This question concerns the subset X of B° where

(2

¥ = [{a. b :bF 0} (thas i R° excloding the r-axis)

and the binary operation * defined by

(o, b} =(c.d) = [ad + b, b}

(a] Warifv that the element {0, 1} acts as the identity clement in X [2]
i1 Find o formula for the inverse of 1he element {a.b} € X, and hence shaw that o,
H { X.») satisfies the inverses axdiom &3 2
In parts {c). (d) and (e} below you fay asiume that (X.+} is a group: you are
:“:"DT a:ikr:'ri ta check the emaining group axioms G1 and Gt
i p % (] Prove that
I"'q':'hl 1. g1 Xos) — (R 4]
g (e b afh /
a1l
i a homomorphism. I ;,
(4] Find the kernel of the homomorphism @ defined in part (Feth (2}
fe] Justify the staternent that the quonient group
l'.-'{lL‘r.-!.l:-:-'JEﬁ.-!:l,-—*U!- {Fl
| 3l

aiszs, and show that it 18 somorpnic to (R4

ROUP ACTIONS

{

@ Let 5, denote the group of all permutations of the symbols {1, 2, 3, 4}, 5, acts on dself as follows:
if p, o & 5, then

gre=pap~ ',

o !-I-'
{_ E'q_ ; l'-E:-\} (i) Show that this satisfies l.é-c two axioms for 3 group ucn{nn- [
(i) Determine the orbit of (12) under this actlere ) ( 1/ "‘1 3]
(it} Determine the stabilizer of (12). (3
{iv) Write down a brief description of the set of all orbits under this action. =

£
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@ Let & be the symmelry group of the rhombus below (o parallelogram whose diagonals are perpen-
dicular), The corners of the rhombus are C1, C2. O3, Cdand is sides are 51, 52, 53. 54, Tt diagonals
‘are D1 and D2. 1
51
54 D1
4 2

{ET]’!%}I 53 52

3
Thus & = e k. 0. p}, where ¢ is the identity, # is reflection in the horizontal diagonal, e is the
reflection in the vertical diaganal, and p is rotation by = about the centre.
The group F defines a group action on the s=r
X = {C1,C2, C3, €4, 51,5253, 54, D1, D2},
{"Wou are por asked to prove this,)
(i) “Wrie down all the orbits under the action of & on X, (3] &
{ii) Write down the stabilizers of C1, 51 and £1. 3
(i) I%:plal'n why it 13 impossible 1o construct a group action using 7 in which some orbit has thres




