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Abstrakt

Bakalarska prace se zamétuje predevsim na preklad odborného textu s durazem na pouZitou
terminologii. Vybrany text pojednava o problematice mikrovln a jejich zpracovani v pocitacovych
systémech. Prace sestava z dvou stéZejnich ¢asti, pfi¢emz prvni se soustied’uje na vyse zminény preklad
odborného textu a druha se vénuje jeho podrobné jazykové analyze. Analyticky ramec zahmuje v§echny
dalezité jazykovédné discipliny a predklada vynatky pfimo ztextu. Tyto vynatky jsou nasledné
porovnavany a postupné je ovéfovana spravnost pouzitych jazykovych prostfedki pomoci citaci

z kvalitnich zdroju a slovniku.
Klicova slova

vlna, diskretizace, text, analyza

Abstract

The main aim of the bachelor thesis is mainly the translation of the professional text with the
emphasis on the used terminology. The chosen text is about microwaves and processing of these waves
using computer systems. The paper consists of two principal parts: the first one focuses on above
mentioned translation whereas the second one is dedicated to the detailed linguistic analysis. The
analytical framework covers all important linguistic disciplines and presents excerpts directly from the
text. These excerpts are then compared, and the correctness of the language features usage is gradually

verified using citations from quality resources and dictionaries.
Key words

wave, discretization, text, analysis
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1. Introduction

It is commonly known that the English language holds the position of an international
communication tool, mainly in the fields in science and technology. This fact directly confirms that it is
vital for engineers to be at least partly acquainted with this language since the majority of texts and most
study materials are presented in this language. The position of this lingua franca also supports the idea
of international cooperation among the engineers and scientists which is an indisputable advantage. An
inherent part of this system would definitely be the correct translation of various technical and scientific
texts as they serve as study materials and foundations for the next generation of students and other

interested groups.

This thesis provides a translation of technical text with all of its requisites. The text chosen for the
translation is an excerpt from the textbook called CAD v mikrovinné technice which is an advanced level
textbook written completely in the Czech language by prof. Zbyn¢k Raida Dr. Ing. An abbreviation in
its name, CAD — Computer Aided Design, already provided a hint on the textbook topic. The scope of
this textbook is the software utilisation in designing the microwave lines, circuits and antennas. It uses
a wide range of specialised terminology as well as genre specific features which need to be precisely

translated in order to be comprehensive for foreign readers.

As it was already mentioned, the paper, in its first part, focuses on a correct translation with emphasis
on the relevant terminology and proper usage of translation techniques. In its second part, however,
there can be found a complete genre analysis from a variety of linguistic viewpoints. The analytical
framework relies on fixed linguistic approaches and disciplines such as lexicology, syntax (grammatical
level), semantics and pragmatics (discourse level). Each discipline has its own chapter which focuses
on a subset of relevant stylistic features. The individual chapters and corresponding subchapters provide
examples taken directly from the translation. The analysis reveals and exemplifies the instances of

referenced phenomena continuously.

It can be said that the analytical part prehension relies on one key source — Academic Writing and
Publishing written by James Hartley. Provided genre definition and discussion further serve as major
milestones that are searched in the translated text and analysed. Thanks to Hartley’s publication, the
analysis has rather a diverse character and, therefore, there is a need for a range of quality resources
employment in order to provide as much objective information as possible. Each chapter then references

major works in its given branch. The information gathered is then evaluated and exemplified.

Correctly translated textbook supported with a genre analysis majorly aimed on its successfulness

and correct use of language features could serve as a suitable study material for future foreign students.
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2. Translation
2.3 Test structures

When the algorithm of the numerical solution of Maxwell equations is developed, it is suitable to
verify the functionality of the algorithm by the analysis of a structure with a solution already known.
The test structure should be as simple as possible, so that the possible errors in algorithm can be
identified.

An infinitely long rectangular cylinder shown in fig 2.6 will be used in this textbook for testing the
numerical methods.

e Back and front walls of the test structure behave as an open space. If the test structure is used
as a waveguide, the uninterrupted wave propagates in the direction of the axis. Thus, the
amplitude of the field strength in z direction is invariant.

In between the walls, the standing waves are created by compounding the reflections of waves.
Thus, the amplitude of the field intensity is dependent on the transverse coordinates x and y. If
all the walls are perfectly electrically conductive, the longitudinal compound of the electrical
field must be equal to zero E,= 0.

e Ifthe upper and lower walls of the test structure are set (yellow plates) to the boundary condition
of the open space, a set of two parallel infinitely wide planar surfaces (grey plates) is created.
In the electrostatic case, such a structure can be understood as a plate capacitor consisting of
endless electrodes.

y

X
Z

Fig. 2.6 Test structure for verification of functionality of the algorithms of numerical solution of
Maxwell equations in differential form.

Considering the propagation of the wave in direction z, the system of endless coordinate plates
is called parallel plate waveguide. Standing waves are created only in between the grey plates in this
waveguide. Because of yellow plates and open space replacement, there is no possibility of creation or
composing of reflected waves in the y direction.

2.3.1 Electrostatic problem

Firstly, the electrostatic testing problem will be examined. Electrostatic field is formed by
charges whose magnitude and position are time invariant. Thus, in Maxwell equations, all the derivatives
are equal to zero.

Electric component of the field is described by Maxwell equations (2.11) and (2.12). Let us
consider the magnetic induction equal to zero (magnetic field is excited by the motion of electrons which
is prohibited.) After that, it is possible to rewrite the equation (2.11) accordingly as

0=VxE = Vx(-Veg) (2.24)
During the derivation of (2.24), the fact that the rotation of the gradient of arbitrary scalar function is

identically equal to zero, is exploited. Supposing

12



E =-Vgp (2.25)

the Maxwell equation is fulfilled identically, and the spatial layout of the electric field is characterised
by only one scalar quantity ¢ (electric potential).

Let us consider a substitution of the electric potential (2.25) into a formula (2.12)

V-(eE) =eVE=¢V-(-V@)=—cVp=p (2.26)
where p is the volume density of the free charge in analysed domain and ¢ is the permittivity of this
domain. For the derivation given in (2.26), it was assumed that the permittivity € is the same in all the
analysed domains. After that, the constant € can be placed before the derivative which is represented by
the operator V.

In Cartesian coordinate system, the (2.26) can be rewritten into the form

0° 0° 0’

f+ f+ fz—ﬁ (2.27)
ox~ 0y~ 0z €

If the test structure consists only of two parallel infinitely large electrodes (the grey walls in fig. 2.6),

the potential ¢ changes only in the direction x and (2.27) is changed into the form

oxt &
When verifying the functionality of the numerical methods of partial differential equations describing
the electrostatic problem, it will be proceeded from relations (2.27) and (2.28).

2
Op__P (2.28)

13



2.3.2 Dynamic problem

Now, let it be assumed that the electromagnetic quantities are harmonically varying. Time
variability of these quantities can be described by rotating the phasors E(r) and H(r) in the complex
plane.

E(r,t) = E(r)exp ( ja)t) (2.29a)

H(r,7) = H(r)exp (jor) (2.29b)

The phasors E(r) and H(r) carry the intensities amplitude information at r = r (X, y, z) and the initial
phase of the intensities at time ¢ = fo. The time variability of intensities is represented by the variable
exp(jwt). This variable is a complex function. Magnitude of this variable is unitary and the phase w? =
(2@/T) t is changed over the period T by 2z radians (fig. 2.7).

Alm
*)
exp( jof)

sin(wf)
Re

S

-1 cos(mt) +1

Fig. 2.7 Representation of the harmonic variability of the field intensities by rotation of the phasor in a
complex plane.

Firstly, focusing on the propagation of flat electromagnetic waves through open space:
e A planar wave has a planar waveform (a surface with the same phase).
e The waveform is perpendicular to the direction of wave propagation.

e The electric field intensity vector E and the magnetic field intensity vector H are perpendicular
to the direction of wave propagation and perpendicular to each other.

e In the direction of propagation, the planar wave changes only its phase; in open space and in the
direction of propagation, the amplitude is constant.

The waveform is presupposed to lie in xy plane and the wave propagates in the direction of the z axis of
Cartesian coordinate system. Considering the harmonic field source which generates a wave of angular
frequency w, the instantaneous values of fields E (x, y, z, t) and H (X, y, z, t) become the harmonic
functions of time exp(jwf) and the harmonic functions of spatial coordinate in the direction of
propagation exp(-jkz). While the angular frequency expresses the phase change over a time unit @ = 2z
/ T, the wave number expresses the change of the phase on the length unit k = 2z /:

14



e The symbol T is the period of a harmonic signal. Phase of the signal is changed by 2z radians
over the period.

e The symbol 1 represents the wavelength (spatial signal period). In the case of wavelength, the
phase of signal is changed by 2z radians over the period as well.

Instantaneous value of the field intensity can be expressed by relationship

E(x, y.z.1) = E(x, y)exp[j(or - k2)] (2:30)

In the numerical modelling of wave propagation, the great distance from waves is assumed. In wave
propagation, the time change of the electrical component of the field is relative to the spatial change of
the magnetic field

VxH=yE+ jocE (2.31)
and the time change of the field magnetic component is relative to the spatial change of electric field.

VXE =—- jouH (2.32)
Since the analysis is realized in the domain outside the sources influence, it is not necessary to include
the third and fourth Maxwell equation — (2.12) and (2.13) in the problem solution. Nevertheless, the
calculated value of the electromagnetic field must be suitable for these equations. Because (2.12) and
(2.13) describe zero divergence of the vector of the electric induction D (zero value of spatial density of

electric charge p is conditional), and zero divergence of the vector of the magnetic induction B, so called
divergence-free conditions are met.

Since E and H are phasors, the time derivative in the composition of (2.31) and (2.32) can be
substituted by multiplication of the variable —jo where o represents angular frequency. The variables
of the vectors of the electric and magnetic induction were substituted from material relationships D = ¢
E and B = ¢ H. The variable of the planar density of conductive current J was substituted from Ohm’s
law in differential form.

J =7vE (2.33)
where y [S/m] represents the specific conductivity of the environment.

Vector equations (2.31) and (2.32) can be rewritten into six scalar equations with six variables
Ex, Ey, Ez, Hx, Hy and Hz. To reduce the number of equations and the number of variables, the rotation
operator is applied on both sides of the equation (2.31).

Vx(VxH) =(y + joe)(V<E) (2.34)
for the rotation of the electric field on the right side of the (2.34) equation, (2.32) is substituted
V-(V-H)-V*H =— jou(y + jos)H (2.35)
Left side of the equation (2.35) is then decomposed according to the identity
Vx(VxH)=V-(V-H)-V’H

Because of the zero value of the vector divergence of the magnetic induction according to the fourth
Maxwell equation (2.13), the first variable on the left side (2.35) has the zero value as well. Therefore,
(2.35) become into the shape of a wave equation.

V'H +k’H=0 (2.36)
where

k* :—ja)u(y+ja)£) (2.37)

is the wave number.

15



Now proceed from the wave propagation in open space to the propagation in the waveguide. As
it was mentioned before, wave propagation in the direction of waveguide axis can be understood as a
result of composing the waves that are reflected from the walls of the waveguide. (fig. 2.8)

In the waveguide, the following types of waves can be transmitted: transverse electric waves
(TM) or transverse magnetic waves (TM).

z Z

Fig. 2.8 Wave propagation in the waveguide: transverse electric wave (left), change of the angle when
changing the wave frequency (right).

The transverse electric wave is depicted in fig. 2.8 on the left side. The planar wave reflecting
from the waveguide walls has a component of the intensity of the electric field parallel to the reflection
wall. Thus, the longitudinal component of the electric field is equal to zero E; = 0. The component of
intensity of the magnetic field must be perpendicular to the component of the electric field and to the
direction of the propagation. Therefore, the vector of the magnetic field intensity can be decomposed
into the transverse component Ht and the longitudinal component Hz. It can be shown that the transverse
electric wave is conclusively described using the longitudinal component of the magnetic field Hz.

The transverse magnetic wave would be obtained by the commutation of the electric and
magnetic fields intensity in fig 2.8 on the left side. Transverse magnetic wave is conclusively described
using the longitudinal component of the electric field intensity Ez.

The electromagnetic wave propagation constant in the longitudinal axis direction of the
waveguide is denoted by the symbol f [rad / m]. Constant 5 determines the phase change of a wave per
meter of length along the longitudinal axis of the waveguide. Therefore, this is the projection of the
wave vector Kk up to the direction of the waveguide longitudinal axis. Wave vector has a magnitude of
the planar wave wavenumber and its direction is identical with the direction of the planar wave
propagation.

Thus, longitudinal component of the magnetic field intensity for waveguide can be expressed as follows:

H_(x,y,2,t)= H (x, y)exp[- jfx] (2.38)
After substitution of (2.38) into the wave equation (2.36):

O°H, 0°H,
o2 8y2
The lower the frequency of the wave is (fig. 2.8 right), the lower the impact angle of the wave on the
waveguide wall is. The constant of the planar wave propagation k remains unchanged and the constant
of the wave propagation in the direction of the longitudinal waveguide axis f decreases. If the critical
frequency is reached, the wave impacts on the waveguide wall perpendicularly and the propagation
constant in the direction of the longitudinal axis is equal to zero.

+(k* - p*)H, =0 (2.39)

O°H, 0°H,
- 4 .
aX_Z ayZ

If the critical frequency number expression is assumed as

+k, H. =0 (2.40)

16



2r 27@
ky ==
//i’kr
then the critical waveguide frequency can be determined from the (2.40). In the relationship (2.41), ¢
expresses the speed of light in open space with vacuum parameters.

f. (2.41)

Problem (2.40) is also called proper number problem. The solution of (2.40) equation is to be
searched in the form of ordered pairs [k, H:]. It means that the corresponding field layout needs to be
found for each critical wavenumber. The arranged pairs correspond to the aspects that can propagate in
the waveguide. Each aspect is characterised by different critical number and different field layout.

In the calculation procedure of transverse magnetic aspects propagating the waveguide, the
needs to be changed for

O’E. O’FE,

2 ,

aXZ 6)72

The equation (2.42) is formally identical to (2.40). However, the difference is in marginal conditions. If

the walls of the waveguide are perfectly electrically conductive, the Hz on the waveguide casing must
meet the Neumann condition and E; must met the Dirichlet condition.

+ki E.=0 (2.42)

If the layout of the longitudinal components in transverse waveguide cross section is known,
the transverse components can be intuitively calculated. In the case of transverse electric aspect, the
relationship (2.31) is decomposed into transverse component electric field intensities E. and E,.

H. OH
%— p “=yE, + jocE, (2.43a)
Z
OH. CH
M. e —yE,+josE, (2.43b)
Z

If the lossless environment in the waveguide is assumed, the free charge volume density y is equal to
zero. Then, the uninterrupted harmonic wave propagates in the direction of y axis and therefore, the
magnetic field intensity component derivative by z is equal to zero. Thus:

_OH.
oy
OH
E, ~—
: Ox
For transverse components of magnetic field:
OH
H ~——
Ox

H ~ Gi (2.444d)
SOy
An analogous procedure can be applied to the calculation of the transverse components of the transverse
magnetic aspect. The result is

E (2.44a)

(2.44b)

(2.44c)

H ~ (2.45a)
Oy

H, ~ 9E, (2.45b)
. ox

17



E ~—— (2.45¢)
ox

E, ~ %, (2.45d)
Oy

Hereby, the wave inside the waveguide is described completely.

2.4 Summary

In this chapter, the elementary principles on which Maxwell equations are based were briefly
revised. After that, these equations were used for description of the electrostatic and dynamic testing
structure. Both structures will be used for functionality and accuracy verification of the numerical
methods of Maxwell equations solution in the following chapters.

18



3 Numerical solution of Maxwell equations

Analytical solution of Maxwell equations is only suitable for very simple structures e.g. endless
waveguide with rectangular or circular cross section. In case of more complicated structures, the
numerical solution of Maxwell equations is needed.

The aim of the following paragraphs will be the numerical solution of Maxwell equations in
differential form. The numerical solution of integral equations is much more complicated.

The basic steps which the numerical analysis is based on will be explained below.

3.1 Discretization of the analysis structure

The analysed structure is divided into discretization elements that do not overlap each other.
Discretization elements must include all the points of the analysed structure at the same time.

In case of longitudinally homogenous finning line, the covering of the whole cross section of
the whole analysed structure by discretization network is needed. Therefore, discretization elements are
two-dimensional (triangles). If the attributes of the line are invariant in longitudinal direction, it is
denoted as longitudinally homogenous (the line is endless in length and each transversal cross section
is the same).

Fig. 3.1 Cross section and discretization of the finning line by rectangular elements.

There are contradictory requirements on the discretization network. Assuming the highest accuracy of
the analysis results is demanded, the discretization network needs to be very thin. Nevertheless, this thin
network consists of numerous discretization elements, and therefore has high calculation requirements.
Hence it is profitable to use all the analysed structure symmetries and to calculate only its part at once
[3.3].

Considering the mentioned contradictory requirements, the suitable structure discretization is
relatively difficult. The development of automatic generators of the discretization networks is essential
discipline in the field of numerical modelling of the microwave structures.

The so-called Delaunay discretization [3.15], [3.16] is often used for generating discretization
networks in two- and three-dimensional structures. In case of two-dimensional structures, Delaunay
triangularization is used.

19



Fig. 3.2 Delaunay triangularization attributes: a) Dirichlet discretization network (grey) and Delaunay
discretization network (black), b) the circumscribed circles do not contain any P point.

The purpose of triangularization is to cover the area in which a certain number of P points is given, with
non-overlapping triangles whose vertices lie at the given points P and whose area covers the entire
discretized space. This can be achieved in many ways. Delaunay triangularization excels because of the
following specific attributes: [3.16]:

e The edges of the Delaunay triangles connect points Pi and Pj, which belong to the adjacent
discretization elements of Di and Dj Dirichlet's discretization'. As it is shown in Figure 3.2a,
the edges of the Delaunay triangles always intersect the common boundary of a pair of adjacent
Dirichlet discretization elements.

e None of the P points are within a circle circumscribed by any Delaunay element of the
discretization network. As it can be seen in fig. 3.2b, the circle circumscribed by Delaunay
triangle P, Ps P; does not include any of the adjacent points Pi, P4, Pg and furthermore, circle
circumscribed by Delaunay triangle P> P3 Pg does not include any of the adjacent points P1, P4,
Ps.

e The smallest angles of the Delaunay triangle are the biggest in comparison with the smallest
angles of all the other possible triangularizations (obtainment of very well shaped elements
without very sharp angles).

When generating the Delaunay network, one out of three following approaches is often used:

e Bowyer-Watson algorithm. An algorithm based on the existing coarse Delaunay network in
which the next points are inserted. In the case of inserted point, there can be found out which
circles circumscribed by the existing elements contain this inserted point. The common
boundary of such elements is erased, and the new point is linked to existing points (Figure 3.3).

e Green-Sibson algorithm is like Bower-Watson algorithm (gradual points inserting, testing by
circumscribed circles). In the first step, the inserted point would be connected with vertices of
the triangle in which that point is (in case of the fig. 3.3 network, the P> P3 P; triangle would be
split into the triangles P> P; Po, P3 P7 Py and P> P3 Py). If all three triangles satisfy the Delaunay
criterion, the refinement ends. Otherwise, modification of the network is needed to be done. In
this case, the edge P> P3 would be removed and then replaced by Pg Po. Thus, the result would
be the same as if Bowyer-Watson algorithm was used.

e Delaunay triangularization of the advancing queue on contrary is not based on the existing
coarse network. The network is gradually constructed from the edges of the discretized structure
inward to meet all the requirements defining the Delaunay network.

! The Dirichlet (or Voronoi) i-th discretization cell D; is defined as a set of points whose distance from P; is less
than or equal to the distance from all other points P; (see fig. 3.2).
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Fig. 3.3 Bower-Watson algorithm for Delaunay triangular network generation:
a) Circumscribed circles testing, b) refinement of the network

The refinement approach applied to the longitudinally homogeneous lines analysis using the
discretization elements method was described in [3.4]. The approach was based on the reaction of the
electromagnetic field a on the field sources b? calculation?.

(a,b>:”E“-Jb ~H*-M’ a0 3.1)
Q

In the relationship (3.1), J and M express the electric and magnetic current density vectors, E and H are
the electric and magnetic intensity vectors and Q expresses the domain which is analysed.

Since in the resonance (in harmonic steady state) the electromagnetic field oscillates without the
presence of sources, the reaction of the field to any source must be equal to zero [3.4]°.

(a.a) = [[E*-3" ~H"-M’]a=0 (32)

Q

The structure needs to be analysed twice. In the first analysis, the formulation based on the electric field
intensities is used, and in the second analysis, the formulation based on the magnetic field only is used.
The next step is substituting for sources (3.2) from the Maxwell equations [1.4]

J=VxH" — joe E* (3.3a)
M‘ =— [VxE* + jou H'] (3.3b)

In the relationships (3.3) w expresses the angular frequency, ¢ is permittivity and u is permeability of
the domain in which the analysis is performed.

Now it is possible to calculate the relative error caused by the n-th element of the discretization network
[1.4].

2 The generated electric field intensity and the source electric current density product expresses the power of the
inner electric sources” density. The generated magnetic field intensity and the source magnetic current density
product expresses the power of the inner magnetic sources’ density. The difference of the both terms gives the
total inner sources power density. By integrating through Q region, the total output of the external sources of the
electromagnetic field [3.20] is obtained.

3 The electromagnetic field contains only the vortex components. The energy splashes between an electric field
and a magnetic field. The field oscillates even if the total power of the external sources of the electromagnetic field
is equal to zero [3.20]. This applies only when the environment in which the field is vibrating is lossless. Losses
would gradually dampen the vibrations.
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Where Qn expresses the domain of the n-th discretization element; the meaning of the other symbols
remains the same as in previous relationship.

2 (3.4)
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2
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The integral in the numerator (3.4) should be equal to zero, because the reaction of the field to
an arbitrary source must be equal to zero in harmonic steady state. If the numerical analysis contains
errors in determining the distribution of the electromagnetic field, the numerator will be nonzero. Since
the integration is held in the numerator above the n-th discretization element Qn area, the numerator is
proportional to the n-th element's contribution to the total absolute error of the solution. The expression
in the numerator corresponds the total electromagnetic field energy in the n-th element area (integration
over Qn again). The quotient (3.4) provides a relative error of the solution caused by the n-th element.
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d) €) 1)
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Fig. 3.4 Gradual refinement of the discretization network (a to g) when the analysis of the dielectric
waveguide on the metal ground plate (h) is held using the finite element method. Delaunay
triangularisation with reaction concept was used for the refinement. The figure is taken from [3.4].

If the relative error (which the individual discretization elements have contribution on) extent is known,
it is possible to adaptively lower the solution error {using the continual dividing of the elements with
the most significant error} until the required level of the solution error is reached.

So far, only the two-dimensional triangular discretization networks were examined. However,

the described procedure can simply be generalized even for the generation of the three-dimensional
discretization networks consisting of tetrahedrons as discretization elements [3.15] [3.16].
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3.2 Formal approximation of the desired quantity

Now that the analysed structure is covered with quality discretization network, it is possible to
perform a next step of the numerical analysis. The next step is the formal approximation* of the
calculated field magnitude over each element of the discretization network. The formal approximation
is assembled using the known basis functions f; which are multiplied by unknown approximation
coefficients c;. Basis functions which have constant (fig. 3.5a), linear (fig. 3.5b) or quadratic course are
used most commonly.

Approximation is formal because the course of the approximated quantity is unknown (unknown
approximation coefficients c;). It is essential to determine the approximation coefficients in the way that
the obtained approximation function fulfils the Maxwell equations applied to the analysed structure
description as accurately as possible.

a) c, CaCs Cs . 030405

6
c fiz) f
Fiz) 1
z)] (ffc(z ) ‘ f}

——
z

Fig. 3.5 Formal approximation of the desired quantlty
a) constant per parts, b) linear per parts

The most commonly basis functions are the linear functions. To achieve a correct approximation of the
electromagnetic field at the intersection of the two discretization elements, special types of base
functions have been developed which are vector-like or which combine scalar and vector-based
functions.

In the following paragraphs, two types of the basis functions will be described. Firstly, the
simplest node functions used in the finite method analysis (when analysing the structures consisting of
the perfectly conductive parts and vacuum) will be examined. In this case, it is not necessary to pay
attention to correct modelling of field continuity at the interface of dielectrics [3.3].

Secondly, the hybrid vector basis functions which are used in the finite elements method when
analysing the longitudinally homogenous lines with a general cross section will be examined. Different
dielectrics may be involved in the cross-section and therefore, it is necessary to use base functions in
the transverse plane to ensure the continuity of the field at interfaces of different dielectrics [3.4].

The node functions are the simplest basis functions. By the word node is denoted the vertex of
the triangular discretization element (points 1, 2, 3 in fig 3.6). In the nodal approximation, the
approximation coefficients of the calculated field quantity in the nodes take place; these are spatial
samples of the magnitude of fields ¢; ™, ¢z ™, ¢; ™, which are not known at this time. Nodal basis
functions, based on nodal values, approximate the distribution of field quantities over the entire surface
of the discretization element. In case of the linear approximation, the nodal values over the element c;
™ ¢,™ ;™ are interspaced by a plane (fig. 3.6). In case of the formal approximation, the approximation
plane becomes the unknown coefficient function ¢; ™, ¢2 ™, ¢; ™.

Upper index expresses the discretization element number over which flatness is the quantity
approximated, and the lower index indicates the node number.

4 The approximation is denoted as formal because the course of the function is not known at this moment.
Therefore, it is formally assumed that the unknown function values in certain points are known (unknown
approximate coefficients are considered known). As a result, it is possible to create a general approximation where
it is possible to change the function course using the change of approximation coefficients values.
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functions which are nonzero in the appropriate node.

The approximation of the layout of the quantity of the field over the plane of the discretization element
used the plane which is called linear shape function. Linear approximation can be created by multiplying
the shape functions by the corresponding nodal values and by summing them up [3.3], as it is indicated
in fig. 3.6a, b.

3
c" =N (3.5)

m
m=1

The linear shape function N,,”” gains unit values in the m-th node of the n-th triangle and in the rest of
the nodes, it is equal to zero (fig. 3.6b).

If all the shape functions which gain unit values in m-th node are merged, the basis function of

m-th node N, is obtained (fig. 3.6¢). Based on the base functions and nodal values, the approximation
of the scalar field magnitude over the entire analysed area [3.3] can easily be expressed.

M
cC=>c,N, (3.6)
m=1

where M expresses the total amount of the nodes and ¢, is global node value.

Fig. 3.7 Two-dimensional simplex coordinates.

The base and shape functions are preferably expressed by simplex coordinates. In case of two-
dimensional triangular components, the simplex coordinates have the direction of the triangle
heights. The coordinate is unitary on the triangle vertex it passes through, and zero at the
opposite edge (see fig 3.7).

Linear shape functions for triangle element can be expressed as follows [3.3]:
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NP =& NP =6, N = 3D

where &, &, & denotes simplex coordinates (see fig 3.7). More information about nodal
approximations and simplex coordinates can be found in [3.3] and [3.7].

As it was mentioned, the nodal approximation is unable to provide continuity conditions
at the dielectric interfaces. In the results, it will manifest itself, besides the physically existing
solutions, as physically non-existing solutions (so-called spurious solutions). These physically
non-existing solutions satisfy the first and second Maxwell equations but do not satisfy the third
and fourth Maxwell equations (so-called divergence-free conditions). While using the nodal
approximation, these solutions can be avoided in two ways only:

e For the calculation, the first and second Maxwell equations are used directly [3.18].
Thus, a system of six scalar equations for six unknown field components E,, Ey, E;, Hy,
H,, H; is in process, whereas the spatial distribution of each component is particularly
approximated by nodal functions. Therefore, the computing and memory requirements
of this approach are very high.

e The wave equation which is the result of the first and second Maxwell equations
combination is in process. All what is needed to do is to solve three scalar equations for
the three components of the array. However, to ensure that the divergence conditions
are met, a special divergence term must be added to the wave equation [3.19].
Nevertheless, this complicates the solution of the resulting matrix equations (increases
the density of the matrices and disrupts their band character).

The problem was solved using the vector edge basis functions. In the case of longitudinally
homogeneous lines, where it is necessary to ensure that the conditions on the dielectric
interfaces are met in the transverse plane xy only, the vector edge approximation is used for the
transverse components of the electric field intensity vector Ex and Ey only. The distribution of
the longitudinal component of the field E; can be approximated using conventional nodal
functions [3.4].

Thus, the distribution of the longitudinal component of the field over the n-th
discretization element can be expressed according to (3.5) and (3.7) as [3.4]

3 3

EV=N e N =N el g (3.8)

m=l1 m=1

where e, are the unknown nodal values and N, ™ = &uis a linear shape function expressed
in the simplex coordinates.

The distribution of the transverse field vector is expressed as a linear combination of the
unknown scalar approximation coefficients and the known vector basis functions [3.4]

E"=N!) e\ +N s e +N ") e
:Z N t(’;) et(fj) . (3.9)
ij

On the edges of the discretization element, the vector basis functions have the direction of these
edges — therefore, they are called edge discretization elements. Using the simplex coordinates,
they can be expressed by the relationship [3.4]

NUW=EV.E £V E (3.10)
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Where V; is transversal differential operator nabla. If the direction zo is considered as a
longitudinal direction in the Cartesian coordinate system, then the transversal differential
operator nabla can be expressed by the relationship:

Vv, :ai;xo +%y0 (3.11)
Since the two adjacent discretization elements share the same edge and since the electrical and
magnetic properties of the materials must be constant in the area of the discretization element,
the use of edge elements automatically guarantees the tangential continuity of the field
quantities at the interfaces.

Fig. 3.8 Vector basis function of the horizontal edge. The basis function vector is unitary in
the horizontal edge and zero in the other two edges (it is perpendicular to them).

3.3 Substituting the formal approximation into the solved equation

The solved equation is expressed symbolically:

FIE(, s)] - f(r,s) =0 (3.12)
In this equation, F denotes a general differential operator, E is the field distribution (represented
by the electric field intensity vector), r is the position vector of the point at which the field
strength is calculated, and s plays the role of frequency (if we analyse the structure in a harmonic
steady state) or time (if the unsteady, transient action is analysed). The function f (r, s) describes
known sources of the sought electromagnetic field.

By substituting the formal approximation Eu(r, s) into the relationship (3.12), instead of
the exact solution, the following relationship is obtained:

FIE, (v, s) - f(&, s) = FLZAi:lcm N, s)} e s) -
- f FIN, (& s)] - £, s) = R s).

(3.13)
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The approximation is expressed as a sum of the product of the unknown scalar approximation
coefficient ¢, and known vector basis function Nm on the m-th discretization element. The
products of ¢, Nm are summed over all M discretization elements to which the analysed
structure is divided.

Since the operator F is linear, it is possible to change the order of the operator application and
the summation. Because ¢, is a constant (though unknown now) it can be factored out in front
of the operator. This gives the sum of the M unknown coefficients cm multiplied by the known
functions F[N, (r, s)].

It cannot be ignored that the null right side of the equation (3.12) changed after the substitution
of the approximation on the non-zero function R (r, s), whose value depends on the position of
r. This function is called a residuum (a residual function). Basically, the fact that the
approximation deviates from the exact solution is expressed and that the magnitude of this
deviation depends on position and frequency or time (see fig 3.5).

In the next step, such values of the approximation coefficients ¢, are to be found so that the
residual function takes on the smallest possible values. Using this approach, it is possible to
reach maximal accuracy of the values.

3.4 Residuum minimization

For the residual function minimization, the weighted residual method is often used. This method
is based on multiplying the residual function R(r, s) by a suitable weight function W(r, s), on
integrating the product over the entire analysed area, and on zeroing the integration result

[l [w,(e.s) R@e.s)] av(e) = 0 (3.14)

This basically expresses the requirement that the mean weighted error of the solution over the
entire analysed space is zero.

If the weight function is a basis function, then the Galerkin method is employed [3.7]

[ .00 S PIN. (e W) ), v -

- e [, 6.9 FIN, (o) av() + a1
+ [T, @5) £ (rs)}aviE) = 0.

The relationship (3.5) is one equation for M unknown coefficients c,. In the integrals over the
analysed area V, there are known basis functions and known operator only. Therefore, this
integral can be expressed by the only specific number. Even the second term can be expressed
by a specific number since it is a definite integral of the known weight function and known
source function product.

If the residuum is gradually multiplicated by M different weight functions, a system of M linear
algebraic equations for M unknown approximation coefficients c,, is obtained.
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3. Analysis

This part provides an analysis with respect to the chosen analytical framework which consists of
seven principal subchapters (each for different linguistic discipline). The major examined stages are
going to be lexical, grammatical, semantic, and discourse level of language. Instances of the referenced
assumptions are then searched in the text and put into comparison with the examples retrieved from the
translated text to determine to what extent the chosen textbook and mainly its translation suits the

requisites of scientific and technical text.

3.1. Analysis introduction

In the general introductory part, the main topic of the translated text was already suggested. In
this analysis preparatory part, I am going to discuss further information about the text as well as
several basic discourse features. In the hypothesis part, the main aim, including all major goals, is

specified.

3.1.1. General description

The translated text provided in the second chapter is a part of textbook CAD v
mikrovinné technice which is an advanced level textbook written by prof. Dr. Ing. Zbyn¢k Raida,
who specialises in teaching the subjects with focus on electromagnetic waves and lines at the
Faculty of Electrical Engineering and Communication, BUT. The aim of this textbook is mainly
computer aided design of microwave lines, circuits and antennas designed for the centimetre
waveband (frequencies 0.9 to 10 GHz). GSM and Wi-Fi provide well-known examples of the
standards which operate in this band. The textbook is written completely in the Czech language

and, so far, it has not been translated to English.

3.1.2. Situational context

The original text was retrieved from a technical university textbook, so let us assume
that it is an example of academic technical genre. This claim, however, will be discussed and
analysed in detail in the further part of this chapter. For now, therefore, let us build on this
assumption. There is no doubt that non-mass-produced textbooks, especially the ones deeply
focused on very specific topic like CAD v mikrovinné technice, are produced mainly by
professors or teachers at universities. And, of course, they serve as a medium by which
professors can structure their teaching and by which they communicate with their students,

providing them with a reasonable information source outside of regular lessons.

Hartley (2008: 3) says that academic texts are precise, impersonal and objective. Writers
generally use the third person, the passive voice, complex terminology, and various footnoting
and referencing systems. Therefore, it is safe to say that the extent of target group of academic

technical texts in general is only limited by curiosity of individual potential readers.
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Nevertheless, academic texts are aimed predominantly at students of that particular subject.
Creation of such text, in any case, requires the writers — professors to be both absolutely
knowledgeable of the examined subject and acquainted with essentials of academic writing
style, not to mention the didactic principles applied here to make the text more comprehensible

for readers.

Because of the fact that textbooks are made mainly to teach a specific topic generally
from the beginning, there is fundamentally no need for readers to know any other texts or books
of similar character. On the other hand, textbooks, as it was already mentioned, are primarily
made to accompany the attendance to regular lessons. Therefore, it is convenient to say that

students’ presence in these lessons enhances the understanding of the text.

3.1.3. Theories and previous studies

It was already mentioned that the translated text is supposed to be a representative of
academic writing genre. Therefore, what criteria must the translated extract meet in order to be
declared as a successful translation? Is the textbook itself a direct representative of technical

writing according to the individual linguistic disciplines’ analysis?

First of all, let us examine the definition of the concept of genre. Setting the limits for
genre as such helps in more systematic building of this initial assumption. Swales made four
different views on genre — genre in folklore studies, in literary studies, in linguistics and in
rhetoric. For this papers’ purpose, let us follow the linguistic one. He considers important to
distinguish between genre and register since these two terms are often interchanged by some
scholars or linguists. Genre can fundamentally be seen as a finite set of linguistic decisions
whereas register rather examines how texts are perceived, categorized and used
(Swales 1990: 41).

With the necessary terms described and distinguished, here, the academic writing genre
characteristic features will be discussed. Hartley cites Smyth’s emphasis on academic text’s
objectivity. Therefore, there should be a balanced discussion of a range of views. The same
applies for judgements or moral beliefs, which must be avoided. According to Hartley, academic
text is unnecessarily complicated, technical, authoritative, humourless, elitist and impersonal.
Impersonality should be specifically highlighted since the usage of personal pronouns can lead

to biases and unsupported assumptions (Hartley 2008: 3).

Along with the features of academic writing, there is also its structure which plays an
important role in the genres’ definition. Hartley describes the most typical organization of
research articles known as IMRAD (introduction, method, results and discussion). However, it

is more of an abstract rule than something that the scientists follow. It is rather a method for
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making the scientific enterprise look much more logical. Along with strict features listed above,
this concept of structure is actually somewhat misleading (Hartley 2008: 8). For that reason,

Hartley provides a table of rhetorical devices which often fluctuate from the basic characteristics

of academic writing in practice.

Jargon:

Misuse of references:

Straw men ar guments:

Vague qualifiers:

Quotations:

Anecdotes:

Examples:

Exclamation marks and question marks:

language that can become pretentious and
opaque.

lists of references to support a point, and selective
references to

support one side of the argument and not the
other.

to bolster a position.

e.g. ‘Most people will agree . . .” — to ensure the
reader does or does

not, as appropriate.

selectively used to support a point with particular
emphasis.

used like quotations.

the most dramatic ones selected from a range.

to speak more directly to, and carry along,

the readers.
Omissions: especially in abstracts, of key details such as the
numbers of participants,

their ages and where the study was carried out.

Overstatements: discussing non-significant findings as though
they are statistically
significant.

Distortions: selective presentation of findings from previous

research and in the
current research.

Table 1: Some rhetorical devices used in academic articles to persuade the reader of validity of the argument (Hartley 2008:

9)

It is also necessary to set a standard for a successful technical translation. In other words,
what conditions must be met to make a successful translation of academic technical text (apart
from precision, concision and clarity). Olohan (2016) highlights the importance of language

characteristic for science and technology which was discussed above. However, his book on
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scientific and technical translation presents a list of the most used words in translation of

research articles — the main representatives of academic writing genre.

Nouns study, group, system, research, level, result,
process, use, development, data, information,
effect, change, table, policy, university, model,
experience, activity, history, relationship, value,
role, difference, analysis, practice, society,
control, form, rate

Verbs provide, include, develop, suggest, require,
report, base, describe, indicate, produce, identify,
support, increase, note, represent

Adjectives social, important, human, economic, low,
significant, international, individual,
environmental, cultural, likely, general, similar,
common, current

Adverbs however, both, thus, therefore, particular

Table 2: Top 30 nouns, top 15 verbs and adjectives, and top 5 adverbs from the AVL organized by lemma (Olohan 2016:
147)

3.1.4. Goals and hypotheses

In the following chapters, it is going to be examined whether or not the translated extract
meets the requirements of academic technical text and whether or not the translation was
successful, eventually, to what extent. Different layers of analytical framework will be

introduced in order to precisely detect all the features relevant for discussed genre.

1% goal: Provision of an analysis of the text features including the major linguistic disciplines.
2" goal: Comparison of analysis output and characteristic features of academic writing genre.
3" goal: Alignment of the translated text examples with referenced phenomena.

Hypothesis: If the analysis output confirms that the translated text has all the major academic

writing genre features, then the translation can be considered as successful.
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3.2. Lexical level

The first level of the analysis reviews the major lexical features of the translated text. The main
aim is to find whether or not, eventually to what extent the translated text makes use of the lexical
features, characteristic for academic writing style. This is determined both by specification of
vocabulary used in the text and by considering the proportion of grammatical and lexical words.
This proportion is then subjected to comparison with Olohan’s table mentioned in the theoretical

part.

3.2.1. Vocabulary specification

In his study on text reading difficulty, which is based on Flesch scores and their
interpretation, Hartley speaks about academic text as a typical example of the difficult and the
very difficult categories. However, he mentions the limitations of this measure. This method of
difficulty determination is computer based and rather old-fashioned — the result is based mainly
on the density of long words and sentences in the text (Hartley 2008: 7). Nevertheless, this
method provides a reasonable basis for the specification and categorization of the vocabulary

used in prof. Raida’s textbook. Thus, let us pick some significant lexical words used in the text.

e algorithm e discretization

e functionality e triangularization
e propagation e permeability

e derivation e approximation

e  permittivity e coefficient

e wavelength e representation

These words are widely used throughout the whole textbook and there is no doubt that
the majority of the above listed words are the direct representatives of specialized terminology
— characteristic attribute of academic writing style. Their density and proportion are to be

discussed below.
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3.2.2. Vocabulary layers

There is another very important vocabulary layer involved in the textbook. The whole
textbook is written using strictly formal vocabulary — typically longer words with Latin or Greek
origin. These words, however, do not individually have numerous representations in the text,
which, on the other hand, can contribute to the diversity of the whole text and excellent writing
skills of the author. The etymological data which the following selection of words is based on

is retrieved from: https://www.etymonline.com/.

e follow e connect

e consider e insert

e entire e numerous

e proceed e nevertheless
e distribution e test

3.2.3. Lexical density

Now, let us proceed to the lexical density of the whole translated extract. In their book
on text analysis, Carter and Goddard say that the frequently used words, especially the lexical
ones, are the most significant information carriers. To put this in simplification, the more the
lexical words in text, the higher informational content the text provides — while maintaining all
of the other rules when creating texts, of course. (Carter and Goddard 2016: 85) Provided data
below reveals both parts of speech percentage in the extract and lexical density in individual

sentences (only some of them are presented).

Part of speech Percentage
Nouns 33.01%
Adjectives 9.82%
Verbs 7.89%
Adverbs 2.57%
Prepositions 13.6%
Pronouns 0.6%
Auxiliary verbs 5.57%

Table 3: Parts of speech

This table retrieved from Analyse my writing web application confirms that the most
frequent part of speech are nouns which can be considered as information carriers in most cases.
Another important portion is created by adjectives and verbs, other representatives of lexical

word classes. Notice also the percentage of pronouns — their very low representation in the text
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contributes to the textbooks strict impersonality which is one of the most significant features of

academic writing according to Hartley (2008).

Now, let us focus on lexical density of the text as a whole as well as some remarkable

sentences. The above-mentioned website presents a brief summarisation of lexical density

concept. The term lexical density basically means a percentage of words providing an

information on what is being communicated, i.e. measure of how informative the text is.

According to the application output, the portion of lexical words in the entire text is 53.37%

which roughly corresponds with the referential value (55% - 58%) for expository texts further

discussed on the application webpage. Here are several examples of lexically dense sentences

retrieved from the translated extract (lexical words are marked by bold font).

3.24.

Therefore, discretization elements are two-dimensional triangles with 83.33%

So far, only the two-dimensional triangular discretization networks were examined
with 80 %

The formal approximation is assembled using the known basis functions f; which are
multiplied by unknown approximation coefficients c;with 68.42%

Nodal basis functions, based on nodal values, approximate the distribution of field
quantities over the entire surface of the discretization element with 66.67%

Upper index expresses the discretization element number over which flatness is the

quantity approximated, and the lower index indicates the node number with 63.64%

Lexical level analysis conclusion

Based on these outputs, this part of analysis approved that the text translation was rather

successful in terms of proper conversion of lexical features typical for academic writing.
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3.3. Grammatical level

Closely connected, yet more broadly oriented level of the analysis is the grammatical one. This
chapter primarily examines the text from the perspective of sentence formation and syntax. In the
first part, the complexity of sentences together with the most widely used types is commented on,

the second part then offers an analysis on emphatic structures and grammatical markers of formality.

3.3.1. Sentence complexity
In terms of sentence and, by extension, the whole text, the previous chapter results
partly, yet naturally answers the question about complexity even from the grammatical point of

view. According to Fig.1, generated using web application Analyse my writing, it can be seen

that the text rather consists of longer and generally more complex sentences. Therefore, let us
pick several representatives of typical sentences used throughout the textbook. This selection is

based mostly on the information value of the sentences according to lexical density.

Sentences per 100
Words

NNWWWWWWALLARNNNNOONNNDOO A
OO WMONDONWNDONOVWNSNWROD

08 112 116 120 124 128 132 136 140 144 148 152 156 160 164 168 172
Syllables per 100 Words

Figure 1: The Fry readability graph

1. Ifthe upper and lower walls of the test structure are set (yellow plates) to the boundary
condition of the open space, a set of two parallel infinitely wide planar surfaces (grey
plates) is created.

2. If the attributes of the line are invariant in longitudinal direction it is denoted as
longitudinally homogenous the line is endless in length and each transversal cross
section is the same.

3. Nevertheless, this thin network consists of numerous discretization elements and

therefore has high calculation requirements.
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4.

Since in the resonance in harmonic steady state the electromagnetic field oscillates
without the presence of sources the reaction of the field to any source must be equal to
zero.

However, the described procedure can simply be generalized even for the generation
of the three-dimensional discretization networks consisting of tetrahedrons as

discretization elements [3.15] [3.16].

The above-mentioned extracts provide examples of complex and compound sentences

which are frequently used structures throughout the whole text. There are, of course, a plenty of

shorter simple sentences found. But, when occurred, those have usually a complementary,

introductory or summarisation role.

SR Wb~

3.3.2.

Thus, the amplitude of the field strength in 7 direction is invariant.
Thus, in Maxwell equations all the derivatives are equal to zero.
This variable is a complex function.

Therefore, (2.35) become into the shape of a wave equation.

However, the difference is in marginal conditions.

Sentence types

With regard to discourse functions, the whole text exploits declarative sentences only.

However, according to Table 1 provided by Hartley, it is commonly possible to employ

interrogative or exclamatory sentences in academic texts. This typically occurs when writers

want to speak more directly to the readers.

3.3.3.

Emphatic structures

From the broader point of view, the textbook language is rich in emphatic structures

usage as well. Within the more complex sentences, there can be found numerous instances of

fronting. There can be found two types of fronting utilized in the text. In the first one, the writer

wants to emphasize something important whereas in the second one, the author gives position

to the front of the sentence in order to organize the following thoughts more freely.

In the first two examples, the author first focuses on the situation in order to construct
following information more cohesively.

In between the walls, the standing waves are created by compounding the reflections of
waves.

In the electrostatic case, such a structure can be understood as a plate capacitor

consisting of endless electrodes.
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In the second set of examples, there can be seen an intention to place the introductory
information to the beginning in order to formulate the rest more naturally.

3. Because of yellow plates and open space replacement, there is no possibility of creation
or composing of reflected waves in the y direction.

4. When generating the Delaunay network, one out of three following approaches is often

used.:

According to Carter and Goddard, another manner of emphasis modification within the
sentence is the use of passive and active voice. They say that the passive voice structures are
often a way of depersonalizing a text. As examples of impersonality in texts, they provide legal
documents and academic writing, since in these two genres it is needed to stress the topic rather

than an individual or the other people (Carter and Goddard 2016: 136). Analyse my writing web

application, among other things, offers an analysis on passive voice usage. The output from this
analysis is that roughly 59% of sentences from the extract show signs of passive voice.
However, the output can be slightly distorted because of the variety of language used. The
algorithm then did not have to detect all the cases or possibly omitted some of them. However,
the rest of the sentences use the active voice. This is because of the fact that the agent, and at

the same time the subject of the sentence, is inanimate and therefore impersonal.

3.3.4. Grammatical markers of formality

Online Cambridge dictionary provides a brief distinction on grammatical markers of
formality. There are three basic choices of grammar and vocabulary: contracted forms, relative
clauses without a pronoun and ellipsis. The following examples are picked in order to determine

the text formality according to the above-mentioned choices.

Contracted forms are not used in the text.

1. In between the walls the standing waves are created by compounding the reflections of
waves.

2. Electrostatic field is formed by charges whose magnitude and position are time

invariant.
All sentences with relative clauses use a proper pronoun.

3. For the derivation given in (2.26) it was assumed that the permittivity is the same in all
the analysed domains.

4. Ifthe relative error which the individual discretization elements have contribution on...

And finally, the text does not use an ellipsis.
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5. Now, let it be assumed that the electromagnetic quantities are harmonically varying.
Time variability of these quantities can be described by rotating the phasors E(r) and

H(r) in the complex plane.

3.3.5. Grammatical level analysis conclusion
According to the outputs of grammatical analysis, it can be said that the translation of

major grammatical features respected all the main requisites of academic writing.
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3.4. Semantic level

Last but not least, there is a necessity to examine the text from the point of view of meanings
as well. For this purpose, an analysis on semantic properties of the text is provided. This part is
divided into three principal parts — in the first part, a commentary on text explicitness connected
with figurative means usage evaluation is given. The second one provides a discussion on function

symbols in the text and finally, in the last part, there can be found a description of lexical relations.

3.4.1. Text explicitness & figurative means

As it was already introduced before, academic writing emphasizes clarity and
unambiguity. Saeed in his book on Semantics provides a brief distinction between literal and
non-literal meaning. Naturally, when literally (explicitly) speaker speaks in unbiased and
accurate way, whereas in case of non-literal (implicit) speaking, there can be often seen a usage
of untrue or even impossible terms in order to achieve specific reaction of the audience. He
describes non-literal use of language as figurative and provides most common rhetorical terms.
These can include metaphor, irony, metonymy, synecdoche, hyperbole or litotes (Saeed 1997:

15). Let us select one complete section of the text.

Since the analysis is realized in the domain outside the sources influence, it is not
necessary to include the third and fourth Maxwell equation — (2.12) and (2.13) in the
problem solution. Nevertheless, the calculated value of the electromagnetic field must
be suitable for these equations. Because (2.12) and (2.13) describe zero divergence of
the vector of the electric induction D (zero value of spatial density of electric charge p
is conditional), and zero divergence of the vector of the magnetic induction B, so called

divergence-free conditions are met (Raida 2015: §).

In the extract, there can be seen that all the discussed phenomena are explained precisely
without using any sign of ambiguity or inaccurate expression involvement. The character of this
excerpt is maintained throughout the whole textbook. However, Saeed references the work of
Lakoff and Johnson. They see the metaphor as an integral part of human categorization. Based
on their statement, speakers unconsciously use them while organizing their thoughts about the
world. As an example, they use utterances about time such as “You are wasting my time.” or
“This gadget will save you hours.” Nonetheless, their work is denied by many linguists (Saced
1997: 15). From this point of view, even the above-mentioned extract can contain several

instances of metaphor.

3.4.2. Symbols
Now, let us highlight the usage of symbols. The textbook adopts a comprehensive
numerical referencing system for linking the discussed equations, derivations, formulas and

eventually figures into the text. Each reference consists of two independent numerical parts, the
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first number refers to the chapter number and the second one is the serial number of the
individual reference. Some instances can also be found where the writer, in addition to the
numerical one, supplies the reference with letters. These letter suffixes generally denote the
equations which vary in one or two parameters or components and are used for the similar

purpose in the following text. There are several instances of footnoting in the textbook as well.

E(r,7) = E(r)exp(jox) (2.29a)

H(r,) = H(r)exp(jar) (2.29b)

In Cartesian coordinate system, the (2.26) can be rewritten into the form (2.29a) (Raida 2015: 17).

Generally, mathematics is widely used throughout the whole textbook. There can be
found many symbols characteristic for this field. The vast majority of these symbols is
established and used standardly throughout the engineering branch. These symbols are

commonly used both in deriving or stating the equations and in the text.

3.4.3. Sense relations

Saeed emphasizes the fact that a particular expression may be found in more lexical
relations as there is a number of different relations. He, therefore, thinks of the lexicon as a
network instead of a list of words in a dictionary. The most important statement he provides is
the fact that there are lexical fields — a group of lexemes characteristic for a particular activity
or branch. Essentially, this phenomenon has two different effects. The first one is the usage of
specialised terms. Second, more common effect, however, is the use of different tenses for the
same word (Saeed 1997: 63). Therefore, let us pick an excerpt from the translated text and look
for the presence of these two important effects. Index numbers indicate which meaning the word

belongs to.

The electromagnetic wave propagation’ constant in the longitudinal’ axis’ direction of
the waveguide is denoted by the symbol B [rad / m]. Constant f determines the phase
change of a wave per meter of length along the longitudinal axis of the waveguide.
Therefore, this is the projection® of the wave vector k up to the direction of the
waveguide longitudinal axis. Wave vector' has a magnitude of the planar wave
wavenumber and its direction is identical with the direction of the planar wave

propagation (Raida 2015: 19).

In the extract, there are words in bold. All cases, except of waveguide and wavenumber,
are the representatives of the effect which is, according to Saeed, more common. These words,

therefore, have multiple meanings across different branches of science and technology but also
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art or anatomy for example. They are typical examples of homonymy and polysemy. Analysis
on the use of different senses of chosen words is provided in the list below. The data are retrieved

from online Cambridge Dictionary.

1. propagation' noun. (GROWING): the act of producing a new plant from
a parent plant.
propagation’ noun. (SPREADING): the act or process of spreading
something, especially a harmful message or opinion, among a lot of people.
propagation’ noun. PHYSICS, specialised: the sending out or spreading of

light or sound waves, movement, etc.

2. longitudinal' adjective. EARTH SCIENCE: used to refer to lines or distances east
or west of an imaginary line between the North Pole and the South Pole
longitudinal® adjective. MEDICAL, specialised: in the long direction of the
body or of any body part.
longitudinal® adjective. SOCIAL SCIENCE: longitudinal research is done on people

or groups over a long period of time.

3. axis' noun. (IMAGINARY LINE): a real or imaginary straight line going
through the centre of an object that is spinning, or a line that divides a symmetrical shape
into two equal halves.
axis’ noun. (BONE) MEDICAL, specialised: the second of the small bones
in the neck that form the spine and support the skull.
axis® noun. POLITICS: an agreement between governments or

politicians to work together to achieve a particular aim.

4. projection' noun. (CALCULATION): a calculation or guess about the future
based on information that you have.
projection’ noun. (IMAGE): the act of projecting a film or an image
onto a screen or wall.
projection® noun. (STICKING OUT): something that projects from a surface
or above the edge of something.
projection* noun. (DRAWING) ART, ARCHITECTURE, specialised: a drawing

that represents a solid shape or a line as seen from a particular direction

5. vector! noun. (CALCULATION) PHYSICS, specialised: something physical
such as a force that has size and direction.
vector? noun. (ANIMAL) BIOLOGY: an insect or animal that carries

a disease from one animal or plant to another.
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According to above provided study, it can be seen that many of the used terms can also be

used in other branches, thus confirming Saeed’s hypothesis.

Finally, let us examine the meaning of the rest of the words. According to Saeed, these seem
to have only one unique meaning, and thus can be regarded as specialised terms used exclusively
for single phenomenon in a given branch. The data on the meanings are retrieved online from

Dictionary.com.

1. wavenumber noun. (SCIENTIFIC): the number of waves in one

centimetre of light in a given wavelength; the reciprocal of the wavelength.

2. waveguide noun. (ELECTRONICS, OPTICS): a conduit, as a metal tube,
coaxial cable, or strand of glass fibres, used as a conductor or directional transmitter for

various kinds of electromagnetic waves.

3.4.4. Semantic level analysis conclusion

Semantic level examined majorly the explicitness, comprehensibility and overall
unambiguity of the text since it was necessary to detect and explain possible shortcomings of
the translation. This level of analysis confirmed that the written language of the textbook can

be regarded as properly used in terms of academic writing genre.
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3.5. Discourse level

The final part of the analysis provides an insight into the discourse features of the translated
extract. Therefore, in terms of textuality, this subchapter examines three key points. The first part,
closely connected to the concluding section of semantic level analysis, inspects the presence of
cohesive devices together with discourse markers and eventually linking devices. There can be

found also a chapter on intertextuality along with allusions occurrence commentary.

3.5.1. Cohesion & discourse markers

In her book specifically focused on academic discourse, Zapletalova devotes a whole
chapter to the cohesion problematics. In the introductory part, she references the first studies on
cohesion by Quirk from 1972 and emphasizes that cohesion can be understood as internal
coherence. She further describes cohesion as a surface phenomenon based on non-structural,
text-forming relations. According to Halliday and Hasan (1976), to whose work Zapletalova,
among other things, refers as well, this phenomenon is achieved by so-called cohesive devices.
The concept which they defined covers five different categories of cohesion: reference,
substitution, ellipsis, conjunction, and lexical cohesion where the first four categories belong to
the grammatical cohesion group (Zapletalova 2009: 93). Zapletalova’s further research
discusses even more of these concepts defined by other linguists, but for the use in this thesis,
let us follow the categories mentioned above. Thus, let us select another excerpt from the
translated text and analyse it from the point of view of used cohesive devices and their typicality

for academic writing.

In case of longitudinally homogenous finning line, the covering of the whole cross
section of the whole analysed structure by discretization network is needed. Therefore,
discretization elements are two-dimensional (triangles). If the attributes of the line are
invariant in longitudinal direction, it is denoted as longitudinally homogenous (the line

is endless in length and each transversal cross section is the same) (Raida 2015: 22).

According to Halliday and Hassan, the first cohesive device category — reference —
divides into two major categories — exophora (situational reference) and endophora (textual
reference). Endophora is further divided two subcategories, anaphora and cataphora. The second
subcategory, anaphora, describes the case when the writer refers to something mentioned before
in the text. Therefore, notice the word it denoted in bold in the excerpt above. This is an example
of an anaphoric reference — the reader is able to connect the pronoun with before mentioned
homogenous finning line (Halliday and Hassan 1976: 33). In accordance with to Chapter 3.4.3
on sense relations, it can be said that lexical cohesion is more common in the written texts.
Nevertheless, this part of the analysis provided an evidence that grammatical cohesion can occur

as well.
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The online version of Cambridge Dictionary presents a detailed distinction between
substitution and ellipsis, as they can be regarded as similar phenomena. According to the article,
both substitution and ellipsis provide a possibility of reducing the amount of spoken or written
words. The difference lies in what is omitted. In case of ellipsis, it is assumed that the provider
of desired meaning is the surrounding text. Substitution exploits quantifying pronouns instead

of clauses.

It was already mentioned in Chapter 3.3.4 on formality markers that it is not
characteristic for academic writing to use this type of cohesive device in order to provide the
information as comprehensive as possible. The unambiguity and clarity which are important

features of academic style is, among other things, achieved by non-using these cohesive devices.

On the other hand, the text as a whole is relatively rich in various types of discourse
markers usage. Christine Bauer-Ramazani (2015), a Saint Michael’s College English language
related study programs director, provides a comprehensive paper on conjunctions from the
discourse point of view. Since conjunctions majorly serve as sentence connectors, she
distinguishes four different methods of combination in terms of English sentence: coordinating
conjunctions, connectors, subordinating conjunctions and phase linkers. For the purpose of this
section, another selection of exemplary sentences together with analysis from the point of view

of conjunctions is provided.

e Upper index expresses the discretization element number over which flatness is the
quantity approximated, and the lower index indicates the node number.

o [f the walls of the waveguide are perfectly electrically conductive, the Hz on the
waveguide casing must meet the Neumann condition and E. must met the Dirichlet
condition.

e To achieve a correct approximation of the electromagnetic field at the intersection of
the two discretization elements, special types of base functions have been developed

which are vector-like or which combine scalar and vector-based functions.

The translated text is not very diverse in terms of coordinating conjunctions usage. The
examples above show that there are several instances of conjunctions of this type. The first two
examples use the word and to achieve the desired type of cohesion — according to Ramazani,
usage of and means addition. Next, or, means a choice. Closely connected to the topic of Chapter

3.3.1, this finding could mean that most of the sentences are simple or complex.

Bauer-Ramazani’s other point provides a discussion on connectors. This kind of
cohesion is achieved by the usage of specific adverbials or conjunctive adverbs. Therefore, let

us look at several examples of connectors usage.
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o Constant f determines the phase change of a wave per meter of length along the
longitudinal axis of the waveguide. Therefore, this is the projection of the wave vector
k up to the direction of the waveguide longitudinal axis.

o The equation (2.42) is formally identical to (2.40). However, the difference is in
marginal conditions.

o Firstly, the electrostatic testing problem will be examined.

e Delaunay triangularization of the advancing queue on contrary is not based on the

existing coarse network.

Unlike previous category, the textbook uses a wide range of connectors. According to
Bauer-Ramazani, these connectors are used to associate two independent clauses or sentences,
often with a semicolon or a period. As stated in her paper, there is also a possibility to manipulate
with the position of the connectors to give a different emphasis to the information preceding the

connector.

Another point of interest in term of connectors are subordinating conjunctions. Bauer-
Ramazani says that this type of conjunction connects a dependent clause to an independent one.
Therefore, let us highlight several instances of subordinating conjunctions from the translated

text.

The integral in the numerator (3.4) should be equal to zero, because the reaction of the

field to an arbitrary source must be equal to zero in harmonic steady state.

o While the angular frequency expresses the phase change over a time unit 0w = 2n /T,
the wave number expresses the change of the phase on the length unit k = 2z / A:

o Since the analysis is realized in the domain outside the sources influence, it is not
necessary to include the third and fourth Maxwell equation — (2.12) and (2.13) in the
problem solution.

o After that, the constant & can be placed before the derivative which is represented by

the operator V.

The text is remarkably rich in subordinating conjunctions usage. This can be caused by
high complex sentence count and the aim of academic writing style to be as precise as possible

— see the section on ellipsis usage.

The last category of discourse markers is represented, according to Bauer-Ramazani, by
phrase linkers (linking words). She states that these words are transitions which are usually used

on the sentence beginning.

e Because of yellow plates and open space replacement, there is no possibility of creation

or composing of reflected waves in the y direction.
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e As it was mentioned before, wave propagation in the direction of waveguide axis can
be understood as a result of composing the waves that are reflected from the walls of
the waveguide.

e [fthe relative error (which the individual discretization elements have contribution on)
extent is known, it is possible to adaptively lower the solution error {using the continual
dividing of the elements with the most significant error} until the required level of the

solution error is reached.

Finally, the last cohesive device category stated by Halliday and Hasan and discussed
in Zapletalova’s book, is lexical cohesion. In her chapter on lexical cohesion, she refers to a
variety of different linguists and approaches. According to these approaches, she comments on
the various claims stating their authors and comparing them (Zapletalova 2009: 94). For the

purpose of this thesis, Chapter 3.4.3 on sense relations will be sufficient.

3.5.2. Intertextuality

In their book on discourse, Goddard and Carey say that one of the constitutional ideas
of genre is the assumption that the texts do not exist in isolation. There is a complex network of
relationships instead. Because of these relationships, linguists speak about intertextuality — a
reference between different texts (Goddard and Carey 2017: 22). Bazerman described six
different levels of intertextuality and further discusses the techniques on how these levels can

be recognized. The main levels of intertextuality according to Bazerman are:

The text can use prior texts as a source at original value

The text can use explicit social dramas

The text can use other statement as background, support or contrast
The text can be based on generally circulated beliefs, issues or ideas

By using recognizable kinds of language

AN o e

Just by using language and its forms

Bazerman further describes how these levels of intertextuality can be recognized. He
provides an overview on specific techniques sorted by their explicitness (Bazerman 2004: 86-
89).

Direct quotation
Indirect quotation
Mentioning a person, document or statement

Comment on a statement, text, or otherwise invoked voice

A e

Using recognisable phrasing, terminology associated with specific people or groups of

people or particular documents
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6. Using language and forms that seem to echo certain ways of communicating,

discussions among other people, types of documents

In the analytical part of this section, let us identify the techniques that prof. Raida uses
in his textbook and what their frequency can say about the intertextuality levels within the text

according to Bazerman’s publication. The discussed examples can be found in the lists below.

o [n Cartesian coordinate system, the (2.26) can be rewritten into the form...
e A planar wave has a planar waveform (a surface with the same phase).
o In the waveguide, the following types of waves can be transmitted: transverse electric

waves (TM) or transverse magnetic waves (TM).

Although it was partly discussed in the lexical level of the analysis, the above mentioned
points provide examples of Bazerman’s fifth level of intertextuality together with its
corresponding technique. The writer consistently uses specialised terminology (denoted in bold)
and genres’ characteristic phrasing throughout the whole textbook since he is adequately
knowledgeable of the target group of his publication. It was already said that it is evident that
the audience of such texts are mainly students, teachers or possibly even other researchers. This
statement can be also supported by other outputs of the analysis in chapters 3.2.2 Vocabulary

layers and 3.3.1 Sentence complexity.

o The component of intensity of the magnetic field must be perpendicular to the
component of the electric field and to the direction of the propagation. Therefore, the
vector of the magnetic field intensity can be decomposed into the transverse component
H; and the longitudinal component H..

o There are contradictory requirements on the discretization network. Assuming the
highest accuracy of the analysis results is demanded, the discretization network needs
to be very thin. Nevertheless, this thin network consists of numerous discretization

elements, and therefore has high calculation requirements.

Numerous characteristic features of academic writing genre were discussed in the
analysis already. The two complex structures mentioned in the list above are the direct evidence
of the sixth technique that Bazerman is explaining in his publication. According to the outputs
from the analysis of discourse markers in the previous chapter, it is evident that there are many
instances of very specific types of language usage in the text. These discourse markers are
indicators of pomposity, verbosity, technicality and authority as stated by Hartley in his book

on academic writing approaches (Hartley 2008: 4).

Even though he supplied a list of references in the end of his textbook, notice that prof.

Raida does not explicitly use any other form of intertextuality discussed by Bazerman in his
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text. The absence of any other direct references supports the idea of accessibility of his text for
a wider audience as there is no need to get acquainted with any other texts. On the other hand,
though, this supports the fact that this textbook is rather a complementary tool for ordinary
lessons as they serve as the carriers of intertextuality meanings. However, the above mentioned
findings can be confirmed by Hartley’s characteristics of academic writing, which are, among
other things, appropriate in specific circumstances and easy for non-native speakers to follow

(Harley 2008: 4).

With regard to the occurrence of allusions in the text, the writer undeniably assumes that
the reader has excellent knowledge of mathematics as he uses many approaches which require
a high degree of understanding. The writer further assumes the precedent knowledge of
elementary phenomena which he elaborates subsequently. Thus, knowledge of these phenomena
is crucial to proper understanding of the text. These phenomena include, for example, Maxwell
equations. The writer obviously assumes that the reader has knowledge of Maxwell equations
from different sources, and therefore, there is no need to provide further explanation on this
phenomenon. Of course, this is not the first occurrence of Maxwell equations in this excerpt
from the point of view of the whole textbook. There are other phenomena in the text which are
presupposed to be acquainted with, but they are at least partly explained additionally. These
include Delaunay discretization, Dirichlet discretization, Bowyer-Watson algorithm and Green-

Sibson algorithm.

3.5.3. Discourse level analysis conclusion

The findings from the analysis of discourse together with statements provided by cited
works from different authors supply some solid evidence with regard to the translation
successfulness by means of even deeper meanings preservation. The textbook in its translated

form respects all the requisites that are placed on academic writing as a discourse.
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4. Conclusion

This paper had four major goals. The first one was the translation of the chosen professional text
with focus on electrical engineering. Translation undoubtedly requires a number of specific traits and
directly exploits various techniques which are necessary for the translator to be acquainted with in order
to provide a text meeting all requirements. Essentially, this means that there is not only the challenge of
conversion of a text, but it is also expected that the differences across different cultures and their
different manners of written language treatment must be converted. To prove the successfulness of
supplied translation, an analysis of mentioned viewpoints was performed. Provision of such analysis
was the second principal goal of this thesis. The analysis examined all the general levels of language —
lexical, grammatical, semantic and discourse. Thanks to continuous referencing of a variety of language
studies throughout the analysis, the subchapters maintained a dynamic character allowing an
exemplification directly from the translated text. The third goal, including different sources and
approaches in the analytical part, was crucial for the following comparison. The above mentioned
dynamism is closely connected with the fourth main goal of the essay. The fourth goal was to assign the
examples with the referenced phenomena. Sometimes it was not possible to address an example to the
referenced theory. In most cases, it was simply because the analysed genre naturally does not employ

these features (substitution or ellipsis for example).

There is one potential problem in the thesis preparation — the correct translation of the terminology.
Since Chapter 3.2.1 and 3.4.4 showed that the original textbook employs a wide range of specialised
terms, there is a possibility that some of them were not translated with respect to the real target language
phenomena name. This occurred mainly because of very specific character of discussed phenomena in
the textbook. Therefore, it was, in some cases, problematic to find materials with similar focus when
searching for correct equivalents of strictly specialised terms. For this reason, there is an opportunity to
conduct a further research on the used terminology together with a third-party review of the translation

from the point of view of specialised vocabulary.

For the future students of translation, I strongly recommend the consistent use of all available
sources and dictionaries in order to make as objective as possible comparison of the information
provided. Based on the comparison, it is much easier to decide which of the equivalents is the most
suitable. The best result when this approach is applied is then achieved by using English corpus. It is
also beneficial for translators to become acquainted with the genre they are translating. This can easily

be achieved by reading existing publications.

Since the analysis outputs rather confirmed the translation accuracy from a variety of viewpoints,
the translated text can now be used as a legitimate study material for foreign students. The English
version has all the characteristic features to be properly understood and easily followed by any foreign

student or teacher.
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5. RozSireny abstrakt

Bakalarska prace se zaméfuje predevsim na preklad odborného textu s dirazem na pouzitou
terminologii. Primarni motivaci pro preklad technickych texti je stale vice aktualni fakt, ze anglicky
jazyk v poslednich letech drzi pozici svétového univerzalniho komunikacniho nastroje. Tento vyvoj
stavi techniky a inzenyry do pozice, kde je pro né témér nezbytné anglictinu alesponi na uzivatelské
urovni znat. Znaén¢ mnozstvi texti v oborech napfi¢ védou a technikou se totiz produkuje pouze v
anglickém jazyce, coz také upeviiuje jazyk na pozici tzv. lingua franca. Tyto texty se doslova ztotoznily
se specifickym Zanrem s pevné stanovenymi pravidly a principy — akademickym psanim. Diky tomuto
unifikovanému zpusobu zaznamu resersi, studii a eseji je text jako studijni material snadno pochopitelny

jak pro studenty a profesory, tak pro védecké pracovniky nebo jiné zainteresované subjekty.

Vybrany text pojednava o problematice mikrovin a jejich zpracovani v pocitacovych systémech a
je vynatkem z ucebnice CAD v mikrovinné technice. Kniha se zaméfuje na pocitacové modelovani
mikrovlnnych vedeni, obvodu a antén navrzenych pro centimetrova vlnova pasma s pracovni frekvenci
od 0.9 do 10 GHz. Mezi znamé standardy, které v centimetrovém vlnovém pasmu funguji, patii
napiiklad Wi-Fi nebo GSM. Tento uéebni material vytvofil prof. Zbynék Raida Dr. Ing, jehoz
odbornym zaméfenim je pocitaCové modelovani mikrovinnych obvodi a antén, modelovani
komunikaénich systémi, optimalizace a aplikace umé€lych neuronovych siti na Fakulté elektrotechniky

a komunikacnich technologii VUT v Bmeé. Jeho text dosud neobdrzel anglicky preklad.

Bakalarska prace sestava ze ¢tyt hlavnich cilt. Prvni, jak jiz bylo zminéno, je pfeklad odborného
textu s dlirazem na pouzitou terminologii. Druhym cilem je vypracovani podrobné jazykovédné analyzy.
Nasledujicim tkolem je porovnani vystupt analyzy s charakteristickymi znaky akademického stylu, coz
primo navazuje na posledni cil prace, kterym je znazornéni téchto prvku a znaku na konkrétnich

prikladech z textu.

Prace se v prvni ¢asti zamétuje na preklad technického textu s dirazem na vSechny standardy a
principy charakteristické pro kvalitni pfetlumoceni. Pieklad jako takovy bezpochyby vyzaduje nékteré
specificke vlastnosti a cit pro detail. Po prekladateli také pozaduje dobrou obeznamenost s technikami
prekladu tak, aby byl schopen dodat text se v§emi naleZitostmi, které cilovy jazyk skyta. Toto v podstate
znamena, ze nam nejde pouze o pieklad na lexikalni a gramatické irovni, je totiz naprosto zasadnim,
aby se do vysledného prekladu promitly i vSechny nalezité rysy, ve kterych se cilovy jazyk odlisuje od
zdrojového. Abych byl preklad spravné zhodnocen a porovnan s témito odlisnostmi, které pfi prekladu
vznikly, druhd ¢ast této bakalarské prace je vénovana podrobné analyze. Analyza pielozeného textu se

zabyva ¢tyfmi hlavnimi jazykovymi disciplinami.

Druha cast prace se zabyva kompletni zanrovou analyzou textu ze ¢tyt stézejnich jazykovédnych

pohledd. Analyticky ramec tedy stoji na ¢tyfech hlavnich pilifich — lexikologii, skladbé (gramatice),
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sémantice a pragmatice (diskurzu). Pro kazdou disciplinu ma bakalarska prace svou vlastni kapitolu,
kde se dale vénuje podmnozin¢ jazykovych rysi, jenz jsou charakteristické pro danou disciplinu.
Jednotlivé kapitoly spolu se vSemi svymi podkapitolami postupné a dynamicky predkladaji vyrnatky
pfimo z textu a na zaklad¢ citovanych praci zhodnocuje jejich vyskyt, pripadné spravnost a

charakteristi¢nost uziti v Zanru akademického psani.

V prvni jazykové urovni analyzy se prace zabyva lexikologii. Zhodnocuje vyznamné lexikologické
prvky preloZzeného textu. Hlavnim cilem kapitoly je zjistit, zda preklad vyuziva lexikalnich rysa
charakteristickych pro akademické psani, eventualn€ v jakém rozsahu se v prekladu podafilo tyto rysy
zohlednit. Kapitola je proto vénovana specifikaci slovniku, ktery text vyuziva. Poskytuje také komentar
k prolinani vice vrstev slovni zasoby. Dal§im zachytnym bodem je zhodnoceni podilu lexikalnich a

gramatickych slov.

Uzce spojena s piedchozi, aviak $ifeji uchopena uroveri analyzy je gramaticka. Kapitola o
gramatickych nalezitostech a vlastnostech zkouma text z pohledu vétné skladby a tvorby. V prvni casti
se zabyva slozZitosti vét spolu s nejéastéji pouzivanymi vétnymi typy. Druha cast hodnoti uziti

darazovych modifikatoru a gramatickych ukazatelt formality textu.

V neposledni fadé je nutné text prezkoumat také z hlediska vyznami. Z tohoto divodu analyza
zafazuje kapitolu s komentarem o sémantickych vlastnostech textu. Kapitola o sémantice ma tfi hlavni
casti. V prvni z téchto Casti se zabyva explicitnosti textu a zhodnocuje pfitomnost obraznych prvku.
Druha ¢ast se vénuje uziti symbolu. Treti, posledni cast vyhrazuje misto pro komentar k lexikalnim

vztahum.

Zavéreéna, pravdépodobné nejpodrobngjsi ¢asti analyzy prinasi pohled na diskurzni vlastnosti
prelozeného textu. Kapitola je tentokrat rozdélena pouze na dva klicové body. Prvni bod, ktery je velmi
blizko spojeny s posledni podkapitolou sémantické ¢asti analyzy, zkouma pritomnost a funkci koheznich
a spojovacich prostfedka spolecné s diskurznimi ukazateli. Ve druhé ¢asti se analyza zaméfuje na

intertextualitu (vztah mezi texty) a odkazy.

Struktura a celkové nahliZzeni na analytickou Cast bakalafské prace se odvijeji od jednoho klicového
zdroje. Timto zdrojem je kniha Academic Writing and Publishing od Jamese Hartleyho. Ve své
publikaci Hartley poskytuje podrobny popis charakteristickych rysu a postupti akademického stylu
psani. Jednotlivé zachytné body z jeho dila jsou v analyze zohlednény a za pomoci dalSich odbormnych
zdroju je oveéfovana pritomnost, Cetnost a pfipadné i spravnost uziti prvka charakteristickych pravé pro
akademické psani. Pro maximalni objektivitu kazda kapitola zpravidla ¢erpa z jin¢ho zdroje. Pokud je
to mozng, teoreticky citované jazykové jevy jsou pak vzdy znazomény na prikladech v pribéhu celé

analyzy.
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Spravné prelozeny text spoleéné s Zanrovou analyzou zaméfenou piedev§im na kvalitu prekladu a
spravné uziti jazykovych prvka by mohl slouzit jako vhodny studijni material pro budouci zahrani¢ni

studenty.
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7. Original text
2.3 Testovaci struktury

Pokud vyvijime algoritmus numerického feseni Maxwellovych rovnic, je vhodné
funkénost algoritmu ovéfit analyzou struktury, u niz zname analytické feSeni. Testovaci
struktura by meéla byt co nejjednodussi, aby bylo mozno identifikovat pfipadné chyby
algoritmu.

K testovani numerickych metod vyuzijeme v ramci nasi ucebnice nekonecné dlouhy
obdélnikovy vélec, znazornény na obr. 2.6:

e Predni a zadni sténa testovaci struktury se chovaji jako ofevieny prostor. Pouzivame-li
testovaci strukturu jako vlnovod, §ifi se ve sméru osy znetlumend postupna vlna.
Amplituda intenzity pole ve sméru z je tedy neménna.

Ve smérech x a y vznikne skladanim odrazi vin mezi st€énami stojaté vinéni. Amplituda
intenzity pole tedy zavisi na pii¢nych soutadnicich x a y. Jsou-li vSechny stény dokonale
elektricky vodivé, musi byt podélna slozka intenzity elektrického pole na sténach nulova
E.=0.

e Nastavime-li horni a dolni sténu testovaci struktury (zluté desky) na okrajovou podminku
typu otevieny prostor, vznikne soustava dvou rovnobéznych nekonecné rozlehlych
rovinnych ploch (Sedé desky). V pripadé elektrostatickém miizeme takovou strukturu
chépat jako deskovy kondenzator sestavajici z nekonecnych elektrod.

y

Obr. 2.6 Testovaci struktura pro ovéreni funkcnosti
algoritmt numerického feseni Maxwellovych rovnic v diferencialnim tvaru.

Uvazujeme-li Sifeni viny ve sméru osy z, soustavu nekonec¢nych rovnobéznych desek
oznacujeme jako vlnovod parallel plate. Stojaté vinéni v tomto vlnovodu vznika pouze
mezi Sedymi deskami. JelikoZ jsme Zluté desky nahradili volnym prostorem, nemuze
dochazet ve sméru y ke vzniku odrazenych vin a k jejich skladani.

2.3.1 Elektrostaticky problém
Nejprve se zaméime na elektrostaticky testovaci problém. Elektrostatické pole je tvoreno

naboji, jejichz velikost a pozice jsou v ¢ase neménné. V Maxwellovych rovnicich jsou tedy
vSechny Casové derivace nulové.

Elektrickou slozku pole popisuji Maxwellovy rovnice (2.11) a (2.12). Uvazme nulovou
magnetickou indukci (magnetické pole je vybuzeno pohybem elektronl, ktery mame zakdazany).
Potom lze (2.11) prepsat do tvaru

0=VxE = Vx(-Veg) (2.24)
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Pfi psani (2.24) jsme vyuzili skuteCnosti, ze rotace gradientu libovolné skalarni funkce je
identicky rovna nule. Polozime-li tedy

E =-Vegp (2.25)

je Maxwellova rovnice identicky splnéna a prostorové rozlozeni elektrického pole je
charakterizovano jedinou skalarni velic¢inou ¢ (elektrickym potencialem).

Elektricky potencial (2.25) dosadime do (2.12)
V-(6E) =eVE=¢gV-(-Vp)=—sVp=p (2.26)

kde p je objemova hustota volného naboje v analyzované oblasti a ¢je permitivita této oblasti.
Pfi odvozeni uvedeném v (2.26) jsme predpokladali, ze permitivita € je ve vSech mistech
analyzované oblasti je stejna. Potom muzeme konstantu & vytknout pred derivaci
reprezentovanou operatorem V.

V kartézském souradném systému muzeme (2.26) piepsat do tvaru

2 2 2
o, 09 T9__ P (2.27)
ox~ 0y~ 0z €

Sestava-li testovaci struktura pouze ze dvou paralelnich nekonecné rozlehlych elektrod (Sedé
stény v obr. 2.6), potencial ¢ se méni pouze ve sméru x a (2.27) ptejde do tvaru

3o p
- _£ 2.28)

ox’ £ (
Pfi ovéfovani funkCnosti metod numerického feSeni parcialnich diferencialnich rovnic
popisuyjicich elektrostaticky problém budeme vychazet pravé ze vztaha (2.27) a (2.28).
2.3.2 Dynamicky problém

Nyni predpokladejme, Ze se elektromagnetické veli¢iny harmonicky méni. Casovou
zmeénu té€chto velicin lze popsat otaCenim fazort E( r) a H( r) v komplexni roviné

E(r,7) = E(r)exp(jor) (2.29a)

H(r,7) = H(r)exp (jor) (2.29b)
Fazory E( r) a H( r) nesou informaci o amplitudé intenzit v bodé r = r( x, y, z) a pocatecni fazi
intenzit v Case t = fo. Casovou zménu intenzit poli reprezentuje ¢len exp( jor). Tento Clen je

komplexni funkeci, jejiz velikost je jednotkova a jejiz faze ot = (274/T) t se zmeni beéhem periody
T o 2 rradiant (obr. 2.7).
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Obr. 2.7 Reprezentace harmonické zmény intenzit poli
ota¢enim fazoru v komplexni roving.

Nejprve se zamé&fme na Sifeni rovinné elektromagnetické viny volnym prostorem:
e Rovinna vlna méa planarni vinoplochu (plochu se stejnou fazi).
e Vlnoplocha je kolma ke sméru Sifeni viny.

e Vektor intenzity elektrického pole E a vektor intenzity magnetického pole H jsou kolmé
ke sméru Sifeni vlny, a soucasné jsou na sebe kolmé navzajem.

e Rovinna vlna méni ve sméru Sifeni pouze svou fazi; amplituda je v bezeztratovém volném
prostoru ve sméru Sifeni konstantni.

Predpokladejme, ze vlinoplocha lezi v rovin€ xy a vlna se Sifi ve sméru osy z kartézského
soufadného systému. Uvazujeme-li harmonicky zdroj pole, ktery generuje vinu s uhlovym
kmito¢tem @, budou okamzité hodnoty intenzit poli E( x, y, z, f) a H( x, y, z, f) harmonickymi
funkcemi Casu exp( jot) a harmonickymi funkcemi prostorové soufadnice ve sméru Sifeni exp(
—jkz). Zatimco uhlovy kmitocet vyjadiuje zménu faze za jednotku Casuw = 27/ T, vinové Cislo
je zménou faze na jednotce délky k =27/ 4:

e Symbol T'je ¢asova perioda harmonického signalu. Za periodu se faze signalu zméni o 27
radianu.

e Symbol A znaci vinovou délku (prostorovou periodu signalu). Na vinové délce se faze
signalu opét zméni o 2 radianu.

Okamzitou hodnotu intenzity pole lze tedy vyjadiit vztahem
E(x, y,z.1) = E(x, y)exp[j(or — kz)] (2.30)

Pfi numerickém modelovani Sifeni viny predpokladame, ze jsme ve velké vzdalenosti od zdroju

pole magnetického
VxH=yE+ jocE (2.31)
a Casova zména magnetické slozky pole je svazana s prostorovou zmeénou pole elektrického

VxE =— jouH (2.32)
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Jelikoz pole analyzujeme v oblasti mimo vliv zdroju, tieti a ¢tvrtou Maxwellovi rovnici (2.12)
a (2.13) nemusime do feSeni problému zahrnovat. Nicméné, vypocitané elektromagnetické pole
musi témto rovnicim vyhovovat. Jelikoz (2.12) a (2.13) popisuji nulovou divergenci vektoru
elektrické indukce D (za podminky nulové prostorové hustoty elektrického naboje p), a nulovou
divergenci vektoru indukce magnetické B, mluvime o splnéni tzv. divergence-free conditions.

Jelikoz E a H jsou fazory, muzeme pii psani (2.31) a (2.32) nahradit Casovou derivaci
nasobenim Clenem —jo, kde @ znaci uhlovy kmitoCet. Za vektory elektrické indukce
a magnetické indukce jsme dosadili z materialovych vztahii D = ¢ E a B = ¢ H. Za plosnou
hustotu vodivého proudu J jsme dosadili z Ohmova zékona v diferencialnim tvaru

J =7E (2.33)
kde y[S/m] znaci mérnou vodivost prostiedi.

Vektorové rovnice (2.31) a (2.32) mizeme rozepsat do Sesti skalarnich rovnic pro Sest
neznamych E\, E,, E;, Hy,, H, a H,. Abychom pocet rovnic a poCet neznamych redukovali,
aplikujeme na obé€ strany rovnice (2.31) operator rotace

Vx(VxH)=(y+ joe)(V<E) (2.34)
a za rotaci elektrického pole na pravé strané rovnice (2.34) dosadime ze vztahu (2.32)

V-(V-H)-V*H =— jou(y + jos)H (2.35)
Levou stranu rovnice (2.35) ptitom rozepiSeme dle identity

Vx(VxH)=V-(V-H)-V’H

Jelikoz podle ¢tvrté Maxwellovy rovnice (2.13) je divergence vektoru magnetické indukce
nulova, bude nulovy i prvni ¢len na levé strané (2.35) a rovnice (2.35) piejde do tvaru vinové
rovnice

V’H +k*H=0 (2.36)
kde

k* =— jou(y + joe) (2.37)
je vinové cislo.

Nyni pfejdéme od Sifeni viny volnym prostorem k Sifeni viny vinovodem. Jak jsme jiz
naznacili vySe, §ifeni viny ve sméru osy vinovodu lze chéapat jako vysledek skladani vin
odrazenych od stén vinovodu (obr. 2.8).

Vinovodem se mohou §ifit viny pficné elektrické (transversally electric, TE) nebo pti¢né
magnetické (transversally magnetic, TM).

Z Z

Obr. 2.8 Sifeni vlny vlnovodem: piiéné elektricka vina (vlevo),
zmena thlu dopadu pfi zméné kmitoctu viny (vpravo).
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Pti¢né elektricka vina je nakreslena na obr. 2.8 vlevo. Rovinna vlna odrazejici se od stén
vlnovodu ma slozku intenzity elektrického pole rovnobéznou se sténou odrazu. Podélna slozka
intenzity elektrického pole je tedy nulova E; = 0. Slozka intenzity magnetického pole musi byt
kolma na slozku pole elektrického a na smér Sitfeni. Vektor intenzity magnetického pole l1ze pak
rozlozit na slozku pifi¢nou H; a na slozku podélnou H.. Lze ukazat, ze pticné elektricka vina je
jednoznaéné popsana podélnou slozkou intenzity magnetického pole H..

Pti¢n€ magnetickou vinu bychom dostali zaménou intenzit elektrického a magnetického
pole v obr. 2.8 vlevo. Pficné¢ magnetickd vina je jednoznacné popsana podélnou slozkou
intenzity elektrického pole E..

Konstantu Sifeni elektromagnetické viny ve sméru podélné osy vinovodu ozname
symbolem f[rad/m]. Konstanta furcuje zménu faze viny na metru délky ve sméru podélné osy
vlnovodu. Jedna se tedy o primét vinového vektoru k do sméru podélné osy vinovodu. Vinovy
vektor mé velikost vinového ¢isla rovinné viny a jeho smér je identicky se smérem Sifeni
rovinné viny.

Podélnou slozky intenzity magnetického pole tedy mizeme pro vinovod vyjadrit jako
H, (x,y,z,t)= H (x.y)exp[- j/] (2.38)
Dosazenim (2.38) do vlnové rovnice (2.36) pak dostavame
O’°H, 0°H,
AL
ox Oy
Pokud snizujeme kmitocet viny (obr. 2.8 vpravo), elektromagnetickd vina dopada na sténu
vlnovodu pod stale mensim thlem. Konstanta §ifeni rovinné viny k se nemeéni a konstanta §ifeni

viny ve sméru podélné osy vlnovodu £ se zmenSuje. Dosahneme-li kritického kmitoctu, vina
dopada na sténu vinovodu kolmo a konstanta §ifeni ve sméru podélné osy je nulova

(k> - p*)H. =0 (2.39)

2 2
H H
’ > gH, 2=k, H, =0 (2.40)
ax a}] <
Uvazime-li, ze kritické vinové Cislo miizeme vyjadrit jako
2r 2@
ki ====—"fu (2.41)
//lkr

muzeme z (2.40) urcit kriticky kmitoCet vinovodu. Ve vztahu (2.41) znaci ¢ rychlost svétla ve
volném prostoru s parametry vakua.

Problém (2.40) nazyvame problémem vlastnich &isel. Reseni rovnice (2.40) hledame ve
formé usporadanych dvojic [kx, H;]. Znamena to, ze ke kazdému kritickému vinovému cislu
hledame odpovidajici rozlozeni pole. Usporadané dvojice odpovidaji vidim, které se mohou
vlnovodem Sifit. Kazdy vid je charakterizovan jinym kritickym vlnovym c&islem a jinym
rozlozenim pole.

Pocitame-li pfi¢n€ magnetické vidy, které se mohou vlnovodem Sifit, zaménime (2.40) za
vztah
O’E. O’FE,

PR +ky E.=0 (2.42)
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Rovnice (2.42) je formalné shodnad s rovnici (2.40). Rozdil vSak spociva v okrajovych
podminkach. Jsou-li stény vlnovodu dokonale elektricky vodivé, musi H; na plasti vinovodu
spliovat Neumannovu podminku a E; podminku Dirichletovu.

Zname-li rozloZeni podélnych slozek pole v pficném fezu vinovodem, miuzeme snadno
vypocist slozky pficné. V piipad¢ pricné elektrického vidu rozepiSeme vztah (2.31) pro pficné
slozky intenzity elektrického pole Ex a Ey

OH
—ag]yz - “=yE_+ jocE, (2.43a)
Z
aglx B 6(1;1; _VE. + josE, (2.43b)
Z

Predpokladame-li bezeztratové prostiedi ve vinovodu, je objemova hustota volného naboje ¥
nulova. Ve sméru osy y se pak §ifi netlumena harmonicka vina, takze derivace slozky intenzity
magnetického pole podle z je nulova. Dostavame tedy:
_OH,
oy
OH
E, ~—
: ox
Pro pfi¢né slozky intenzity magnetického pole lze psat:
OH
H ~——
ox
OH .
y ~ Gy
Analogicky postup lze aplikovat na vypocet piicnych slozek vidu pfi€né magnetického.
Vysledkem je

E (2.44a)

(2.44b)

(2.44c¢)

H (2.44d)

o~ (2.452)
y

H o~ (2.45b)
: ox

E ~ % (2.45¢)
ox

E, ~ % (2.45d)
Oy

Vlna uvnitt vinovodu je tak kompletné€ popsana.
2.4  Shrnuti

V této kapitole jsme si struén€ zopakovali zakladni principy, na nichz jsou zalozeny
Maxwellovy rovnice. Tyto rovnice jsme nasledné€ vyuzili k popisu elektrostatické testovaci
struktury a dynamické testovaci struktury. Obé struktury vyuzijeme k ovéreni funkénosti a
presnosti numerickych metod feSeni Maxwellovych rovnic, jimiz se budeme zabyvat
v nasledujicich kapitolach.

60



3  Numerické reSeni Maxwellovych rovnic

Maxwellovy rovnice umime fesit analyticky pouze pro velmi jednoduché struktury, jako
je napf. nekonecné dlouhy vlnovod obdélnikového ¢i kruhového prufezu. U struktur
komplikovanéj§ich musime Maxwellovy rovnice fesit numericky.

V nasledujicich odstavcich se zaméfime na numerické feSeni Maxwellovych rovnic
v diferencialnim tvaru. Numerické feSeni rovnic integralnich je totiz mnohem komplikovangjsi.

Strucné si popisSeme zakladni kroky, z nichz numericka analyza sestava.
3.1 Diskretizace analyzované struktury

Analyzovanou strukturu rozdélime na diskretizacni prvky, které se vzijemné
nepiekryvaji. Diskretizacni prvky pfitom museji soucasné zahrnovat vSechny body
analyzované struktury.

V piipadé podélné homogenniho ploutvového vedeni (obr. 3.1) je zapotiebi diskretizacni
siti pokryt cely prufez analyzované struktury. Diskretizacni prvky jsou tudiz dvojrozmérné
(trojuhelniky). Vedeni oznacujeme jako podélné homogenni, pokud se jeho vlastnosti
v podélném smeéru neméni (vedeni je nekonecn€ dlouhé a kazdy pticny prafez je stejny).

Obr. 3.1 Pri¢ny prafez ploutvového vedeni
a jeho diskretizace obdélnikovymi prvky.

Na diskretizacni sit’ jsou kladeny protichudné pozadavky. Chceme-li dosahnout co mozna
nejvyssi presnosti vysledki analyzy, musi byt diskretizacni sit’ hodné jemna. Jemna sit’ ovsem
sestava z velkého poctu diskretizacnich prvkd, a tudiz vykazuje velmi vysoké vypocetni
naroky. Proto je vyhodné vyuzit vSech symetrii analyzované struktury a pocitat vzdy jen jeji
cast [3.3].

Vhodna diskretizace struktury je vzhledem k uvedenym protichidnym pozadavkim
obtiznym tkolem. Vyvoj automatickych generatorti diskretiza¢nich siti se stava velmi dileZitou
disciplinou v ramci numerického modelovani mikrovinnych struktur.

Pro generovani diskretizacnich siti u dvoj- a trojrozmérnych struktur se velmi casto
pouziva tzv. Delaunayho diskretizace [3.15], [3.16]. V pfipadé dvojrozmérnych struktur
hovotfime o Delaunayho triangularizaci.
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Obr. 3.2 Vlastnosti Delaunayho triangularizace: a) Dirichletova diskretizacni sit’ (Seda) a

Delaunayho diskretizacni sit’ (Cerna), b) opsané kruznice ne-obsahuji zadny bod P.

Ukolem triangularizace je pokryt prostor, v némz je dan uréity poet bodd P, vzajemné se
nepiekryvajicimi trojuhelniky, jejichz vrcholy lezi v danych bodech P a jejichz plocha pokryva
cely diskretizovany prostor. Tento ukol lze splnit mnoha riznymi zpisoby. Delaunayho
triangularizace mezi nimi vynika nasledujicimi specifickymi vlastnostmi [3.16]:

Hrany Delaunayho trojuhelnika spojuji takové body P; a P;, které patii sousednim
diskretizaénim prvkiim D; a D; Dirichletovy diskretizace'. Jak je ukazano na obr. 3.2a,
hrany Delaunayho trojuhelnikii vzdy protinaji spolecnou hranici dvojice sousednich
Dirichletovych diskretizacnich prvka.

Zadny z bodd P nelezi uvniti kruznice opsané libovolnému Delaunayho prvku
diskretizacni sit€. Jak je vidét na obr. 3.2b, kruznice opsana Delaunayho trojuhelniku
P> P3 P7 neobsahuje zadny ze sousednich bodu Pi, Ps, Pg, a dale, kruznice opsana
Delaunayho trojahelniku P> P3 Pg neobsahuje zadny ze sousednich bodu P, P, Ps.

Nejmensi thly Delaunayho trojahelnikti jsou nejvétsi ve srovnani s nejmensimi uhly
vSech moznych ostatnich triangularizaci (ziskavame velmi dobfe tvarované prvky bez
velmi ostrych uhll).

Pti generovani Delaunayho sité se obvykle vyuziva jeden ze tfi nasledujicich postupi:

Bowyeruv-Watsonuv algoritmus. Algoritmus vychazi z existujici hrubé Delaunayho
sité, do niz se postupné vkladaji dalsi body. U vlozeného bodu zjistujeme, které kruznice
opsané stavajicim prvkam jej obsahuji. Spole¢na hranice takovych prvka je vymazana a
novy bod je napojen na body existujici (obr. 3.3).

Greenuv-Sibsonuv algoritmus je podobny Bowyerovu-Watsonovu algoritmu (postupné
vkladani bodu, testovani opsanymi kruznicemi). V prvnim kroku se vlozeny bod spoji s
vrcholy toho trojuhelniku, na jehoz plose se bod nachazi (pro sit z obr. 3.3 by doslo k
rozdéleni trojuhelniku P> P3; P7 na trojuhelniky P2 P7 Py, P3 P7 P9 a P> P3 Po). Pokud
vSechny tfi nové trojuhelniky vyhovuji Delaunayho kritériu, je zjemiiovani ukon¢eno. V
opacném pripade¢ je tieba provést modifikaci sité€. V nasi situaci by byla odstranéna hrana
P> P3 a byla by nahrazena hranou Pg Po. Vysledek by byl tedy stejny jako pii pouziti
Bowyerova-Watsonova algoritmu.

Delaunayho triangularizace postupujici fronty na rozdil od predchozich dvou
algoritmi nevychazi z existujici hrubé sité. Sit je postupné budovana od okraji
diskretizované struktury smérem dovnitf, a to tak, aby byly splnény vSechny pozadavky
definujici Delaunayho sit’.

1

Dirichletova (nebo Voronoiova) i-ta diskretiza¢ni buiika D; je definovana jako mnozina bod, jejichz
vzdalenost od bodu P; je mensi nebo rovna vzdalenosti od vsech ostatnich bodu P; (viz obr. 3.2).
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Obr. 3.3 Bowyeruv-Watsonuv algoritmus pro generovani Delaunayho trojuhelnikové sité:
a) testovani opsanymi kruznicemi, b) zjemneéni sit¢.

Postup zjemnovani sité aplikovany na analyzu podélné homogennich vedeni metodou
diskretizacnich prvka byl popsan v [3.4]. Postup byl zalozen na vypoctu reakce
elektromagnetického pole a na zdroje pole b'

(a.b) = [[E*-3" - B*-M"]a0d (3.1)

Ve vztahu (3.1) znaci J a M vektory elektrické a magnetické proudové hustoty, E a H jsou
vektory intenzit elektrického a magnetického pole a Q) znaci prostor, ktery analyzujeme.

Jelikoz v rezonanci (v ustaleném harmonickém stavu) elektromagnetické pole kmita 1 bez
pfitomnosti zdrojii, musi byt reakce pole na libovolny zdroj nulova [3.4]?

(a.a) = [[E*- 3" B -M’Jac=0 (3.2)

Strukturu analyzujme dvakrat. Jednou vychazime z formulace zalozené na intenzitach
elektrického pole a jednou vyuzivame formulaci, v niz vystupuji pouze intenzity pole
magnetického. Dale dosadime za zdroje v (3.2) z Maxwellovych rovnic [1.4]

J=VxH" — joe E* (3.3a)
M = — [VxE* + jou H] (3.3b)

Ve vztazich (3.3) znac¢i o uhlovy kmitocCet, € je permitivita a i permeabilita prostoru, v némz
se analyza provadi.

Nyni mizeme vypocitat relativni chybu, kterou zptisobuje n-ty prvek diskretizacni sité
[1.4]

Soucin intenzity vytvoiené¢ho elektrického pole a hustoty zdrojového elektrického proudu (prvni ¢len vyrazu)
vyjadiuje hustotu vykonu vnéjsich elektrickych zdrojii. Soucin intenzity vytvofeného magnetického pole

a zdrojového magnetického proudu vyjadiuje hustotu vykonu vnéjSich magnetickych zdroji. Rozdil obou
¢lenti pak dava celkovou hustotu vykonu vngjsich zdroji. Integraci pies oblast Q2 pak ziskame celkovy vykon
vngjsich zdroja elektromagnetického pole [3.20].

Elektromagnetické pole obsahuje pouze virové slozky. Energie se pieléva mezi elektrickym polem a polem
magnetickym. Pole kmita, i kdyZ je celkovy vykon vn¢jsich zdroju elektromagnetického pole nulovy [3.20].
To samoziejme plati jen v piipad¢, kdy je prostfedi, v némz pole kmita, je bezeztratové. Ztraty by kmity
postupn¢ utlumily.
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[[E* 3 — B M |ac
Qn

1
Il
QH

kde €, znai prostor n-tého diskretizacniho prvku a vyznam ostatnich symbolu je tyz, jako
v pfedchozim.

S = (3.4)
4]

2
E|| + %NHH“

2
}dQ

Integral v Citateli (3.4) by mél byt nulovy, protoze reakce pole na libovolny zdroj musi
byt v ustaleném harmonickém stavu nulova. Pokud se pfi numerické analyze dopustime chyby
v urCeni rozlozeni elektromagnetického pole, bude cCitatel nenulovy. Jelikoz integrujeme v
Citateli nad plochou n-tého diskretizacniho prvku €, je Citatel umérny piispévku n-tého prvku
k celkové absolutni chybé feSeni. Vyraz ve jmenovateli odpovida celkové energii
elektromagnetického pole na ploSe n-tého prvku (opét integrujeme pies €2,). Podil (3.4) dava
relativni chybu feSeni zptisobenou n-tym prvkem.

a) b) c)

d) e) )]

) oo T o
I |
1 |
1 |
I |
I |

Obr. 3.4 Postupné zjemnovani diskretizacni sité (a az g) pii analyze dielektrického vinovodu
na kovové zemni desce (h) metodou konecnych prvki. Ke zjemfiovani sit€ bylo pouzito
Delaunayho triangularizace ve spojeni s reakénim konceptem. Obrazek je prevzat z [3.4].

Zname-li velikost relativni chyby, kterou se na celkové chybé podileji jednotlivé diskretizacni
prvky, mizeme jemnéjSim délenim prvki s nejvetsi chybou adaptivné snizovat chybu feSeni
tak dlouho, dokud nedosdhneme pozadované urovné chyby feseni.

Dosud jsme se zabyvali pouze generovanim dvojrozmérnych trojuhelnikovych
diskretizacnich siti. Popsany postup vSak lze relativné snadno zobecnit i na generovani
trojrozmérnych diskretizacnich siti sestavajicich ze Ctyistént jako diskretizacnich prvka [3.15],
[3.16].
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3.2 Formalni aproximace hledané veliiny

Nyni, kdyz je analyzovana struktura pokryta kvalitni diskretizacni siti, mizeme pfistoupit
k dalsimu kroku numerické analyzy. Timto krokem je formalni aproximace' priibéhu pocitané
veli¢iny pole nad kazdym prvkem diskretiza¢ni sité. Formalni aproximaci sestavujeme ze
znamych bazovych funkci f;, které nasobime neznamymi aproximacnimi koeficienty c;.
Nejcaste€ji se pouzivaji bazové funkce, které maji nad diskretizacnim prvkem konstantni (obr.
3.5a), linearni (obr. 3.5b) nebo kvadraticky prabéh.

Aproximace je formalni z toho davodu, ze pribéh aproximované veliiny nezname
(nezname aproximacni koeficienty c¢;). Nasim ukolem je aproximacni koeficienty urcit tak, aby
ziskana aproximacni funkce co mozna nejpiesnéji spliiovala Maxwellovy rovnice aplikované
na popis analyzované struktury.

Obr. 3.5 Formalni aproximace hledané veliciny:
a) po Castech konstantni, b) po ¢astech linearni.

Nejcasteji pouzivanymi bazovymi funkcemi byvaji funkce linearni. Aby bylo dosazeno
korektni aproximace elektromagnetického pole na rozhrani dvou diskretiza¢nich prvka, byly
vyvinuty specialni typy bazovych funkei, které maji vektorovy charakter nebo které kombinuji
skalarni a vektorové bazové funkce.

V nasledujicich nékolika odstavcich si struéné€ popiSeme dva typy bazovych funkci.
Nejprve to budou nejjednodussi uzlové funkce, které se pouzivaji v metodé konecnych prvku
pii analyze struktur sestavajicich pouze z dokonale vodivych ¢asti a z vakua. V tomto piipade
se totiz nemusime starat se o korektni modelovani spojitosti pole na rozhranich dielektrik [3.3].

Dale se budeme vénovat hybridnim vektorovym bazovym funkcim, které vyuziva metoda
konecnych prvki pfi analyze podélné homogennich vedeni s obecnym pficnym prifezem. V
pfi¢ném prafezu mohou vystupovat rizna dielektrika, a proto je zapotiebi v pficné rovin€ pouzit
takové bazové funkce, které zajistuji spojitost pole na rozhranich riznych dielektrik [3.4].

Nejjednoduss$imi  bazovymi funkcemi jsou funkce uzlové. Slovem uzel piitom
oznacujeme vrchol trojahelnikového diskretizaéniho prvku (body 1, 2, 3 v obr. 3.6). V uzlové
aproximaci hraji roli neznamych aproximacnich koeficientli hodnoty pocitané veliciny pole
v uzlech; jedna se o prostorové vzorky veli¢iny pole c1?”, 2™, 3™, které v tuto chvili nezname.
Uzlové bazové funkce na zakladé uzlovych hodnot aproximuji rozlozeni veli¢in pole nad celou
plochou diskretizacniho prvku. V pfipadé€ linearni aproximace prolozime uzlovymi hodnotami
nad vrcholy prvku ¢1, 2™, ¢3™, rovinu (obr. 3.6a). Aproximaéni rovina se v pfipadé formalni
aproximace stava funkci neznamych koeficient 1, 2™, ¢3™. Horni index v zavorce udava
¢islo diskretizacniho prvku, nad jehoz plochou veli¢inu aproximujeme, a dolni index udava
¢islo uzlu.

I Aproximaci oznaCujeme jako formalni, protoZe v tuto chvili nezname prib&h aproximované funkce. Proto

formalné ptedpokladame, ze hodnoty neznamé funkce v urCitych bodech zname (s nezndmymi
aproximacnimi koeficienty pracujeme, jako bychom je znali). To ndm umozni vytvofit obecnou aproximaci,
u niz miuzeme zmeénou hodnoty aproximac¢nich koeficientu libovolné ménit pribéh aproximacni funkce
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a) c b) N1(n) Ng") 1 N(zn)
|
1| 1 3 3
| |
1
1 1 1 '
2 2 2

0 N Obr. 3.6 Linearni aproximace rozlozeni skalarni
” veliCiny nad trojuhelnikovym prvkem: a) apro-

ximace zavisi na neznamych uzlovych hodno-
tach 1™, ¢, ¢3; b) tvarové funkce; jejich
linearni kombinace tvofi linearni aproximaci
rozlozeni veli€iny nad prvkem; ¢) bazovou
funkci ziskdme sloucenim vSech tvarovych
funkeci, které jsou nenulové v piislu§ném uzlu.

Rovinu, kterou jsme aproximovali rozlozeni veli€iny pole nad plochou diskretizacniho prvku,
nazyvame linearni tvarovou funkci. Linearni aproximaci nad prvkem potom vytvofime
nasobenim tvarovych funkci odpovidajicimi uzlovymi hodnotami a jejich sectenim [3.3], jak je
naznaceno na obr. 3.6a, b

3
I 65

m=1

Linearni tvarova funkce N, nabyva v m-tém uzlu n-tého trojuhelnikového prvku jednotkové
hodnoty a v ostatnich dvou uzlech je nulova (viz obr. 3.6b).

Sloucime-li vSechny tvarové funkce, které nabyvaji v m-tém uzlu jednotkové hodnoty,
dostaneme bazovou funkci (basis function) m-tého uzlu N,, (viz obr. 3.6¢). Na zakladé bazovych
funkci a uzlovych hodnot potom muzeme snadno vyjadfit aproximaci rozlozeni skalarni
veliCiny pole nad celou analyzovanou oblasti [3.3]

M
c=Yc,N, (3.6)
m=1

kde M je celkovy pocet uzll a ¢, je globalni uzlova hodnota.

Obr. 3.7 Dvojrozmémé simplexni soufadnice.
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Bazové a tvarové funkce se s vyhodou vyjadiuji pomoci simplexnich souradnic.
Simplexni soufadnice maji v ptipadé dvourozmémych trojuhelnikovych prvka smér vysek
trojuhelniku. Soufadnice je jednotkova ve vrcholu trojuhelnika, kterym prochazi, a nulova na
protilehlé hrané€ (viz obr. 3.7).

Linearni tvarové funkce pro trojahelnikovy prvek Ize vyjadrit nasledovné [3.3]:
N =& NP =6, N =6 (3.7)

kde &1, &, & znadi simplexni soufadnice (viz obr. 3.7). Vice informaci o uzlovych aproximacich
a simplexnich soufadnicich lze nalézt v [3.3] a [3.17].

Jak bylo feCeno, uzlova aproximace neni schopna zajistit podminky spojitosti na
rozhranich dielektrik. To se ve vysledcich projevi tim, ze vedle realné existujicich feSeni se
objevuji i feSeni fyzikalné neexistujici (tzv. spurious solutions). Fyzikalné neexistujici feseni
vyhovuji prvni a druhé Maxwellové rovnici, av§ak nespliiyji tieti a ctvrtou Maxwellovu rovnici
(tzv. divergence-free conditions). Témto feSenim se 1ze pfi pouziti uzlové aproximace vyhnout
jen dvéma zpusoby:

e K vypoctu pouzijeme piimo prvni a druhou Maxwellovu rovnici [3.18]. Pracujeme tedy
se soustavou §esti skalarnich rovnic pro Sest neznamych slozek pole E, E,, E., Hy, Hy, H-,
pfiCemz prostorové rozlozeni kazdé slozky je zvlast aproximovano pomoci uzlovych
funkci. Vypocetni a pamét'ové naroky tohoto pristupu jsou tudiz velmi vysoké.

e Pracujeme s vinovou rovnici, ktera je vysledkem kombinace prvni a druhé Maxwellovy
rovnice. Staci nam fesit jen tii skalarni rovnice pro tfi slozky pole. Abychom vSak zajistili
splnéni divergencnich podminek, musime do vlnové rovnice piidat specialni divergencni
¢len [3.19]. Ten vSak komplikuje feSeni vyslednych maticovych rovnic (zvySuje hustotu
matic a narusuje jejich pasovy charakter).

Problém se podarilo vyfe§it pomoci vektorovych hranovych bazovych funkci. V pfipadé
podélné homogennich vedeni, kdy je nutné postarat se o splnéni podminek na rozhranich
dielektrik pouze v pfi¢né roviné xy, pouzijeme vektorovou hranovou aproximaci pouze pro
pricné slozky vektoru intenzity elektrického pole Ex a E,. RozloZeni podélné slozky pole E;
muzeme aproximovat pomoci klasickych uzlovych funkci [3.4].

Rozlozeni podélné slozky pole nad n-tym diskretizaCnim prvkem tedy mizeme vyjadrit
podle (3.5) a (3.7) jako [3.4]

3 3
Ez(n ) :z egflI?)z Nz(;)z :z egflI?)z gm (3 * 8)

m=1 m=1

kde e;»™ jsou neznamé uzlové hodnoty a N,»"™ = &, je linearni tvarova funkce vyjadfena
v simplexnich soufadnicich.

Rozlozeni pfi€ného vektoru pole vyjadiime jako linearni kombinaci neznamych
skalarnich aproximacnich koeficienti a znamych vektorovych bazovych funkci [3.4]

EM=N;, ey +N 5 e+ e
= (1) (n (3.9)
:Z N t(,ij) et(,ij) .
i.j
Vektorové bazové funkce maji na hranach diskretiza¢niho prvku smeér téchto hran. Proto

hovofime o hranovych diskretiza¢nich prvcich. Pomoci simplexnich soufadnic je mizeme
vyjadtit vztahem [3.4]
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NO=VE £V E, (3.10)

kde V; je transverzalni diferencialni operator nabla. Pokud v kartézském soufadném systému
Y
povazujeme smér zo za smer podélny, miizeme transverzalni operator nabla vyjadfit vztahem:
0

0
V, = —x, + — 3.11
"oax ! nyo ( )

Jelikoz dva sousedni diskretizacni prvky sdileji stejnou hranu a jelikoz elektrické a magnetické
vlastnosti materiald museji byt v oblasti diskretizacniho prvku neménné, pouziti hranovych
prvkl automaticky zarucuje tangencialni spojitost veli¢in poli na rozhranich.

Obr. 3.8 Vektorova bazova funkce vodorovné hrany. Vektor bazové funkce
je ve vodorovné hrané jednotkovy a v ostatnich dvou hranach nulovy (je na né kolmy).

3.3 Dosazeni formalni aproximace do reSené rovnice

Resenou rovnici vyjadiime symbolicky:
FIE(, s)]- f(@r,s) =0 (3.12)

V této rovnici znaci F obecny diferencidlni operator, E je je hledané rozlozeni pole (zde
reprezentované vektorem intenzity elektrického pole), r znaci polohovy vektor bodu, v némz
intenzitu pole pocitame, a s hraje roli kmitoctu (analyzujeme-li strukturu v ustaleném
harmonickém stavu) nebo Casu (analyzujeme-li neustaleny, prechodny d¢j). Funkce f{ r, s)
popisuje znamé zdroje hledaného elektromagnetického pole.

Dosazenim formalni aproximace Eu( r, s) do vztahu (3.12) namisto pfesného feseni
E(r, 5) dospéjeme ke vztahu

FIE, (v )] - 7(E. s) = FLZIEC,” N (. s)} e s) -
_ fc FIN, @ )] - £ 5) = R, s).

(3.13)

Aproximace je vyjadfena jako soucet soucinu neznamého skalarniho aproximacéniho
koeficientu ¢, a znamé vektorové bazové funkce N, na m-tém diskretizacnim prvku. Souciny
cm N sCitame pies vSech M diskretiza¢nich prvkd, na néz je analyzovana struktura rozdélena.
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Jelikoz operator F je linearni, mizeme zaménit poradi aplikace operatoru a scitani.
ProtoZe cm je konstanta (i kdyZz v tuto chvili neznama), muzeme ji vytknout pied operator. Tim
dostavame soucet M neznamych koeficienti ¢,» nasobenych znamymi funkcemi F[ Ny (r, s)].

Nelze si nevSimnout skute¢nosti, Ze nulova prava strana feSené rovnice (3.12) se zménila
po dosazeni aproximace na nenulovou funkci R( r, s), jejiz hodnota zavisi na poloze r. Tuto
funkci nazyvame reziduem (zbytkovou funkci). V podstaté ji vyjadiujeme skuteCnost, ze
aproximace se od presného feSeni odchyluje a ze velikost této odchylky zavisi na poloze a na
kmitoctu nebo Case (viz obr. 3.5).

V dalsim kroku se budeme snazit nalézt takové hodnoty aproximacnich koeficienti ¢,
aby zbytkova funkce nabyvala co mozna nejmenSich hodnot. Tim dosahneme co mozna
nejvyssi piesnosti aproximace feseni.

3.4 Minimalizace rezidua

K minimalizaci zbytkové funkce pouzivame obvykle metodu vazenych rezidui. Tato
metoda spociva ve vynasobeni zbytkové funkce R( r, s) vhodnou vahovou funkci Wy( r, s),
v integraci souc¢inu pies celou analyzovanou oblast a v polozeni vysledku integrace nule

[l W, (c.5) R )] av () = 0 (3.14)

Tim v podstaté vyjadiujeme pozadavek, aby stfedni vazena chyba feseni pres cely analyzovany
prostor byla nulova.

Je-li vahovou funkci funkce bazova, mluvime o Galerkinoveé metodé [3.7]

[ .00) S PIN. (e 0, ) ) v -

- e [, FIN, (o) av(e) + 1)
+ [V, G.5) £ (r5havie) =0,

Vztah (3.15) je jednou rovnici pro M neznamych koeficienti ¢, V integralech pres
analyzovanou oblast V totiz vystupuji pouze znamé bazové funkce a znamy operator, takze lze
tento integral vyjadrit jedinym konkrétnim ¢islem. I druhy ¢len mazeme vyjadrit konkrétnim
Cislem, nebot’ se jedna o urcity integral soucinu znamé vahové funkce a znamé funkce zdrojové.

Pokud reziduum postupné nasobime M raznymi vahovymi funkcemi, dosp&jeme
k soustavé M linearnich algebraickych rovnic pro M neznamych aproximacnich koeficientii c.
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