(l IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
Impact Factor: 7.301 Volume 3, Issue 2, August 2023

Algebraic and Transcendental Equation and It’s
Applications

Madhu N R', Shashidhar S N', Meenakshi H', Reshma S R'
Department of Mathematics'
R. L. Jalappa Institute of Technology, Doddaballapur, Bangalore, India
Corresponding author: Madhu N R, email: madhunr@rljit.in

Abstract: Algebraic and transcendental equations are fundamental mathematical constructs that arise
in numerous scientific and engineering disciplines. Algebraic equations involve only algebraic
functions and polynomial expressions, while transcendental equations include a combination of
algebraic and transcendental functions. Solving these equations is crucial for understanding
relationships between variables and obtaining solutions to complex problems. This abstract provides
an overview of the methods used to solve algebraic and transcendental equations, exploring both
analytical and numerical techniques
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I. INTRODUCTION
In mathematics and various scientific disciplines, equations play a fundamental role in representing relationships
between variables and solving complex problems. Two main categories of equations are algebraic equations and
transcendental equations. Understanding and solving these equations are essential in numerous fields, such as
engineering, physics, economics, and computer science. In this introduction, we will explore the methods used to solve
algebraic and transcendental equations.

Algebraic Equations:
Algebraic equations are equations that involve only algebraic functions and polynomial expressions. The highest power
of the variable in the equation is a positive integer. For example, linear equations (power of variable is 1), quadratic
equations (power of variable is 2), and cubic equations (power of variable is 3) are all examples of algebraic equations.
Solving algebraic equations typically involves finding the values of the variable(s) that satisfy the equation and make it
true.
Methods for solving Algebraic Equations include:
1. Algebraic Manipulation: For simple equations, algebraic manipulation can be used to isolate the variable and
find its value directly.
e Factoring: For certain polynomial equations, factoring can help identify the roots.
e  Quadratic Formula: The quadratic formula is specifically used to find the roots of quadratic equations.
Polynomial Root-Finding Algorithms: For higher-degree polynomial equations, numerical methods like
Newton-Raphson, Bairstow's method, or Durand-Kerner method can be used to find the roots.

Transcendental Equations:

Transcendental equations are equations that involve a combination of algebraic and transcendental functions.
Transcendental functions include trigonometric, exponential, logarithmic, and other non-algebraic functions. These
equations cannot be solved using algebraic methods alone and often require numerical techniques to find approximate
solutions.
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Methods for solving Transcendental Equations include:

1. Newton-Raphson method: This method is also known as the Newton method, is a powerful numerical technique
used to find approximate solutions to equations by iteratively improving an initial guess. It is an iterative root-finding
algorithm that can efficiently converge to the roots of both linear and nonlinear equations.

Applications:

Solving Nonlinear Equations: The primary application of the Newton-Raphson method is to find the roots of
nonlinear equations. Many real-world problems in various fields, such as engineering, physics, economics, and
computer science, involve nonlinear relationships that can be solved using this method.

Optimization Problems: The Newton-Raphson method can be extended to solve optimization problems by
finding the roots of the derivative (where it equals zero). This helps in identifying the maximum or minimum
points of a function, which is crucial in optimization tasks.

Control Systems: In control theory, the Newton-Raphson method is used to compute the eigenvalues and
eigenvectors of a system, which are vital in analyzing the stability and behavior of control systems.

Image Processing: In image processing, the Newton-Raphson method can be employed for image
registration, where it helps align images or detect objects based on iterative alignment algorithms.

Numerical Analysis: The Newton-Raphson method is often introduced in numerical analysis courses as an
example of an iterative method. Understanding this method helps students grasp more advanced numerical
techniques.

Complex Number Analysis: The Newton-Raphson method can be extended to find complex roots of complex
functions. It is particularly useful in solving problems involving complex numbers, such as in electrical
engineering or signal processing.

Machine Learning: The Newton-Raphson method is used in some machine learning algorithms, particularly
in logistic regression. It helps find the optimal parameters for a given dataset, which are used to build a
predictive model.

Financial Modeling: In finance and economics, the Newton-Raphson method is employed to solve equations
related to interest rates, investment evaluations, risk management, and other financial models.

2. Bisection method: This method is a simple and reliable numerical technique used to find approximate solutions to
equations. It is an iterative root-finding algorithm that works by repeatedly narrowing down an interval where the root
of the function lies.

Applications:
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Solving Nonlinear Equations: The primary application of the bisection method is to find the roots of
nonlinear equations. Many real-world problems in engineering, physics, economics, and other fields involve
nonlinear relationships that can be solved using this method.

Financial Modeling: In finance and economics, the bisection method can be used to solve equations related to
interest rates, investment evaluations, option pricing, and other financial models.

Numerical Analysis: The bisection method is often introduced in numerical analysis courses as an example of
an iterative method. Understanding this method helps students grasp the concept of root-finding algorithms.
Signal Processing: In signal processing, the bisection method can be used for finding thresholds in signals,
which are important for various signal analysis tasks.

Control Systems: The bisection method is used in control systems to compute the stability regions of control
systems by finding the roots of characteristic equations.

Optimization Problems: While the bisection method itself is not a direct optimization technique, it can be
used as a part of optimization algorithms to find the roots of derivatives (where they equal zero), identifying
the extrema of functions.
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e Geometric Calculations: The bisection method can be applied to various geometric problems involving
functions defined by geometric properties. For example, finding the intersection point of two curves or
surfaces.

e Computer Graphics: In computer graphics, the bisection method can be used for tasks like ray- triangle
intersection or finding the roots of implicit functions that represent geometric shapes.

e Machine Learning: The bisection method can be employed in some machine learning algorithms to find the
optimal parameters for a given dataset, which are used to build predictive models.

3. Secant Method is a numerical technique used to find the roots of a function. It is an iterative method that
approximates the root by using two initial guesses, rather than requiring the evaluation of the derivative like the
Newton-Raphson method.

Applications:
e Solving Nonlinear Equations: The primary application of the Secant Method is to find the roots of nonlinear
equations, where analytical solutions are either difficult or impossible to obtain. This is a common problem in

engineering, physics, economics, and other scientific disciplines.

¢ Financial Modeling: In finance and economics, the Secant Method can be used to solve equations related to
interest rates, option pricing models, and other financial models involving nonlinear relationships.

e Optimization Problems: The Secant Method can be employed to solve optimization problems by finding the
roots of derivatives, which correspond to the maximum or minimum points of a function.

e Signal Processing: The Secant Method can be used in signal processing tasks such as finding thresholds or
roots of signals for various signal analysis tasks.

e Control Systems: In control theory, the Secant Method can be used to compute stability regions and find the
roots of characteristic equations, which are essential in analyzing the stability and behavior of control systems.

e Machine Learning: The Secant Method can be utilized in some machine learning algorithms, particularly in
optimization tasks for finding optimal parameters in models like logistic regression.

e Numerical Analysis: The Secant Method is often used as an example of an iterative method in numerical
analysis courses. It helps students understand the concepts of root-finding algorithms and their convergence

behavior.

e Image Processing: In image processing, the Secant Method can be applied to find the roots of implicit
functions representing geometric shapes or image features.

e Complex Number Analysis: The Secant Method can be extended to find complex roots of complex functions.
This is particularly useful in problems involving complex numbers, such as in electrical engineering or control
systems.

4. Steffensen's Method: This method is also known as Aitken's method, is an acceleration technique used to improve
the convergence speed of fixed-point iteration methods. It is particularly useful when the convergence of the original

fixed-point iteration is slow.

Applications:
e Solving Nonlinear Equations: Steffensen's Method can be applied to find the roots of nonlinear equations. It
accelerates the convergence of fixed-point iteration, making it a powerful tool for approximating solutions to
equations when other methods converge slowly.

e Numerical Analysis: Steffensen's Method is often used as an example of an acceleration technique in
numerical analysis courses. Understanding this method helps students learn how to improve the convergence

of iterative algorithms.

Signal Processing: In signal processing, Steffensen's Method can be employed for tasks such as finding the
roots of signals or for solving optimization problems that involve iterative calculations

Copyright to IJARSCT DOI: 10.48175/IJARSCT-12754
www.ijarsct.co.in

357



(X
¥

IJARSCT

IJARSCT ISSN (Online) 2581-9429

International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)

International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

Impact Factor: 7.301 Volume 3, Issue 2, August 2023

Control Systems: Steffensen's Method can be used in control theory to accelerate the convergence of iterative
algorithms used in control systems analysis and design.

Machine Learning: In machine learning, Steffensen's Method can be used in optimization tasks where fixed-
point iterations are involved. It can accelerate the process of finding optimal parameters in models.

Financial Modeling: Steffensen's Method can be applied in financial modeling to speed up the convergence
of iterative calculations in various financial models involving nonlinear relationships.

Image Processing: In image processing, Steffensen's Method can be used for tasks like image registration,
where it accelerates the convergence of registration algorithms.

Complex Number Analysis: Steffensen's Method can be extended to find the complex roots of complex
functions, making it useful in problems involving complex numbers.

5. Regula-Falsi Methods: The primary application of the Regula-Falsi method is to find the roots of nonlinear
equations, which cannot be solved analytically. By providing an initial interval where the root is known to exist, the
method iteratively refines the interval to converge to the root

Applications:

Solving Nonlinear Equations: The primary application of the Regula Falsi method is to find the roots of
nonlinear equations, which cannot be solved analytically. By providing an initial interval where the root is
known to exist, the method iteratively refines the interval to converge to the root.

Engineering Applications: In various engineering fields, there are equations representing complex systems
that don't have closed-form solutions. The Regula-Falsi method can be employed to solve these equations and
obtain values that are crucial for system design and analysis.

Financial Modeling: In finance and economics, equations related to interest rates, investment evaluations, and
optimization often involve nonlinear functions. The Regula-Falsi method can be utilized to determine the
unknown variables in these equations.

Optimization Problems: The Regula-Falsi method can be extended for solving optimization problems. By
finding the root of the derivative (where it equals zero), one can identify the maximum or minimum points of a
function.

Control Systems: In control theory, various problems require determining the roots of characteristic
equations. The Regula-Falsi method can be applied to compute the eigenvalues and eigenvectors of a system,
which are crucial in analyzing the stability and behavior of control systems.

Simulation and Modeling: In scientific simulations and modeling, numerical methods are often used to solve
complex mathematical models that have no analytical solution. The Regula-Falsi method can be one of the
techniques employed in these simulations

II. CONCLUSION

Algebraic and Transcendental equation methods are indispensable tools in mathematics, science, engineering, and
various other fields. These methods enable us to tackle a wide range of problems that involve mathematical equations.

Whether dealing with algebraic equations involving polynomial expressions or transcendental equations incorporating
non-algebraic functions, the ability to find solutions is essential for understanding relationships between variables,
optimizing systems, and making informed decisions.

1]

Copyright to IJARSCT DOI: 10.48175/IJARSCT-12754
www.ijarsct.co.in

REFERENCES
Numerical Recipes: The Art of Scientific Computing by William H. Press, Saul A. Teukolsky, William T.
Vetterling, and Brian P. Flannery - This classic book covers a wide range of numerical methods, including
methods for solving algebraic and transcendental equations.

358




(/ IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJA RSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

Impact Factor: 7.301 Volume 3, Issue 2, August 2023

[2]. Numerical Methods for Scientists and Engineers by Richard W. Hamming - This book provides a
comprehensive introduction to various numerical techniques used in science and engineering, including root-
finding methods.

[3]. Elementary Numerical Analysis: An Algorithmic Approach by S.D. Conte and Carl de Boor - This book
introduces basic numerical methods, including methods for solving equations, in a clear and concise manner.

[4]. Introduction to Numerical Analysis by J. Stoer and R. Bulirsch - This book covers various numerical
methods, including root-finding algorithms, and provides in-depth explanations of the underlying principles.

[S]. Applied Numerical Methods with MATLAB for Engineers and Scientists by Steven C. Chapra This book
emphasizes the practical application of numerical methods using MATLAB, including methods for solving
equations.

[6]. Numerical Methods in Engineering with MATLAB by Jaan Kiusalaas - This book focuses on the application
of numerical methods to engineering problems and includes topics related to equation solving.

[7]. Mathematical Methods in Engineering and Physics by Gary N. Felder and Kenny M. Felder - This book
provides an introduction to mathematical methods commonly used in engineering and physics, including
methods for solving equations.

[8]. Advanced Engineering Mathematics by Erwin Kreyszig - This comprehensive textbook covers a wide range
of mathematical methods used in engineering, including methods for solving equations.

[9]. Elementary Analysis: The Theory of Calculus by Kenneth A. Ross - This book introduces the fundamental
concepts of analysis, including methods for solving equations.

Copyright to IJARSCT DOI: 10.48175/IJARSCT-12754

www.ijarsct.co.in | 2581-9429 |
o\ IJARSCT /9

359

ISSN




