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Understanding the Equation and Its Significance

Solving complex trigonometric equations often requires a strategic approach,
especially when the goal is to find the smallest positive solution. The given
equation:

\ [

\sin(6x) \cos(8x) \cos(6x) \sin(8x) = 0.1 \sin(6x) \cos(8x) - \cos(6x)
\sin(8x) = -0.1

\1]

presents a challenging but rewarding problem in the realm of trigonometry,
with applications spanning physics, engineering, and mathematical analysis.
This article aims to walk you through the process of solving this equation
step-by-step, optimizing for clarity, accuracy, and SEO relevance.

Breaking Down the Equation: An Initial Analysis

Before diving into algebraic manipulations, it's essential to understand the
structure and components of the equation.

Equation Components

- The equation involves multiple trigonometric functions: sine and cosine.

- The expressions involve products like \(\sin(6x)\), \(\cos(8x)\), and their
combinations.

- The right side simplifies to a linear combination involving \(\sin(6x)
\cos(8x)\) and \(\cos(6x) \sin(8x)\).



Key Observations

- The terms \(\sin(6x) \cos(8x)\) and \(\cos(6x) \sin(8x)\) appear both as
products and as separate terms.
- Recognizing common identities can significantly simplify the problem.

Applying Trigonometric Identities for
Simplification

To solve the equation effectively, leveraging well-known trigonometric
identities is essential.

Product-to-Sum Identities

Recall the identities:
- \(\sin A \cos B = \frac{1}{2} [\sin(A + B) + \sin(A - B)]\)
- \(\cos A \sin B = \frac{1}{2} [\sin(A + B) - \sin(A - B)I]1\)

Applying these to the terms:

\ [

\sin(6x) \cos(8x) = \frac{1}{2} [\sin(14x) + \sin(-2x)] = \frac{1}{2}
[\sin(14x) - \sin(2x)]

\1]

since \(\sin(-2x) = - \sin(2x)\).

Similarly,

\ [

\cos(6x) \sin(8x) = \frac{1l}{2} [\sin(14x) - \sin(2x)]
\1

Interestingly, both \(\sin(6x) \cos(8x)\) and \(\cos(6x) \sin(8x)\) simplify
to the same expression:

\ [
\frac{1}{2} [\sin(14x) - \sin(2x)]
\1]

This symmetry simplifies the original equation significantly.



Rewriting the Equation Using Simplified Terms

Let's substitute the simplified forms into the original equation.

\ [

\sin(6x) \cos(8x) \cos(6x) \sin(8x) = 0.1 \left( \frac{1}{2} [\sin(14x) -
\sin(2x)] \right) - \left( \frac{1}{2} [\sin(14x) - \sin(2x)] \right) = -0.1
\1]

But notice that the left side of the original equation involves the product
of \(\sin(6x) \cos(8x)\) and \(\cos(6x) \sin(8x)\):

\ [
\left( \sin(6x) \cos(8x) \right) \left( \cos(6x) \sin(8x) \right)
\1]

Given both are equal to \(\frac{1}{2} [\sin(14x) - \sin(2x)]\), then:

\ [
\text{Left side} = \left( \frac{1}{2} [\sin(14x) - \sin(2x)] \right)~2
\1]

which simplifies to:

\ [
\frac{1}{4} [\sin(14x) - \sin(2x)]172
\1]

Now, the right side of the original equation:

\ [
0.1 \sin(6x) \cos(8x) - \cos(6x) \sin(8x)
\1

becomes:

\ [

0.1 \times \frac{1}{2} [\sin(14x) - \sin(2x)] - \frac{1}{2} [\sin(14x) -
\sin(2x)] = \left( \frac{0.05}{ } - \frac{1l}{2} \right) [\sin(14x) -
\sin(2x) 1]

\1]

which simplifies to:

\ [

\left( -0.45 \right) [\sin(14x) - \sin(2x)]
\1]

In summary, the equation reduces to:

\[



\frac{1}{4} [\sin(14x) - \sin(2x)172 = -0.1
\1]

Solving the Simplified Equation

The simplified form is:

\ [
\frac{1}{4} [\sin(14x) - \sin(2x)]"2 = -0.1
\]

Multiplying both sides by 4:

\ [
[\sin(14x) - \sin(2x)]"2 = -0.4
\1]

Since the square of a real number is always non-negative, i.e., \(\geq 0\),
and the right side is negative (\(-0.4\)), this indicates no real solutions
exist for this equation.

Implication: The original equation has no real solutions satisfying the given
conditions.

Interpreting the Result: The Smallest Positive
Solution

Given that the simplified form yields no real solutions, it indicates that
the original problem's conditions lead to an inconsistency unless complex
solutions are considered. However, if the problem's context is restricted to
real solutions, then:

- No real solutions exist for the given equation.
- The smallest positive solution, in this case, does not exist within the
real number domain.

Note: If the original equation or problem statement involves approximations
or different interpretations, further analysis might be necessary.



Alternative Approach: Numerical Methods and
Graphical Analysis

Suppose we consider the possibility of approximate solutions or complex
solutions. Numerical methods such as the Newton-Raphson method or graphing
calculators can help approximate solutions.

Steps for Numerical Approximation

1. Rearranged Equation: Since direct algebraic solutions lead to
contradictions, set the original form as a function:

\ [

f(x) = \sin(6x) \cos(8x) \cos(6x) \sin(8x) - 0.1 \sin(6x) \cos(8x) + \cos(6x)
\sin(8x) + 0.1

\1

2. Graph \(f(x)\): Plotting \(f(x)\) over a suitable interval can reveal
approximate roots.

3. Identify Intervals: Look for points where \(f(x)\) crosses zero,
indicating solutions.

4. Refine Solutions: Use iterative methods for higher precision.

Conclusion: Key Takeaways for Solving Complex
Trigonometric Equations

- Leverage identities: Recognize and apply product-to-sum identities to
simplify complex trigonometric expressions.

- Check for contradictions: Ensure the simplified form aligns with the
properties of the functions involved.

- Interpret solutions carefully: Understand whether solutions exist within
the real numbers or complex domain.

- Use numerical methods: When algebraic solutions are infeasible, graphing
and iterative techniques are valuable.



Final Remarks and Tips for Solving Similar
Equations

- Always start by simplifying using well-known identities.

- Be cautious about apparent contradictions; verify whether they stem from
the problem's constraints.

- For equations involving multiple angles, consider the periodicity to
identify all potential solutions.

- When solutions aren't straightforward, leverage technology for graphing and
numerical approximation.

Understanding and solving trigonometric equations require patience and a
strategic approach. Whether you're tackling academic problems or applying
these concepts in engineering, mastering these techniques enhances your
problem-solving toolkit.
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Frequently Asked Questions

What is the main goal in solving the equation
Solvesin(6x)cos(8x)cos(6x)sin(8x) =
0.1sin(6x)cos(8x) - cos(6x)sin(8x) = -0.1 for the
smallest positive x?

The main goal is to find the smallest positive value of x that satisfies both
equations simultaneously.

How can the given equations be simplified using
trigonometric identities?

By applying identities such as sin(A)cos(B), sin(A)sin(B), cos(A)cos(B), and
sum-to-product formulas, the equations can be rewritten into simpler forms to
facilitate solving.



What approach should be used to find the smallest
positive solution for x in this system?

A good approach is to simplify each equation, possibly reduce to a single
trigonometric function or an algebraic equation in terms of x, then analyze
the resulting equations to identify the smallest positive solution.

Are there specific trigonometric identities that
help relate the terms like sin(6x)cos(8x) and
cos(6x)sin(8x)?

Yes, identities such as sin(A)cos(B) = 0.5[sin(A+B) + sin(A-B)] and similar
formulas can relate these terms, simplifying the equations.

What numerical methods can be used if the algebraic
approach is complex or intractable?

Numerical methods like graphing, Newton-Raphson, or using a calculator or
software to approximate solutions can be effective in finding the smallest
positive solution.

How does the negative constant (-0.1) influence the
solutions of the equations?

The negative constant shifts the solutions, indicating that the solutions
must satisfy an equation involving negative values, which influences the
range and specific values of x where solutions occur.

What is the significance of finding the smallest
positive solution in the context of this problem?

Identifying the smallest positive solution is often important in applications
where the principal or initial positive value of x is needed, such as in
periodic or real-world systems where negative or larger solutions are less
relevant.

Additional Resources

Trigonometric Equation Analysis: Solving for the Smallest Positive Solution
of



Introduction: Understanding the Equation and
Its Relevance

When delving into the realm of trigonometry, equations often present
themselves as intricate puzzles demanding both algebraic manipulation and a
keen understanding of trigonometric identities. The equation under
consideration:

\ [

\sin(6x) \cos(8x) \cos(6x) \sin(8x) = 0.1 \sin(6x) \cos(8x) - \cos(6x)
\sin(8x) = -0.1

\1]

may seem complex at first glance, but with a systematic approach, it becomes
a manageable challenge. Such equations are not only academic exercises but
also have practical implications in fields like signal processing, physics,
and engineering, where wave interactions and oscillations are modeled
mathematically.

This article aims to explore the process of solving this combined equation
thoroughly, focusing particularly on finding the smallest positive solution.
We will analyze each part carefully, employ appropriate trigonometric
identities, and guide you through the step-by-step solution process, ensuring
clarity and depth.

Dissecting the Equation: Breaking It Down

The given expression appears as a combination of a product of trigonometric
functions and an equality involving a linear combination, set equal to
\(-0.1\). For clarity, let's restate the original problem:

\ [

\sin(6x) \cos(8x) \cos(6x) \sin(8x) = 0.1 \sin(6x) \cos(8x) - \cos(6x)
\sin(8x) = -0.1

\1

This suggests a chain of equalities, which likely means the entire expression
is equal to \(-0.1\). To clarify, we interpret the equation as:

\ [

\sin(6x) \cos(8x) \cos(6x) \sin(8x) = 0.1 \sin(6x) \cos(8x) - \cos(6x)
\sin(8x) = -0.1

\]

which implies that the first part and the second part are both equal to



\(-0.1\). Therefore, the problem reduces to solving two equations:
1. Equation A:

\ [
\sin(6x) \cos(8x) \cos(6x) \sin(8x) = -0.1
\1]

2. Equation B:

\ [
0.1 \sin(6x) \cos(8x) - \cos(6x) \sin(8x) = -0.1
\1]

The goal is to find the smallest positive value of \(x\) satisfying both
equations simultaneously.

Step 1: Simplify the Equations Using
Trigonometric Identities

To progress, we need to simplify each part using fundamental identities.
Simplifying Equation A
The left side of Equation A:

\ [
\sin(6x) \cos(8x) \cos(6x) \sin(8x)
\1

can be viewed as a product of four functions. Rearranged as:

\ [

(\sin(6x) \cos(6x)) \times (\sin(8x) \cos(8x))

\1

since multiplication is commutative, and grouping the terms provides clarity.

Recall the double-angle identity:

\ [
\sin(2\theta) = 2 \sin \theta \cos \theta

\]

which implies:



\ [
\sin \theta \cos \theta = \frac{1}{2} \sin 2\theta

\1]
Applying this, we get:

\ [

\sin(6x) \cos(6x)
\1

and

\ [

\sin(8x) \cos(8x)
\1

\frac{1}{2} \sin(12x)

\frac{1}{2} \sin(16x)

Thus, the product becomes:

\ [

\left( \frac{1}{2} \sin(12x) \right) \times \left( \frac{1}{2} \sin(16x)
\right) = \frac{1}{4} \sin(12x) \sin(16x)

\1

Therefore, Equation A simplifies to:

\ [

\frac{1}{4} \sin(12x) \sin(1l6x) = -0.1
\1]

Multiplying both sides by 4:

\ [

\sin(12x) \sin(16x) = -0.4
\1]

Simplifying Equation B
Now, focus on Equation B:

\ [
0.1 \sin(6x) \cos(8x) - \cos(6x) \sin(8x) = -0.1
\1

Observe that the terms:

\ [
\sin(6x) \cos(8x) \quad \text{and} \quad \cos(6x) \sin(8x)
\1]

are similar to the sine addition formula:



\ [
\sin(A + B) = \sin A \cos B + \cos A \sin B

\1]

and the sine difference formula:

\ [
\sin(A - B) = \sin A \cos B - \cos A \sin B
\]

Applying the sine difference identity:

\ [
\sin(6x - 8x) = \sin 6x \cos 8x - \cos 6x \sin 8x
\]

which simplifies to:

\ [
\sin(-2x) = -\sin 2x
\1

Hence, Equation B reduces to:

\ [

0.1 \times \sin(6x) \cos(8x) - \cos(6x) \sin(8x) = 0.1 \times \left( \sin 6x
\cos 8x \right) - \cos 6x \sin 8x

\1]

But from the identity above, the entire left side simplifies to:

\ [

0.1 \times \sin(6x) \cos(8x) - \cos(6x) \sin(8x) = 0.1 \times \sin(6x)
\cos(8x) - \left( \sin(6x) \cos(8x) - \sin(2x) \right)

\1]

which seems inconsistent unless we revisit the earlier step. The correct
approach is:

Actually, from the identity:

\ [
\sin(A - B) = \sin A \cos B - \cos A \sin B
\1

Therefore,

\ [
\sin(6x - 8x) = \sin 6x \cos 8x - \cos 6x \sin 8x
\]



which implies:

\ [

\sin(6x - 8x) = \sin(-2x) = -\sin 2x
\1

So, the left side of Equation B is:

\ [

0.1 \sin(6x) \cos(8x) - \cos(6x) \sin(8x) = 0.1 \times \left[\sin(6x)
\cos(8x) - \frac{1l}{0.1} \cos(6x) \sin(8x)\right]

\1]

But this complicates the expression unnecessarily. The key insight is:

\ [
\sin(6x) \cos(8x) - \cos(6x) \sin(8x) = \sin(6x - 8x) = -\sin 2x
\1]

Thus, Equation B simplifies to:

\ [
0.1 \times \left( -\sin 2x \right) = -0.1
\1

or

\ [

-0.1 \sin 2x = -0.1

\1

Dividing both sides by \(-0.1\):

\ [
\sin 2x =1
\]

Step 2: Solving the Simplified Equations

Now, with these simplifications, our problem reduces to solving:
For Equation A:

\ [
\sin(12x) \sin(16x) = -0.4
\1



For Equation B:

\ [
\sin 2x =1
\1

Solving Equation B: \(\sin 2x = 1\)

The general solution for \(\sin \theta = 1\) is:

\ [

\theta = \frac{\pi}{2} + 2k\pi, \quad k \in \mathbb{Z}
\1

Applying to \(2x\):

\ [

2x = \frac{\pi}{2} + 2k\pi

\1

Thus,

\ [

x = \frac{\pi}{4} + k\pi

\1]

The smallest positive solution corresponds to \(k=0\):

\ [
x = \frac{\pi}{4}
\1]

Checking the Correspondence with Equation A

Now, verify if \(x = \pi/4\) satisfies the first equation:

\ [
\sin(12x
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