S. Cooper MATH 1220

Chapter 1: Linear Equations in Linear Algebra

Section 1.3 — Vector Equations

Definitions: Fix a positive integer n.

1. A vector (in R") is an ordered n-tuple of real numbers

2. R"
0
0
3. 0= . is the
0
T n
T2 Y2 .
4. Let x = . and y . be in R™ and ¢ be a real number.
In Yn

e The sum of x and y is

e The scalar multiple of x by c is

Examples:

1. Consider x = [ 31 ] and y = [ :1)) } in R?. Then
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2. Consider x=| —1 [ andy = | 2 | in R3. Then
0 3

Properties of R": For all x,y,z in R" and all scalars ¢,d in R, we have:

l.x+y=

2. (x+y)+z=

3. x+0=
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Linear Combinations and Spanning Vectors

Goal: To connect vectors and linear systems of equations.

Definition: Given vectors vy,...,vp in R" and scalars cq,...,¢, in R, the vector y given by

y=cvi+cva+ -+ Cpvp

is called a
1 1 -5 3
Example: Let vi = | 1 | ,ve = 0 ,v3=| —1 | ,b= ] 1 [. Is b a linear combination
-1 -1 0

of vi,va,vg?
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Fact: b is a linear combination of as, ..., a, if and only if there is a
Definition: Let vq,...,vp be vectors in R”. The subset of R” spanned (or generated) by
Vi,...,Vp iS
Examples:
1.
1 2 1
2.Isb=| =4 | inSpanqu; = | 1 | ,ug=| 2 ?
-7 1 3
2 1 -3
0. -2 7
3. Isb= o | In Span{ uy = | u2= 4 ?
5 2 —6

4. Let v and w be non-zero vectors in R? where w is not a scalar multiple of v. Then:

e Span{v} is the line in R? through v and 0;

e Span{v,w} is the plane in R?® containing v, w, 0.
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