Lesson 4-3

Example 1 Dimensions of Matrix Products
Determine whether each matrix product is defined. If so, state the dimensions of the product.
a. Asxzand B;x;

A O B

3x2  3x2
The inner dimensions are not equal, so the matrix product is not defined.

b. A1x5 and Ble

A O B
1x5 5x%x1

The inner dimensions are equal so the matrix product is defined. The dimensions of the product are
1x1.

Example 2 Multiply Square Matrices

31 2 o[ F2 3 10
FindEFifE=Lh 3 —2dandF=0Lb -1 10
%1 -3 2% %5 0 —3%

31 2 o0 32 3 10
EF=U 3 o0pgby - 10

%1 3 2% %Ls 0 —3%
Step1l Multiply the first row in E and the first column in F.

(41 2 oQd 2 3 10 [GI-=2)+2(0)+0(-5)

0
0 3 o0pb 1 10=10 O
41 3 2H HBs o H H -

Step 2 Simplify the entry from Step 1. Then, multiply the first row in E and the second column in F.
3 2 o0 2 3 10 [ -I13)+2(-1)+0(0) O

0y 3 20pty 4 (B=0 O
41 3 20 Hs o - H H =

Step 3 Simplify the entry from Step 2. Then, multiply the first row in E and the third column in F.

41 2 o0 2 3 10 p -5 ~1(1) +2(1) +0(-3)0
O3 2Hpgth 1 1B= g O

[ g O U 0 B
1 3 200 [ 0 -3 ] ]



Step 4 Simplify the entry from Step 3. Then, multiply the second row in E and the first column in F.

g1 2 o0 @2 3 10 O 2 -5 10
O 3 20pb -1 10= Qeoy+30) +(2)-9) L
O O 0O N O
Ol 3 20 35 0 30 [ 1l

Step 5 Simplify the entry from Step 4. Then, multiply the second row in E and the second column in F.

01 2 o0 32 3 10 2 5 10
O 3 0ot 1 1 S = B 13)+3)+(2)0) U
ol 3 20 3 0 -3O % %

Step 6 Simplify the entry from Step 5. Then, multiply the second row in E and the third column in F.

31 2 o0 O2 3 10 2 -5 1 0
0 3 20pdy 1 10=08 o 10)+30)+2)3)2
U 0 O I [
Gl -3 20 35 0 -30 [ U

Step 7 Simplify the entry from Step 6. Then, multiply the third row in E and the first column in F.

1 2 o0 32 3 10 0O 2 5 10
Ly 3 20pghh -1 1d=0 8 0 104
U 0 O [ % [l
l 3 200 [F5 0 -3 —1)(=2) +(=3)(0) +2(-5) 0

Step 8 Simplify the entry from Step 7. Then, multiply the third row in E and the second column in F.

o1 2 o0 02 3 10 [@ -5 10
Oy 3 0pghh 1 10= 0K 0 102
%1 3 2% %5 0 4% %g “1(3) + (-3)(—1) +2(0) %

Step 9  Simplify the entry from Step 8. Then, multiply the third row in E and the third column in F.

&1 2 o0 @2 3 10 [ -5 1 U

0y 3 0pdy -1 10=0g o 10 O
[l g g 0 0O U
Ol 3 20 05 0 30 58 0 —1()+(3)1) +2(3)

Step 10 Simplify the entry from Step 9.

01 2 oOd O2 3 10 [ -5 10
Oy 3 0pdy 1 10=0g o 100

Ol 3 20 @5 O —3% %8 0 -10]

( -5 10
So,EF=Lg8 o 10%

8 0 -10



Example 3 Multiply Matrices with Different Dimensions

OLYMPICS The table shows the number of each type of medal won by the top five countries in the
2000 Summer Olympics. A gold medal is worth 3 points, a silver is worth 2 points, and a bronze is
worth 1 point. Find the total number of points scored by each country.

Country | Gold | Silver | Bronze
United States 40 24 33
Russia 32 28 28
China 28 16 15
Australia 16 25 17
Germany 13 17 26

Source: 2001 ESPN Sports Almanac

Explore  The total number of points scored by each country can be found by multiplying the number of
medals of each type by the points awarded for each type of medal.

Plan Write the number of medals and the points for each type in matrix form. Set up the matrices
so that the number of rows in the Points matrix equals the number of columns in the Medals
matrix.

Medals Points
(40 24 33(]
4o 28 24 B30
M=%8 16 155 P=Eig
06 25 170 HD
H3 17 26
Solve Multiply the matrices.
[40 24 33[]
o 28 280 30
MP = %8 16 15D mEl Write an equation.
a6 25 177 HE
H3 17 263
[30(3) +24(2) +33(1)0J
H2(3)+28(2) +28()
= 28(3)+16(2) +15(1)E Multiply columns by rows.
[6(3) +25(2) +17(H[J
H3(3)+17(2) +26()H
(2017
Hgold
= aslg Simplify.
150

ol



The labels for the product matrix are show below.

Total Points

United States [2017]
Russia Hgoll
China

Australia 31h
Germany 130

EhoH

Examine Mis a5 x 3 matrix and P is a 3 X 1 matrix, so their product should be a 5 x 1 matrix.



Example 4 Commutative Property

Find each product is A = E ZE and B = E)l %

a. AB
AB = % ig épl ig Write an equation.
_ UO+E)E) 12) +(2) (MU Multioly columns by row
%‘(0)4'(—3)(—1) 4(2)+(_3)(7)H ultiply columns by rows.
B _ig Simplify.
b. BA
BA = 0 2L Write an equation.
Elrl 7@ 5 38
_Dm+2(4) 0(-2)+2(-3)0 Multiply columns by rows.
B +7¢4) 12 +7-38
_ -6 Simplify.
H7 -19H

Notice that AB # BA in Example 4 since B lig 7 1695

Example 5 Distributive Property

o 30 01 41 31 -3d
Use D = E= and F =

He 8" Bs H° B 4
a.ED + FD

ED + ED = (+1 4] DO 3D 41 -3 DO 3]
As BB, A" B 4+B"B2 A
_ D10+4(2) A1) +4@0 , IO+ -13)+(3)0
~ Hs0)+2(-2) —5(3)+2(4)E H 200)+4(-2) 23) +4(4) H
08 130, 06 -150 02 -2

" Ha 775 Hs 2B Bi2 156

b. (E + F)D
(E+F)D - O+l 40 Dl -5 DO SD
%‘5 2H H2 4Hm H2 4
42 10 DO 30

" H3 Erz 4



CR2000+12)  —2(3) +1(4)0
T Hio+6-2) 303) +6(4H

_ b2 20

- Hi2 15H



