&t/\f 3 E;f~—

CSIRO DIVISION OF RADIOPHYSICS

Memoranda Series
AT/10.1/034
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INTRODUCTION

The compact part of the Australia Telescope will consist of 6 antennas

(of diameter 22 m), 5 movable on a 3 km linear railtrack (running east-west)
and the sixth one a further 3 km to the west, with Timited {~ 100 m) movement.
During an observation each antenna will be Tocated at one of a number of
stations on the railtrack. The positions of the antennas may be changed

from day to day to give different configurations. In any one configuration
we may obtain 10 baselines between O and 3 km from the 5 antennas on the

3 km track and a further 5 baselines between 3 and 6 km using the sixth

antenna.

We consider grating arrays, so the baselines obtained are integral multiples
of a fixed unit spacing. The location of a station is given as an integer -
the number of unit spacings it is from the eastern end of the 3 km track.
The location of an antenna is described by the integer corresponding to

the station at which it is Tocated and the baseline determined by two
antennas in a configuration is given by the difference between the
corresponding two integers.

In this report we present observing programs for arrays based on a 3 km
length of 211 spacings, i.e., a unit spacing of 14.2 m,

Our basic arrays (§1) require 32 stations. Frequency scaled observations
(§2) may be made with an additional 3 stations (total: 35 stations). With
the addition of another 2 stations (total: 37 stations) we may also make
redundant observations (§3).

1.0 THE BASIC ARRAYS (1.5 km, 3 km and 6 km)

We require a set of station locations and sequences of antenna configurations

which give arrays of baseline iengths 1.5 km, 3 km and 6 km. They should

satisfy the following conditions:

(i) the total number of stations is not too big;

(i1) we obtain a complete filling of the array - i.e., we obtain every
baseline {being an integral multiple of the unit spacing) up to the
maximum baseline length;



(iii1) as few days of observation as possible are required;
(iv) we obtain an even fill - i.e., the progressive day to day coverage
of baselines is an even coverage over the whole range of baselines.

We note that as the diameter of the antennas is larger than the unit
spacing we can not obtain the baseline 1 {unit spacing). Also, as the
sixth antenna has limited movement, (taking into account condition (i)}
only a limited number of baselines between 3 and 6 km can be obtained.
Thus the 6 km array can have only a partial fill between 3 and 6 km.

In the appendix we give a method for determining station locations on the
3 km track whichwill yield a complete filling of a 3 km array. We have
modified this construction so that we obtain a reasonable coverage in the
6 km array. This has resulted in the loss of some of the long baselines
in the 3 km array. Additional stations would be required to obtain these
baselines once more.

We have added stations in order to incorporate a 1.5 km array on the 3 km
track. These stations also improve the coverage of the 6 km array.

We use 32 stations, 30 on the 3 km track and 2 stations {with a separation
of 85 m) at the 6 km point. Their locations are given in Table 1.0.

On the 3 km track At the 6 km point
0 4 14 16 21 415 421

22 25 35 37 43

63 67 77 79 84

85 88 98 100 106

147 151 161 163 169

189 193 203 205 211

Table 1.0 Station Locations

1.1 THE 1.5 km ARRAY

The method used in choosing configurations for the 1.5 km array is described
in the appendix. We obtain 87 baselines between 2 and 106 in 11 days.

Fig 1.1 shows the Tocations (x) of the antennas on each day, the progressive
coverage of baselines (o) and the stations used (*) for the 1.5 km array.
Table 1.la gives the locations of the antennas and Table 1.1b the baselines
obtained on each day for the 1.5 km array.
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1.2 THE 3 KM ARRAY

In order to obtain a reasonable coverage between 3 and 6 km in the 6 km
array we have chosen a 3 km array which does not obtain some of the long
baselines. This array gives us 195 baselines between 2 and 211 in

22 days. Roughly speaking, every other baseline between 189 and 211

is missing. To obtain all the missing baselines would require extra
days of observation and extra stations {for example : stations at

1, 5, 9 and 209).

See Fig 1.2 and Tables 1.2a and 1.2bh.
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1.3 THE 6 KM ARRAY

The 6 km array is simply the 3 km array with an additional antenna at
the 6 km point (stations 415 and 421). See Fig 1.3 and Tables 1.3a and
1.3b. The gap between baselines 274 and 309 may be filled by the
addition of one or two stations between 106 and 147. Taking note of
the stations to be introduced in the next section, we may replace day

2 of Table 1.3a with

1 22 85 119 127 415

to obtain the coverage shown in Fig 1.3
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day
1 £3 &7
W 2 0 21
- 3 16 2
4 16 21
5 2 325
& a 37
7 4 43
8 14 21
4 4 21
10 14 285
11 i6 35
12 2 2%
13 22 37
14 0 43
15 o 21
14 0 25
17 0 35
18 14 37
19 4 35
20 14 43
21 16 43
22 & 37

TABLE 1.2a Aerial

day 1
358
22 354
16 18 344
14 12 8 342
4 10 2 b 334
day 7
411
201 372
143 1462 317

24 104 107 248
3% &85 49 t5R 219

day 13
339
167 384
129 152 323
76 114 91 270
15 &1 53 38 232

day 1%
417

185 384

1 31

R4 T4 a9 2e-

31 &% &S QD

[
i
J

derizl no.
3 4 5 &

77 79 85 421
84 147 189 415
106 161 189 415
98 169 193 415
B4 163 193 415
88 169 203 415
98 147 205 415
100 151 211 415
106 143 203 421
84 169 205 421
88 147 711 421
100 147 203 421
98 151 189 421
100 161 193 421
B8 161 205 421
98 163 211 421
106 151 205 421
106 147 193 421
100 169 189 421
88 1463 189 421
84 151 203 421
84 161 211 424

locations

day 2
415
18% 394
147 168 331
84 12¢& 105 48
21 63 63 42 224

day &
401
197 3294
137 190 31t
886 130 111 244
7 7% 81 40 z04

day 14
421
193 378
141 150 324
10D 118 92 240
43 57 &1 32 228

day 20
507
175 Z78
149 144& 333
T4 120 i0q 2R8
% &5 75 p& 23D

Py

TARLE

for & km array. - -

day 3
399
173 390
145 164 3209
90 136 B3 254
9 81 &5 28 226

day 9
417
199 400
159 182 3%
102 142 97 258
17 85 S7 40 z18

day 15
421
205 400
161 1B4 333
82 14D 117 260
21 &7 T3 44 21¢

day 21
405
187 378
135 140 337
£8 108 129 770
27 41 67 S5 2B

1.7b Paceline=s obtained

day 4 ——
399
177 3A94-
153 172 317
82 148 95 244

S 77 71 24 222

day 10
407
191 39&
155 180 337
70 144 121 2852
11 59 &5 36 214

day 16 .
421
241 396
163 186 323
98 138 113 258
25 73 65 48 210

day 22
417
207 384
187 74 337
82 12« 427 &0
33 47 77 wo =2

1
1

on each

day 5
393
171 380
141 158 331
62 128 1D%9 252
13 49 79 30 22

day 11
405
175 384
131 176 333
72 112 123 274
1% 53 59 &4 2410

day 17
£21
- 205 386
151 170 315
106 116 99 270
35 71 45 G4 214

a
day of & Ky array,

23

day &
415
203 378
169 18646 327
88 132 115 24¢
37 51 81 34 242

day 12
e
181 394
125 178 321
78 1-ZF 103 274
3 75 47 546 218

day 18
407
- 179 384
133 156 315
72 110 87 274
23 469 41 46 228
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2.0 FREQUENCY SCALING

We consider two pairs of frequency scaled arrays, both with a scaling
factor of 2 :

1.5/3 km arrays and 3/6 km arrays

In frequency scaled arrays the larger array obtains baselines which
are twice those obtained on the corresponding day of the smaller array.
The frequency scaled arrays that we present here are not exact in that
there are some exceptions to this rule.

For these frequency scaled arrays we require 3 more stations on the
3 km track : 1, 119, 127.

2.1 FREQUENCY SCALED ARRAYS 1.5/3 km

We use the 1.5 km array given in §I.1. Fig 2.1 and Tables 2.1a and 2.1b
present the required frequency scaled 3 km array. CEtach day of this 3 km
array obtains baselines double those obtained on the cerresponding day
of the 1.5 km array with the exception of days 10 and 11.
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Aerial no,
1 2 3 4 5
( .W; day
- - . 1 21 35 119 161 169 . .. _ _ . B Sy TSI s e oLl L L .- -
( rd 2% 3% 127 193 205
3 21 43 119 193 205 . . —_— e - . .
4 1 25 79 1461 189
; 5 -- 28 .35 63 163 169 . _ R e m e e e e L - -
6 35 43 79 147 151
s - - ¥ 83 . 79.1449.127 454 . __ T T T T s e e e S e el
8 F7 67 127 147 1481 G
kK 1 &7 119 127 189 . - . .- ————e . - _
10 35 37 151 149 189 )
11 1 43.147 193 2D5 - .
TABLE 2.1a Aerial locations for _3- km-arcay--for 1.5/3 km frequency coaling - C e o - —
day 1 day 2 .nm< <u day 4 day ©§ day " &
- - . — e e e [ —_——— - - / - _ -
148 180 184 188 144 1146
140 134 —— —1&68 170 .. . __ _ _472 145 e— - 460 b4 438 434 -=— 142 _4D8 - -
%8 126 50 102 158 78 78 150 84 78 136 110 38 128 106 44 1D4 72
14 84 42 8 - 10 92 &4 12_ 22 76 T4 12 24 54 B2 28 10 28 100 B - T & 3& 48 &
g l-am% 7 day & . . %a..w.w. ? o n._m< »o. N ,me 11
k - es T g T tes T T e e
64 72 110 94 126 122 134 152 192 162
56 48 32 90 80 34 118 &0 70 116 132 38 146 150 S8
16 40 a =24 30 &0 D 14 .. &6 52 .8 42 2 114 18 20 42 104 46 12
- - - TABLE 2.1b Baselines obtained on each day of '3 km array far 1.5/3 hm ﬁhm.n:m:nz scaling.
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2.2 FREQUENCY SCALED ARRAYS 3/6 km

As we cannot achieve a complete filling between 3 and 6 km in the 6 km
array, for 3/6 km frequency scaling we use a 3 km array which does not
have a complete filling between 1.5 and 3 km. This array is presented
in Fig 2.2 and Tables 2.2a and 2.2b. Using 5 antennas on the 3 km track
we obtain 109 baselines in 14 days. The frequency scaled 6 km array is
presented in Fig 2.2' and Tables 2.2'a and 2.2'b. As this array uses

6 antennas we require only 11 days of observation. On each of the

first 9 days we obtain baselines double those of the 3 km array which
1ie between 0 and 1.5 km.
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der1al no.
4 = 3 i 5 &
dzv
.1 . i 3% 117 161 1469 .421 . -
z 2% F5 127 193 205 421
ﬂﬂl 32 21 43 119 193 205 42721 - - o - o _
- & 1: 25 79 141 189 415 . .
5 25 35 63 163 167 415 - . - -
-] 35 &3 7% 147 151 415
. I S 3. 79.1149..127.454 422 . ... . e = — . e - - - P
& 37 &7 127 147 161 421
9 1 &7 119 127 189 415 . __ - - - - - - F— -
10 35 37 151 149 18% 424
11 1.. 43 147 173 205 421 - - e e - - -
4 -
. TABLE 2.2z Aerial.locations . for & km.array.for-3/6_frequency-SCalinges e 0 L or i e p e — - — e e -
day 1 day 2 day 3 day 4 day 5 day &
400, 298 400 414 390 380
... 148 384 . . . _ 480_3886 .. __. . 184 378 .. . .. 188 390 .. . - A44 3680 __114.372_ ..
140 134 302 168 170 294 172 1462 302 160 164 236 ™~ 138 134 352 112 108 33é&

98 126 50 260 102 158 78 2Zz8 78 150 84228 . _ 78.136 110 254 38 128 106 252 44 104 T2 2648
14 8& 42 8 252 10 92 &6 12 216 27 76 T4 12 246 24 54 B2 Z8 226 10 za 100 & 246 8 3& 6B 4 Zb4
am - day 7 -..- e day - 8 —v o — day- & - ——— —day—4f— - ——~ - - gday t4-- - -

358 _ . 384 - —— - W14 = 38b. .. .. ... 420 - -
£8 342 124 354 188 348 154 384 204 378
&4 72 302 110 94 294 . 126 122 296 — 13+ 152 270 192 1462 274

& &B 3% 254 90 BD 34 Z74 118 &0 70 288 114 432 38 Zt2 146 150 S8 Zz=

16 40 8 24 270 30 -60. 20 .44 260 &6 52 . B 82.226 .2 144 A8 20 132 42 104 46 12 216 -
TApBLE m.mﬁ Paselines obtained on each day af & km array fcr 376 frzuency scaling.
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2.3 FOUR FREQUENCY SCALED SINGLE DAY OBSERVATIONS

Fig 2.3 and Tables 2.3a and 2.3b present four single day observations.
In observation 1 we obtain baselines 2, 4, 6, 8, 10, 12, 14, 16, 18
and 22. Observation 2 obtains baselines double these, observation 3
four times these, and observation 4 eight times these.
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. observation
1

2
3
4

TABLE28a

&3
35
&3
35

Aerial locations for single

obhservation

2z
16 18

14 12
4 10 2

8

1

Aerial no.
2 3 4 5

&7 77 79 85
43 &3 67 79
79 119 127 151
&7 147 1463 211

44

32 34

28 24
& 20

TABLE28b

observation 2

observatian 3

1]
b4 72

56 48 32
16 40 8 24

Baselines obtained

day frequency scaled observations,

observation &4

176 -
128 144
112 R6 b4 -
32 80 16 48

in frequency scaled observations,

o
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3.0 REDUNDANT OBSERVATIONS

With the addition of two stations (91, 181) to the 35 stations used
for the basic arrays and the frequency scaled arrays, we may make the
following fully redundant cbservations (Tables 3.0a, 3.0b, 3.0'a, 3.0'b).

Aerial No.
1 2 3 4 5 &6

day
1 1 85 127 169 211 421

2 1 91 151 181 211 421

TABLE 3.0a Aerial locations for fully redundant observations with
6 antennas.
day 1 day 2
420 420
210 336 210 330
168 126 294 180 120 270

126 84 84 252
84 42 42 42 210

150 90 60 240
90 60 30 30 210

TABLE 3.0b Baselines obtained in each redundant observation.

Aerial No.
1 2 3 -4 5

day
1 67 79 85 88 91
2 43 67 79 856 91

TABLE 3.0'a Aerial locations for fully redundant observations with

5 antennas.
day 1 day 2
24 48
21 12 42 24
18 9 &6 36 18 12
12 6 3 3 28 12 6 6

TABLE 3.0'b Baselines obtained in each

redundant observation.

. 24
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3.1 DAY-TO-DAY REDUNDANCY

Fig 3.1 and Tables 3.1ia and 3.1b present an observing program with
day-to-day redundancy which allows us to solve for phase errors.

Days 1, 2 and 3 come from the fully redundant observations given in

§3.0 and have enough common baselines (using all 6 antennas) to be able
to solve for phase errors from day-to-day. The remaining 7 days (taken
in sequence) have 4 redundant baselines between the 5 antennas on the

3 km track so that phase errors between these may be determined. We
also have enough redundancy to determine the phase of the sixth antenna.
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dsrial o,
1 z 3 4 2 &
n_a..«\
1 &7 79 &L 88 91 421 .- . _— . -
Lz 1 85 127 169 11 421
3 1 91 151 481 211 421 . . - e - — -
& 1 79 151 1§82 205 421
5 = 37 7% 100 193 211 415 - - -
7 & ié 43 1046 181 211 424
-7 2T .43 BE 183 D5 415 e e 4 i e e eme e m o - -
8 4 43 100 169 205 424
g & £3 91 451 193 415 IR - P _— e R -
10 4 37 EE 100 18% 424
TABEIF 7.%a Aerial locstions for day—to-dey redundant obeservatione.
day 1 day =2 ‘ - day 3 - day 4 day 5
3E4 . - 420 L - - 42 e o - L AZO0 . o 278
Z4 34z 210 336 210 330 z04 342 174 234
- -ooww2d. 22 336 ... - 148 126,294 _. - __ 480 120 270 ... _18%2 124 270 ..  .__15& 13z 315 __
1 2 & 333 124 B4 B4 82 15C %0 &0 249 150 114 54 228™ 63 114 111 222
1& & 3 3 320 &4 A 42 &2 210 FO 50D 30D 30 10 T& 7z A2 1 Z1& 42 21 93 18 ZD4
dey 7 day & day 9 day 10
393 417 411 417
183 372 201 5748 . - 189 372. v - ATY 384 - :
141 342 327 165 1627 324 147 150 34 26 144 33&
&6 1320 117 252 %4 126 105 52 87 10& 102.2&4 - .81 _ &3 .m& 321 .
1 45 75 42 A0 3§ B7 &9 F& 216 3T L8 4D & T2 33 48 15 B: 40
TARIF Z.1b Poselines obteines on gzch o3y of daey~La-day redundant ohscorvations,

day &

405
195 278

. — 185 1o8 315 .

40
30 2IC

<0 138 105

43 7%

<7
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4.0 PSEUDO-Z00M ARRAYS

Fig 4.0 and Tables 4.0a and 4.0b present an observing program which
obtains a predominance of shorter baselines. This is an attempt to
imitate the baseline distribution obtained by a zoom array.
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Aerial no.
1 ya 3 4 5
day
1 63 &7 77 7% 85 _ . e e - . -
2 14 35 98 1&1 203
z 43 &3 88 141 205 o )
&4 22 37 T7 A8 147
5 35 &7 84 149 205 . . . _ - . .
& 22 25 79 84 203 B
7 16 35 BB _147 211 . _ L L e e } o . o
a 16 &3 98 169 193
g 22 35 &3 1463 1793 i
i0 14 21 79 88 1469
TABLE{%Asrial locations for nVrP.%kb -Mh@(.) Q\Z.?u\ o ) r .
day 1 day 2 day 3 - . day & day 5 day &
22 Y1 ... 182 . . . 125 B 170 181
16 18 147 168 118 142 bﬁ 140 134 138 . 62 178
14 12 8 84 126 105 . 4% 98 1417 _ .85 51 70 . 4%9.102 121 .87 59 _124
4 18 2 & 29 63 463 42 20 25 73 44 15 40 11 59 32 17 B85 3% 3 KB4 5 119
day 7 day & ) day 9 I - day 10 day
195, o __ . _ 77T L. I O & S - 1585 | e . - -
131 17% 183 130 141 1458 74 148 -
72 112 123 a2 106 95 41 128 130 : 65 &7 90
19 5§53 L% &4 47 35 71 24 13 28 100 30 7 658 T 81

TABLE {0k Racselines obtained on each day of WPE:.L?%} DL(.!M ’
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APPENDIX

In this appendix we describe the method used to construct the observing
programs that we have presented.

Definition: A system A = A,, ..., Am of sets of non-negative integers,

m
Ai = {ail, seen 34T, with IiQ1A1| = s is called an (s,m,n)-difference basis system

for t if every integer x, with 1 £ x £ t, may be represented as a difference

A

X = aij - A
Theorem: Let A be an (s;,m;,n} - difference basis system for t; and let B
be an (sz,mz,n) - difference basis system for t,. Suppose n is a prime
power and let G be a sharply 2-transitive permutation group acting on

{1, ..., ni. Llet C be the system consisting of the following sets:

Cijg = {(2t,H) a,, + bjg(k)lk =1, ...,n}; I ism,l £ jsm, ge G;

ik

; ={2(t#1) a, tbhy | k=1, ...,n} ; l<ism ;

Bi ={2(t2+1) an +byy | k=1, ....n} ; lsism,.
Then C is an (s;sz,miman(n-1)+my+m;,n)-difference basis system for 2t;t,+ti+t,.

Remark: The system C is a difference basis system for 2tit,+t,+t,-(ds-t,),
where d is the largest of the differences bij'bik’ under the weaker

hypothesis that the differences bij_bik form a complete set of representatives
of the residue classes mod 2t,+1.

An {s,m,n}-difference basis for t determines an observing program for an
array of n antennas, m days, s stations and maximum baseline t.

Taking A = {0,1,4,7,9} (a (5,1,5)-difference basis system for 9) and

B = {0,4,14,16,22} (whose differences give a complete set of representatives
of the residue classes mod 21) we obtain a (25,22,5)-difference basis

system for 187. We also obtain 189,190,191,193,195,197,199,201,203,205,207
and 211 as differences. This difference basis system is used as the 3 km
array given in Table 1.2a. (We have changed one of these sets (day 15) to
eliminate the difference 1).

. 31
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Note: one could also choose B = {0,2,7,8,11} to obtain a difference basis
system for 198. However the stations corresponding to this do not give
as good a coverage in the 6 km array.

The observing program for the 1.5 km array (Table 1.l1a) is obtained by
using sets of the form
{27ak + bg(k

where {az, ..., as} ¢ 10,1,3,4}

) |k=1, -..,5}

{by, ..., bs} = {0,4,14,16,22}

and g « G (a sharply 2-transitive permutation group of order 20).

As {0,1,3.4} is a difference basis system for 4 such sets form a
difference basis system for 82. They also supply 84,85,86,88,90,92,94,96,
98,100,102 and 106 as differences.

Eight of these sets were chosen, using the criterion that their redundancy
was small. Three more sets were then added, in an ad hoc manner, to obtain
as many as possible of the missing differences, while not introducing any
new stations.

The observing program for the 6 km array is simply the observing program
for the 3 km array with the sixth antenna introduced at the 6 km point.

The 3 km array (Table 2.1a) for 1.5/3 km frequency scaling is obtained
by using the set
+1) + - =1, «uus
{27(2ak 1) (Zbg(k) 28) | k=1, 51

corresponding to the set
' + =1, ...,
{21 3y bg(k) | k=1, 5}

of the 1.5 km array {with an adjustment to days 10 and 11). The factor 2
is introduced to give differences which are double those of the 1.5 km array
and the translates 1 and -18 are introduced so that

2 {0,1,3,4} +1 and 2 {0.4,14,16,22} -28

have as many elements as possible in common with A = {0,1,4,7.9} and
B = {0,4,14,16,22} thus keeping to a minimum the number of new stations
required.
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Eleven of the days of the observing program (Table 2.2a) for the 3 km
array for 3/6 km frequency scaling are obtained by using 4 of the 5
antenna Tocations of the 1.5 km array (Table 1.1a) with the fifth
antenna being placed at onhe of two stations at the 3 km point (205,211},
The location left out is chosen to minimize the number of redundancies.
The other 3 days of Table 2.2a are chosen to provide as many as possible
of the missing baselines, while not using any new stations.

The observing program for the 6 km array used in 3/6 km freguency scaling
s the program used for the 3 km array for 1.5/3 km frequency scaling
with the addition of the sixth antenna at the 6 km point.

The observing program given in Table 3.1 for day-to-day redundant
observation was found by computer search for configurations in which
four (independant) baselines between the 5 antennas on the 3 km track
had been observed on previous days (starting with the baselines obtained
by fully redundant observations given in §3.0).

The observing program for the pseudo-zoom array (Table 4.0a) is obtained
by computer search through sets of the form

127a4b () | k=1, ... ,53

with {ay, ...,as} c {0,1,3,4,7,9}

and {bi, ...,bs} = {0,4,14,16,22}

and g e G.

The sets {a;, ...,as} are suitably chosen so that, among the differences

ai-aj, the smaller differences occur more often.



