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Abstra t

This memo is a dupli ate of LWA memo #21 and is posted here as well be ause of its relevan e
to the optimization of the EVLA phase II arrays. The algorithm for optimization of an array onguration to minimize side lobes, designed by Leonid Kogan ([1℄), has been applied to optimize the
on guration of a dipole station of the Long Wavelength Array (LWA). The results of optimization
are given for di erent areas of optimization on the sky in luding full sky semi-sphere; for di erent
minimum spa ing between the station antennas. For an array phased to zenith, the optimization
is done to minimize sidelobes all the way to the horizons by optimizing in a ir le de ned by the
radius j sin(z )j  1, where z is the angle from zenith. For an array that will potentially be phased
to any lo ation above the horizon, the optimization radius should be twi e as large to optimize the

beam pattern over the entire sky. Thus for the whole semisphere optimization with a range of array
pointings overing the whole semisphere as well, optimization at zenith pointing must be done for
j sin(z)j  2 !
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Introdu tion

The Long Wavelength Array (LWA) elements (antenna stations) will onsist of 256 identi al dipoles
working in the wide range of the frequen ies from approximately 20 MHz to 80 MHz. We'll onsider that
all 256 dipoles are lo ated in a plane. We use the algorithm of optimization of an array on guration
minimizing side lobes designed by Leonid Kogan ([1℄). The algorithm minimizes the biggest side lobe in
the given area of optimization on the sky and as a result makes all side lobes identi al. The algorithm is
oded into the AIPS task CONFI. The most important parameters of CONFI are the area optimization
on the sky, maximum size of the array and minimum spa ing between the antennas.
The beam pattern of the antenna station phased at the dire tion of unit ve tor e~0 is des ribed by
the following equation:
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where ~e is the unit ve tor dire ted to the point at the sky;
e~0 is the unit ve tor where the antenna station phased;
~rk is the position of antenna k;
 is the wavelength;
N is number of antennas in the array;
 in the exponent stands for the s alar produ t of the ve tors.
Let's hoose the following natural oordinate system for ve tors r~k and ~e, e~0 :
~u, ~v are lo ated at the station plane and are perpendi ular to ea h other;
w~ is perpendi ular to the station plane (Figure (1)).
If all antennas are lo ated in the u v plane then the w oordinate of the antenna position is
zero for all antennas. If the array is phased to the perpendi ular dire tion (relatively the array plane),
then we have e~0 = f0, 0, 1g , and therefore the s alar produ t of the ve tor e~0 with any antenna position
ve tor is equal to 0 and an be removed from Equation (1)
Ve tor ~e at the hosen oordinate system is determined as:
~e = fsin(z)  os(az); sin(z)  sin(az); os(z)g
where z is the angle between ~e and zenith to the station plane
az is azimuth of ~e at the station plane
The w omponent of ~e ( os(z)) does not ontribute to the s alar produ t in the ase of the plane
array (our ase) be ause all antenna position ve tors have zero w omponents.
Typi ally another oordinate system is used for the sky position des ription: the w-axis is dire ted
to the enter of the onsidered sky area. In our ase the w-axis an be dire ted towards the ve tor e~0 . Su h
a oordinate system is useful for a small eld of view (high frequen y VLA) but has some disadvantages
for su h a wide eld of view array as an LWA station, whi h is virtually the entire sky. The hosen
oordinate system has the following advantages:
1. It needs only one parameter 'z' to des ribe a big physi ally motivated area on the sky. For example
the full semisphere is des ribed as jz j  90Æ ; jsin(z)j  1.
2.The hosen oordinate system allows one to forget about the w omponent of the ve tor ~e for any
dire tion of pointing (e~0 ).
3. The area of optimization arried out for phasing to zenith (e~0 = f0, 0, 1g) an simply be shifted
linearly to the desired pointing if we onsider sin(z) instead of z at the plane reprodu tion of the sky.
This fa t will be demonstrated in a following se tion of this memo.
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Some results for the station phased to zenith

We started optimization with an initial on guration of a hexagon on guration (Figure 2). If we set
the antenna station size as a ir le with diameter 100 meters then the spa ing is  5:5m. We arried
out the optimization with minimum allowing spa ing 2m, and at the highest LWA frequen y of 80 MHz
( = 3:75m), onsidering that the e e tive ir le of optimization will be even greater at longer wavelengths. (Figure 3 shows an example of the station on guration after optimization.) We arried out two
sets of optimization:
1. radius optimization 60Æ ; jsin(z)j = 0:87.
2. radius optimization 90Æ ; jsin(z)j = 1:00. The full semisphere.
In the rst ase the maximum side lobe level in the optimization region is only 0.0025 (26dB). In
the se ond ase the maximum side lobe level is 0.007 (21.5dB). The question is what is better: 21.5dB
2

for the whole sky semisphere or 26dB but only optimized within 60Æ from zenith? Figure 4 shows the
at behavior of the side lobes inside of the optimization area, as expe ted within this optimized region.
We arried out the optimization starting with an expanded hexagon on guration where the
density of antennas de reases towards the edge. The array size was sele ted as ir le of 110m diameter
with spa ing at the enter 3m allowing the minimum spa ing at the optimization pro ess 2m. The
optimization was arried out for the whole semisphere jz j < 90Æ ; jsin(z)j < 1 The resulting beam pattern
is shown in Figure 4.
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The station phased for an arbitrary dire tion

The on guration found at the optimization at zenith (see Figures 3, 4) was used to al ulate the beam
pattern phased towards jz0j = 60Æ ; jaz0j = 45Æ as an example. The al ulation of the beam pattern has
been done using Equation (1). Equation (1) des ribes the move from zenith to the given dire tion of
phasing as a linear shift if we use sin(z) instead of z. Figure 5 on rms this fa t. Looking at Figure
5, we an see that having optimized the side lobes inside the whole semisphere (for the array phased to
zenith) we have a big non optimized area at the low-right area when the array is phased towards the
up-left orner of the semisphere. Therefore we need to make the optimization radius twi e as large when
optimizing the beam pattern of an array phased to zenith if we want to have low side lobes everywhere for
the array phased up to edge of the eld of view. In parti ular for the whole semisphere we have to arry
out optimization at the following range of sin(z): j sin(z)j < 2
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Con lusion

The ability to optimize an LWA dipole station on guration minimizing side lobes throughout the entire
sky eld for any pointing in the sky has been demonstrated. However, there is a trade-o between the
a hieved level of the side lobes and other fa tors su h as sky area of optimization, size of the array,
minimum spa ing between antennas and other fa tors. The optimization an be done with the array
phased to zenith. We need to double the radius of the optimization region of the beam pattern of the
array phased to zenith in order to have low sidelobes for the whole sky for the array phased up to any
pointing in the sky. In parti ular for the whole semisphere we have to arry out optimization at the
following range of sin(z): j sin(z)j < 2
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Figure 1: Coordinate system of the antenna station. The array antennas are lo ated in the u v plane.
The w-axis is perpendi ular to the array plane. The angle z is the angle between the w-axis and the
given dire tion on the sky. The angle az is the azimuth of the given dire tion on the sky at the array
plane.
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Figure 2: Hexagonal station on guration used as a starting point for the optimization.
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Figure 3: Station on guration after being optimized for sidelobe suppression with the onstraint of a
2.0 meter minimum spa ing between dipoles.
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Figure 4: The two dimensional beam pattern reated as a result of the optimization of the array with
256 antennas lo ated inside of the ir le 110 m diameter with minimum spa ing 2 meters. The sky
area of optimization is the whole semisphere jz j  90Æ ; jsin(z)j < 1. The polar oordinate at the plane
orresponds to the radius equaled jsin(z)j. The side lobes are less than 0.0056 (22.5dB) inside of the
ir le jz j < 90Æ ; jsin(z)j < 1
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Figure 5: The two dimensional beam pattern phased towards jz0j = 60Æ ; jaz0j = 45Æ . The same on guration used here as for the plot at the gure 4. Equation (1) is used to al ulate the beam pattern. It is
seen that this plot oin ides with the beam pattern of the gure 4 but shifted from the enter (z=0) to
jz0j = 60Æ; jaz0j = 45Æ.
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