
iliiw htyn
.Sn ly g"zl zitxenefi` Gy jk irah n miiw G ziteq dxeag lkl

Sn jezl Gn (jezl r"gg dwzrd=mfitxenepen=)oekiy miiw ,zexg` milina

dnbec

G = Z4

:Z4 ly ltk zlah aezkp .S4 ly g"zl zitxenefi` Z4y d`xp

+ | 0 1 2 3
− + − − − −
0 | 0 1 2 3
1 | 1 2 3 0
2 | 2 3 0 1
3 | 3 0 1 2

i ∈ Z4 xa` wizrp{0, 1, 2, 3} / zeize`d ly dxenz `id ltkd zlaha dxey lk
:ely dxeyl dni`znd dxenzl

ϕ (0) =

(
0 1 2 3
0 1 2 3

)

ϕ (1) =

(
0 1 2 3
1 2 3 0

)
= (0, 1, 2, 3)

ϕ (2) =

(
0 1 2 3
2 3 0 1

)
= (0, 2) (1, 3) = ϕ (1)

2

ϕ (3) =

(
0 1 2 3
3 0 1 2

)
= (0, 3, 2, 1) = (0, 1, 2, 3)

3
= ϕ (1)

3

iliiw htyn zgked
`id S (X) - zxekfz)S (G)a G z` okyp .n = |G| onqp .ziteq dxeag G `dz
g ∈ G xai` wizrp .S (G) ∼= S|G| = Sn xekfk (X dveaw ixai` lr zexenzd zxeag
xicbpe x1, x2, ...xn edylk xcqa G ixa` xcqp ,xnelk .ltkd zlaha ely dcenrl

∀g ∈ G ϕ (g) =

(
x1 x2 x3 · · · xn

gx1 gx2 gx3 · · · gxn

)

Gn lre r"gg dwzrd ϕ (g) xnelk .ϕ (g) ∈ S (G) gikedl jixv ziy`x (`)
Gy oeeikn .Gl Gn r"gg ϕ (g) gikedl witqn ziteq Gy oeeikn .Gl

,ok` .ϕ (g) (x1) = ϕ (g) (x2)y jk Ga x1 6= x2 oi` l"v ,xnelk .ziteq

ϕ (g) (x1) = ϕ (g) (x2)
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⇔ gx1 = gx2

⇔ g−1gx1 = g−1gx2

⇔ x1 = x2

.ϕ (g) ∈ S (G) epgked

ϕ (g1) =y jk Ga g1 6= g2 oi` :l"v `"f .r"gg ϕ : G → S (G) gikep zrk (a)
⇔ ϕ (g1) (x) = ϕ (g2) (x) x ∈ G lkl f` ϕ (g1) = ϕ (g2) m` ,ok` .ϕ (g2)
epgked .g1 = g2 ⇔ ∀x ∈ G g1xx

−1 = g2xx
−1⇔ ∀x ∈ G g1x = g2x

.r"gg ϕ : G → S (G)

.∀g, h ∈ G ϕ (gh) = ϕ (g)ϕ (h) .`.f .'ned ϕ : G → S (G) :gikedl xzep (b)
ok`

∀x ∈ G ϕ (gh) (x) = ϕ (g)ϕ (h) (x)

la`

ϕ (gh) (x) = (gh)x = g (hx) = g (ϕ (h)x) = ϕ (g)ϕ (h) (x)

r"gg `id S (G) ly g"z dzpenz okle ,mfitxenened `id ϕ : G → S (G) :dpwqn
�dzpenzl 'fi` `id okle

dcaer
.ϕ : Sn → GLn (F) mfitxenepen miiw .`.f .GLn (F)a oekiyl zpzip Sn

dgked

.(Aπ)ij =

{
1 i = π (j)

0 otherwise
xy`k ϕ (π) = Aπ ,π ∈ Sn lkl

dnbec

π =

(
1 2 3
2 1 3

)
= (1, 2)

Aπ =

0 1 0
1 0 0
0 0 1
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zecaer
detAπ = sign (π) (i)

trAπ = |Fix (π)| = |{i : π (i) = i}| (ii)

1 dprh
.mfitxenepen `id ϕ (π) = Aπ i"r zxcbend ϕ : Sn → GLn (F)

dxcbd
.cigi 1 dcenr lkae cigi 1 dxey lkae {0, 1} 3odixa`y zevixhn od dxenz zevixhn

dcaer
A = Aπy jk π ∈ Sn miiw m"n` dxenz zvixhn `id A ∈ GLn (F)

1 dprhe iliiw htynn dpwqn
mfitxenepend .n = |G| xy`k GLn (C)l mfitxenepen miiw G ziteq dxeag lkl

.G ly zixlebxd dbvdd `xwp

dxcbd
cnn `xwp n .(n edyfi` xear)GLn (F)l Gn mfitxenened `id ,G dxeag ly dbvd

.dbvdd
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