
(jynd)zixhniqd dxeagd
(1 ≤ n lkl)An E Sn :htyn epgked xary reaya

.Sn ly dcigi zil`ieeixh `l p"gz An ,5 ≤ n xear :htyn gikep dfd xerya

:(onvr cvn mb zeaeyg)zepkd - ziy`x

Anl mixvei zveaw .`
.Sn z` zxvei miteligd lk zveaw :zxekfz

oda zexenzd lk zveaw weica `id An = m {π ∈ Sn : sign (π) = 1} :dpwqn
okle .mitelig ly ibef jxe`n zeltkn{

(i, j) (k, l) :
i, j, k, l ∈ {1, ...n}
different letters

}∐{
(i, j) (j, l) :

i, j, l, l ∈ {1, ...n}
different letters

}
.An z` zxvei

ipy lk xnelk .(i, j) (k, l) = (j, k, i) (j, k, l) zepey zeize` i, j, k, l lkl :dcaer
.3 jxe`n mixefgn ipy ltk xeza bviil xyt` 2 jxe`n mixefgn ltk

An z` zxvei 3 jxe`n mixefgnd lk zveaw :dpwqn

dcnvd .1
xgx−1 = hy jk x ∈ G miiw m` micenv mixai` mi`xwp g, h ∈ G :dxcbd

.zeliwy qgi df :libxz

libxz

.mixefgn dpan eze` odl yi m"n` zecenv π, σ ∈ Sn zexenz izy

dcaer
.Na k"b gl micenvd lk ,g ∈ N lkl f` x E G m`

dgked

xgx−1 ∈ xNx−1 = N ,x ∈ G lkl

htyn
Sn ly dcigi zil`ieeixh `l p"gz An ,5 ≤ n xear
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dgked

.(zil`ieeixh `id zxg` ik)N 6= {e} gipdl ozip .N E Sn `dz
|N |
|An|

= [N : An] qwcpi`d .An ≤ N f` An ⊆ N m` ik ?recn .An ⊆ N l"n

.('fpxbl) mly xtqn `ed

An ⊆ Ny dgpdae An ⊆ N epgpde |N | = |An| f` [N : An] =
|N |
|An|

= 1 m`

.N = An lawp

o`kn ,N ⊆ Sn epgpd ,|N | = 2 |An| = |Sn| f` [N : An] =
|N |
|An|

= 2 m`

N = Sn

(|N | ≥ |Sn| lawp f` ik ?recn)[N : An] > 2 okzii `l ,oaenk :dxrd

xefgn dlikn N m` ik ,3 jxe`n cg` xefgn dlikn Ny gikedl witqn ,ok lr xzi
,(p"gz N e zeid)el micenvd lk z` dlikn `id ,lirl dcaer itl f` 3 jxe`n cg`
z` zxvei 3 jxe`n mixefgnd lk zveaw .3 jxe`n mixefgnd lk z` dlikn `id okle

.An ⊆ N okle (epgked)An

π = `di .e 6= π ∈ N xai` miiw okl ,N 6= {e} .{e} 6= N E Sn `dz ,zrk
ilniqwn jxe`n xefgn γ1 ,k"da .mixf mixefgn ly dltknk π ly wexit γ1γ2γ3...γt

.γ1 = (i1, i2, ...im) `di .dltknd inxeb oia

2 < m ` dxwn
π̂e πl .π̂ := γ̂1γ2...γt ,γ̂1 := (i2, i1, i3, ...im) onqp .γ1 = (i1, i2, ...im) f`
.π̂ ∈ N mb f` π ∈ Ny oeeikn ,okl ,micenv md okl ,mixefgn dpan eze`

:aygp .π̂π−1 ∈ N mbe π−1 ∈ N mb okl ,π, π̂ ∈ N xnelk

π̂π−1 = γ̂1γ2γ3...γt (γ1γ2γ3...γt)
−1

= γ̂1γ2γ3...γtγ
−1
t ...γ−1

3 γ−1
2 γ−1

1

= γ̂1γ
−1
1 = (i2, i1, i3, ...im) (im, im−1, im−2, ...i3, i2, i1) = ...

.i3l jled i1l jled i2 .i2l jled iml jled i1 :jled xai` lk o`l wecap

. i4, ...im mixai`d lkl lke - i4l jled i3l jled i4 .i1l jled i2l jled i3
:okl

... = (i1, i2, i3)

.'` dxwn epniiq

mlek gipdl ozip .(mixf mixefgn ly dltkn)e 6= π = γ1...γt ∈ N :xekfk] a dxwn
.[2 ≤jxe`n

.2 jxe`n mixefgnd lk :'a dxwn i`pz
-gd lk z` dlikn okl ,selig dlikn N E Sn .selig π = γ1 f` t = 1 m`
,miteligd i"r zxvepd g"z z` dlikn okl ,(micenv md ik ?recn)miteli
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.N = Sn :dpwqn .Sn E N .`.f .Sn z` xnelk

,
γ̂1 = (i1, i3)
γ̂2 = (i2, i4)

:onqp .(π = γ1γ2...γt) .
γ1 = (i1, i2)
γ2 = (i3, i4)

onqpe 2 ≤ t gipp ,okl

.π̂ = γ̂1γ̂2...γt
mb okl N E Sne π ∈ N .micenv md okl ,mixefgn dpan eze` π̂e πl

:aygp .π̂π−1 ∈ N mb okle π̂ ∈ N

π̂π−1 = (γ̂1γ̂2γ3...γt)
(
γ−1
t ...γ−1

3 γ−1
2 γ−1

1

)
= γ̂1γ̂2γ

−1
2 γ−1

1 = (i1, i3) (i2, i4) (i3, i4) (i1, i2)

= (i1, i4) (i2, i3)

`l)mixf mitelig ipy ly zeltkn ody zexenzd lk z` dlikn N okl
(3 jxe`n xefgn eplaiw

:5 ≤ n xear hxta

okle
σ1 = (1, 2) (4, 5) ∈ N
σ2 = (4, 5) (2, 3) ∈ N

z` dlikn n

N 3 σ1σ2 = (1, 2) (4, 5) (4, 5) (2, 3) = (1, 2, 3)

� .epniiq .3 jxe`n xefgn dlikn N xnelk

zeheyt zexeag
dxcbd

e` N = G⇐N E G m` .`.f .zil`ieeixh `l p"gz dl oi` m` dheyt `id G dxeag
.N = {e}

dnbec

okl ,ipey`x p .|N | | |G| = p⇐N ≤ G 'fpxbl htyn itl .G ,p ipey`x xcqn dxeag
.N = G f` |N | = p m` .N = {e} f` |N | = 1 m` .|N | ∈ {1, p}

htyn
.dheyt dxeag An ,5 ≤ n xear

dgked

.hnyeze mcewd htynd zgkedl dnec
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dxrd
.zepexg` mipy miyiy ly wpr hwiiext ,mpeine zeheyt zeiteq zexeag ixg` yetig

(dnlyd)Sn ly mixvei zeveaw
.Sna miteligd lk zveaw Tn : {(i, j) : 1 ≤ i < j <≤ n} onqp :zxekfz

.Sn = 〈Tn〉 :epi`xd

|Tn| =
(
n
2

)
=

n (n− 1)

2
:dxrd

.zexenz n− 1 xzeid lkl ly dltknk aezkl ozip π ∈ Sn dxenz lk :libxz

dcaer
.Sn z` zxvei {(i, n) : 1 ≤ i < n} dveawd

dgked

.(i, j) = (i, n) (j, n) (i, n) ,(i, j) selig lkl
3 (n− 1) xzeid lkl ly dltknk daizkl zpzip dxenz lk ,libxzd sexiva ,okl

.l"pd dveawdn mitelig

xzeia daeyg dveaw cer
{(i, i+ 1) : 1 ≤ i < n} :xhqwew ixvei zveaw

dcaer

Sn z` zxvei xhqwew ixvei zveaw

dgked

:(i, j) selig lkl

(i, j) = (i, i+ 1) (i+ 1, i+ 2) (i+ 2, i+ 3) ... (j − 2, j − 1) (j − 1, j) (j − 2, j − 1) ... (i2, i1)

htyn
(zegt `le)xhqwew ixvei inv (π) ly dltknk daizkl ozip π ,π ∈ Sn lkl

dgked

ozpz `l
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libxz
.Sn z` zxveiy ,|A| = 2 ,|A| ⊆ Sn dveaw `vn

fnx

)thgir\jg(tfel\〈γ, τ〉 = Sn :gked .γ = (1, 2, ...n) ,τ = (1, 2)
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