
Math 3100

Section 1.3: Vector Equations

We defined

I vectors in Rn,
I the operations of scalar multiplication and vector addition in Rn,
I vector equivalence,
I a linear combination of vectors, and
I Span.
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We introduced notation:

Letting a1 =


a11
a21

...
am1

, a2 =


a12
a22

...
am2

 , . . . ,an =


a1n
a2n

...
amn

 be n vectors

in Rm, we can write an m × n matrix having these vectors as columns

[a1 a2 · · · an] =


a11 a12 · · · a1n
a21 a22 · · · a2n

...
...

. . .
...

am1 am2 · · · amn

 .
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Span: Three Equivalent Things

1. If b is in Span{v1, . . . ,vp}, then b = c1v1 + · · ·+ cpvp.

2. From the previous result, we know this is equivalent to saying that
the vector equation

x1v1 + · · ·+ xpvp = b

has a solution.

3. This is in turn the same thing as saying the linear system with
augmented matrix [v1 · · · vp b] is consistent.
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Examples

Let a1 =

 1
1
2

, and a2 =

 −1
4
−2

.

(a) Determine if b =

 4
2
1

 is in Span{a1,a2}.

We found that b is not in Span{a1,a2}. We did this by setting up the
matrix and obtaining an rref:

[a1 a2 b] (rref) −→

 1 0 0
0 1 0
0 0 1


The last column is a pivot column. The system is inconsistent.
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(b) Determine if b =

 5
−5
10

 is in Span{a1,a2}.
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Another Example

Give a geometric description of the subset of R2 given by

Span
{[

1
0

]}
.
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Span{u} in R3

If u is any nonzero vector in R3, then Span{u} is a line through the
origin parallel to u.
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Span{u,v} in R3

If u and v are nonzero, and nonparallel vectors in R3, then Span{u,v}
is a plane containing the origin parallel to both vectors.

Figure: The red and blue vectors are u and v. The plane is the collection of all
possible linear combinations. (A purple representative is shown.)
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Example

Let u = (1,1) and v = (0,2) in R2. Show that for every pair of real
numbers a and b, that (a,b) is in Span{u,v}.
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