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RESUMO: Neste capítulo, detalhamos 
o processo passo a passo para resolver 
exercícos relacionados a um indutor 
de corrente alternada. Exploramos 
as interações entre grandezas 
eletromagnéticas essenciais, como o fluxo 
magnético em Weber, a indução magnética 
em Tesla, o campo magnético em Ampere 
por metro, a corrente elétrica em Ampere, 
a densidade superficial de corrente em 
Ampere por metro quadrado e o potencial 
vetor magnético em Weber por metro.
PALAVRAS-CHAVE: indutor de corrente 
alternada. Cálculo de campos. Exercícios. 
Integral de linha. Integral de superfície.

SOLVED EXERCISES ON 
ALTERNATING INDUCTOR

ABSTRACT: This chapter details the step-
by-step process for solving exercises 

related to an alternating current inductor. We 
explore the interactions between essential 
electromagnetic quantities such as magnetic 
flux in Weber, magnetic flux density in Tesla, 
magnetic field strength in Amperes per 
meter, electric current in Amperes, electric 
current density in Amperes per square 
meter, and vector magnetic potential in 
Weber per meter.
KEYWORDS: Alternating current inductor. 
Field calculation. Exercises. Linear integral. 
Integral through the surface.

REVIEW OF INDUCTOR THEORY
The inductor is an electromagnetic 

device composed of a coil of N turns of 
magnet wire, such as copper, wound on a 
coil form made of insulating material. Inside 
the coil form, there is a core made up of 
ferromagnetic laminations isolated from 
each other. Inductors can be found wound 
on polar pieces and installed in the slots 
of electrical machines. In figure 01, it is 
possible to observe an inductor with an E-I 
core, with dimensions in millimeters.

http://lattes.cnpq.br/1945890297316691
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Figure 1 – Two-dimensional drawing of the inductor with E-I core

Source: Own authorship.

When an alternating voltage in volts is applied to an inductor, an alternating current 
in amperes flows in the coil, generating a magnetic field strength in Amperes per meter. 
This field is then amplified by the magnetic core, leading to a magnetic flux density in Tesla. 
The flow of the magnetic flux density vector through the cross-sectional area of the core 
generates magnetic flux in Webers. The inductor stores energy within its magnetic field 
strength, making it fundamental for the operation of various devices such as transformers, 
circuit breakers, contactors, relays, generators, and electric motors.

In the following sections, we will present examples that will help understand the 
operation of an alternating current inductor, covering the fundamental quantities of 
electromagnetism and demonstrating the application of linear integral and integral through 
the surface in electrical engineering. Detailed step-by-step instructions will be provided 
during the examples. It is recommended that the reader review concepts of electricity, 
vector calculus, and electromagnetism to follow the sequence. We cite our sources at 
the end of this work as the main references for a deeper understanding of the subject. 
Ansys® Electromagnetics Suite, Release 2022 R2, presents a guide with the procedure for 
simulating problems using the finite element method. In Bastos’ work (2019), the concepts of 
low-frequency electromagnetism are discussed. Krasnov, Kisseliov, and Makarenko (1981) 
present the fundamentals of vector analysis. Mendes et al. (2019) model the phenomenon 
of magnetic hysteresis. Bianchi (2005) discusses the concept and application of the finite 
element method, while Suarez (2007) addresses magnetoelasticity.
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EXAMPLE 1
Consider an inductor formed by 314 turns of magnetic wire. The upper face of the 

magnetic core, located at y = 0.043 m as shown in figure 02, is subjected to a magnetic flux 
density given by:

Magnetic flux density in T, -0.017 ≤ x ≤ 0.017 m, -0.018 ≤ z ≤ 0.018 m and t = 3 ms. 
Calculate the magnetic flux through the surface.

Figure 2 – Magnetic Core.

Source: Own authorship

Solution 
The magnetic flux is given by: 

For the upper face located at y = 0.043 m, and therefore dy = 0, we have:
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The magnetic flux of 0.00062 Wb in the direction of the negative y-axis produces a 
flux linkage, for t = 3 ms, given by: 

λ = Nφ = 314 x 0.00062
λ= 0.19 Wb

EXAMPLE 2
An inductor with a magnetic core was analyzed in the software Ansys® Electromagnetics 

Suite, Release 2022 R2, and we observed the behavior of the magnetic field strength as 
shown in figure 03. For this inductor, the magnetic field strength, in A/m, along the right side 
closed path can be approximated by: 

Calculate the electrical current that generates this magnetic field strength for 0 ≤ x ≤ 
0.044 and -0.018 ≤ z ≤ 0.018. 



Engenharias em perspectiva: Ciência, tecnologia e inovação 2 Capítulo 14 187

Figure 3 – The magnetic field strength of an E-I core inductor.

Source: Own authorship

Solution
Electric current is the circulation of the magnetic field strength along a closed loop. 

Thus, 

For the cartesian system, when x = 0, the change in x is zero, meaning dx = 0. Since 
the magnetic field has components in the x and y directions, we are dealing with a two-
dimensional (2D) problem, where the change in z, dz, is also zero. 
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For y = -0.035, the change in y is zero, meaning dy = 0, and the change in z is also 
zero, dz = 0. 

For x = 0.044, the change in x is zero, meaning dx = 0, and the change in z is also 
zero, dz = 0.
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For y = 0.035, the change in y is zero, meaning dy = 0, and the change in z is also 
zero, dz = 0. 

The total electric current along the closed loop is: 
I = I1 + I2 + I3 + I4

I = -2.105 + 0.313 - 2.056 + 0.676
I = -3.172 A
Therefore, the electric current in the inductor is 3 A, flowing out of the plane.

EXAMPLE 3
In the right side region of the winding shown in figure 04, the electric current density 

is given by:

For 0.020 ≤ x ≤ 0.025 and -0.023 ≤ y ≤ 0.023 determine the electric current in the 
winding.
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Figure 4 – The electric current density of an E-I core inductor.

Source: Own authorship.

Solution

The electric current is 3.272 A, flowing out of the plane.

EXAMPLE 4
On the right-hand side of the winding shown in figure 05, the coil presents an electric 

current density, in A/m2, given by: 
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Calculate the current in the coil for -0.0232 ≤ y ≤ 0.0232 and the divergence of the 
electric current density.

Figure 5 – The electric current density of an E-I core inductor.

Source: Own authorship.

Solution
For 0.020 ≤ x ≤ 0.021, we have:`

For 0.021≤ x ≤ 0.024, we have:`
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The total electric current in the coil is:
I = I1 + I2 = 0.327 + 1.964 = 2.291 A
The divergence of the electric current density is given by:

For 0.020 ≤ x ≤ 0.021, we have:`

For 0.021 ≤ x ≤ 0.024, we have:`

This inductor operates on alternating current with a frequency of 60 Hz, considered 
low frequency then the first Maxwell’s equation is expressed as:

Applying the divergence operator, we have:

EXAMPLE 5
For the central leg of the inductor shown in figure 06, the vector magnetic potential, 

in Wb/m, is given by:
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The vector magnetic potential presents this behavior near the horizontal line drawn 
on the central leg shown in figure 06. Determine the magnitude of the magnetic flux density 
in this range.

Figure 6 – Vector magnetic flux density of an E-I core inductor.

Source: Own authorship.

Solution

CONCLUDING REMARKS
In this chapter, we explored the calculation of fields in an inductor with a magnetic 

E-I core, with 314 turns and a depth of 34.93 mm. We used a two-dimensional model of the 
inductor in the Ansys® Electromagnetics Suite, Release 2022 R2, choosing the transient 
magnetic solution with Cartesian geometry. The inductor model was developed considering 
its different parts: a nonlinear anisotropic core, the copper coils, and the simulation region 
filled with vacuum. For excitation, we applied a sinusoidal voltage of 127 V at 60 Hz, and for 
boundary conditions, we established a zero vector magnetic potential at the edges of the 
simulation region.
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The simulation of the inductor in ANSYS Maxwell allowed us to define fields with 
more realistic behaviors, from which we calculated the magnetic flux, flux linkage, electric 
current, divergence of the electric current density, and magnetic flux density. 

The expressions of the fields used can adequately reproduce the behavior of the 
inductor, achieving the goals proposed for the study. This work has contributed significantly 
to a better understanding of the relationships between electromagnetic quantities, such as 
magnetic flux density, magnetic flux, magnetic field strength, electric current, electric current 
density, and vector magnetic potential.

DEDICATION
This work is dedicated to my beloved daughters: Lesly Daiana Barbosa Sobrado and 

Ketty Keisy Barbosa Sobrado Suarez.

ACKNOWLEDGMENTS
Thank you, God, for creating the world. I express my heartfelt thanks to the 

Universidade Tecnológica Federal do Paraná for all the opportunities provided, including IT 
support, access to Office365, and MATLAB and ANSYS licenses. I am also grateful to my 
colleagues in the department who have been by my side on this journey.

I am immensely grateful to my late father Jesuíno and my mother Leontina for all the 
support and care they dedicated to me. My acknowledgment goes to my husband Fredy, 
who supported and offered wise suggestions during the completion of this work. I also 
thank Viviane Custódio Correia, whose participation in the inductor prototype calculations, 
simulations, assembly, and testing was fundamental. My thanks extend to the friends who 
were part of this journey. Overall, I recognize and appreciate everyone who contributed to 
the realization of this work.

REFERENCES
Ansys® Electromagnetics Suite, Release 2022 R2, Help System, Getting Started with Maxwell: 
Transient Problem, Ansys, Inc. 

Bastos, João P. A.. Eletromagnetismo para Engenharia: Estática e Quase Estática. 4a edição. 
Florianópolis: Editora da UFSC, 2019. 

Krasnov, M. L.; Kisseliov, A. I.; Makarenko, G. I. A Análise Vetorial. Moscou: Editora MIR, 1981. 

Mendes, F. B. R.; Leite, J. V.; Batistela, N. J.; Sadowski, N.; Suárez, F. M. S.; Neto, J. P. B. Comparison 
and Combination of Techniques for Determining the Parameters of a Magnetic Hysteresis Model. 
Journal of Microwaves, Optoelectronics, and Electromagnetic Applications, v. 18, p. 408–426, 2019.

Bianchi, Nicola. Electrical Machine Analysis Using Finite Elements. CRC Press, 2005. 

SUAREZ, Fredy Maglorio Sobrado. Estabilização Assintótica em Magnetoelasticidade. 2007. 66f. 
Tese (Doutorado em Matemática) - Instituto de Matemática, Universidade Federal do Rio de Janeiro, 
Rio de Janeiro, 2007.




