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ABSTRACT

This semestral thesis named Commented Translation includes the translation of a part of
the university textbook for subject CAD in Microwaves. The thesis deals with linguistic
aspects used in the translation and about theory connected with the style in which

the translated text is written.
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1 INTRODUCTION

Nowadays, a progress of electronic industry is much faster than in the past. This
fact leads to need of learning new theories and principles that are usually described by
inventors through user's manuals, brochures, and scripts. Despite the fact that those texts
are mostly written in one specific language, the language that is native to the inventor,
they tend to be translated into other languages, so all people all over the world can read
them.

English as a lingua franca is used as a common language for electro-engineering.
Despite the fact that texts are translated from different languages into English, not
everybody speaks English. In addition, not all texts are translated.

The reason for writing this thesis was to help with spreading these texts and
enable approach to them to wider public. Professor Raida writes a university textbook
for subjects teaching students about antennas. Moreover, because Brno University of
Technology is as a part of EDUROAM, so it has many foreign students that do not
speak Czech, there is a need for studying materials in English too.

This thesis is divided into two main parts. The first part includes the translation of
a part of a script written by Professor Zbynék Raida. The second part focuses on theory
and it deals with the characteristics of ascientific writing style and its general
differences between Czech and English. The theoretical part is then divided into several

subchapters dealing with particular topics of the theory.



TRANSLATION

2 NUMERICAL SOLUTION OF MAXWELL
EQUATIONS

We are able to solve Maxwell equations analytically only for very simple
structures; for example for rectangular or circular waveguide with infinite length, while
for more complex structures, we have to solve Maxwell equations numerically.

Due to the face that the numerical solution of Maxwell equations in an integral
form is much more complicated, in following paragraphs, we focus on the numerical
solution of Maxwell equations in a differential form.

Let us describe basic steps of the numerical analysis briefly.

2.1 Discretisation of analysed structure

We divide an analysed structure into discretisation elements that do not overlap.
However, discretisation elements have to include all points of the analysed structure.

In a case of longitudinal homogenous finline (Fig. 3.1), it is necessary to cover
whole cross-section of the analysed structure by discretisation mesh. Therefore,
discretisation elements are planar (triangle). We term the line as the longitudinal
homogenous if its properties do not change in a longitudinal direction (length of the line
is infinite and all cross-sections are identical).

Fig. 3.1 Finline cross-section and its discretisation by rectangular elements.



There are contradictory conditions for making a discretisation mesh. To achieve
the highest possible accuracy of analysis results, the discretisation mesh has to be very
fine. However, a fine mesh consists of large number of discretisation elements; there are
thus high computational requirements. Therefore, it is advantageous to use all
symmetries of analysed structure and compute only a part of the mesh [3.3].

A suitable discretisation of the structure is a difficult task due to those
contradictory requirements. Development of automatic generators of discretisation
meshes is becoming very important discipline in numeric modelling of microwave
structures.

For generation of discretisation meshes of two and three-dimensional structures is
very often used so-called Delaunay discretisation [3.15], [3.16]. Delaunay
triangularisation is used for planar structures.

Fig. 3.2 Delaunay triangularisation properties: a) Dirichlet discretisation mesh
(grey) and Delaunay discretisation mesh (black), b) circumscribed circles do not contain
any point P.

Task of the triangularisation is to cover the space in which the specific number of
points P is given by non-overlapping triangles whose vertices correspond to points P
and whose surface covers the entire discretised space. There are many possible ways
how to fulfil this task. Delaunay triangularisation is better than others for its specific
properties [3.16]:

e Edges of Delaunay triangles connect such points P; and P; belong to neighbouring
Dirichlet discretisation elements Di and D;! Edges of Delaunay triangles always
intersect an edge of two neighbouring Dirichlet discretisation elements as shown in
the Fig. 3.2a.

1 Dirichlet (or Voronoi) ith discretisation cell D; is defined as a set of points, whose distance from
the point P is less than or equal to a distance from all other points P; (see Fig. 3.2).
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None of points P is located inside a circle circumscribed to any Delaunay element
of the discretisation mesh., none of neighbouring points Pi, P4, Ps belong to
the circle circumscribed to the Delaunay triangle P> P3 P7 and none of neighbouring
points P2 P3P7 belong to the circle circumscribed to the Delaunay triangle
P1, P4, Pg (see Fig. 3.2b).

The smallest angles of Delaunay triangles are bigger than the biggest angles of
other possible triangularisations (we obtain very well shaped elements without
extremely acute angles)

One of following three methods is usually used for generation Delaunay mesh:

Bowyer-Watson algorithm. The algorithm is based on existing raw Delaunay
mesh to which other points are inserted gradually. We test which circumcircles of
already existing elements pass through a newly inserted point. The common edge of
these elements is erased and the point is connected to existing points (Fig. 3.3)

Green-Sibson algorithm is similar to Bowyer-Watson algorithm (gradual point
inserting, testing using circumscribed circuits). The first step is to connect
the inserted point to vertices of the triangle on which surface the point is located
(for the mesh in the Fig. 3.3, the triangle P> P3 P7 would be divided into triangles
P2 P7 Po, P3P7Pg and P2 P3Po). If all three new triangles meet the Delaunay
criterion, the refinement is finished. Otherwise, it is necessary to modify the mesh.
In our case, the edge P> Pz would be replaced by the edge Ps Pg. The final mesh
would be then the same as the mesh made using the Bowyer-Watson algorithm.

e Delaunay triangularisation of moving line. Comparing to previous two
algorithms, this algorithm is not based on existing raw mesh. The mesh is gradually
made inwards from edges of a discretised structure in such a way that all conditions
that define the Delaunay mesh are fulfil.

Fig. 3.3 Bowyer-Watson algorithm for generation Delaunay triangular meshes:
a) testing using circumscribed circuits, b) mesh refinement.
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Mesh refinement process applied to an analysis of longitudinal homogenous lines using
the method of discretisation elements is described in [3.4]. The process is based on
a computation of a reaction of the electromagnetic field a to the field sources b?

(a,b) = [[E*-3° - H*-Mm"JdO (3.1)
Q
In the equation (3.1), J and M represent vectors of electric and magnetic current
density; E and H represent electric and magnetic field intensity and Q represents
an analysed space.
As the electromagnetic filed in resonance (harmonic steady-state) oscillates even
without presence of sourced, the field reaction to any source has to be zero [3.4]°
(a,a) = [[E*-9° - H* -M"|da =0 (3.2)
Q
We analyse the structure twice. One analysis is based only on electric field intensities
and the other is based only on magnetic field intensities. After that, we substitute
the sources in the equation (3.2) using Maxwell equations [1.4]
J? =VxH? — joes E® (3.3a)
M?® = — [Van + jou Ha] (3.3b)
In equations (3.3), the w represents angular frequency, ¢ and u represent permittivity
and permeability of the analysed space
Now, we are able to calcite arelative error caused by nth element of
the discretisation mesh [1.4]
[lE*-9® - H*-M*Ja0
= n (3'4)
n 2 2
o [[1efE + 1uHe | 0o
Q

n

2 The product of created electric field intensity and source electric current density (the first element of
the term) expresses a power density of external electric sources. The product of created magnetic field
intensity and source magnetic current expresses a power density of external magnetic sources. Then
a difference of both elements gives a total power density of external sources. Using an integration
over space Q the total power of external electromagnetic field sources is obtained [3.20].

3 The electromagnetic field contains only vortex components. The energy decants between the electric
and the magnetic field. The field oscillates even if the total power of external electromagnetic filed
source is zero [3.20]. This theory hold true only if the space, where the field oscillates, is lossless.
Losses would damp down the oscillation.
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where Qn represents a space of nth discretisation element, other symbols represent same
quantities as previously.

Due to the fact that for harmonic steady-state the field reaction to any source has
to equal zero, the integral in the numerator of the (3.4) should equal zero. If we make
any error in determining an electromagnetic field distribution during a numerical
analysis, the numerator is nonzero. As we integrate the numerator over an nth
discretisation element space Qn, the numerator is directly proportional to the nth
element contribution to the total absolute solution error. The term in the denominator
corresponds to the total electromagnetic field energy on the nth element surface (again
integration over Qn). The quotient (3.4) represents a relative error caused by nth
element.

a) b) ©)

d) e) f

) DEEE o

Fig. 3.4 Gradual discretisation mesh refinement (a to g) during an analysis of
a dielectric waveguide on a ground plane (h) using the finite element method (FEM).
For mesh refinement, Delaunay triangularisation combined with reaction concept was
used. The image is taken from [3.4]
Knowing a magnitude of the relative error by which individual discretisation elements
affect the total error, we can adaptively reduce the error of the solution by refinement of
elements of the highest error until we obtain required solution error level.

Until now, we dealt only with the two-dimensional triangular discretisation mesh
generation. However, described method can be relatively easily generalised for
generation three-dimensional discretisation meshes consisting of tetrahedrons as
discretisation elements [3.15], [3.16].
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2.2 Formal approximation of computed quantity

Now, when the analysed structure is covered by superior discretisation mesh, we
can discuss another step of numerical analysis: the formal approximation* of computed
field quantity behaviour over every element of discretisation mesh. We form the formal
approximation from known basis functions fi, that that are multiplied by unknown
approximation coefficients ci. Basis functions whose behaviour over a discretisation
element is either constant (Fig. 3.5a), linear (Fig. 3.5b), or quadratic are the most
frequently used.

The approximation is called formal because we do not know the behaviour of
the approximated quantity (we do not know approximation coefficients ci). Our task is
to determine approximation coefficient in such a way that obtained approximation
function meets the conditions in form of Maxwell equations applied to the description
of analysed structure as precisely as possible.

Fig. 3.5 Formal approximation of computed quantity:
a) piecewise constant, b) piecewise linear.

Linear functions are the most frequently used basis functions. There has been
special types of basis functions worked out to achieve correct approximation of
electromagnetic field at the interface of two discretisation elements. These functions has
a vectorial character, or they are acombination of the scalar and the vector basis
function.

In several following paragraphs, we shall describe two types of basis functions
briefly. Firstly, the simplest nodal functions, that are used in finite element method
(FEM) during analysis of structures consist only of perfectly conductive parts and
vacuum, will be described. In this case the think is that we do not have to care for
the correct continuity modelling at the interface of dielectric [3.3].

4 An approximation is considered to be formal because the behaviour of the approximated function is
not known at the moment. That is why it is formally assumed that not known values of the function
are known in certain points (not known approximation coefficients are considered as known). That
allows to create general approximation. The behaviour of the approximation function can be changed
by changing the values of approximation coefficients in the general approximation,
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Consequently, we shall deal with hybrid vector base functions that are used by
the finite element method during an analysis of longitudinal homogenous lines of
general cross-section. Due to the fact that different dielectrics can be detected in
the cross-section, it is necessary to use such a basis functions in transverse plane that
ensure continuity at different dielectric interfaces.

Nodal functions are the simplest basis functions. Nevertheless, the term node is
used for a vertex of a triangular discretisation element (points 1, 2, 3, in the Fig. 3.6). In
the case of the nodal approximation, values of the computed field quantities represent
the unknown approximation coefficients: we do not know spatial field quantity samples
c1®, ¢, c™ at the moment. Nodal basis functions approximate a field quantity
distribution over the whole discretisation element space. In the case of the linear
approximation, we interleave the plane by nodal values over element vertices ¢1™, co™,
cs™ (Fig. 3.6a). In the case of the formal approximation, the plane is the function of
the unknown coefficients 1™, c™, c3™.

The superscript in brackets declares the number of the discretisation element, over
whose surface the quantity is approximated. The subscript declares the number of

the node.
a) (n) (n) (n)
N N N
1 3 _I1 2
|
3
| 3
c1(") | |
F1
1 1 1 !
2 2 2
) N Fig. 3.6 Linear approximation of a scalar

quantity distribution over a triangular element:
a) the approximation is dependent on nodal
values of ¢1™, ¢, c3™, b) shape function; their
linear combination creates the linear
approximation over the element; c) the basis
function is obtained by merging all of the shape
functions that are nonzero in the corresponding
node.

The plane, by which we have approximated the field quantity distribution over
the discretisation element plane, is called linear shape function. As shown in
the Fig 3.6a, b, we form the linear approximation over the element from the sum of
shape functions that have been multiplied by corresponding nodal values [3.3].

15



In mth node of nth triangular element, of the linear shape function Nn™ acquires
the unit value. In other two nodes, the value equals zero. (see the Fig. 3.6b),

By merging all the shape functions that attain the unit value in the mth node, we
obtain the basis function Nm of the mth node (see the Fig. 3.6¢). Knowing the basis
functions and the nodal values, we can then easily express the approximation of
the scalar field quantity distribution over the whole analysed space [3.3]

M
C=>c, N,

m=1

where M represents the total number of nodes and cm represents the global nodal value.

Fig. 3.7 Two-dimensional simplex coordinates.

Basis and shape functions are with advantage expressed by the simplex
coordinates. In the case of two-dimensional triangular elements, the simplex coordinates
are understood as triangle attitudes. The coordinate has the unit value in the triangle
vertex that it passes and it is zero on the opposite edge (see the Fig. 3.7).

For triangular elements, the linear shape functions can be expressed as [3.3]:
NS =&, NP =&, N =g,

where &, &, and & represent simplex coordinates (see the Fig. 3.7). More information
about nodal approximation and simplex coordinates can be found in [3.3] and [3.17]

16
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As mentioned above, the nodal approximation is not able to fulfil continuity
conditions at interfaces of dielectrics. That affects the final result in such a way that
besides real existing solutions there are also so called spurious solutions. Spurious
solutions comply the first and the second Maxwell equation but they do not meet
the third and the fourth Maxwell equation (so-called divergence-free condition). Using
the nodal approximation, there are only two possible ways how to avoid these solution:

e We use the non-modified first and second Maxwell equations for the calculation
[3.18]. Therefore, a system of six equations with six unknowns (field components
Ex, Ey, Ez, Hx, Hy, Hz) is used in such a way that the spatial distribution of every
single components is approximated separately using nodal functions.
Consequently, requirements for computation and memory are very high.

e We use A wave equation that results from combination of the first and the secont
Maxwell equation. It is sufficient to solve only three scalar equations for three
field components. A special divergence number has to be added to ensure that we
meet the divergence-free conditions [3.19]. However, that element complicates
the final matrix equations solution (it makes matrixes denser and it disrupts their
band character).

The problem has been solved using vector edge base/basis functions. In the case of
longitudinal homogenous lines, when it is necessary to take care of conditions at
the interface of dielectrics to be met only in the plane xy, we apply the edge
approximation only on transverse component of electric field vector Ex and Ey. We can
approximate the longitudinal field component Ex using standard nodal functions [3.4].
According to equations (3.5) and (3.7), we can then express the longitudinal field
component distribution over an nth discretisation element as [3.4]
3 3
EV=)y e N =y e, (38)
m=l1 m=l1
where e;n™ represents the unknown nodal values and N,m™ = & is the linear shape
function in simplex coordinates form.

We express the transverse field vector distribution as a linear combination of
unknown scalar approximation coefficients and known vector basis functions [3.4]
EM=N el +N% % N el
_ Nt(n) () (3.9)

it

On the discretisation element edge, the direction of vector base/basis function is

17



the same as the direction of the edge. That is why that those discretisation elements are
called edge discretisation elements. Using simplex coordinates, we can express them by
the relation [3.4]

v (n)_ _
Nij=6.V.&,=¢;V &, (3.10)

where Vt is the transverse differential operator nabla. If the zO direction of the Cartesian
coordinates system is assumed to be longitudinal, the transverse operator nabla can be
expressed as

0 0
Vi=—Xo+ 2= Yo

ox =y (3.11)
Due to the fact that neighbouring discretisation elements shares the same edge and that
electric and magnetic properties of a material have to be invariant in the space of
discretisation element, the usage of prismatic elements ensures the tangential field
quantity continuity at interfaces.

Fig. 3.8 Vector base/basis function of horizontal edge. The vector of base/basis function
IS unit on an edge. On other two edges, it is zero (it is perpendicular to them).

2.3 Substitution of formal approximation to solved equation

We express the solved equation symbolically.

F[E(r,s)]- f(r,s) =0 (3.12)
where F represents the general differential operator, E represents the wanted field
distribution (in this case represented by electric field intensity vector), r represents
the position vector of a point in which we compute the intensity, and s represents either
the frequency (if we analyse the structure in the harmonic steady-state) or the time (if

18



we analyse the transient condition). The function f(r, s) describes known sources of
the wanted electromagnetic field.

By substitution of the accurate solution E(r, s) in the equation (3.12) by
the formal approximation Ea(r, s), we obtain the following equation.

_ Zc FIN, (r, s)] - f(r. s) = R(r. s).

The approximation is expressed as the sum of the product of the not known scalar
approximation coefficient cm and the not known vector basis function Nm on the mth
discretisation element. We sum the products of cm and Nm over all M discretisation
elements to which the analysed structure is divided.

FIEL 5 1(9) = 7 S, ()] -t -

Since the operator F is linear, we can change the order of the operator application
and the sum. Due to the fact that the cm is a constant (even though it is not know at
the moment), we can put it before the operator. Thereby, we obtain the sum of M
unknown coefficients cm multiplied by the known functions F[Nm(r, s)].

It cannot be overlooked that after the substitution of the approximation to
the function R(r, s) whose value depends on the position of the r the zero side of
the solved equation (3.12) has changed. We call this function residuum (residual
function). It reflects the fact that the approximation differs from an exact solution and
that the deviation magnitude depends on the position and the frequency or the time (see
the Fig. 3.5).

In the next step, we try to find such values of approximation coefficients cm so
that the residuum attains as precise values as possible. By that, we reach the highest
possible accuracy.

2.4 Minimisation of residuum

For minimisation of the residuum, we usually use the weighted residua method.
This method is based on a multiplication of the function R(r, s) by an appropriate
weighed function Wi(r, ) in the integration of the product over the whole analysed
space, and set the integration result to zero

J[J W, (r.5) R(r, )] dv(r) = 0

19

(3.13)

(3.14)



That practically expresses the requirement for the mean weighed error of the solution
over the whole analysed space to be zero.

If abasis function is the weighted function, the method being used is called
Galerkin method [3.7]

1] {Nn(r’s) mZM_:lCm FIN, (r.s)]+ Nn(r,S)f(r,s)} dv(r) =

_ ZC [N, s) FIN, (r8)]} av(r) + (3.15)
+ [N, (rs) f (r,s)dv(r)=0.

The (3.15) is one equation for M not known coefficients cm. In integrals over
the analysed space V, there are only the known basis functions and the known operator.
Therefore, the integral can be expressed by one exact number. Since it is an integral of
the product of the known weighted function and the known source function, we can
express the second element by one exact number too.

If we gradually multiply the residuum by M different weighted function, we obtain
the system of M algebraic equation with M unknowns approximation coefficients cm.

2.5 Solution of matrix equation

We can express the final matrix equation symbolically as

NE(NAY [NF(N)aY o [N F(NG )V e,
JNZF:(Nl)dV szFsz)dv JNZF(:NM)dV C, | _
INM;(Nl)dVJNMF(NZ)dV < [Ny PNy, )av |Le, (3.16)
N, fdV
_ N fav
_INM.de_

Solving this equation, we obtain the unknown approximation coefficients cm.
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2.6 Substitution of coefficients to formal approximation

By substituting the calculated approximation coefficients to the formal
approximation, we obtain the approximation function (now the informal) that describes
an approximate solution of the problem in all points of the analysed space with
the minimal total error.

Thereby, the numerical analysis is complete.

We describe the numerical analysis in more details in following paragraphs. We
shall show how the electromagnetic field analysis in harmonic steady-state actually
looks (if we talk about the analysis in a frequency domain) and how it differs from
the calculation of transient phenomena during the field stabilisation (if we talk about
the analysis in time domain).

2.7 Frequency domain versus time domain

We understand the numerical analysis of microwave structure in frequency
domain as a calculation of the electromagnetic field distribution of this structure in
harmonic stead-state. That means that we consider thetime dependence of

the quantities’ time dependence to be expressed as

E(r,t) = E(r) exp(jot) (3.17)
where r represents a position vector of the point in which the intensity is calculated, @
represents an angular frequency used for the analysis, j stands for the imaginary unit, t
represents the time, and E represents the electric field intensity vector, is took into
account.

The analysis in the frequency domain is relatively easy because we can substitute
the time derivative of a harmonic quantity by multiplying the quantity by the coefficient
jow. The integral of a harmonic quantity with respect to time can be substituted by
dividing the quantity by the coefficient jw.

Nevertheless, the analysis in time domain has also disadvantages.

From a theoretical point of view, the harmonic steady-state does not according to
physical conditions, exist, because the electromagnetic field in harmonic steady-state
would has to exist infinitely (time restriction — multiplying the waveform by
arectangular window — would cause a creation of other spectral components).
Moreover, the infinite electromagnetic field existence is associated with infinite energy
that is, unfortunately, not available.
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In the practically point of view, the harmonic field is a field that exist long enough.

If we want to analyse the microwave structure in sufficiently wide frequency
band, we have to perform the analysis repeatedly on so many frequencies so that whole
band is covered by asufficient resolution while formulating the problem in
the frequency domain. Every single analysis is running independently to each other
(there is no relevant information transmission between particular calculations) which is
quite ineffective.

The microwave structure analysis in the time domain has complementary
properties compared to the analysis in the frequency domain.

Since it is not possible to presume the harmonic steady-state for the time analysis,
the time differentiations and integrations cannot be substituted by multiplication or
division by the jw. Computed quantities changes in time, so the analysis has another
dimension. Therefore the analysis is mathematically more complicated and it requires
higher computer performance.

For the analysis in the time domain, we presume an excitation of the analysed
structure by a narrow drive pulse. Therefore, excitation and excited electromagnetic
fields has final duration and final energy. In addition, the narrow drive pulses have
relatively wide frequency spectrum so using only one calculation we obtain information
about the structure behaviour for whole frequency band at once. The electromagnetic
field distribution in a future moment is calculated from the field distribution in previous
moments. It is the same like if the structure behaviour in frequency domain for new
frequency would be computed using results of previous frequencies. Consequently,
comparing to the analysis in the frequency domain, the analysis in the time domain is
more effective [3.8]-[3.11].
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2.8 Conclusion

In the introductory chapter, we repeated the integral and the differential
formulation of Maxwell equations that are used for mathematical description of
analysed structure in whole text book.

Since we cannot solve the final equations analytically, we described the general
process of numerical solution. The largest part of the chapter focused on the description
of the discretisation of analysed structures using the triangular discretisation mesh. We
also fosuced on the description of the basis functions that help us to create the formal
approximation of the field quantity distribution over the analysed structure. Both
the discretisation and the formal approximation are, in fact, the same for all numerical
methos (except for the finite difference method).

At theend of the chapter, there has been the comparison of the analysis in
the frequency domain and the analysis in the time domain.

In following chapters, we shall specify the general principles mentioned in this
chapter will be using the finite element method and the integral equation method. In
addition, the difference of the general described scheme and the finite difference
method will be able to be compared.

23



THEORY

This chapter focuses on a theory associated to the translated text. Linguistic issues
connected to the translated text will be described and supplemented by examples taken
from the text. Some differences between Czech and English expression describing same
thing to keep the meaning of expressions and definitions will be also compared. Since
there is no difference in working of particular electronic component nor calculation
process in different languages, therefore, the description has to be the same. Due to
the fact that the translated text is achapter of a university textbook, characteristic
features of the scientific writing style will be described. Described features of the Czech
scientific writing style and the English scientific writing style will be also compared.

3 SCIENTIFIC STYLE

Since the text translated in this thesis above is a part of a university textbook, it is
written using the style of science and technology. According to Grygova, the main
purpose of the scientific writing style “is to convey knowledge or information that is
precise, clear, and relatively complete” (Knittlova, 2010, s. 206). Therefore,
the scientific writing style can be said to be a basic style for writing educational texts.

3.1 Passive voice

Scientific texts have to be formal and objective. The formality and the objectivity
are reasons for another feature of scientific style to be used, the passive voice
(Knittlova, 2010). The passive voice in English is made by verb to be + past participle
(Broukal, 2010). This makes an object of a sentence to become an agent. Therefore,
another reason for using the passive voice could be that if text describes some technical
process, it is not important who performs the process but how it actually works - which
component controls a given action or which action may affect which component. In the
Czech language, the passive voice is considered more precise and formal but it is not
used as frequently as in English (Knittlova, 2010).

An example of typical usage of passive voice can be demonstrated on the first
sentence of the paragraph that follows after the Fig 3.7 in the chapter 2.2 of translated
text:
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“Basis and shape functions are with advantage expressed by the simplex
coordinates.”

The original Czech sentence is:

¢

»Bdzové a tvarové funkce se s vyhodou vyjadiuji pomoci simplexnich souradnic.
(see attachment A.1.2).

While there is only one possible way how to make a passive voice (to be + past
participle) in English language, in Czech language, there are two possibilities how
a passive voice can be made. One of the possibilities how a passive voice can be made
Is use the verb byt + passive participle. The second form of a passive voice is made
using the reflexive pronoun se. In the sentence mentioned above (“Bdzové a tvorové
funkce se...”), professor Raida decided to use the form with the reflexive pronoun
(Sochrova, 2007). If he would use the byt + passive participle form, the sentence would
probably be:

“Bazové a tvarové funkce jsou s vyhodou vyjadiovany pomoci simplexnich

souradnic.”

In this case, the author of the original Czech text chose to use the passive voice
probably due to the fact that basis and shape functions are with advantage expressed by
the simplex function in general. | believe that if it would not be valid in general but it
would be an advantage to express those functions by the function only for the author of
the text and for its readers, the author would use rather use a different approach.
The Czech sentence would then be:

“Bazové a tvarove funkce s vyhodou vyjadrujeme pomoci simplexnich sourednic.”
This sentence would be then translated as:

“We express basis and shape functions with advantage by the simplex
coordinates.”

3.2 Didactic approach

However, as it has been mentioned, the translated text is a part of a university
textbook. To ensure that a reader (student) will not feel stressed by reading the text full
of instructions and given statements, there is the pronoun we used in sentences and
the text is partially written using the active voice. It makes a personal approach of
the text to a reader that helps reader to feel more familiar with the text. Personal
approach is usually used in didactic texts to make reader feel that he/she is not alone
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who is dealing with problematics mentioned in a text. It can also make reader feel that
without him would described processed not be possible and that he/she is needed
(Knittlové, 2010).

Professor Raida used the didactic approach in the original Czech text. It has been
decided to keep this approach in the translated text too. The whole third paragraph of
the chapter 2.6 in the translated text, where we is used four times, can be used as
an example of an active voice usage:

“We describe the numerical analysis in more details in following paragraphs. We
shall show how the electromagnetic field analysis in harmonic steady-state actually
looks (if we talk about the analysis in a frequency domain) and how it differs from
the calculation of transient phenomena during the field stabilisation (if we talk about
the analysis in time domain).”

Since the original Czech text of this paragraph is:

“V dalsich odstavcich se budeme numerické analyze vénovat podrobnéji. UkdzZeme
si, jak konkrétné vypada analyza elektromagnetického pole v ustileném harmonickém
stavu (hovorime o analyze v kmitoctové oblasti) a jak se od ni odlisuje vypocet
prechodnych jevii pri ustalovani pole (hovorime o analyze v oblasti casové).” (see the
attachment A.1.6),

this paragraph is also an example didactic approach keeping.

If professor Raida would decide to use the passive voice instead of the didactic
approach, he would probably write the previously mentioned paragraph as:

“V ndasledujicich odstavcich je numerickd analyza vysvétlena podrobnéji. Bude
uveden priklad, jak konkrétné vypada analyza elektromagnetického pole v ustaleném
harmonickém stavu (analyze v kmitoctové oblasti) a jak se od ni odlisuje vypocet

prechodnych jevii pri ustalovani pole (analyze v oblasti casové).”
Translation of this paragraph would then be:

“The numerical analysis is described in more details in following paragraphs.
There is an example of how the electromagnetic field analysis in harmonic steady-state
actually looks (the analysis in afrequency domain) and how it differs from
the calculation of transient phenomena during the field stabilisation (the analysis in
time domain).”

Another style used to convey information is called popular scientific. Besides
the texts written using the scientific style whose readers are assumed to be professionals
in the field discussed in the text, the popular scientific texts are written for wider public.
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Typical features of popular scientific style are: shorter sentences; described problems
are simplified; technical terms are described and explained. These features ensure that
wider public can understand the topic (Knittlova, 2010).

3.3 Monolog

The primary feature of the style of science and technology is the form in which
the text is written. Texts written in the style of science and technology are written as a
monologue. Knittlova says that the monolog does not allow writer neither to have
a feedback from reader nor to use gestures and intonation, therefore, the utterance has to
be comprehensive in both formal and content way (Knittlova, 2010).

Since the scientific texts are full of technical terms, the translations have to be
precise and unambiguous. It also has to be fluent. To make a text fluent, we use
cohesive devices (Knittlova, 2010).
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4 COHESION

Krhutova says that the cohesion is “the formal tie that connects up units of
language to form a text” (Krhutova, 2009, s. 186). She also agree with Haliday and
Hasan that the cohesion can be understood as “asemantic phenomenon referring to
relations of meaning that exist within the text, and that define it as a text. Cohesion
occurs where the interpretation of some element in the discourse is dependent in that of
another. The one presupposes the othe, in the sense that it cannot be effectively decoded
except by recourse to it. When this happens, a relation of cohesion is set up, and the two
elements, the presupposing and the presupposed, are thereby at least potentially
integrated into a text” (Krhutova, 2009 p. 65). It can be also understood as a syntactic
connectedness of a text that makes text fluent. Cohesion also reminds reader what is
discussed. The cohesion could be either lexical or grammatical.

4.1 Lexical cohesion

Lexical cohesion means a reiteration of a lexical item. It is done by a composition
of lexical units (Urbanova, 2002). It means to mention a lexical unit again. Lexical
cohesive devices that are used for the reiteration are: repetition, synonyms,
superordinates, and general words (Krhutova, 2009).

4.1.1 Repetition

Repetition in scientific text is used to help reader to remember what is written in
the text. Another reasons for that is to make reader sure what the text describes
(Knittlova, 2010). In addition, it can help reader to remember new terminology
connected with a topic. As an example of the repetition used in translated text can be
used the very first paragraph of the translated text:

“We are able to solve Maxwell equations analytically only for very simple
structures; for example for rectangular or circular waveguide with infinite length, while
for more complex structures, we have to solve Maxwell equations numerically.”

In this paragraph, there is a repetition of the Maxwell equations.

The original Czech text of this paragraph, in which the repetition of the Maxwell
equations/Maxwellovy rovnice is also used, is:
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“Maxwellovy rovnice umime T7esit analyticky pouze pro velmi jednoduché
struktury, jako je napr. nekonecné dlouhy vinovod obdélnikového ¢i kruhového priirezu.
U struktur komplikovanéjsich musime Maxwellovy rovnice resit numericky.” (see
the attachment A.1)

The expression Maxwell equations is mentioned for the first time at the beginning
of the paragraph. At the end of the paragraph, the Maxwell equations are mentioned
again. Considering Maxwell equations in the name of the chapter, there is
the expression Maxwell equations mentioned three times on first four lines. This is
a typical example of the repetition in a scientific text that can definitely help reader to
remember Maxwell equations as a new term.

4.1.2 Synonyms

Since scientific texts are full of technical terms that are unique (synonyms do not
exist for them). Therefore, in text written in scientific style, synonyms are used for
reiteration of the terms that are not that unique, e.g. equation — formula — theorem.

Synonym usage in the scientific text would lower the preciseness of
the information. Therefore, there are no synonyms used in the translated text.

4.1.3 Superordinates

Subordinates are lexical units that are used to hame more expression using one
specific expression (Krhutova, 2009).

As an example of superordinate usage we can use the first sentence of the third
paragraph in the chapter 2.2 in the translated text:

“Linear functions are the most frequently used basis functions.”
In this sentence the basis functions is the superordinate of the linear function.
Original Czech sentence, in which the superordinate was used too, is:

“Nejcastéji  pouzivanymi bdazovymi funkcemi byvaji funkce linedrni.” (see
the attachment A.1.2)
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4.1.4 General words
General words are usually represented by pronouns.

Pronouns are used in the same way as the repetition there where it is not that
necessary to remember the term. (Knittlova, 2010)

As an example of pronoun usage in the translated text we can use the second
sentence of the paragraph follows after the fig 3.7 in the chapter 2.2 in the translated
text:

“The coordinate has the unit value in the triangle vertex that it passes and it is
zero on the opposite edge.”

The original Czech sentence is:

“Souradnice je jednotkova ve vrcholu trojuhelnika, kterym prochazi, a nulova na

protilehlé hrane.”

There is thepronoun it in thesentence that represents the expression
the coordinates. In Czech, the expression souradnice would be represented by
the pronoun ona but Czech language allows to omit it.

4.2 Grammatical cohesion

As the lexical cohesion mentioned above, the grammatical cohesion helps to
connect up language units of a text and to form a text. The grammatical cohesion can be
divides into several types according to grammatical device that is used for cohesion
making. These types are: reference, ellipsis, substitution, and conjunctions. Since
the ellipsis and substitution are primarily used in a spoken discourse, we focus only on
the reference and conjunctions (Krhutova, 2009) (Urbanova, 2002).

4.2.1 Reference

As the name suggests, this type of cohesion uses grammatical devices that refer to
a text. Using the reference, a writer of a text enables reader to identify things mentioned
in a text. To do that, a writer uses so-called referring expression. As the referring
expressions can be used: proper nouns, indefinite and definite noun phrases, and
pronouns (Yule, 1996).
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4.2.1.1 Proper nouns
As it emerges from the translated text, the style of science and technology uses

proper nouns that are mainly connected with some specific principles. These principles
are mostly based on some general principles but they can be modified to be used under
specific conditions. A name of such principle is then usually derived from a name of
a person who modified it.

An example of usage of a proper noun as a referring expression in the translated
text, we can again use the second sentence of the first chapter of the text:

“Due to the face that the numerical solution of Maxwell equations in an integral
form is much more complicated, following paragraphs focus on the numerical solution
of Maxwell equations in a differential form.”

This paragraph has been translated from the second sentence of original Czech
text:

“V nasledujicich odstavcich se zamérime na numerické 7Feseni Maxwellovych
rovnic Vv diferencidlnim tvaru. Numerické rFeseni rovnic integralnich je totiz mnohem

komplikovanejsi.” (see attachment A.1).

In this sentence, there is the proper noun Maxwell equations. The term equation is
ageneral term that can represent any equation. Nevertheless, the term Maxwell
equations represents equations of specific form that are used for mathematic solutions
in electromagnetic fields (Raida, 2015). In the text, the term Maxwell equations refers to
those specific equations, therefore a reader knows which equations the author of the text
is talking about.

An example that shows the specific form of one of Maxwell equations could be:

#B-dS=O

N

Another example of usage of aproper noun as areferring expression in
the translated text can be demonstrated on the first sentence of the fifth paragraph in
the chapter 2.1 in the translated text:

“For generation of discretisation meshes of two and three-dimensional structures
is very often used so-called Delaunay discretisation [3.15], [3.16].”

In this paragraph, there is the proper noun Delaunay discretisation which
represents the specific discretisation process invented by Delaunay. There are probably
mode principles of discretisation existing, but the most suitable discretisation that can
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be used for the generation of discretisation meshes is said to be the specific
discretisation named Delaunay discretisation which probably differs from the others.

Original Czech text of this example is:

“Pro generovani diskretizacnich siti u dvoj- a trojrozmérnych struktur se velmi
casto pouziva tzv. Delaunayho diskretizace [3.15], [3.16].” (see attachment A.1.1)

4.2.1.2 Indefinite noun phrases

Indefinite noun phrases used as reference uses the indefinite article a/an
The English indefinite article a/an is used before nouns that are general or that are not
specified (Yule, 1996). For instance, if there is some description of electronic
component operation (e.g. a diode) and the operation is the same for all components of
that type, a noun representing that component is used with the indefinite article because
it is not specified what exact diode an author of a text is talking about. It can be a diode
which is used in some reader’s device or a diode which a reader can buy in some store.
Operation of both diodes is the same.

As an example of the indefinite noun phrase usage we can use the first sentence of
the first paragraph in the chapter 2.1 in the translated text:

“We divide ananalysed structure into discretisation elements that do not
overlap.”

In this sentence, the indefinite article stands before the noun phrase analysed
structure. It is due to the fact that the phrase analysed structure refer to every structure
that is about to be analysed.

Original Czech text of this sentence is:

“Analyzovanou strukturu rozdélime na diskretizacni prvky, které se vzdjemné

neprekryvaji.” (see attachment A.1.1)

As you can see, the Czech language do not use any articles. The definiteness of
areference in Czech texts results from acontext. According to the context,
the indefinite article was used in the English translation. If the text would be originally
written in English and if the phrase analysed structure would be used with the definite
article, then due to the fact that the definiteness of a reference in Czech texts results
from a context the Czech translation of this sentence would be the same as it is now.
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4.2.1.3 Definite noun phrases

Besides indefinite noun phrases, there are also definite noun phrases that can be
used as areference. While indefinite noun phrases use the indefinite article which is
used only in singular, definite noun phrases use the definite article the. In addition,
the definite article is used also in plural. The English definite article stands before nouns
which represent something that is unique or if athing is the exact one (Yule, 1996).
The thing that is referred using a definite noun phrase should be specified at first to
ensure that a reader knows which exact think an author means.

A use of definite noun phrase for referring can be demonstrated on the first
sentence of the sixth paragraph in the chapter 2.1 in the translated text.

“Task of the triangularisation is to cover the space in which the specific number
of points P is given by non-overlapping triangles whose vertices correspond to points P
and whose surface covers the entire discretised space.”

Due to the fact that the term triangularisation was mentioned in the second
sentence of the fifth paragraph in the chapter 2.1 and that it has been also said there that
its name is the Delaunay triangularisation a that it is the Delaunay discretisation used
for planar structures, the term triangularisation used in the first sentence of the sixth
paragraph in the chapter 2.1 is used with the definite article. Is this case, a reader knows
that this triangularisation is the Delaunay triangularisation.

The Czech original of this sentence is:

“Ukolem triangularizace je pokryt prostor, v némz je dan urcity pocet bodii P,
vzdjemné se neprekryvajicimi trojuhelniky, jejichz vrcholy lezi v danych bodech P a

Jjejichz plocha pokryva cely diskretizovany prostor.” (see attachment A.1.1)

4.2.1.4 Pronouns

Pronouns used for referring can either personal (for example he, she, it, they) or
demonstrative (Yule, 1996). As it emerges from the translated text, personal pronouns
usually refer to things or principles.

A personal pronoun that refers to athing is used in the second sentence of
the eleventh paragraph in the chapter 2.2 in the translated text:

“The coordinate has the unit value in the triangle vertex that it passes and it is
zero on the opposite edge.”

The personal pronoun it is used twice in this sentence and both refer to the term
the coordinate. In this sentence, the repetition could be also used. In that case, there
would be the coordinate instead of the it.
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Due to the fact that the Czech language uses the declension every gender in Czech
have its own rules how it should be declined, there is not any pronoun that would refer
to those coordinates (Sochrova, 2007). Czech version previous example is:

“Souradnice je jednotkova ve vrcholu trojuhelnika, kterym prochazi, a nulova na
protilehlé hrané.” (see attachment A.1.2)

As you can see, there in not any Czech pronoun ono (Czech translation of it)
because it result prom the form of phrase kterym prochdzi that the coordinate is what
passes through the triangle vertex.

Since demonstrative pronouns are used for pointing they are connected with the
term Deixis. Deixis is linguistic term that came from Greek and it mean ‘pointing via
language’. Deixis is made by so-called deictic expressions. According to what we are
pointing at we divide deixis to personal, spatial, and temporal (Yule, 1996).

4.2.1.4.1 Personal deixis
Personal deixis is used for pointing to persons and things (Krhutova, 2009). As it

has been mentioned above, in scientific texts is not usually important who performs
an action. Therefore, in scientific texts, the personal deixis pointing to persons are used
rarely. Nevertheless, the personal deixis pointing to thing is used quite often in scientific
texts.

The example of personal deixis can be demonstrated on the first and the second
sentence of the paragraph that follows after the equation (3.9) in the chapter 2.2 in
the translated text:

“On the discretisation element edge, the direction of vector base/basis function is
the same as the direction of the edge. That is why that those discretisation elements are
called edge discretisation elements.”

There is the demonstrative pronoun those in the second sentence of the example
that points to the elements that are mentioned in the first sentence of the example.

4.2.1.4.2 Spatial deixis
Another type of deixis is the spatial deixis that is used for pointing to places. If

a thing that is discussed is in some place and we want to refer to that place we use
the spatial deixis. The most often used pronouns that point to a space are here and there
(Yule, 1996).

In the translated text, the spatial deixis is used for example in the second sentence
of the paragraph that follows after the equation (3.15) in the chapter 2.4 in the translated
text:
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“In integrals over the analysed space V, there are only the known basis functions
and the known operator.”

In this sentence, there is the pronoun there which point to place in the integral
equation used over the analysed space mentioned at the beginning of the sentence.

This sentence was translated from Czech sentence:

“V integralech pres analyzovanou oblast V totiz vystupuji pouze znamé bazové

funkce a znamy operdtor.” (See attachment A.1.4)

4.2.1.4.3 Temporal deixis
The last type of deixis is the temporal deixis. The temporal deixis is used for
referring to time. It means that if there is an action that happened of that is going to

happen and we want to refer to that time we use temporal deixis (Krhutova, 2009). As it
emerges from the translated text the temporal deixis is used relatively often. It is due to
the fact that scientific texts usually describe some processes or working principles in
which one action follows another.

An example of temporal deixis can be demonstrated on the first sentence of
the first paragraph in the chapter 2.2 in the translated text:

“Now, when the analysed structure is covered by superior discretisation mesh, we
can discuss another step of numerical analysis: the formal approximation of computed
field quantity behaviour over every element of discretisation mesh.”

In this sentence, there is the deictic expression now that refers to the time that is
specified immediately that expression — when the analysed structure is covered. It
means that that reader have covered the analysed structure and after he have finished it
(now) he can do the formal approximation.

4.2.2 Conjunctions

Conjunctions are the most frequent cohesive devices in atext. Comparing to
the spoken discourse in which the most frequently used conjunctions are and, but, so,
and or, the written discourse uses wider scale of conjunctions (Urbanova, 2002).

Conjunctions used in written discourse can be distinguished to be either formal or
informal (Urbanova, 2002). As it has been mentioned at the very beginning of
the chapter 3.1 in the theory, scientific text have to formal. Therefore, there should be
formal conjunctions used in there.

An example of formal conjunction usage can be demonstrated on the first of
the fifth in the chapter 2.2 in the transited text:
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“Consequently, we shall deal with hybrid vector base functions that are used by
the finite element method during an analysis of longitudinal homogenous lines of
general cross-section.”

There is the conjunction consequently used at the very beginning of the sentence.
This conjunction would be replaced by the informal conjunction then.

On the other hand, conjunctions can be distinguished whether they make time,
spatial, circumstantial, or causal relation between sentences (Urbanova, 2002).

An example of conjunction usage that make a time relation between sentences can
be demonstrated on the second sentence of the fourteenth paragraph in the chapter 2.2 in
the translated text:

“In the case of longitudinal homogenous lines, when it is necessary to take care of
conditions at the interface of dielectrics to be met only in the plane xy, we apply
the edge approximation only on transverse component of electric field vector Ex and
Ey,”

The conjunction that makes the time relation between the clauses in this sentence
is when.

An example of conjunction usage that make a spatial relation between sentences
can be demonstrated on the text that follows after the equation (3.4) in the chapter 2.1 in
the translated text:

“where Qn represents aspace of nth discretisation element, other symbols
represent same quantities as previously.”

In this sentence, the conjunction where makes the spatial relation between
the sentence and the equation (3.4).

An example of conjunction usage that make a circumstantial relation between
sentences can be demonstrated on the first sentence of the fourth paragraph in
the chapter 2.3 in the translated text:

“Since the operator F is linear, we can change the order of the operator
application and the sum.”

The conjunction since is the conjunction that makes the circumstantial relation
between the clauses of the sentence.

An example of conjunction usage that make a causal relation between sentences
can be demonstrated on the first and the second sentence of the second paragraph in
the chapter 2.1 in the translated text:
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“In a case of longitudinal homogenous finline (Fig. 3.1), it is necessary to cover
whole cross-section of the analysed structure by discretisation mesh. Therefore,
discretisation elements are planar (triangle).”

There is the conjunction therefore at the beginning of the second sentence. This
conjunction makes the causal relation between the first and the second sentence.
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5> CONCLUSION

The text that has been translated in this bachelor thesis has been considered to be
a scientific text. Characteristic features of the style of science and technology have been
described. One of the main feature of the scientific texts is that those texts are written
using the passive voice. The principles of how to make the passive voice in both
English and Czech language has been described. In addition, these principles have
demonstrated on the examples. Due to the fact that the text has been translated from
Czech, which uses two forms of the passive voice, there has been also the example of
the second form of the Czech passive voice applied to sentence that professor Raida
wrote using the first principle. These examples demonstrate the difference between
Czech and English form of the passive voice.

There is another feature of the style of science and technology — the approach of
an author to areader. Since thetext is apart of the university textbook there is
the didactic approach used. Professor Raida decided to write the text with didactic
approach that uses the pronoun we. The same approach has been used in the translation
as well. Approach description has been demonstrated on the examples in both English
and Czech language and it has been demonstrated using the other examples how the text
should look like if it would be written using only the passive voice.

As it has been mentioned in the theory describing the style of science and
technology, the scientific texts have to be fluent. The linguistic phenomenon that makes
texts fluent is the cohesion. It has been told that there are two types of cohesion —
lexical and grammatical cohesion. Both types has been described. Both lexical and
grammatical cohesion use its own cohesive devices. Cohesive devices that have been
used in the translated text has been described and demonstrated using the examples of
the text.
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ATTACHMENTS

A Original Czech text



A ORIGINAL CZECH TEXT

A.l 3 Numerické reSeni Maxwellovych rovnic

Maxwellovy rovnice umime feSit analyticky pouze pro velmi jednoduché
struktury, jako je napt. nekone¢né dlouhy vinovod obdélnikového ¢i kruhového prifezu.

U struktur komplikovanégj$ich musime Maxwellovy rovnice fesit numericky.

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

komplikovanéjsi.

Strucné si popiSeme zakladni kroky, z nichz numericka analyza sestava.

A1l 3.1 Diskretizace analyzované struktury

Analyzovanou strukturu rozdélime na diskretizani prvky, které se vzajemné
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 prifez analyzované struktury. Diskretizacni prvky jsou
tudiz dvojrozmérné (trojuhelniky). Vedeni oznacujeme jako podéln¢ homogenni, pokud
se jeho vlastnosti v podélném sméru neméni (vedeni je nekonetné dlouhé a kazdy

pficny prifez je stejny).

Obr. 3.1 Pti¢ny priiez ploutvového vedeni

a jeho diskretizace obdélnikovymi prvky.



Na diskretizacni sit’ jsou kladeny protichidné pozadavky. Chceme-li dosahnout co
mozna nejvyssi presnosti vysledkil analyzy, musi byt diskretizacni sit’ hodné jemna.
Jemna sit’ ovSem sestava z velkého poctu diskretiza¢nich prvki, a tudiz vykazuje velmi
vysoké vypocetni naroky. Proto je vyhodné vyuzit vSech symetrii analyzované struktury

a pocitat vzdy jen jeji ¢ast [3.3].

Vhodna diskretizace struktury je vzhledem k uvedenym protichidnym
pozadavkim obtiznym tkolem. Vyvoj automatickych generatorti diskretizacnich siti se
stava velmi dualezitou 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 ptipad¢é dvojrozmérnych

struktur hovotime o Delaunayho triangularizaci.

Obr. 3.2 Vlastnosti Delaunayho triangularizace: a) Dirichletova diskretiza¢ni sit’ (Seda)

a Delaunayho diskretiza¢ni sit’ (Cernd), b) opsané kruznice ne-obsahuji zadny bod P.

Ukolem triangularizace je pokryt prostor, v némz je dan uréity podet bodii P, vzajemné
se nepiekryvajicimi trojuhelniky, jejichZ vrcholy lezi v danych bodech P a jejichz
plocha pokryva cely diskretizovany prostor. Tento kol 1ze splnit mnoha rliznymi
zpusoby. Delaunayho triangularizace mezi nimi vyniké nasledujicimi specifickymi

vlastnostmi [3.16]:

e Hrany Delaunayho trojahelnika spojuji takové body Pi a Pj, které patii sousednim

diskretiza¢nim prvkam D; a Dj Dirichletovy diskretizace®. Jak je ukazano na obr.

5 Dirichletova (nebo Voronoiova) i-ta diskretizaéni bufika D; je definovana jako mnoZina bodt, jejichz
vzdalenost od bodu P;j je mensi nebo rovna vzdalenosti od vSech ostatnich bodu Pj (viz obr. 3.2).



3.2a, hrany Delaunayho trojuhelniki vzdy protinaji spolecnou hranici dvojice

sousednich Dirichletovych diskretiza¢nich prvkd.

Z4dny z bodd P neleZi uvnitt kruZnice opsané libovolnému Delaunayho prvku
diskretizaéni sité. Jak je vidét na obr. 3.2b, kruznice opsana Delaunayho
trojuhelniku P2 P3 P7 neobsahuje Zadny ze sousednich bodi Pi1, P4, Ps, a dale,
kruznice opsana Delaunayho trojuhelniku P2 P3 Pg neobsahuje Zzadny ze

sousednich bodua P1, P4, P7.

Nejmensi uhly Delaunayho trojuhelnikii jsou nejvétsi ve srovnani s nejmensimi
uhly vSech moznych ostatnich triangularizaci (ziskavame velmi dobie tvarované

prvky bez velmi ostrych thla).

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

Bowyeruv-Watsonuv algoritmus. Algoritmus vychazi z existujici hrubé
Delaunayho sité, do niz se postupné vkladaji dals$i body. U vlozeného bodu
zjistujeme, které kruznice opsané stavajicim prvkim jej obsahuji. Spolecna
hranice takovych prvkl je vymazéna a novy bod je napojen na body existujici

(obr. 3.3).

Greenuv-Sibsoniv algoritmus je podobny Bowyerovu-Watsonovu algoritmu
(postupné vkladani bodi, testovani opsanymi kruZznicemi). 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 trojihelniku P2 P3 P7 na trojihelniky P2 P7 Py,
P3 P7 P9 a P2 P3 Pg). Pokud vSechny tii nové trojuhelniky vyhovuji Delaunayho
kritériu, je zjemnovani ukonceno. V opacném piipad¢ je tieba provést modifikaci
sité. V nasi situaci by byla odstranéna hrana P2 Ps a byla by nahrazena hranou
Ps Pg. Vysledek by byl tedy stejny jako pii pouziti Bowyerova-Watsonova

algoritmu.

Delaunayho triangularizace postupujici fronty na rozdil od pfedchozich dvou
algoritmii nevychazi z existujici hrubé sité. Sit’ je postupné budovéana od okraji
diskretizované struktury smérem dovnitf, a to tak, aby byly splnény vSechny

pozadavky definujici Delaunayho sit’.



Obr. 3.3 Bowyertiv-Watsontv algoritmus pro generovani Delaunayho trojihelnikové
sité:
a) testovani opsanymi kruznicemi, b) zjemnéni site.

Postup zjemnovani sité aplikovany na analyzu podélné homogennich vedeni metodou

diskretizacnich prvkil byl popsan v [3.4]. Postup byl zalozen na vypoctu reakce

elektromagnetického pole a na zdroje pole b®

(ab) = [[E*-9° - H*-M"JdO
Q
Ve vztahu (3.1) zna¢i 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 ustdleném harmonickém stavu) elektromagnetické pole

kmité i bez piitomnosti zdrojii, musi byt reakce pole na libovolny zdroj nulova [3.4]’

(a,a) = [[E*-9° - H* -M"|da =0

Q

®  Sougin intenzity vytvoreného elektrického pole a hustoty zdrojového elektrického proudu (prvni ¢len
vyrazu) vyjadiuje hustotu vykonu wvnéjSich elektrickych zdroji. Soucin intenzity vytvofeného
magnetického pole azdrojového magnetického proudu vyjadiuje hustotu vykonu vnéjSich
magnetickych zdroji. Rozdil obou ¢lent pak dava celkovou hustotu vykonu vnéjsich zdroju. Integraci

ptes oblast Q pak ziskame celkovy vykon vnéjsich zdroji elektromagnetického pole [3.20].

7 Elektromagnetické pole obsahuje pouze virové slozky. Energie se preléva mezi elektrickym polem a
polem magnetickym. Pole kmita, i kdyz je celkovy vykon vnéjsich zdroji elektromagnetického pole
nulovy [3.20]. To samoziejmé plati jen v ptipadé, kdy je prostiedi, v némz pole kmita, je

bezeztratové. Ztraty by kmity postupné utlumily.

3.1)

(3.2)



Strukturu analyzujme dvakrat. Jednou vychdzime 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®* - jwe E? (3.3a)
M?® = — [VxE® + jou H?| (3.3b)

Ve vztazich (3.3) zna¢i w uhlovy kmitocet, ¢ je permitivita a x permeabilita prostoru, v

némz se analyza provadi.

Nyni miizeme vypocitat relativni chybu, kterou zpiisobuje n-ty prvek diskretizacni

sité [1.4]

[[E-9® 1 Mmoo
Qq

o, = (3.4)
@ j[;g‘Ea g %,uHHa 2} dQ
Qq

kde Qn znaci prostor n-tého diskretizacniho prvku a vyznam ostatnich symbolt je tyz,

jako v ptedchozim.

Integral v ¢itateli (3.4) by mél byt nulovy, protoze reakce pole na libovolny zdroj
musi byt v ustdleném harmonickém stavu nulova. Pokud se pfi numerické analyze
dopustime chyby v urceni rozlozeni elektromagnetického pole, bude ¢itatel nenulovy.
Jelikoz integrujeme v cCitateli nad plochou n-tého diskretizaéniho prvku Qn, je Citatel
umérny piispévku n-tého prvku k celkové absolutni chyb¢ feseni. Vyraz ve jmenovateli
odpovida celkové energii elektromagnetického pole na ploSe n-tého prvku (opét

integrujeme pies Qn). Podil (3.4) dava relativni chybu feSeni zptisobenou n-tym prvkem.

Vi



a) b) c)

d) e) f

2

Obr. 3.4 Postupné zjemnovani diskretiza¢ni sité (a az g) pfi analyze dielektrického
vlnovodu na kovové zemni desce (h) metodou konecnych prvki. Ke zjemnovani sité
bylo pouzito Delaunayho triangularizace ve spojeni s reakénim konceptem. Obrazek je

pievzat z [3.4].

Zname-li velikost relativni chyby, kterou se na celkové chybé podileji jednotlivé
diskretizaéni prvky, mizeme jemnéj$im délenim prvka s nejvétsi chybou adaptivné
snizovat chybu feSeni tak dlouho, dokud nedosahneme pozadované urovné chyby
feSeni.

Dosud jsme se zabyvali pouze generovanim dvojrozmérnych trojuhelnikovych
diskretiza¢nich siti. Popsany postup vSak Ize relativné snadno zobecnit 1 na generovani
trojrozmérnych diskretizacnich siti sestavajicich ze ¢tyfsténi jako diskretizac¢nich prvki

[3.15], [3.16].

Al2 3.2 Formalni aproximace hledané veli¢iny

Nyni, kdyz je analyzovana struktura pokryta kvalitni diskretizacni siti, mizeme

pristoupit k dalsimu kroku numerické analyzy. Timto krokem je formélni aproximace®

Aproximaci oznacujeme jako formalni, protoze v tuto chvili nezndme prubéh aproximované funkce.
Proto formdiné predpokladame, Ze hodnoty neznamé funkce v ur¢itych bodech zname (S neznamymi
aproximaénimi Kkoeficienty pracujeme, jako bychom je znali). To ndm umozni vytvofit obecnou

aproximaci, u niz mizeme zménou hodnoty aproximacnich koeficientti libovolné¢ meénit prubeh
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pribéhu pocitané veli¢iny pole nad kazdym prvkem diskretizacni sité. Formalni
aproximaci sestavujeme ze znamych bazovych funkci fi, které nasobime neznamymi
aproximacnimi koeficienty Ci. NejCastéji se pouzivaji bazové funkce, které maji nad
diskretizaCnim prvkem konstantni (obr. 3.5a), linearni (obr. 3.5b) nebo kvadraticky
prub¢h.

Aproximace je formdlni z toho duvodu, Ze prubéh aproximované veliiny
nezname (nezname aproximacni koeficienty Ci). NaSim ukolem je aproximacni
koeficienty urcit tak, aby ziskand aproximacni funkce co mozna nejpfesnéji spliovala

Maxwellovy rovnice aplikované na popis analyzované struktury.

Obr. 3.5 Formalni aproximace hledané veli¢iny:

a) po Castech konstantni, b) po ¢astech linearni.

Nejcastéji pouzivanymi bdzovymi funkcemi byvaji funkce linearni. Aby bylo dosazeno
korektni aproximace elektromagnetického pole na rozhrani dvou diskretizacnich prvkii,
byly vyvinuty specialni typy bazovych funkci, které maji vektorovy charakter nebo

které kombinuji skalarni a vektorové bazové funkce.

V naésledujicich né€kolika odstavcich si stru¢né popiSeme dva typy bazovych
funkci. Nejprve to budou nejjednodussi uzlové funkce, které se pouzivaji v metodé
kone¢nych prvki pfi analyze struktur sestavajicich pouze z dokonale vodivych ¢asti a
z vakua. V tomto piipad¢ 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 konec¢nych prvkl pfi analyze podélné homogennich vedeni s obecnym pii¢nym
prafezem. V pficném prifezu mohou vystupovat riaznd dielektrika, a proto je zapotiebi
V piicné roviné pouzit takové bazové funkce, které zajist'uji spojitost pole na rozhranich

ruznych dielektrik [3.4].

aproximacni funkce
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Nejjednodussimi bazovymi funkcemi jsou funkce uzlové. Slovem uzel piitom
oznacujeme vrchol trojuhelnikového diskretizaéniho prvku (body 1, 2, 3 v obr. 3.6).
V uzlové aproximaci hraji roli neznamych aproximacnich koeficientti hodnoty pocitané
veli¢iny pole v uzlech; jedna se o prostorové vzorky veli¢iny pole ¢1™, c2™, c3™, které
v tuto chvili nezndme. Uzlové bazové funkce na zéklad¢ uzlovych hodnot aproximuji
rozlozeni veli¢in pole nad celou plochou diskretiza¢niho prvku. V ptipad¢ linearni
aproximace prolozime uzlovymi hodnotami nad vrcholy prvku ¢i™, c2™, c3™, rovinu
(obr. 3.6a). Aproximaéni rovina se v piipadé¢ formalni aproximace stava funkci
neznamych koeficientd ¢1™, c™, cs™. Horni index v zavorce udava &islo
diskretiza¢niho prvku, nad jehoz plochou veli¢inu aproximujeme, a dolni index udava

¢islo uzlu.

a) (n) b) (n) (n) (n)
¢ N1 N3 1 N2
(n)
—_i €3 1 : 3 3
c1( n) | i
'
1 1 1 I
(n)
:Icz 2 2 2

) N Obr. 3.6 Linearni aproximace rozlozeni skalarni

| veli¢iny nad trojihelnikovym prvkem: a) apro-
ximace zavisi na neznamych uzlovych hodno-

tach c1, ¢, cs; b) tvarové funkce; jejich

linedrni kombinace tvoii linedrni aproximaci

rozloZeni veli¢iny nad prvkem; c¢) bazovou
funkci ziskame slouc¢enim vsech tvarovych

funkect, které jsou nenulové v ptislusném uzlu.

Rovinu, kterou jsme aproximovali rozloZeni veli¢iny pole nad plochou diskretiza¢niho
prvku, nazyvame linearni tvarovou funkci. Linedrni aproximaci nad prvkem potom
vytvoiime nasobenim tvarovych funkci odpovidajicimi uzlovymi hodnotami a jejich

seCtenim [3.3], jak je naznaceno na obr. 3.6a, b

(3.5)



Linearni tvarova funkce Nm™ nabyva v m-tém uzlu n-tého trojuhelnikového prvku

jednotkové hodnoty a v ostatnich dvou uzlech je nulova (viz obr. 3.6b).

Slou¢ime-li vSechny tvarové funkce, které nabyvaji v m-tém uzlu jednotkové
hodnoty, dostaneme bazovou funkci (basis function) m-tého uzlu Nm (viz obr. 3.6¢). Na
zaklad¢€ bazovych funkci a uzlovych hodnot potom mtizeme snadno vyjadrit aproximaci

rozloZeni skalarni veli¢iny pole nad celou analyzovanou oblasti [3.3]

C= icm N, (3.6)

m=1

kde M je celkovy pocet uzlii a cm je globalni uzlova hodnota.

Obr. 3.7 Dvojrozmérné simplexni soufadnice.
Bézové a tvarové funkce se s vyhodou vyjadiuji pomoci simplexnich soufadnic.
Simplexni soufadnice maji v pfipadé dvourozmérnych trojuhelnikovych prvka smér
vysek trojuhelniku. Soufadnice je jednotkova ve vrcholu trojihelnika, kterym prochézi,

a nulova na protilehlé hran¢ (viz obr. 3.7).

Linearni tvarové funkce pro trojihelnikovy prvek 1ze vyjadtit nasledovné [3.3]:

N =g, N =g, NP =g, (37)
kde &, &, & 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 1 feSeni fyzikalné neexistujici (tzv. spurious solutions). Fyzikalné



neexistujici feSeni vyhovuji prvni a druhé Maxwellové rovnici, avSak nespliuji tieti a
¢tvrtou Maxwellovu rovnici (tzv. divergence-free conditions). Témto feSenim se Ize pii

pouziti uzlové aproximace vyhnout jen dvéma zpiisoby:

e K vypoltu pouzijeme piimo prvni a druhou Maxwellovu rovnici [3.18].
Pracujeme tedy se soustavou Sesti skalarnich rovnic pro Sest neznamych slozek
pole Ex, Ey, E;, Hx, Hy, H;, pfi¢emz prostorové rozlozeni kazdé slozky je zvlast
aproximovano pomoci uzlovych funkci. Vypocetni a pamét'ové naroky tohoto

pfistupu jsou tudiz velmi vysoké.

e Pracujeme s vlnovou rovnici, kterd je vysledkem kombinace prvni a druhé
Maxwellovy rovnice. Stac¢i nam fesit jen tfi skalarni rovnice pro tii slozky pole.
Abychom vSak zajistili splnéni divergen¢nich podminek, musime do vlnové
rovnice piidat specidlni divergencni clen [3.19]. Ten vSak komplikuje feSeni
vyslednych maticovych rovnic (zvySuje hustotu matic a naruSuje jejich pasovy

charakter).

Problém se podaftilo vytesit pomoci vektorovych hranovych bazovych funkci. V piipadé
podéln€¢ 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 pii¢né slozky vektoru intenzity elektrického pole Ex a Ey.
Rozlozeni podélné slozky pole E; miZzeme aproximovat pomoci klasickych uzlovych

funkei [3.4].

RozloZeni podélné slozky pole nad n-tym diskretizaénim prvkem tedy muizeme
vyjadrit podle (3.5) a (3.7) jako [3.4]
3 3

V=) el NG =D elg, (33)

m=l1 m=l1

kde e;m™ jsou neznamé uzlové hodnoty a N;m™ = & je linearni tvarova funkce

vyjadfend v simplexnich soufadnicich.

Rozlozeni pticného vektoru pole vyjadiime jako linearni kombinaci neznamych

skalarnich aproximacnich koeficientd a znamych vektorovych bazovych funkci [3.4]

Xi



EM=ND e +N G e N el

(3.9)

Vektorové bazové funkce maji na hranach diskretizaéniho prvku smér téchto hran.
Proto hovotime o hranovych diskretizac¢nich prvcich. Pomoci simplexnich soutadnic je

muzeme vyjadfit vztahem [3.4]

NU=EV E-EV £, (3.10)
kde Vi je transverzalni diferencialni operator nabla. Pokud v kartézském souradném
systému povazujeme smér Zo za smér podélny, mizeme transverzalni operator nabla
vyjadtit vztahem:

=L+ 2y, (3.11)

Vt
0 X oy

Jelikoz dva sousedni diskretiza¢ni prvky sdileji stejnou hranu a jelikoZ elektrické
a magnetické vlastnosti materiali museji byt v oblasti diskretizaéniho prvku neménné,
pouziti hranovych prvkl automaticky zarucuje tangencidlni 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).
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A.1l3 3.3 Dosazeni formalni aproximace do reSené rovnice
Resenou rovnici vyjadiime symbolicky:
F[E(r,s)]- f(r,s) =0

V této rovnici zna¢i F obecny diferencialni 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, pfechodny de¢j).

Funkce f( r, s) popisuje znamé zdroje hledaného elektromagnetického pole.

Dosazenim formalni aproximace Ea( r, S) do vztahu (3.12) namisto piesného
feSeni

E(r, s) dosp&jeme ke vztahu
FIE,(r, s)]- f(r,s) = FLZNi:lcm N, (r, s)} — f(r,s) =
= mZM_:lcm FIN, (r,s)] - f(r,s) = R(r, s).

Aproximace je vyjadiena jako soucet soucinu neznamého skaldrniho aproximacniho
koeficientu cm a znamé vektorové bazové funkce Nm na m-tém diskretizacnim prvku.
Souc¢iny Cm Nm s¢itame pies vSech M diskretiza¢nich prvkl, na néZ je analyzovana

struktura rozdélena.

Jelikoz operator F je linearni, mizeme zaménit potfadi aplikace operatoru a
s¢itani. ProtoZe Cm je konstanta (i kdyz v tuto chvili neznama), mizeme ji vytknout pfed
operator. Tim dostdvame soucet M neznamych koeficientli cm nasobenych znamymi

funkcemi F[ Nm( r, s)].

Nelze si nevSimnout skutecnosti, 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
vyjadfujeme skutecnost, Ze aproximace se od presného feSeni odchyluje a ze velikost

této odchylky zéavisi na poloze a na kmitoctu nebo ¢ase (viz obr. 3.5).
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V dalsim kroku se budeme snazit nalézt takové hodnoty aproximacnich
koeficientd Cm, aby zbytkovd funkce nabyvala co moznd nejmensich hodnot. Tim

dosahneme co mozna nejvyssi piesnosti aproximace feseni.

A.l4 3.4 Minimalizace rezidua

K minimalizaci zbytkové funkce pouzivame obvykle metodu vazenych rezidui.
Tato metoda spociva ve vynasobeni zbytkové funkce R( r, ) vhodnou vahovou funkci
Wm( r, S), Vintegraci soucinu pies celou analyzovanou oblast a v poloZeni vysledku

integrace nule

JI] [w,(r,s) R(r,s)] dv(r) =0 (3.14)

Tim v podstat¢ vyjadiujeme pozadavek, aby stfedni vazena chyba feSeni pres cely

analyzovany prostor byla nulova.

Je-1i vahovou funkei funkce bazova, mluvime o Galerkinové metodé [3.7]
M
m {Nn(r,s) >, F[N, (r,s)]+ Nn(r,s)f(r,s)} dv(r) =
m=1
M
:Zcm'[”{Nn(r,s)F[Nm(r,s)]}dv(r)+ (3.15)
\Y

Vztah (3.15) je jednou rovnici pro M neznamych koeficient Cm. V integralech pies
analyzovanou oblast V totiz vystupuji pouze znamé bazové funkce a znamy operator,
takZe lze tento integral vyjadfit jedinym konkrétnim c&islem. I druhy ¢len mizeme
vyjadiit konkrétnim cislem, nebot’ se jedna o urcity integral soucinu znamé vahové

funkce a zndmé funkce zdrojové.

Pokud reziduum postupné nasobime M rlznymi vahovymi funkcemi, dospéjeme
k soustavé M linearnich algebraickych rovnic pro M neznamych aproximacnich

koeficientd Cm.

A.1l5 3.5 Reseni maticové rovnice

Vyslednou maticovou rovnici miiZzeme symbolicky vyjadfit ve tvaru
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INF(NDAY [N, F(N)AY o [NGE(NG AV e,
INZFSNl)dV jNZFENZ)dV J'NZF(:NM)dV | _
_INM F.(Nl)dV [Ny, F.(NZ)dV jNMF(NM)dv_ c;A
[N, fav |
_ Ny fav
_INM.de_

Jejim feSenim ziskame doposud neznamé aproximacni koeficienty Cm.

A.1l.6 3.6 Dosazeni koeficientii do formalni aproximace

Dosazenim vypoctenych aproximacnich koeficienti do formélni aproximace
ziskame (nyni jiz neformalni) aproximacni funkci, ktera popisuje priblizné feseni ulohy
ve vSech bodech analyzovaného prostoru, a to s minimalni chybou v globalnim

vyznamu.
Tim je kol numerické analyzy splnén.

V dal$ich odstavcich se budeme numerické analyze vénovat podrobnéji. Ukazeme
si, jak konkrétné vypada analyza elektromagnetického pole v ustdleném harmonickém
stavu (hovofime o analyze v kmitoCtové oblasti) a jak se od ni odliSuje vypocet

pfechodnych jevil pii ustalovani pole (hovofime o analyze v oblasti Casové).

A.l.7 3.7 Kmitoétova versus ¢asova oblast

Numerickou analyzou mikrovinné struktury v kmitoCtové oblasti rozumime
vypocet rozlozeni elektromagnetického pole v této struktufe v ustdleném harmonickém

stavu. To znamen4, Ze uvazujeme ¢asovou zavislost veli¢in vyjadienou ve tvaru

(3.16)

E(r,t) = E(r) exp(jot) (3.17)

kde r je polohovy vektor bodu, v némz intenzitu pole pocitame, @ je uhlovy kmitocet,
na némz pole analyzujeme, j zna¢i imaginarni jednotku, t je ¢as a E je vektor intenzity

elektrického pole.
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Analyza v kmitoc¢tové oblasti je relativné snadna. Casovou derivaci veliiny
S harmonickym prubéhem totiz miizeme nahradit vynasobenim veli¢iny koeficientem
jo, integraci harmonické veli¢iny podle ¢asu muizeme nahradit délenim veliCiny

koeficientem jw.
Nicmén¢ analyza v kmitoctové oblasti ma i své nevyhody.

Z teoretického pohledu ustaleny harmonicky stav fyzikdlné neexistuje.
Elektromagnetické pole by totiz muselo v harmonickém stavu existovat nekonecné
dlouho (Casové omezeni — vynasobeni ¢asového pribéhu obdélnikovym oknem — by
totiz zpusobilo vznik dalSich spektralnich slozek). Navic nekonecné dlouhé trvani
elektromagnetického pole je spojeno s nekonecné velkou energii, kterou bohuzel

nemame k dispozici.

Z praktického hlediska lze za harmonické pole povazovat pole, které trva

dostateéné dlouho.

Pokud chceme analyzovat mikrovinnou strukturu v dostateéné Sirokém pasmu
kmitoc¢tli, musime pii formulovéni problému v kmitoctové oblasti provadét analyzu
opakované na tolika frekvencich, aby bylo s dostatecnym rozliSenim pokryto celé toto
pasmo. Jednotlivé analyzy pfitom bézi nezavisle na sobé (nedochazi k ptenosu

relevantni informace mezi jednotlivymi vypocty), coZ je dosti neefektivni.

Co se tykd analyzy mikrovinnych struktur v c¢asové oblasti, ta vykazuje pfi

srovnani s analyzou v oblasti kmito¢tové komplementarni vlastnosti.

U casové analyzy nelze predpokladat ustdleny harmonicky stav, a proto nelze
Casova derivovani a integrovani nahradit nasobenim ¢i délenim koeficientem jw.

Pocitané veli¢iny se v ¢ase méni, a tudiz pfibyva analyze dals§i rozmér. Analyza je proto

wewvr

Pii analyze v ¢asové oblasti pfedpokladame buzeni analyzované struktury tzkym
budicim impulzem. Budici a vybuzené elektromagnetické pole proto vykazuji kone¢né
trvani a kone¢nou energii. Navic zké budici impulzy maji relativné Siroké kmitoctové
spektrum, takZe béhem jednoho jediného vypoctu ziskdme informaci o chovani
analyzované struktury v celém pdsmu kmitoctl najednou. Pfi Casové analyze se

rozlozeni elektromagnetického pole v budoucim okamziku pocitad z rozloZeni pole v
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okamzicich ptredeslych. To je stejné, jako bychom v kmitoctové oblasti pocitali chovani
struktury na novém kmitoCtu s vyuzitim vysledkli ziskanych pro kmitocty staré.
Analyza v Casové oblasti tedy byva efektivnéjsi nezli analyza v oblasti kmitoctové

[3.8]-[3.11]

Al8 3.8 Zavér

V 1Gvodni kapitole jsme zopakovali integralni a diferencidlni formulaci
Maxwellovych rovnic, které pouzivame v celé knize pro matematicky popis

analyzované struktury.

Jelikoz vysledné rovnice neumime fesit analyticky, popsali jsme obecny postup
jejich numerického fteSeni. Nejveétsi prostor jsme vénovali popisu diskretizace
analyzovanych struktur pomoci trojihelnikové diskretizacni sit€¢ a popisu bazovych
funkei, s jejichz pomoci mizeme formalné aproximovat rozlozeni veli¢iny pole nad
analyzovanym prostorem. Jak diskretizace, tak formalni aproximace jsou totiz pro

vSechny numerické metody (vyjma metody konecnych diferenci) shodné.

Kapitola byla uzaviena stru¢nym srovndnim analyzy v kmitoc¢tové oblasti a v

oblasti ¢asové.

V nasledujicich kapitolach budeme obecné principy popsané v této Ccasti
konkretizovat pfi pouziti v metodé¢ konecnych prvkil a v metod¢ integralnich rovnic.
Déle budeme moci pozorovat, jak se od popsané¢ho obecného schématu odliSuje metoda

kone¢nych diferenci.
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