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When dealing with nonlinear equations, finding roots—values of x that satisfy the equation Y=0—can

often be a complex task. The Newton-Raphson method is a powerful numerical technique that allows

us to approximate these roots efficiently. In this article, we will explore how to apply the Newton-

Raphson method to estimate a root of the specific equation:

\[ Y = 10 \sin(x) + x - 8x + 15 \]

which simplifies to:

\[ Y = 10 \sin(x) - 7x + 15 \]

We will discuss the method's theoretical foundation, step-by-step application, and practical

considerations to ensure accurate root estimations.

Understanding the Newton-Raphson Method

What Is the Newton-Raphson Method?



The Newton-Raphson method is an iterative numerical procedure used to find approximations to the

roots (solutions) of a real-valued function. Starting from an initial guess \( x_0 \), the method refines

this guess through successive iterations according to the formula:

\[ x_{n+1} = x_n - \frac{f(x_n)}{f'(x_n)} \]

where:

- \( f(x) \) is the function for which we seek the root,

- \( f'(x) \) is the derivative of \( f(x) \),

- \( x_n \) is the current approximation,

- \( x_{n+1} \) is the next approximation.

This process continues until the difference between successive approximations is within a desired

tolerance, indicating convergence to an accurate root.

Advantages and Limitations

Advantages:

- Fast convergence near the root, especially quadratic convergence.

- Requires only function and derivative evaluations.

Limitations:

- Sensitive to initial guesses; poor starting points can lead to divergence.

- Not suitable if the derivative is zero or close to zero at the guess.

- May fail to converge if the function is not well-behaved.



Analyzing the Equation \( Y = 10 \sin(x) - 7x + 15 \)

Before applying the method, understanding the function's behavior is crucial. Let's analyze the

function:

\[ f(x) = 10 \sin(x) - 7x + 15 \]

and its derivative:

\[ f'(x) = 10 \cos(x) - 7 \]

This will help us determine suitable initial guesses and understand the function's monotonicity.

Behavior of \( f(x) \)

- The sine component oscillates between -10 and 10.

- The linear component \( -7x \) dominates for large \( |x| \), tending toward \( -\infty \) as \( x \to \infty \)

and \( \infty \) as \( x \to -\infty \).

- The constant term 15 shifts the function vertically.

Examining specific points:

- At \( x=0 \):

\[ f(0) = 10 \times 0 - 7 \times 0 + 15 = 15 \]

- At \( x=2 \):

\[ f(2) = 10 \sin(2) - 14 + 15 \approx 10 \times 0.9093 - 14 + 15 \approx 9.093 - 14 + 15 = 10.093 \]



- At \( x=3 \):

\[ f(3) = 10 \sin(3) - 21 + 15 \approx 10 \times 0.1411 - 21 + 15 \approx 1.411 - 21 + 15 = -4.589 \]

Since the function changes from positive at \( x=2 \) to negative at \( x=3 \), there is at least one root

between these points.

Initial estimate: \( x_0 = 2.5 \)

Applying the Newton-Raphson Method Step-by-Step

Let's now proceed with the iterative process, starting from an initial guess based on the above

analysis.

Step 1: Define the function and its derivative

- \( f(x) = 10 \sin(x) - 7x + 15 \)

- \( f'(x) = 10 \cos(x) - 7 \)

Step 2: Choose an initial guess

Based on the previous analysis, \( x_0 = 2.5 \) seems reasonable.

Step 3: Perform iterative calculations

Using the Newton-Raphson formula:



\[ x_{n+1} = x_n - \frac{f(x_n)}{f'(x_n)} \]

Iteration 1:

- \( x_0 = 2.5 \)

Compute:

\[ f(2.5) = 10 \sin(2.5) - 7 \times 2.5 + 15 \]

\[ \sin(2.5) \approx 0.5985 \]

\[ f(2.5) = 10 \times 0.5985 - 17.5 + 15 = 5.985 - 17.5 + 15 = 3.485 \]

Compute derivative:

\[ f'(2.5) = 10 \cos(2.5) - 7 \]

\[ \cos(2.5) \approx -0.8011 \]

\[ f'(2.5) = 10 \times (-0.8011) - 7 = -8.011 - 7 = -15.011 \]

Update:

\[ x_1 = 2.5 - \frac{3.485}{-15.011} \approx 2.5 + 0.232 \approx 2.732 \]

Iteration 2:

- \( x_1 \approx 2.732 \)

Calculate:



\[ f(2.732) = 10 \sin(2.732) - 7 \times 2.732 + 15 \]

\[ \sin(2.732) \approx 0.394 \]

\[ f(2.732) = 10 \times 0.394 - 19.124 + 15 = 3.94 - 19.124 + 15 = -0.184 \]

Derivative:

\[ f'(2.732) = 10 \cos(2.732) - 7 \]

\[ \cos(2.732) \approx -0.919 \]

\[ f'(2.732) = 10 \times (-0.919) - 7 = -9.19 - 7 = -16.19 \]

Update:

\[ x_2 = 2.732 - \frac{-0.184}{-16.19} \approx 2.732 - 0.0114 \approx 2.7206 \]

Iteration 3:

- \( x_2 \approx 2.7206 \)

Calculate:

\[ f(2.7206) \approx 10 \times 0.392 - 7 \times 2.7206 + 15 \]

\[ 10 \times 0.392 \approx 3.92 \]

\[ -7 \times 2.7206 \approx -19.044 \]

\[ f(2.7206) \approx 3.92 - 19.044 + 15 = -0.124 \]



Derivative:

\[ f'(2.7206) \approx 10 \times (-0.921) - 7 = -9.21 - 7 = -16.21 \]

Update:

\[ x_3 = 2.7206 - \frac{-0.124}{-16.21} \approx 2.7206 - 0.00765 \approx 2.7129 \]

The change between iterations is decreasing, indicating convergence.

Practical Considerations and Tips

- Choosing Initial Guess: Select a point where the function changes sign, which indicates a root

nearby.

- Stopping Criteria: Decide on a tolerance level, such as \( |x_{n+1} - x_n| < 10^{-6} \), to determine

when to stop iterations.

- Handling Zero Derivative: Avoid points where \( f'(x) \) is zero to prevent division errors.

- Multiple Roots: For equations with multiple solutions, repeat the process with different initial guesses.

Summary and Conclusion

The Newton-Raphson method proves highly effective for estimating roots of nonlinear equations like \(

Y = 10 \sin(x) - 7x + 15 \). By understanding the function's behavior, choosing appropriate initial

guesses, and iteratively applying the formula, we can rapidly converge to accurate solutions. In our

example, starting with \( x_0 = 2.5 \), the method converged to approximately \( x \approx 2.713 \),

which satisfies the original equation within a reasonable error margin.

This technique's strength lies in its simplicity and speed, especially near the root, making it a staple in



numerical analysis for solving complex equations where analytical solutions are difficult or impossible

to find. Proper application and awareness of

Frequently Asked Questions

How is the Newton-Raphson method applied to estimate roots of the

equation Y = 10 Sin(x) + x - 8x + 15?

The Newton-Raphson method iteratively refines an initial guess x₀ by using the formula xₙ₊₁ = xₙ -

f(xₙ)/f'(xₙ), where f(x) = 10 sin(x) + x - 8x + 15. Compute the derivative f'(x) = 10 cos(x) + 1 - 8, then

apply the formula repeatedly until convergence.

What is the derivative of the function Y = 10 Sin(x) + x - 8x + 15

used in the Newton-Raphson method?

The derivative f'(x) is calculated as 10 cos(x) + 1 - 8, which simplifies to 10 cos(x) - 7.

Why is the initial guess important when using the Newton-Raphson

method for this equation?

The initial guess determines the convergence and accuracy of the Newton-Raphson method. A poor

choice may lead to divergence or convergence to an incorrect root, so selecting a value close to the

actual root improves efficiency.

How do you determine when the Newton-Raphson method has

converged to an accurate root for this equation?

Convergence is typically determined by checking if the absolute value of f(x) at the current estimate is

below a specified tolerance, or if the difference between successive estimates is sufficiently small,

indicating that the root has been approximated accurately.



What are potential challenges when applying the Newton-Raphson

method to the equation Y = 10 Sin(x) + x - 8x + 15?

Potential challenges include the possibility of division by zero if f'(x) is zero at an estimate, slow

convergence near inflection points, or divergence if the initial guess is far from the actual root. Careful

selection of the initial guess and analysis of the function's behavior mitigate these issues.

Additional Resources

The Newton-Raphson Method Is To Be Used To Estimate A Root Of The Equation Y = 10 Sin(x) + X -

8x+15

In the realm of numerical analysis and computational mathematics, methods for estimating roots of

equations are fundamental tools—especially when algebraic solutions are elusive or complex to derive.

Among these methods, the Newton-Raphson method stands out for its simplicity and rapid

convergence properties under suitable conditions. Today, we delve into how this iterative technique

can be applied to a particular transcendental equation:

Y = 10 Sin(x) + x - 8x + 15

This article aims to provide a comprehensive, yet accessible, explanation of the process involved in

using the Newton-Raphson method to find an approximate root of this function, elucidate the

mathematical foundation, and discuss practical considerations for implementation.

---

Understanding the Equation and Its Significance

Before diving into the iterative process, it’s essential to understand the nature of the function we're



analyzing.

The Function in Focus

The given equation is:

Y = 10 Sin(x) + x - 8x + 15

At first glance, it's necessary to clarify that the notation suggests Y is a function of x, i.e.,

f(x) = 10 sin(x) + x - 8x + 15

which simplifies to:

f(x) = 10 sin(x) - 7x + 15

The goal is to find the root(s) of this function—that is, the value(s) of x for which f(x) = 0.

Why Is Finding Roots Important?

Roots of equations such as this have applications across various fields:

- Engineering: designing systems with specific resonance frequencies

- Physics: solving for equilibrium points

- Economics: optimizing profit functions

In mathematical terms, solving f(x) = 0 helps pinpoint critical points, stability conditions, or equilibrium

states.



---

The Newton-Raphson Method: An Overview

What Is the Newton-Raphson Method?

The Newton-Raphson method is an iterative procedure to approximate roots of a real-valued function.

Given a function f(x) and an initial guess x₀, the method generates a sequence of better

approximations using the formula:

x_{n+1} = x_n - \frac{f(x_n)}{f'(x_n)}

where:

- x_n is the current approximation

- f'(x_n) is the derivative of f(x) evaluated at x_n

The core idea is to use the tangent line at the current approximation to estimate where the function

crosses zero, then repeat this process to refine the estimate.

Advantages and Limitations

Advantages:

- Fast convergence when close to the root

- Simple to implement with known derivatives



Limitations:

- Requires a good initial guess

- May fail if the derivative is zero or undefined at some point

- Not guaranteed to converge for all functions or initial guesses

Applicability to Our Function

Given the nature of f(x) = 10 sin(x) - 7x + 15, which is continuous and differentiable everywhere, the

Newton-Raphson method is suitable, provided we choose an appropriate starting point.

---

Step-by-Step Application to the Function f(x) = 10 sin(x) - 7x

+ 15

To practically apply the method, several steps are necessary:

1. Define the Function and Its Derivative

- Function:

f(x) = 10 sin(x) - 7x + 15

- Derivative:

f'(x) = 10 cos(x) - 7



Calculating the derivative is straightforward, as both sine and cosine functions are well-understood and

differentiable.

2. Choose an Initial Guess (x₀)

Selecting a good initial guess is crucial for convergence. Analyzing the function:

- Let's consider x = 0:

f(0) = 100 - 70 + 15 = 15 (positive)

- Try x = 3:

f(3) ≈ 10sin(3) - 73 + 15 ≈ 100.1411 - 21 + 15 ≈ 1.411 - 21 + 15 ≈ -4.589 (negative)

Since f(0) is positive and f(3) is negative, the root lies between 0 and 3. Choosing an initial guess, say

x₀ = 1.5, is reasonable.

3. Iterative Calculation

Applying the Newton-Raphson formula:

x_{n+1} = x_n - \frac{f(x_n)}{f'(x_n)}

Let's perform a few iterations:

Iteration 1: x₀ = 1.5

- Calculate f(1.5):



f(1.5) = 10sin(1.5) - 71.5 + 15

≈ 100.9975 - 10.5 + 15 ≈ 9.975 - 10.5 + 15 ≈ 14.475

- Calculate f'(1.5):

f'(1.5) = 10cos(1.5) - 7

≈ 100.0707 - 7 ≈ 0.707 - 7 ≈ -6.293

- Update x:

x₁ = 1.5 - (14.475 / -6.293) ≈ 1.5 + 2.301 ≈ 3.801

Iteration 2: x₁ ≈ 3.801

- f(3.801):

≈ 10sin(3.801) - 73.801 + 15

sin(3.801) ≈ -0.588

f(3.801) ≈ 10(-0.588) - 26.607 + 15 ≈ -5.88 - 26.607 + 15 ≈ -17.487

- f'(3.801):

cos(3.801) ≈ -0.808

f'(3.801) ≈ 10(-0.808) - 7 ≈ -8.08 - 7 ≈ -15.08

- Update x:



x₂ ≈ 3.801 - (-17.487 / -15.08) ≈ 3.801 - 1.159 ≈ 2.642

This process repeats, refining the estimate until the change between iterations is below a

predetermined threshold (e.g., 0.0001).

4. Convergence and Termination

- Continue iterations until |x_{n+1} - x_n| < tolerance.

- Typically, after a few iterations, the estimate stabilizes.

---

Practical Considerations and Implementation Tips

Applying the Newton-Raphson method effectively involves understanding several practical aspects:

Choosing a Good Initial Guess

- Analyze the function graphically or via sign analysis.

- Use interval bisection to narrow down the root location if necessary.

Handling Derivative Zero or Near-Zero

- If f'(x) is zero or very small, the method may fail or produce large errors.

- Avoid initial guesses where the derivative approaches zero.



Dealing with Divergence

- If the sequence diverges or oscillates, adjust initial guesses.

- Use damping techniques or switch to alternative methods like secant or bisection.

Computational Tools

- Implement the method using software like MATLAB, Python, or graphing calculators.

- Automate iteration count and convergence checks for efficiency.

---

Conclusion: Harnessing the Power of Newton-Raphson

The Newton-Raphson method remains a cornerstone in numerical root-finding techniques due to its

simplicity and rapid convergence under favorable conditions. When applied to the function f(x) = 10

sin(x) - 7x + 15, it provides an effective pathway to approximate solutions that might be difficult to

derive analytically.

By carefully selecting initial guesses, computing derivatives accurately, and monitoring convergence,

practitioners can harness this method to solve complex equations efficiently. As the mathematical

landscape continues to evolve, tools like the Newton-Raphson method will remain vital in bridging

theoretical concepts with practical problem-solving in science, engineering, and beyond.

In summary:

- Define the function and its derivative.

- Choose an initial approximation based on analysis or graphing.



- Iteratively apply the Newton-Raphson formula.

- Continue until the desired accuracy is achieved.

- Be aware of potential pitfalls like zero derivatives or divergence.

Mastering this process empowers analysts and engineers alike to unlock solutions to equations that

are otherwise challenging, reinforcing the importance of numerical methods in modern computational

mathematics.

The Newton Raphson Method Is To Be Used To Estimate A
Root Of The Equation Y 10 Sin X X 8x 15

The Newton Raphson Method Is To Be Used To Estimate A Root Of The Equation Y 10 Sin X X 8x 15

Related Articles
Timothy Is 12 Years Old, Lately His Teachers Have Noticed Him Struggling To Stay Awake
During Class.
The Nurse Educator Is Providing Orientation To A New Group Of Staff Nurses On An Oncology
Unit. Part
The Energy Of A Photon Was Found To Be 3. 38 1019 J. Plancks Constant Is 6. 63 1034 J S.
Which Color

Back to Home

https://sip.evo9x.com/ma15/the-newton-raphson-method-is-to-be-used-to-estimate-a-root-of-the-equation-y-10-sin-x-x-8x-15.pdf
https://sip.evo9x.com/ma15/the-newton-raphson-method-is-to-be-used-to-estimate-a-root-of-the-equation-y-10-sin-x-x-8x-15.pdf
https://sip.evo9x.com/ma15/timothy-is-12-years-old-lately-his-teachers-have-noticed-him-struggling-to-stay-awake-during-class.pdf
https://sip.evo9x.com/ma15/timothy-is-12-years-old-lately-his-teachers-have-noticed-him-struggling-to-stay-awake-during-class.pdf
https://sip.evo9x.com/ma15/the-nurse-educator-is-providing-orientation-to-a-new-group-of-staff-nurses-on-an-oncology-unit-part.pdf
https://sip.evo9x.com/ma15/the-nurse-educator-is-providing-orientation-to-a-new-group-of-staff-nurses-on-an-oncology-unit-part.pdf
https://sip.evo9x.com/ma15/the-energy-of-a-photon-was-found-to-be-3-38-1019-j-plancks-constant-is-6-63-1034-j-s-which-color.pdf
https://sip.evo9x.com/ma15/the-energy-of-a-photon-was-found-to-be-3-38-1019-j-plancks-constant-is-6-63-1034-j-s-which-color.pdf
https://sip.evo9x.com

