I 2.1 MATRIX OPERATIONS
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FIGURE 1 Matrix notation
The diagonal entriesin an mxn matrix A= [a; j| are a1, a, ags, ..and they form the main diagonal of A.
A diagonal matrix isasquare matrix whose nondiagonal entries are zero.

An mxn matrix of zerosisazero matrix and iswritten as 0.

Sumsand Scalar Multiples
Matrix addition and scalar multiplication works like you would expect it to. Add termsin the same position. Multiply the scalar by al termsin

the matrix.
305 112y (417
(—1 3 4)+(6 5 7)‘(5 8 11)
4 05 2 -3
(_1 3 2)+(0 1 ):DOESNOTEXIST
a(112)_(3 36
(6 5 7)_(18 15 21)
THEOREM 1
Let A, B, and C be matricesof the samesize, and let r and s be scalars.
aA+B = B+ A
b.(A+B)+C = A+ B+ O
CA+0 = A
dr(A+B) = TA + 1B
e(r+9A = 1A+ 8A
f.r(sA) = (9A

Matrix Multiplication does not work quite how you might expect it to!
GOAL:

Multiplication Multiplication
by B by A
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FIGURE 2: Multiplication by B and then A
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Multiplication Multiplication
by B by A
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Multiplication
by AB

FIGURE 3: Multiplication by A B

DEFINITION:  AB = [Aby Aby--- Aby]

Multiplication of matrices corresponds to composition of linear transformations.

4 2
2 5 =2
Compute A B, whereA:( )andB: 5 2|
-1 -5 1 12

SOLUTION WriteB =[b; by ], and compute:

4

2 5 -2 2 5 -2
Abl:(—1—5 1)? Abz:(—l—s 1)

_ (_3218) _

31
Then AB=[Aby Ab, ]=(

—-28

Each column of AB isalinear combination of the columnsof A using weights from the corresponding column of B.

The number of columns of A must equal the number of rowsin B in order for AB to exist.

Row - Column Rulefor Computing AB
(AB)ij=ai1hbyj + aabyj+ - +anbny= 3 ay by

Row View :

row; (AB) = row; (A)-B
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EX5

row of AB Ol OZ OS @4 O5L
coumnofAaB ()1 ()2 @3 A B

3 5 -1 2
2 o1
-2 1 -4 o
0 3 0 -4
EESEEE |
2 006
-2 1 0 0
6 -11| 22
-18 -6 -6
AB=| _8 -6|-18
L =8 4
-4 -2| 0

(D + @2 + (@3 + (E(e)

-4 + -6 + -6 + 24

1 -4 4 -2 -1 -5-5-5
Number of rows for A | 4 E N 2 1 -5 2 o 33 2 _5
h 3 -2 -3 -3 h 4 5 0 -5
1 0 -5 -2 -1 0 -3 0
Number of columns forA | 4 V 29 3 9 -5 -11 19 61 17
-17 -18 6 40 -20 13 4 28
AB=1 6 _36 -2 10| B | —11 —21 16 12
new matrices -19 -30 1 20 -10 10 5 11
THEOREM 2
Let A bean mxn matrix, and let B and C have sizes for which the indicated sums and products are defined.
a A(BC) = (AB)C (associative law of multiplication)
b. AB + C) = AB + AC (left distributivelaw)
c. B+CA=BA+CA (right distributive law)
d. r(AB) = rAB = ArB) for any scalar r
elmA=A=Al, (identity for matrix multiplication)

f. AB +# BA MOST of thetime.
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Powers of a Matrix
AK = AA--- A
Ny

k times

Note: A% =1

The Transpose of a Matrix

Let A beamatrix. The transpose, denote AT, isformed by writing the rows of A down the columns of AT

(=5 2 )
A=| 1 -3
.0 4 )

-5 1 0

T _
A= 2 -3 4

THEOREM 3

Let A and B denote matrices whose sizes are appropriate for the following sums and products.
a ((A7)") = A

b. (A+ BT = AT + BT

c.Forany scalarr, (r AT = r (AT)

d.(AB)" = BT AT



