
Announcements

1) Guide for Induction under
" Files

"

On Canvas

2) For next Tuesday : read

Section 5.3



Injections
,
Surjections ,

andBijecti

( Section 6. 3)

Motivation : cardinality for infinite

sets

Two finite sets have the same

Cardinality if they have the

Same number of elements .

For infinite sets
,

we need

to know What
"

same number

of elements
"

means



Definition .

-

. ( injective function )

Also called a
"

one . to - one

'

'

function

or a " monomorphism
"

.

Let f :S -7T where Sand T

are sets .

We say f is injective

( or :S an injection ) if FX , YES ,

iffgygf.tl/t#



Exampie: Let f : IN → Z

f ( n ) = 2n -5

Prove f is injective

Suppose that m
,
NEZ

,
and

f ( m ) = f ( n )

Show : men

2m - 5= f(m)=f(n ) = 2n -5

simplify

2m
= 2n and

m=n ,
so

fis injective .

o



Examine: f : IN → Q

( n
-212

flmt -

2

Show F is not injective

Negate the definition :

F mm E IN with f(n)=f( m )

but mtn .

n= 1

,
m

=3
fln

)=Fc

1) =
( III 's

f ( m )=fl3)= (3512=3
so f is not injective . A



Definition : ( surjective function )

Also called " onto
"

or an

"

epimorphism
"

.

Let S
,
T be sets

,
f : S→T .

We say f is surjectiue if

u-setf.IE#
This says the range

and Co domain

of f are equal .



Example 3 f : ¢ → IR
-

:

f( atbi )= a

Show f is surjcctive

Let ye IR .
We need

XEG
,

f ( × ) =y .

We can let ×=y .

.

Then fly ) = y ,

so F is surjcctive .

o



Exampled : f : IH → IN
p

Hamiltonian quaternion
( look it up )

f ( a tbitcjtdk ) =2

a) b ,
c
,
de IR

Show F is not surjective

Negation is
"

F NEIN such

that t de IH
,

f( d) tn .

"

Choose n=5 . Then to EIH ,

f (d) = 2+5 ,
so f is not svrjective .



Definition .

-

.
( bijective )

Lets ,T be sets
,

f :S -7T
.

We say f is bijective (or

Is a bisection ) if f is

both injective and surjcctiue .



Back to examples 1 t 3

1) f : IN -7/2

f ( n )=2n - 5
.

We showed

f- is injective .
Is fsurjectiue ?

No . Suppose f( a) = - 4 .

Then - 4=2^-5

1=2n

n=Yd ¢ IN
.

So f is not surjective .

Therefore ,
f is not a bisection .



3) f : E -7112

f ( atbi )=a .

We

Showed f is surjectiue .

Is F injective ?

No .

f ( 6) = 6

f( 6 - i ) =6

but 61=6 - i
,

so

f is not injective ,

and hence not a bisection .



Warning : ( domain

kodonain
dependence)

Iniectivity and surjectirity

depend heavily on

the
choice

of domain and co domain .

For example ,

f ( × )=X2 is not injective

as a map from IR to IR ,

but it is when considered

as a map from [ o ,
d) to IR .



Definition : ( cardinality )

Two sets S and T are said

to hate the same Cardinality

if F bisection f. S→T .


