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De8b Let X and Y be two sets
A function f from X to Y is a

specification of elements fad CY fan XEX suchthat

DX EX 7 yoY y fox

exists unique exactly ore

For Xf X the unique element HD cY is called

the valve of f at
The set X is called the domain of f
The set Y is called the codomain of f
we write f X Y to denote that f is
a function from X to Y

Functions are often described using a formula

es f IR IR defined by HX X
but this doesn't hare to be the use

y g IR IR defined by

gags
1 it x is rational

0 it x is irrational

Functions often involve numbers but this doesn't have

to be the case

he 1 a b of red green blue



defined by
h a red

hlb blue

hcc red

Imagestinages

Deth Let f X Y be a function and let
U EX
The image ofUmd is the subset f 4 El
defined by
SEU 484 x c U

I yell I 7 a U y HD after

In words f U is the set of values that f
takes on inputs from 4

The image is the set fEX that is the set
of all possible values that f can take



ez Let f IR IR be defined by Hx X

The image of f is the set of nonnegative real
numbers IR

O

PI we want to show f IR 11240

we proceed by double containment

GEIR E R

Let yo GEIR
This means that y Hx X for some XGIR
We know XZ 30 for any XEIR so y C IR
IR E GEIR

Let ya IR
Since y is nonnegative it has a square root fyelR
Then y Cry Ary
So y G fCIRI
This by double containment GEIR IR

Let f X Y be a function and let
U V E X
Is it always true that f UAV e f 4 nfEv

x y

f U00 00
pI Let y G FEU NV
Then y HX for some XC UAV



By definition of intersection X CU and KEV
we need to Shou y E FEU and ye f U
Since you and the y y E FEU
Since Xo V and Hx y 4G FCV
Hence by definition of intersection yes tch n FEU
Therefore f UAV E tch n fCVT

DEI let f X Y be a function and let VEY
The preimageofVundenf is the subset f CV EY
defined by

f ED I xEX Hx cU

In wands f CV is the set of elements in X that
f sends to an element of V

Let f IR IR be given by Hx X
Ther
s f 11,4 2 I I 2

f l l l y L 2 1 1,2
f C 11,43 4 IT I 2 B T2 I l R B 2



Let g I 2 be given by ga x

then
f 11,4 f 2 1 I 2

t 11,2 3,4 L 2 1 I 2

es Let f X Y be a function and let Us X
and V E Y
Then FLU E V if and only if U e f CD

pk tcu a V U a f D
Assume that FEU EV
Let c U
Then flex C f U by the definition of image

Since FEU E V Fox EV

So X E f U by the definition of preimage
As was arbitrary U E f EV

Ue f V FEU Ev
Assume U E f CD
Let y t f U

By definition of image theme is XE U suchthat y HD



y
since U E f CD X c f V

By definition of preimage thx EV
Since y Hx y EV
As y was arbitrary tcu E V

Dg


