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1. (a)

(b)

Define the terrn grfliP.

Let p be o fixed positive pime a$d G : {1, 2, . 'p-1} Ifthe binary opeEtion

of multiptication modulo p, denoted by o?, is defined on c, show that (G, op) i6 a

group

i. Let H be a non-empty subset of a group G Prove that' IJ is e subgroup of G

if a,nd onlY if aD L € H, V d,b e H.

ii. Let It and K be two subgroups of a group e- Is II uK a subgroup of G? Justily

youl answer.

iii. Let {fi,}"€J be an arbitracy fd.rnily of subgroups of a SrouP G Prove that

n H^ is a subsrouD of G.
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2. (a) State ard prove the Lagrange,s tkeotwn for s finite gmup G.
Let c be s group a.nd let .lI and

rr-r = b prove rhat ,,. 
" =,",1 fri,l l"i"#ilil ::"::::,;r 

: 12 and

(b) Let G' be the commutator oubgroup of c. prove the followings:

i. G is abelian if ard oaly if c, = {e}, ;here e i6 the identity element of c.
ii. d, :< c.

iii. Let F,be &e group of alt 2 x 2 matlices of the form f" 
U 
l,,n*" ro* o,

trnder matrix multiplicatiotr. show that _F,. tn" 
"o*L,lufoJ "uug-up ot r,

precisely the set of oll o,"tri""s of [h" for* I I " I

Io r l

(a) State and prove th. frrst isoraorphi,sm theorcn1.

(b) Let,at and l'be two normal subgrcups ofagroup G suc[ that K g Ir. prove that
i K<SH;

ii. H/K 3c/K:
G/Knt ElK = GlH

(a) let G be a group an d h, 92eG, Define a relation u-,,onGby

gL - 92<+3g eG such that ,b : 9-1 91 g.

i6 an equivalence reletioD on G.
CiveD o € C, let f(@) be denote the equivalence class contaidng o, Show that:

i. Il(a)l : lc : C(a)|, wh ete C(a) = {a e c/au: aa};

ii. a e Z(G) ++ l(a) : {a}, where Z(d) is the center of the group G.
(b) Wriie down the class equatioD of a finito group G. Hetrce or otherwise, prove thet

the center of G is non-triv€l if the order oI G le p", where p is a positive pdme
number.



5. (a) Define the term p-!ro&p,

Let G be a fi4ite 6belia,[ group and let p be a pritre number which divid$ the order

of G. Prcve that G has an element of order p.

(b) Define the telm homotuarphisn.

Let G be the group ol all red;l 2 x 2 ma,tdcsr of the form

such that ad - 6c I 0, uuder ma,tdx multiplication. Let G be the group of ali

non-zelo real numbe$ under multiplicatiotr. Define a mapPilg

/l-' r,l\
ftc'C bY Ol l I l:ad-bc

\1" all
Prove t hat E iE a homomorphism of C onto G.
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(c)

Defne the following terms as applied to a group:

i. pennutal/ion;

li. cgcle of ord,er r.

Prcve that the permutatiotr group oD tu 6'mbols ,So, is a finite $oup of order n!.

l$ S, abelisn for n > 2? Jrutifo your answer.

Prove that th€ set of even permutatiou$ -4, forms a norma,I subgtoup of ,So . Hence

show that la is s cyclic Sroup of order 2.

Expre$s the permutation o in Ss os a product of disjoint cycler, where

(b)

(d)
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