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I. INTRODUCTION

This memo is the second in a series dealihg with the simulation and
evaluation of various proposals for a mm array operated as a national facility
by NRAO. The first memo in the series (mm Array Memo 20) discussed some of the
major parameters of the 1000, 300, 90, and 25 m. configurations of antennas
that were called the lkm, 300m, 90m, and M-T configurations. This memo will
mainly deal with an initial evaluation of the possibilities for the two larger
© arrays involving 15 <= N <= 27 antennas of diameter D = 9-13 m.
II. MAP AND BEAM SIZES

As discusséd in mm array memo 20, the size of aperture synthesis maps is
mainly determined by the ratio of-the antenna beam size to the synthesized beam

size. Table 1 shows the results obtained for large antennas with D = 10 m.
Table 1

- Fields of Viéw, Synthesized beams, and Map Sizes

Configuration B eant esyn M Mna MFFT
1km 1000 m 22" 0.19") 230 150 128-512
mm mm
300m 300 m 22"\ 0.65")\ 70 45 64-128
mm mm -
90m 90 m 22" 2.2" 20 13  16-64
mm mm

In Table 1 we have listed: (1) a sampling map size (M = Mun) for uniform
weighting; (2) a sampling map size (Mna)’ for natural weighting analogous to
that of the VLA; and (3) the "practical" map sizes that would typically be used

because the FFT algorithm requires map sizes that are powers of two.



III. SOME POTENTIAL CONFIGURATIONS FOR THE LARGE mm ARRAY ANTENNAS

The most obvious configuration for a mm array with reasonably good
characteristics for observing all parts of the sky, including southerly
declinations near the Galactic Center, is a VLA-like configuration with N/3
antennas on each of three arms of a Y. However, there are other possibilities
that can be considered for the larger configurations of the mm array, mainly
because one need not be restricted by the limitations of a railroad-type
antenna transportation system. In Figure 1 we show antennas locations for six
different types of configurations that represent bhe main categories that will
be discussed in the remainder of this memo: (a) a normal VLA-like "Y" with
antennas located along each arm with radial distance proportional to the k =1
to 9 antenna numbers raised to the 1.716 power; (b) a "Y" configuration with
radial locations of antennas obeying a power law of 09 ; (c) a "spiralized"
"Y" in which the power law dependence of the VLA is retained, but each antenna

1.716 degrees; (d) a

location is rotated counterclockwise by an angle of 60(k/9)
non-redundant 2-D array; (e) aicircular array with four antennas at closer
than average spacings to aid in filling in the center of the u-v plane; and (f)
a circular array with antenna locations chosen by a random number generator.

The u-v plane coverage for the N = 27 case, taken from "An Introduction to
the NRAO Very Large Array', is shown for a number of declinations in Figure 2.
As has become standard practice with the VLA, the deficiencies of the Y-array
at lower declinations can be considerable alleviated by making the northern arm
of the Y a factor of three or so longer than the SE and SW arms. For the
purposes of the present memo, we will assume that N-S elongation of each array
will be part of the strategy for observing with the proposed mm array. For
comparison with cases that we will discuss shortly, Figure 3 shows the u-v
coverage and beam profiles (computed with both natural and uniform weighting)
for a declination of 60 degrees and both one hour (at zenith) snapshots and 12
hours of tracking.

While a comservative approach would be to build VLA-like configurations of
N antennas for the lkm and 300m configurations, there are a number of reasons
for considering alternatives. Part of the reasoning behind the VLA Y-shape was
the need to economize on the railroad track and stations that are an integral
part of the VLA configuration and transportation system. However, for the mm
array, with 9-13 m. antennas, one can use antenna transporters with rubber

tires, allowing more flexibility in the location of stations. In addition, the



location of antennas on linear arms causes dense accumulations of data points
in the u-v plane for the three position angles, with respect to geocentric N-S,
of 5, 125, and 245 degrees, which results in non-optimal u-v coverage for the
snapshot observations which are a considerable fraction of VLA observations.
This effect is shown in Figure &4 where both the u-v plane and a synthesized
beam profile are shown for an instantaneous snapshot observation with N = 27
and a VLA-like antenna distribution.

One obvious way to retain most of the charapteristics of the VLA-like Y
configurations, while improving the u-v plane cowerage and beam for snapshots,
is to "spiralize" the Y by rotating the position angle of each antenna, with
respect to the center, by an amount proportional to the radial distance from
the center. Figure 5 shows the u-v coverage and beam for a snapshot
observation with such a configuration, where the k-th antenna along each arm is
rotated counter-clockwise by an angle 60"'f(k/9)1'716 degrees. It is obvious
that the instantaneous u-v coverage and beams are somewhat improved. It is also
possible that with tracking over a period of four hours or more, one will obtain
roughly the same u-v plane coverage for a linear Y and a "spiralized" Y. In
Figure 6 we show the u-v coverages and beam profiles for the spiralized Y for
declinations of 60 degrees. A comparison of Figures 3 (Y27) and 6 show that
there 1is 1little qualitative or quantitative difference between the 12 hour
coverage beams; however, the naturally weighted snapshot beam has a distinctly
narrower version of the broad plateau associated with naturally weighted beams.

As mentioned above, one can design many arrays with antennas located at
radial distances proportional to kp, where k is an antenna number for radial
rings ( p = 1.716 for the VLA-like case ). A power law in radial location from
the center of the array leads to the same order of power law for the density of
measured data points in radial rings in the u-v plane. For the VLA case the
local density of points in the inner part of the u-v plane is roughly two
orders of magnitude greater than the local density in the outer parts of the
sampled u-v plane. One can conceive of other power laws that alter the
relative sampling of different fourier components, and one of the primary
conclusions of this memo will be the obvious - VLA-like power laws improve the
sensitivity to extended surface brightness features. In Figure 7 we see the u-v
coverages and beam profiles for the array in Fig. 1b, which has a radial power
law with a power of 0.9. .Comparing Figures 3 (Y27) and 7, the beams for
Y27R0.9 have distinctly larger far sidelobes that one has with Y27, however the

-natural weight 12 hour coverage beam for Y26R0.9 has a narrower base.



Another configuration that is often discussed is the 'classical"
configuration of antennas arranged on a circle (or ellipses elongated in the N-
S direction for 1low declination observations). Figure 8 shows the u-v
coverages and beam profiles for both snapshot and full coverage observations
with this configuration (for a declinatilon of 60 degrees). One of the
undesirable characteristics of the circular array is the large hole in the
center of the u-v plane. One obvious improvement is to add a few antennas at
locations on the circle, but between the normal spacings. An example of 24
antennas at even spacings on the circle, and three antennas on a spur located
near one antenna (cf. Fig. 1le) was used to generate the plots shown in Figure
9. Another of the undesireable characteristics of the circular array is the
sidelobe ringing and high redundancy implicit in even separations. Avoiding
equal interval spacings along the circle will reduce both of these undesireable
effects; therefore we used a program to generate random locations around a
circle, subject to a constraint that antennas could not be too close to each
other. Fig. 1f shows one of the best of these configurations, and Figure 10
shows the u-v plane coverage and beam profiles for this configuration. If beam
sidelobes are the primary criteria, a circular array, and R2Cir27 in
particular, is better than any of the arrays discussed so far. This conclusion
is supported by both the quantitative evaluations of beam sidelobe level, based
on the equations derived in mm array memos 18 and 20, and the qualitative
impressions from the u-v planes and beams in Figures 3 and 6-10.

In Figure 1d we show an example of a non-redundant array of antennas in two
dimensions that was obtained from T. Cornwell. The u-v coverage and beam
profiles for snapshot and full track observations at declinations of 60 degrees
are shown in Figure 11 for this array. Both qualitative and quantitativé
aspects favor R2Cir27 over NonRed27 by a small margin. However, this was a
very early attempt to obtain a '"randomized" 2-D array, hence it is quite
possible that other arrays based upon the same principle would be even better.

Although many of the Figures just discussed have numerical indications of
sidelobe 1level, let us now discuss these quantitative evaluations in more
detail, particularly since the indications from surface brightness criteria
will end wup giving recommendations that are different from those derived from

only the u-v plane and sidelobe considerations discussed so far.



IV. SIDELOBES AND SURFACE BRIGHTNESS SENSITIVITY

The ultimate criteria for sidelobe 1level and surface brightness
signal/noise is the desired occupancy of the cells in the gridded u-v plane.
As discussed by T. Cornwell in mm array memo 18, the rms sidelobe level for a

naturally weighted beam, O a® is given byv

M M M M
- N 22 i 22
Oa =% I (T@WNYE L TN (1)
j=1 k=1 j=1 k=1 .

where Njk is the number of u-v data points within the i-j cell of an M X M

grid, and T(u,v) is a taper function for the u-v plane. For uniform weighting

M M M M
2 2 2
= +*
%n r I (T(u,v) ij) /(T L T(u,V)GJ.k) (2)
j=1 k=1 i=1 k=1
= 1/N

eff.occupied

where ij = 1 if any data points are within the cell, and = 0 otherwise. Thus

N , is the effective number of occupied cells, which will be equal to
eff.occupied

the actual number of occupied cells only when T(u,v) = 1.

The taper function that we will use is that of a Gaussian of the form
T(u,v) = exp[-0.25£(u’ + v2)/rZ ] (3)
’ : max ,

where T ax is the maximum antenna separation and f is a taper parameter
allowing one to specify the fractions of T ax that will effectively be included
in the u-v plane.

Now we need to remind ourselves of the criteria for surface brightness
sensitivity. This was discussed initially by T. Cornwell in mm Array Memo 18,
and was summarized in mm Array Memo 20. In order to relate brightness

temperature to the noise level of inidividual data points, let us take



o, = (0.78/Dm)(TSYs/100)(1GHz/Av)1/2 Jy (4)

(cf. Eqn. 2-48 in "An Introduction to the NRAO VLA") which is the rms noise
fluctuation for a single pair of antennas of diameter Dm, aperture efficiency
of 0.5, bandwidth of 1 GHz, and a system temperature of 100 K. The surface

brightness sensitivity formula given by mm Array Memos 18 and 20 is

MM
JIE I NjkT§k11/2 °Relvin (5)
5=1 k=1

_ 2
Tb = 377 Trm %v

where we have used the expression for the half-power beam width of a u-v plane
Tym (km units) in radius, corresponding either to the actual maximum baseline
or the effective radius after tapering with Equation (3). We will be evaluating

surface brightness sensitivity in terms of Tb as a function of r.

V. THE RADIAL DISTRIBUTION OF u-v POINTS

One of the principal factors effecting the difference between the sidelobe
levels with uniform and natural weighting is the radial distribution of data
points in the wu-v plane. Illustrating this we show in Figure 12 the beam
profiles for a 300 m. VLA-like "Y" of 27 antennas obtained with both natural
and uniform weighting. The enormous difference between the beams in Figure 12
is due to the rl'716 distribution of antennas along each arm of a VLA-
like Y; this results in a similar radial density of points in the u-v plane. In
Figure 13 we show the plot of the population in annular rings in the u-v plane
for four configurations that are variations on a VLA-like "Y": (a) the Y27
configuration with a 1.716 power law; (b) a "spiralized" version (Y27R60) of
Y27 (cf. Fig 1lc); (c) a "Y" configuration with a 0.9 power law; and (d) a "Y"
configuration with a 0.5 power law. One can see from Figures 13a and 13b that

N(u,v;r), once one gets away from the effect of the central "hole", is roughly

proportional to r;i = (u2+v2)-1/2 for both the VLA-like Y27 and the
spiralized Y26R60. The power laws of 0.9 and 0.5, in an otherwise normal "Y",

increase the proportion of points in the outer parts of the u-v plane as seen
in Figures 13c and 13d, respectively. The bimodal characteristics of Fig. 13d

are a result of having short spacings only when the antennas at the ends of



arms correlated with each other, and there are not enough intermediate spacings
due to cross-correlation of closely spaced antennas on different arms.

The characteristics of the u-v plane population for various circular, and
a non-redundant 2-D array (Fig. 1d), are shown in Figure 1l4. The non-
redundant array has a relatively flat distribution as seen in Fig. 1l4a.
Figures 14b-14d indicate that all the circular arrays have distribuitions
proportional to v’
Since the area in each equal thickness ring in Fig. 13-14 is proportional

to v’ that means the local density in the u-v plene is nearly proportional to
r;i for the VLA-like Y (probably more like r;i'72); however, the circular
arrays have, to first order, a uniform local density of points in the u-v
plane.

Because the mm array will be very heavily used for mapping of extended
surface brightness "objects", one of the major questions is: what is the
relative utility of arrays with local densities in the u-v plane that are
proportional to r;i (VLA-1like), r;i-(like the non-redundant 2-D arrays), or are
roughly constant (e.g. ¢ircular arrays). Before commenting further on this
issue, let us finally get to the section where we summarize quantitative

results for these and other arrays.

VI. RESULTS FOR SIDELOBE LEVELS AND SURFACE BRIGHTNESS SENSITIVITIES

In Table 2 we present the results for the sidelobe levels for some of the
arrays discussed above. The normal VLA-like Y for N antennas is designated by
YN; the '"spiralized" Y with a maximum rotation angle of 60 degrees is
designated YNR60; two "Y"-arrays with radial power laws of 27 ana 23 are
designated by Y27R0.9 and Y27R0.5, respectively; a two-dimensional non-
redundant array of 27 antennas supplied by T. Cornwell is designated by Non
Red27; a 27 antenna configuration on a circle with even spacings around the
circumference is denoted Cir27; a circular array of antennas, with 24 spaced
evenly around the circumference and a spur of three antennas located
between two normal spacing on the north (or south) side of the array, is
designated Cir27Mod; and, finally, three circular arrays obtained by using a
random number generator to select locations, subject to the constraint that
arrays with physically overlapping antennas are rejected, are designated
R1Cir27, R2Cir27, and R3Cir27.



Common parameters for the simulations in Table 2 were: frequency of 100
GHz; scan length of 1 hour or 12 hours; maximum antenna separation of 300 m.
and u-v plane gridded with a size of 1000 nanoseconds; antenna diameter of
10 m.; a bandwidth of 1 GHz; and a sample time of 5 minutes. The brightness
temperature (Tb) limits in Table 2 are for zero taper (f=0).

On the basis of these numbers, and ignoring any other considerations
except avoidance of major sidelobe "ringing", one would choose one of the
circular arrays, probably R2Cir27. However, this array is not the best for
extended surface brightness measurements. In*Figure 15 we plot the (rms)
surface brightness sensitivity, Tb(mK) (units of milliKelvin), as a function
of Tym (in units of kilometers) calculated from Equation (5). The left ordinate
axis in Figure 15 applies to the full 1 GHz bandwidth, while the right
ordinate axis applies to a bandwith of 100 kHz. The latter is the smallest
spectral 1line channel width that is normal used for spectral line observing,
giving veloc{fy resolution of 0.26 km/sec.

The sensitivity of Y27 to fourier components above two beam-widths in
size is significantly better than that for NonRed27 and R2Cir27, and slightly
better than, Y27R0.9. The curves obtained for the four 300m configurations in
Figure 15 should, in principle, scale with riax’ therefore we have plotted
dashed curves in Figure 15 indicating the Y27 array scaled to the lkm and 90m
configurations. All of the abovementioned results are for natural weighting.
The uniform weighting results for all four configurations are indistinguishable
and are plotted as the dotted curve in Figure 15. Finally, the lower envelope
for these results for the Y27 array can be expressed by the following
equation, which is basically valid for all tapers down to a factor of three

less than r s
max

T, = 7.5 rf(m (TSYS/IOO)/[(Dm/lo)[(Av/lGHz)(AthIS/IZ)N(N-l)/702]1/2] mK (6)
The different slopes, between 50 and 30 km, for the four 300 m configurations
plotted in Figure 15 directly reflect their power law distributions in the u-v
plane, as discussed above.

Since much of the variation in Tb in Figure 15 is due to the rim term,
it is useful to remove this effect, which is due solely to the beam size and
has nothing to do with u-v plane distributions. In Figure 16 we plot Tb/rim,

for both 1 GHz and 100 kHz bandwidths, as a function of Tyem and r/rmax' The



different brightness temperature sensitivities for the four arrays is more

obvious in Figure 16. The plots of vs r/rmax are, in fact, wvalid

2
Tb/rkm
for all size scales of each type of configuration, since only the relative
distribution of points in the u-v plane will affect surface brightness

sensitivity.

VII. THE PROBLEM OF THE COMPACT 90 METER CONFIGURATION

It is not possible to arrange 15-27 antennas in VLA-like "Y", 90 meters in
diameter without serious shadowing and other prwblems. We must therefore
consider other possibilities. Rather than include a discussion of this in the
present memo, we defer the discussion of the 90m array to the memo on the

M-T array, because similar options for packing will be considered.

VIII. CONCLUSIONS

The "best" arrays discussed in this memo, in terms of sidelobe
characteristics, are the arrays R2Cir27 and and NonRed27. However, it is clear
that the r1'716 power law of the VLA-like Y27 is what gives it the best, by
almost a factor of two, sensitivity to extended surface brightness features.
It is obvious that the radial distribution of the circular array cannot be
altered, however one can impose an r2 radial distribution upon antenna
locations that are otherwise random in x- and y-coordinates. If this is
possible, then it may become the most superior array, by both sidelobe and
surface brightness critefia. Failing this, the VLA-like Y27 configuration is
probably best for the 1km and 300m mm arrays whose primary objectives are

extended regions of emission.
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Table 2

Parameters Obtained for Various 300 m. mm Arrays and 60 Degree Declination

Horizon to Horizon Track Snapshot
(HA = -6® to 6%) (HA = -0.5" to 0.5)
L J
Config. S a Sun Tb (mK) O a On Th (mK)

Y27 0.0510 0.0253 0.678 3.86 0.0596 0.0355 2.35 5.42

Y24 . 0494 .0256 .765 3.90 .0610 .0378 2.65 5.77

Y21 .0482 .0260 0.877 3.97 .0610 L0415 3.04 6.22

Y18 .0466 .0265 1.027 4.05 .0629 . 0454 3.56 6.90

Y15 .0450 .0272 1.240 4.14 .0641 .0510 4.29 7.77
Y27R60 .0481 .0255 0.678 3.88 .0545 .0367 2.35 5.59
Y21R60 .0454 .0263 .877 4.01 .0548 .0420 3.04 6.41
Y27R0.9 . 0427 .0251 .678 3.83 .0621 .0346 2.35 5.28
Y27R0.5 .0398 .0245 .678 3.73 .0546 .0347 2.35 5.28
NonRed27 .0316 .0244 .678 3.72 .0386 .0309 2.35 4.72
Cir27 .0334 .0240 .678 3.65 .0403 .0317 2.35 4.83
Cir27Mod .0321 .0240 .678 3.65 .0397 .0312 2.35 4.76
R1Cir27 .0296 .0239 .678 3.64 .0402 .0307 2.35 4.68
R2Cir27 .0282 .0239 .678 3.65 .0351 .0287 2.35 4.39

R3Cir27 0.0313 0.0240 .678 3.65 0.0438 0.0319 2.35 4.86
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Figure 2-12. Possible u-v plane coverage with the 27-antenna VLA
for declinations of 80°, 60°, 40°, 20°, 0°, -20°, and -40°.

(/82 Figure 2

(Y27)



squrae: FAHE
dac: 400

canfig: Y27
M 6.0 w 6.8

u= ploR rangel
-15¢.7 w0 |
1056.9 ngjd ¥
' A

e ot
1 W W Fﬁ

o d

8711

ey

-4

.

sqreae: FE
X
dimane ASTOR
aveg: 27 @
omfig: Y22

L HERE R R
v« plot ravdt

-1 u
L AR

588

£

i
—d

i

wwveight! URTFORN

weaper | N 100

Beal r*  Birl
0,00 1,004
L% 0,34
2,00 -0, 1044
3,00 o7
§,00 40,8042

3,00 0,003
o &0

.ﬂ..l

Deea Profile
L2

¥
®
£

Ll
=
:

i

Figufe 3;
(Y27)




B N N

g mes

Figure 4

(Y27)



sauror’ FRIE [
dact 4.4

dyrane: RiTEHP
attemag: 27 @
canfigs YZR4Q

W +4.00 0 400

uw plot ranga:
92,7
9m2.7 s
4

SRR

Beea Profile {3
at PR: A

dmane: H:TRP

canfigs Y2IR6A

g 6dddeg
HA: 640 A0
gall ¢ L&
frep ¢ HRAGH:
v 1 SHAnE |
udveights NRTURAL
vutaner + N 8.9
Basas r* iR

G.00 12000
o o7
4 B3
6 6,174
& o.187
& 0,687
¢ Q072

O LD o Gl 153
= S

.
.
.

T T T e T

-4 ¢

Bamn Frofile
CCHI R

dinase: @:1EHP
canfigh Y26
dac i dd.0deg
Wl -6.48 408

call !
freg
Ry |
fumgrid
uaselghts
uvtneEr |
Beay

wpew
SEESTEET
domddo

, Fiis

1.0
4. 8ns
L
UNEFIRM
8.0
Bir]
40

3738
1154

et

N

Figure 6

(Y27R60)

souroes FRE
dac: 40,8
damane: A:TER
aftemag: 27 9
canfigs YEAREA

- 23

Wm%ﬁ \\\

X \?& /f:- P
NT A
e -
\ s
NS
b

Bt Profilp
et PAT  PO.B

donane: f:TENP
canfig: YZ7R49
m .




sauroe: FRE
dec: 0.4

donase: A:7ENP
antenmag: 7 &
configs Y27Papo

B 4,00 10 4.0
U plot rangs:

~1175.3 to
11753 18

Weager I N ¢
Baazr* 3(n)
2.00 1000
L9 0339
2.0 0.1
300 009
00 0,00

1.0 o002
440 o008

-

.
e Lign
Bk

e

e e g

Figure 7

(Y27P0.9)




saurae’ FHE F_
dass 6849

dyrael AITEA
wtednzds 27 @
oanfdgs CIRZ7

1 ~6.00 10 6.0
Uy plot rangal

-926.8 W
324.8 15

Bea Profile
at PRy PN r_

dypas! RITEHP

canfig CIRET
dac 1 anddeg
L R N
call :  l.0@"
freg 1 HdGH
pmad . BidEe
waekgnt: HAMRAL
filFrh e A

Taar v Alr)
Ah LEde |
L0g b4 |

Bepa Profile |
at PRz 504

dhnane: R TENR
canfig CIRE7
dac ! Ghuddeg
W -4.00 A0
call @ [.90"
frep @ 10.0GE
LN S R
Mwgrid @ 7L
uiveight: INIFORH

N ?ii
T

]

eEE-,,

LD WF LSS B

v

ESESSSSS

TR

@
=

X

snuree’ FHE
dacs 4.9

dhnane: RITER
anteansy: &7 @
canfig: CIRZ7

W -3 w0 0B
uy glog rangd:

-M3.3 w
13,3 15

Bepa Profile
P e
dimaset B TEHP

canfig: CIRE?
dac @ 60.0ckg

e e

T
* E

Bean Profile
PR A

dimase: I TEN
cantig: CIRY7

1
&
2

o g s
EEF

Figure 8
(CirZ?)

Aiontih Ao ad A o

A=Ay B oy A~

ik
wvv;i

A
f




saurne: FRE
dac: 4.9

dimane: AITEMR
aftemmas: 27 @
cantig: CIRE7HOD

i -4.00 4.9
U=y plo® ranga

P63 Wi
%63 s

B Profile
st Pl 7Y

dhmane: @: TEHP

canfi: CIREZHID
dac @ 46.0deg
H: 440 4.6
call @ 1.
100 M6Hz

‘q'l

ST R N

Bega Frofile
at P P84

=
=3

Figure 9

saurge; i
dac: 400

dimane! RITENP
attemaq: 27 &
canfig: CIREPHDD

LHER R R
=y plot ranges

-M3.4 ta
M54 1s

epa Profile
X

dbnaza: H 0P
canfigs CIRZAMIN
dac @ GA0deg
HA: SO0 BSR
cell ¢ 1.0
frep @ W46
vomay, 5 1000 bre
ruweishis NATURAL,
uutaper |

Beaa

gz
e
2

o L0 L0 Ry iE
REESSEZE

Beea Profile
atPir e

LB =5 £i2 B e a:
EIZESIE

B LB

(Cir27Mod)




squroe TAYE
. squrges FRIVE
daci 6.8 ; dac: 6.9
denane! RiTERR ’ Lo
antenmag: 7 @ lf dhmane: Hm
cunfag: RECIRE - avemas: i 0
| cantig: REIST
¥ |
. , W 9.0t 0.9
U= Blﬁ’:_ﬁgﬁ o u= plot T}ga? -
s = . 114599 ns
a b i
3 e o = _
¢
Bapn Prodile T } Bepa Frofile — ) '—'—1’
X ; at fiz 904 ] e
dowane: A:TEHP ! dhrans? TR
canfigs RECIRE? i cunfig: R2CIRY
deg i 4.0deg 1 dac i 40.0deg
Wt ~4.48 4.0 b W 43 6 :
call 1 495" ! call :
freq 1 140.40H1 % freg !
wepax @ 118,10 : UnAE :
uvweight! NATURAL ¢ weigha: NITURRL
wiapsr | N 0.0 i witaper ¢ N 0.4
Bepn: P Hird ; P Baan;,
8,08 1,0000 ] L d.4
0,95 4,500 ; 1.0
L0 3028 0 i 2.9
285 40601 , p = 144
280 6.0718 ; 6 E 4w
4,75 9,0310 3 1.8
5,7 4,0285 f 4.0
- g o AJJ .\‘“n PR :
“GQ-S" 6.0 5 .'. :
c é. d
, r ; Besa Frofile
nf:;'g'fmﬁu i EIAGHER R
' i ! 1
dinase: RITENP {
canf gt W2CIREY
dac & 600ckg
Bl 4.0 400 i
call & L@@ i
freg 1 109.66H |
w500, 0ne ;
Nwgrid : 71 ﬁ
umeighs: LHLFORA ,6
vrtager : N 0.4 v i
Baan: r*  Birl
849 Lo
L4 6,313
2,68 . LAs0 (4
149 G045
460 0038 | »
.00 06126 N A i
4.0 0.0004 {
| I
-8 [ X .
e

Figureilo

(R2Cir27)



(NonRed27)

— saurce! FRHE
dae! e ba: 8.9
durae: RITEN dupan=: F:TENP
astemnas: 27 @ ““:'.m‘ En%ma
canfig! NONREIG? | oant 3
H: 600t 6] H: 4R w0 0%
" !lcz_ﬁg?a; o e piot f;g’a -
19917 1 i 54 w
a
Bepa Frofile | e Frofile
atFR. 904 at Ry veR
dimans: @ TENHP dhmenz: A TERP
canzgs MONREIRY canf gt NONRETE?
dac ¢ 48, 0deg dac  § 600k
Hi: 4.4 400 HA: -4.5¢ @58
call & 1.03;& i call : 1.-wmz
P ‘ freg © 100,96
ﬁa: 100, ins ! umad ¢ Weding
uweights NATLRAL, wieight: NATURAL,
uitzer 1 N A uitaper * N A
Bamad r* Bip) Bamat r™  B(p)
a8 L40w \(’ 96 L0000
L8 0.6003 7\ L0 04683
2.4 9110 (9] PRl
1.64 6.0306 "y, s .69 2074
490 0,078 6 , 4,62 -0.0406
a.g .0009 L. i.ea -a.sg
&40 0,614 _L | 8 a.0 .
e ¥ ? — ’AV&"M'\MW“ AL W A AL
'a‘l.@, k? lq-' | .a.hw T
|
c {
{ ¥
Beoa Profile
Pl 9 Beaa Profile T
t PR Vi
dnase: BT ¢
mfﬂiﬂgn;ﬁg dhmase: LTENP
¢4, canf igs NOMRETE?
HE: -6 4ba da:xs: 4 0deg
call @ 1.00¢ Hi: -65¢ a5
freg 1 g&m call 1 L.e::“
Uy , S X
Navgrid @ 71 m: 1o, bns
umeighs: (NIFORN Mavgrid = 7L
Untamer f N Ag i wweights UNTFAORH
Baan: ™ Bip) & i witzper 1 N 0.0
Q.99 10000 O' [ Baza: r*  Hin)
L 0,399 "/ | LA L0
2.4 -0, 18 6 4 :‘ 100 0.399
d.44 0,046 r 300 4.2
‘l-N "ﬂﬂl‘l‘l MJ[‘*II 3!“ a"w
3-“'@.9“.1 o ; A il T ! "l.“'&r’ﬂ'l‘g [ V. P . n 3 [ mada o A
4.4 a.9157 i 7 f_ @47 TR T Y e
e [ 440 Q.09 '
T 'S ' I —
¢ Hl E '&fuu’ Q'g H.I
e [ -
J
Figure 11



BEWR TPOTLLY
st bR %0.4

donang: & TEHP
cosfigs Y27
deg 1 &0,ddeg
HAY ~A.0¢ 4,00
cell ¢+ L&
freg 1 180.95m
vvgax 3 19¢9,0ng
uvyaighty NATHAAL
wizger § N 16,9
Bepa: r'  Bird
2,00 1,640
1,60 @,7452
2,80 90,3743
3,60 @,2643
4,00 8,053
5,08 9,162
4,60 8,673L

y

= o 2 I e . . s =

-63%.0% 0.0 y

Bens frodils
st PR 99,4

donang: R:TEMR
—

deg ¢ 4%,0deg

B «6.88 4,00
eefl 1 LG4

frep 18845y
uvgax ¢ 100¢,0ng
Nupgrid § 71

uuveight} URIFRH

urkzper |0 19,0

Bega: r"  Birl
2,00 1,0000
1,00 @,3244
E;% -9.1@@4
3,00 #8297
.00 -9,0042
5&69 '@n%éa
9,80 €,0818

-84

Ny 8. ¢

Figure 12

(Y27)




Niriugvd] ud rluge
Hryuaa
donzas: RITENP
configs 27
deg ¢ “Jdﬂs
Pﬁl “‘ﬁ-“ 6.%
s I B
frep ¢ 140.4GHz
uveax ©  1450,9ny
rinsi Hirl
4.4 {
5.4 41m
1148 453
1751 3439
TS e
2919 2499
3563 2540
Y08.7 1841
46r.L 133
s M
ses8 35

6.0

- _‘_,,'—-—'—'__—

(Y27)

105h.518

Hirtogdd va 'I‘h.ls\l1
Rrovmax: 4209
dimane: ASTEMP
confiq: T27RGPY
dee ¢ 4@,0dag
HH “‘éuﬂ 6460
o (TR & o
freq  140.66H
pvaax = 33LMng
rins| dirl
$.0 [
4.8 W
1y 4249
763 M0
2.0 MM |
¥3e BE |
3.6 2089
4L 202
el e
528.9 M
WBI.6 1§

LN

c

(Y27R0.9)

BEL.ns

Figure 13

W] v riugu]
Nryvmgn: 4484
dbnaag: &:TENP
xnfig: ii?m
6 i 60, 0deg
Wy «64e 6,00
3 VR W]
freg ¢ 10.46Hz
wgax ¢ ¥32,7ng
rinsl il
i
58.3 442
1.6 4484
1787 yoda
2.2 uR
1.5 AN
M.E 2045
108,014
Yé.4 818
5247 4%
830 2

Pans

(Y27R60)

Wrlugwd] vg riugy
Nrovaw: W12 ko
dopzze: MTENP
canfigs YZ7MPS
deg \ﬂcﬁdtg
W 4.4 608
Mo A
freq ¢ 140,06
vepax : 38L.ng

rinsi Alrl
(X} 19
58.8 328
urs @8
762 72

351 1
293.8 270
350.4 3419
L3 I
L7 O ]
52'-9 L3t
®rs M

0

(Y27R0.5)

A




HOrlup T vg rlusyd
Hruvape: 3913
dowang: RITEMP
cawfiy: HONREDA7
deg ¢ 40,0deq
it <64t 6,00
freg - e
wabax | LHES.dng
rinst Hirl
bo ']
sr5 L2
Hs.9 26876
g W1
298
413 24l
ME T
Yi.2 28T
w7 3
sl 1983
T4 X v

a
(NonRed27)

1005608

ACrtuyutl us riugd
Sy 718
el ATER
canfig: CIRE7MID
dec 1 40.9deg
B 4.0 4.0
ol 1 0.9
freg & 100,96
wemad - P24.4ns
Mowarid 3 &9
uwweights UNIFORN
vutager : N 4.6
ring) Nir
72

¢.4
il
e

L
il
4

miolpinbh unis

ERSERBOEy

2

SR

&9

c

(Cir27Mod)

4.4

Figure 14

HEHuw) vg rhuyu]
Nryumax: 3258
dhyane: H:TEHP
cowfigs GIRA7
dee ¢ 4f,0deg
[
Ay
m R 51104
rinst Hitrl
$.0 ]
58.2  12M
1% 8l2
16 1446
e 242
X6 1944
o2 1§

guss
= 0O O~
%

.4

RO
b o
(8ir27)

NOrlwyw) ] us rluyy
Nevvmax: 223
dymane: fTEHP
canfig: RACIRZ7
dac & Afhideg
Hi: -6.68 d4.04
12): TR

rinsh MM
.4
y7.2
LR
7.4
8.4
236.4
3.4
We.q
Wl:
M2
oL

BEEESqSENE.

=
=

ain
(R2Ci127)



40

£

o000

N— - :
AN °
f\\'

B .

100

T

oo A=
-_

S SUSE I SE.

4.0

« anut_
|
- 1 :
o Rod .
! :
1
I
IER
N
i} 1 1
oo
: i
t ‘ : 7;."‘7:‘,
| A S
e e T o\ N T
N ;b_ﬂmm N\
TR N ' A B SNEI Lo
[N L S O E : : ] | b [
o ‘ ‘755'\6",, MK'“ - Nqo“TA e —
e | EA\GI IR
0.00L lll”ﬂl A l " 'IIA-- a2 P 2 ‘ \(.;.Ll ;r ’ n ~

o.l

o1
Yem

Figure 15



Figure 16



