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INTRODUCTION TO SOLVING 3X3
SYSTEMS OF LINEAR EQUATIONS
IN ALGEBRA 2

In Algebra 2, few topics strike a balance
between challenge and reward quite like
solving systems of three linear equations
with three unknowns. Mastering this skill
is not just a stepping stone to higher
mathematics — it is a key that unlocks a

deeper understanding of algebraic
structures, real-world modeling, and
critical thinking. Whether you are
preparing for an exam, tackling a
homework assignment, or simply curious
about how multiple equations interact,
knowing how to solve a 3x3 system of
linear equations is essential. This article
will guide you through the most effective
methods, common pitfalls, and the
conceptual framework that makes this
topic a cornerstone of Algebra 2.
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When we talk about a “3x3 system” we
mean three linear equations, each
containing three variables (typically x, y,
and z). The goal is to find one unique
ordered triple that satisfies all three
equations simultaneously. In many
Algebra 2 curricula, this is the first time
students encounter a system that cannot
be solved by simple inspection or
graphing. Instead, the problem requires
a systematic, methodical approach. The
Algebra 2 key to success lies in
understanding the structure of these
systems and choosing the right strategy
for each situation.

WHAT IS A 3X3 SYSTEM OF
LINEAR EQUATIONS?

A 3x3 system of linear equations is a set
of three equations, each of the form:

awx+ by +ciz=a1
ax + b2y + 2z = d>
asxX + bsy + cszz=ds

The coefficients a, b, ¢ and constants d
are real numbers, and we assume all
three variables have the same meaning
across equations. Graphically, each
equation represents a plane in three-
dimensional space. The solution of the
system is the point (or points) where all
three planes intersect.

In Algebra 2, you learn that 3x3 systems
can have:

e One unique solution - the three
planes meet at a single point.

e Infinitely many solutions - the
planes intersect along a line or
even coincide completely.

* No solution - the planes are
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parallel or intersect in such a way
that no common point exists.

Identifying which case applies is a
critical part of the process. The Algebra
2 key to solving 3x3 systems is not just
performing operations, but also
interpreting results to determine
whether the system is consistent and
independent, consistent and dependent,
or inconsistent.

METHODS FOR SOLVING 3X3
SYSTEMS OF LINEAR EQUATIONS

There are several reliable methods to
solve a 3x3 system. Most Algebra 2
textbooks emphasize at least two
algebraic approaches and one matrix-
based method. Each has its own
strengths, and knowing when to use

which is a valuable skill.

The Elimination
(Addition)
Method

Elimination is the most commonly taught
method for solving 3x3 systems in
Algebra 2. It involves combining
equations to eliminate one variable at a
time, reducing the system to two
equations with two variables, and then
solving that smaller system. The steps
are:

1. Choose two equations and
eliminate one variable by adding
or subtracting multiples of those



equations.

2. Repeat step 1 with a different pair
of equations, aiming to eliminate
the same variable.

3. You now have two equations in
two variables. Solve this 2x2
system using elimination or
substitution.

4. Substitute the two found values
back into one of the original
equations to find the third
variable.

5. Check your solution in all three
original equations.

Example: Solve the system:

2x+y-z=1
X-3y+2z=-7
3x+2y+z=4

Step 1: Eliminate z. Add the first and

third equations: (2x +y - z) + (3x + 2y
+2) =144 - 5x + 3y = 5. (Equation A)

Step 2: Use the second and third
equations to also eliminate z. Multiply
the third equation by -2?7 Better: Multiply
the third equation by -2 and add to the
second? Actually, we want to eliminate z
again. The third equation has +z, the
second has +2z. Multiply the third by -2:
-6x -4y -2z = -8. Add to second: (x - 3y
+ 22) + (-6x -4y -2z) = -7 + (-8) -» -5x
-7y = -15. Multiply by -1: 5x + 7y = 15.
(Equation B)

Step 3: Solve the 2x2 system: 5x + 3y
=5 and 5x + 7y = 15. Subtract Equation
A from Equation B: (5x+7y) - (5x+3y) =
15-5-4y =10 -» y = 2.5. Substitute
into Equation A: 5x + 3(2.5) =5 - 5x +
75=5-5x=-25-x=-0.5.

q Solving 3x3 Systems Of Linear Equations Algebra 2 Key

2024-01-17



Solving 3x3 Systems Of Linear Equations Algebra 2 Key 5

Step 4: Substitute x and y into the first
original equation: 2(-0.5) + 2.5-z=1-
-1+25-z=1-15-z=1--z=
-0.5-2z=0.5.

Step 5: Check in all three equations.
The solution is (-0.5, 2.5, 0.5).

Elimination is systematic and works well
for most systems. The Algebra 2 key to
mastery is careful arithmetic and
keeping track of which variable you are
eliminating.

The Substitution
Method

Substitution is less common for 3x3
systems than elimination, but it can be
efficient when one variable is already

isolated or when the coefficients are
small. In general, you solve one equation
for one variable and then substitute that
expression into the other two equations.
This reduces the system to a 2x2
system. Proceed similarly to elimination
after that.

While substitution often leads to messy
fractions, it is a conceptually important
method because it reinforces the idea of
“replacing” a variable with an equivalent
expression. In some Algebra 2 courses,
substitution is the preferred method for
systems that are easily rearranged, such
as those involving decimals or simple
integers.

For most 3x3 systems encountered in
Algebra 2, elimination is more
straightforward. However, being
comfortable with both approaches



expands your problem-solving toolkit.

Matrix Methods:
Gaussian
Elimination and
Row Echelon
Form

In Algebra 2, students are often
introduced to matrices as a powerful
way to solve linear systems. The method
of Gaussian elimination (or row
reduction) uses an augmented matrix to
represent the coefficients and constants.
The goal is to transform the matrix into

row echelon form (or reduced row
echelon form) using elementary row
operations:

e Swap two rows.

e Multiply a row by a nonzero
constant.

e Add a multiple of one row to
another row.

Once the matrix is in triangular form (the
leftmost nonzero entry in each row is 1,
and each such leading 1 is to the right of
the one above), you can use back-
substitution to find the solution.

Example using same system: The
augmented matrix is:

[21-1]1]
[1-32]-7]
[321]4]
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We perform row operations. For
instance, swap row 1 and row 2 to get a
1 in the top-left corner, then eliminate
the entries below. The process mirrors
the elimination method but is more
compact. Many Algebra 2 students find
matrices less error-prone because the
operations are more visual.

Mastering Gaussian elimination is an
Algebra 2 key to solving larger systems
and is foundational for later courses like
linear algebra.

Cramer’s Rule

(Using
Determinants)

Cramer’s Rule offers a direct, formula-
based solution for 3x3 systems, provided
the system has a unique solution (the
determinant of the coefficient matrix is
nonzero). You compute the determinant
of the coefficient matrix (D) and then the
determinants of matrices where each
column is replaced by the constant
column (Dx, Dy, Dz2). The solution is x =
Dx/D,y=Dy|D,z=



