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Answe:: all questions :limei Thee hours

1. (a) DefirLe tle foll(t\t'ing tern$

i. grottP:

ii. ciyclic groltp:

iii. abeiiat grotrP

Itror€ that every slrbgnlrp of a c;5'ciic group is t;ylit:

ls t}Ie co[velse pa ] true? Jlr'stib' J'olr an's$'er.

(h) Siate and prove Lagrange's theoreru

i. lu rt grorp G. H atLtl h are riifibrent subgroups <-rf orrler p'

2 is prirne. Shorv that, H n K : {e'1. nr}rere e is tbe irlentiiy

elenrent of G.

ii. I'rove thftt irr a 6riie grotrp G. tLe order-. of ea<*r elemerit

diviries orrler of G Herrce prove tirat' zlo = e, V:r e G

(a) \\rhat is rueaat by sa5'ing that a subgllrp of a gtoup is norrual?

i. Let .ti and K he ts<r noigral srbgroups of a gr<lup G l)rove

i,hat H o l( is a rrollnal subgrotrp of G

ii. i)rove tlrat ever5, subgrotlp of ur aheli:rn grotrp Cl is a nonnal

subgrrtirp of G.



(h) With rrnral notaiiorrs prove that

i. 1f (-lJ) < Gr

ii H <N(H).

(<:) Let. Z(G) = {r e G I lo = at,V g e G}, l,rove t}re foll<rwirg

r. z(C) = l-lC(o), whe,e C)(a):{se G : sa.-aol
+((?

ii. zlcr SG.

3. (a) State the firsi isornorpllisrn theoreu.

Lei ll an<l -l{ be iwo norural sul4rorrps of a groirp (; suclr thirt

lf ! H. l;rove the folkrwing

i. K aH.
ti; H/K < G /t{l
;i.'!J276111.

Li/11

(b) Write dowrr the <:la*s eqrntion of a flrrite grorLp G.

Let G be { group of orrler p", rv}rere p is a prirle rlurrber. l)rove

t,\at., Z(G) : G it tt. = 2.

4. (r) D"fin, r1.,rllrrrrar.or srrbgrorrp 1," rrl a gr,lrrp I,.

l)rove thftt the followiug

i. Gt acl
ii. a-j/C/ is ah"liln.

(b) Let H;<Cl,/' : {K < G I -lJ ! l(}arrriQ - \.Kt : Kt < GlAl.
i'rove tllirt there exiiJt$ a olre to orre (x)rre$pondelce betrveen -1, arld

a.



(^) What is rirerul b1-the "irrierual direlt prodrl(:t]' as applierl to a

gfollp

ls it tnle t}I^t' all the grorrps sat'ist' the iirf'ern{l direct' prodlrct

I\r()perlv: I'lsl ifu 11r r!r'itr I slve! '

Let fJ anri -i( lrc tw'o stlbgroups of a glrtrp CJ' prove that G is a

rlirer:t pr<xitrct of -FJ :uxl K if rurd <lnly if

i. each c € G can be uniqueJy expressed in the lbrm

.r = /rl. rvhere /r e H -|n: e K

ii. hA = i;h, f<x rury }, € H'A: € K'

De6ne the ter r. '?-grorrP''

Let G be a frlite abelirur grorrp ald let p lle a prirre mrmtrer lr,'hidr

dit icles the <lrrler of G. l'r(n'e that G ha's iur eleme t of order p'

lJefile the following t'elus as applied to 
'zi 

grorp

i. I)e'rurrtaiiou:

ii. CYcle of order r;

iii. llansPosition'

l,rol,e tIAt the pergntation grollp o lr, symbris (5") is a firfte

grorrp ol order l.I

ls it tnle that $' js abelian firr o > 2? lrr-stiS Sour answer'

l)ro\'e that every per*ntation il S" tjat be e'"lprassed as a prodrrct

of trarrsp( )siii(,r!s

Irror.e that the set of e1.e[ pe,mrltatious f(r$rs a lrofi[a] $rbgronP

of 5".

(b)
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(b)

(")
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