
Find The Linear Approximation Of The
Function Below At X=1 And Use It To
Approximate F(0.8). F(x)=7x33x
Find The Linear Approximation Of The Function Below At X=1 And Use It To Approximate
F(0.8). F(x)=7x33x

---

Introduction

In calculus, linear approximation is a powerful tool used to estimate the value of a function at a point
close to a known value. This technique relies on the concept of the tangent line to the function at a
specific point, providing a simple linear function that approximates the behavior of the original
function nearby. In this article, we will explore how to find the linear approximation of the given
function at \( x=1 \), and then use this approximation to estimate \( F(0.8) \). The function in question
appears to be \( F(x) = 7x \cdot 33x \), which requires clarification and simplification before
proceeding.

---

Understanding the Function \( F(x) \)

Interpreting the Function Expression

The notation \( F(x) = 7x33x \) is somewhat ambiguous. Common interpretations include:

- Interpretation 1: \( F(x) = 7x \times 33x \)
- Interpretation 2: \( F(x) = 7x^{3} \times 3x \)
- Interpretation 3: Typographical error, intended as \( F(x) = 7x^3 \)

Given the context and typical functions, the most plausible interpretation is:

\[
F(x) = 7x \times 33x
\]

which simplifies to:

\[
F(x) = 7x \times 33x = (7 \times 33) x \times x = 231 x^2



\]

Alternatively, if the original problem intended for the function to be \( F(x) = 7x^3 \), it would be
written explicitly.

For clarity, we will proceed assuming the function is:

\[
F(x) = 231 x^2
\]

---

Step 1: Find the Value of \( F(x) \) at \( x=1 \)

Calculating \( F(1) \):

\[
F(1) = 231 \times (1)^2 = 231
\]

This will serve as the point of tangency for the linear approximation.

---

Step 2: Find the Derivative \( F'(x) \)

The derivative provides the slope of the tangent line at any point \( x \):

\[
F(x) = 231 x^2
\]

Applying the power rule:

\[
F'(x) = 2 \times 231 x = 462 x
\]

At \( x=1 \):

\[
F'(1) = 462 \times 1 = 462
\]

This slope will be used in the linear approximation.



---

Step 3: Formulate the Linear Approximation (Tangent
Line)

The linear approximation \( L(x) \) of the function at \( x=a \) is given by:

\[
L(x) = F(a) + F'(a)(x - a)
\]

where:

- \( a = 1 \)
- \( F(a) = 231 \)
- \( F'(a) = 462 \)

Substituting these values:

\[
L(x) = 231 + 462 (x - 1)
\]

This linear function approximates \( F(x) \) near \( x=1 \).

---

Step 4: Use the Linear Approximation to Estimate \(
F(0.8) \)

To estimate \( F(0.8) \), substitute \( x=0.8 \) into the linear approximation:

\[
L(0.8) = 231 + 462 (0.8 - 1)
\]

Calculating the difference:

\[
0.8 - 1 = -0.2
\]

Multiplying by the slope:

\[



462 \times (-0.2) = -92.4
\]

Adding to the value at \( x=1 \):

\[
L(0.8) = 231 - 92.4 = 138.6
\]

Thus, the estimated value of \( F(0.8) \) using the linear approximation is approximately 138.6.

---

Alternative Approach: Confirming the Function and Its
Derivative

If instead, the original function was intended as \( F(x) = 7x^3 \), the steps would be:

- Calculate \( F(1) \):

\[
F(1) = 7 \times 1^3 = 7
\]

- Derivative:

\[
F'(x) = 21 x^2
\]

- At \( x=1 \):

\[
F'(1) = 21 \times 1 = 21
\]

- Linear approximation:

\[
L(x) = 7 + 21 (x - 1)
\]

- Approximate \( F(0.8) \):

\[
L(0.8) = 7 + 21 (0.8 - 1) = 7 + 21 \times (-0.2) = 7 - 4.2 = 2.8
\]



This significant difference illustrates the importance of correctly interpreting the function.

---

Conclusion

In this article, we demonstrated how to apply linear approximation to estimate the value of a function
near a known point. Assuming the function \( F(x) = 231 x^2 \), we:

- Calculated the function value at \( x=1 \),
- Derived the derivative to find the slope,
- Constructed the tangent line (linear approximation),
- Used it to estimate \( F(0.8) \).

The resulting approximation is approximately 138.6, providing a quick and effective way to
approximate the function's value without computing \( F(0.8) \) directly.

Key Takeaways:

- Linear approximation relies on the tangent line at a point.
- The accuracy depends on how close the point \( x \) is to the point of tangency.
- Clarifying the function's expression is crucial before proceeding with calculations.

This technique is invaluable in calculus, especially when dealing with complex functions or when quick
estimates are needed.

Frequently Asked Questions

What is the purpose of finding the linear approximation of a
function at a specific point?
The purpose is to estimate the function's value near that point using the tangent line, which simplifies
calculations and provides a good approximation for values close to the point of interest.

How do you find the linear approximation (tangent line) of a
function at x = 1?
First, evaluate the function and its derivative at x = 1 to find the point and slope, then use the
formula L(x) = f(1) + f'(1)(x - 1).

Given the function F(x) = 7x^3, how do you compute F(1)?
Calculate F(1) = 7 (1)^3 = 7.



What is the derivative of F(x) = 7x^3?
The derivative F'(x) = 21x^2.

How do you find the slope of the tangent line at x = 1?
Evaluate F'(1) = 21 (1)^2 = 21.

What is the linear approximation of F(x) at x = 1?
L(x) = F(1) + F'(1)(x - 1) = 7 + 21(x - 1).

How can you use the linear approximation to estimate F(0.8)?
Substitute x = 0.8 into the linear approximation: L(0.8) = 7 + 21(0.8 - 1) = 7 + 21(-0.2) = 7 - 4.2 =
2.8.

Is the linear approximation accurate for estimating F(0.8)?
Yes, since 0.8 is close to 1, the linear approximation provides a reasonable estimate of F(0.8).

What is the significance of using linear approximation in
calculus?
Linear approximation simplifies complex functions to linear functions near a point, making
calculations easier and providing quick estimates of function values.

Can the linear approximation be used for functions with
higher complexity or nonlinearity?
Yes, but its accuracy decreases as the function's nonlinearity increases away from the point of
tangency; for better accuracy, higher-order approximations like quadratic or Taylor series may be
used.

Additional Resources
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---

Introduction

In the realm of calculus and mathematical analysis, the concept of linear approximation—also known
as the tangent line approximation—is an essential tool for estimating the values of functions near a
specific point. This method leverages the derivative of a function to create a straight-line
approximation that closely resembles the function's behavior in a localized region.



In this article, we delve into the process of finding the linear approximation of the function \( F(x) = 7x
+ 3x \) at the point \( x = 1 \), and subsequently employ this approximation to estimate the value of \(
F(0.8) \). Through detailed derivations and illustrative explanations, we aim to provide a
comprehensive understanding of the methodology, culminating in a practical application of the linear
approximation concept.

---

Understanding the Function \( F(x) = 7x + 3x \)

Before proceeding to the approximation, it is crucial to analyze and simplify the given function.

Simplification of the Function

The function provided is:

\[
F(x) = 7x + 3x
\]

Combining like terms:

\[
F(x) = (7 + 3) x = 10x
\]

This simplification indicates that \( F(x) \) is a linear function with a slope of 10 and passes through the
origin.

Implications for Approximation

Given that \( F(x) \) simplifies to \( 10x \), the linear approximation at any point \( a \) will effectively
be the function itself, because linear functions are their own tangent lines everywhere.

However, for the sake of the investigative process and to illustrate the methodology, we will proceed
with the general process as if the function were more complex, then verify the results with the
simplified form.

---

Step 1: Finding the Derivative \( F'(x) \)

The derivative of the function gives the slope of the tangent line at any point \( x \).

Derivation

\[
F(x) = 10x
\]

\[



F'(x) = \frac{d}{dx} (10x) = 10
\]

The derivative is constant, confirming the linearity of the function.

---

Step 2: Calculating the Linear Approximation at \( x = 1 \)

The linear approximation (or tangent line approximation) of a function \( F(x) \) at a point \( a \) is:

\[
L(x) = F(a) + F'(a)(x - a)
\]

Applying the formula at \( a=1 \):

- Calculate \( F(1) \):

\[
F(1) = 10 \times 1 = 10
\]

- Calculate \( F'(1) \):

\[
F'(1) = 10
\]

- Formulate the tangent line:

\[
L(x) = 10 + 10 (x - 1)
\]

Simplified:

\[
L(x) = 10 + 10x - 10 = 10x
\]

Thus, the linear approximation at \( x=1 \) is:

\[
\boxed{L(x) = 10x}
\]

which, as expected, is identical to the original function due to its linearity.

---



Step 3: Using the Linear Approximation to Estimate \( F(0.8) \)

Now, we use the tangent line \( L(x) \) to approximate \( F(0.8) \):

\[
F(0.8) \approx L(0.8) = 10 \times 0.8 = 8
\]

Final estimate:

\[
\boxed{F(0.8) \approx 8}
\]

Given the simplicity of the function, the approximation matches the actual value exactly:

\[
F(0.8) = 10 \times 0.8 = 8
\]

---

In-Depth Analysis and Broader Context

When Is Linear Approximation Most Useful?

Linear approximations are particularly valuable when dealing with complex functions where direct
computation is difficult or impractical. They allow for quick estimates within a small neighborhood of
the point of tangency, leveraging the tangent line's simplicity.

Limitations of Linear Approximation

- Local Validity: The approximation is accurate near \( a \), but its accuracy diminishes as \( x \) moves
further away.
- Function Behavior: For highly non-linear functions, the tangent line may not provide a good estimate
beyond a small interval.

Application in Science and Engineering

This technique is widely used in physics, engineering, and computer science, especially in scenarios
involving:

- Small perturbations
- Initial estimates in numerical methods
- Error analysis

---

Expanding the Concept: Approximation of Non-Linear Functions

While the current example involves a linear function, the process becomes more insightful with non-



linear functions. For instance, consider \( F(x) = \sin x \), where the linear approximation at \( a \) is:

\[
L(x) = \sin a + \cos a (x - a)
\]

This approach enables approximations of the sine function near \( a \), which is invaluable in
engineering applications, such as signal processing or oscillatory systems.

---

Summary of Key Steps in Linear Approximation

To generalize the process, here are the steps to find and use a linear approximation:

1. Identify the function \( F(x) \).
2. Calculate the derivative \( F'(x) \).
3. Choose the point \( a \) at which to approximate.
4. Compute \( F(a) \) and \( F'(a) \).
5. Formulate the linear approximation \( L(x) = F(a) + F'(a)(x - a) \).
6. Use \( L(x) \) to approximate \( F(x) \) at the desired point close to \( a \).

---

Final Remarks

In this specific case, the linear approximation at \( x=1 \) perfectly aligns with the actual function \(
F(x) = 10x \), resulting in an exact estimate for \( F(0.8) \). This exemplifies the power and simplicity
of linear approximations for linear functions.

For more complex, non-linear functions, the same methodology applies, but the accuracy depends on
how close \( x \) is to the point of tangency and the function's curvature. Nonetheless, linear
approximation remains a foundational concept in differential calculus, underpinning more advanced
techniques such as Taylor series expansion and numerical analysis.

---
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Note: The exactness of the linear approximation in this scenario underscores the importance of
understanding the nature of the function before applying approximation techniques. When dealing
with non-linear functions, always consider the potential error margin and the radius within which the
approximation remains valid.
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