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For each it 91
,
2

,
..., 3

,

we solve n equations love for each to 9, ..., will

in 1: unknowns bij , je91,
2

,
0-

,
4

: 3.
symmetric t

It = 1,
In general the n polynomials Di+...+ Sin

, w's identies?
can be re-expressed in terms of the elementary symmetric polgronials
ej = e

,
(bi,, -- din) which are the coefficients of

(x + xi , )(X + xi) ... (x + Xin , ) = x*e, x
* ex +... + ex + en

i
.

e .
In = dindie din,

!

= Edirdi,
e= di,

+ ---- Disn,

We will show : If 161 = 1 then KG = M(,) (algebra isomorphism (
where k= number of Conjugacy
classes in G .

The cert of th (semisimple algebra) is
M(u

,
4) = Saxa complex matrices 32(R) = EZER : zx = xz for all veR3

.

2 (M(
, (S) = 961 : x + 432(R) [R is a subalgebra:subspacewhicheng. [ I= In = ( .6.

,Jayn
2 Mi , ()) =( :Eit 07 : 6

,
- idntD]

O Future
dimM(,) = E ; dim (2M, x)) = 6



dim KG = n
= If

dim 2 (KG) = k = no
.
of co : classes.

Let K, ... KCG be the long classes
i
.e. G: K

,
WKeW ... Why
-

For Ki-k
,
let Zi = Eg = an of elements in

Si3
gtki

= -[ (CG) because gzi
= zig

gzig = Zi

2(4G) = Eaz , + -.. + azy : git 3
Given zt /IG)

, say z =X 9C

gz = zg
For all ge G , gzg" = z

#G: integral group ring of G
= 9 g : at

&G = rational group algebra ---
---- Q

RG = real groupalgebra--

FG =

group algebra of G over F
R

F

F(G] = FG when G is agroup.



F (x
,y ,z] = polynomial algebra in x

, y ,
z with coefficients in (infinite dimensional)

as distinguished from Fx + Fy + Fz = (x
, y , z) =ax + a

, y + at = 9
,, 9 , 9 xt)

-

which is a 3-dimensional vector
space

If R is a algebra over F and SER lang subset)
then

the centralizer of S in R is
-

< (5) : SztR : zs = 52 For all se83 &R subalgebra

(Also called the countant of
S in R)

. Cp(RS = 2(R)

histacute eg RMM oD
simple

Let M
,
N be Romodules and : M-TN a homomorphism i.e . $(rm + sm) = voluitsolm's

For all r
,
stRi m

,

n'tM.

i) If MEN as Emodules then 80. There are no monzeno homomorphisms
between simple modules.

(ii) If MEN , say M
= N

,
then : 21 for some ceK .

Proof (i) If 60 them there exists it M such that piva to ,
so R MIIN

is a nonzers submodule of N
.

Since N is simple , Roro) = N.
-C

The berel of % : M-N is a
submodule of M. &(Rio]

Since M is simple kend = 0 or M
.

But &O (P/V) +0) we have

her & = 0
. By the first isomorphism theorem

,
M= M/ =/M/N

This contradicts MEN
.

keno



· (ii) Let & : M-> M be a homomorphism of the Simple Rmodule M.
In particular of is a Kilinear transformation of a finite dimensional

complex vector space so there exists votM
,
voto such that p(v) =

2
N ~

for some <EK
.

(D is alg . closed)
·

Let o = -21 so t is
a homomorphism of R-algebras :

d

↓ (rm) = p(rm) - chrm = ro(m) - com = v (0)(m) - (m)= (m)
-

& (m+m) = f(m)+(m') ,

(r + Ri m
,

m'= M)

-her o => ke= M= = 0 = 0 = c 1
. I

Remark If MEN as R-modules there is an isomorphism A : M->N

(A invertible nxu matrix
,

no dim M = dimN)
A (rm) = rAm for all otR.

then the R-module homomorphisms M-TN all have the form A
,

C+

The choice of field I is important for Schur's Lea e.g .

G = 31
. 9 , 93933 cyclic of orden t , : G -> GLIR)

ga> (b)
M= R is an RG-module using I

↑(g)(i] = (i) (i) i makes Minto an R-moduleFor R= RG

M is a simple module but the R-homomorphismsMMaremore than state



Recall Schur's Lemma :

for all
the only nxnIf +: G-> GL(D) is an irreduciblerepresentation thematitmatrices commuting withTg) , geG

If it
,

it' are representations of, : G-> GL(D)
,

i : G-> GL(K) then i

defines an action of G on K get acts on re
*

(mx) volum
vector) as gu = +giveD

"

ex, x
anda defines an action of G on I

, gr=
modulesThenaDG-homomorphismofthecorrespondis

nXu nX/

: "-
" such that

A
em->

"

#(g) ↓ ↓(g)
commutes for every gef i

.
e.gA

De for all g +G

SuchamatrixA isaintertwining at aaction of 6).
i
.
e. xA = A2 for all x KG

Im
av) = A(v) A is a homomorphism of DG-modules.

If V and W
"I

are irreducible (simple) KG-modules (t
,

i' irred . representations) :

(i) inequivalent 2) A= 0

#
,
T

(iis equivalent = A = > · fixed invertible nxu matrix .



plo of handout
.
Theorem4 (Wedderburn's Theorem

Let R = KG
,
181* ·

Let M 1,
"

; My be the distinct R-modules up
Y

to isomorphism . n a
H, - . Th

The Mi-homogeneous part of R is the sun of all the left ideals of R isomorphic
to Mi .

eg .
R = M(3

,
4)

.

has only one simple module up to isomorphism ,

K.

A- R acts on 1= 3 by - > Ar
Y x /

R=]]] contains 1507 : 100
minimal
simple (lieft idels) of the regular representation are all isomorphicSubmodules
to C3 as R modules.

The D2-homogeneous pat of this module is all of R
.

↳ semisimple of dimension 14.
dis Mi = n,

dim Mi(R) = ni

R has three isotypes, of simple modules of dimension! 2
,

3.

If ni = dim Mi
then the Mi-homo - partof R=G isR= theSun of all submodules isomorphic
to Mi.M

, (R) Mz(R) My(l)



R semisimple algebra over I

Endp(R) = &R-eudomorphisms of R3 is the set of maps of : R-R suchthat

into itself p(rx) = ro(x) for all r
,
x- R

Lea EndR)
is antiisomorphic

to

a 4) =x
-

For every
↑
a
(rx) = rxa = ra(x) = $7 End

,
(R) ,

the map R-> Ende(R), mptEnda(R) is bijective .

If at R such that 60 then 10 so & So and to is oneto one.
Y

#(a) -

1a = 0 => a = 0

(b) = rab = (a) = G((r) = God(r)=>%
= ta

-

If G is a group
there area" is an antiatomorphism f(ab) = f(b) f(a)

Similarly with an algebra.
If R is an algebra then theposite algebra

R is the algebra with the

same elements as R with same rector
space structure ; only the multiplication

is replacedbyGr xyz) = x* (y+z) = (z)x = z(yx) = (*y)*z

R is not necessarily isomorphic to R
.

It is antisomorphic
dism

6° G because we can compose
two antiisomorphisms to get an isomor

6- 6- 6
O

If R is a division algebra then R
°

=R in the

inverse
E same way .



What are the R-endomorphisms of R = CG ? End,(R) = R.

R = 1 ,00 ... In
as a direct son of minimal left ideals.

If -Endp(R) then we can represent of using an myne matrix ore R :

↓ (r) =

= (i)
v = r

,
+ --- tim unique choice ofit I

&(r) = p(r)+... + d(rm)
,
decompose each term

with espect to our decomposition
if Ij Schur's

-() Dij Hom (ti , Ej) = En
,
if Fielj Cona

& is representedby E I-
End(R) anti-iso.toMir ,

4)

-> M(r
,D) Im

, 4)
11

anti-iso
O

R = R
R= KG has an antiisomorphism [ag + 29

,
9
"

REMI, )



p .

29 The Center of the group algebra
G finite group n = 161 = dim KG

2)DG) = 54-KG : <V = Va For all VeKG] &If subalgebra

dim 2 (KG) = b =
number of conjugacy

classes of G

K
,
Kz

,

. . . K : Conjugacy classes
of G = K

,
W ... Like k = E + 3
partition k

siz Kil = n = 161
.

For (2) = &X1
,
X2,, X* 3 ni = Xi(t) = deg Xi +...+

is principal character Moreover n
: In which we will

Fro
. reps. of 6 are : G+ Gla

,
2) prove today or Monday.

Basis for 2(KG) is Ev
,
U

, ..., US where V : Su of elements in Ki. Reps of K, , .
. .

, Kn
U I

are gl ,
---

, 9h

G Min, I

I J
"

... **
12x12 O

z (a = 2(@M(i,c) =&Bit) : w,eg

The iso
. KG-OM/r : 4) is defined on our basis gre tipsit's



T
: 6-6Ly() is a group

homo
. extending to algebra tomo.

-

#j
: 46-> My, I ,

defined by P19) = Sag)·

Restrict to- + 2(KG)
· Eg

= gz for
all gyf

=> 5,(z)5j(g) =

+ (zg)
= y(gz)

= y(g)+j(z) = +() = 2 In
,,
some

In particular +j(0) = Ing
Since VitL(KG) by Schur's Lemma .

11ik A

kjzk K

Denote w(V) = w(V) = Wy (vi)
where X = X;

= trij.

T() = w
,
(V) In
,

Take trace on both sides. V =

e
(Kiltrej(gi) = (kiXj(gi) = njwj(vi) = X

,
(1) w

; (i)

(vi) =

Kit (p . 30) We will see that these values W
,
(vi) are

[p algebraic integers.

algebraicit see To showX ,

show it's

and a rationalpos , integers coeffs in X.
an algebraic intege number

.

Use Salg , integesi1Q = I



ZIKG) is an algebra . (subalgebra
In particular ViV-IIG)

=> UV dije V aijh
- 2

dije (ijlt 91 ,

2- (7) are thecture consents of [(KG).

Additively ,
z(KG) = C". 2)(IG) = algebra gen . by U, .

.

.,
%o overI

k I

bjUj
-

EEbj : bjeR3
Additively : Ik
The multiplicative structure is entirely

aije
= Formula determined described by the struct. constants age

.

using the clar. table
of G.

Eg. G
= Sy :

[1233
In IG CKG

Y = ()
, V = (12) + (13) + (23)

, U = (123) + (132)

V = &
,
VE = Y

,

V
, Y = U,

V=U = (12) + (13) + (23))((k) + (13) + (23)) = 31) + 3(123) - 3(132) = 3Vs

&V = ((123) + (132)) (((23) + (1327) = 2)) + (123) + (132) = 20 + Vs

VTs = -E = ((12) + (13) + (23))((123) + (132)) = 28

In a large group ,
these expansions look unmanageable this way but :

we can compute ligh directly from the character table of G. exactly
In Sa

,
each scycle can be expressed as a product of two transpositions in 19223: 3

different ways.



↑ (z) = wy(z)I for all z-ZIG)
,

where D : G-GLn(4) irred, rep,
with character X

-

w (vi)=gi W : I/KG)-> D is an algebra homo : w
,
lzz) = W

,
(z)W

,
(2) for all z,z'+ 2(DG).

Theorem The structure constants of [/CG) are ·je (non-negative integers)

Foot VV= jet · Wy()=ii) , Apply this homomorphism to 2(G) on both sidei

#i)i . Now multiply both sides by X (h) toe o

= BijleXgY
Sun over XtErr(G) and use

cl orthogonality
of cher table of G

&erY(ge)g) = go ,
if Its

Kalgu)l if = s

- =
= Klaijs I

So why are w
,
(vi) EX ?



V= jeV
~ (vi) w

,(0)= dije W
, (v) (fixedi) kxk

In 2)KG)
,

we consider left-multiplication by w(Vi) as a linear transformation with matix

det (tIjA) is a monic poly with integer creffs.
A= A

= [aijl]j
,
1 = 1

, .. h
=> wy(r) is an alg .

integr
.

eigenvalue w
,

(Vi).If v = (WUY then Av = wi Sov is an egerector wh: ... Kalgill -
Check V+0 : on

Wednesday. First entry W
,
(X)= 1. 1 w

,(g)

Colum orthogonality of clar. table of G :
gi

Xe IrrG --2 XIgi)gp) : /((gis/Sij
For ij : Furra X9XTgi) = 12(gill = t

& ! O
(f) =2(gi)gi)

Kil = (6 : Colgil] w(r)=
X

: 2 X(t)
- X(a) Wy(V) = (kilX(gi)

C~is eMirro w

alg .
int,

= Elalgist] is an algoint .

Also in Q,
Y =

w
,
(vi) -X .

= X(1)(16).
The order of every irred. rep of G divides 161.



Burnside'sSem Every group of order 49 (p, q prime ; a
,
650 integers) is solvable,

There are no nonabelian simple groups of order pag

The proofIsee notes) requires
clar

, theory ·

In a finite
group

G
,

a difference set is a subset DCG such that very monidentity element go
can be expressed as g

: d
.
d
.

"

(didetD) in exactlyr ways.

Eg
.

G = 11
, 9 , . . .,g33 cyclic of order 7.

In /12 ,
D= 9 1

,
2
, 43

2 - 1

2- 1 = 1

D = 9 g , gg"Y gg = 9 4- 2 = 2

g
+ (g2)" = g2 4- 1 = 3

g [7,
3

,1)diff set in C ↳
- I

g2(gp) = g5
-

g(g2) =

g
6

If If1 = v and IDlik then h(k-1) = r(v-1) ,

D is a (v
,
k

,
r) - diffset in G.

3 .2 = 1 . (7- 1)
6 = 6.

When does a(v
,

k
,
r)- diff. Set exist in a group of order v ?

Techniques work best when G is abeliam
.
Butt there are notrivial diff. sets in some

norabelian groups . Eg .
d = Frob

. gp ·
of order 21 (the nonabel, gp .

of order 21) has a notrir.

121
,

5
, 17 diff. Set Also a diff. Set in the cyclic gp ,

of order 21 .

5. (5 -1) = 1 . (21- 1) Both examples arise from the proj place of order 21 .

20 = 20

ESD is a (
,
b

, r) - diff
.
Set in a gpo them SDg : get form a 1

,
k

,
)metric.

(the-blocks of
~ subsets of size k in a set of size v

the design)
Any two of

them intersect in r points

any two pts are in exactlya blocks.



D = 9 1 ,
2

,43 in

D+ 1 = 92 ,
3

, 53
4+2= 93 ,

4
.63"

The fact that DCG is Ia Whr). dist
.
set can be expressed succinctly in the

group wing &G :

V= 9 , S= IG has an involutory anti-automorphism ar
*

(*** &

(B)
+

= B
*
xIf I : Egg then*Eag ogff

SS
*

= n + rp where n = k-w n = order of the design (or the difference set
= k + v(X- 1) =

()+

Eg. D
= 59 , 92g

*

3 in G = 31, 9 , 92 -... g33 cyclic of order 7 (7
,
3

,
1) -diff

.
set of order 2

8 = y +g+ g4

..
---1

SS
*

= (g + g +g4)(g + g + g4) = 3 + g +gig+ g4 +g+96 = 2 + y

X 1992 -9
Let ye Err G .

So X(t) =
1. 192g4 =--y5

X : 26-> 4 is an alingbre home. ! ! :
X (xp) = X() XB)

If X = X,
= principal characte then X(299) = Eas Augmentationmap5

....

ziify
X(8) = k

, X(8) = Se
68

*
= n + ru => k" = n + wx = n= k-v = Ew To prove this without

characters
, just a double

nu - r = k2k counting argument :

(v-Dr = k(k-1) Count ordered pairs d,de inD. k(k-1) = v(V-1)

choices ↑ choices for
Now let X be conprincipal. X(599) =

29, X(9) for ditD
If detD

IX(EX X[9)* ) = X(29g) = SagXIg)"=g)



eg .
D = 59

, 92, gly
8 = g + g+ g4for

al reprincipal haracte of 2
(x(8)) = 17

Given a finitegroup G
with Err(f) = [1 . --iXm3 ,

X- Xn for a
basis for all class functions G-D.

Xi + X, is a class function
AB)(AoB')

NiXj---- = XVj= linear comb, of irred,

chars of G.

If A aremSee =(A) /BB,
Xi(g) = fr +,(g) Xi() + Xj() then AQB is max mu :

i A B = I]
X; (a) Xj()

-
⑮

(iX,](9)
= X:191Xj(1 = + /read eats character

tr(AQB) = (a,,
+ an+... + amtrB = (trA)(rB)

i.e. Frace



Character table of S5 using never content on representations
12864 I 6

(i)&(12) (12334 (123)(1234) (12345) 23(45) [x.,
X

,) = to + * ++ + + + y + * + 5 = 1

9 I
X,

I ... I I

X2 I I
-1 I - I - I

13 14 I O & O -I

i IX4 4 -2 O A ⑧ ~ A

Xi) 5 & f

I O

Xol5 +1 I O

Xyle O O

-

↑5 (x
,
X]=

24

1 =X-X, 4 -18 + 3

+
+ 4 +o

[Xi
,

X: ] = 1
.

Check !
= = 2

.

(X
,
X1] = 1 as before

120 = i+ i+ 4+ +m X= Yo + Xi
,
XifX,

n: /18
X= 29; X;

"5
,

"0
,
17 92,

3
,
4

,
5

,
6,3

n n not 14,

9
,

16
,
25

,
36

,
263 (x

,
x] = Ea? X-X,

- Another way to know X: is irreducible :

=
# ↑apermcharacter

a doubla
Col. orthogonality : 1 + 1 +4+4 +a+a= 12 => a= 1 = a= t

Col. orthogonality : 1 + 1 + 0+ 0 + 5a + 59 + 66 = 0 => 2 + 10a+ 6b = 0 = 1+59 +36=0
-

abeR since X((123(34)) = X ((127(34)]") = X (22)(34)) b= - (1+5a)
|+ 1 + 0 + 0 + a+a+b 8 - 2+ 2a+b =824+5= 6 . 2+ +(1+ 5a)= 6

1892 + It 109+ 25a
2

= 54

43a2 + 189 - 53 = 0

(43a +53)(a- 1) = 0

↑a = 1 or · But char- values arealsob = -2



Character table of S5 using never content on representations
12864 I 6

I(12) (12(34) (123)(1234)(123457 x2)(45)

X2 I I
-1 I - I - I

1)4 I O & O - -standard pere.
modelo

X,
I ... I I

IX4 4 -2 O A ⑧

115 , f - 1 + O

Xol5 -1 I - I I O - I

O -20 8 I O-
clar

. Xi + X 3Standard plan. repn . of - lof degreeshas penP fac linear fraust. onU (six pointssoWe also get an irred . rep ,

of degree
which is also doubly trans

,
so its perm.char of degree 6 is X+ irred of degree 5.

0
,

1
,

2
,

3
,

4
,

%

It's actually N+ Xc. Then XoX=Yo

where does X: lirred of degree 6) come From? One answer : Use Specht modules for repo theory of S
.

Another approach :St has an irved
, rep ,

of degree 4 coming from the standard module V
,

dimV = 4.

T invariant
Ex permeates #naturally by permuting: (x

. --its)-> Yo .

-- ; Yose] with (11,
1
,

1
, 1,15

v=
⑮/< ,

1
,

1
,

1
, 15)
Basis for $5 is 2,... 15. Then for V use ,

%
,
%

,
%,5 = -e, -22 - 23-24

↑ ((12345)) = 1000 , tr (212345)= X
,
(((23455) = -

↑ S5
L

will use right-to-left composition in to be
The module for ty ,

X
+

is the exterior square Vn V = AV.
consistent with linear transformations ofY (rightto

Think of Ver as skew-symetric 4x4 natries S left composition ,
acting
a colum rectors)

Action of o So on such metrices is Hot .S = plotS plos
2 S : ES=invertible 4x4 matrices

.

If 0
,
+ So then 10t = 4

,
10 (t) So

Ty (0+) · S
= +10tSty(ot)"= (0)g) S(ty lotThe))"=0) (t)S43(4)+ lot= (0) (ty(t)S)



Exterior product VnV = < enej : ki<<4) unv = - X-U

Basis for VnV is 2
, 2 ,

%5
,
44

,
223 , 22a

,
%34 where eij

=

-ej
= eine,

How does (12345 + So act on VeV ? 2 = e
,122n eney = eas

23 = e
,122212= 224

e, = e
, nex -> Enes = e21 (e-eey-e) = -Es 224

222 = enegh ene
= 234

2 = e
=12 (11

= 2
,
(2-e-(=4) = 2

, z
+ 223 - 234

24 = (124914 = 21 (t,

-2 - ey -1) = 2
,4 + 22 + 24

34

Matrix of Iy (12345)) X
+
(((2945)) = to t ((12345)) = 1"

There is also a symmetric square("Y.
If dinV =n the the alternating square VIV

: AV has dimension (2) : the symm. Square S'1 have

dimension (1).
For n = 4

,

dimV = 4 with basis1
,
3

,
%

, 4 ,
SV/ Las basis eij , KiejEH

] If V = i
"

then take Exy's basis for II;
Sh/1 has basic 9xh

, yhy , phys,.., yay
dim (S

&
y) = (n+> ↑ homogeneous polys in x,y of degreek .

Gi
Eg .

the group GL(f) has an irreducible representation of degrees given by SV where 6 acts

(charF +z) naturally on V = F2. There is no nontrivial invariant

A : (j] -> Al) -(i) subspace but there is an

Am C] is reducible.

Sy = Sax+ Bxy + Vy
=

= a
, 8,853

invariant subset which is a

come .



A= (aby : (g)-
Al+ <yt)

= clax+by) + B(ax+by) (ax+dy) + v(xx+dy) = ((xi+ ((xy + 2 (g)

Sl

E
-

./o Espe +V : pla

&
~

Mini-goal : Why you cannot hear the shape of a drum (necessarily)· GWW Theorem

Ionite (finite)
Let G act on a set X

. Every get gives a permutation on X which we write as xmex8.

So x - y
+ (x9= y9 Cleft-forright composition of maps) The map G-> SymX = /permutations of1g

-
gl

is a homomorphism, not necessarily injective .

(If so then the action is faithful
. )

In general every x* X has a stabilizer 6 : Egef : x= x3 G
.

The orbit of is x= 3x8 : geG3EX.

(x* (6 : G)= There is a oneto-one correspondence x*-> G = Fright cosets of 63
x G

,g
X G



Then k = average number of fixed points of get.bobitox
,g Xinxi. . .

Let X(g) = number of points of X fixed by g i
.

e
.

- 15xeX : X = x31 . Thisis thepermutation chart
aas

torem k=XIg

Post Count introdifferentmayHebenofparssuchqual
k

1998 : xi)= 1 =2= I
.

xexit
Itxil

If 6 permutes X transitively ,
so that there isjustI orbit

,
fix a point ItX and let H = G * G

.

Then the

action of G on X is the same as G acting on right cosets of H i
.e

. H1G = SHg : g
+ 63 .

There are (6 : H] = IHG)= such right cosets .

Then the permutation character X= 1 = induced character

) Hy = principal character on H ; induce it
up
to 6) .

Let h be the number of orbits of H on X.

The number of orbits of G on XXX by the diagonal action :
.
e. W*** 5) is ? Cat leasttox

Note : the diagonal [(x,
x) : x-X3 is one such orbit .

(x
, x)* = 1x9

, X9

TheoremThe following quantities are the same :

(i) The number of orbits of H on X.

(ii)....... "Go XXX.

(iii) [X
,X]a (iv) /IG/H) = number of double cosets writ .[H,H) in 6.

First show (i) = (ii) : Each orbit of Gim XXX has a representative (1, y), yeX ,
so it suffices to consider only orbit

representatives of this type.
But two points (1 , y) (

,y') - XXX are in the same G-orbit if (1
, y)* = (1

, y') for some get ,
if y= y For some he H . This proves (i) = (ii).



For isiis , X = perm .

char
. of GoX i.e . Y/g) = number of points of X fixed by g . X = I induced character

so (X
,X = (X,= (X,] = Exh = number of orbits of H on X : i s

ii)"oose G pentes X transitively ie
.

for all xyX,
there exists g such that =

G is doubly transitive i .e. Itransitive onX if for all (x:y) + XXX with xty , there exists get suchthat
(x),yst x+ y (x

,y)9 = (x,y

i
.

.
e. G has exactly two orbits on XXX i

.

e
.

[(x , x) : x +> X } the diagonal ofXX and

& (x,y) : sty inX3 the off-diagonal of XXX.
G is doubly trans ,

on X iff it's transitive and
,
9X,X1

= 2.

k k

X-EaXi ,
Ind = Ex-iX3 ·

[x
, X] a

So G is doubly trans. on X iff its perm. character has the form X: X+ Xi ,

zick
. Xit Ford.

What'smoreinterestingisHermesof ago having
morewaytopermente it is

eg
.GG)

= invertible 3x3 naties over Resid is the simple group of ordero
seven
Idimensional subspaces of E also the seven two-dimensional subspaces.
001

X = perm ,

character ofa permeating points (1-spaces)

why the somepeer: clarates If 1 = <(100)
,
20103) then

G has two orbits on points of size B and 4.

G·
E

lives (2-spaces

(y = (xy 0

Go has two orbits on lines of size land 6.

From the point of view of
tation groups, G permutes pointsperme

differently them the way
is the same .

But as lineatpenenteslines- Yet theper
catasee




