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Example

a=(1,1,1)
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Vector and matrix dimensions
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Multiplication with scalar
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Vector and matrix addition and subtraction
/al\ /bl\ /a1+b1\
a, |+| b,

a,+b,

4 ) \by) \a;+by,

AB+EF_A+E B+F
c D) \G H) \c+G D+H

It 1s easy to see the vector/matrix addition satisfies the same properties
as scalar addition:

Associativity A+B+C)=(A+B)+C

Commutativity A+B=B+A
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Zero vector and matrix
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Dot product

The dot product is the scalar product of 2 -vectors

=(a,,a,,...,a,)| .

(b )

1

b2

b,/

=a'b

For example, if

a =(1,-1,2)and 6’'=(1,-1,-1)

then

ab=11+-1.-1+2.-1=0
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Dot product

o If a'b=0, the vectors a and b are said to be orthogonal.
For example a=(1,0)", b=(0,1)T

e Note also that if a'c= b'c it is incorrect (in general) to
conclude that a=5.

For example consider a'=(4,1), b'=(2,3) and
d=(1,1).

e By the distributivity property, however, it is correct to
conclude that (g-b)"'c=0, and hence that the vector a-b is
orthogonal to ¢

e Only the zero vector is orthogonal to all vectors since
a'0is always zero.
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Matrix multiplication

The product Cof two matrices A and Bis a matrix defined as follows:

eThe (/j)-the element of Cis the scalar product of the ~th row of A
and the Fth column of B

eThis definition implies that the column dimension of 4 must be
equal to the row dimension of B

eThe row dimension of Cis the row dimension of
A and the column dimension of Cis the column dimension of B

eThus A(nxm) A mxk) = nxk)

/alT\ (alTbl alTbZ \
C=AB=|a, |b, b, ---)=|a, b, a, b,

\Z) \I . '.)
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Matrix multiplication
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Matrix multiplication

e Matrix multiplication satisfies the following properties
Associativity (AB)C = A(BC)
Distributivity over matrix addition A(B+C)=AB + AC

e However, matrix multiplication is not commutative in general
because of the non-interchangeable roles of rows and columns

e Even if the matrices are square (the only case in which the
dimensions of AB would match BA), in general AB#BA

e An additional property of matrix multiplication is that
(ABJ =B'A"
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Identity matrix (rxn)

1 0 --- 0 0)
0O 1 :

~
|l

1 0
0 0 - 0 1,

The role of the identity matrix is identical to that of the
scalar '1'.
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Identity matrix

For Ais mxn, I, satisfies Al,=A
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