word problem involving optimizing area by
using a quadratic function

Word problems involving optimizing area by using a quadratic function are common in
various fields such as mathematics, engineering, and economics. These problems often require the
application of quadratic equations to find maximum or minimum values, particularly in scenarios
where area needs to be optimized. This article will delve into the concept of optimizing areas
through quadratic functions, provide examples, and illustrate the step-by-step process to solve these
types of problems.

Understanding Quadratic Functions

A quadratic function is a polynomial function of degree two, typically expressed in the standard
form:

\[ f(x) =ax"™2 + bx + c\]

where:
-\(a\), \(b), and \( c ) are constants,
-\(a\neq 0\) (if \(a = 0), it is no longer a quadratic function).

The graph of a quadratic function is a parabola, which opens upwards when \( a > 0\) and
downwards when \( a < 0\). The maximum or minimum point of this parabola is called the vertex,
which can be found using the formula:

\[ x = -\frac{b}{2a} \]

This vertex represents the maximum or minimum value of the function, depending on the direction
the parabola opens.

Setting Up the Problem

To optimize an area using a quadratic function, we usually encounter a real-life scenario where we
need to maximize or minimize a specific area based on given constraints. Here is a common
structure for these problems:

1. Identify the dimensions: The problem will typically provide dimensions that can be expressed as
variables.

2. Formulate the area: The area will usually be expressed as a function of these variables.

3. Convert the area function into a quadratic form: Rearranging the area function will allow us to
express it as a quadratic equation.

4. Find the vertex: Use the vertex formula to determine the maximum or minimum area.



Example Problem

Let’s consider an example to illustrate this process.

Problem Statement: A farmer has 100 meters of fencing and wants to create a rectangular pen for
his animals. He wants to maximize the area of the pen. What dimensions should he use?

Step 1: Identify the dimensions

Let:

-\( x\) be the length of the pen,

-\(y\) be the width of the pen.

Step 2: Formulate the area

The area \( A ) of the rectangle can be expressed as:
\[ A=x\cdoty\]

Step 3: Apply the constraint

The perimeter \( P \) of the rectangle is given by:
\[ P =2x+2y\]

Since the farmer has 100 meters of fencing, we can set up the equation:
\[ 2x + 2y = 100 \]

Dividing the entire equation by 2 gives:
\[x+y=50\]

Now, we can express \( y\) in terms of \( x \):
\[y =50-x\]

Step 4: Substitute to find the area function

Now substitute \( y\) into the area function:

\[A =x(50-x)\]

Simplifying this gives:

\[A=50x-x"2\]

This is a quadratic function in the form \( A = -x"~2 + 50x ).



Finding the Maximum Area

To find the maximum area, we will determine the vertex of the quadratic function.
Step 5: Identify coefficients

In our quadratic equation \( A = -x"~2 + 50x ), we see that:
-\(a=-1Y)

-\(b=50))

Step 6: Use the vertex formula

Now, applying the vertex formula:

\[ x = \frac{b}{2a} = \frac{50}{2 \cdot -1} = 25]

Step 7: Determine the width

Using the value of \( x = 25 ) to find \( y \):
\[y=50-x=50-25=25\]

Step 8: Conclusion

Thus, the dimensions that maximize the area of the pen are:

- Length \( x = 25\) meters
- Width \(y = 25\) meters

The maximum area can be calculated as:
\[ A =x\cdot y = 25 \cdot 25 = 625 \text{ square meters} \]

This example demonstrates how to set up and solve a word problem involving optimizing area using
a quadratic function.

Applications of Optimizing Area

Optimizing area through quadratic functions extends beyond simple fencing problems. Here are a
few practical applications:
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