
Math 3340 5 April 2021

Spring 2021 Fields. Lecture #24
①

Lecture # 24 -

Qon : what operations on numbers do we

need to state I solve :

2×+3
y
= 13

4×+5 y
= 23 ?

€3 ,
G
,
Q are all

"

possible scalars
"

.

> t
,
-

•

,
I

get - from t : a -b same as a tf-b)

get 1 from ^ : A/b is the number

(bto) ! s.t.la/b).b-- a

IR
,

G
,

all have ops t ,
.

I does too

matrices too csgnarenmtitr.us)
IN

>Ln
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Def ( field
,
short form) Lecture #24 ①

A (F
,
t
,
i) is a set Tt

, equipped with
2 binary operations t '

- F xF → Ft

. ÷ IF if → F

""

÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷
① if a ,b , c E K ,

then

a - Cbtc) = (a >b) * ( a. c)

( notation : ab tac = aCbtc) )

Examples ( you may assume these) :

R
,
Q
,
E are all fields



jiff ¥3430
A field (ft

,
t
,
) is a set A equipped with

2 binary ops sit .

⑤ ( closure ) Va
,
be F-

,
atbef

,
a.BEF

.

① (associativity) Va ,b , CE Ft :

at Cbtc ) = ( atb) tc

a. ( b - c) = Ca - b) . C

⑦ (commutativity) V. a.best
at b = b t a

a. b = b. a

⑦ ( distributivity) if a ,b , CE Ft

a - Cbtc) = ( a -b) + ( a.c)
(atb ) - c = (a - c) t ( b - c)

⑤ ( identity dems)
3- element 0 C- Ft s .f . Haff

,
at O = a

7. element I C- Ft sit . V-ac.tt a . I = a

ALSO : O # I ④
(not needed)
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⑤ ( inverses ) Lecture #2440

taek
,

3 x EF s -t . at X =D

(write this x as - a)
Fae Tt

, , 3 xeft set
. axel

( denote this x by ta or a-
'

)
-

Exam Les. Ez = { 0,1 }
can you find t

,
-

on Ifc that makes
Az into a field ?

+ O l

#
O $

aid :*: :* I O p

Mutt
. table

( assuming : O - a - o tf a EF )
1+1 = ?? easel : 11-1=0

must have
Cate 2

! It I =/ X

flit ;) th)
- 1+1-7=0
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" Lecture #2450C-D= '

(
m,

"

no c !

-

Properties Let F be a field
,
a ,b ,CEF

⑥ cancellation laws hold :

at c = b t c =3 a =D

as = be ) ⇒ a =b

AND CFO !!
←

③ uniqueness of O
,
I :

if atb = a the- b = 0

if a. c = a then c = I
o) )⇒

① uniqueness of inverses !

if at b so then b s -a

if a. b = I then b s ta ( or a- ' )
AND ate
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Questions : For any field IF , a ,beF Lecture #24 ⑥
-

① is a - O = o ?

① what is C-Du) = ?? ( also Hea - - a)
③ if a ,b to

,
can ab # o ?

proofs
(think about this)

-① 0 = 0*0 ( since O additive

identity)
: a - O = a

- (0+0)
"

a -O t a.O

add - (a. o ) to both sides

get
0 = a. O t O

②
0=a&

I - 1) f- t ) t f- l ) - I

= f-1) (f-1) t t )
= fi) . O = O

: c-DC-D= - f - i ) g
l !

since
I t C-1) = O

i
.
- f- 1) = I
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- i C- 1) C-1) =/ Lecture #24

⑦

Next time " In when is this a field ?

They [27
,
G)

a

⇐ [41 = [03
,


