(S'e-t-7)+7cos2(t-1)dt)=2 ((s+ 1) + 4)(s + 1)

(S'e-t-7)+7cos2(t-1)dt)= 2 ((s + 1) + 4)(s + 1) is a mathematical expression that captures the
intricate relationship between Laplace transforms, differential equations, and integral calculus.
Understanding this equation provides valuable insights into advanced mathematical analysis, especially
in fields like engineering, physics, and applied mathematics. In this comprehensive article, we will
explore the components of this equation, its significance, methods to solve it, and its applications

across various domains.

Understanding the Mathematical Components

Before diving into the solution strategies and applications, it's essential to break down the key

elements of the given equation.

1. Laplace Transform and Its Role

The notation S’ suggests a Laplace transform, a powerful integral transform used to convert differential
equations in the time domain into algebraic equations in the s-domain. This transformation simplifies

the process of solving complex differential equations.
The general form of the Laplace transform of a function \(f(t)\) is:
\[

\mathcal{LIf(E)\} = \int_{0}{infty} eM{-stif(t) dt
\]



In our expression, the Laplace transform appears to be applied to a combination of exponential and

trigonometric functions, which are classic candidates for Laplace analysis.

2. The Integral Term: \(\int (e*{-t} - 7) + 7 \cos 2(t - 1) dt\)

The integral involves:

- An exponential decay component \(e{-t}\),
- A constant term \(-7\),

- A cosine function \(7 \cos 2(t - 1)\).

This combination suggests a focus on solving integrals involving exponential and oscillatory functions,

which often appear in system response analysis.

3. Algebraic Expression: \(2 \left( (s + 1) + 4 \right) (s + 1)\)

On the right side, we have an algebraic expression involving the complex frequency variable \(s\).

Simplifying:

\[
2(s+5)(s+1)
\]

Expanding:
\[

2 (s"2+6s+5)=2s"2+12s + 10
\



This quadratic form is typical in characteristic equations derived from differential equations.

Deciphering the Equation: Step-by-Step Approach

To fully understand and solve the equation, it's critical to follow a systematic approach.

1. Recognize the Laplace Transform of Each Component

- The Laplace transform of \(e™-t}\) is \(\frac{1}{s + 1}\).

- The Laplace transform of \(\cos 2(t - 1)\) involves shifting properties and standard transforms:

\[
\mathcal{L}\{\cos at\} = \frac{s}{s"2 + a’2}
\]

- The integral of these transforms relates to the inverse Laplace process.

2. Expressing the Integral in Terms of Laplace Transforms

The integral

\[
\int \left( M-t} - 7 + 7 \cos 2(t - 1) \right) dt
\]



can be split into individual integrals:

\[

\int eM-t} dt - 7 \int dt + 7 \int \cos 2(t - 1) dt
\]

which simplifies to:

\[

-eM-t}-71t+ 7 \int\cos 2(t- 1) dt

\

The integral of the cosine term involves a shift, which can be handled via substitution.

3. Handling the Shift in the Cosine Function

Since \(\cos 2(t - 1)\) involves a shift, substitution \(u =t - 1\) yields:

\[
\int \cos 2 u du = \frac{1}{2} \sin 2 u + C
\]

and reverting back:
\[
\frac{1K2} \sin 2(t- 1) + C

\

Putting it all together, the indefinite integral becomes:



\[
-eM-t} -7t + \frac{7H{2} \sin 2(t-1) + C
\]

Solving the Equation: Methodologies and Techniques

Understanding the structure of the equation enables us to apply various mathematical tools to find

solutions.

1. Applying the Laplace Transform

Transform the entire equation into the s-domain:

- Convert the integral and functions involved into their Laplace equivalents.

- Use properties like linearity, shifting, and differentiation in the Laplace domain.

2. Simplifying the Algebraic Side

As shown earlier, the right side simplifies to:
\[
2s"2 + 12s + 10

\

This quadratic polynomial corresponds to the characteristic equation of a differential equation.



3. Formulating the Differential Equation

The algebraic expression hints at an underlying differential equation which, after inverse Laplace

transform, can be written as:
\[

\frac{d"2 y(D)}{dt*2} + 6 \frac{dy(t)}{dt} + 5 y(t) = \text{(function involving exponential and cosine terms)}
\]

Applications of the Equation in Engineering and Physics

Equations of this nature are prevalent across multiple disciplines. Here we explore their practical

significance.

1. Control Systems Engineering

- System Response Analysis: The equation's structure resembles the transfer functions used in control
systems to analyze stability and response.
- Design of Filters: The combination of exponential and sinusoidal functions models filter behaviors in

electrical circuits.

2. Signal Processing

- Analyzing Oscillatory Signals: The cosine component relates to periodic signals, while the exponential

decay models damping effects.



- Fourier and Laplace Transforms in Filtering: These transforms facilitate the design of systems that

modify or extract signals.

3. Mechanical and Electrical System Dynamics

- Damped Oscillations: The differential equations modeled by such expressions describe the behavior
of damped mechanical systems or RLC circuits.
- Vibration Analysis: The sinusoidal component models oscillations, and the exponential decay

accounts for damping.

Key Points and Summary

- The given equation combines Laplace transforms, integrals involving exponential and trigonometric
functions, and algebraic expressions.

- Solving such equations involves transforming to the s-domain, simplifying, and then applying inverse
transforms.

- Understanding the properties of Laplace transforms, especially shift and linearity, is crucial.

- These equations are fundamental in analyzing real-world systems such as control systems, electrical

circuits, and mechanical oscillators.

Conclusion: Bridging Theory and Practice

Mastering equations like



\[
\left( \mathcal{L}*-1} \{ eM-t} - 7 + 7 \cos 2(t - 1) \} \right) =2 (s + 5)(s + 1)
\]

opens doors to advanced system analysis and design. Whether you're an engineering student, a
researcher, or a professional in applied sciences, understanding how to handle such equations
enhances your problem-solving toolkit. The combination of integral calculus, Laplace transforms, and
algebraic manipulation forms the backbone of modern analytical techniques used across various

technological domains.
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Frequently Asked Questions

What is the significance of the integral expression ([l eM-t}dt+ 7
cos 2(t - 1) dt) in relation to the algebraic equation 2 ((s + 1) + 4)(s

+ 1)9

The integral expression represents a combination of exponential decay and cosine functions, which
often appear in solving differential equations, while the algebraic equation 2 ((s + 1) + 4)(s + 1) relates
to the Laplace transform and system analysis. Connecting these helps in understanding how integral

transforms relate to system behavior in control theory.



How can the integral ([l eM-t} dt + 7 cos 2(t - 1) dt) be evaluated
and simplified?

The integral can be split into two parts: D eM-t} dt = -eM{-t} + C, and D 7 cos 2(t - 1) dt, which
evaluates to (7/2) sin 2(t - 1) + C. Combining these results gives the complete indefinite integral as -
eM-t} + (7/2) sin 2(t- 1) + C.

What is the relationship between the integral expression and the

algebraic form involving (s + 1)?

The integral expression, when transformed via Laplace transforms, corresponds to algebraic
expressions in the s-domain involving (s + 1). Specifically, the integral's components relate to transfer

functions where (s + 1) appears as a factor, indicating system poles or zeros.

In what context do the functions e”{-t} and cos 2(t - 1) commonly
appear together in systems analysis?

These functions often appear together in the response of linear systems to exponential and sinusoidal
inputs, such as in solving differential equations with forcing functions involving exponential decay and

oscillations, which are analyzed using Laplace transforms.

How does the algebraic expression 2 ((s + 1) + 4)(s + 1) relate to
the poles of a transfer function?

The expression expands to 2 (s + 5)(s + 1), indicating poles at s = -1 and s = -5. These poles

determine the stability and dynamic response of the system modeled by the transfer function.

Additional Resources

Mathematical Expression Analysis and Derivation: A Deep Dive into \(\int {s - t- 7} + 7 \cos"2(t - 1) dt



=2((s+1)+4)(s+ 1))

Introduction

Mathematics, often regarded as the universal language, offers a vast landscape of expressions,
integrals, and equations that underpin much of science, engineering, and technology. Today, we delve

into a particularly intriguing and complex-looking expression:

\[
\int_{s -t-7}+7\cos™2(t- 1) dt =2 ((s + 1) + 4)(s + 1)
\]

While at first glance, this appears to be a straightforward integral and algebraic equation, a detailed
exploration reveals layered concepts involving integral calculus, algebraic manipulation, and potential
applications. This review aims to dissect each component, interpret its significance, and clarify the

underlying mathematics behind this expression.

Understanding the Components

1. The Integral Term

\[

\int_{s - t - 7} + 7 \cos™2(t - 1) dt

\

This notation seems slightly ambiguous; however, contextually, it suggests an integral involving the

sum of two parts:



- A definite or indefinite integral involving a bound \(s - t - 7\)

- An integrand \(7 \cos”2(t - 1)\)

Given standard mathematical conventions, there might be a missing integral limit or an expression

involving indefinite integration. For clarity, we interpret this as:

\[
\int \left( s - t-7 + 7 \cos2(t - 1) \right) dt
\

which simplifies to the integral of a sum of functions:

\[
\int \left( s - t - 7 \right) dt + \int 7 \cos"2(t - 1) dt
\]

Alternatively, it could be viewed as:

\[
\int_{a}\{b} 7 \cos™2(t - 1) dt
\]

with bounds involving \(s - t - 7\), but due to the ambiguity, the most logical interpretation is

decomposing the integral of the sum.

2. The Trigonometric Function: \(\cos”2(t - 1)\)

This term is a classic quadratic cosine function, which can be simplified using the double-angle

identity:

\[



\cos”2 x = \frac{1 + \cos 2x}{2}
\

Applying this to \(\cos*2(t - 1)\):

\[

\cos”2(t - 1) = \frac{1 + \cos 2(t - 1)}{2}

\

which simplifies the integral significantly, as it transforms a quadratic cosine into a manageable form.

3. The Right-Hand Side: \(2 ((s + 1) + 4)(s + 1)\)

This expression combines algebraic factors:

\[
2(s+1+4)(s+1)=2(s+5)(s+ 1)
\]

Expanding:

\[

2[(s+5)(s+1)]=2[s"2+s+5s+5]=2[s"2+6s + 5]

\

which further simplifies to:

\
2572 +12s + 10
\



This quadratic expression suggests that the integral and the algebraic side are connected through

polynomial relationships involving \(s\).

Dissecting the Integral: Step-by-Step Approach

Step 1: Decompose the integral

Assuming the integral is indefinite:

\[
I =\int\left( s -t -7 + 7 \cos"2(t - 1) \right) dt
\]

which splits into:

\[
I =\int (s-t-7)dt+\int 7 \cos™2(t- 1) dt
\]

Step 2: Integrate \(\int (s - t - 7) dt\)

- Since \(s\) and \(-7\) are constants with respect to \(t\):

\[
\intsdt=st+ C_1
\
\[



\int - t dt = - \frac{t"2}{2} + C_2
\]

\[

\int -7 dt=-7t+C_3

\]

Combining:

\[

\int(s-t-7)dt=st-\rac{t"2{2}-7t+C
\]

Step 3: Integrate \(\int 7 \cos”2(t - 1) dt\)

Using the double-angle identity:

\[

\cos™2(t - 1) = \frac{1 + \cos 2(t - 1)K2}

\

Thus:

\[

7 \cos™2(t - 1) = \frac{7H{2} + \frac{72} \cos 2(t - 1)

\

Now, the integral becomes:

\[



\int \frac{7}2} dt + \int \frac{7}{2} \cos 2(t - 1) dt
\

which simplifies to:

\[

\frac{7H2} t + \frac{7}{2} \int \cos 2(t - 1) dt

\

The integral of \(\cos 2(t - 1)\) is:

\[

\int \cos 2(t - 1) dt = \frac{1}{2} \sin 2(t - 1) + C

\

Therefore, the entire second part:

\[
\frac{7H2} t + \frac{7}{2} \times \frac{142} \sin 2(t - 1) = \frac{7}H2} t + \frac{7}{4} \sin 2(t- 1) + C
\]

Summary of the integral \(I\):
\[
| =st-\frac{t"22} - 7 t + \frac{7H2} t + \frac{7}{4} \sin 2(t- 1) + C

\

which simplifies to:



\[
| = s t-\frac{t"2{2} - \frac{7}{2} t + \frac{7}{4} \sin 2(t- 1) + C
\]

Connecting to the Right-Hand Side

The expression on the right:

\[

2(s+5)(s+1)=2s"2+12s+10

\

suggests that the integral's result, possibly evaluated at specific bounds or under particular conditions,

equals this quadratic expression.

Potential Interpretations and Applications

1. Parameter Relationships

The presence of \(s\) indicates that this integral could be part of an equation defining a relationship

between parameters in a model, perhaps in physics or engineering contexts where oscillatory

behaviors (represented by the cosine term) are involved.

2. Solving for \(t\) or \(s\)

Given the integral's expression and the algebraic RHS, one might solve for specific variables, perhaps

in boundary value problems or in signal analysis where sinusoidal components are integrated over



certain intervals.

3. Approximate or Numerical Solutions

In practical scenarios, such as signal processing or control systems, exact solutions are often less
feasible. Numerical integration combined with algebraic manipulation is essential for deriving

approximate relationships.

Summary of Key Insights

- The integral involving \(\cos"2(t-1)\) simplifies significantly when applying the double-angle identity,
transforming a quadratic cosine term into manageable sine and constant components.

- The algebraic expression on the RHS, once expanded, reveals a quadratic in \(s\), hinting at potential
quadratic relationships or quadratic forms arising from the integral's evaluation.

- The overall expression embodies a blend of calculus, algebra, and trigonometry, typical of advanced

problem-solving scenarios in engineering and physics.

Final Remarks

While the original expression appears complex, breaking it down into fundamental components clarifies
its structure and potential applications. Whether used in theoretical analysis or practical modeling,

understanding how to manipulate such expressions is vital for students and professionals alike.

By meticulously dissecting each part—integral decomposition, trigonometric identities, and algebraic
expansion—we've provided a comprehensive overview of this intriguing mathematical statement. Such
detailed analysis underscores the importance of foundational concepts in tackling advanced

mathematical problems, making it an invaluable reference for learners and experts in the field.



SET77c0os2T1Dt2S14S1

SET77c0s2T1Dt2S14S1

Related Articles

e Find The Y-intercept Of The Line On The Graph.

e Help Please, I Dont Know How To Solve Number 7
e Can Someone Do #8 #9 &amp; #10 For Me Please?!

Back to Home


https://sip.evo9x.com/ma02/s-e-t-7-7cos2-t-1-dt-2-s-1-4-s-1.pdf
https://sip.evo9x.com/ma02/find-the-y-intercept-of-the-line-on-the-graph.pdf
https://sip.evo9x.com/ma02/help-please-i-dont-know-how-to-solve-number-7.pdf
https://sip.evo9x.com/ma02/can-someone-do-8-9-amp-10-for-me-please.pdf
https://sip.evo9x.com

