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The Secant Method is a powerful numerical technique used to approximate solutions to
equations that cannot be solved analytically or are difficult to solve explicitly. It is
particularly useful when you have a function for which you can evaluate outputs but do not
have an explicit formula for the inverse or roots. In this article, we will explore how to
utilize the Secant Method to find solutions accurate to within 10^-4 for a specific problem
involving the function - 2x². We will analyze the method step-by-step, demonstrate
calculations, and discuss best practices for ensuring the desired accuracy.

---

Understanding the Secant Method

Before diving into the problem, it’s essential to understand the fundamental principles
behind the Secant Method.

What is the Secant Method?

The Secant Method is an iterative root-finding algorithm that approximates solutions to a
nonlinear equation f(x) = 0. Unlike the Newton-Raphson method, which requires the
derivative of the function, the Secant Method only uses function evaluations at two points,
making it advantageous when derivatives are difficult to compute.

Key features:

- Uses two initial approximations, x₀ and x₁.
- Generates successive approximations using the formula:

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

- Converges to the actual root under suitable conditions.

---



Problem Overview: Solving - 2x²

The problem involves solving the equation:

\[
f(x) = -2x^2 = 0
\]

Our goal is to find the solutions (roots) of this function with an accuracy of within 10^-4.

Initial observations:

- The function f(x) = -2x² is a quadratic function, which is straightforward to analyze.
- The roots of f(x) are the values of x that satisfy f(x) = 0.

---

Analytical Solution for Context

Before applying the Secant Method, it’s helpful to understand the exact root(s):

\[
-2x^2 = 0 \Rightarrow x^2 = 0 \Rightarrow x = 0
\]

So, the only root is at x = 0.

However, in practical scenarios, the function might be more complex, or the initial
approximations may be far from the root, necessitating numerical methods like the Secant
Method.

---

Applying the Secant Method to - 2x²

Given the simplicity of the function, the iterative process should converge quickly. Let’s
proceed step-by-step.

Choosing Initial Approximations

Since the root is at x = 0, initial guesses should be reasonably close to zero for rapid
convergence.

Suppose we select:



- x₀ = -1
- x₁ = 1

These choices are symmetric around the root and should facilitate convergence.

Iteration Process

Let’s define:

\[
f(x) = -2x^2
\]

The iterative formula is:

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

---

Step-by-Step Calculation

Initial values:

- x₀ = -1
- x₁ = 1

Calculate f(x) at initial points:

- f(x₀) = -2(-1)^2 = -2(1) = -2
- f(x₁) = -2(1)^2 = -2(1) = -2

First iteration:

\[
x_2 = x_1 - \frac{f(x_1) \times (x_1 - x_0)}{f(x_1) - f(x_0)} = 1 - \frac{-2 \times (1 - (-1))}{-2
- (-2)}
\]

Note that:

- \(x_1 - x_0 = 1 - (-1) = 2\)
- \(f(x_1) - f(x_0) = -2 - (-2) = 0\)

This results in division by zero, indicating the method cannot proceed with these initial
guesses because the denominator is zero.



Alternative initial guesses:

Choose x₀ = -0.5, x₁ = 0.5

Calculate:

- f(-0.5) = -2(0.25) = -0.5
- f(0.5) = -2(0.25) = -0.5

Again the denominator:

- f(0.5) - f(-0.5) = -0.5 - (-0.5) = 0

Again division by zero.

Observation:

Since f(x) = -2x², the function outputs are symmetric and equal at points equidistant from
zero, leading to the same function values. To avoid division by zero, choose initial points
with different absolute values.

Suppose:

- x₀ = -1
- x₁ = 2

Calculate:

- f(-1) = -2(1) = -2
- f(2) = -2(4) = -8

Now, the denominator:

\[
f(2) - f(-1) = -8 - (-2) = -6
\]

Calculate:

\[
x_2 = 2 - \frac{-8 \times (2 - (-1))}{-6} = 2 - \frac{-8 \times 3}{-6} = 2 - \frac{-24}{-6} =
2 - 4 = -2
\]

Next, evaluate f(-2):

\[
f(-2) = -2(4) = -8
\]

Now, with previous points:



- x₁ = 2, f(x₁) = -8
- x₂ = -2, f(x₂) = -8

Calculate next approximation:

\[
x_3 = x_2 - \frac{f(x_2) \times (x_2 - x_1)}{f(x_2) - f(x_1)} = -2 - \frac{-8 \times (-2 - 2)}{-8
- (-8)}
\]

Denominator:

\[
-8 - (-8) = 0
\]

Again, division by zero occurs because the function values at these points are equal.

---

Key Takeaways from the Iteration Attempts

The repeated division by zero occurs because the function f(x) = -2x² is symmetric and
equal at points symmetric about zero. The Secant Method relies on differences in function
values being non-zero; symmetric points with the same function value cause issues.

Practical Approach:

- Choose initial points with different absolute values and different function outputs.
- For example, x₀ = -1 and x₁ = 0.5

Calculate:

- f(-1) = -2(1) = -2
- f(0.5) = -2(0.25) = -0.5

Difference:

\[
-0.5 - (-2) = 1.5
\]

Calculate:

\[
x_2 = 0.5 - \frac{-0.5 \times (0.5 - (-1))}{1.5} = 0.5 - \frac{-0.5 \times 1.5}{1.5} = 0.5 -
\frac{-0.75}{1.5} = 0.5 + 0.5 = 1.0
\]



Next, evaluate f(1.0):

\[
f(1) = -2(1) = -2
\]

Calculate next approximation:

\[
x_3 = 1.0 - \frac{-2 \times (1 - 0.5)}{-2 - (-0.5)} = 1.0 - \frac{-2 \times 0.5}{-2 + 0.5} = 1.0
- \frac{-1}{-1.5} = 1.0 - \frac{ -1}{-1.5} = 1.0 - 0.6667 = 0.3333
\]

Evaluate f(0.3333):

\[
f(0.3333) = -2 \times 0.1111 \approx -0.2222
\]

And so on.

---

Ensuring Convergence to the Root Within 10^-4
Tolerance

To ensure the solution converges within the specified tolerance, follow these steps:

1. Set a maximum number of iterations (e.g., 50) to prevent infinite loops.
2. Calculate the approximate error at each step:

\[
|x_{n+1} - x_n|
\]

or

\[
|f(x_{n+1})|
\]

3. Check

Frequently Asked Questions



How do you set up the secant method to find solutions
for the equation -2x^2 = 0 with an accuracy of 10^-4?
First, rewrite the equation as f(x) = -2x^2, then choose two initial guesses close to the
root, for example x0 and x1. Apply the secant formula iteratively until the absolute
difference between successive approximations is less than 10^-4.

What initial values should be selected when applying
the secant method to solve -2x^2 = 0?
Since the root is at x=0, select initial guesses close to zero, such as x0 = -1 and x1 = 1, to
ensure the method converges efficiently.

How many iterations are typically needed with the
secant method to achieve an accuracy of 10^-4 for
solving -2x^2 = 0?
The secant method usually converges rapidly; approximately 4 to 6 iterations are sufficient
to reach the desired accuracy, depending on the initial guesses.

What is the significance of the stopping criterion in the
secant method when solving -2x^2 = 0?
The stopping criterion is when the absolute difference between successive approximations
is less than 10^-4, ensuring the solution is accurate to within that tolerance.

Can the secant method find multiple solutions for the
equation -2x^2 = 0, and how?
Since -2x^2 = 0 has a single root at x=0, the secant method will converge to that root if
initial guesses are chosen appropriately. For equations with multiple roots, different initial
guesses can lead to different solutions.

Additional Resources
Use The Secant Method To Find Solutions Accurate To Within 10^-4 For The Following
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The Secant Method is a widely used numerical technique for solving nonlinear equations,
renowned for its simplicity and efficiency in approximating roots with a specified level of
accuracy. When tasked with solving a function such as \( -2x^2 \), especially with a
precision requirement of \( 10^{-4} \), understanding the nuances of the method becomes
essential. This article aims to provide a comprehensive review of applying the secant
method to such problems, elucidating the process, advantages, limitations, and step-by-
step implementation.



---

Understanding the Secant Method

The secant method is an iterative root-finding algorithm that approximates the roots of a
real-valued function. Unlike the Newton-Raphson method, which requires the derivative of
the function, the secant method uses two initial approximations and constructs a secant
line through these points to estimate the root.

Principle Behind the Secant Method

Given a function \( f(x) \), the goal is to find \( x \) such that \( f(x) = 0 \). Starting with two
initial guesses, \( x_0 \) and \( x_1 \), the secant method uses the following iterative
formula:

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

This formula essentially finds the root of the secant line passing through \( (x_{n-1},
f(x_{n-1})) \) and \( (x_n, f(x_n)) \).

---

Applying the Secant Method to the Problem -2x^2

The specific problem here involves solving \( f(x) = -2x^2 \). The goal is to find the root(s)
of this function within a certain interval or initial guesses such that the solution is
accurate within \( 10^{-4} \).

Understanding the Function

The function \( f(x) = -2x^2 \) is a parabola opening downward, with its vertex at the
origin. Its roots are at \( x=0 \). Since \( -2x^2 = 0 \) only when \( x=0 \), the task
simplifies to approximating this root with high accuracy.

Initial Observations

- The root is known: \( x=0 \).
- The function is symmetric about the y-axis.
- Because the root is at 0, choosing initial guesses close to zero will expedite convergence.



---

Step-by-Step Implementation

Applying the secant method involves selecting initial guesses, performing iterative
calculations, and checking for convergence within the desired tolerance.

Step 1: Choose Initial Guesses

Since the root is at zero, we can select initial guesses close to zero, for example:

- \( x_0 = -1 \)
- \( x_1 = 1 \)

Alternatively, choosing guesses like \( x_0= -0.5 \) and \( x_1= 0.5 \) could also be
effective.

Step 2: Perform Iterations

Calculate \( x_2 \) using the secant formula:

\[
x_2 = x_1 - f(x_1) \times \frac{x_1 - x_0}{f(x_1) - f(x_0)}
\]

Repeat this process until the absolute difference \( |x_{n+1} - x_n| \) is less than \(
10^{-4} \), or equivalently, the function value \( |f(x_{n+1})| \) is below that threshold.

Sample Calculation

1. Iteration 1:

- \( x_0 = -1 \), \( f(x_0) = -2(-1)^2 = -2 \)
- \( x_1= 1 \), \( f(x_1) = -2(1)^2 = -2 \)

Calculate \( x_2 \):

\[
x_2 = 1 - (-2) \times \frac{1 - (-1)}{-2 - (-2)}
\]

However, notice that \( f(x_0) = f(x_1) = -2 \), leading to a division by zero. To prevent this,
select initial guesses where \( f(x_0) \neq f(x_1) \). For example:



- \( x_0 = -0.5 \), \( f(-0.5) = -2(0.25) = -0.5 \)
- \( x_1= 0.5 \), \( f(0.5) = -2(0.25) = -0.5 \)

Again, same issue. So, pick different guesses:

- \( x_0= -1 \), \( f=-2 \)
- \( x_1= 0.1 \), \( f= -2(0.01)= -0.02 \)

Calculate:

\[
x_2= 0.1 - (-0.02) \times \frac{0.1 - (-1)}{-0.02 - (-2)} = 0.1 - (-0.02) \times
\frac{1.1}{1.98} \approx 0.1 + 0.0111 \approx 0.1111
\]

2. Iteration 2:

- \( x_1= 0.1 \), \( f= -0.02 \)
- \( x_2= 0.1111 \), \( f= -2(0.1111)^2 \approx -0.0247 \)

Continue this process until the change between iterations is less than \( 10^{-4} \).

---

Convergence and Accuracy

The secant method generally converges quickly when initial guesses are close to the
actual root. Since the root here is at zero, choosing initial points near zero accelerates
convergence. The method typically exhibits superlinear convergence, roughly proportional
to the golden ratio, under favorable conditions.

To ensure solutions are accurate within \( 10^{-4} \), the iterative process should be
terminated when:

\[
|x_{n+1} - x_n| < 10^{-4}
\]
or
\[
|f(x_{n+1})| < 10^{-4}
\]

---

Pros and Cons of the Secant Method



Pros:

- Does not require the derivative of the function.
- Faster convergence than the bisection method in most cases.
- Simple to implement with basic algebraic operations.

Cons:

- Convergence is not guaranteed if initial guesses are poorly chosen.
- Can fail if \( f(x_{n}) \) and \( f(x_{n-1}) \) are very close, leading to division by zero.
- Less reliable than Newton-Raphson if the function has multiple roots or inflection points
near the guesses.

---

Features Specific to Solving \( -2x^2 \)

- The root at \( x=0 \) makes the problem straightforward.
- Since the function is quadratic, the secant method can find the root rapidly with initial
guesses near zero.
- The function's smoothness and simplicity favor quick convergence.

---

Conclusion

Applying the secant method to solve \( -2x^2 = 0 \) with an accuracy of \( 10^{-4} \) is a
straightforward process that benefits from the function's properties. The key steps involve
selecting suitable initial guesses, iteratively applying the secant formula, and monitoring
convergence criteria. While the method offers rapid convergence and simplicity, attention
must be paid to initial guesses to prevent division by zero and to ensure reliable results.

Overall, the secant method remains a powerful tool for root-finding tasks like this,
especially when derivatives are unavailable or difficult to compute. Its ability to deliver
solutions with high precision efficiently makes it an invaluable technique in numerical
analysis and scientific computing.

---

Note: For more complex functions or those with multiple roots, additional strategies such
as bracketing, combining with other methods, or employing adaptive initial guesses may
be necessary to ensure convergence and accuracy.
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