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I. INTRODUCTION

TS Y P

Reflector antennas for wideband operation require a feed design capable !
of the specified bandwidth. 1In addition to the required impedance bandwidth, ]
ideally, the feed design should have pattern characteristics which are fre- ]

quency independent and are sized for optimum illumination for the £/D of the

selected reflector, and have a phase center which is constant with frequency

» that can be placed at the focus of the reflector. The log periodic feed ful-
S fills the impedance and pattern requirements, but its phase center does not
remain fixed with frequency changes. The analysis developed here will quan-
tify the defocusing loss which occurs when a log periodic feeds a reflector

and will be compared with measured results.

At the outset, the term "wide bandwidth” should be qualified. The varia-
tion in phase center location of the log periodic results in dispersion, i.e., i
- low frequency components have longer insertion time delay than high frequency
- components. A consequence of this situation 1is delay distortion for very

wideband signals; e.g., if a short pulse were transmitted, the pulse shape
would be distorted by the dispersion, and an example is given in Ref. l. The i
log periodic-fed reflector antenna, therefore, is appropriate for applications
which require a wide tuning range with a narrow instantaneous bandwidth or for

systems which operate at widely separated frequencies.

hnd M e nes e Tt eI ool

Oy F T e ]

P R S B ) PR o
R N T S N I . D o e T o S S I S N



T .

-f—r'r"

II. ANALYSIS

The analysis of the defocusing loss can be separated into a determination

of the phase center location for the log periodic as a function of frequency

NS | SO

and the loss in gain for a given phase center displacement from the reflector

focus. These two elements are combined to quantify the defocusing loss as a

function of frequency.

A, PHASE CENTER VARIATION

A log periodic antenna consists of an array of dipole elements whose

lengths progressively change to cover the required operating range. The
shortest element length corresponds to a half wavelength at the highest fre-
quency and the longest element corresponds to a half wavelength at the lowest Q
frequency. The elements are arranged as shown in Fig. l. In operation, the 4

antenna is fed at the apex and the energy travels along the structure until it

—
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/‘1 !
l 1 REFLECTOR
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Fig. 1. Geometry of Log Periodic-Fed Reflector
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encounters an element which resonates at the operating frequency which corres-

ponds to a half wavelength element length. The dipole elements which are
excited at a particular frequency are referred to as the active region which,
in turn, corresponds to the phase center location. Since a similar number of
elements are excited over the bandwidth, the pattern characteristics of the
log periodic are independent of frequency. These patterns for a typical log
periodic are optimum in the sense of 1illumination efficiency for reflector

antennas with £/D values of about 0.4, a common value.

The phase center location of the log periodic as a function of frequency
can be easily calculated from the geometry given in Fig. 1. Define x as the
distance measured from the projected apex of the log periodic. The focus of
the reflector is assumed to be located a distance K from this projected apex

as well, The phase center displacement relative to the focus 1is given by

A
4dtana

AN =X-K= - K (1)

where A is the phase center displacement in wavelengths, The defocusing loss
for a reflector as will be discussed later depends on the phase center dis-

placement in wavelengths.

Log periodic antennas with very wide bandwidth performance are commer-
cially available from several vendors. Commercial designs with bandwidths
which exceed 10:1 are typical. A design measured from 1 to 21 GHz {is
described in Ref. 2. The practical limitations for the operating frequency
for these designs are the physical size of the longest element at the lowest
frequency and the fabrication difficulties at the apex feed section at the

highest frequency where small dimensions are required.

B. REFLECTOR DEFOCUS ING LOSS

A general analysis of the defocusing loss for a reflector antenna has
been presented in Ref. 3 and will be used here. The defocusing loss depends
on the illumination pattern of the feed and the f/D of the reflector. The
analysis developed in Ref. 3 considers defocusing loss and spillover loss
components for feed patterns which follow the cosno family. The defocusing
loss values given in Fig, 2 are taken from Ref. 3 and apply to reflectors

having an f/D of 0.4. The defocusing loss is not strongly dependent on the
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f/D and is symmetric with respect to both positive and negative displacements

from the reflector focus.

The beamwidth of a typical log periodic antenna 1s 65° and 110° in the E
and H planes, respectively. The average beamwidth in the principal planes
corresponds to the 90° beamwidth of the cos 6 illumination which will be used
in the subsequent computations. The defocusing loss for this illumination is
shown in Fig. 3 and was derived from the values given in Fig. 2. It should be
noted that the cos § 1llumination for a reflector with £/D of 0.4 provides

HN0 O
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cos%
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MAGNITUDE OF DEFOCUSING IN WAVELENGTHS, A

Fig. 2. Defocusing and Spillover Losses (after Ref. 3)
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Fig. 3. Defocusing Loss Derived From Fig. 3.

the minimum defocusing and spillover loss when defocusing is not present which
supports the previous assertion that a log periodic provides optimum illumina-

tion for the reflector.

The loss components considered thus far include only the defocusing and
spillover contributions, and more generally impedance mismatch, ohmic, cross
polarization, tolerance and blockage components must be included to obtain the
antenna efficiency. The concern to this point has been with the gain perform-
ance; however, the defocusing also results in pattern degradation which may be
important for some applications. The pattern degradation for the cos 6 illum-
ination with an £/D of 0.4 reflector has also been treated in Ref. 3 and is
repeated in Fig. 4. As will be shown later, the phase center displacement in
wavelengths i{s generally less than one wavelength so that the patterns of the

reflector are reasonably well behaved.
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Fig. 4. Pattern Degradation with Defocusing (after Ref. 3)
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c. DEFOCUSING LOSS VALUES

The defocusing loss as a function of operating bandwidth will be quanti-

fied in this section. The defocusing loss depends on the location of the log
periodic relative to the reflector focus and some design latitude exists in
this choice. For example, the log periodic feed could be located to provide
equal defocusing loss at the frequency extremes of the operating bandwidth.
Another choice would be to locate the log periodic feed so that the defocusing
loss 1s zero at the highest frequency; this choice might be made to compensate
the increase in ohmic loss with frequency increases as a means to maintain
antenna efficliency over the operating bandwidth. The opposite choice, zero
defocusing loss at the lowest frequency, does not work for large bandwidths
because the phase center displacement in wavelengths increases with increasing
bandwidths. Other choices are possible and the analysis presented here can be
used to estimate the resulting gain performance; e.g., for a multi-function
application, one might want to select zero defocusing loss for the bandwidth
segment with the smallest system margin, and estimate the gain performance for
other bandwidth segments. The analysis for two cases, equal defocusing loss
at the fréquency extremes and zero defocusing loss at the highest frequendy
will be described here.

1f the defocusing loss is identical at the frequency extremes, the phase
center displacement in wavelengths 1s also identical at the frequency extremes

but oppositely displaced from the reflector focus. In this case,
A =-a, (2)

where the subscripts "1”" and "h"” denote the lowest and highest frequency,
respectively., The value K in Eq. (1) which results from this condition is
given by

1 c
K - (3)
2tana fl + fh

where ¢ 1s the speed of light. The phase center displacement in wavelengths

as a functinn of frequency can be written as

1 2f
a étana(l f1 + fh) (4)
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and the variation over the frequency range can be determined.

£, + f
At the center frequency, "‘1?‘11' the phase center displacement is zero,

and the active region of the log periodic is located at the reflector focus.

At the frequency extremes, the phase center displacement has its maximum value

given by E
4
R U Y (5) |
A pax 4tana £+ f )
h 1 ‘
For many applications, the bandwidth can be conveniently defined as X
BW = fh/f1 (6) :
and with this definition, the maximum phase center displacement becomes :
1 BW - 1
Apax - %Gtana BW + 1 (7

In a similar fashion, the defocusing loss for the case in which the

— o A BN

system 1s focused at the highest frequency can be derived. The parameters for
this case will be denoted by “"primes” to distinguish the results for the two

cases. When the condition for zero defocusing loss at the highest frequency

is imposed,

[

Afhtana

K' = (8)

results. The phase center displacement in wavelengths as a function of fre-

quency 1is given by

Al --A-Em(l f/fh) (9

The worst case phase center displacement occurs at the lowest frequency
. of operation and equals
1 BW - 1

' =
a max 4tana BW (10)
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fhe worst case defocusing loss and phase center displacement are shown in
Fig. 5 for a= 20°, a typical value for log periodic designs. Both focusing
conditions are included in this figure. Initially, it may seem surprising that
the defocusing loss asymptotically converges as the bandwidth increases.
However, 1f the projected apex of the log periodic is placed at the focus of

the reflector, the phase center displacement in wavelengths equals

1
4tana

Al = (11)
and is independent of frequency because K = 0 in eq. l; the defocusing loss in
this case equals 1.9 dB for a = 202 This same value is asymptotically
approached for the two focusing conditions used as examples as the bandwidth

increases.
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III. EXAMPLE APPLICATION

The analysis previously developed will be applied in a comparison with
measured data. The results of the analysis were used to derive worst case
values of the defocusing loss, and the example will also provide the opportun-

ity to examine the variations of defocusing loss over the operating bandwidth.,

One vendor who offers a log periodic-fed reflector in their product line
is Watkins-Johnson. Gain data for one of their models, ARI180-AS, are pre-
sented in their catalog (Ref. 4). This particular antenna uses a 3 ft diam-
eter reflector and is fed with a linearly polarized log periodic antenna which

covers the range of 1 to 12.4 GHz.

The defocusing loss for this frequency range was calculated under the
assumption that the log periodic feed was positioned to result in equal
defocusing loss at the extreme frequencies. The resulting phase center dis-
placement and defocusing loss is shown in Fig. 6. The defocusing loss is less
than 1 dB over the 2 to 11.5 GHz frequency range.

These defocusing loss values were compared to the measured gain perform-
ance published in the Watkins-Johnson catalog. The antenna efficiency at the
mid-band frequency, 6.7 GHz, where the defocusing loss is zero, was calculated
from the gain data and resulted in a value of 48%. The antenna gain for other
frequencies was calculated under the assumption that the overall antenna
efficiency was 4827 reduced by the defocusing loss as a function of frequency.
The resulting antenna gain values compared with the gain data published in the
Watkins-Johnson catalog is shown in Fig. 7. The measured gain values corres-
pond well with the results calculated from the defocusing loss analysis. The

: difference between measured and calculated gain values at the higher frequen-
:ﬁ cies might be caused by an increase in the ohmic loss which is not included

within these computations.
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IV. CONCLUSIONS

An analysis has been developed to calculate the defocusing loss which
results when a log periodic antenna is used as a feed for a reflector. Some
design latitude exists in locating the log periodic relative to the reflector
focus. The examples cited 1illustrate the worst case defocusing loss
approached 1.9 dB only for extremely large bandwidths; for 10:1 bandwidths,
the worst case defocusing loss is less than 1.3 dB for the case with equal
defocusing loss at the frequency extremes, and less than 1.5 dB for the case
with zero defocusing loss at the highest frequency. This analysis was com=-
pared with published gain data and agreed well with those results. The data
covered ! to 12.4 GHz and the defocusing loss was less than 1 dB over the 2 to
11.5 GHz range. The displacement in wavelengths between the phase center and
the reflector focus 1is relatively small for the cases examined here so that a

moderate pattern degradation with defocusing can be anticipated.
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LARORATORY OPERATIONS

The Laboratury Operatlons of The Aerospace Corpuration is conducting
experimental and theoretical fnvestigations necessary for the evaluation and
application of scientific advances to nevw amilitary space systems. Versatility
and flexibility have heen developed to 8 high degree by the laboratory person~
nel tn dealing with the many problems encountered in the nation's rapidly
developing space systewms. Expertise in the latest scientific developments s
vital to the accomplishment of tasks related to these problems. The labora-
tories that contribute to this research are:

Aerophvsics labordtory: Launch vehicle and reeatry fluid mechanics, heat
transfer and fligunt dvnamics; chemical and electric propulsion, propellant
chemistry, environmental hazards, trace detectlon; spacecraft structural
mechanics, contamination, thermal and structural control; high tewmperature
thermomechanics, gas kinetics and radtlattion; cw and pulsed laser development

fncluding chemical kinetics, spectroscopy, optical resonators, beam control,
atmospheric propagation, laser effects and countermeasures.

Chemistrv and Physics Laboratory: Atmospheric chemical reactions, atmo-
spheric optics, light scattering, stste-gpecific chemical reactions and radia-
tion transport in rocket plumes, applied laser spectroscopy, laser chemistry,
laser optoelecrronics, solar cell physice, battery electrochenmistry, space
vacuum and radiation effects on materials, lubrication and surface phenonena,
thernionic emisston, photosensitive materials and detectors, atomic frequency
atandards, and environmental chemistry.

Flectronics Research lahoratorv: Microelectronics, GaAs lnw noise and
power devices, semiconductor lasers, electromagnetic and optical propagation
phenomena, quantum electrontics, laser communications, lidar, and electro~
optics; communication sciences, applied electronics, semiconductor crystal and
device physics, radiomerric imaging; millimeter wave, microwave technology,
and RF systems research.

Information Sciences Research Office: Program verification, progran
translation, performance-sensitive system design, distributed architectures
for spacehorne computers, fault-tolerant cumputer systeas, artificial intel-
l1igence and alcroelectronics spplications.

Materials Sciences Laboratory: Development of new materials: wetal
satrix composites, polymers, and new foras of carbon; nondestructive evalua~
tion, component failure analysis and reliability; fracture mechsnics and
stress corrosion; analysis and evalustion of saterials at cryogenic and
eleveted temperatures as well as in spsce and enewy~induced environsents.

Space Sciences Laboratory: Magnetospheric, suroral and cosmic ray phye-
fce, wave-particle interactions, magnetospheric plasms waves; stmospheric and
fonospheric physics, density and composition of the upper atmosphere, remote
sensing using atmospheric radistion; solar physics, inirared astronomy,
infrared signature analysis; effects of solar activity, magnetic storss and

nuclear explosions on the earth's at phere, 1§ phere and gnetosphere;
L effects of electromagnetic and psrticulate radiations on space systems; spsce
. instrumentation.
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