
EVLA Memo #93Optimization of the LWA antenna station on�gurationminimizing side lobes.Leonid KoganNational Radio Astronomy Observatory, Soorro, New Mexio, USAAaron CohenNaval Researh Laboratory, Washington, DC USAMay 4, 2005AbstratThis memo is a dupliate of LWA memo #21 and is posted here as well beause of its relevaneto the optimization of the EVLA phase II arrays. The algorithm for optimization of an array on-�guration to minimize side lobes, designed by Leonid Kogan ([1℄), has been applied to optimize theon�guration of a dipole station of the Long Wavelength Array (LWA). The results of optimizationare given for di�erent areas of optimization on the sky inluding full sky semi-sphere; for di�erentminimum spaing between the station antennas. For an array phased to zenith, the optimizationis done to minimize sidelobes all the way to the horizons by optimizing in a irle de�ned by theradius j sin(z)j � 1, where z is the angle from zenith. For an array that will potentially be phasedto any loation above the horizon, the optimization radius should be twie as large to optimize thebeam pattern over the entire sky. Thus for the whole semisphere optimization with a range of arraypointings overing the whole semisphere as well, optimization at zenith pointing must be done forj sin(z)j � 2 !1 IntrodutionThe Long Wavelength Array (LWA) elements (antenna stations) will onsist of 256 idential dipolesworking in the wide range of the frequenies from approximately 20 MHz to 80 MHz. We'll onsider thatall 256 dipoles are loated in a plane. We use the algorithm of optimization of an array on�gurationminimizing side lobes designed by Leonid Kogan ([1℄). The algorithm minimizes the biggest side lobe inthe given area of optimization on the sky and as a result makes all side lobes idential. The algorithm isoded into the AIPS task CONFI. The most important parameters of CONFI are the area optimizationon the sky, maximum size of the array and minimum spaing between the antennas.The beam pattern of the antenna station phased at the diretion of unit vetor ~e0 is desribed bythe following equation: B(~e) = ����� 1N NXk=1 exp(�j2�~rk� � (~e� ~e0))�����2 (1)1



where ~e is the unit vetor direted to the point at the sky;~e0 is the unit vetor 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 salar produt of the vetors.Let's hoose the following natural oordinate system for vetors ~rk and ~e, ~e0:~u, ~v are loated at the station plane and are perpendiular to eah other;~w is perpendiular to the station plane (Figure (1)).If all antennas are loated in the u � v plane then the w oordinate of the antenna position iszero for all antennas. If the array is phased to the perpendiular diretion (relatively the array plane),then we have ~e0 = f0, 0, 1g , and therefore the salar produt of the vetor ~e0 with any antenna positionvetor is equal to 0 and an be removed from Equation (1)Vetor ~e at the hosen oordinate system is determined as:~e = fsin(z) � os(az); sin(z) � sin(az); os(z)gwhere z is the angle between ~e and zenith to the station planeaz is azimuth of ~e at the station planeThe w omponent of ~e (os(z)) does not ontribute to the salar produt in the ase of the planearray (our ase) beause all antenna position vetors have zero w omponents.Typially another oordinate system is used for the sky position desription: the w-axis is diretedto the enter of the onsidered sky area. In our ase the w-axis an be direted towards the vetor ~e0. Suha oordinate system is useful for a small �eld of view (high frequeny VLA) but has some disadvantagesfor suh a wide �eld of view array as an LWA station, whih is virtually the entire sky. The hosenoordinate system has the following advantages:1. It needs only one parameter 'z' to desribe a big physially motivated area on the sky. For examplethe full semisphere is desribed as jzj � 90Æ; jsin(z)j � 1.2.The hosen oordinate system allows one to forget about the w omponent of the vetor ~e for anydiretion of pointing (~e0).3. The area of optimization arried out for phasing to zenith (~e0 = f0, 0, 1g) an simply be shiftedlinearly to the desired pointing if we onsider sin(z) instead of z at the plane reprodution of the sky.This fat will be demonstrated in a following setion of this memo.2 Some results for the station phased to zenithWe started optimization with an initial on�guration of a hexagon on�guration (Figure 2). If we setthe antenna station size as a irle with diameter 100 meters then the spaing is � 5:5m. We arriedout the optimization with minimum allowing spaing 2m, and at the highest LWA frequeny of 80 MHz(� = 3:75m), onsidering that the e�etive irle of optimization will be even greater at longer wave-lengths. (Figure 3 shows an example of the station on�guration after optimization.) We arried out twosets 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). Inthe seond ase the maximum side lobe level is 0.007 (21.5dB). The question is what is better: 21.5dB2



for the whole sky semisphere or 26dB but only optimized within 60Æ from zenith? Figure 4 shows theat behavior of the side lobes inside of the optimization area, as expeted within this optimized region.We arried out the optimization starting with an expanded hexagon on�guration where thedensity of antennas dereases towards the edge. The array size was seleted as irle of 110m diameterwith spaing at the enter 3m allowing the minimum spaing at the optimization proess 2m. Theoptimization was arried out for the whole semisphere jzj < 90Æ; jsin(z)j < 1 The resulting beam patternis shown in Figure 4.3 The station phased for an arbitrary diretionThe on�guration found at the optimization at zenith (see Figures 3, 4) was used to alulate the beampattern phased towards jz0j = 60Æ; jaz0j = 45Æ as an example. The alulation of the beam pattern hasbeen done using Equation (1). Equation (1) desribes the move from zenith to the given diretion ofphasing as a linear shift if we use sin(z) instead of z. Figure 5 on�rms this fat. Looking at Figure5, we an see that having optimized the side lobes inside the whole semisphere (for the array phased tozenith) we have a big non optimized area at the low-right area when the array is phased towards theup-left orner of the semisphere. Therefore we need to make the optimization radius twie as large whenoptimizing the beam pattern of an array phased to zenith if we want to have low side lobes everywhere forthe array phased up to edge of the �eld of view. In partiular for the whole semisphere we have to arryout optimization at the following range of sin(z): j sin(z)j < 24 ConlusionThe ability to optimize an LWA dipole station on�guration minimizing side lobes throughout the entiresky �eld for any pointing in the sky has been demonstrated. However, there is a trade-o� between theahieved level of the side lobes and other fators suh as sky area of optimization, size of the array,minimum spaing between antennas and other fators. The optimization an be done with the arrayphased to zenith. We need to double the radius of the optimization region of the beam pattern of thearray phased to zenith in order to have low sidelobes for the whole sky for the array phased up to anypointing in the sky. In partiular for the whole semisphere we have to arry out optimization at thefollowing range of sin(z): j sin(z)j < 2Referenes[1℄ L. Kogan, Optimizing a Large Array Con�guration to Minimize the Side lobes, IEEE Transationson Antennas and Propagation, vol 48, NO 7, July 2000, p 1075
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Figure 1: Coordinate system of the antenna station. The array antennas are loated in the u� v plane.The w-axis is perpendiular to the array plane. The angle z is the angle between the w-axis and thegiven diretion on the sky. The angle az is the azimuth of the given diretion on the sky at the arrayplane.
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Meters from CenterFigure 2: Hexagonal station on�guration used as a starting point for the optimization.
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Meters from CenterFigure 3: Station on�guration after being optimized for sidelobe suppression with the onstraint of a2.0 meter minimum spaing between dipoles.
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Figure 4: The two dimensional beam pattern reated as a result of the optimization of the array with256 antennas loated inside of the irle 110 m diameter with minimum spaing 2 meters. The skyarea of optimization is the whole semisphere jzj � 90Æ; jsin(z)j < 1. The polar oordinate at the planeorresponds to the radius equaled jsin(z)j. The side lobes are less than 0.0056 (22.5dB) inside of theirle jzj < 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�gu-ration used here as for the plot at the �gure 4. Equation (1) is used to alulate the beam pattern. It isseen that this plot oinides with the beam pattern of the �gure 4 but shifted from the enter (z=0) tojz0j = 60Æ; jaz0j = 45Æ.
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