
Rings a n d f ie lds

( s e c t i o n 1.11)

some special e x a m p l e s : w e k n o w t h a t

e i t h e r I o r 12h fo r N E I N , n22,

have t w o binary operat ions, o n e

o f w h i c h gives a (commutative)

group s t r u c t u r e ,
a n d t h e o t h e r

i s a s s o c i a t i v e and dist r ibutes o v e r

t h e group operation.
These a r e

t h e ingredients for a r i n g !



Definition: ( r i n g ) A r i ng i s a

s e t R endowed w i t h

t w o binary operations,

" t " a n d " . " , s u c h

t h a t i t x i s , 2- E R ,

l ) ( R , t ) i s a group

2 ) x t y = y t X ( " t " i s

commutative)

3 ) X . (y-Z) - ( x . g ) - Z

(associativity o f "
. " )

4 ) X . ( y t z ) = x . y t x . t t

C i t y ) - Z = X . z t y . z

(distributivity o f " a "ove r " t " )



Example-l: ( M a l i k i ) L e t

M£112) d e n o t e t h e s e t

o f a l l 2 × 2 m a t r i c e s

w i t h r e a l e n t r i e s .

2

Let A- = [aisili.in ,

2

B - [ b i n ] i , ; : c , and

2

( = ( c i s ; ] i , j = , be

i n Ma 1112) .

v i i i . i n



A ' B i s t h e 2×2 m a t r i x

w i t h

(A.B)i,j=(ai,,b¥µ
h t i f i , i t 2 .

Unde r these operations,
1421112)

i s a r i n g !

Chech! Since ( I R , t ) i s a commutative

g r o u p a n d a d d i t i o n i s

component-wise, (Malik) s t )

i s a commu ta t i ve g r o u p .



Let's check distr ibut ivity i n

o n e d i r e c t i o n :

A ( B t c ) =[a" 92]. [bitten
b i a t e ,

b , t e a l b 22 t

(22
]

a , 922

(an (bu t 4 ) t 9 2 (batch))
(911421-42)+92422*22))

I
µ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,]

[multiplication distributes o v e r

a d d i t i o n i n 112

§ub
u

t a i l c u t 9262149124) (Gilby
1-91142+92622+9262
)

( ↳ l b a t h 2141 tazzbut 922121) (aus,

ztanastau
bzztazzcz}



1 definit ion o f " t "
i n MU I R )

= §,
b y + 9 1 2 b a l l (ail4 2 t a , 2622)

(ai l b i l tazzbz,) (9442

taub]

+ µ, c u t a ,
c a l l ( a " 4 2 t 92C

)
(9441 f a i r ( u ) (92142

t a n (22)

= A - B t A - c
-


