
zeveaw lr zexeag ly zelert

dxcbd
x ∈ X xai` ly lelqn ,ϕ : G → S (X) dxeag zlert ozpida

θ (x) = {ϕ (g) (x) : g ∈ G}

dcnvdd zlert - 3 dnbec
ϕ (g) = σg .X = G ,dxeag G

σg (x) = gxg−1

?θ (x) lelqnd edn

θ (x) = {ϕ (g) (x) : g ∈ G}

=
{
gxg−1 : g ∈ G

}
= conj (x)

.ely zecinvd zwlgn `ed x ly lelqnd xnelk

zay zcewp - dxcbd
θ (x) = {x} dxear x ∈ X dcewp `id

:ze`nbec

.zay zcewp `id e f` dcnvdd zlert ef ϕe X = G m` lynl .1

.zay zcewp `l e ⇐ θ (e) = G = X l`nyn ltk zlert ϕe X = G m` .2

htyn
.X dveaw lr dxeag zlert lkl ,zeliwy qgi `ed y ∈ θ (x)⇔x ∼ y qgid
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zepwqn
.milelqn ly xf cegi` `ed X .milelqn ibivp x xy`k X =

∐
θ (x) .`

.(zayd zecewp zveaw {C} xy`k)|X| = |{C}|+ ∑
|θ(x)|≥2

|θ (x)| .a

x ∈ X ly aviind - dxcbd

G ⊇ St (x) = Cx = {g ∈ G : ϕ (g) (x) = x}

dxrd

migwel aviina .zewzrd jxc xn odl ribdl xyt`y zecewpd lk z` mixgea lelqna
.x dcewpd jxc zexaery (Ga mixai` mvra)zexenzd/zewzrdd z`

htyn

St (x) ≤ G

libxz
?St (x) edn ,zay zcewp x m`

oexzt

St (x) = G ⇐ ϕ (g) (x) = x ,g ∈ G lkl ⇐ zay 'wp x

dnbec
x ∈ X = Ge dcnvdd zlert ϕ

St (a) = {g ∈ G : ϕ (g) (a) = a} =
{
g ∈ G : gag−1 = a

}
= {g ∈ G : ga = ag} = Za

htyn

|θ (x)| = [G : St (x)]
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dpwqn

|θ (x)| | |G|

[∞ > |G|y i`pza]

zia libxz

.dpwqnd zniiwzn ok` ik e`xe zencewd ze`nbeca ehiad

libxz
zecewp gxkda yi 223 lcebn X dveaw lr 27 lcebn G ly dxeag zelertay e`xd

.zay

oexzt

|θ (x)| ∈ {1, 3, 9, 27} milawn ,|θ (x)| | |G|y oeeikne |X| = okle X =
∐

θ (x) ik reci
okle ,x lelqn bivp lkl

|X| = a · 1 + b · 3 + c · 9 + d · 27

cv , 3a wlgzn oini cv .223 = b · 3 + c · 9 + d · 27 f` ,a = 0 ik dlilya gipp
.zay zecewp opyi ⇐ a > 0 ⇐ dxizq ⇐ `l l`ny

'a cren ,f"qyz ogann libxz
:`ad ote`a mipzyn drax`a minepiletd lr zlret S ({1, 2, 3, 4}) = S4 dxeagd

π ∈ S4 lkl

ϕ (π) (f (x1, x2, x3, x4)) = f
(
xπ(1), xπ(2), xπ(3), xπ(4)

)
f (x1, x2, x3, x4) = x1x2 ly aviinde lelqnd lceb z` `vn

oexzt

.envra `eai aviinde ,f ly xcqd z` aygp

f (xπ1, xπ2, xπ3, xπ4) = xπ1xπ2

θ (f) = {x1x2, x1x3, x1x4, ...}

|θ (f)| =
(
4

2

)
= 6
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(24 =) |S4|
|St (f)|

= [S4 : St (f)] = |θ (f)| = 6 ⇒ |St (f)| = 4

zecinv zewlgn ze`eeyn

x ∈ X,X = G

conj (x) =
{
gxg−1 : g ∈ G

}
.1

Zx =
{
g ∈ G : x = gxg−1

}
.2

|conj (x)| = [G : Zx] :htyn .3

Zx = Ge conj (x) = {x} f` x ∈ Z (G) m` .4

htyn
dcnvd zlert ϕ

X = G =
∐

conj (x)

dpwqn

|X| = |G| = |Z (G)|+
∑

conj≥2

|conj (x)| = |Z (G)|+
∑

x/∈Z(G)

[G : Zx]

(2l zeey zelecb zecinv zewlgn ly `ed oey`xd mekqd)

libxz
.zila` G if` zilwiv G/Z(G) m` ik gked .dxeag G

dgked

zrk .G/Z(G) = 〈aZ (G)〉y jk a ∈ G miiw zilwiv G/Z(G)y oeeikn .x, y ∈ G eidi
yZ (G) = akZ (G) dnecae .i edyfi`l xZ (G) = aiZ (G) okle xZ (G) ∈ G/Zm(G

z2 ∈ miiw dnec ote`ae x = aiz1y jk z1 ∈ Z (G) miiw⇐xZ (G) = aiZ (G)
y = akz2y jk Z (G)

xy = aiz1a
kz2 = aiakz1z2 = akaiz2z1 = akz2a

iz1 = yx
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libxz
Z (G) = {e} e` Z (G) = G if` miipey`x qe p xy`k p · q lcebn G m`

libxz
.zila` `id 15 xcqn dxeagy e`xd

dgked

zwlgn lk ,eiykr .|Z (G)| = 1 mcewd libxzd itl f` ,|Z (G)| < 15y dlilya gipp
z` wlgn dlceb okle lelqn `id zecinv zwlgn] 1, 3, 5 lcebn zeidl dkixv zecinv

[...15

15 = 1 + a · 3 + b · 5

b = 2 ,b = 1 ,b = 0⇐b ≤ 2 ,eiykr

3 - 14 ik dxizq - 14 = a · 3⇐15 = 1 + a · 3⇐b = 0 •

3 - 4 ik dxizq aey - 4 = a · 3⇐15 = 1 + a · 3 + 10⇐b = 2 •

{x, y, z, t, w} :5 lcebn zg` zecinv zwlgn dpyi⇐b = 1 okl

|θ (x)| = 5

ly xcqd okle Zxa ze`vnp x ly zewfgd lk ixd ?zeidl leki x ly xcqd dn
zllek `ide ztqep zecinv zwlgn dpyi ,eiykr .3 e` 6 1 `ed x{

x2, y2, z2, w2, t2, ...
}

[.mipey md dnl xiaqp]
.zncewd 'gnl deeye 5 lcebn `id okle ,mixai` 5 zegtl zlleky dwlgn ef f`

.y = x2⇐x = y2 k"da ,x 6= x2

t = z2⇐z = t2

dxizq⇐o (w) = 1⇐w = w2
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