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Are you struggling to understand how to work with the algebraic expressions related to rectangles?
Whether you're studying for a test or just trying to sharpen your math skills, understanding how to
interpret and manipulate algebraic formulas for geometric figures like rectangles is essential. Today,
we'll explore how to analyze a rectangle when its length is given as an algebraic expression,
specifically 3x^2 - 9x + 4, and how to find its properties such as width, area, and perimeter.

Understanding the Problem: A Rectangle With a Given
Length

When given a rectangle with a specific algebraic expression for its length, the main challenge is
understanding what this expression represents and how to work with it. The key points include:

Identifying the Length Expression

The length of the rectangle is given as 3x^2 - 9x + 4, which is a quadratic expression in terms of the
variable x. This indicates that the length can change depending on the value of x, making the
problem dynamic rather than fixed.

Determining the Width

Usually, in problems like this, the width may be provided, or you might be asked to find it based on
additional conditions. If the width is a known constant or another algebraic expression, you can
proceed to calculate the area or perimeter. If not, you may need to analyze the expression further or
explore possible constraints.

Analyzing the Length Expression: Factoring and
Simplification

To work effectively with the length expression, it's helpful to factor or simplify it, especially if you
want to find specific values or analyze its behavior.



Factoring the Quadratic Expression

Given length expression: 3x^2 - 9x + 4

Step 1: Look for common factors. Here, no common factor exists across all terms.

Step 2: Use the quadratic factoring method or the quadratic formula to factor or find roots.

- The quadratic formula: x = [-b ± √(b² - 4ac)] / 2a

For 3x^2 - 9x + 4:

a = 3, b = -9, c = 4

Discriminant D = (-9)^2 - 434 = 81 - 48 = 33

Since D > 0, two real roots exist:

x = [9 ± √33] / 6

This indicates the length expression can be written in factored form using its roots:

3x^2 - 9x + 4 = 3(x - r1)(x - r2)

where r1 and r2 are the roots:

r1 = [9 + √33] / 6

r2 = [9 - √33] / 6

However, because the roots involve irrational numbers, the factored form with real, rational factors
isn't straightforward, but recognizing the roots helps understand where the length becomes zero or
negative.

Implications of the Roots

- The roots indicate the values of x that make the length zero.
- For x-values between roots, the quadratic may be positive or negative depending on the parabola's
orientation (opening upwards since a=3 > 0).

Since length cannot be negative in a real-world scenario, only x-values that make the expression
positive are valid for the rectangle.

Calculating the Area of the Rectangle

The area (A) of a rectangle is given by:



A = length × width

If the width is a constant or another expression, you can substitute accordingly.

Example: Assuming a Constant Width

Suppose the width is a constant, say, w = 2 units.

Then,

A(x) = (3x^2 - 9x + 4) × 2

A(x) = 2(3x^2 - 9x + 4) = 6x^2 - 18x + 8

This quadratic function describes how the area varies depending on x.

Finding the Maximum Area

Because A(x) is quadratic with a positive leading coefficient (6), the parabola opens upward,
meaning the maximum area occurs at the vertex.

The x-coordinate of the vertex:

x = -b / (2a)

Here, a = 6, b = -18

x = -(-18) / (2 × 6) = 18 / 12 = 1.5

Plug this into the area function:

A(1.5) = 6(1.5)^2 - 18(1.5) + 8

A(1.5) = 6(2.25) - 27 + 8 = 13.5 - 27 + 8 = -5.5

Since the area can't be negative, this indicates the assumption of a constant width might need
reevaluation or that the maximum feasible area occurs at a different x-value within the domain
where the length is positive.

Calculating the Perimeter of the Rectangle

Perimeter (P) is given by:

P = 2 × (length + width)



Using the same example with width = 2:

P(x) = 2 × [3x^2 - 9x + 4 + 2] = 2(3x^2 - 9x + 6) = 6x^2 - 18x + 12

Again, analyzing this quadratic can help find when the perimeter is minimized or maximized.

Finding the Minimum Perimeter

Since the quadratic opens upward (coefficient of x^2 is positive), the minimum perimeter occurs at
the vertex:

x = -b / (2a)

a = 6, b = -18

x = 18 / 12 = 1.5

Plug in to find perimeter:

P(1.5) = 6(2.25) - 18(1.5) + 12

P(1.5) = 13.5 - 27 + 12 = -1.5

Again, a negative perimeter isn't feasible, indicating that the actual valid domain for x must restrict
to values where length remains positive, and perimeter calculations should be within that domain.

Practical Applications and Summary

Understanding how to interpret and manipulate algebraic expressions like 3x^2 - 9x + 4 in the
context of geometric figures is vital in various fields including architecture, engineering, and design.

Key Takeaways:

Quadratic expressions can represent dimensions that change with variable x.

Factoring quadratics helps find critical points where properties like length or perimeter reach
extrema.

Always consider the domain restrictions—lengths and areas must be positive in real-world
problems.

Calculating vertex points provides insights into maximum or minimum values for area and
perimeter.



Final Tip: When working with algebraic expressions for geometric figures, always analyze the
expression's roots and vertex to understand feasible dimensions and optimize properties like area
and perimeter.

---

If you're still confused or need more specific help with your problem involving the rectangle's length
3x^2 - 9x + 4, consider practicing with different values of x, graphing the quadratic, or seeking help
from a teacher or tutor to clarify how to work with variable dimensions in geometry. Remember,
understanding these foundational algebra concepts makes tackling more complex problems much
easier!

Frequently Asked Questions

What is the formula for the area of a rectangle with length 3x²
- 9x + 4 and a given width?
The area is found by multiplying the length by the width. If the width is known, multiply it by (3x² -
9x + 4) to get the area.

How do I factor the quadratic expression 3x² - 9x + 4?
Use the quadratic formula or factoring methods to factor 3x² - 9x + 4. The quadratic formula gives
roots which can help express it as a product of binomials.

Can I simplify the expression 3x² - 9x + 4?
While you can't factor it easily into simple binomials, you can complete the square or use the
quadratic formula to analyze or simplify its form.

What is the significance of the coefficient 3 in the length
expression?
The coefficient 3 indicates the quadratic term's strength, affecting the parabola's width and shape
when considering the expression as a quadratic function.

If the width of the rectangle is 2x + 1, what is the expression
for its area?
The area would be (3x² - 9x + 4) multiplied by (2x + 1), resulting in a polynomial expression that can
be expanded accordingly.

How do I find the dimensions of a rectangle if only the length



expression is given?
You need additional information such as the width, perimeter, or area to determine specific
dimensions. The length alone isn't sufficient.

What are common methods to analyze the quadratic
expression in the length of a rectangle?
Common methods include factoring, completing the square, graphing, and using the quadratic
formula to find roots or vertex points.

Is the quadratic expression 3x² - 9x + 4 positive or negative for
large values of x?
Since the leading coefficient (3) is positive, the parabola opens upward, so the expression tends to
positive infinity as x becomes large.

How can I determine the maximum or minimum length based
on the quadratic expression?
Find the vertex of the parabola by using the formula x = -b/(2a). For 3x² - 9x + 4, a=3 and b=-9, so x
= 9/(23) = 9/6 = 1.5.

What real-world problems involve a rectangle with a length
expressed as 3x² - 9x + 4?
Such quadratic expressions can appear in optimization problems, such as maximizing area or
perimeter when length depends on a variable x, often seen in design or architecture contexts.
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When encountering a problem involving a rectangle's dimensions, especially one expressed as a
quadratic function, it can seem daunting at first glance. The statement "A rectangle has a length of
3x^2 - 9x + 4" presents an interesting challenge—primarily because it involves algebraic
expressions and potentially the need to analyze how the length behaves as the variable x changes.
Whether you're working on a math homework, preparing for an exam, or tackling a real-world
problem involving geometric dimensions, understanding how to interpret and manipulate such
expressions is crucial. In this article, we will explore what it means for a rectangle to have a length
expressed as a quadratic polynomial, analyze the properties of this function, and discuss how to
approach related problems step-by-step.

---



Understanding the Given Expression: The Length as a
Quadratic Function

The first step in solving problems involving the length of a rectangle given as 3x^2 - 9x + 4 is to
understand what this expression represents.

Quadratic functions are polynomial functions of degree two, typically written in the form ax^2 + bx
+ c, where a, b, and c are constants. Here, the length L of the rectangle is given as:

L(x) = 3x^2 - 9x + 4

This means that the length varies depending on the value of x, which could represent a certain
parameter or variable related to the problem context.

Key features to analyze:

- Shape of the graph: Since the coefficient of x^2 is positive (3), the parabola opens upward.
- Vertex: The parabola's highest or lowest point, which can be found using the vertex formula.
- Domain and range: The set of x-values for which the length makes sense, especially if physical
constraints exist.

Understanding these aspects helps in visualizing how the length behaves as x varies and in making
further calculations.

---

Analyzing the Quadratic Function: Vertex, Axis of
Symmetry, and Roots

To fully understand the quadratic expression for the length, we need to analyze its key properties.

Finding the Vertex

The vertex of a parabola given by y = ax^2 + bx + c is located at:

x = -b / (2a)

For L(x) = 3x^2 - 9x + 4:

- a = 3
- b = -9

Plugging in:



x = -(-9) / (2 3) = 9 / 6 = 3/2

To find the corresponding y-value (the length at the vertex):

L(3/2) = 3(3/2)^2 - 9(3/2) + 4

Calculating:

(3/2)^2 = 9/4

L(3/2) = 3(9/4) - 9(3/2) + 4
= (27/4) - (27/2) + 4

Express all with denominator 4:

= (27/4) - (54/4) + (16/4)
= (27 - 54 + 16) / 4
= (-11) / 4

Thus, the vertex is at (3/2, -11/4). Since the parabola opens upward, this point is the minimum length
the rectangle can have, provided x takes values in a domain where this makes sense.

Finding Roots (x-intercepts)

Roots are the values of x where the length would be zero, which could be meaningful if the length
represents a physical dimension:

Set L(x) = 0:

3x^2 - 9x + 4 = 0

Using the quadratic formula:

x = [-b ± √(b^2 - 4ac)] / (2a)

x = [9 ± √((-9)^2 - 434)] / (23)

x = [9 ± √(81 - 48)] / 6

x = [9 ± √33] / 6

Since √33 is approximately 5.7446:

x ≈ (9 ± 5.7446) / 6

- x ≈ (9 + 5.7446) / 6 ≈ 14.7446 / 6 ≈ 2.4574
- x ≈ (9 - 5.7446) / 6 ≈ 3.2554 / 6 ≈ 0.5426

These roots indicate the x-values where the length is zero—possibly meaningful in a problem context



where length cannot be negative, or where these x-values mark boundaries or constraints.

---

Interpreting the Geometric Context: The Rectangle's
Dimensions

Knowing the length function alone is not sufficient to fully understand the rectangle's properties.
Usually, in problems like this, the width (or other dimensions) are provided or implied, and the
overall area or perimeter might be of interest.

Key considerations:

- Width as a function of x: If the width is also expressed as a function of x, then the area is A(x) =
L(x) W(x). Analyzing how the area varies with x involves understanding both functions.
- Physical constraints: For the length to be valid, it must be positive. From the quadratic, the length
is positive outside the roots (if the quadratic opens upward), meaning for x < 0.54 or x > 2.46, the
length is positive; between these, it is negative, which might be invalid physically.

Pros and Cons of the quadratic expression:

- Pros:
- Clear algebraic relationship allows for precise calculations.
- The vertex provides insight into minimum length.
- Roots indicate critical points or boundaries.

- Cons:
- Length may be negative for some x-values, which is not physically meaningful.
- Without additional context, the variable x is abstract, making interpretation difficult.
- The quadratic nature complicates direct geometric intuition.

---

Practical Applications and Problem-Solving Strategies

When faced with such a quadratic expression for a rectangle's dimension, consider the following
approaches:

1. Graphical Analysis

Plotting the quadratic function helps visualize where the length is positive or negative and identify
key points like the vertex and roots. Although the user requested no links, understanding that
plotting can be done with graphing tools or by hand is useful.



2. Domain Restrictions

Determine the domain over which the length makes sense. For physical problems, negative lengths
are invalid, so focus on x-values where L(x) > 0.

3. Calculating Related Dimensions

If other dimensions (like width) are given or can be expressed similarly, analyze how the area or
perimeter behaves as x varies.

4. Optimization

Using the vertex, you can find the minimum length. Conversely, if maximizing area or perimeter is
the goal, analyze how the quadratic influences these quantities.

Example problem:

Suppose the width W(x) is also a quadratic function, or a constant. Then, the area A(x) = L(x) W.
Finding the maximum area involves setting the derivative of A(x) to zero and solving for x.

---

Conclusion: Insights and Recommendations

Dealing with a quadratic expression for a rectangle's length opens up various analytical pathways.
Understanding the properties of the quadratic—such as its vertex, roots, and parabola shape—is
essential for interpreting the problem physically and mathematically. When solving such problems,
always consider the domain restrictions, the meaning of the variable x, and how the quadratic
interacts with other dimensions or parameters.

Key takeaways:

- The quadratic function provides a rich source of information about how the length varies.
- The vertex indicates the minimum length, which is crucial in optimization problems.
- Roots show where the length is zero, often indicating boundaries or invalid dimensions.
- Graphical analysis enhances understanding and visualization.
- Always interpret the algebraic results within the physical or geometric context to avoid non-
physical solutions.

In summary, solving and interpreting a quadratic expression for the length of a rectangle involves a
blend of algebraic manipulation, geometric insight, and contextual understanding. With careful
analysis, such problems become manageable and reveal valuable information about the dimensions
and behavior of the geometric figure.



---

Note: If further details or specific questions about related dimensions, area calculations, or
optimization are needed, providing those details will allow for more targeted assistance.
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