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0 ax ax an
0 0 a3 aun
0 0 0 au

A general 4 x 4 upper
triangular matrix
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ai; 0 0 0 |
an a»n 0 0
a; azxpp azz 0

| d4]1 442 443 d44 |
A general 4 x 4 lower
triangular matrix
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THEOREM 1.4.7 Properties of Matrix Arithmetic

Assuming that the sizes of the matrices are such that the indicated operations can be
performed, the following rules of matrix arithmetic are valid.

(@@ A+B=B+A [ Commutative law for matrix addition] 2 - 2‘[’ \
() A+ (B+ C) = (A+ B)+ C [Associative law for matrix addition] \ +

(¢) A(BC)=(AB)C [ Associative law for matrix multiplication] g
(d) A(B+C)=AB + AC [Left distributive law] Faﬁ ;kﬂ(?
() (B+C)A=BA+CA [Right distributive law]

(f) A(B—C)=AB - AC

(2) (B—C)A=BA—-CA

(h) a(B+C)=aB +aC

(i) a(B—C)=aB —aC

(j) (@+b)C =aC +bC

(k) (a—b)C =aC — bC

(/) aBC) = (ab)C

(m) a(BC)= (aB)C = B(aC)
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INITION 1 Let V be an arbitrary nonempty set of objects on which two operations
are defined: addition, and multiplication by numbers called scalars. By addition we
mean a rule for associating with each pair of objects u and v in V an object u + v,
called the sum of w and v; by scalar multiplication we mean a rule for associating with
each scalar k and each object uin V an object ku, called the scalar multiple of u by k.
If the following axioms are satisfied by all objects u, v, w in V and all scalars k and
m, then we call V' a vector space and we call the objects in V' vectors.

If u and v are objects in V, thenu+ visin V.
u+v=v-+u
u+ (v+w) =u+v)+w

There is an object 0 in V, called a zero vector for V, suchthat0 +u=u+0=u
foralluin V.

w -

=

L

For each u in V, there is an object —u in V, called a negative of u, such that
u+ (—u) = (—u) +u=20.

If k 1s any scalar and u is any object in V, then kuisin V.

k(u+v) = ku+ kv

(k + m)u = ku + mu

k(mu) = (km)(u)

. lu=nu
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