8 + 3 Y 8 2x4
13 8 + 70V 8 23
T4 8 + 5 v 5 473 08
15 8 + 4 % 5 08
T6 16 v v 7

T7 16 v v 10

T8 16 v v 7

T9 16 + 3 4 10

T10 16 + 3 v 10

™m 16 + Vol v 10

T12 24 + % 7 SL(2,3)
T13 24 + % v 8 6T6 2><A4
T14 24 + v 4 5 475 I,
T15 32 VoY 11

T16 32 VoV 11

m7 | 32 oY 14

T18 32 + 3|V 14

9 32 + v v ki

T20 32 + Yy oY 11

T21 32 VoY 11

T22 32 + 4 v 17

T23 48 " 8

T24 48 + /ol 10 6T11 2X5y
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‘able 8A (continued)

oo Order | Even Imprimitive | Number of Other Name Table 88: group generators
[24] [42] Classes Representations a = (1,4,6,8,2,3,5.7)

125 56 + 8 3.7 | b= (1,3,5,7)(2,4,6,8)
B W 6 | ¢ = (1,6)(2,5)(3,8)(4,7
T27 64 / J/ 13 ll d=1(1,8)(2,7)(3,6)(4,5
T28 64 v |V 13 e = (1,7)(2,8)(3,5)(4,6
T29 64 + VI 16 | f=(1,7)(2,8)(3,6)(4,5
130 64 e 13 g =(1,7,2,8)(3,5,4,6)
731 64 ol 16 h = (3,4)(7,8)
132 96 + v 11 i=(1,6)(2,5)(3,4)
733 96 + J/ 10 J =1(1,6)(2,5)(3,7)(4.8
T34 96 + v 10 k= (1,6)(2,5)
T35 128 vy | v 20 1 =(1,3)(2,4)(5,8)(6,7,
736 168 + 8 23.(7-3) m = (1,5)(2,6)(3,7)(4,8.
737 168 + 6 775 L(2,7) n = (3,5,7)(4,6,8)
738 192 v 16 o = (1,4)(2,3)(5,6)(7,8)
739 192 + J/ 13 p=(1,2)(7,8)
740 192 Y 13

A ] 192 ¥ / 14 T = <a>
T42 288 + Y 14 T2 = <b,c>
T43 336 9 PGL(2,7) T3 = <b?,e,0>
44 384 Y 20 T4 = <b,d>
145 576 + v/ 16 T5 = <a?,g>
146 576 Y 13 76 = <a,f>
47 1152 Y 20 17 = <a,h>
T48 | 1344 + 1 23.1(3,2) 8 = <a,i>
149 | 20160 + 14 Ag T9 = <b,e,c>
150 | 40320 22 Ig




e
ar of~‘

Representations

SSes

BUTLER AND MC KAY

Other

Name

775

23.(7-3)
L(2,7)

PGL(2,7)

3

2°-1(3,2)

TRANSITIVE GROUPS

Table 8B:

n

a
b =

c =

T1
T2
T3
T4
T5
6
17
18
T9

group generators
(1,4,6,8,2,3,5.7)
(1,3,5,7)(2,4,6,8)
(1,6)(2,5)(3,8)(4,7)
(1,8)(2,7)(3,6)(4,5)
(1,7)(2,8)(3,5)(4,6)
(1,7)(2,8)(3,6)(4,5)
(1,7,2,8)(3,5,4,6)
(3,4)(7,8)
(1,6)(2,5)(3,4)
(1,6)(2,5)(3,7)(4,8)
(1,6)(2,5)
(1,3)(2,4)(5,8)(6,7)
(1,5)(2,6)(3,7)(4,8)
(3,5,7)(4,6,8)
(1,4)(2,3)(5,6)(7,8)
(1,2)(7,8)

<a>
<b,c>
<b2,e,c>
<b,d>
<az,g>
<a,f>
<a,h>

<a,i>

<b,e,c>

T26
127
T28
T29
T30
731
132
T33
T34

= (1,6,2,5)(3,7)(4,8)

(5,6)

(1,3)(2,4)

(1,2)

(1,5)(2,6)

(3,4)
(1,3)(2,4)(7,8)
(2,4,3)(6,8,7)
(1,8)(2,5)(3,6)(4,7)
(6,8,7)
(1,2,3,4,5,6,7)
(2,4,3,7,5,6)
(2,3)(4,7)
(1,8)(2,8)(3,7)(5,6)
(1,8)(2,7)(3,4)(5,6)

(1,7,3,5)(2,8,4,6)

= <a,f,b2>
= <a,t>

= <a,uw

= <b,e,f>

= <b,p,iku>
= <q,e,t>

= <e,j,n>

= <F,x>

= <VSV,X,Y>




-
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Table 8B

710
™
12
13
T14
15
T16
7
T18
19
T20
T21
T22
723
T24
725

(continued)
<b,j>
<a2,b2,1>
<g,n>
<hj,n>
<n,o>
<a,f,h>
<a,b2>
<a,e>
<b,e,j>
<b,f>

<b,p>

<q,e>
<a2,b2,j,e>
<N LW
<C,Nn,s>

<A,D>

T35
T36
T37
T38
T39
T40
T41
T42

T43 =

T44
T45
T46
147
T48
T49
T50

BUTLER AND MC KAY

<a,f,t>
<A,D,B2>
<A,BZ,E>
<V,e,n>
<jsn,s>
<jsn,shv>
<F,x,y>
<S,2,m>
<A,B,E>
<t,b,s>
<§,Z,M,y>
<$,Z,0>
<vsxz'],t,m>
<A,C,D>
<A,z>

<A,z,t>

TRANSITIVE GROUPS

Table 8C: cycle type distributior

T o
T2 1
3 1
T4 1
5 1
T6 1
7 1
T8 1
9 1
T10 1
T 1
T2 1
T13 1
T4 1
T15 1
T16 1
T7 1
T18 1
T19 1
T20 1
T21 1

T22 1



BUTLER AND MC KAY TRANSITIVE GROUPS 883
‘- Table 8C: cycle type distribution
33 4
PP 3 2 22 % 4 2 4
L T AR L AT A TS LI S N L
o . S
135 = <a,f,t> T 1 . . . 3
136 = <A,D,B% - . _ _ ,
737 = <A,B°,E> o ;
1738 = <v,e,n> 51 . . . 1
139 = <j,n,s> T 1 . ) 4 5
T40 = <j,n,shv> 17 1 ) 2 _ 1
41 = <Foxy> 8 1 ) .4
T42 = <s,z,m> 91 .2 .9
T43 = <A.B,E> o 1 -
T44 = <t.b,s> T 1 .2 . s
T45 = <s,z.m.y> M2 1 . . . 1 . . . s
T46 = <s,2,0> n3r . . .1 ... 8
T7gncvsiz™! tm T4 1 . . - S .8
T4S WA, C,D> 5 1 . 2 8 s
T43 = <Az 6 1 .6 . 5
150 = <A,z,t> n1 . 2 . 5 . .. . . a4 . 4
T8 1 .6 . 13
T9 1 o2 e, R
T20 1 . 6 . 5
1 1 - N I

T22 1 . 6 . 13
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-
Table 8C  (continued) . Table 8C (continued)
3 3 4 |
2 22 53 3 2 22 ¥ ¥ 4 2 2 22 P 3
LIS L L R LA AT AN NS AP SRS LA L L LA L A &
123 1 . R ¥ 1 . . . 8 . . . . T37 1 . . .2
T24 1 . 6 . 13 . . . 8 . . . . T38 1 4 6 4 13
725 1 . . . 7 . . . . . . . . T39 1 . 18 . 25
726 1 . 6 8 13 . . . . . 4 . 4 T40 1 . 6 24 13
127 1 4 6 4 5 . . . . ) . . 8 T41 1 .18 . 25
728 1 . 10 . 9 . . . . . . 8 16 T4z 1 . 6 . 21 16
129 1 . 10 . 17 . . . . . . 8 ) T43 1 . . 28 21
T30 1 . 6 8 5 . . . . . 4 . 20 T44 ] 4 18 28 25
31 1 4 6 4 13 . . . . . . . 24 T45 1 . 42 . 33 16
732 1 . 6 . 13 . . .3 . . . . T46 1 . 42 . 9 16
W 3 . 6 .13 L m ™7 1 12 42 3% 33 16
T34 1 ) 6 ) . i .32 .. . : ' 748 1 .42 .49
135 1 4 10 12 7 . . . . . 4 8 28 T49 1 . 210 . 105 112
736 1 . . . 7. . . 56 . . . . 150 1 28 210 420 105 112
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% _
-
3 4
P I CE N S
L S L
8
8
4 .4
8
8 16
8
4 20
24
-
32
4 8 28

56

TRANSITIVE GROUPS

885

Table 8C (continued)
33 4
2 22 P T - A T
ot R LT S B O B LA LI
137 1 21 56
™8 1 4 6 4 13 2 32 24
39 1 18 25 32 24
T40 1 6 24 13 32 12 12
1 18 25 32 24
42 1 6 21 16 48 64
43 1 28 21 56
T4 1 4 18 28 25 32 3% 12 24 36
45 1 42 3316 48 64 72
T46 1 42 9 16 48 64 72 144
T4a7 1 12 42 3 33 16 9 48 64 12 72 180
48 1 42 49 224 168
T49 1 210 105 112 1680 1120 2520
TS0 1 28 210 420 105 112 1120 1680 1120 1120 420 2520 1260




886 RUTLER AND MC KAY TRANSITIVE GROUPS
= -
W Table 8¢ (eontinued) Table 8¢  (continued)
4 5 4 5
3 5 2 5 6 7 3 ) 53 2
T T T SR L 18 14 1 1
123 . 6
T ) 2 ) . ) . ) . 4
T24 . 12
T2 . 4
T25
T3
T26 . 12
T4 . 2
T27 . 20
T5 . 6
128 . 4
T6 . 2 . . . . . . 4
T29 . 28
17 . 4 . . . . . . 8
T30 . 20
T8 . 6 . . . . . . 4
T31 . 12
T9 . 4
T32 . 12
T10 . 8
T33 . 12
T11 . 8
T34 . 36
12 . 6 . ) _ _ 8
T35 . 28
T13 . . . . . R 8
' : 1736 ) )
14 . O . . . 3 B : .
\b o 137 . 42
TI5 .8 , . . _ _ g
| T38 . 12
T16 . 4 . . . . . . 16
T39 . 60
T17 . 8 . . . . . . 8
T40 . 12
Ti8 . 12
T41 . 60
T19 . 12
T42 . 36
T20 . 20
T43 . 42
721 . 4
T44 . 60
T22 . 12




BUTLER AND MC KAY

TRANSITIVE GROUPS

Table 8C  (continued)

4
3 5
T

123 . 6

T24 BEERF:

T25

126 BEERY:

127 . 20

T28 . 4

129 . 28

T30 . 20

T31 . 12

132 BEERY:

733 AT

T34 .36

T35 .28

T36

37 Y

738 R

739 . 60

T40 RV

T4 .60

T42 . 36

143 . 42

T44 . 60

6 6 7
31 2 1 8
8 12
8
48
16
16
16
32
32
16
56 48
48
32 32
32
32 48
32
96
56 48 84
32 3 48
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Table 8C  (continued)
4 5
3 5 2 5 6 7
14 1 1 3 12 18
T45 108 192
T46 36 144
T47 96 108 192 144
T48 252 224 384
T49 1260 1344 2688 . 3360 5760
T50 3360 1260 1344 4032 2688 3360 3360 5760 5040

TRANSITIVE GROUPS

Table 9A: groups of degree 9
Groups | Order | Even | Imprimitive
[3°]

T 9 + 4
T2 9 + 4
T3 18 + 4
T4 18 2
T5 18 + 4
T6 27 + v/
T7 27 + Y
T8 36 2
T9 36 +

T10 54 + v
T 54 + 4
Ti2 54 %
T13 54 4
T4 72 +

T15 72 +

T16 72

Ti7 81 + %
T18 108 4
119 144

T20 162 v
T21 162 + 4
T22 162 v/
T23 216 +




BUTLER AND MC KAY

-
-
) 6 6 7
2
% 1 2 1 8
, 192
144
192 . 144
224 384
3 . 3360 5760

3 3360 3360 5760 5040

TRANSITIVE GROUPS

Table 9A: groups of degree 9

889

Groups | Order | Even Imprimitive| Numbers of Other Name
[33] Classes Representations
- -

T 9 | + v 9 9
T2 9 | + a 9 32
T3 18 |+ / 6 Dig
T4 18 2 9 675 3ty
T5 18 | + 4 6 32.2
76 27 | + Y 1
17 27 |+ / 1
T8 36 2 9 679 32.9%
19 36 |+ 6 6T10 3.4
T10 54 | + / 10
Gk 55 | + 7 10
T2 54 v 10
13 54 v 10
T4 72 |+ 6 3204
115 72 |+ 9 32.8
16 72 9 6713 32-0g
7 g1 |+ Y 17
Tie | 108 Y 1
9 | 144 9 32.(8-2)
120 | 162 v 22
121 | 162 |+ / 13
T22 | 162 v 13
123 | 216 |+ 10 32.51(2,3)
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BUTLER AND MC KAY

Table 9A  (continued)
Groups Order | Even | Imprimitive [ Numbers of Others Name
[33] Classes Representations
T24 324 v 17
T25 324 + % 13
T26 | 432 R 32.6L(2,3)
127 504 + 9 L(2,8)
728 648 Y 17
T29 648 % 17
T30 648 + v/ 14
131 | 129 v 22 B
T32 1512 + 1 L(2,8)-3
733 | (3)9¢ + 18 Rg
T34 g! 30 L9

TRANSITIVE GROUPS

Table 9B

11
T2
T3
T4
T5
T6
7
18
9

710

™

12

113

T14

715

T16

T17
T18

group generators

(1,5,8,2,6,9,3,4,7)
(1,4,7)(2,5,8)(3,6,9)
(1,9,5)(2,7,6)(3,8,4)
(1,8)(2,7)(3,9)(4,6)
(4,7)(5,8)(6,9)
(1,7)(2,9)(3,8)(5,6)
(2,3)(5,6)(8,9)
(1,3,2)(4,5,6)
(1,6,9)(2,4,7)(3,5,8)
(1,2,3)

<a>

<b,c>
<a,d>
<b,e,c>
<b,c,f>
<a,h>
<b,c,i>
<b,c,e,f>
<63,02>
<a,d,h>
<b,c,f,i>
<b,c,i,e>
b,c,i,g>
-@3,02,0e>
<az,o>
<a3,02,e>

<a,h,j>

<b,c,f,i,e>
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s of Others Name

5es Representations
3%.6L(2,3)
L(2,8)
L(2,8)-3
Ag
L9

Newr

L TRANSITIVE GROUPS

Table 9B: group generators

a=(1,5,8,2,6,9,3,4,7)

b= (1,4,7)(2,5,8)(3,6,9)
¢ =(1,9,5)(2,7,6)(3,8,4)
d = (1,8)(2,7)(3,9)(4,6)
e = (4,7)(5,8)(6,9)

f=(1,7)(2,9)(3,8)(5,6)

g = (2,3)(5,6)(8,9)

=
1

= (1,3,2)(4,5,6)
i=(1,6,9)(2,4,7)(3,5,8)

j=1(1,2,3)
T1 = <a>

T2 = <b,c>
T3 = <a,d>

T4 = <b,e,c>

T5 = <b,c,f>
16 = <a,h>
17 = <b,c,i>

T8 = <b,c,e,f>
19 = <a3,02>
710 = <a,d,h>
711 = <b,c,f,i>
T12 = <b,c,i,e>
T13 = <b,c,i,9>
T14 = <a3,02,oe>
15 = <a’,05

T16 = <a3,02,e>

T17 = <a)hyj>
T18 = <b,c,f,i,e>

891

k = (2,3)(5,6)

1= (7,8,9)

m= (2,3)(8,9)

n=(2,3)

o= (2,6,4,9,3,8,7,5)

p = (2,4,9)(3,7,5)

q = (2,7)(3,6)(4,5)(8,9)
r=(1,2,3,4,5,6,7)

s = (2,4,3,7,5,6)

t = (1,8)(2,4)(3,7)(5,6)

119 = <a3,o,e>

T20 = <a,h,j,e>

T21 = <a,h,j,d>

T22 = <&,h,j,9>

123 = <a3,0%,p>

124 = <a,h,j,e,d>

125 = <3,hi%,k,1.m,b>
T26 = <a3,o.p>

127 = <r,t,q>

T28 = <j,n,hi%,gn,1,mn,b>
129 = <j,hi%,k,1.m,b,e>
T30 = <j,hj2,k,1,m,b,ne>
T31 = <j,n,b,e>

732 = <r,52,t,q>

T33 = <r,1>

T34 = <r,T,n>
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Table 10A: groups of degree 10

BUTLER AND MC KAY

TRANSITIVE GROUPS

Table 10A  (continued)

Group Order Even Imprimitive Number of Other Name
[25] [52] Classes Representations

T1 10 v v 10 10

T2 10 5 4 4 5T2 5.2

T3 20 v v 8 2x5.2

T4 20 v Vv 5 5.4

T5 40 4 vV 10 2x5.4

T6 50 % 20

T7 60 + 5 574 Ag

T8 80 + % 8

19 100 % 16

T10 100 4 10

IRl 120 % 4 10

T2 120 % % 7

T13 120 7 575 25

T14 160 4 16

T15 160 + 4 10

116 160 v 10

T17 200 vV 14

T18 200 + v 11

T19 200 4 14

T20 200 Y 8

T21 200 4 14

T2Z 240 4 % 14

123 320 4 20

T24 320 + v 11

Group Order Even Imprimitiv
[2°1) 151

T25 320 vy

126 | 360 +

T27 400 v

128 400 + v

T29 640 v

T30 720

T31 720

T32 720

T33 800 4

T34 960 + 4

T35 1440

T36 1920 v/

T37 1920 + v

T38 1920 4

T39 3840 v

T40 7200 %

T41 14400 1%

T42 14400 + %

T43 28800 %

T44 | (3)10! +

T45 10!
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TRANSITIVE GROUPS

Table 10A  (continued)

897

v
i
er of Other Name
sses Representations
0 10
4 5T2 5.2
8 2x5.2
5 5.4
0 2x5.4
0
5
5T4 A5
8
6
D
1]
7
7
5T5 ES
5
)
) ‘Ivr
!
|
|
3
}
}
)

Group Order Even Imprimitive Number of Other Name
[25] [52] Classes Representations

T25 320 v 11

T26 360 + 7 6715 L(2,9)

T27 400 4 16

728 400 + v 13

T29 640 4 22

T30 720 11 PGL(2,9)

T31 720 8 Mo

T32 720 11 6T16 6

T33 800 % 20

T34 960 + v 12

T35 1440 13 PPL(2,9)

T36 1920 % 24

T37 1920 + v 18

T38 1920 % 18

T39 3840 % 36

T40 7200 % 20

T41 14400 4 25

T42 14400 + 4 22

T43 28800 4 35

T44 (3)10! + 24 Ao

T45 10! 42 %10
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Table 10B: group generators Table 10B  (continued)

a=(1,2,3,4,5) n=(1,2)(3,5,9,7)(4,6,10,8) T13 = <v,w>
b= (6,7,8,9,10) o= (3,9)(4,10)(5,7)(6,8) T4 = <g,j>
c = (2,3,5,4) p = (3,5,9,7)(4,6,10,8) T15 = <k,j,0>
d = (7,8,10,9) q = (1,9)(2,10)(3,5)(4,6) T16 = <k,j,m
e = (1,5)(2,3) r = (1,9)(2,10)(3,5,4,6) . T17 = <&,cd,i>
f = (6,10)(7,8) s = (1,2,3)(4,5,6)(7,8,9) T18 = <a,cd,ci>
g=(1,2) t = (2,6,4,9,3,8,7,5) T19 = <a,cd™),i>
h = (6,7) u = (4,7)(5,8)(6,9) 120 = <a,cd_] 21>
i=1(1,6)(2,7)(3,8)(4,9)(5,10) v = (1,8)(2,5,6,3)(4,9,7,10) T21 = <a,c?,i>
j=1(1,3,5,7,9)(2,4,6,8,10) w=(1,5,7)(2,9,4)(3,8,10) T22 = <ab,gh,i>
k= (1,2)(3,8) x = (1,10)(4,7)(5,6)(8,9) 723 = <g,j,0>
1= (1,9)(2,10)(3,4) y = (2,3,4,5,6,7,8,9,10) T24 = <k,j,p>
m = (3,9)(4,10)(5,7,6,8) 125 = <k,j,n>
Tl = <ab,i> 17 = <v2,w> T26 = <s,t2,x>

‘ T2 = <ab,c?d%i> T8 = <k,j> 127 = <a,c?,cd,i>

- 13 = <ab,c2dl, i 19 = <a,c?d?,i 128 = <a,c,cd,ci>
T4 = <ab,cd?,cdi> 10 = <a,c2d?,cdi> T29 = <g,§,p>
T5 = <ab,cd,i> T11 = <ab,ef,i>
T6 = <a,i> T12 = <ab,ef,ghi>

i
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,
Jable 10B  (continued)
n=(1,2)(3,5,9,7)(4,6,10,8) T3 = <v,w> 130 = 5.t
° = (3.9)(8,10)(5.7)16,8) T4 = <g,j> T31 = <s,t2,tu,x>
p = (3,5,9,7)(4,6,10,8) 715 = <k,j.o0» 2 <S't2,u,x>
9 = (1,9)(2,10)(3,5)(4,6) T16 = <k,j,m> 133 = <ac,i>
r = (1,9)(2,10)(3,5,4,6) N7 = <a,cd,i> = kg
s = (1,2,3)(4,5,6)(7,8,9) T8 = <a.cd,cis 15 = st
t = (2,6,4,9,3,8,7,5) N9 = <a,cd”),is 136 = <q.ds0>
u = (4,7)(5,8)(6,9) 120 = <ared ' 21 137 = <ujg 1>
v =(1,8)(2,5,6,3)(4,9,7,10) T21 = <a,c2,i> 138 = <kois
w=(1,5,7)(2,9,4)(3,8,10) T22 = <ab,gh,i> 139 = <qui kDo
x = (1,10)(4,7)(5,6)(8,9) 123 = <g,j,05 180 = <ae.is
y = (2,3,4,5,6,7,8,9,10) T24 = <k,j,ps 141 = cane.gh.is
T25 = <k,j,n> T42 = <a,b,e,f,gh,gi>
7=l T26 = <s,t2,x> T43 = <a,g,i>
8 . T27 = <a,c?,cd,i> T4 = <y k>
9 ;izg,c2d2,1> 128 = <a,c2,cd,ci> T45 = <y,g>

0= <a,c2d2,cdi> T29 = <g,]j,p>

—_
!

= <ab,ef,i>

2 = <ab,ef,ghi>




TRANSITIVE GROUPS

0¢

9¢
oL

0¢

oL
or4

§¢
Gl

4
14
T4
ae

4

| gl
L Zed
1l
L Oel
| 6LlL
I 8l
L Ll
L 9Ll
L SLL

BUTLER AND MC KAY

0c
0e

oL
9t

Ot

[Se]
—

N

L vl
L€l
1 2Ll
UL
L 0ol
L 6l

900

uoLIngra3sip adAy aakd

oL ol
: oL
: ol
: oL
: oL
0L oL
ol .
: oL
oL N
gl 2°

ot

‘001 °19eL




901

TRANSITIVE GROUPS

9€
le

0¢

Le
9¢
ot

0¢

ot

0¢

G¥
Sy
S¢
4
§¢
Sv
S¢
§e
§¢
SL
114
14
S¢
14
G2

§¢

ot
oL
oL

oL
oL
oL
oL
oL

ol
ot

LEL
0l
6¢l
82l
Lel
921
Gl
¥l
gel
2cl
lel
021
6L
8Ll
L1L
9Ll
SLL

BUTLER AND MC KAY

0¢

0e

ot
9l

ol

Gl
Gl
Sl
S¢

5

0l
oL

oL

pLL
€Ll
¢LL
L1l
oLl
61
8l
JA




< S . 2
— < [3N] —
©
g
=
w - . . . . *
B = ©_ ) . . . . .
e 8 =
(4]
=
o .
2 ® S - N o< e~ 2 237
m m E e 2 2B e >R 2 EEEEE R E R - = F
P
s
2 00252 00V0S  00b8 00252 00252 0b0S ove2 596 S2/Y  0SLE  0£9 5y t Stl
m 00252 0098 00252 092 §2L9 09 1 aal
& 00F 008 00% 009 0001 Ot oy 021 52z 00¢ 0cl 0z L evl
=
2 0oy 00y 0001 oy 522 0el L vl
00t 00% 0001 oy 0zl 522 €l L Lyl
: 00p 0°3 op 09 522 o¢ L opl
oz 091 08 : 18 szl o/ o€ 5 L 6EL
08 08 0z 59 09 ol : 1 gl
ove 08 : szl . o L lel1
08 091 08 L9 59 oL oL g L 9el
9 sy 0¢ L sel
08 08 ‘ 59 ol . L pEL
: : 02 ¢z oL : L eel
5h 0¢ l el
2 L b l L gl . i 5l bt ol gt ot
£ 2 2 ¢ 2 2 £ R £ 22 2
¢ £ £ £
S (panutjuod)  J0[ stqel




903

TRANSITIVE GROUPS

(continued)

Table 10C

cJ —

Tl
T2

T3

10

T4

10

10

T5

20

T6
T7

18
19

50

T10

T

30

Ti2

30

20

40

20

T13
T14
T15

26
50

50

40

T16
T17

50

Ti8

50

9

100

50

T20

50
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Table 10C  (continued) Table 10C  (continued)
4
- 4 4 4 3 ; ; ;
33 4 2 22 4 3 2 4 42 42 : ) )2 ,
1 1 14 12 3 3 1 3 12 2 5 3 : .

T22 . . . . . . . . 30 30 T1
T23 . . . 40 40 . . . 20 20 T2
T24 . . . . 40 . . . 100 . T3
25 . . . .40 . . . 20 80 14
T26 80 . . . . . . . 90 . 5
T27 . . . . . . . . 100 100 T6 8
T28 . . . . . . . . 100 . 17
T29 . . . 40 40 . . . 100 100 T8
T30 80 . . . : . . . 90 . 9 &
31 80 . . . . . . . 270 . Mo 8
32 80 . . . . . ) . 90 90 m
33 . 20 . 100 . . . . 100 100 T2
T34 . . . . 120 . . . 60 . 713
T35 80 . . . . . . . 270 90 T14

& i . . . 120 120 . . . 60 60 5

-
37 . ) 60 . 140 . . . 300 . 6
T38 . 20 . 60 120 . . 160 60 240 Ti7 4
T39 . 20 60 180 140 ) . 160 300 300 e 8
T40 . . . . . . . . . 900 719 8
a1 . . 600 . . . 1200 . 900 1800 120 8
a2 . . 600 . 1200 . 1200 . 900 . 21 8 . 40
T43 . 60 600 900 1200 1200 1200 . 900 1800 \ 122
T44 22400 . 18900 . 18900 . 151200 . 56700

T45 22400 1260 18900 56700 18900 50400 151200 50400 56700 56700
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' Table 10C  (continued)
P 5
5 5 5 5 5 6
i ? ! o o 5 2 2° 3 3 4 6 2 6
Hj,,,J s " 2 1° 13 1 12 2 1 52 1 1? 22
. 30 30 1 A
20 20 12 4
100 13 4
20 80 14 4
90 5 4
100 100 " 16
100 17 24
100 100 T8 64
90 9 & 16
270 710 8 16
90 90 T 24 20
100 100 T12 24 20
60 T13 24
270 90 T14 64
- 60 60 5 64
. 300 T16 64
160 60 240 7 s 16
160 300 300 s 8 >
900 9 8 16
1200 900 1800 120 8 16
1200 900 ™ 8 40 16
) 1200 900 1800 ‘ 122 24 40
151200 56700
) 151200 50400 56700 56700
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Table 10C  (continued) : Table 10C  (continued)
-
-
5 5 5 5 5 6 6 !
5 2 2? 3 3 4 6 2 6 3 6 ! 2
15 13 . 12 ) . 52 74 12 )2 1 ) 4 —13“ 1
T23 64 -
T4 . . . . . 64 . . . T2
Tes . . . . . . 64 . . . T3
T2 . . . . . ) 144 . _ . T4
27 8 . 40 . . . 16 . . . Ts
T28 8 . 40 . . . 16 . . . T6
T29 . . ) . . . 64 . . . 7
T30 . . . . . . 144 . . . 18
3. . . . . . 144 . , . T9
32 . . . . . . 144 . . : : T10
33 o . 40 . . 80 16 . . . T
T34 . . . . . . 384 ) 160 } T2
35 . . ) . . . 144 . . : 13 20
3. . ) . . . 384 80 160 80 14
-3 . . . 4 ) 384 ) 160 : 15
38 . . . . . . 384 : 160 160 16
T39 . . . . . : 384 80 160 240 7
T40 48 . 720 960 . ) 576 . . 1200 118
T4l 48 ) 720 960 . ) 576 . . 2400 9
T4z 48 . 720 960 ) . 576 . ) . 120
T43 48 480 720 960 960 1440 576 . . 2400 | 21
T44 6048 90720 120960 . . 72576 . 151200 . 122

T45 6048 60480 90720 120960 120960 181440 72576 25200 151200 75600




BUTLER AND MC KAY TRANSITIVE GROUPS 907
- Table 10C  (continued)
-
5 6 6 7
4 6 2 6 3 6 7 2 7 8 8 9
1 52 98 12 22 1 4 13 1 3 12 2 1 10
64 . . T . . . . . ‘ : . 4
64 . . . T2
64 . . . T3 . . . . . . . . 4
144 . . . T4
16 . . . Ts . . . . . . . . 4
16 . . . 76 . . . . ) . . : 20
64 . . . 17
144 . . . 18
144 . . . T9 . . . . . . . . 40
144 . . : o
80 16 . . . ™ . ) . . . ) . . 24
384 . 160 . T12
144 . . . T13 20
80 160 80 4 _ _ , , , _ . . 64
33 . 160 : _—
384 . 160 160 e
38 80 160 240 n7 _ , . . . . : : 40
576 : . 1200 8 , : . : . .00
576 . . 2400 19 _ _ _ : : : : : 80
576 T20
10 576 : . 2400 1 ‘ . ; _ , _ , : 40
72576 . 151200 122 . _ ‘ , _ . : : 24

10 72576 25200 151200 75600
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Table 10C  (continued)

6 7

3 6 7 2 7 8 8 9

1 4 13 1 3 12 2 | 10
T23 64
T24 80
T25 80
T26
T27 80
128 200
TZ9 80 80 . 64
T30 180 . . 144
T31 180
T32 240
T33 200 . 80
T34
T35 240 180 180 . 144
36 384
T37 160 240
T38 160 240
T39 160 240 240 . 384
T40 1440
T41 2880
T42 2400 3600
T43 2400 3600 . 2880
T44 151200 86400 . 172800 226800 403200

T45

207600 151200

86400 259200 172800 226800 226800 403200 362880

TRANSITIVE GROUPS

Table 11A:

Table 118B:
a =

b

o
il

T =
T2 =
13 =

T4 =

groups of degree 11
Group Order
Tl 11
T2 22
T3 55
T4 110
T5 660
T6 7920
T7 (3)111
T8 111
group generators

(1,2,3,4,5,6,7,8,9,10,
(2,3,5,9,6,11,10,8,4,7
(1,11)(2,7)(3,5)(4,6)

= (4,8)(5,9)(6,7)(10,11)
= (1,6)(3,5)(4,7)(9,10)

<a>
-
0
<a,b™>
2
<a,b™>

<a,b>

T5 = <f,e,c>
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a
- -
Table 11A: groups of degree 11
8 8 9 Group Order Even Number of Name
p Classes
1 2 1 10
— T1 11 + 11 1
64 T2 22 7 n.2
8 13 55 + 7 1.5
80 T4 110 11 11.10
]
T5 660 + 8 L(2,11)
80 T6 7920 + 10 My
200 17 (4)111 " 31 A
80 80 ' 64 T8 1 56 o
180 144
180 Table 11B: group generators
a=1(1,2,3,4,5,6,7,8,9,10,11) f=1(1,5,7)(2,9,4)(3,8,10)
200 . 80 b = (2,3,5,9,6,11,10,8,4,7) g=(1,2,3)(4,5,6)(7,8,9)
¢ = (1,11)(2,7)(3,5)(4,6) h = (2,4,3,7)(5,6,9,8)
180 180 S d = (4,8)(5,9)(6,7)(10,11) i = (2,9,3,5)(4,6,7,8)
: ) 384 . )
- e = (1,6)(3,5)(4,7)(9,10) Jj = (1,10)(4,7)(5,6)(8,9)
240 k =(1,2,3)
240
240 240 ’ 384 Tl = <a> 76 = <g,h,i,j,d>
1440 T2 = <a,b’> 7 = <a,k>
2880 T3 = <a,b®> T8 = <b,k>
3600 [ = cabs
3600 . 2880 15 = <f.e.co
226800 403200
226800 226800 403200 362880
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