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1. (a) L€t G be the set of all real 2x2 matrices

[: 1)'*n"re ad-bc+o is a ratio4al

number. Prove that G forms a grouP

under matrix multiPlication. " 
5

(b) L€t G be a group. Show that for all

a, beG, (a-Ll-L =aald (a'bl-L =b-t 'a-r '

D2sl98t

2+3=5

( Turn Ouer )
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Let G be a group, ae G and b e G. Let n
be a positive integer. Show that
(aba-Lln = aba-t, if and only if, b = bn'.

If G is a finite group, then show that
there exists a positive integer /V such
that aN =eforallaeG.

2. (a) If G is a group of even order, then
prove that it has an element a * e
satisffin g a2 = e. 4

Show that the set { 1, - I, r, - r} forms a
group with respect to multiplication. Is
this.goup an abelian group? Justiff. 5

l,let G be a group and q b e G. Show that
the equations a-x=band A.a=bhave
unique solutions for x and g in G. 4

I,et G be a group. Show that the identity
element of G is unique. Also, show that
every ae G has a unique inverse in G.

2+3=5

Utnt-2

3. (a) Show that every permutation can be
expressed as a product of disjoint
cycles. 6

(c)

(d)

(b)

(c)

(d)

(b)

D2sl98L

Express (1rZ 3) (4, 5) (1, 6,7, q 9) [ 5) as
tJre product of disjoint 2 cycles. 3
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(c) tr-et An be the set of ,even permutations
in S,r. Show that A' forms a group of

25
(d)', L€t G = {e, e d2, e3, b, ab, a2U' ogb\.

Define a product in G by a.4 = €, b2 -_ a.2 ,. . il. .t. ..1.. : - -J -- -' -: 
ba = a-lh Show that G forms 'a group
(callEd the quaternion il;t. 'l o'--r 

s
i'

4. (a) Determine which of the following: permutationS'areCien: ; - 
3

(t $ 2 3 4 Siti '2 3l(4 s) .

@ (1 2 3) (4 s) (1 6 7 8l

(b) Compute a-rbo, where a = (lrg, S) (1,21

and b=(\17,91. 3

(c) L€t

D2o = {e, g e2, ...i dn-L, b, bar..., bon-ll

be a set of 2n elements. Define the
product in D2n by the relations an = €,

b2 -.a',afi&' ab= S4rl,,',' i,,r. ; "rli'rr,r"' :

(t) Find the form of the product
\* Vi l'(*kvt) as xty$. : rr 

3
(a) Using this, prove that G forms a

group. s
(ut) If n = 4, then show that Ds is tJle

group of symmetries of the square. s
D2sl98r ( Tlnt Ouer )



5. (a)

(b)

l4l

Ut'ttt-3 '',

State and prove Ldgrange's theorem' 4

L€t H be a subgrouP of a grouP G'

ae Gand alla-r = lahn-t l l" H)' Show

that alla-r is ^ subgrouP of G' Also'

show that if H is finite' then

o(I4 = o(alla-rl. 3+3=6

(c) Prove that any subgroup of a cyclic

grouP is itself a cYclic grouP' 4

(d) I,et G = 1Q") be a cYclic grouP of

order g art; let I{ =<a.4>. Find all the

cosets of H in G 3

(e) Define the cen tre Z of a group G and

show that Z is a subgroup of G' 2

6. (a) State and prove Euler's theorem ' 4

(b) Show that every group of prime order is 
s

ryclic.

(c) Let G be a finite cyclic group of order n'

Show that G has Q(n) generators' 5

D2sl98L { Continued }



(d)

(51

If H is a subgrouP of G, and

/V(H) = {ae G I alIa-r = H}, then Prove

that lV(H) is a subgrouP of G and

7. (a)

8. (a) Show that the grouP
automorPhisms of G is

G

z@'

D25l98L

3+2=5

I(G) of inner
isomorphic to

5

( Continued )

(b)

H E Iv(H).

Unn4

If /V and M are normal subgroups of G,

then prove that /VM is also a normal
subgroup of G.

lf H and K are normal subgrouPs of a
group .G such ttrat H g K, then show

that

Let G be a gouP arrd 0 am auto-
morphism of G. If ae G is of order
o (a) > O, tJren show that o (0(a)) = o (a).

L€t G be a BrouP, /V a normal subgroup
of G, ? an automorPhism of G. Prove

that ?(/V) is a normal subgroup of G.

(G /TT
(K ITT

G

K- 6

(c)

(d)



(b)

(61

L€t H and K ,be normal subgroups
of G such that H a K -- {el. Show
that hk=kh'for aJI ne H, ke K.

(c) Iret G be a group, H and K subgroups of
G such that K is normal in G. Then
show that H nK is normal in H and the

guotient group + is isomorphic' HnK
HKgrouP 
J{'tJre quotient

to

1+4=5

(d) Let G be tl:e group of non-zero complex
numbers under multiplication and
let-IV be the set of complex numbers of
absolute value 1. (That is a + bi e /V if
a2 +b2 =1). Show that I t" isomorphic

JV

to the group of all positive real 'numbers
under multiplication.

***
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