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Questions

fMaximum mark: 10]
The binary operation * is defined on M by a*b=1+ab.

Determine whether or not =
fa) s closed;

(b} 15 commutalive;

(c) is associative;

(d} has an identity element.

[Maximum mark: 8]

The e¢lements of sets P and 0 are taken from the
{1,2,3,4,5,6,7,8,9.10}. P={1.2,3} and 0=1{2.4,6,8,10}.

{a) Giventhat R= [PHQ"J‘. list the elements of R
(b} Foraset §,let § denote the set of all subsets of §,
(iy find P";

{ii) find m(R").
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[5 marks]




fMaximum mark: 3]
The function f:R — R is defined by

2r+1 forx <2
¥ =2x+5 forx>2.

-]

(a) (1)  Sketch the graph of [

{11} By refernng to your graph, show that f is a bijection.

(b) Find f'(x).

[Maximum mavk: 13]

The relation & 1s defined on {1,2,3,4,5,6,7,8,9,10,11,12} by aRb if and only

if ala+1)=bib+1){mod5).

{a) Show that R is an equivalence relation.

(b} Show that the equivalence defining R can be written in the form
(g—ha+b+1)=0{mod5),

(c) Hence, or otherwise, determine the equivalence classes.

[Maximum mark: 10]

(a) The function g:& — £ is defined by g(n)=|n|—1 for ne L. Show that g is
neither surjective nor injective,

(b) The set 5 is finite. [f the function f:85— & is injective, show that [ is
surjective,

(c) Using the set " as both domain and codomain, give an example of an injective
Tunction that is not surjective,

(d) Using the set Z" as both domain and codomain, give an example of a surjective

function that is not injective.
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[Maximum mark: 12]

The binary operation A is defined on the set S ={1, 2, 3, 4, 5} by the following Cayley table.

(a)

(b)

(c)

(d

(e)

Y
—
—
38
L]
b2 | W [ & | W

2 1 2 1 2
3 2 1 3 1
4 3 2 1 4 1
5 4 3 2 1 5

State whether S is closed under the operation A and justify your answer.
State whether A is commutative and justify your answer.

State whether there is an identity element and justify your answer.
Determine whether A is associative and justify your answer.

Find the solutions of the equation aAb =4Ab, for a#4.

[Maximum mark: 19]

Consider the set S defined by §={s(J: 25 Z]}.

You may assume that + (addition) and = (multiplication) are associative binary operations

on ) .

(a)

(b)

(i)  Write down the six smallest non-negative elements of §.

(i) Show that {S, +} is a group.

(111) Give a reason why {5, =} 1s not a group. Justify your answer.
The relation R is defined on S by s Rs, if 35, + 55, € &

(i) Show that R is an equivalence relation.

(i1) Determine the equivalence classes.
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[Maximum mark: 15]
Sets X and ¥ are definedby X =]0,1[; ¥ ={0,1,2, 3,4, 5}.

(a) (i) Sketchthe set X xV in the Cartesian plane.
(11) Sketch the set ¥ x X in the Cartesian plane.
(iii) State (X x¥)(¥F x X). [3]

Consider the function f: X' x¥ — R defined by f(x, ) = x+y
and the function g: X' xY - R defined by g(x, y)=xy.

(b) (1) Find the range of the function f.
(ii)  Find the range of the function g .
(iii) Show that f is an injection.

(iv) Find f~'(m), expressing your answer in exact form.

(v) Find all solutions to g(x, y) =% . [10]
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