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1. Abstract

Formulate the performance of electric field inside the
waveguide has been studied extensively, so that we work the
expressions for the electric field radiated from a large open
ended waveguide aperture for the propagating TE mode, to
obtain the near field in the end of the guide. The reflection
coefficient has been interpreted as the ratio of the reflected
and incident electric field. Instead, we have used the reflection
coefficient, considering the incidence angle, operation
frequency and guide dimensions in order to calculate the
electric field radiation pattern, plane E and plane H.

Key words: reflection coefficient, electric field, TE,  propagation
mode.

2. Resumen (Una pequefia nota acerca del campo eléctrico
radiado por una guia de onda rectangular larga abierta en
el extremo)

Establecer el comportamiento del campo eléctrico dentro de
una guia de onda ha sido bastante estudiado, asi que hemos
trabajado las expresiones para el campo eléctrico radiado por

una guia de onda larga y abierta en un extremo para el modo de
propagacién TE, para obtener el campo cercano el extremo de
la guia. El coeficiente de reflexion ha sido interpretado como la
raz6n del campo eléctrico reflejado e incidente. En vez de esto,
hemos usado el coeficiente de reflexién considerando el dngulo
de incidencia, la frecuencia de operacion y las dimensiones de
la guia, con el objeto de determinar el patrén de radiacion del

campo eléctrico en el plano E'y plano H.

Palabras clave: coeficientes de reflexion, campo eléctrico,
modo de propagacion TE, .

3. Introduction

The radiation from a waveguide can be considered to arise from
the current distribution on the inside walls of the guide, which is
just the current distribution associated with the fields propagated
in the interior of the guide. The guide allows propagation of
only one mode, the dominant mode, the single mode field
solutions, having fixed transverse distributions and limited
variability in the axial direction, will be incapable of satisfying
boundary conditions for the fields over the surface of a
conducting or dielectric obstacle of arbitrary shape extending
in three dimensions in the waveguide. Inside the guide, over a
cross section inside the guide far from the open ended, the field
is formed with the incident and reflected waves of the dominant
mode, but in the aperture, the discontinuity in this point,
additional higher mode fields exist, most of the higher mode
terms above the dominant mode will have cutoff frequencies
greater than the operating frequency of the waveguide and thus
will not propagate away from the vicinity of the discontinuity
which causes them to arise, producing radiation outside of the
guide in the z direction, so that, the yz plane is the plane-E, and
the xz plane is the H-plane of the system.

4. The electric field radiated
A. Analytical formulation

To obtain an exact solution for the electromagnetic fields in
the neighborhood of an obstacle of irregular shape, in this
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Fig. 1. Electric fields patterns for TE,; mode in a rectangular
waveguide.

case, the free space, it is difficult. However, starting from the
transverse fields the TE mode field equations in rectangular
coordinates are well known [1]:

= Jk—e VH,, (la)

E, =% xvy (1b)

E E,6 ZE, (2a)

H H, ZzH, (2b)

E, XE, JE, (3a)

H,6 %H,6 JyH, (3b)
where: k= m;rz + nZT;Z

a is the larger dimension of the guide
b, guide dimension

The higher modes exist to satisfy the boundary conditions,
represent the electromagnetic field disturbances in the
neighborhood of a discontinuity, so, the fields in a waveguide

Fig. 2. Coordinate system used in radiation from open
ended rectangular waveguide. The radiated electric field will
depend of the elevation angle, 6, the azimuth angle, ¢, and

the distance to the point, r.

(A 7B ¢i%)

H =20,
iy

;Hm(Ane‘fﬁ%Bne‘fﬁz) (5)
where:
s m*n*  n’m?
an - ® MS - (12 - b2

The equations (4) and (5) are an arbitrary linear sum of a
complete set of orthogonal functions. The propagation constant
B, of all terms except that of the dominant mode in the field
expansions are imaginary, corresponding to attenuation of the
higher mode fields, in such a way, only the dominant mode
term will be observable at small distances from the
discontinuity, the near field. Therefore, outside the waveguide
the higher mode fields can be taken no notice, and the electric
field radiated can be treated as an aperture problem.

Working on it, we obtain that the radiated electric field for
propagating TE,  mode is given by the following expressions:

nNna’b

E, =- o s1n¢1+700s6+[‘ 1—7cose

can be represented by an infinite series of higher mode waveguide na r
transmission fields, as showed in the following expressions [2]: cos [T sin O cos ¢ ] sin [K_b sin O cos 0
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And for the radiated electric field, ¢ component:

na’b B10
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From which, the radiated electric field in the E plane (¢=m/2 )
is given by:
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And the radiated electric field in the plane H (¢=0) is:
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Notice the term of the second square parenthesis in the plane
E expression (8), the pattern is determined by the dimension
b of the guide, and in the plane H expression (9), the pattern
is determined by the dimension a.

B. The reflection coefficient

The reflection coefficient is caused by the signal falls into the
guide walls, and the value of it, has been reported by [3]:

— [¢ 2 —
C1+ ¢, 0203
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where:

A, free space wavelength

0,= cos“(B/k), angle of incidence

B/ k ={1— (n/ka)’ ,;normalized propagation constant for the
TE10 mode,
k=2m/\, wave number.

C. The radiation pattern

For a rectangular waveguide in X-band, the waveguide
dimensions are @ = 2.286 cm, b = 1.016 cm, operating at a
frequency of 9.32 GHz, at a distance of 10 cm, the electric
field radiation patterns, propagating TE  mode, E plane and
H plane are shown in figure 3.

5. Aplication

The proposed formulas are useful for the near field antenna
measurements, and they can be applied to the indoor
environment wireless channel. When the signal propagates
through an indoor environment, it consists of multiple replicas
of the original transmitted signal, this phenomenon is known
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E-plane normalized radiation pattern

Fig. 3. Electric field radiation pattern, E plane and H plane,
respectively.

as multipath propagation, and it can cause fluctuations of
amplitude, angle of arrival or phase in the received signal.

Then, the indoor environment wireless channel can be
understood, such as a hallway, analyzing the electric field
radiation pattern. The hallway can be considered as a
waveguide, so that, these expressions are an alternative to
analyze the indoor environment wireless channel performance.

Applying the worked expressions for an indoor environment,
a hallway, a= 3 m, b= 4 with walls made of brick, whose
electric permitivity is 4.44 [6], operating at a frequency of
2.4 GHz, and at a distance of 10 m, the electric field radiation
pattern, E plane is shown in Fig. 4.

Making a comparison with the radiation pattern of the electric
field radiated from an open ended waveguide, Fig. 3, it shows

radiation pattern open ended reactangular waveguide

Fig. 4. Radiation pattern when the indoor environment
channel is a hallway with walls made of brick.

few side lobes, on the other hand, applying the proposed
expressions, the indoor environment radiation pattern shows
the multipath effects in the electric field radiated, several
nules, each nule is very close to the other, result of the
multipaths. The primary lobe is the dominant path and the
multipaths are represented by the secondary lobes.

6. Conclusion

Formulas for the electric field radiated from a large open
ended rectangular waveguide have been proposed and applied
to an indoor environment wireless channel. The incorporation
of the reflection coefficient based in the incidence angle,
operation frequency and the guide dimension, is the main
result of this paper. Numerical examples are given to illustrate
the shape of the radiation pattern.

7. References

[1] Collin, Robert E., Foundations for Microwave
Engineering, McGraw Hill, 1966, Chap. 3.

[2]  Atwater H. A., Introduction to Microwave Theory, Mc
Graw Hill, 1962, Chap. 4.

[3] Krishnasamy T. Selvan and V. Venkatesan, "A Note on
the Aperture-Reflection Coefficient of Open-Ended
Rectangular Waveguide", IEEE Transactions on
Electromagnetic Compatibility, Vol. 45, No. 4,
November 2003.

[4]  S.Silver (ed.), Microwave Antenna Theory and Design,
Radiation Laboratory Series, 12, NY, McGrawHill, 1949.

IPN

146

ESIME



[5] K.T.Selvan, "Studies on the classical gain approximations
and the aperture-reflection coefficient of rectangular
waveguide antennas", IEEE Trans. Electromagnetic
Compatibility, vol. 40, pp. 343-347, Nov. 1998.

DigiTaL Dot

SErvicios
DIGITALES
ELECTRONICOS
INTEGRALES

[6] Balanis, Constantine, Antenna Theory Analysis and
Design, John Wiley, New York, 1982, Chap. 11.

[7] T. S. Rappaport, Wireless Communication: Principles &
Practice, Prentice Hall, New Jersey, 1996

Produccion y posproduccion
en audio y video

Centenario 3, Col. Del Carmen,
Coyoacan, México, DF.

9339 5880
9339 5474

IPN 147 ESIME





