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Understanding how to solve quadratic equations is a fundamental skill in algebra, and one of the most
effective methods is completing the square. This technique not only helps in solving equations but
also deepens understanding of the properties of quadratic functions. In this article, we will explore the
process of solving the quadratic equation \( x~2 + 6x - 3 = 0\) by completing the square and
rounding the solution to the nearest thousandth.

Introduction to Completing the Square

Completing the square is a method used to solve quadratic equations of the form \( ax~2 + bx + ¢ =
0\). The goal is to rewrite the quadratic in a perfect square trinomial form, which makes it
straightforward to solve for \( x \).

The general steps involve:

1. Moving the constant term to the other side.

2. Making the coefficient of \( x~2\) equal to 1 if it isn't already.
3. Adding a specific value to both sides to complete the square.
4. Writing the left side as a squared binomial.

5. Solving for \( x \) by taking square roots.

This method is particularly useful when the quadratic cannot be easily factored, or when an exact
algebraic solution is desired.

Step-by-Step Solution of \( x~2 + 6x-3 =0\) by
Completing the Square

Let's apply the completing the square method to the given equation.

Step 1: Write the quadratic in standard form

The quadratic is already in standard form:

\[
X~2+6x-3=0



\]

Step 2: Move the constant to the other side

Add 3 to both sides:

\[
X2+ 6x=3
\]

Step 3: Complete the square

To complete the square, take half of the coefficient of \( x \) (which is 6), divide it by 2, and square it:

\[
\left( \frac{6}{2} \right)*2 =372=9
\]

Add this value to both sides to complete the square:

\[
X*2+6x+9=3+9
\]

Simplify:

\[

(x+3)"2=12
\]

Step 4: Solve for \( x )

Take the square root of both sides, remembering to include both positive and negative roots:

\[
X+ 3 =\pm\sqrt{12}
\]

Calculate \(\sqrt{12} \):

\[

\sqrt{12} = \sqrt{4 \times 3} = 2 \sqrt{3} \approx 2 \times 1.73205 \approx 3.4641
\]

Thus,



\[
X+ 3 =\pm 3.4641
\]

Subtract 3 from both sides:
\[

x =-3\pm 3.4641
\]

Step 5: Find the approximate solutions

Calculate both solutions:

1.\(x=-3+ 3.4641 = 0.4641)
2.\(x=-3-3.4641 = -6.4641))

Round each to the nearest thousandth:

- First root: 0.464
- Second root: -6.464

Summary of the Solutions

The solutions to the quadratic equation \( x~2 + 6x - 3 = 0\), rounded to the nearest thousandth, are:

-\( x \approx 0.464\)
-\( x \approx -6.464 \)

Additional Insights and Visualization

Understanding the process of completing the square enhances problem-solving skills and provides
insights into the structure of quadratic functions. Let's explore some additional aspects.

Why Complete the Square?

Completing the square is useful because it:

- Provides an exact algebraic solution.

- Helps derive the quadratic formula.

- Aids in graphing quadratics by identifying the vertex.
- Solves equations that cannot be factored easily.



Graphical Interpretation

The quadratic function \(y = x~2 + 6x - 3\) can be visualized as a parabola opening upwards. The
solutions to the equation are the points where the parabola intersects the x-axis. The vertex of this
parabola can be found using the vertex formula or completing the square, and the solutions
correspond to the roots.

Alternative Methods for Solving Quadratic Equations

While completing the square is a powerful method, other techniques include:

e Factoring: Suitable when the quadratic factors easily.

¢ Quadratic Formula: A universal method applicable to all quadratics, given by \( x = \frac{-b
\pm \sqrt{b”~2 - 4ac}}{2a}\).

e Graphing: Using graphing tools to visually identify roots.

Using the Quadratic Formula as a Cross-Check

Let's verify our solutions using the quadratic formula.
Given\(a=1\),\(b=6\),and\(c=-3)\):

\[
x = \frac{-b \pm \sqrt{b"2 - 4ac}}{2a}
\]

Calculate the discriminant:

\[
b~2-4ac =36-4(1)(-3) =36 + 12 = 48
\]

Calculate \(\sqrt{48} \):

\[

\sqrt{48} = \sqrt{16 \times 3} = 4 \sqrt{3} \approx 4 \times 1.73205 \approx 6.9282
\]

Now, compute the roots:

1.\( x = \frac{-6 + 6.9282}{2} = \frac{0.9282}{2} = 0.4641)



2.\( x =\frac{-6 - 6.9282}{2} = \frac{-12.9282}{2} = -6.4641)

These match our previous solutions, confirming their accuracy.

Practical Applications of Solving Quadratics

Quadratic equations appear in various real-world contexts, including:

- Physics: Calculating projectile trajectories.

- Engineering: Designing structures with parabolic shapes.

- Economics: Modeling profit maximization or cost functions.
- Biology: Population growth models.

Mastering methods like completing the square equips students and professionals to tackle diverse
problems efficiently.

Conclusion

Solving quadratic equations by completing the square is a fundamental algebraic skill that enhances
understanding of quadratic functions and their properties. Applying this method to the equation \(
X"~2 + 6x -3 = 0)) yields solutions approximately equal to 0.464 and -6.464 when rounded to the
nearest thousandth. Whether for academic purposes or real-world applications, mastering completing
the square is a valuable addition to your mathematical toolkit.

Additional Tips for Students

- Always check if the quadratic can be factored beforehand—it might be quicker.
- Use the quadratic formula as a cross-check for your solutions.

- Practice completing the square with different equations to build confidence.

- Visualize the quadratic graph to understand the nature of roots.

By understanding and practicing these methods, solving quadratic equations becomes more intuitive
and efficient, opening doors to more advanced mathematical concepts.
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Frequently Asked Questions



How do | solve the quadratic equation x~2 + 6x -3 = 0 by
completing the square?

First, move the constant to the other side: x~2 + 6x = 3. Then, add (6/2)"2 = 9 to both sides to
complete the square: x~2 + 6x + 9 = 3 + 9. This simplifies to (x + 3)"2 = 12. Taking the square root
of both sides gives x + 3 = £v12. Simplify V12 to 2V3, so x + 3 = £2V3. Finally, subtract 3 from both
sides: x = -3 £ 2V3, and approximate v3 = 1.732, so x = -3 £ 2 1.732 = -3 + 3.464. Rounded to the
nearest thousandth, the solutions are x = 0.464 and x = -6.464.

What is the solution for x in the equation x~2 + 6x-3 =0
when completing the square?

Completing the square yields x = -3 + 2V3. Approximating v3 as 1.732, the solutions are x = 0.464
and x = -6.464 when rounded to the nearest thousandth.

Can you show step-by-step how to solve x*2 + 6x -3 = 0 by
completing the square and find x rounded to three decimal
places?

Yes. Step 1: x~2 + 6x = 3. Step 2: Add (6/2)"2 = 9 to both sides: x~2 + 6x + 9 = 12. Step 3: Rewrite
as (x + 3)°2 = 12. Step 4: Take the square root: x + 3 = +V12 = +£3.464. Step 5: Solve for x: x = -3
+ 3.464. Rounded to three decimals, x = 0.464 and x = -6.464.

What are the approximate solutions to x~2 + 6x - 3 = 0 after
completing the square?

The approximate solutions are x = 0.464 and x = -6.464.

Is completing the square a good method to solve x~2 + 6x - 3
= 0, and what are the solutions rounded to the nearest
thousandth?

Yes, completing the square is effective here. The solutions are approximately x = 0.464 and x =
-6.464 when rounded to the nearest thousandth.

Additional Resources

Solve For X By Completing The Square: A Comprehensive Investigation into Quadratic Solutions

Quadratic equations are fundamental to algebra and mathematics at large. Among the various
methods to solve these equations, completing the square stands out as both a historically significant
technique and a practical skill for students and professionals alike. This article provides an in-depth
exploration of solving quadratic equations by completing the square, exemplified through the specific
equation:



\[X*2 +6x-3=0\]

Our goal is to determine the solutions for \( x \), rounded to the nearest thousandth, and to analyze
the method's nuances, applications, and significance in mathematical problem-solving.

Understanding the Quadratic Equation and Completing
the Square

Before delving into solving the specific equation, it is essential to understand the general structure of
quadratic equations and the rationale behind completing the square.

The Standard Quadratic Equation

A quadratic equation is any second-degree polynomial of the form:
\[ax™2 +bx+c=0\]

where \( a\neq 0\), and \( b, c\) are real numbers. Solutions to quadratic equations can be found via
various methods: factoring, graphing, quadratic formula, and completing the square.

The Completing The Square Method

Completing the square involves rewriting a quadratic in the form:
\[(x+p)*2=q\l

which then allows for straightforward solutions via square roots. This method is especially useful when
the quadratic cannot be factored easily or when deriving the quadratic formula.

Step-by-Step Solution of \( x*2 + 6x -3 =0\) by
Completing The Square

Applying the completing the square technique to our specific equation involves systematic steps:



Step 1: Rewrite the Equation

Begin with the original quadratic:
\[x*2+6x-3=0\]
To facilitate completing the square, move the constant term to the right side:

\[ X2 + 6x =31\]

Step 2: Complete the Square

Identify the coefficient of \( x \), which is 6. Take half of this coefficient:
\[\frac{6}{2} = 3\]

Square this result:

\[372=09]]

Add this square to both sides of the equation to maintain equality:

\[ X2 +6x+9=3+9)\]

Simplify both sides:

\L(x+3)72 =12\]

Step 3: Solve for \( x )

Now, take the square root of both sides, remembering to include both positive and negative roots:
\[ x + 3 =\pm\sqrt{12} \]

Simplify \( \sqrt{12} \):

\[ \sqrt{12} = \sqrt{4 \times 3} = 2 \sqrt{3} \]

Thus,

\[ x + 3 =\pm 2\sqrt{3}\]

Finally, solve for \( x \):

\[ x =-3\pm 2 \sqrt{3} \]



Numerical Approximation and Final Answers

To provide solutions rounded to the nearest thousandth, approximate \( \sqrt{3} \):
\[ \sqrt{3} \approx 1.7321\]

Calculate:

\[ 2 \sgrt{3} \approx 2 \times 1.7321 = 3.4642\]

Now, determine the two solutions:

1.\(x = -3 + 3.4642 \approx 0.4642 \)
2.\( x = -3 - 3.4642 \approx -6.4642 \)

Final solutions rounded to three decimal places:

\[ \boxed{
x \approx 0.464,\quad x \approx -6.464

IV

Analysis and Significance of Completing The Square

The method's elegance lies in its systematic approach, transforming the quadratic into a perfect
square trinomial, which simplifies solving. It is particularly useful in contexts where:

- Factoring is difficult or impossible.

- Deriving the quadratic formula directly.

- Understanding the geometric interpretation of quadratics (comparing to the vertex form).
- Solving equations involving parameters or in calculus.

Advantages:

- Provides insight into the structure of quadratic functions.

- Connects algebraic solutions with geometric interpretations.

- Useful in deriving formulas and solving more complex equations.

Limitations:

- Slightly more labor-intensive than using the quadratic formula.
- Less straightforward when coefficients are not conducive to completing the square.



Historical Context and Educational Value

The technique of completing the square dates back to ancient civilizations, notably the Babylonians
and Greeks, who used geometric methods to solve quadratic problems. Its development laid
groundwork for algebraic notation and problem-solving strategies used today.

In modern education, mastering completing the square enhances conceptual understanding of

quadratic functions, their graphs, and their roots. It also builds problem-solving flexibility, allowing
students to approach equations from multiple angles.

Broader Applications and Real-World Relevance

Completing the square extends beyond pure mathematics:

- In physics, it assists in deriving formulas for projectile motion.
- In engineering, it helps optimize quadratic cost or profit functions.
- In finance, quadratic models are used to maximize or minimize certain parameters.

Understanding how to complete the square empowers professionals to analyze and solve real-world
problems with quadratic relationships.

Conclusion

Solving the quadratic equation \( x~2 + 6x - 3 = 0\) by completing the square provides a clear,
algebraic pathway to the solutions:

\[ x \approx 0.464,\quad x \approx -6.464 \]

This process underscores the power and elegance of algebraic methods in problem-solving. While
alternative methods like the quadratic formula might be more straightforward for certain equations,
completing the square offers valuable insights into the structure of quadratic functions and their
solutions. Mastery of this technique enhances mathematical fluency and deepens understanding of
the fundamental concepts underpinning algebra and calculus.
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Note: The solutions provided are rounded to three decimal places for practical use, aligning with
standard conventions in mathematical problem-solving.
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