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METHODS IS AN ESSENTIAL SKILL IN ALGEBRA THAT HELPS IN UNDERSTANDING HOW DIFFERENT EQUATIONS RELATE TO EACH
OTHER. THESE TYPES OF SYSTEMS FREQUENTLY APPEAR IN MATHEMATICS, ENGINEERING, ECONOMICS, AND VARIOUS SCIENCES. IN
THIS ARTICLE, WE WILL EXPLORE HOW TO APPROACH SOLVING THE SYSTEM OF EQUATIONS:

3X-2Y =4
OX-6Y =12

USING LINEAR ALGEBRA TECHNIQUES, PARTICULARLY FOCUSING ON METHODS SUCH AS SUBSTITUTION, ELIMINATION, AND

GRAPHING. BY THE END OF THIS GUIDE, YOU'LL LEARN THE STEP-BY-STEP PROCESS TO DETERMINE WHETHER THE SYSTEM HAS A
UNIQUE SOLUTION, INFINITELY MANY SOLUTIONS, OR NO SOLUTION AT ALL.

UNDERSTANDING THE SYSTEM OF LINEAR EQUATIONS

BEFORE DIVING INTO SOLVING TECHNIQUES, IT’S IMPORTANT TO UNDERSTAND WHAT THESE EQUATIONS REPRESENT AND HOW
THEY RELATE.

WHAT ARE LINEAR EQUATIONS?

LINEAR EQUATIONS ARE ALGEBRAIC EXPRESSIONS WHERE THE HIGHEST POWER OF THE VARIABLE IS ONE. THEY GRAPH AS
STRAIGHT LINES ON THE COORDINATE PLANE. EACH LINEAR EQUATION CAN BE WRITTEN IN THE FORM:

AX +BY =C

WHERE A, B, AND C ARE CONSTANTS, AND X AND Y ARE VARIABLES.

WHAT Does A SYSTEM oF EQUATIONS MEAN?

A SYSTEM OF EQUATIONS IS A SET OF TWO OR MORE EQUATIONS WITH THE SAME VARIABLES. THE SOLUTIONS ARE THE
VALUES OF VARIABLES THAT SATISFY ALL EQUATIONS SIMULTANEOUSLY. IN OUR CASE:

3X-2Y =4
OX-6Y =12

ARE TWO EQUATIONS WITH VARIABLES X AND Y.

ANALYZING THE GIVEN EQUATIONS

LOOKING AT THE SPECIFIC EQUATIONS:

3X-2Y =4
OX-6Y =12

WE NOTICE THAT THE SECOND EQUATION APPEARS TO BE A MULTIPLE OF THE FIRST.



IDENTIFYING THE RELATIONSHIP BETWEEN THE EQUATIONS

OBSERVE THAT:
- MULTIPLY THE FIRST EQUATION BY 3:

(3)(3X - 2Y) =(3)(4)
WHICH SIMPLIFIES TO:

OX-6Y =12

THIS IS EXACTLY THE SECOND EQUATION. THEREFOREI BOTH EQUATIONS REPRESENT THE SAME LINE.

IMPLICATION OF COINCIDING EQUATIONS

W/HEN TWO EQUATIONS ARE MULTIPLES OF EACH OTHER, IT INDICATES THAT THE TWO LINES ARE COINCIDENT—THEY LIE ON THE
SAME LINE. THIS MEANS THE SYSTEM HAS INFINITELY MANY SOLUTIONS BECAUSE EVERY POINT ON THE LINE SATISFIES BOTH
EQUATIONS.

METHODS TO SOLVE THE SYSTEM OF EQUATIONS

THERE ARE SEVERAL METHODS TO SOLVE SYSTEMS OF LINEAR EQUATIONS. FOR THIS PARTICULAR SYSTEM, UNDERSTANDING THE
RELATIONSHIP BETWEEN THE EQUATIONS GUIDES US TOWARD THE MOST SUITABLE APPROACH.

1. SuBSTITUTION METHOD

THIS INVOLVES SOLVING ONE EQUATION FOR ONE VARIABLE AND SUBSTITUTING INTO THE OTHER. HO\X/EVER, SINCE THE
EQUATIONS ARE MULTIPLES, SUBSTITUTION CONFIRMS THE SAME LINE, LEADING TO INFINITE SOLUTIONS.

2. ELIMINATION METHOD

THIS METHOD INVOLVES ADDING OR SUBTRACTING EQUATIONS TO ELIMINATE A VARIABLE. AGAIN, BECAUSE THE EQUATIONS ARE
MULTIPLES, ELIMINATION CONFIRMS THE DEPENDENCE OF EQUATIONS.

3. GRAPHICAL METHOD

PLOTTING BOTH EQUATIONS WILL SHOW THEY ARE THE SAME LINE, ILLUSTRATING THE INFINITE SOLUTIONS GRAPHICALLY.

STeEP-BY-STEP SOLUTION PROCESS

LET'S PROCEED WITH THE SOLUTION PROCESS CONSIDERING THE EQUATIONS AND THEIR RELATIONSHIP.

STeP 1: RECOGNIZE THE EQUATIONS ARE DEPENDENT

AS SHOWN EARLIER:
X -6Y =121s)usT 3 TIMES 3X - 2Y = 4,

SINCE BOTH EQUATIONS REPRESENT THE SAME LINE, THE SYSTEM DOES NOT HAVE A UNIQUE SOLUTION BUT INFINITELY MANY



SOLUTIONS.

STeP 2: EXPRESS THE EQUATION IN SLOPE-INTERCEPT FORM

TRANSFORM ONE OF THE EQUATIONS TO THE SLOPE-INTERCEPT FORM (Y = MX + B):
STARTING WITH 3X - 2Y =4,

- SUBTRACT 3X FROM BOTH SIDES:

-2Y =-3X+4

- DIVIDE BOTH SIDES BY -2:

Y =(3/2)X-2

THiS EQUATION DESCRIBES THE LINE WHERE ALL SOLUTIONS LIE.

STEP 3: DESCRIBE THE SOLUTION SET

SINCE THE EQUATIONS ARE DEPENDENT, THE SOLUTION SET CONSISTS OF ALL POINTS (X, Y) THAT SATISFY:
Y =(3/2)X -2

WHERE X IS ANY REAL NUMBER, AND Y IS CALCULATED ACCORDINGLY.

CONCLUSION: INFINITE SOLUTIONS AND THEIR REPRESENTATION

GIVEN THE ANALYSIS, THE SYSTEM OF EQUATIONS!

3X-2Y =4
OX-6Y =12

HAS INFINITELY MANY SOLUTIONS BECAUSE BOTH EQUATIONS DESCRIBE THE SAME LINE. ANY PAIR (X, Y) wHere Y = (3/2)X -
2 WILL SATISFY BOTH EQUATIONS.

SuMMARY: How To SoLVE SUCH SYSTEMS EFFECTIVELY

- IDENTIFY IF THE EQUATIONS ARE DEPENDENT OR INDEPENDENT BY COMPARING THEIR COEFFICIENTS.
- TRANSFORM EQUATIONS INTO SLOPE-INTERCEPT FORM TO VISUALIZE THE LINES.

- RECOGNIZE THAT DEPENDENT EQUATIONS MEAN INFINITE SOLUTIONS.

- USE SUBSTITUTION OR ELIMINATION METHODS TO VERIFY RELATIONSHIPS IF NEEDED.

PRACTICAL APPLICATIONS OF SOLVING LINEAR SYSTEMS

(UNDERSTANDING HOW TO SOLVE SYSTEMS LIKE THIS IS CRUCIAL IN VARIOUS FIELDS:

® ENGINEERING: DESIGNING SYSTEMS WITH MULTIPLE CONSTRAINTS

e ECONOMICS: ANALYZING SUPPLY AND DEMAND EQUATIONS



o COMPUTER SCIENCE: SOLVING CONSTRAINTS IN ALGORITHMS

® PHYSICS: RESOLVING MULTIPLE FORCE VECTORS OR EQUATIONS OF MOTION

FINAL TIPS FOR SOLVING LINEAR SYSTEMS

- ALWAYS CHECK IF EQUATIONS ARE MULTIPLES BEFORE SOLVING TO AVOID UNNECESSARY CALCULATIONS.
- GRAPH EQUATIONS TO GAIN A VISUAL UNDERSTANDING OF SOLUTIONS.
- USE ALGEBRAIC METHODS CAREFULLY TO VERIFY THE NATURE OF THE SOLUTION SET.

IN CONCLUSION, SOLVING THE SYSTEM OF LINEAR EQUATIONS 3X - 2Y =4 AND 9X - 6Y = 12 INVOLVES RECOGNIZING THEIR
DEPENDENCY, TRANSFORMING TO SLOPE-INTERCEPT FORM, AND UNDERSTANDING THAT THE SYSTEM HAS INFINITELY MANY

SOLUTIONS LYING ON THE SAME LINE. MASTERING THESE TECHNIQUES ENHANCES YOUR ALGEBRAIC PROBLEM-SOLVING SKILLS AND
PREPARES YOU FOR MORE COMPLEX MATHEMATICAL CHALLENGES.

FREQUENTLY ASkeD QUESTIONS

\WHAT IS THE MAIN GOAL WHEN SOLVING THE SYSTEM OF EQUATIONS 3X - 2Y =4
AND 92X - 6Y =12°

THE MAIN GOAL IS TO FIND THE VALUES OF X AND Y THAT SATISFY BOTH EQUATIONS SIMULTANEOUSLY.

CAN THE SYSTEM OF EQUATIONS 3X - 2Y =4 AND 9X - 6Y = 12 BE SOLVED USING
THE LINEAR METHOD?

YES, THEY CAN BE SOLVED USING LINEAR METHODS SUCH AS SUBSTITUTION, ELIMINATION, OR GRAPHING.

ARE THE EQUATIONS 3X - 2Y =4 AND 9X - 6Y = 12 DEPENDENT OR INCONSISTENT?

THEY ARE DEPENDENT EQUATIONS BECAUSE THE SECOND EQUATION IS A MULTIPLE OF THE FIRST, REPRESENTING THE SAME LINE.

\WHAT DOES IT MEAN IF TWO EQUATIONS ARE MULTIPLES OF EACH OTHER IN A SYSTEM?

[T MEANS THE EQUATIONS ARE DEPENDENT, REPRESENTING THE SAME LINE, LEADING TO INFINITELY MANY SOLUTIONS.

How Do You SoLVE THE SYSTEM 3X - 2Y =4 AND 9X - 8Y = 12 USING THE
ELIMINATION METHOD?

SINCE THE SECOND EQUATION IS A MULTIPLE OF THE FIRST, YOU CAN SEE THEY ARE DEPENDENT, INDICATING INFINITELY MANY
SOLUTIONS ALONG THE SAME LINE.

\WHAT IS THE SOLUTION TO THE SYSTEM 3X - 2Y =4 AND 9X - Y = 12°

THERE ARE INFINITELY MANY SOLUTIONS BECAUSE THE EQUATIONS ARE DEPENDENT; ANY POINT SATISFYING 3X - 2Y =4 15 A
SOLUTION.



HO\X/ DOES UNDERSTANDING THE RELATIONSHIP BETWEEN EQUATIONS HELP IN SOLVING
SYSTEMS?

RECOGNIZING IF EQUATIONS ARE DEPENDENT OR INCONSISTENT HELPS DETERMINE WHETHER THERE ARE INFINITELY MANY
SOLUTIONS, NO SOLUTION, OR A UNIQUE SOLUTION.

\WHAT IS THE SIGNIFICANCE OF THE EQUATIONS BEING SCALAR MULTIPLES IN THE
CONTEXT OF LINEAR SYSTEMS?

SCALAR MULTIPLES INDICATE THE EQUATIONS REPRESENT THE SAME LINE, LEADING TO INFINITELY MANY SOLUTIONS, WHICH IS
IMPORTANT FOR ANALYZING THE SYSTEM'S CONSISTENCY.

ADDITIONAL RESOURCES

To SoLvE THE SYsTEM OF LINEAR EQUATIONS 3 X MiNus 2 Y =4 AnD @ X MINUs 6 Y = 12 By UsING THE LINEAR
METHOD IS A FUNDAMENTAL SKILL IN ALGEBRA THAT ENABLES STUDENTS AND PROFESSIONALS ALIKE TO FIND THE VALUES OF
VARIABLES THAT SATISFY MULTIPLE EQUATIONS SIMULTANEOUSLY. WHETHER YOU'RE TACKLING A MATH HOMEWORK,
PREPARING FOR AN EXAM, OR WORKING ON REAL-WORLD PROBLEMS INVOLVING SYSTEMS OF EQUATIONS, UNDERSTANDING HOW
TO EFFICIENTLY SOLVE SUCH SYSTEMS IS CRUCIAL. THIS GUIDE PROVIDES A COMPREHENSIVE OVERVIEW OF THE METHODS, WITH
A FOCUS ON THE LINEAR APPROACH, TO HELP YOU MASTER THIS ESSENTIAL MATHEMATICAL SKILL.

(UNDERSTANDING THE SYSTEM OF EQUATIONS
BEFORE DIVING INTO THE SOLUTION METHODS, IT'S VITAL TO UNDERSTAND WHAT A SYSTEM OF LINEAR EQUATIONS ENTAILS.
WHAT ARE LINEAR EQUATIONS?

A LINEAR EQUATION IS AN ALGEBRAIC EQUATION IN WHICH EACH TERM IS EITHER A CONSTANT OR THE PRODUCT OF A CONSTANT
AND A SINGLE VARIABLE RAISED TO THE FIRST POWER. FOR EXAMPLE:

-3X-2Y=4
-9X-6Y =12

BOTH ARE LINEAR BECAUSE VARIABLES X AND Y ARE TO THE FIRST POWER, AND THE EQUATIONS CAN BE REPRESENTED
GRAPHICALLY AS STRAIGHT LINES.

THE SYSTEM IN QUESTION
THE SYSTEM WE'RE SOLVING IS:

EQuATIoN 1: 3X - 2Y =4
EQUATION 2: 9X - 6Y = 12

NOTICE THAT THE SECOND EQUATION APPEARS TO BE A MULTIPLE OF THE FIRST, WHICH HINTS AT POTENTIAL DEPENDENCY OR
INFINITE SOLUTIONS.

RECOGNIZING THE NATURE OF THE SYSTEM
BEFORE ATTEMPTING TO SOLVE, ANALYZE THE STRUCTURE:

- IS THE SYSTEM CONSISTENT (HAS SOLUTIONS)?
- IS 1T INCONSISTENT (NO SOLUTIONS)?



- IS IT DEPENDENT (INFINITELY MANY SOLUTIONS)?
IN THIS CASE, OBSERVE THAT:

EQUATION 2 = 3 EQUATION 1

BecAUsE:

OX - 6Y =3(3X-2Y)=34=12

THIS INDICATES THAT BOTH EQUATIONS REPRESENT THE SAME LINE, MEANING THE SYSTEM HAS INFINITELY MANY
SOLUTIONS—ANY POINT THAT LIES ON THIS LINE SATISFIES BOTH EQUATIONS.

METHODS FOR SOLVING THE SYSTEM

THERE ARE MULTIPLE METHODS TO SOLVE SYSTEMS OF LINEAR EQUATIONS, INCLUDING:
- GRAPHICAL METHOD

- SUBSTITUTION METHOD

- ELIMINATION METHOD

- MATRIX METHOD (USING DETERMINANTS OR MATRICES)

SINCE THE SYSTEM SHOWS A CLEAR RELATIONSHIP, WE'LL FOCUS ON THE ELIMINATION METHOD, WHICH IS STRAIGHTFORW ARD
FOR SUCH SYSTEMS, BUT ALSO DISCUSS THE IMPLICATIONS OF THE EQUATIONS BEING MULTIPLES.

STEP-BY-STEP SoLUTION USING THE ELIMINATION METHOD
STeEP 1: WRITE THE EQUATIONS CLEARLY

EQuUATION 1: 3X -2Y =4
EQUATION 2: 9X - 6Y =12

STEP 2: RECOGNIZE THE RELATIONSHIP

AS PREVIOUSLY NOTED:

EQUATION 2 = 3 EQUATION 1

THIS CONFIRMS THE EQUATIONS ARE DEPENDENT.
STeEP 3: SIMPLIFY THE EQUATIONS IF POSSIBLE
DIVIDING EQUATION 2 BY 3:

(OX-6Y)/3=12/3
=>3X - 2Y = 4

THIS IS IDENTICAL TO EQUATION 1, CONFIRMING THE DEPENDENCY.
STEP 4: WRITE THE SOLUTION SET

SINCE BOTH EQUATIONS ARE THE SAME, THE SYSTEM HAS INFINITELY MANY SOLUTIONS ALONG THE LINE DEFINED BY EQuaTiON 1.



EXPRESSING THE SOLUTION

To EXPRESS THE SOLUTIONS EXPLICITLY, SOLVE EQUATION 1 FOR ONE VARIABLE IN TERMS OF THE OTHER:
3X-2Y=4

SOLVE FOR X:

X=04+2Y)/3

ALTERNATIVELY, SOLVE FOR Y

-2Y =4 - 3X
Y=(3X-4)/2

GENERAL SOLUTION:
ANY POINT (X, Y) SUCH THAT:

“X=(4+2Y)/3, or
SY=(3X-4)/2

IS A SOLUTION TO THE SYSTEM.

VISUALIZING THE SYSTEM
UNDERSTANDING THE GEOMETRIC INTERPRETATION HELPS CLARIFY THE SOLUTION:
- SINCE THE TWO EQUATIONS ARE ESSENTIALLY THE SAME LINE, EVERY POINT ON THIS LINE SATISFIES BOTH EQUATIONS.

- GRAPHING 3X - 2Y = 4 YIELDS A STRAIGHT LINE.
- GRAPHING 9X - 6Y = 12 RESULTS IN THE SAME LINE, CONFIRMING THE INFINITE SOLUTIONS.

ALTERNATE METHODS AND THEIR APPLICATION

GRAPHICAL METHOD

PLOTTING BOTH LINES WOULD SHOW THEY ARE COINCIDENT, CONFIRMING THE INFINITE SOLUTIONS.
SUBSTITUTION METHOD

CHOOSE ONE EQUATION, EXPRESS ONE VARIABLE IN TERMS OF THE OTHER, AND SUBSTITUTE INTO THE SECOND.
FOR EXAMPLE:

FroM EQuATION 1:

X=(4+2Y)/3

SUBSTITUTE INTO EQUATION 2:

9[(4+2Y)/3]-6Y=12

SIMPLIFY:

3(4+2Y)-6Y=12



12+6Y-6Y =12

12=12

THIS IDENTITY CONFIRMS THE DEPENDENCY AND INFINITE SOLUTIONS.
MATRIX METHOD

REPRESENT THE SYSTEM AS A MATRIX AND ANALYZE THE RANK:

|3 -2IX|=14|
|9 -61IYl12]

SINCE THE SECOND ROW IS A MULTIPLE OF THE FIRST, THE MATRIX IS SINGULAR, INDICATING INFINITELY MANY SOLUTIONS.

SUMMARY OF KEY TAKEAWAYS

- WHEN SOLVING A SYSTEM OF LINEAR EQUATIONS, FIRST ANALYZE WHETHER THE EQUATIONS ARE INDEPENDENT , DEPENDENT, OR
INCONSISTENT.

- RECOGNIZE WHEN EQUATIONS ARE MULTIPLES OF EACH OTHER, IMPLYING INFINITELY MANY SOLUTIONS.

- EXPRESS THE SOLUTION SET PARAMETRICALLY, SHOWING THE RELATIONSHIP BET\WEEN VARIABLES.

- GRAPHICAL ANALYSIS PROVIDES A VISUAL CONFIRMATION OF THE SOLUTION SET.

- MULTIPLE SOLUTION METHODS CAN BE EMPLOYED DEPENDING ON THE SYSTEM'S COMPLEXITY.

PRACTICAL APPLICATIONS
UNDERSTANDING HOW TO SOLVE SUCH SYSTEMS IS VITAL IN VARIOUS FIELDS:

- ENGINEERING: FOR CIRCUIT ANALYSIS, WHERE MULTIPLE EQUATIONS DESCRIBE CURRENT AND VOLTAGE RELATIONSHIPS.
- EconoMICs: FOR OPTIMIZING RESOURCES BASED ON CONSTRAINTS.

- PHYSICS: FOR SOLVING SYSTEMS INVOLVING FORCES OR MOTION EQUATIONS.

- DATA SCIENCE: FOR SOLVING LINEAR REGRESSION MODELS WITH MULTIPLE VARIABLES.

FINAL REMARKS

To SOLVE THE SYSTEM OF LINEAR EQUATIONS 3X - 2Y =4 AND 9X - 6Y = 12 BY USING THE LINEAR METHOD, THE KEY
INSIGHT IS RECOGNIZING THE DEPENDENCY OF THE EQUATIONS. THIS RECOGNITION SIMPLIFIES THE PROCESS, REVEALING THAT THE
SYSTEM HAS INFINITELY MANY SOLUTIONS LYING ALONG THE LINE DESCRIBED BY THE FIRST EQUATION. MASTERING THIS PROCESS
ENHANCES PROBLEM-SOLVING EFFICIENCY AND DEEPENS UNDERSTANDING OF THE GEOMETRIC AND ALGEBRAIC PROPERTIES OF
SYSTEMS OF LINEAR EQUATIONS. W/HETHER THROUGH ELIMINATION, SUBSTITUTION, OR GRAPHICAL ANALYSIS, THE CORE
PRINCIPLES REMAIN CONSISTENT, EMPOWERING YOU TO TACKLE MORE COMPLEX SYSTEMS WITH CONFIDENCE.
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