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A subset H of a group G is a subgroup of G if H is a group under
the group operation of G. If H is a subgroup of G, we will write
H<G.
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DEFINITION

A subset H of a group G is a subgroup of G if H is a group under
the group operation of G. If H is a subgroup of G, we will write
H<G.

EXAMPLE
@ If G is a group with identity e, then {e} < G.
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DEFINITION

A subset H of a group G is a subgroup of G if H is a group under
the group operation of G. If H is a subgroup of G, we will write
H<G.

EXAMPLE
@ If G is a group with identity e, then {e} < G.
® If G is a group then G < G.

| A

A\
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DEFINITION

A subset H of a group G is a subgroup of G if H is a group under
the group operation of G. If H is a subgroup of G, we will write
H<G.

| A

EXAMPLE
@ If G is a group with identity e, then {e} < G.
® If G is a group then G < G.
® Q™ is a group under multiplication. Let H={re Q | r > 0||
Then, H < Q.

A\
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A nonempty subset H of a group G is a subgroup of G if
@ Foralla,be H, abe H.
® Forallac H, aleH.
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THEOREM

A nonempty subset H of a group G is a subgroup of G if
@ Foralla,be H, abe H.
® Forallac H, aleH.

DEFINITION

| A\

If R is a commutative ring with identity, then we define
SL,(R) = {A € M,(R) | det(A) = 1gr}

A\
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THEOREM

A nonempty subset H of a group G is a subgroup of G if
@ Foralla,be H, abe H.
® Forallac H, al e H.

DEFINITION

| A\

If R is a commutative ring with identity, then we define
SLh(R) = {A € Mj(R) | det(A) = 1g}

Show that SL» (R) < GLQ(R)
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Let H be a nonempty finite subset of a group G. If H is closed
under the group operation of G, then H < G.
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Let H be a nonempty finite subset of a group G. If H is closed
under the group operation of G, then H < G.

EXAMPLE
Consider the set

=15 0) (o 2);

in GLa(R). Show that H < GLy(R).
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If G is a group we define the center Z(G) as follows.

Z(G)={ge G|ag=gaforall ac G}.
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If G is a group we define the center Z(G) as follows.

Z(G)={ge G|ag=gaforall ac G}.

0 Z(Q1)=Q"
0 Z(S3) = {e}.
® Z(Dy) ={e=1r"r}.
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If G is a group we define the center Z(G) as follows.

Z(G)={ge G|ag=gaforall ac G}.

0 Z(Q1)=Q"
0 Z(S3) = {e}.
® Z(Dy) ={e=1r"r}.

If G is a group then Z(G) < G.
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Cycric GROUPS
If G is a group and a € G, then < a>={a" | n€ Z}. l
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CycrLic GROUPS

If G is a group and a € G, then < a>={a" | n€ Z}. l
If G is a group and a € G, then < a >< G. l
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CycrLic GROUPS

If G is a group and a € G, then < a>={a" | n€ Z}. \
If G is a group and a € G, then < a >< G. \

If G is a group and a € G, < a > is called the cyclic subroup of G
generated by a.
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CycrLic GROUPS

If G is a group and a € G, then < a>={a" | n€ Z}. \
If G is a group and a € G, then < a >< G. \

If G is a group and a € G, < a > is called the cyclic subroup of G
generated by a.
If G =< a >, then we say that G is cyclic.
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EXAMPLE

In Sz,

e )=1Gz3)(G5) (1 2))

If we are using additive notation, then we write
<a>={na|neZ}.

A\
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EXAMPLE

In Sz,

e )=1Gz3)(G5) (1 2))

If we are using additive notation, then we write
<a>={na|neZ}.

7 =<1>.
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Suppose that G is a group and that a € G.

@ If a has infinite order then < a > is an infinite subgroup of G
consisting of the distinct elements a* with k € Z.

® If|a| = n, then < a >= {a° = e,a,...,a" '}
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Suppose that G is a group and that a € G.

@ If a has infinite order then < a > is an infinite subgroup of G
consisting of the distinct elements a* with k € Z.

® If|a| = n, then < a >= {a° = e,a,...,a" '}

If F is a field, G < F* and G is finite, then G is cyclic.
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Suppose that G is a group and that a € G.

@ /f a has infinite order then < a > is an infinite subgroup of G
consisting of the distinct elements a* with k € Z.

® If|a| = n, then < a>={a% = e al,... a" 1}

If F is a field, G < F* and G is finite, then G is cyclic.
Every subgroup of a cyclic group is cyclic.
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GENERATORS OF A GROUP

THEOREM

Let S be a nonempty subset of a group G. Let < S > denote the
set

{s1-$2-...-sk | kEN; foreach1<i<k s;€SorsteS}.

Then,
O SC<S><aG.
®IfFSCH<G, then< S >< H.
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GENERATORS OF A GROUP

THEOREM

Let S be a nonempty subset of a group G. Let < S > denote the
set

{s1-$2-...-sk | kEN; foreach1<i<k s;€SorsteS}.

Then,
O SC<S><aG.
®IfFSCH<G, then< S >< H.

Upp =< {5,7} >. \
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