
Matrixoperations

(sections 2 . I a n d 2.3)

N o t a t i o n : I f A i s a n m i n matr ix,

w e c a n w r i t e

A- = ( A im ) whe r e k i t m

a n d I E k e n a nd

A i r i s a r e a l n um b e r

t h a t o c c u r s i n t h e ith r o w

a n d k th column o f A .



E d c : Let A - [1 6 15

3 8 2

4)

Find A 1 ,1 ,
A-2 , 3 , A 1 , 2 .

Solut ion: A,,, = entry i n t h e f i r s t row, f i r s t

c o l u m n o f A

= - I

72,3 = 4

Ai,2 = 6



M a t r i x Add i t i o n

Let A = ( A i n )
,
13413in) be

m x n m a t r i c e s . W e a d d A and B

by adding t h e i r corresponding e n t r i e s .

S o

( A t B ) i , ,
= A i n t Bisk

f o r a l l 14 i E m , I E K E n .

Note: A and B have t o have t h e

s a m e dimensions i n o rd e r t o

a dd t h e m .



Example-2" Le t A=[I
0 - 5

3 8 7]

13=1
2

9 4

1 3 19
-2]

Compute AT B .

s o l u t i o n : ftp./lt2ot9-5t4-
3tl38tl97tf2)]

= (3 9 -I],
1 6 2 7 5



S c a l a r Mu l t i p l i c a t i o n

I f A = (Ai, ;) i s a n m a i n m a t r i x

a n d C i s s c a l a r , w e multiply A

by c v i a mul t ip ly ing eve r y entry

o f A by c :

( ( A ) i ,u= c . A i r ,

f o r a l l 14 i E m , I E K E n .



Exempt : L e t A - § If].
I f c = - 1 9 , compute

c - A .

8 - 7s o l u t i o n : ya.-1=-19-[3 15]

=[152 133

- 5 7 -

28
5)

✓



Properties

L e t A , B , a n d D b e m x n m a t r i c e s a n d

l e t C , f be c o n s t a n t s .
T h e n

1 ) (At B)t D = A t ( B t D )

associativity o f a dd i t i o n

2 ) A t B = B t A

commutativity o f addit ion

3 ) (C-f)-A = c - ( f-A)

associativity o f s c a l a r

multiplication



4) c . ( ATB ) = c . A t c . B

distributivity o f s c a l a r multiplication

o v e r a d d i t i o n

5 ) ( e f f ) - A = c . A t f - A

distrbutivity o f addition ( i n LR)

o v e r s c a l a r multiplication

You a r e free t o u s e a n y and a l l o f

these properties i n t h i s c l a s s .



M a t r i x Mu l t ip l i ca t ion

Let A be a n m i n m a t r i x a nd l e t

13 be a n n x k m a t r i x . w e

m a t r i x m u l t i p l y A a n d B using

t h e d o t product (mat r i x- v e c t o r

multiplication) a s follows:

w r i t e A-=/ 9¥
)

where

aim

I i i s a r o w v e c t o r i n
112"

fo r a l l I f i E m .



Wr i t e

D = (J, bi--- b)

Whe r e J i i s a c o l u m n v e c t o r i n

112" for a l l 14 i E K -

A -B i s a n m x k m a t r i x where

⇒j=Ab(a real number)



Caut ion: t h e n u m b e r o f r o w s i n B

m o s t e q u a l t h e n u m b e r o f

c o l u m n s i n A fo r t h i s t o

w o r k , jus t l i n e m a t r i x - v e c t o r

multiplication!

A - B
- ~

mx n o o s x t
'equal



Exampl-ell: (3×2)-(2×4)

Let A --f! I,]2 3

and 13=
14

- 2 6 10

I 0 5

7)

Compute A ' B and B -A wh e r e v e r

possible.

So l u t i on : A i s 3 × 2 , B i s 2×4.



B - A i s n o t possible s i n c e 4 1 = 3 .

Bu t A ' B i s possible.

A B =

[ i - D .(Y) a-118] [i-Df's] a-Df;]
c , ya,] [23%8] a 3£65]

[23
%0]

§-
D. (Y) co-D. [8] co-DEE] co-Df;]
= 3 - 2 I 3 t[I - 4 2 7 4 1

- I O - 5 - 7



I n Wo l f r a m A lpha :

c a n w r i t e

v

A . B" o r

" "

A * B



No-te: (noncommutativity) w e s a w i n

t h e previous examp l e t h a t

e v e n i f A B m a l e s s ense , B - A

m a y n o t , s o A - B F B - A .

B u t e v e n w h e n B . A makes

sense, i t could b e t h e c a s e

t h a t A . B #B -A ! s o

m a t r i x multiplication i s , i n

general, n o n commutative.



Example-5: I f A=[ 'ooo] and

B=[8 I ] , s h o w

A-B F B - A .

Solution: A - B =

[10118] [10%6](Coo)-
[8]

(oo)-
(b))

= L : : )



B -A =

[ o I I . {'o] Co D - (oo)(oo)
. (f]

Cool
-[8])

=L: %
+ (oo f ) = A - B r



Properties

L e t A , B , D , E , F, a n d
6 be m a t r i c e s w i t h

A m x n , B a n d D n x k , a n d E K i m .

L e t c b e a s c a l a r

1) (A'B)' E - A . (B-E)
associativity o f m a t r i x multiplication

2 ) (C-A). B = c - ( A B )

associativity o f s c a l a r multiplication

w i t h m a t r i x multiplication



3 ) A - ( B t D ) = A . B t A - D

(Bts)-E = B . E t D ' E

distr ibut iv i ty o f m a t r i x multiplication

a n d add i t i o n

T h e s e facts a r e yours t o u s e for the

remainder o f t h e c o u r s e .



Special m a t r i c e s

- Zero m a t r i x : t h e m e a n m a t r i x

w i t h a z e r o i n e v e r y e n t r y i s called

t h e zeroematrix, a n d denoted by

Om,n. I f A i s a n m a i n mat r i x ,

A t Om,n= On,ntA = A

I f B i s n x k a n d D i s l xm,
t h e n

0mm - B = 0mm

D . Om,n = Oe,n

I f m e n , w e usua l l y w r i t e

O n fo r 0mm -



- I d e n t i t y m a t r i x : t h e n m

m a t r i x I n w i t h

( I n ) i , ; ={
's i s j

O , i t j

f o r a l l l E I , j E n .

I f A i s n x k a n d B i s mxn ,

I n - A = A

B . I n = B

I n particular, i f A i s n x n ,

I n - A > A - I n > A



I , = l

I a : [ 'of]
I O O

Iz:[o i o] e t c .
O O I

Observe t h a t

@I n ) . A - c - ( I N A )

= c - (A )

5 0 t h i s m a t r i x multiplication

r e c o v e r s s c a l a r mult ipl ication

fo r a n y s c a l a r C .



- mat r i x U n i t s : t h e s e a r e t h e

^

m i n m a t r i c e s @i,'s)i,i=,
w h e r e

(ei,;),,e={l, h i , k j
0 , k t i o r e t j

I n t h e 2 × 2 c a s e :

e , , , : [ 'o 8] e,,=[81]

e,,,:[98] e m [89)



These a r e m a t r i c e s w i t h on ly

O n e n o n z e r o e n t r y ,
t h a t i s

equa l t o 1 .

Rules:

E , , , t e a , 2 teaspt
- - - t e n , , = I n

On, j f k

e i s ; - er,,e
={ Eise , j i k

for a l l I E i s j i k i d e n .



Additive I n v e r s e s

I f A i s a n m i n m a t r i x ,

t h e n - A i s t h e m e n m a t r i x

w i t h , f o r a l l l t i i s E n ,

¥ , j A j , ice ,

negate a l l t h e e n t r i e s o f A .

Y o u c a n s e e t h a t

A t f - A ) = On,n
,

s o

w e c a n sub t rac t matrices!



Q : w h a t a b o u t m u l t i p l i c a t i v e inverses?

A : T h e s e don't e x i s t i n general!

You w i l l n o t , i n general , b e

ab l e t o "divide" ma t r i c e s .


