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A vector is a matrix with one column.

EXAMPLE

NOTE
Two vectors are equal precisely when they have the same number
of rows and all their corresponding entries are equal.
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DEFINITION

We define the sum and of two vectors by

uy Vi up+wvi

U 1% up + v
+ | =

Up Vn Up + v

and the product of a scalar and a vector by

uy auy

u (677)]
[0 =

Unp QlUp
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EXERCISE
Let & and V be given by

(1) ()

— —

Plot &, v, 2u and 7+ V.

PARALLELOGRAM RULE FOR VECTOR ADDITION

Suppose 7 and vV € R?. Then i + v corresponds to the fourth
vertex of the parallelgram whose opposite vertex is 0 and whose
other two vertices are  and V. |

Kevin James MTHSC 412 Section 1.3 — Vector Arithmetic



Let o= < g > and v = ( g > Display , —2/3d, v and
—2/3i+ vV on a graph.
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In general we will consider vectors in R”, that is, having n real

u
entries. o = . € R"
Un
0
- = O . .
The zero vector is 0 = ) having n entries, each equal to 0.
0
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PROPERTIES OF R”"

THEOREM

Suppose that u,v,w € R" and c,d € R. Then,
O i+V=vV+a.
O (T+V)+w=0d+(V+w)
©@i+0=0+a=a
©i+-i=—-id+d=0 (—id=(-1)7)
@ c(+V)=cu+cv
@ (c+d)i=co+dd
@ c(di) = (cd)d
Ol -u=0 )
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LINEAR COMBINATIONS

DEFINITION

Let p be a positive integer. Given vectors iy, i, . .. U, in R”, and
C1,C2,...Cp in R, the vector

0= C151+CQJQ+...CPLTP

is called a linear combination of the vectors i, . .. U, with weights
Cly-..Cp-

Kevin James MTHSC 412 Section 1.3 — Vector Arithmetic



EXAMPLE

1 1 2
2 — + 3( 1 + 2 3 | =
7 1 -8
1 1 2
is a linear combination of | —2 |, 1 and 3 | with
7 1 -8
weights 2,3, —2.

GEOMETRY

Let &= ( i ) and V = ( 1 ) Show all linear combinations of

-1

7 and V on a graph.

V.
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1 2 4
let 7 = | 2 =1 1 | and b= 1 Is b a linear

combination of &7 and i
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VECTOR EQUATIONS

FacT

A vector equation
X1V +xoVa + -+ + XV = b

has the same solution set as the system of equations whose
augmented matrix is

In particular, b is a linear combination of Vi, ...V if and only if
the system of linear equations is consistent.
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DEFINITION

Suppose Vi, Vo, ...V, € R". We define

Span(vi, o, ..., V) ={avi+ ok +...cpVp 1 c1,0,...,¢ € R}
That is, Span(vy,. .., Vp) is the set of all linear combinations of
Vi,..., Vp.
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GEOMETRY

@ The span of 0 in R2 or R3 is the single point 0.
® The span of a single non-zero vector in R? or R3 is a line
through 0.

©® The span of two non-zero vectors in R3 is either a plane
through 0 or, if one vector is a scalar multiple of the other, a
line through 0.

EXERCISE

1 2 -9
letvi=| 1 |, b= 5 | and b=| —-30
2 -3 31

Span(vi, v») is a plane in R3 Is b in that plane?

v
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Read the application on p.31.
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