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TOPIC10F 5

Understanding Systems of Linear

Equations

1Y - proer | o ok wralivd 1 b i o LT e
What 2 systemn is, whal a solution means, and the three possible cases

1.1 What Is a System of Linear Equations?

A systemn of linear equations is a set of two or more linear equations thal all use the same variables. In Grade 8
we work almost entirely with systems of two equations in two variables (usually x and y). The two equations
logether describe a relationship between those variables, and solving the system means finding every ordered
pair (x, y) that satislies bolh equations al the same lime.

For example, the system below shows two linear relationships. Each equation could describe a real-world
situation on its own — perhaps one represents the cost of Plan A and the other the cost of Plan B — but logether
they let us ask a much richer question: "For what value of x do both plans cost the same?"

A simple system

y = 2x + 1 (Equation 1)
¥ = -%x + 4 (Equation 2)

Both aquations involve the variables x and y. Solving the system means finding every (x, v} pair that makes BOTH equations
true at the same time.

Systems can also be wrilten in standard form as Ax + By = C. The same syslem can appear in many equivalent
lorms, and one of the first skills we develop is recognizing when two egquations are equivalent and choasing which
form is most useful for a given problem.

KEY VOCABULARY

System of equations: two or more equations with the same variables.

Solution of a system: an ordered pair (x, y) that makes every equation in the system true.
Linear system: a system in which every equation is linear (no x5, no xy, no fractions with x in the
denominatar).

1.2 What Does a Solution Mean?

A solution 1o a system is an ordered pair (x, y) that makes every equation in the system true when substituted
back in. If even one equation fails, the pair is not a solution. This "must work for both® requirement is what makes
systems different from single equalions — and il is the reason we always check our answer in both original

equations.

m Verifying a solution

Is {2, 5) a solution of: y=2x+ 1 and v = -x + 77
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VISUAL GIHDED NOTES

Three-Method Comparison & Decision
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A side-by-side r

il | & -~ | 15 & -
you CcRopse INe fgiil memnod Ior

Feature Graphing Substitution Elimination

When to use

Step 1
Step 2
Step 3
Step 4

Step 5

Strengths

Limitations

Best for real-worlid

Detects no-solution?

Detects infinite
solutions?
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When you want a viswal; for
quick estimates; to verify an
algebraic answear

Rewrita both iny =mx + b
form

Graph bath lines on tha
samea axes

Find tha intersection point

Read the (x, y} coordinates

Check by substituting into
both originals

Visual, great for
understanding; catches
parallal’coincident casas
immediatealy

Imprecise for non-intagar
solutions:; requires accurate
graphing

Cost-comparison visuals
{braak-even graphs)

Yeos — lines are parallel

Yes — [ines coincide

When one variabie is easy
lo isolate (coaff. 1 or -1);
when ona equation is
already solwed for a variable

lzolate one variable in ona
equation

Substitute expression inlo
the OTHER equation

Solve the resulting
one-variable equation

Back-substitute to find the
other variable

Write solution as (x, y);
chaeck in both originals

Clean for "y = ..." syslems;
handies fractions well;
natural for real-world setups

Can create massy fractions
if mo variable is easy to
isoiate

When one quantity is
naturally exprassad in terms
of another

Yeas — produces a falsa
stalament {e.0..5=T7)

Yes — produces a true
statement (e.g.. 4=4)

‘When both equations ara in
standard form; whan
coefficiants are close o
matching; to avoid fractions

‘Write both in standard form
Ax+By=0

Multiply cne/bath equations
to match a coefficient pair

Add or subiract to eliminate
one variable

Solve the resulting
ione-variable eguation

Back-suhstitute; chack in
both originals

Fast for standard-form
systems; avoids fractions
entiraly whean coefficients
cooperaie

Multiplication step can
introduce arithmetic arrors;
choosa the right variable to
eliminate

Mixture problems; coin
problams; ticket-revenue
problems

Yias — produces 0=
nof-zero (e.g., 0 =5)

Yes — produces 0 =0
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STUDENT PRACTICE

Topic 5 — Real-World Applications:

20-Problem Activity

For each problem: (1) define your variables, (2) wrile a system of two linear equations, (3) choose the most
efficient method, (4) solve, and (5) interpret your answer in the context of the problem with units.

1. Rale 2. Rale

Car A leaves a rest stop traveling east at 50 mph. Two Two trains are 400 miles apart on parallel tracks, traveling
hours later, Car B leaves tha same rest stop traveling east  toward each other. Train A travels at 60 mph and Train B
on the same highway at 70 mph. How long does it take travels at 40 mph. If they start at the same time, how long
Car B to catch up to Gar A, and how far from the rest stop until they meet, and how far from Train A's starting point
does the catch-up happen? do they meat?

Define varfables: Define variables:

Write the system: Write the system:

Soive: Solve:

Interprat in context: Interprat in contaxt:
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Solutions: 30 Graphing Problems
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V=2 +1; y=-x +4
Set eguations equal: 2x +
Add x to both sides: 3x + 1 = 4
Subtract 1: 3x = 3
Divide by 3: x = 1
Back-substitute: y = 2(1)
Solution: {1, 3)

Chack eql: 3 = 2{1} + 1 =
Check ag2: 3 = (1} + 4 =

Solution: (1, 3)
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¥y =3x - 5; y=x + 1
Set eguations equal: 3x - 5= %X + 1
Swbtract x: 2x - 5= 1
Add 5: 29 = 6
Divide by 2: x = 3
Back-substitute: vy = (3) + 1 = 4
Solution: (3, 4)
Check eql: 4 = 3(3) - 5 =4 »
Check eq2: 4 = 3 + 1 =4 »

Solution: (3, 4)

Yy =X+ 3; y=-3x+17

Set equations equal: X + 3 = -3x + 7
Add 3x: 4x + 3 =7

Subtract 3: dx = 4

Divide by 4: x = 1

Back-substitute: y = (1) + 3 = 4
Solution: (1, 4)

Check egql: 4 = 1 + 3 = 4 »

Check eq2: 4 = -3(1) + 7 = 4 ~

Solution: (1, 4)

Yy ==-2%x +B;, y=x + 2
Set equations equal: -2x + B = X + 2
Add 2x: B = 3x + 2
Subtract 2: 6 = 3x
Divide by 3: x = 2

Back-substitute: vy = (2) + 2 = 4
Solution: {2, 4)
Check eql: 4 = -2{(2) + 8 = 4 ~

Check eq2: 4 = 2 + 2 = 4 ~
Solution: (2, 4)
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¥y =X « 2: y= =

2n + 7

Set equations equal: x - 2 = -3x + 7
Add 2x: 3x - 2. =7

Add 2: 3x = 9

Divide by 3: x = 3
Back-substitute: y = (3} - 2 = 1

Solution: (3, 1)

Check egl: 1 =3 - 2 = 1 »

Check sg2: 1 =
Solution: (3, 1)

-23) + T =1

¥y==X+68 y=2x -3
Set equations equal: -x + 6 = 2x - 3
Add %: 6 = 3x = 3

Add 3: 9 = 3x

Divide by 3: x = 3
Back-substitote: y = 2(3) - 3 = 3

Solution: {3, 3)
Check egl: 3 =

3+ b=3~

Check eg2: 3 = 2(3) - 3 = 3 «

Solution: (3, 3)

y=2x - 4; y =

=%+ 5

Set equations equal: 2x - 4 = -x + 5
Add x: 3x - 4 = 5

Add 4: 3x = 9§

Divide by 3: x = 3
Back-substitute: y = 2(3) - 4 = 2

Solution: {3, 2)

Check sgl: 2 = 2(3) - 4 = 2 ~
Check eg2: 2 = -3 + 5 = 2 »

Solution: (3, 2)

y=4x - 1; y =

¥+ B

S5et squations equal: 4x - 1 = x + B

Subtract x: 3x -

Add 1: 3x = 9

l1=8

Divide by 3: x = 3
Back-substitute: v = 4(3}) - 1 = 11

Solution: {3, 11)

Check esgl: 11 = 4{(3) - 1 = 11 ~
Check og2: 11 = 3 + B = 11 »

Solution: (3, 11)
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FULL RESOURCE AT A GLANCE

Systems of Linear Equations

Grade 8 Complete Unit

A structured unit for understanding, solving, practicing, and applying systems of two
linear equations.

CCSS ALIGNMENT 8.EE.C.8a - 8.EE.C.8b - 8.EE.C.8c

79 185 S 3

PAGES PROBLEMS TOPICS ASSESSMENTS

WHAT THE FULL RESOURCE CONTAINS

e TOPIC 1 - UNDERSTANDING SYSTEMS e TOPIC 5 - REAL-WORLD - 20 PROBLEMS
Guided notes covering what a system is, what a solution means, the A 20-problem application activity built around rate, mixture,
three cases (one/nof/infinite), slope and y-intercept classification, plus break-even, age, and geometry contexts, with variables, systems,
a STEM connection. solutions, and contextual interpretations.
° TOPIC 2 - GRAPHING - 30 PROBLEMS e CUMULATIVE REVIEW - 25 PROBLEMS
Five-step graphing method, worked examples, and a 30-problem Mixed review across the five topics: concept classification, graphing,
student set with coordinate grids; includes one-solution, no-solution, substitution, elimination, and real-world systems.

and infinitely-many-solution cases.

o TOPIC 3 - SUBSTITUTION - 35 PROBLEMS ° ASSESSMENTS - 3 TOTAL
Method notes, worked examples, and a scaffolded 35-problem drill Quiz 1 covers Topics 1-3; Quiz 2 covers Topics 4-5; the
progressing through isolated variables, isolate-first work, fractional Comprehensive Unit Test contains 20 questions.

cases, and special cases.

° TOPIC 4 - ELIMINATION - 35 PROBLEMS e TEACHER SUPPORT & ANSWER KEY
Method notes, worked examples, and a 35-problem drill covering Includes a suggested 2-week pacing guide, CCSS alignment, “l Can”
add/subtract, multiply-one-equation, multiply-both, and special cases. statements, a three-method comparison and decision guide, and a

complete teacher answer key with worked solutions.
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