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EXAMPLE 1: SOLVING A SIMPLE SYSTEM

INTRODUCTION: THE ART OF SOLVING SYSTEMS OF EQUATIONS

Algebra can sometimes feel like a foreign language, with its own grammar, syntax, and rules. Among the most important concepts in elementary
algebra is the system of linear equations—a collection of two or more equations that share common variables. While there are several ways to crack
these systems, one method stands out for its logical clarity and ease of use: the substitution method. This technique is not just a classroom
exercise; it is a fundamental problem-solving tool that appears in economics, engineering, and everyday decision-making. In this article, we will
explore what the substitution method is, how it works, and why it remains a cornerstone of mathematical reasoning. By the end, you will not only
understand the process but also gain the confidence to apply it to a wide range of problems.

WHAT IS THE SUBSTITUTION METHOD IN MATH?

The substitution method is a technique used to solve a system of equations by expressing one variable in terms of another and then replacing that
expression into the other equation. The goal is to reduce the system to a single equation with one unknown, which can then be solved using basic
algebra. Once that value is found, it is substituted back to find the remaining variable.

At its core, the substitution method relies on the idea of equivalence. If two expressions are equal, you can replace one with the other in any valid
equation. This method is particularly useful when one of the equations is already solved for a variable, or when it can be rearranged easily. Unlike the
elimination method, which requires aligning coefficients, substitution is often more straightforward for systems that contain a variable with a
coefficient of 1 or -1.

Why Is It Called Substitution?

The name is derived from the act of "substituting" one expression for another. For example, if you know that y = 2x + 3, you can substitute "2x + 3"
wherever y appears in the second equation. This transforms a two-variable problem into a single-variable problem, which is much simpler to solve.

STEP-BY-STEP GUIDE TO USING THE SUBSTITUTION METHOD

Mastering the substitution method requires practice, but the process itself is logical and systematic. Follow these steps to solve any system of linear
equations using substitution.

Step 1: Isolate One Variable

Choose one of the equations and solve for one variable in terms of the other. Look for the variable that is easiest to isolate—ideally one with a
coefficient of 1. For instance, in the equation x + 3y = 7, you can rearrange to x = 7 - 3y very quickly.

Step 2: Substitute the Expression

Take the expression you just derived and substitute it into the other equation. This means replacing that variable in the second equation with the
expression you found. Now you will have an equation with only one variable.

Step 3: Solve for the Remaining Variable

Use standard algebraic techniques—addition, subtraction, multiplication, division—to solve the single-variable equation. This will give you the numeric
value of one of the original variables.

Step 4: Back-Substitute

Take the value you found and plug it back into the equation you used for isolation in Step 1. This will yield the value of the other variable.

Step 5: Verify Your Solution

Always check your answer by substituting both values into the original equations. If both equations are satisfied, your solution is correct.

Let us work through a typical example to see the substitution method in action.
Consider the system:

ey=2x+1

e 3x+ 2y =11
Step 1: The first equation is already solved for y. That is convenient, so we keep it as is.
Step 2: Substitute 2x + 1 for y in the second equation: 3x + 2(2x + 1) = 11.
Step 3: Simplify and solve for x:

3Xx+4x+2=11

Ix+2=11

7x=9

x =9/7

Step 4: Back-substitute x = 9/7 intoy = 2x + 1:
y=2(9/7)+1=18/7+1=18/7 + 7/7 = 25/7.

Step 5: Check the solution (9/7, 25/7) in both equations. It works.
EXAMPLE 2: SOLVING A SYSTEM WITH FRACTIONS

Not all systems have integer coefficients. The substitution method handles fractions just as easily.
Consider the system:
e 2x-y=4
e 3x+2y=1
Step 1: Solve the first equation for y: y = 2x - 4.
Step 2: Substitute into the second equation: 3x + 2(2x - 4) = 1.
Step 3: Simplify: 3x +4x-8=1-7x=9 - x = 9/7.
Step 4: Back-substitute: y = 2(9/7) - 4 = 18/7 - 28/7 = -10/7.
The solution is (9/7, -10/7).

WHEN TO USE THE SUBSTITUTION METHOD

While the substitution method is always valid, it shines in specific scenarios:

e When one equation is already solved for a variable. This is the most obvious case and saves time.

e When one variable has a coefficient of 1 or -1. This makes isolation quick and avoids fractions.

* In word problems. Many real-world problems naturally express one quantity in terms of another, making substitution the most intuitive
approach.

e When the system is small. For two equations with two unknowns, substitution is often the fastest method.

COMMON MISTAKES TO AVOID

Even experienced students fall into traps. Keep these points in mind:

1. Failing to distribute correctly. When substituting, remember to multiply the entire expression by any coefficients outside parentheses.
2. Sign errors. A misplaced negative sign can ruin the solution. Double-check your signs when isolating and substituting.

3. Forgetting to back-substitute. You need both values, not just one.

4. Skipping the verification step. Always plug your solution back into the original equations to catch errors.

SUBSTITUTION METHOD VS. ELIMINATION METHOD

Students often wonder which method to use. Both have their place. The elimination method involves adding or subtracting equations to cancel a
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variable, which works well when coefficients are already aligned. The substitution method is generally better when one variable is already isolated 4, 5x-2y=T7andy =4x+1

or can be isolated easily. For larger systems—say, three equations with three unknowns—substitution can become messy, and elimination (or matrix o

methods) may be preferred. However, for the typical two-by-two system, substitution is a reliable and transparent approach. Solutions: (2,4), (1,2), (3,-2), (-3,-11).

PRACTICE PROBLEMS CONCLUSION

To truly understand the substitution method, you must practice. Try these problems on your own: The substitution method is a vital algebraic tool that transforms a system of equations into a simpler, solvable form. Its logic is straightforward:

isolate, replace, solve, and back-substitute. By mastering this technique, you equip yourself with a fundamental skill that extends beyond the
l.y=3x-2and2x+y =28 classroom into various fields like science, business, and engineering. Whether you are a student encountering algebra for the first time or an adult

2. x+2y=5and3x-y=1 brushing up on core concepts, the substitution method offers a clear path through the complexity of systems. Practice it regularly, and soon it will
3.4x+y=10and 2x-3y =8 become second nature.
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