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Introduction

Determining the absolute maximum and minimum values of a function on a closed interval is a
fundamental problem in calculus, often referred to as finding the function's extrema. These extrema
are crucial in various applications such as optimization problems, physics, engineering, and
economics, where understanding the bounds of a function's output helps in decision-making and
analysis.

In this article, we will explore how to find the absolute extrema of the function \( F(t) = T(9 - t~2) )
over a specified interval. Although the interval is not explicitly given in the problem statement, the
general approach applies to any closed interval, whether finite or infinite (with certain
considerations). We will examine the methods involved, analyze the function's behavior, and
determine the points at which the maximum and minimum values occur.

Understanding the Function \( F(t) = T(9 -t"2) )

Function Components and Behavior

The function \( F(t) = T(9 - t~2) \) consists of:

- A constant \( T'\), which scales the entire function. Its value influences the magnitude of the
extrema but does not affect their locations.
- A quadratic term \( 9 - t~2\), which is a downward-opening parabola with its vertex at \(t = 0).

The general shape of \( F(t) \) depends on the sign of \( T \):
-If\(T > 0\), \( F(t) \) inherits the shape of \( 9 - t~2), opening downward.

\(
-If\(T < 0)), the parabola opens upward.
-IE\(T =0V\), \( F(t) ) is constantly zero, and the maximum and minimum are both zero everywhere.



For the purpose of this analysis, we assume \( T \neq 0 \). The specific value of \( T \) affects the
magnitude but not the relative locations of extrema.

Identifying Critical Points of \( F(t) \)

Calculating the Derivative

To find potential extrema, we first compute the derivative \( F'(t) \):

\[

F(t) = T(9-t"2)

\]

\[

F'(t) = T \times \frac{d}{dt}(9 - t~2) = T \times (-2t) = -2Tt
\]

Finding Critical Points

Critical points occur where \( F'(t) = 0\) or where \( F'(t) \) is undefined. Since \( F'(t) = -2Tt)), it is
defined for all \(t\), so the critical points are where:

\[

2Tt=0

\]

\[

\Rightarrow t = 0
\]

The only critical pointis at \(t = 0).

Evaluating \( F(t) \) at Critical Points and Endpoints

Importance of Endpoints

Since we are seeking the absolute extrema on a closed interval, we must evaluate the function at:

- Critical points within the interval



- The endpoints of the interval

This ensures we identify the global maxima and minima.

General Procedure

1. Determine the interval of interest, say \( [a, b] \).
2. Calculate \( F(t)\) at\(t =a\), \(t = b)), and at any critical points within \( [a, b] ).
3. Compare these values to identify the absolute maximum and minimum.

Case 1: The Interval \([a, b]\) is Finite

Suppose the interval is \( [a, b]\). For demonstration, let's consider a specific example: \( [a, b] = [-3,
31V).

Evaluating at Critical Points

- Critical point: \(t=0)

\[

F(0) =T(9-072) =T \times 9 = 9T
\]

Evaluating at Endpoints

-At\(t=-3\):

\[

F(-3)=T(9-(-3)"2)=T(9-9) =0
\]

-At\(t=3\):

\[

F(3)=T(9-372)=TO-9)=0

\]

Determining the Absolute Extrema

Compare the values:
-\(F(0) =9T)
-\(F(-3)=0Y)



-\(F(3)=0))
Since \( T'\) is a constant:

-If\(T > 0), the maximum value is \( 9T \) at \( t=0), and the minimum is 0 at the endpoints.
-If\(T < 0)), the maximum value is 0 at the endpoints, and the minimum is \( 9T \) at \( t=0).

Summary for the interval \([-3, 3]\):

| Extrema | Location | Value |

| | | I

| Absolute maximum | \(t=0\) | \( 9T ) |
| Absolute minimum | \(t=-3,3\) | 0 |

Case 2: General Interval \([a, b]\)

Suppose the interval is arbitrary, with \( a < b \). The steps to find extrema are similar:

1. Identify critical points within \([a, b]\). Here, the only critical point is \( t=0). Check if \( 0) lies
within the interval:

-If\( 0\in [a, b]\), evaluate \( F(0) = 9T \).

- If\( 0 \notin [a, b]\), then the critical point does not contribute to the extrema.

2. Evaluate \( F(t) \) at the endpoints \(a\) and \( b \).

3. Compare the values at these points to determine the absolute maximum and minimum.

Special Considerations

Intervals that include the critical point \( t=0)

If the interval contains \( t=0), then:

- The absolute maximum or minimum could occur at \( t=0 ).
- Since \( F(t) \) is quadratic and symmetric, the maximum occurs at the vertex, \( t=0), if the
parabola opens downward (\( T>0 \)).



Intervals that do not include \( t=0)

If \( 0 \notin [a, b] ), then the critical point does not influence the extrema, and the maximum and
minimum occur at the endpoints.

Impact of \( T \) Sign

-For\(T > 0)), the maximum is at \( t=0), and the minimum is at the endpoints where the
quadratic is minimized.

-For \( T < 0), the roles are reversed: the maximum is at the endpoints, and the minimum at \( t=0
\).

Graphical Interpretation

Visualizing \( F(t) = T(9 - t~2) \) helps understand the extrema:

- For \( T > 0), the parabola opens downward, with the vertex at \( (0, 9T) \). The maximum value is
at the vertex.

-For \( T < 0), the parabola opens upward, with the vertex at \( (0, 9T) \), which is now the
minimum.

The endpoints of the interval correspond to the points on the parabola where \( t\) equals the
interval limits, which determines the extremal values on that interval.

Summary of Steps to Find Absolute Extrema

1. Determine the interval \([a, b]\).

2. Find critical points by solving \( F'(t) = 0\). Here, only \( t=0\).

3. Check if critical points lie within \([a, b]\).

4. Evaluate \( F(t) \) at all critical points within the interval.

5. Evaluate \( F(t) \) at the endpoints \(a \) and \( b \).

6. Compare all these values to identify the absolute maximum and minimum.

Conclusion

The process of finding the absolute maximum and minimum values of \( F(t) = T(9 - t*2) \) on a given



interval hinges on understanding the critical points and the behavior of the quadratic function. The
key steps involve computing derivatives, identifying critical points, evaluating the function at these
points and at the interval endpoints, and then comparing the results.

Depending on the sign of the constant \( T \), the maximum and minimum values switch roles, but
the locations of these extrema are primarily determined by the vertex \( t=0\) and the interval
boundaries. This systematic approach ensures that all potential extrema are considered

Frequently Asked Questions

What is the goal when finding the absolute minimum and
maximum values of the function F(t) = T(9 - t~2) on a given
interval?

The goal is to identify the lowest and highest values that F(t) attains within the specified interval,
including endpoints, which are the absolute minimum and maximum values respectively.

How do you determine the critical points of F(t) = T(9 - t"2)
when finding its absolute extrema?

You find the critical points by computing the derivative F'(t) = -2Tt, setting it equal to zero, and
solving for t, which gives t = 0 as the critical point.

Why is it important to evaluate F(t) at the endpoints of the
interval when finding absolute extrema?

Because the absolute maximum or minimum can occur at the endpoints of the interval, so evaluating
F(t) at these points ensures all potential extrema are considered.

If the interval is [-3, 3], how do you find the absolute
maximum and minimum of F(t) = T(9 - t°2)?

Calculate F(t) at critical points within the interval (t=0) and at the endpoints t = -3 and t = 3, then
compare these values to identify the absolute extrema.

What is the significance of the parameter T in the function
Ft) =T -1"2)?

T acts as a constant multiplier that scales the function's output, affecting the absolute maximum and
minimum values proportionally.

Can the absolute maximum and minimum of F(t) occur at



points where the derivative is zero? Why or why not?

Yes, critical points where the derivative is zero are potential candidates for absolute extrema, but
the actual maximum or minimum could also occur at the endpoints of the interval.

How does the shape of the function F(t) = T(9 - t~2) influence
the location of its extrema?

Since the function is a downward-opening parabola (when T > 0), its maximum occurs at the vertex
t=0, and minima occur at the endpoints of the interval if they are lower than the vertex value.

What steps are involved in finding the absolute maximum and
minimum values of F(t) on a specified interval?

First, find the critical points by setting the derivative to zero, then evaluate F(t) at these points and
at the interval endpoints, and finally compare these values to determine the absolute extrema.

How does the interval's endpoints affect the calculation of the
absolute extrema of F(t) = T(9 - t°2)?

Endpoints could potentially host the absolute maximum or minimum, especially if the function's
value at these points exceeds or is less than the values at critical points.

If T is negative, how does that affect the location of the
absolute maximum and minimum of F(t) = T(9 - t~2)?

A negative T reverses the parabola's orientation, making the vertex a minimum and the endpoints
potential maxima, so the roles of maximum and minimum are swapped compared to T > 0.

Additional Resources
Maximum and Minimum Values of F(t) = T(9 - t?): An In-Depth Analysis

When exploring the fascinating world of calculus, one of the foundational concepts students and
professionals alike encounter is finding the absolute maximum and absolute minimum values of a
function over a specified interval. These values are vital in numerous fields—ranging from physics
and engineering to economics and data science—where understanding the extremal behavior of
functions influences decision-making, optimization, and theoretical insights. In this article, we will
delve into the detailed process of determining these extrema for the function \( F(t) = T(9 - t~2)\),
focusing on the interval of interest, and explaining every step with clarity and depth.



Understanding the Function and Its Context

Before progressing into calculations, it is essential to understand the nature of the function \( F(t) =
T(9-t~2)\). Here, \( T) is treated as a constant multiplier, which could represent a fixed parameter
or a scaling factor in physical applications. The core behavior of the function depends primarily on
the quadratic expression \( 9 - t~2).

Key Characteristics:

- Quadratic form: The function is quadratic in \( t ), opening downward since the coefficient of \( t"2
\) is negative (—1, implicitly).

- Vertex: The maximum of the quadratic occurs at its vertex.

- Domain: The interval over which we analyze \( F(t) \) significantly influences the location of
extrema.

Understanding these properties equips us with intuition about the shape of the graph, which
resembles an inverted parabola scaled vertically by \( T \).

Defining the Interval for Analysis

To find the absolute extrema, the first critical step is specifying the interval. Typically, the problem
statement provides an explicit interval, such as:

\[
alleqt\leqb
\]

For our purposes, let's consider a general interval \( [a, b] \), with \(a < b'\), and explore how the
extrema are identified within this domain.

Step-by-Step Approach to Finding Absolute Extrema

The process involves a systematic application of calculus principles, specifically the Extreme Value
Theorem, which states that if a function is continuous on a closed interval, then it must attain both
its absolute maximum and minimum somewhere within that interval.

Step 1: Confirm Continuity

Since \( F(t) = T(9 - t~2) ) is a polynomial function (assuming \( T'\) is a constant), it is continuous
everywhere. Therefore, the Extreme Value Theorem applies, guaranteeing the existence of absolute
extrema on any closed interval.

Step 2: Find Critical Points



Critical points are where the derivative of \( F(t) \) is zero or undefined. These points are potential
candidates for extrema.

- Calculate the derivative:

\[
F'(t) = T \times \frac{d}{dt}(9 - t~2) = T \times (-2t) = -2Tt
\]

- Set the derivative to zero:

\[
-2Tt = 0 \impliest =0
\]

Since \( T'\) is a constant and non-zero (assuming \( T \neq 0 \)), the only critical point within the
interval is at \( t=0).

Step 3: Evaluate the Endpoints
In addition to critical points, the endpoints \( a \) and \( b \) could harbor the absolute extrema.
Therefore, evaluate \( F(t) \) at:

-\(t=a\)
-\(t=Db\)
-\(t = 0)) (if within the interval)

Step 4: Compute Function Values at Critical and Boundary Points
Calculate \( F(t) \) at these points:

\[
F(0) =T(9-072) =T \times 9 = 9T
\]

\[
F(a) =T(9-a"2)
\]

\[
F(b) =T(9-b"2)
\]

Step 5: Determine the Absolute Maximum and Minimum
Compare these values:

\[

\boxed{

\text{Absolute maximum} = \max \left\{ F(a), F(b), F(0) \right\}
}

\]

\[



\boxed{

\text{Absolute minimum} = \min \left\{ F(a), F(b), F(0) \right\}
}

\]

The highest among these is the absolute maximum, and the lowest is the absolute minimum over the
interval.

Example: Finding Extrema on a Specific Interval

Suppose the interval is \( [-3, 3] \). Let’s walk through the process step-by-step.

Step 1: Critical points
- Critical point at \( t=0)
- Is\( 0\) within the interval? Yes.

Step 2: Endpoint evaluation
-\(F(-3) =T(9-(-3)"2)=T(9-9)=0))
-\(F(3)=T(9-372)=T(9-9)=0))

Step 3: Critical point evaluation
-\(F(0) =9T\)

Step 4: Determine max and min
- Compare \( F(-3) = 0\), \( F(3)=0), and \( F(0)=9T\).

Depending on the sign of \( T \):

SIEV(T > 0V0):

-\(F(0) =9T>0))

- Max: \( 9T"\)

- Min: O (attained at \( t=-3\) and \( t=3))

SIEV(T < 0V):

-\(F(0)=9T<0))

- Max: 0 (attained at the endpoints)
- Min: \( 9T)

This example reveals how the scaling factor \( T \) influences the extrema's value and location,
emphasizing the importance of considering the parameter's sign.



Visualizing the Function and Extrema

Graphical interpretation deepens understanding:

- The parabola opens downward if \( T > 0 ), with a vertex at \( t=0\) and maximum value \( 9T \).
-If\(T < 0), the parabola opens upward, and the vertex becomes a minimum point.

- The endpoints' function values help determine whether the absolute extrema occur at the critical
point or the boundaries.

Visual aids aid in confirming the algebraic findings and provide an intuitive grasp of where the
function attains its extremal values.

Special Considerations and Variations

While the above process applies broadly, certain scenarios warrant additional attention:

1. Unbounded Intervals

If the interval is unbounded (e.g., \( (-\infty, \infty) \)), the function's behavior at infinity must be
scrutinized. For quadratic functions opening downward, the maximum is at the vertex, but the
minimum tends toward negative infinity.

2. Parameter Constraints
If\( T\) is not a constant but a variable, the analysis becomes more complex, requiring parametric
considerations.

3. Multiple Critical Points
Functions with higher degrees or more complex forms may have multiple critical points; all must be
analyzed.

Summary of Key Steps for Finding Absolute Extrema

To synthesize the methodology:

1. Identify the function and interval.

2. Verify continuity.

3. Find critical points by setting the derivative to zero.

4. Evaluate the function at critical points within the interval.

5. Evaluate the function at the interval's endpoints.

6. Compare these values to determine absolute maximum and minimum.



Final Remarks

Determining the absolute extrema of \( F(t) = T(9 - t~2) \) on a specified interval exemplifies a core
tenet of calculus—using derivatives and boundary evaluations to locate global maxima and minima.
This structured approach combines algebraic calculations with geometric intuition, empowering
practitioners to analyze a wide array of functions confidently.

Understanding how parameters like \( T \) influence the extremal values offers insights into the
function's behavior under different conditions, which is crucial in real-world applications such as
optimization problems, physics modeling, and engineering design. Mastery of these techniques
ensures a solid foundation for tackling more complex functions and scenarios in the vast landscape
of mathematical analysis.
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