
 

Today Sets 1 Functions Continued
Cartesianproduct 2 we just startedthis lasttime

Definition For sets S and T the Cartesian
product of S and T denoted Sx T is the
set of all ordered pairs G t with
SES and TET

In symbols we write this as

i
ii

These are the notational conventions that are typically
used It is a bit unfortunate that the
same notation is used for two different things
In practice though this rarely causes confusion
as it'susually clear from context what is meant

Example For S El 2 and I a b

I B



We denote 112 112 as 1122

More generally given sets Sl Sz Sn

The Cartesian product

six 52 000 5 n is the set of

ordered lists x xz xn
where Xie Si for each i

In symbols

qxszxoo.xsni EG.cz int
tieSifgi

this symbol
means
for all



Exampled For T any set we denote

Tx Tx o o XT Th
ig

by

In
particular

this gives a definition of 112 as a set
2

RhYpi ska HidRt 3

Exampled

I is called the ndimend.vn wbe

Illustration for n 2

Z 2



Exercise What are the elementsof 0 1324122

What is the eometric relationship between
0,13411229and I

Union of Sets
Theunionoftwo sets S and T denoted SVT
is the set consisting of all elements in either
S or T

Example If s a b and F Eb c then

S V T a b c

Exercise If S a b what is sus
what is Su 0

Intersectionofset
The intersection of sets S and T denoted SnT is the
set consisting of all elements in both S and T

Example i For S and T as in the example above
sat Eb

Exercise If S a b what is Sncf



Complements Given sets SCT the complement
of 5 in T denoted Sc CT is

the set of all elements in T not contained in

S
That is S's x ETH S

Example If f 1 3,5 and F 1,434,5
seat is 2,43

Example Lo D CIR is

for O v fo xelR xsO or x I

Lierse what is 2,0 CIR



Nexttopi.se
Functions
Continuous functions
Homeomorphisms

Definition Given sets S and T a function f from
S to T is a rule which assigns each SES
exactly one element in T
This element is denoted fCt

We call
5 The do of f
T the codomain of f

We write the function as f S T

Example Let 5 1,23 F a b
e can define a function fi S T by f 1 a KI I

g i s T by f t a FK sq

Exampled We often specify a function by
a formula e.gf IR IR f G P ORf IR IR f G Se R



f

For f S T and g T V the
composite got S U is the function givenby
got gCfCxD

Ex 5 If as above 0 1 2 h P U Hatt
hCbJ 2 hot I X hot 2 3

image of a function labelled therange
efinitian For a function f S T
wedefine im f to be the subset of T
given by

im f GT tsf s for some Sts

Intuitively im f is the subset of T consisting
of elements hit by f

Example For S T f and gas in the
previous example

im f a b T im g a



Example

for f IR IR f x P
im f 0,0

i

iii

Exercise For f IR IR given by fG scosadt2 what is
imf
solution

n ysoosad

u iii f E
zft ye cosG 2

Wttw
cititiitii.is iiiig

im Kos El I so im f 1,3



Exercise
Let f t.IR be given by
f G cost Sin x C pointy on theunit

circle such that
what is imf OI makes angle x

in radians with thepositive x axis
Solution im f St where St denotes the unit
circle i.e

St la b 611221 a'tbh I

q
This follows from high school trig

f wraps IR

f
I

Exampl e Let f 6 IT xI 1123 be given by
by fGoy cos x sine y first
im is a half cylinder g O it 1123 given bi
Lecture endedhere gG y cost cosy





Example f IR St given by
f G cost sin is surjective but

not injective
e g f o s f 21T 1,0

Examples f 0,21T S given by
f G cost sin x

is bijective

its

Bijou and inverses
For any set the identity function
on is the function

Ids S S given by Ids G x txt


