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Lecture 1a

Systems of linear equations

Upcoming stu↵:

• Take the welcome survey!

• Reading HW 1a

(due Tuesday at 11:55pm)
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The story of this class begins with the study of linear equations.

A linear equation

A linear equation in variables x1, x2, ..., xn is of the form

a1x1 + a2x2 + ...+ anxn = b

for some numbers a1, a2, ..., an, b. The a1, a2, ..., an are called the

coe�cients, and b is called the constant term.

Examples of linear equations

A linear equation in the variables x and y :

2x � 3y = 7

A linear equation in the variables x , y , and z :

x + .5y + ⇡z =

p
3

A linear equation in the variables a, b, and c :

a+ 3b � 6c = 1

Note: each variable in a linear equation occurs to the first power only.












































































Not a linear equation
of 13 b 1
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A solution of a linear equations

A solution to a linear equation

a1x1 + a2x2 + ...+ anxn = b

is a choice of values for the variables for which the equation holds.

Examples of solutions

Consider the linear equation 2x � 3y = 7.

The pair of values x = 5 and y = 2 is not a solution, because

2 · 5� 3 · 2 6= 7 X

The pair of values x = 5 and y = 1 is a solution, because

2 · 5� 3 · 1 = 7 X
The pair of values (x , y) = (3.5, 0) is also a solution:

2 · (3.5)� 3 · 0 = 7 X

A single linear equation typically has lots of solutions! The (x , y)
notation lets us describe multiple values at once.
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A solution of a linear equations

A solution to a linear equation

a1x1 + a2x2 + ...+ anxn = b

is a choice of values for the variables for which the equation holds.

More Examples of solutions

Consider the linear equation 2x � 3y + 5z = 7.

The triple of values x = 5, y = 1, z = 0 is a solution, because

2 · 5� 3 · 1 + 5 · 0 = 7 X
The triple of values (x , y) = (3.5, 5, 3) is also a solution:

2 · (3.5)� 3 · 5 + 5 · 3 = 7 X

A single linear equation typically has lots of solutions! The (x , y , z)
notation lets us describe multiple values at once.
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Linear equations like to ‘travel in packs’.

A system of linear equations

A system of linear equations (sometimes called a linear system)

is a set of linear equations in the same variables.

Examples of systems of linear equations

A system of 2 linear equations in the two variables x and y :

2x � 3y = 7

x + y = 6

A system of 2 linear equations in the three variables a, b, and c :

a+ 3b � 6c = 1

3a� 2b + 1c = �3
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A solution of a system of linear equations

A sequence of numbers is called a solution to a system of linear

equations if it is a solution to every equation in the system.

Examples of solutions

Consider the linear system

2x � 3y = 7

x + y = 6

The pair of values x = 5 and y = 1 is a solution, because

2 · 5� 3 · 1 = 7 X
5 + 1 = 6 X

The pair of values (x , y) = (3.5, 0) is not a solution:

2 · (3.5)� 3 · 0 = 7 X
3.5 + 0 6= 6 X












































































is consistent



7/8

A system of linear equations need not have any solutions!

A linear system with no solutions

x + 2y = 1

2x + 4y = 1

If we pick values of x and y so that x + 2y = 1, then multiplying

both sides by 2 shows that

2x + 4y = 2

This cannot be true at the same time that 2x + 4y = 1!

A linear system with no solutions is called inconsistent.
A linear system with solutions is called consistent.












































































Supposethere is Cab so that
a 2b 1
29 4622inconsist

possible
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A system of linear equations can have many solutions!

Exercise 1: A linear system with infinitely-many solutions

Show that (x , y) = (1� 2s, s) is a solution of the following linear

system, for arbitrary values of s.

x + 2y = 1

2x + 4y = 2

A variable used to describe a bunch of solutions at once (like s
above) is called a parameter.

Upcoming stu↵:

• Take the welcome survey!

• Reading HW 1a

(due Tuesday at 11:55pm)














































































Exercise 1

Show that x y 1 25,5 for any s is a solution of the

X zy 1system 2 47 2

thFerify that 1 25 267 1

and 2 1 25 45 2 45 45 2 V

Answer
We verify that 1 25 2 s I

and 211 2s 4 s 2 45 45 2


