
Vector Equations

• A vector means an ordered list of numbers. (More details about the 
term vector will be discussed in Chapter 4).

• A matrix with only one column is called a column vector or simply a 
vector

Examples of vectors with 

two entries

The set of all vectors with two entries is ℝ2 

ℝ: real numbers          2: two entries
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Vector Equations

Vector entries are ordered: 

Given two vectors v and u in ℝ2 :

Addition: v + u = 

Scaler multiple by real number c (scalar) : the vector cu

are NOT equal
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Example
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Geometric Descriptions of ℝ2

• Consider a rectangular coordinate system in the plane. 

geometric point               ➔ column vector 
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Geometric Descriptions of ℝ2
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Example 
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Example 

the length of the arrow for cu is | c | * the length of the arrow for u

The length of the arrow for u with entries is calculated as                        , 

which 

is the length of the line segment between the points           and    7



Vectors in ℝ3

• 3×1 colomn matrices with three entries

• Represnted geomtrocally in the three-dimensional coordinate space
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Vectors in ℝn

• n ×1 colomn matrices with n entries

• ℝn is the collection of all ordered n-tuples
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The vector whose entries are all 

zero is called the zero vector and 

is denoted by 0
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Linear Combinations

Any real 

number 

including zero
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Solution:
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Linear Combinations 
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Example

Determine whether b can be generated as a linear combination of a1 and a2 •

If b is a linear combination of a1 and a2 , then 

➔ augmented matrix  

Solution:

R2=R2+2R1

R3=R3+5R1
R2=1/9 R2 R3=R3 – 16R2

R1=R1 – 2R2

Solution:

Since the system has a solution, 

then b can be generated as a linear 

combination of a1 and a2 , and the 

combination is:

3a1 + 2a2 = b
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The following questions are equivalent:

• Is vector b in Span {v1 , … , vp}?

• Is there a solution for the equation

• Is there a solution for the augmented matrix

• And some other questions explained next ……..   
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A Geometric Description of Span{v} and Span{u, v}

Then Span{v} is the set of all vectors 

that can be written as  c v (i.e., the line 

passing through v and 0) 

Then Span{u, v} is the set of all 

vectors that can be written as  c1u + c2v 

(i.e., the plane containing u, v, and 0) 

all scalar 

multiples of v
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This is also another question that 

is equivalent to the following 

questions:
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Linear Combinations in Applications
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Linear Combinations in Applications
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The Matrix Equation Ax=b
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Matrix 

multiplication



Now, you know different ways to express a linear system

system of linear equations

Vector equation

matrix equation

system of linear equations

e.g., 

e.g., 

e.g., 





Coefficient Matrix

Augmented Matrix

Not all the rows of the coefficient matrix have 

pivots (in this case the last row has no pivot in 

it). Therefore, there is a possibility to see the 

following row (false condition) in augmented 

matrix:

[ 0    0    0    m]   where m is nonzero 

Which implies that the system is inconsistent.

In contrast, if we have a pivot in ALL rows of 

the coefficient matrix , then the system is 

consistent because it is impossible to see the 

false condition row in the augmented matrix. 
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