
1

.zilnxep `id H dxeag-zz lk if` zila` G m`

dgked

g−1hg = hg−1g = he = h ∈ H .h ∈ He g ∈ G gwip

2

-nxep `id ("G ly fkxnd"=)Z (G) = {x ∈ G : ∀g∈Gxg = gx} dxeag zz .dxeag G
.zil

dgked

.h ∈ Z (G)e g ∈ G gwip

g−1hg =
(
g−1h

)
g =

(
hg−1

)
g = hg−1g = he = h ∈ H

3

(3) (1, 2) = π = xai`a hiap .(mixai` dyelya zexenzd zxeag)G = S3 gwip

.

(
1 2 3
2 1 3

)
π2 = id

〈π〉 = {π, id}

.σ =

(
1 2 3
1 3 2

)
gwip

σ2 = id ⇒ σ−1 = σ

σπσ =

(
1 2 3
3 2 1

)
/∈ 〈π〉

⇓

〈π〉 6E G

1



4

.zilnxep `l dxeag zz GL2 (Q)l yi ik e`xd
H = SL2 (Q) xnelk det = 1n 2× 2 zevixhn - zilnxep dxeag zzl dnbec

h−1hg
?
∈ H

∣∣g−1hg
∣∣ = ∣∣g−1

∣∣ |h| |g| = |h| |g|−1 |g| = |h| = 1

H / G

zia libxz

.〈g〉H ≤ G g ∈ G lkl f` H / G m`y e`xd

libxz

A ∩B E G gked .A,B E G eidi

dgked

.g ∈ G idie h ∈ A ∩B idi

h ∈ A E G ⇒ g−1hg ∈ A
h ∈ B E G ⇒ g−1hg ∈ B

}
⇒ g−1hg ∈ A ∩B

libxz

gked .(zeil`nyd zewlgnd xtqn=zeipnid zewlgnd xtqn=)[G : H] = 2 ,H ≤ G
H / G ik

oexzt

.Ga H ly zeipnid zewlgnd od A1, A2 xy`k G = A1 ]A2

ozip k"da okle ,He = eH = H dnvr ly zipni mbe zil`ny dwlgn `id H
gH = A2 = ,g ∈ G\H lkl f`e ,A2 = B2 = G \ H f`e ,A1 = B1 = M ik xnel

H EG ⇐ gH = H = Hg g ∈ H lkle ,G\H = B2 = Hg

2



dnbec

〈π〉 =
{
π, π2, id

}
,π =

(
1 2 3
2 3 1

)
,G = S3

o (π) = |〈π〉| = 3

[G : 〈π〉] =
|G|
|〈π〉|

=
6

3
= 2

〈π〉 / G mcewd libxzd itl okl

zexcbd

,kerϕ = {g ∈ G : ϕ (g) = eH} ϕ ly oirxbd ,ϕ : G → H mfitxenened ozpida
Imϕ = {ϕ (g) : g ∈ G}

htyn

Imϕ ≤ H kerϕEG

dxrd

.H ly zilnxep dxeag zz `weec e`l `id Imϕ

dnbec

Im (ϕ) = G f`e oekiyd df ϕe zilnxep `l G ≤ H xy`k ϕ : G → H

π =

(
1 2 3
2 1 3

)
, G = 〈π〉 ,H = S3

ϕ (id) = id, ϕ (π) = π

Im (ϕ) = {id, π}

dxrd

mfitxenened miiw m` H / G xnelk ,zeilnxepl sqep oeixhixw wtqn dfd htynd
{g ∈ G : ϕ (g) = ek} = ker (ϕ) = Hy jk ϕ : G → K

libxz

A×B ly zeilnxep zexeag-zz izy e`vn .A,B zexeag izy dpiidz

3



oexzt

.B̄ = {(eA, b) : b ∈ B} ,Ā = {(a, eB) : a ∈ A} onqp

Ā ∼= A B̄ ∼= B

Ā, B̄ / A×B

ϕ : A×B → A

ϕ (a, b) = a

ker (ϕ) = B̄ ⇒ B̄ / A×B

htyn

ker (ϕ) = {eG} ⇔ mfitxenepen ϕ : G → H

libxz

NH ≤ G if` N EG m` ik egiked N,H ≤ G dpiidz

oexzt

[NH ≤ G ⇔ NH = HN eitly zia libxz did]
xnelk ,Nb = bN okle zilnxep `id N zrk .(b ∈ H ,a ∈ N )ab ∈ NH xai` idi

.ab ∈ HN okle bc ∈ HN eiykr .ab = bcy jk c ∈ N miiw

libxz

NH / G gked .N,H EG

oexzt

.g ∈ G ,b ∈ H ,a ∈ N eidi

g−1abg = g−1agg−1bg ∈ NH

libxz

H /G gked .H =
〈
g−2 : g ∈ G

〉
.Ga mireaixd lk ici lr zxvepd H ≤ G .dxeag G
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oexzt

.g ∈ G idi .h = h2
1h

2
2...h

2
ny jk G 3 h1, ...hn miniiw xnelk ,h ∈ H gwip

g−1hg = g−1h2
1...h

2
ng

= g−1h2
1gg

−1h2
2h...h

−1h2
ng

=
(
g−1h1g

)2 (
g−1h2h

)2
...
(
g−1hng

)2 ∈ H

⇒ H / G

dpn zexeag

dn eplv` .M/∼ zeliwy zewlgn eplaiwe ˜ zeliwy qgi edyki` epgwl dcicaa
zeipni mb oky H1, ...Hn zewlgn yi xne` df)H/G migwele G miwgely df dxwiy

a ∼ b ⇔ a, b ∈ H .dxeag - G/H = G/∼ .(zeil`ny mbe
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