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v’ S50 tubos metalicos (ocos ou preenchidos
com material dielétrico) utilizados para a
transmissao de energia em altas frequéncias
(acima de 1 GHz);

v"Menor atenuacdo e maior poténcia do que as
linhas de transmissao.

Usados como “tubulacao de agua”
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Comparacao:

GD LINHA DE TRANSMISSAO [:l

GUIA DE ONDA

A transmissao é possivel? Linha de transmissao: Sim, desde DC até altas frequéncias

Guia de onda: DC = Nao

Luz (104 Hz <f< 10" Hz) = Sim

* A transmissdo num guia de onda so6 é possivel acima de uma certa frequéncia (frequéncia de
corte do guia).

* Os guias de onda se comportam como filtros passa-altas.
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v'Finalidade : Conduzir energia eletromagnética
de um ponto para outro

v'"Modos de Propagacio

e Arranjo unico de campos elétrico e magnético que:
e Satisfaz todas as equacoes de Maxwell

e Satisfaz as condicdes de contorno impostas pela geometria da
estrutura

e Os varios modos correspondem as diferentes solucoes
das equacdes de onda

v'Como obter as solucdes

e Resolvendo a equacao de onda
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Modos de Propagacao:

Modo TEM (eletro magnético transversal) >

DIRECAO DE
E — H — O y PROPAGACAO
2 2z

> 7

Componentes de E e H diferentes de zero estao
no plano transversal ao de propagacao

CABO COAXIAL ONDA PLANA UNIFORME
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Modo TE (elétrico transversal)
E,=0;H,=0

Componentes de E diferentes de zero estao
no plano transversal ao de propagacao

CAMPO MAGNETICO\

Guia de onda:

DIRECAO DE
PROPAGACAO

CAMPO ELETRICO

Mobpo TE

16/04/2023



Modo TIM (magnétrico transversal)
H,=0;E,=0

Componentes de H diferentes de zero estao
no plano transversal ao de propagacao

CAMPO MAGNETICO
\

s CAMPO ELETRICO

Mopo TM
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Modos Hibridos HE ou EH

H,=0;L,=0

v Guias de onda suportam apenas modos TE e
TM ou hibridos, nuncaTEM



Guias sem perdas:
Suposicbes D|eIe'Fr|cos ideais (sem p?rdas)
Metais condutores perfeitos

Fator de variacdo temporal: exp(jw t)

Fator de variagao espacial: exp(—jkz 2)

Os campos sao da forma

E ryz =\E zyc+E(@y)y+E zyz e
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Campos com variagao senoidal no tempo = analise usando fasores

Vetores de campo: E=E_i+E j+Ek H=Hi+H,j+Hk

—

Para uma onda que se propaga na diregao +z: E

E(xy.z)-E(zy)c”

I
e
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Lei de Ampére: VxH=gxE+joeE =

i jk
0/0x 0/0y -y :jcoe(EXerE}jJrEZl;)

OH :
=+ YH, = joeE,
0y
OH,6 .
—-YH, ——==jweE,
OH, oH,
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Lei de Faraday:

—_— —

i ] k
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VXxE=—jopH

0/0x 0/0dy —y=—jwu(HXT+Hy3+HZE)
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Gﬂ—+m2us)

1

(y2 + o us)

OE, . 0H,
Y TJOH
0 X oy
OoE, . OH,
| TJOH
0y 0X
' 0E, OH
Joe =7
i 0y 0 X
. 0E, OH,
JoE +y
i 0X 0y

Escrevendo as componentes transversais (E,, E,, H; e H;) em termos das
componentes longitudinais (E, e H,):

-




Equacdo deonda: VxE=-jouH V xH = joeE

—

§x(6x]§):—jmquﬁ = o’ ueE

Usando a identidade vetorial V x (6 X A) =V (6 - A) — Vzﬁ )

—_—

V(%E)—Vzﬁza)z ueE

—_— —

Como o meio ndo tem cargas livres: V-D =0 = V-E=0

Portanto:  V’E = —o” ueE
0°E, 0°E, OE

Considerando apenas a componente z: k= —f o’ pneE =0
0X 0y 0z

17/04/2023 14



Portanto:  V’E = —o” peE

Considerando apenas a componente Zz:

Analogamente, obtém-se:
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O’E, O’E,
_|_

O’ E

+
ox> 0y’

0z

z+w’peE =0
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Transverse electric (TE) waves, (also referred to as H-waves) are characterized by £, = 0
and H. # 0. Equations (3.5) then reduce to

_jﬁ d H;
k2 ax
_ _Tfﬁgeaf¥é
Kz dy |
—jowpu 0H;
k2 9y’
_ Jop 0H;
Ok ax

(i

Ey

In this case k. # 0. and the propagation constant § = ,/k% — k2 is generally a function of
frequency and the geometry of the line or guide.
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Equacao de Helmholtz

VxE:—jmpLﬁ,
VXI‘}:}{UEE,
Vx?xﬁ':—jmg?xﬁ:mz,uéﬁ
VxVxd=V(V-4)—V>1]

V2E + w*neE = 0. V- E =0 m a source-free region

V-H + mzpéﬁ = 0.
k = w. /e 1s defined and called the propagation constant
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Transverse electric (TE) waves, (also referred to as /H-waves) are characterized by £. = 0
and H. # 0. Equations (3.5) then reduce to
_J-:S J H:;

k2 ox
—Jp 0H;
R By

—jowu 0 H;

k2 ay

_ Jop 0H:
YTUOR ax

c

In this case &, # 0, and the propagation constant 8 = ,/k? — k2 is generally a function of
frequency and the geometry of the line or guide. To apply (3.19), one must first find /-
from the Helmholtz wave equation,

32 32 32 >
+ + +k | H- =0,
dx*  9y*  9z? )

which, since H-(x, v, z) = h:(x, y)g—iﬁZ___ can be reduced to a two-dimensional wave equa-
tion for /.:

92 92
— 4+ h, =0,
(ax3 + 3},2 + C) -

since &k, = k* — p*. This equation must be solved subject to the boundary conditions of
the specific guide geometry.



The TE wave impedance can be found as
E. —E, wpn kpy

VA = — = — = .
TE .Eff fff ﬁ3 Ia

which 1s seen to be frequency dependent. TE waves can be supported inside closed con-
ductors, as well as between two or more conductors.
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Transverse magnetic (TM) waves (also referred to as E-waves) are characterized by
E; # 0 and H. = 0. Equations (3.5) then reduce to

B Jjwe OE-

T k2 9y |
_ —Jwe dE;

}1? 2 Ax
— B oE

E, = .);;B Z,
kz ox
— B oE

Ey — iﬂ - Z.
kz oy
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As in the TE case, k. # 0, and the propagation constant g = /k* — kz is a function of
frequency and the geometry of the line or gmide. £ 1s found from the Helmholtz wave

equation,
97 a7 d°

+—+ —S+F)E =0, (3.24
dx*  dy*  0z? )

which, since £, (x, y,z) = ez (x, y)e / Pz can be reduced to a two-dimensional wave equa-
tion for e.:

9? 9*
St gt e =0 329
since k2 = k* — B~. This equation must be solved subject to the boundary conditions of

the specific guide geometry.
The TM wave impedance can be found as
Ey —E v B Bn

S Ex _ _ P _Fn (3.26
™ H, 22 " : )

which 1s frequency dependent. As for TE waves, TM waves can be supported inside closed
conductors, as well as between two or more conductors.
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V:4k H =0
E =

A

- Conjunto de solucdes TE

V:+k E =0
H =0

A

2 2
nas quais VQ — 8 | 8
t

oz 0y
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- Conjunto de solucdes TM
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The procedure for analyzing TE and TM waveguides can be summarized as follows:

1. Solve the reduced Helmholtz equation, (3.21) or (3.25), for /. or e,. The solution

will contain several unknown constants and the unknown cutoff wave number, %,.
Use (3.19) or (3.23) to find the transverse fields from /7 or e;.

Apply the boundary conditions to the appropriate field components to find the
unknown constants and £,.

4. The propagation constant 1s given by (3.6) and the wave impedance by (3.22) or (3.26).

D

(S
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E(.r, L z) = le(x, v) + Zez (x, y}]E_j’ﬂz,
H(x.v.z) = [h(x.y) 4 2ho(x. y)]e 7F?,
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Equacoes de Maxwell

V x E = —jm,u,g,
V x H = jweE.
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+ JBEy = —jwuts,

dy
BE IE; oL H.
— — — — 7D .
JPEx . J WMLy
JE, 0Ex
_r — — o H..
ox dy SRz
oH, . .
+ jPH, = jwekEy,
ay
0H,
—jBHy — = jweE,,
ox
0 H, 0H,
—L = = jweE.
dx dy
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dL, BHE)
we — B—
ay 0x
dE, iy Bh’})
— | we :
dx dy
0E; N SHT)
WL :
ax M
ﬁaE— N 0 H-
- WL
dy / ox
r 2 2 2
k. =k —pB
k=w/pue =2m/Ax
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