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Theorem (5.5)

If f:G — His ahomomorphism of groups,
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normal subgroup of-.
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Proof. We already shown thd&{er f is a subgroup of~,
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Proof. We already shown thdfer f Is a subgroup of+, so we
only need to show thatg € G andVa € Ker f, gag—* € Ker f.
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Proof. We already shown thdfer f Is a subgroup of+, so we
only need to show thatg € G andVa € Ker f, gag—* € Ker f.
However, ifg € G anda € Ker f,
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Proof. We already shown thdfer f Is a subgroup of+, so we
only need to show thatg € G andVa € Ker f, gag—* € Ker f.
However, ifg € G anda € Ker f,

f (gagl)Tf (9)f(a)f(g)~"

becausef Is a homomorphism
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Proof. We already shown thdfer f Is a subgroup of+, so we
only need to show thatg € G andVa € Ker f, gag—* € Ker f.
However, ifg € G anda € Ker f,
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Proof. We already shown thdfer f Is a subgroup of+, so we
only need to show thatg € G andVa € Ker f, gag—* € Ker f.
However, ifg € G anda € Ker f,

flgag=")=f(g)f(a)f(g)"'=f(g)ef(g) =e
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Proof. We already shown thdfer f Is a subgroup of+, so we
only need to show thatg € G andVa € Ker f, gag—* € Ker f.
However, ifg € G anda € Ker f,

flgag=)=f(9)f(a)f(g)"'=f(g)ef(g)~ = e
and this impliegjag™" € Ker f.

Modern Aloebra |l — n. 4/19



Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN is a normal subgroup af,
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m:G — G/N given byrn(a) = alN
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byrn(a) = aN is an epimorphism
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernel V,
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, 1.e., Kerm = N.
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, 1.e., Kerm = N.

Proof. We first show thatr is a homomorphism.
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, 1.e., Kerm = N.

Proof. Va,b € G,
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, 1.e., Kerm = N.

Proof. Va,b € G, m(ab)
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, 1.e., Kerm = N.

Proof. Va,b € G, m(ab) = abN
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, 1.e., Kerm = N.

Proof. Va,b € G, m(ab) = abN = (aN)(bN)
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, 1.e., Kerm = N.

Proof. Va,b € G, w(ab) = abN = (aN)(bN) = w(a)n(b),
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, 1.e., Kerm = N.

Proof. Va,b € G, w(ab) = abN = (aN)(bN) = w(a)n(b), SO™
IS @a homomorphism.

Modern Aloebra |l — n. 4/19



Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, 1.e., Kerm = N.

Proof. Va,b € G, w(ab) = abN = (aN)(bN) = w(a)n(b), SO™
IS @a homomorphism. Alsos is clearly onto.
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, 1.e., Kerm = N.

Proof. Va,b € G, w(ab) = abN = (aN)(bN) = w(a)n(b), SO™
IS @a homomorphism. Alsoys is clearly onto. Moreover,

a € Ker
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, 1.e., Kerm = N.

Proof. Va,b € G, w(ab) = abN = (aN)(bN) = w(a)n(b), SO™
IS @a homomorphism. Alsoys is clearly onto. Moreover,
a € Kerm < aN =N
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, 1.e., Kerm = N.

Proof. Va,b € G, w(ab) = abN = (aN)(bN) = w(a)n(b), SO™
IS @a homomorphism. Alsoys is clearly onto. Moreover,
a € Kerm < alN =N <= a¢€ N,
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, 1.e., Kerm = N.

Proof. Va,b € G, w(ab) = abN = (aN)(bN) = w(a)n(b), SO™
IS @a homomorphism. Alsoys is clearly onto. Moreover,
a € Kerm < aN =N <= a¢c N,soKerm = N.
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, 1.e., Kerm = N.

The mapr : G — G/N is called
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, 1.e., Kerm = N.

The mapr : G — G /N is called thecanonical epimorphism
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, 1.e., Kerm = N.

The mapr : G — G /N is called thecanonical epimorphism
or projection
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, i.e.,Kerm = N.

The mapr : G — G /N is called thecanonical epimorphism
or projection

Remark. From now on, unless stated otherwisé,— G /N
always denotes the canonical epimorphism.
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Conversely, IfN I1s a normal subgroup af, then the map
m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, 1.e., Kerm = N.

The mapr : G — G /N is called thecanonical epimorphism
or projection

Remark. From now on, unless stated otherwisé,— G /N
always denotes the canonical epimorphism.

The following theorem is an important and useful theorem.
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Theorem (5.5)

If f:G — Hisahomomorphism of groups, thé&wr f is a
normal subgroup of-.

Conversely, IfN I1s a normal subgroup af, then the map

m: G — G/N given byr(a) = aN is an epimorphism with
kernelN, 1.e., Kerm = N.

The mapr : G — G /N is called thecanonical epimorphism

or projection

Remark. From now on, unless stated otherwisé,— G /N
always denotes the canonical epimorphism.

The following theorem is an important and useful theorem.
We shall use this theorem to prove the First, Second, and
Third Isomorphism Theorems.
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Theorem (5.6)

Let f : G — H be a homomorphism of groups
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f.
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnf : G/N — H
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—' -H is commutative,

| A

G/N

Modern Aloebral — n. 5/19



Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—' -H is commutative,

Wl / i.e., fr=f,

G/N
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—f>H IS commutative,
Wl / i.e., fr=f,
d i.e., f(aN) = f(a)foralla € G.

G/N
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
W\L / i.e.,fﬂ' — f,
G/N d i.e., f(aN) = f(a)foralla € G.

Proof. We first show thayf is well-defined.
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
W\L / i.e.,fﬂ' — f,
G/N d i.e., f(aN) = f(a)foralla € G.

Proof. We first show thayf is well-defined. Note that
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
W\L / i.e.,fﬂ' — f,
G/N d i.e., f(aN) = f(a)foralla € G.

Proof. We first show thayf is well-defined. Note that
alN = bN
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
W\L / i.e.,fﬂ' — f,
G/N d i.e., f(aN) = f(a)foralla € G.

Proof. We first show thayf is well-defined. Note that
aN =bN = a 'beN
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
W\L / i.e.,fﬂ' = f,
G/N d i.e., f(aN) = f(a)foralla € G.

Proof. We first show thayf is well-defined. Note that
aN=0N = a'be N = a'beKerf (. N CKerf)
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
W\L / i.e.,fﬂ' = f,
G/N d i.e., f(aN) = f(a)foralla € G.

Proof. We first show thayf is well-defined. Note that
aN=0N = a'be N = a'beKerf (. N CKerf)
— f(a™'b)=¢
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
W\L / i.e.,fﬂ' = f,
G/N d i.e., f(aN) = f(a)foralla € G.

Proof. We first show thayf is well-defined. Note that
aN=0N = a'be N = a'beKerf (. N CKerf)
— W) =c = [(a) (D) =c
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
W\L / i.e.,fﬂ' = f,
aIN .e., [(aN) = f(a)foralla € G.

Proof. We first show thayf is well-defined. Note that
aN=0N = a'be N = a'beKerf (. N CKerf)
= fla™b) =e = f(a)7'f(b)=e = fla) = f(b),
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
W\L / i.e.,fﬂ' = f,
aIN .e., [(aN) = f(a)foralla € G.

Proof. We first show thayf is well-defined. Note that
aN=0N = a'be N = a'beKerf (. N CKerf)
= fla™b) =e = f(a)7'f(b)=e = fla) = f(b),

so f is well-defined.
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
W\L / i.e.,fﬂ' = f,
aIN .e., [(aN) = f(a)foralla € G.

Proof. We first show thayf is well-defined. Note that
aN=0N = a'be N = a'beKerf (. N CKerf)
= fla™b) =e = f(a)7'f(b)=e = fla) = f(b),

so f is well-defined. Moreover,
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
W\L / i.e.,fﬂ' = f,
aIN .e., [(aN) = f(a)foralla € G.

Proof. We first show thayf is well-defined. Note that
aN=0N = a'be N = a'beKerf (. N CKerf)
— fla) = = fl0)f0) = e = fla) = f(b)
so f is well-defined. Moreover,

f((aN)(bN))
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
W\L / i.e.,fﬂ' = f,
aIN .e., [(aN) = f(a)foralla € G.

Proof. We first show thayf is well-defined. Note that
aN=0N = a'be N = a'beKerf (. N CKerf)
— fla) = = fl0)f0) = e = fla) = f(b)
so f is well-defined. Moreover,

f((aN)(bN)) = f(abN)
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
W\L / i.e.,fﬂ' = f,
aIN .e., [(aN) = f(a)foralla € G.

Proof. We first show thayf is well-defined. Note that
aN=0N = a'be N = a'beKerf (. N CKerf)
— fla) = = fl0)f0) = e = fla) = f(b)
so f is well-defined. Moreover,

f((aN)(bN)) = f(abN) = f(ab)
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
W\L / i.e.,fﬂ' = f,
aIN .e., [(aN) = f(a)foralla € G.

Proof. We first show thayf is well-defined. Note that
aN=0N = a'be N = a'beKerf (. N CKerf)
— fla) = = fl0)f0) = e = fla) = f(b)
so f is well-defined. Moreover,

f((aN)(bN)) = f(abN) = f(ab) = f(a)f(?)
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
W\L / i.e.,fﬂ' = f,
aIN .e., [(aN) = f(a)foralla € G.

Proof. We first show thayf is well-defined. Note that
aN=0N = a'be N = a'beKerf (. N CKerf)
— fla) = = fl0)f0) = e = fla) = f(b)
so f is well-defined. Moreover,

f((aN)(bN)) = f(abN) = f(ab) = f(a)f(b) = f(aN)f(bN),
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
W\L / i.e.,fﬂ' = f,
aIN .e., [(aN) = f(a)foralla € G.

Proof. We first show thayf is well-defined. Note that
aN=0N = a'be N = a'beKerf (. N CKerf)
= fla™b) =e = f(a)7'f(b)=e = fla) = f(b),

so f is well-defined. Moreover,

f((aN)(bN)) = f(abN) = f(ab) = f(a)f(b) = f(aN)f(bN),

so f is @ homomorphism.
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
W\L / i.e.,fﬂ' — f,
G/N d i.e., f(aN) = f(a)foralla € G.

Moreover,
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
Wl / i.e.,fw = f,
G/N d i-e-,f(aN):f(a) forall a € G.
Moreover,

Imf=1Imf
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
Wl / i.e.,fw = f,
G/N d i-e-,f(aN):f(a) forall a € G.
Moreover,
Im f =1Im f

Im f
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
Wl / i.e.,fw = f,
G/N d i-e-,f(aN):f(a) forall a € G.
Moreover,
Im f =1Im f

Im f ={f(aN) | aN € G/N}
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Theorem (5.6)

Let f : G — H be a homomorphism of groups and létbe a
normal subgroup ofr such thatV C Ker f. Thenthereis a
unique homomorphisnfi : G/N — H such that the diagram

G—1~H is commutative,
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First Isomorphism Theorem

Now, we use Theorem (5.6) to show the First Isomorphism
Theorem.
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Second Isomorphism Theorem

We use the First Isomorphism Theorem to prove the
Second Isomorphism Theorem.
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On the other hand, for allk €¢ NK withn € N andk € K,
nkN = kN sincek !'(nk) = k~'nk € N.
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Third Isomorphism Theorem

We use the First Isomorphism Theorem to prove the Third
Isomorphism Theorem.
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Remark

Assumef : G — H is a homomorphism of groups.
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Remark
Assumef : G — H is a homomorphism of groups.
If K is a subgroup of7, thenf(K) is a subgroup of{.

If K is anormal subgroup d@f, thenf(K) is a normal
subgroup off (G), but f(K) is NOT necessarily a normal
subgroup ofH.

Proof. For f(k) € f(K)andf(a) € f(G)with k € K and
a € G,
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If M is a subgroup off, thenf~'(M) is a subgroup of-.
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If K is a subgroup of7, thenf(K) is a subgroup of{.
If K is anormal subgroup d@f, thenf(K) is a normal
subgroup off (G), but f(K) is NOT necessarily a normal
subgroup ofH.
If M is a subgroup off, thenf~'(M) is a subgroup of-.
If M is a normal subgroup aff, thenf~*(M) is a normal
subgroup of.
Hence, ifS(G) ={K | K < G}andS(H)={M | M < H},
we have two mapg : S(G) — S(H) with ¢(K) = f(K) and
Y S(H) — S(G) with (M) = f~1(M). Moreover,
M<aH = v(M)<G andK <G = ¢(K) < f(G). In
particular, if f is an epimorphism, theR <G — ¢(K) < H.
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If f:G — H is an epimorphism of groups, then the assignment
K — f(K) defines a one-to-one correspondence between
St(G) =AK |Ker f < K <G}andS(H)={M | M < H};

in other words, the map : S¢(G) — S(H) defined by

¢(K) = f(K) is bijective. Moreover, under this correspondence,
normal subgroups correspond to normal subgroups, i.e.,

K<G << f(K)<H.

Proof. From the previous Remark, we know thais
well-defined and thakl’ <G — f(K') < H. Hence it remains
to show that is bijective andK <1 G <— f(K) < H.
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< f(a) = f(k)forsomek € K
&= ak~! € Ker f C K for somek € K

— qa € K.

Modern Alaoebral = p. 10/19



Theorem (5.11)

If f:G — H is an epimorphism of groups, then the assignment
K — f(K) defines a one-to-one correspondence between
St(G) =AK |Ker f < K <G}andS(H)={M | M < H};

in other words, the map : S¢(G) — S(H) defined by

¢(K) = f(K) is bijective. Moreover, under this correspondence,
normal subgroups correspond to normal subgroups, i.e.,

K<G << f(K)<H.

Proof. Next we show thad Is one-to-one. Note that if
Ker f C K, thenf~(f(K)) = K. Hence, ifK, K3 € S¢(G)
such tha(K;) = ¢(K>),

Modern Alaoebral = p. 10/19



Theorem (5.11)

If f:G — H is an epimorphism of groups, then the assignment
K — f(K) defines a one-to-one correspondence between
St(G) =AK |Ker f < K <G}andS(H)={M | M < H};

in other words, the map : S¢(G) — S(H) defined by

¢(K) = f(K) is bijective. Moreover, under this correspondence,
normal subgroups correspond to normal subgroups, i.e.,

K<G << f(K)<H.

Proof. Next we show thad Is one-to-one. Note that if
Ker f C K, thenf~(f(K)) = K. Hence, ifK, K3 € S¢(G)
such thaty(K,) = ¢(K3), then

Modern Alaoebral = p. 10/19



Theorem (5.11)

If f:G — H is an epimorphism of groups, then the assignment
K — f(K) defines a one-to-one correspondence between
St(G) =AK |Ker f < K <G}andS(H)={M | M < H};

in other words, the map : S¢(G) — S(H) defined by

¢(K) = f(K) is bijective. Moreover, under this correspondence,
normal subgroups correspond to normal subgroups, i.e.,

K<G << f(K)<H.

Proof. Next we show thad Is one-to-one. Note that if
Ker f C K, thenf~(f(K)) = K. Hence, ifK, K3 € S¢(G)
such thaty(K,) = ¢(K3), then

f(Kl) — f(K2)

Modern Alaoebral = p. 10/19



Theorem (5.11)

If f:G — H is an epimorphism of groups, then the assignment
K — f(K) defines a one-to-one correspondence between
St(G) =AK |Ker f < K <G}andS(H)={M | M < H};

in other words, the map : S¢(G) — S(H) defined by

¢(K) = f(K) is bijective. Moreover, under this correspondence,
normal subgroups correspond to normal subgroups, i.e.,

K<G << f(K)<H.

Proof. Next we show thad Is one-to-one. Note that if
Ker f C K, thenf~(f(K)) = K. Hence, ifK, K3 € S¢(G)
such thaty(K,) = ¢(K3), then
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If f:G — H is an epimorphism of groups, then the assignment
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Next we will use Theorem (5.11) to investigate the
subgroups and normal subgroups of a quotient group G//N.
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onto, so every subgroup 6f/N is of the formK /N with
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directly from Theorem (5.11).
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S(H)={M | M < H}. Moreover, under this correspondence
normal subgroups correspond to normal subgroups.
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every subgroup of//N is of the formK /N whereK is a
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Remark. This Corollary is very important. Make sure that you
understand it. Also, make sure that you remember it when we
apply it in the future.
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Dihedral Groups

Definition. Let.S be a nonempty set and ldt.S) be the set of
all bijectionsS — S, i.e.,A(S) ={0:5 — 5| o is bijective}.

A(S) is a group under the operation of composition of
functions.

The elements ofi(S) are calledbermutationand A(S) is
called thegroup of permutations othe setsS.

If S={1,2,...,n},thenA(S) is called thesymmetric group
onn lettersand denoted,. Note that/S,,| = n!.

Remark. n!is read ‘h factorial”.
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Definition (6.1). Letiq,9,...,1,., Withr < n, be distinct
elementsoff, = {1,2,... ,n}.
(21,19, ...,17,) denotes the permutation that maps— i,
g > 13, , 1,—1 — 1, &, — 11 @Nd Maps every other

element of/,, onto itself.
(1, 19,...,%,) IS called acycle of length- or anr-cycle,

A 2-cycle is called d@ransposition
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element of/,, is moved by more than one of, o5, ..., 0;.
Remark. If ¢ andr are disjoint, themro = o.

Proof. Letk € I,. Wantto show (k) = 7o(k).

If k£ is moved byo, thenk is not moved byr, i.e.,7(k) = k.
Letl/ = o(k).
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to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.
Remark. If ¢ andr are disjoint, themro = o.

Proof. Letk € I,. Wantto show (k) = 7o(k).
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Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.

Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).

If k£ is moved byo, thenk is not moved byr, i.e.,7(k) = k.
Let/ = o(k). Sinceo (k) = ¢ # k, o({) # ¢ (because is
one-to-one).
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In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
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Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.

Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).

If k£ is moved byo, thenk is not moved byr, i.e.,7(k) = k.
Let!/ = o(k). Sinceo (k) =0 # k,o(¢) # £. Thus/ is moved
by o and so/ is not moved byr,
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Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

oi(k)#k = oj(k) =k, Vi #iwithl <5 <¢.
In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.
Remark. If ¢ andr are disjoint, themro = o.
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If k£ is moved byo, thenk is not moved byr, i.e.,7(k) = k.
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to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.

Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).

If k£ is moved byo, thenk is not moved byr, i.e.,7(k) = k.
Let!/ = o(k). Sinceo (k) =0 # k,o(¢) # £. Thus/ is moved
by o and sof is not moved byr, i.e.,7(¢) = (. Then
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Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

oi(k)#k = oj(k) =k, Vi #iwithl <5 <¢.
In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.
Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).

If k£ is moved byo, thenk is not moved byr, i.e.,7(k) = k.
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by o and sof is not moved byr, i.e.,7(¢) = (. Then

ot (k)

Modern Alaoebral = p. 14/19



Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

oi(k)#k = oj(k) =k, Vi #iwithl <5 <¢.
In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.
Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).

If k£ is moved byo, thenk is not moved byr, i.e.,7(k) = k.
Let!/ = o(k). Sinceo (k) =0 # k,o(¢) # £. Thus/ is moved
by o and sof is not moved byr, i.e.,7(¢) = (. Then
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Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

oi(k)#k = oj(k) =k, Vi #iwithl <5 <¢.
In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.
Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).

If k£ is moved byo, thenk is not moved byr, i.e.,7(k) = k.

Let!/ = o(k). Sinceo (k) =0 # k,o(¢) # £. Thus/ is moved

by o and sof is not moved byr, i.e.,7(¢) = (. Then
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Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

oi(k)#k = oj(k) =k, Vi #iwithl <5 <¢.
In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.
Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).

If k£ is moved byo, thenk is not moved byr, i.e.,7(k) = k.

Let!/ = o(k). Sinceo (k) =0 # k,o(¢) # £. Thus/ is moved
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Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

oi(k)#k = oj(k) =k, Vi #iwithl <5 <¢.
In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.
Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).

If k£ is moved byo, thenk is not moved byr, i.e.,7(k) = k.

Let!/ = o(k). Sinceo (k) =0 # k,o(¢) # £. Thus/ is moved
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Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.

Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).

If k£ is moved byo, thenk is not moved byr, i.e.,7(k) = k.

Let!/ = o(k). Sinceo (k) =0 # k,o(¢) # £. Thus/ is moved

by o and sof is not moved byr, i.e.,7(¢) = (. Then
or(k)=0c(k)=0=71()=T0(k).
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Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.

Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).
If k£ is not moved by, i.e.,o(k) =k,
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Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.

Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).
If £ is not moved by, i.e.,o(k) = k, then either (k) = k
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In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.
Remark. If ¢ andr are disjoint, themro = o.

Proof. Letk € I,. Wantto show (k) = 7o(k).
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to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.
Remark. If ¢ andr are disjoint, themro = o.
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In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.
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to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.
Remark. If ¢ andr are disjoint, themro = o.

Proof. Letk € I,. Wantto show (k) = 7o(k).
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to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.
Remark. If ¢ andr are disjoint, themro = o.

Proof. Letk € I,. Wantto show (k) = 7o(k).

If £ is not moved by, i.e.,o(k) = k, then either (k) = k or
If 7(k) =k, thenor(k) =0o(k) =k
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Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.
Remark. If ¢ andr are disjoint, themro = o.

Proof. Letk € I,. Wantto show (k) = 7o(k).

If £ is not moved by, i.e.,o(k) = k, then either (k) = k or
If 7(k) =k, thenor(k) =0o(k) =k = 7(k)
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Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.
Remark. If ¢ andr are disjoint, themro = o.

Proof. Letk € I,. Wantto show (k) = 7o(k).

If £ is not moved by, i.e.,o(k) = k, then either (k) = k or
If 7(k) =k, thenor(k) =0(k)=k=1(k) =710(k).
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Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.

Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).

If £ is not moved by, i.e.,o(k) = k, then either (k) = k or
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Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.

Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).
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Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.

Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).

If £ is not moved by, i.e.,o(k) = k, then either (k) = k or
If 7(k) =k, thenor(k) =0(k)=k=1(k) =710(k).
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Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.

Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).

If £ is not moved by, i.e.,o(k) = k, then either (k) = k or
If 7(k) =k, thenor(k) =0(k)=k=1(k) =710(k).
If 7(k) = ( # k, thent({) # ¢ and sos(¢) = /. Thus,
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Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.

Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).

If £ is not moved by, i.e.,o(k) = k, then either (k) = k or
If 7(k) =k, thenor(k) =0(k)=k=1(k) =710(k).
If 7(k) = ( # k, thent({) # ¢ and sos(¢) = /. Thus,
or(k)=o({)
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Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.

Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).

If £ is not moved by, i.e.,o(k) = k, then either (k) = k or
If 7(k) =k, thenor(k) =0(k)=k=1(k) =710(k).
If 7(k) = ( # k, thent({) # ¢ and sos(¢) = /. Thus,
or(k)=0c(l) =1/

Modern Alaoebral = p. 14/19



Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.

Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).

If £ is not moved by, i.e.,o(k) = k, then either (k) = k or
If 7(k) =k, thenor(k) =0(k)=k=1(k) =710(k).
If 7(k) = ( # k, thent({) # ¢ and sos(¢) = /. Thus,
or(k)=0)=1{=T1(k)
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Disjoint Permutations

Definition (6.2). The permutationsy, oo, ..., 0; In .S,, are said
to bedisjointif foreachl < <t¢, forall k € I,

In other wordsg, 09, ..., 0, In S, are disjoint if and only if no
element of/,, is moved by more than one of, o5, ..., 0;.

Remark. If ¢ andr are disjoint, themro = o.
Proof. Letk € I,. Wantto shows7(k) = 7o(k).

If £ is not moved by, i.e.,o(k) = k, then either (k) = k or
If 7(k) =k, thenor(k) =0(k)=k=1(k) =710(k).
If 7(k) = ( # k, thent({) # ¢ and sos(¢) = /. Thus,
or(k)=0(l)=0=1(k)=T0(k).
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common multiple of the orders of its disjoint cycles.

Modern Aloebral = . 15/19



Disjoint Cycles

Theorem (6.3). Every nonidentity permutation i6,, is uniquely

(up to the order of the factors) a product of disjoint cyckss;h
of which has length at lea3t

Corollary (6.4). The order of a permutation € .S, Is the least
common multiple of the orders of its disjoint cycles.

If we want to give a complete proof for the above two
theorems,
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of which has length at lea3t

Corollary (6.4). The order of a permutation € .S, Is the least
common multiple of the orders of its disjoint cycles.

If we want to give a complete proof for the above two
theorems, we need to spend more time than | would like to
spend.
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of which has length at lea3t
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common multiple of the orders of its disjoint cycles.

If we want to give a complete proof for the above two
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Disjoint Cycles

Theorem (6.3). Every nonidentity permutation i6,, is uniquely
(up to the order of the factors) a product of disjoint cyckss;h
of which has length at lea3t

Corollary (6.4). The order of a permutation € .S, Is the least
common multiple of the orders of its disjoint cycles.

If we want to give a complete proof for the above two
theorems, we need to spend more time than | would like to
spend. Since supposedly you have learned them before, |
would leave out the proofs here.
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Even and Odd Permutations

Corollary (6.5). Every permutation irb,, can be written as a
product of transpositions,
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Even and Odd Permutations

Corollary (6.5). Every permutation irb,, can be written as a
product of transpositions, (not necessarily disjoint).

Sketch of Proof. Note that

(ilv i27 Z3) — (ila Z.B)(/[;l) i?);
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Even and Odd Permutations

Corollary (6.5). Every permutation irb,, can be written as a
product of transpositions, (not necessarily disjoint).

Sketch of Proof. Note that
(i17i27i3) — (ilaiB)(ihiQ)s

(21,%2,13,%4) = (41,74)(%1,23) (21, 12),
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Even and Odd Permutations

Corollary (6.5). Every permutation irb,, can be written as a
product of transpositions, (not necessarily disjoint).

Sketch of Proof. Note that
(i17i27i3) — (ilaiB)(ihiQ)s

(41, 92,13, 14) = (41,1%4) (1, %3) (41, %2),
and in general,
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Even and Odd Permutations

Corollary (6.5). Every permutation irb,, can be written as a
product of transpositions, (not necessarily disjoint).

Sketch of Proof. Note that

(ila i27 Z3) — (ila i3)(7;17 i?);

(21, %2,1%3,14) = (21,24)(21,13) (i1, 12),
and in general,

(i1, 40, ... ir) = (i1, 4, ) (i1, dp_1) - - - (i1, 42).
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Even and Odd Permutations

Corollary (6.5). Every permutation irb,, can be written as a
product of transpositions, (not necessarily disjoint).

Sketch of Proof. Note that

(41,12, 13) = (11,13)(21,12),

(41,92, 13,14) = (i1,174)(i1,13) (i1, 22),

and in general,

(i1,39, -y ip) = (11,9, ) (i1, 5—1) - - - (i1, 42).
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Lemma. Forn > 3, A, Is generated by all-cycles.
Proof. Note that forn > 3, every even permutation is a product
of permutations of the fornu,, as)(as, as). Moreover,

if r, s, ¢t are distinct elements dfl, 2, ..., n},

(r,s)(r,t) = (r, L, s);

if v, s,t, k are distinct elements dft, 2, ... ,n},

(r,8)(t. k) = [(r,9)(r, )] [(r.£) (£, k)] = (., 5)(r, £, ).

Hence forn > 3, A,, Is generated by all-cycles.

We are finally ready to prove Theorem (6.8).

Modern Aloebral = p. 19/19



	Chapter I
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)
	Theorem (5.5)

	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)
	Theorem (5.6)

	First Isomorphism Theorem
	First Isomorphism Theorem
	First Isomorphism Theorem
	First Isomorphism Theorem
	First Isomorphism Theorem
	First Isomorphism Theorem
	First Isomorphism Theorem
	First Isomorphism Theorem
	First Isomorphism Theorem
	First Isomorphism Theorem
	First Isomorphism Theorem
	First Isomorphism Theorem
	First Isomorphism Theorem
	First Isomorphism Theorem
	First Isomorphism Theorem
	First Isomorphism Theorem

	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem
	Second Isomorphism Theorem

	Third Isomorphism Theorem
	Third Isomorphism Theorem
	Third Isomorphism Theorem
	Third Isomorphism Theorem
	Third Isomorphism Theorem
	Third Isomorphism Theorem
	Third Isomorphism Theorem
	Third Isomorphism Theorem
	Third Isomorphism Theorem
	Third Isomorphism Theorem
	Third Isomorphism Theorem
	Third Isomorphism Theorem
	Third Isomorphism Theorem
	Third Isomorphism Theorem
	Third Isomorphism Theorem
	Third Isomorphism Theorem
	Third Isomorphism Theorem
	Third Isomorphism Theorem
	Third Isomorphism Theorem
	Third Isomorphism Theorem

	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark
	Remark

	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)
	Theorem (5.11)

	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}
	{white {Corollary (5.12)}}

	Chapter I: Groups
	Chapter I: Groups
	Chapter I: Groups
	Chapter I: Groups
	Chapter I: Groups
	Chapter I: Groups
	Chapter I: Groups
	Chapter I: Groups
	Chapter I: Groups
	Chapter I: Groups
	Chapter I: Groups
	Chapter I: Groups
	Chapter I: Groups

	Cycles and Transpositions
	Cycles and Transpositions
	Cycles and Transpositions
	Cycles and Transpositions
	Cycles and Transpositions
	Cycles and Transpositions
	Cycles and Transpositions
	Cycles and Transpositions
	Cycles and Transpositions
	Cycles and Transpositions
	Cycles and Transpositions
	Cycles and Transpositions

	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations
	Disjoint Permutations

	Disjoint Cycles
	Disjoint Cycles
	Disjoint Cycles
	Disjoint Cycles
	Disjoint Cycles
	Disjoint Cycles
	Disjoint Cycles
	Disjoint Cycles
	Disjoint Cycles

	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations
	Even and Odd Permutations

	Alternating Groups
	Alternating Groups
	Alternating Groups
	Alternating Groups
	Alternating Groups
	Alternating Groups
	Alternating Groups
	Alternating Groups
	Alternating Groups
	Alternating Groups
	Alternating Groups
	Alternating Groups
	Alternating Groups
	Alternating Groups
	Alternating Groups
	Alternating Groups
	Alternating Groups
	Alternating Groups
	Alternating Groups
	Alternating Groups
	Alternating Groups

	Subgroups of Index $2$
	Subgroups of Index $2$
	Subgroups of Index $2$
	Subgroups of Index $2$
	Subgroups of Index $2$
	Subgroups of Index $2$
	Subgroups of Index $2$
	Subgroups of Index $2$
	Subgroups of Index $2$
	Subgroups of Index $2$
	Subgroups of Index $2$
	Subgroups of Index $2$
	Subgroups of Index $2$
	Subgroups of Index $2$
	Subgroups of Index $2$
	Subgroups of Index $2$

	Second Lemma
	Second Lemma
	Second Lemma
	Second Lemma
	Second Lemma
	Second Lemma
	Second Lemma
	Second Lemma
	Second Lemma
	Second Lemma
	Second Lemma


