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ALGEBRA NET MATERIAL

Let & L{n. g) be the group of all n % n invertible matrices over the finite
field F,. where g = p™, p is a prime and some positive integer m. Then
(H)NGL(n.g)) = g (g" — Vg™ — 1)~ (g - 1).
(#) Order of Sylow p-subgroup of GL{n, g) is qﬂ"i__:t-

A n—:l'l{

= gr — 1)fgnt — 1) (g — 1)
(g—1) '

The center Z(GL{n.g)) = [k, | & € F:T}_ where [ is the identity
matrix.

(i) O(SL{n, q)) = 2

The centralizer {normalizer)

N{SLin,q)) = {kl | k € F} and k" = 1}.

. Z(SL{n,q)) = {k, | k € F3 and kv = 1}.
| Z{5L{n.q)) |= ged(n.g — 1).
) NG
Let (7 be a finite group and a £ {7. Then (el{a)) = OINTal
{:‘ —
70 = J{(7).
In 5,. the number of distinet cveles of length r is r{nﬂ—_ljp (r < n

Converse of Lagrange's theorem holds in finite cvelic groups and prime
power order.

Z(G) = ] Nia).

e
The pumber of group homomaorphism from Z_, to Z,, is god(m. n).
Let €7 be an infinite cyclic group. Then | Aut() |= 2.

Let ¢ be a finite cyelic group of order n. Then | Aut((7) |= @(n).
Aut(S) = 8, . Z(5,)= {{} for n = 3 and n # 6.

Aut{;E-EEHi--- & &) = (L(n, I).
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Aut(Zp B Fp & - B L) = OL{n, Zpm).

n Lo

.4““:11 e E_’.:I = ﬂﬁ-

k

If 7 has order n = 1, then |Aut((7)| < [] (n — 2) where & = [log,(n —
=i

1]]-

Let p be a prime number, and let & be a finite abelian group in which

every element has order p. Then Aut{(z) = GL(n, L), where n is the
dimension of &7 over Z.

If 7 is a group of order n and F is any field, then (7 L{n, F) contains a
subgroup isomorphic to (7.

Let & = &y x GGy % -+ - x (o, where the ; are abelian groups. Then
Aut((7) iz isomorphic with the group of all invertible n x n matrices
whose (i, j) entries belong to Hom((5, (75), the usnal matrix product
begin the group operation.

If O(G) = p*q and g} p* — 1. p} ¢ — 1, then & is abelian.

3 is a finite group of order p*g where p and g are distinct primes such
that p* 2 1({modyg) and g 2 1{madp). Then 7 is an abelian group. If p
divides ¢ — 1, then any group of arder p’y is abelian.

If p does not divide | Auxt((7) |, then any group of arder pg® i= abelian.
If 7 is & non-abelian finite group, then [£(G)| < %|ﬂ‘|

If H and K are subgroups of a finite group (7 satisfying (|7 : H|, |7 :
K|y =1. then i = HK.

If (7 is a simple group of order 60, then (7 is somorphic to A;.

Let (7 be a group of order pgr, where p > g > r are primes. [f p— 1 is
not divisible by g or » and g — 1 is not divisible by r, then & must be
abelian (hence cvelic).

Abelian groups have exactly one Sylow p-subgroup for each p.

The class equation of {7 is

o0
016 = (N Z(C .
(G = O(Z( ﬂ+u¢¥|‘mﬂ[ﬁ'fﬂ]]




31. Let 7 be a non-abelian group of arder p*. The mumber of conjugate
classes of 7 is p* + p— 1.

32. Let (& be a finite group of order n and p be a prime number such that
p = R Then any subgroup of order p in (7 s normal in 6.
P

33. Let (& be a finite group of order n and p be a prime number such that
i does not divide n. Then any subgroup of order p in 7 is normal in
0.

34. The number of non-isomorphic abelian groups of order p®, (p a prime)
is p{n) (partition of n).

35. The number of groups of order n is at most a™om="



