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Turn back now a l l ye who despise u-v tracks! 

INTRODUCTION 

Many possible arrays have been- explored dur-ing the ULBA 
conf igurat ion studies. Some of these haue proven useful and appear in 
the proposal ; in the design studies that preceeded the proposal ; o r in-
other documents related to the Array. Others haue not prouerr useful and 
haue not appeared where persons not working act ive ly on conf igurat ion 
studies can f ind them. Questions often arise about the usefulness of 
pa r t i cu la r s ta t ions . The object cf th is document is to describe some of 
the considerations that go into the select ion of a. conf igurat ion and to 
answer some of the questions on the e f fects of p a r t i c u l a r s i t e s . 

This document is only concerned with u-u tracks f o r possible-
conf igurat ions . There is no attempt to use more, sophist icated and 
computationally intensive array comparison methods. For deta i l s and 
appl icat ions of those methods; refer to the design studies (Cohen 1980; 
Ke Herman 1981); and to ULBA documents by L i n f i e l d on the. e f fects of the-
use of closure parameters in the- mapping and by Mute 1 and Gaume on a u-u-
plane based qua l i ty measure. U-u tracks are the computa tiona Lly easiest-
way to compare arrays and giue the- most insight, into, the e-ffects of 
par t icu la r stat ions and t h e r e f o r e r are the most usefuL way. of comparing a-
large number of conf igurat ions. . 

The u-u tracks shown in this- document, are- a. 1L plotted in- a 
consistent manner in order to f a c i l i t a t e comparisons- The- t racks f o r 
each array conf igurat ion are competed at 8 dec l inat ions ; eaclr of which-
represents the center of a strips o.r sky containing: 10* percent of the 
to ta l area of the sky. Therefore- there- should be' approximately equal 
numbers of ext raga lact ic sources to observe- a t each- of" the' decl inat ions 
p lo t ted . Galactic, sources: are concen t ranted in- the; g;a l &ct-i ci plane- and 
tend to have low decl inat ions where: the- p e r f o rma nces a f mask arrays i s 
r e l a t i v e l y poor . There are. only, three d i f fe rent - scales; an- which- most of 
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the tracks are p lotted and Array D2; which is the array of the NRAO 
design study (Kellermann 1981); and is the array used f o r demonstration 
purposes in the ULBA proposal ; is shown at each of the scales. The 
largest scale is appropr iate for showing g lobal arrays with baselines up 
to 11;000 km (the scale actua l ly goes to 16;000 km). The next scale is 
appropr iate for arrays confined to U. S. t e r r i t o r y and shows a maximum 
basel ine of 10;000 km. A smaller sca le ; with a maximum baseline of 2000 
km; is used to show the short basel ine coverage of some ar rays . Tn 
add i t ion to these three scales ; the coverage of the ULA and the ULA plus 
nearby s tat ions are shown on smaller scales. A l l u -v tracks are p lotted 
to scales given in km in order to be independent of frequency. 

This report begins with a descr ip t ion of the process by which Array 
D2 was chosen. Many of the factors that should be considered in 
de r i v ing any conf igurat ion are described. The constra ints under which 
the Array conf igurat ion should be chosen are summarized in Table 1. The 
rest of the report is devoted to showing the u-v tracks f o r many 
possible a r rays . The t e x t re lated to the u-v tracks is e n t i r e l y 
contained in the f i gu re capt ions. The f i gu res are d iv ided into £ groups 
and are l i s ted in Table 2. The names; abbrev ia t ions ; l a t i t u d e s ; and 
longitudes of the stat ions used in the arrays displayed are given in 
Table 3. 

ARRAY D2 

Array D2 is the con f igurat ion used for demonstration purposes in 
the ULBA proposal and in the NRAO ULBA design study (Kellermann 1981). 
I t contains antennas at the locations l i s ted in the caption of Figure. 
I - 1 . Many of the considerat ions that go into the se lect ion of a 
conf igurat ion can be described n icely by discussing the process by which 
Array D2 was found.. 

One of the most important constra ints on the c o n f i g u r a t i o n i s t h i t 
i t provide the highest- reso lu t ion poss ib le . For east-west base l ines ; 
t h i s can be most e f f e c t i v e l y met with stat ions near the equator ; but a 
const ra int that a l l antennas should be on U. S. t e r r i t o r y has been 
placed on the i n i t i a l design s tud ies . The e f fects of re lax ing this-
constra int w i l l be shown in the f i gu res where the value of fo re ign 
s tat ions is shown. Under the U. S. t e r r i t o r y c o n s t r a i n t ; the longest, 
basel ines are from e i t h e r New-England or- Puerto R îco to e i ther - Alaska, ar-
Hawaii. Puerto- Rico to Hawaii. is the longest and Hawaii to Neŵ  Eng land, 
is a reasonable second.. At the time D2 was chosen; there was some: fear-
that there may be= complications- operat ing in Puerto Rico (although- & 
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major U. S7 observatory ; Arecibo; is there ) and that the high frequency 
observing, condit ions might be poor the re ; so the Hawa.ii to New England 
basel ine was selected.. The e f fects of choosing Puerto Rico w i l l be 
shown l a t e r and Puerto Rico is prominent in the a l t e r n a t i v e arrays shown 
in the f i g u r e s . 

In order to minimize operat ing problems and expenses; i t is 
des i rab le to- place as many antennas at ex is t ing observa.tor ies as 
p o s s i b l e - For- th i s reason; Haystack Observatory in Massachusetts was 
selected a.s the. New England site. ; causing a small but acceptable loss in 
reso lut iar r ever- using: a. s i te in Maine. S i m i l a r i t y ; the Owens Ualley 
Radio Obse.rva.tory i n C a l i f o r n i a and the National Radio Astronomy 
Observatory in- Green- Bank; Uest U i r g i n i a were: selected as s i t e s . 
Several other- exist ing, s i t e s ; such as North L iber ty Radio Observatory in 
Iowa; the: Harvard Radio Astronomy Stat ion in For t Davis ; Texas; and the 
Hat Creek Radio Observatory in C a l i f o r n i a were also ccnsidered but did 
not work w e l l with Array D2. as i t was being formulated.. Doubtless o ther 
arrays with- performance- s i m i l a r to Array D2 could be found in which some-
other combination of ex i s t i ng s i tes is used. 

There i s s i g n i f i c a n t debate as to whether exist ing, s i tes should be 
used. The ex is t ing s i te could provide technica l support and manpower 
which he lps reduce expenses and. reduce the time needed Tor repa i rs 
r e q u i r i n g s k i l l e d personel . On the other hand; i f an antenna is bu i l t , 
at the site, o f an ex is t ing antenna; that ex is t ing antenna is no longer 
usefu l as a. part- timer add i t ion to the array f o r experiments requ i r i ng 
the highest, poss ib le dynamic range and s e n s i t i v i t y . Also.; many of the 
ex i s t i ng s i tes do not. meet the a c c e s s i b i l i t y r equ ir ements t h a t w i l l be: 
placed on new. Array elements. For example.; there is a. s ix hour d r i ve 
involved in- get t ing to- OURO and Green Bank in not much better . . An 
att ract ive - a-lternative? is to place the. new antennas neatr~the ex is t ing 
observato r ies in o rde r - to obtain local support ; but f i r - enough away to. 
provide interest ing, s h o r t basel ines f o r low r e s o l u t i o n experiments at-
the lower- frequencies: where the ex is t ing antennas can operate-^ 

One. observatory, which- should have. Array antennas nearby is the ULA 
near Socorro;- New Mexico-. The: ULA is a very powerful i n te r fe r rometer 
with base-Lines up to- 35Tknr in length and with antennas^ very s i m i l a r to 
those proposed f o r ther ULBA. S c i e n t i f i c a l l y ; the- ideaLULBA 
conf igurat ion would cover a. 11 basel ines front 35" km to^ the nearly 8000 km 
Hawaii to: New- En g. 1 a nd̂  baseline: and the shor t base Lines; would be: near the-
ULA so tha.t ther combined, instruments would- smoothly, cov-er a i L possible^ 
spacings— Th-isi i s n e t p o s s i b l e without increasing, the; number of" 
antennas a:nd. thfc c a s t o r thor ULBA s i g n i f i c a n t l y - Howev-e-r; by placing-



the shortest spacings of the ULBA near the ULA; some of the inter me diate.-
spacings can be acquired. For th i s reason; there is an element of .Array 
D2 at Socorro; somewhat less than 100 km from the ULA; and other 
elements of Array D2. are placed in New Mexico and ad jo in ing s tates . The. 
ULBA and the ULA; both of which w i l l be NRAO instruments; can be 
operated in several modes: as separate instruments; as a sens i t i ve ULBI 
instrument using the en t i re ULA in phased array mode as one ULBA 
element; as a somewhat higher reso lu t ion version of the ULA by using a 

CL 
nearby ULBA antenna asAULA element (meanwhile the ULBA may be using 
one of the 27 ULA antennas) ; or as a very powerful combined instrument 
studying a source over- many orders of magnitude in angular scale . 

Another important feature of the ULBA w i l l be the a b i l i t y to 
observe sources at low d e c l i n a t i o n s . East-west arrays with r e l a t i v e l y 
small numbers of elements can be devised which provide very good 
coverage over a wide range of basel ines f o r northern sources. This is 
the type of array proposed by the Canadian Long Baseline Array pro ject 
because of the very l imi ted north -south extent of accessible t e r r i t o r y 
in Canada. Arrays of t h i s type were also proposed in some ear ly U. S. 
array s tud ies . Prov id ing good coverage f o r low dec l inat ion sources is 
much more d i f f i c u l t . The antennas must be well d i s t r i b u t e d in two 
dimensions; g reat ly increasing the complexity of the con f i gu ra t i on 
se lect ion process. While optimal one-dimensional geometries; such as 
minimum redundancy geometries; are known; no optimal two-dimensional-
geometries have been presented. The ULA logar i thmic wye is a very good 
conf igurat ion i f the antennas must be moved. However the r a d i a l arms 
concentrate most of the basel ines along a. small number of rad iaL 
d i rect ions in short observat ions leading to non-optimum beams.. With art-
array of f ixed antennas such as the ULBA; such concentrat ions of 
basel ines should be avoided. 

In order to observe low dec l inat ion sources; s i tes we l l dispersed, in 
the north -south d i r e c t i o n are requ i red . The longest available^ 
north -south spacings ava i lab le on U. S. t e r r i t o r y are from Hawaii to 
Alaska and from Puerto Rico to New England.. The l a t t e r basel ine i s 
s i g n i f i c a n t l y s h o r t e r than the former but has the advantage tha t sources-
fa r ther to the south can be seen from New En gland than f rom-Alaska. For 
Array D2; Alaska was chosen f o r the northern s t a t i o n . Next; a baseline? 
with the greatest possib le north -south extent within the contiguous 4& 
states should be chosen so there- i s n o t a large, gap: between- the 
Hawaii-Alaska basel ine and the next shor te r north -south b a s e l i n e -
Southern Texas and F lo r i da are the: southern-most possible- sites- w-ith-
Texas prefered because: it- has. a. d r i e r climate and. because: i s i t closer-
to the ULA. A southern Texas s ta t ion should be- complemented, by â  



sta t ion along the Canadian border . Eastern Washington or Idaho would be 
p re fe r red for operat iona l and c l imat ic reasons but the basel ines to that 
area and to s i tes near the ULA from Hawaii or from the Northeast are 
nearly equal f o r high dec l inat ion sources and the un i fo rmi ty of coverage 
for such arrays is poor. A rough l ine of s i tes running from northeast 
of the ULA and ending in North Dakota provides much better coverage. 
Stat ions at Los Ala mo s ; New Mexico; Denver; Colorado; and Grand Fork ; 
North Dakota were selected to provide the desired coverage. Many other-
possib le s i tes in the Southwest were t r i e d in a search f o r good 
intermediate spacings t h a t interact well with the rest of the a r r a y ; but 
those chosen seem to be the best. Sites in the Northwest; rather tharr 
North Dakota; do seem to work well in arrays that include Puerto Rico. 

Array D2 provides good coverage of the u-v plane and would be 
acceptable as a f i n a l array conf igur a t ion ; assuming the (J. S. t e r r i t o r y 
const ra int is kept. Other U. S. only arrays can be found that are as 
good or maybe even s l i g h t l y b e t t e r ; but there is l i t t l e chance that a 
very much better array can be found. However; Array D2 has some 
operat iona l d i f f i c u l t i e s that would be nice to avoid and f u r t h e r e f f o r t s 
to f i n d a b e t t e r con f igurat ion w i l l continue. The most obvious problems 
are that the North Dakota s tat ion must be operated in a ra the r extreme 
winter environment (worse that the Alaska s t a t i o n ) and that the south 
Texas s ta t ion and some of the others are not in optimal h igh -d ry s i tes 
for observat ions at the highest f requencies . Also the coverage provided 
by a s ta t ion in Puerto Rico on low dec l inat ion sources and the 
enhancement of the coverage that Puerto Rico provides when poss ib le new 
antennas to the south are used is s u f f i c i e n t l y good that such a s t a t i o n 
should probably be included in the f i n a l c o n f i g u r a t i o n -



TABLE 1 

ARRAY CONSTRAINTS SUMMARY 

I . A l l conf igurat ions to be studied in the e f f o r t to f ind a f i n a l 
conf igurat ion fo r the ULBA w i l l sa t i s f y the fo l lowing const ra ints : 

A. Ten s ta t ions . 
B. Most s i tes on U.S. t e r r i t o r y . 
C. Maximum spacing greater than 7500 km. 
D. Minimum spacing less than 200 knr.. 
E. Two dimensional for low decl inat ion caverage. 
F. Short spacings near the ULA. 
G. Sites should be as f a r south as possible f o r good low 

decl inat ion coverage. 
H. Inner t h i r d provides good coverage. 
I . Sites are near good t ranspor tat ion . 
J. As many h igh -dry s i tes as possible.-
K. Sites are near ex ist ing technical f a c i l i t i e s . 
L. Array interacts we 11 with other observator ies. 

1. Eu r o p e . 
2. Ja p a n . 
3. Ca n a d a . 
4. Possible southern stat ions to be added later-. 

I I . Arrays sa t i s f y i ng each of the fo l lowing constraints concerning 
ex ist ing observatories w i l l be studied. 
A. Sites at ex is t ing observatories where possible.. 
B. Sites near but separated from exist ing observatories Cones 

that w i l l su rv ive ) for short spacings. 

I I I . Arrays s a t i s f y i n g each of the fo l lowing geographic constaints 
w i l l be studied.-
A. A l l s i tes on U.S'. t e r r i t o r y . 
B. One s i te near- Mexico City.. 
C. Two or three sites^ in Canada. 
D. One s i te in Mexico and some s i t e s in Canada.. 

E. No geographic const ra int on a few s i tes . . 

IU. Sites w i l l be located in the fo l lowing areas in a l l conf igurat ions 
that w i l l be studied:-
A. Hawaii ( Spec i f i c location within Hawaii not important} . 
B. Within 100 km of ULA.. 
C. Within 200 km of f ixed site* B. 

CD.' Puerto Rico - f e a s i b i l i t y must be v e r i f i e d ) 



TABLE: 2 . 
Summary of F i g ures^ 

Figure fr Scale max. Descript ion 
(km) 

Section I* Array D2 and uaria .t ions. 

I - L 10;000 Array Da 
1 -2 16;000 Array Da — Large sca le -
1 -3 2; 000 Array DZ — Inner port ion 
1 -4 10;000 Array D2 Green Bank —> Jacksonvi l l 
1 -5 10;000 Array Da Grind Fork - - > Spokane UA. 
1 -6 10;000 Array Da Brownsvil le —> Laredo TX. 
1 -7 10;000 Array D2 Anchorage —> Arecibo PR. 
1 -8 10;000 Array Da OURO" —> Clark Lake; CA. 
1 -9 10;000 Array Da Green- Bank —> Michigan. 
1-10 10;000 Array Da HawaLL and Anchorage —> Bom 
I - l l 10;000 Array D2 u-v coverage with 102 bandwi 

Section IT.: Other arrays 

I I - 1 10;000 Array 13 from Caltech d es ign study (Cohen 1980) 
I I - 2 10;000 Array 13 +- Socorro NM a nd Ar ecibo PR. 
I I - 3 10;000 A reas onable 8 stat ion a rray . 
I I - 4 10;000 A 10 s tat ion a r ra y that has t wo Ha wa i i s i t e s . 
I I - 5 2; 000 Inner por t ion of IX-4.. 
I I - 6 10;000 A stro ngly cent ra l l y con dense d ar ray . 
I I -T 2; 000 Inner portion* af" IX-6V 
I I - 8 10;000 A 10 s tat ion array with Mex i c o and Northern Canada-
I I - 9 10;000 A 10 s tation- array of ne sted t r i a n g l e s . 
I I -10 10;000 A 10 s t a t i o n with- a; N-S: 1 ine plus other sites. -
I I -11- 10;000 A 10 s t a t i o n wyes conf igu rat io n. 

Section I IX : Arrays based orr ex ist ing sta.tions!-

I i r - 1 . 10;000 5 st-fct-iorr U- ST._ Network experiment. 
I I I - 2 I 10;000 T ex is t ing s ta t ions — typ ica l network plus Europe 

experiment-
Ill- 3 10 ; 000 15 ex is t ing s t a t i o n s — maximum; loui f req . e f f o r t . 
Iir-4- 10 ; 000 1 0 existing. US: s i t e s +-Hawaii and Puerto Rica.. 
III-5~ 10;000: The 7~ s t a t i o n s III>4~ that wou ld work at 1 . 3 cmv 



TABLE : 21 C C o n t . ) 

Figure 8 Scale max. Descript ion 
(km) 

Section IU: Arrays using South American and Pac i f ic s i tes . 

IU-1 16*000 Array + Galapagos-
IU -2 16*000 Array D2. + Easter Tsla-nd. 
IU-3 16*000 Array D2 + Galapagos; a.nd Easter- Tsland-
IU -4 16*000 Mutel. Array S d - i : 10 stat ions with Ga_ la pa g o s -
IU-5 16*000 IU-4 with Quito instead of Galapagos- CSQ-2.) 
IU-6 16*000 Mutel Array SEHL: 10 s tat ions with Easter- rsllrrd.. 
IU-7 16*000 Mutel. Array SEG-i : 10 stat ions with both- Ga lapagos^ 

and Easter Islarnd.. 
IU-8 16*000 Array D2: +- Argent ina -
IU-9 16*000 Array D2 + Argentina a.nd Qui to . 
IU-10 16*000 Array of F ig . I I - 4 +- Argent ina and Quito.-
IU-11 16*00? Array. D2: +• Ttapat irrg.a_*- Brazi 1. 

Section U: Array D? plus other- sites— 

U - l 10*000 Mexico- C i t y . 
U-2 10*000 Acapulco. 
U-3 10*000 Edmonton* Alberta.. 
U -4 10*000 Newfoundlands 
U-5 10*000 Yellowknife* Northwest- Terr i t o r i e s . 
V-G 10*000 Penticitorr* B r i t i sh Columbia:-
U-7" 1 0 * 0 0 0 Algorrqu in Radio Observatory* Ontar io -
U-8 10*000 Newfoundland* Algonquin* Yellowknife* arrd PenLic-Lorr-
U-9 16*000 Bologna-* ItaLy (Sinri La.r- ta any Europeairr sta.t-iarr) • 
U-10 16*000 Bonn* West Germany~ 
U - l l . 16*000 XodreLI Bank* Englarrd_ 
U-12: 16*000" South A f r i c a -
U - i a 16*000 Tokyo*- Xaparr-
U-14- 16*000 Tidb irrfci 1.1a * AustratLia:.-
U-15 10*000 The proposed Can ad ia:rr Long Baseline Array.-
U-16" 2*000 Center-portion- U-16^ 

Section UTS ULA p lus other- s:Ltes:.-

U I - 1 . 5 0 & e l e m e n t s a f ULA — e v e r y t h i r d e l e m e n t — 
U t - 2 : 20& ULA C S e : L t ) +- S o c a r r o r 
U I X 3 2.*000T ULA C5T e 4 L ) +- A r r a y . D2: 



TABLE: 3 
Statiorr Locations 

Abbr. Sta.t-i.on La t i t u d e Long itude 

AE3 ULA s ta t ion AE3 34. 0667 107.5861 
AES AES 34. 0389 107.5167 
AE9 AE9 34. 0000 107.4083 
AN3 AN3 34. 1056 107.6222 
AN6 ANS 34. 1583 107.624 
AN9 AN9 34. 2444 107.633 
AW3 AW3. 34. 0639 107.6444 
AW6 AW6 34. 0278 107.7083 
AW9 AW9 33. 9722 107.8083-
ACAPUL AcapruLco; Mexico 17. 5 100.0 
ANCH Anchrcrage; Alaska 61. 150. 
ARECIBO Arecifco Observatory ; Puerto Rico 18. 3435 66.7533 
ARGENT Observatory ; Western Argent ina -32 . 69. 
ARO * Algonquin Radio Observato r y ; Ont. 45. 95 78.07 
ATIK * At ikokan; Ontar io 48. 94 91.80 
BANGOR Bang;or-;~ Maine 44. 8 68 .8 
BGNA Bologna.; I t a l y 44. 5 - 1 1 . 3 
BISMARCK Bismark.; North Dakota 46. 8 100.8 
BLDR Bo u id e r ; Co 1o ra d o 40. 0036 105.2617 
BOIS Boise ; Idaho 43. 6 116.2 
BONN 100' m- te les cope ; Bonn; West Ge rma n y 50. 3360 -6 .88444 
BRUL2 Brouinsv-i 1 le ; Texas ( s l i g h t l y in land ) 26. 2 98 .0 
CAPECAN Cape Canaveral ; F lor ida. 28. 5 80. S 
CHURCH C h u r c l r i l l ; Manitoba 58. 9 94 .0 
CLARK Clark- Lake Observatory ; Ca 1 i f orn ia 33. 3 116.2: 
COME * Come By Chance; Newfound 1 and 47. 36" 54.76: 
DALLAS Da L ias ; Texas 32. e 96. e 
DSS14 GoLdstone DSN S t a t i o n ; CaLi f orn ia 35. 2444 116.8895-
DSS43 Tidfcinkril la DSN S t a t i o n ; Au s t ra1 ia -35 . 2210 211.0187' 
DWINGELOO Duungreloo Observatory ; Neth erlands 52. 6276 -6.3967* 
EASTER E a s t e r - I s land ; P a c i f i c Ocea n ( C h i l e ) - 27 . 110. 
EDMT Ed mcntcn; A1b e r t a 54. 5 114 .0 
FDUS F o r t Dav is ; Texas (HRAS) 30. 4678 103.947a 
GALAPA GaLap:agos I s l a n d s ; Equador- -1. 0 92 .0 
GRFALL Gre-a-t- Fa 11 s ; Montana 47. 5" 1L1...3: 
GRFK2 Granet Forks; North Dakota 48. 0 97.1: 
HAWAII Near- Mb n a Ke a; Ha wa i L 19. 8 155.5: 
HILO Hitos;* Hauia i i 19. 5 155.0: 

* Proposed Can£ckian Long Base l ine Array S t a t i o n s 



TABLE 3 (corrt) 

Abbr . Stat ion La t i t u d e Lo n g i t u d 

HSTK Haystack Observatory* Massachusetts 4 2 . 4317 7 1 . 4 8 8 1 
HCRK Hat Creek Observatory* Ca l i f o rn ia 4 0 . 6276 121 . 4 7 3 3 
IOWA North L iberty Observatory* Iouia 4 1 . 5805 9 1 . 5745" 
ITA Itapatinga Observatory* B r a z i l - 2 3 . a 4 6 . 5 5 
JODRELL Jodre 11 Bank* ETngland 5 3 . 0 5 i e 2 . 3066: 
JCKULET Jacksonvi l le* F lor ida 3 0 . 0 8 1 . 8 
KAUAI Kauai* Hawaii 2 2 . 0 159 . 6: 
LASL Los Alamos* New Mexico 3 5 . 9 108 . 4-
LETH X Lethbridge* Alberta 4 9 . 2 3 112 . 3S 
LRDO Laredo* Texas 2 7 . 5 9 9 . 5 
LUGS Las Uegas* Nevada 3 6 . 2. 115 . 2 
LUNM Las Uegas* New Mexico 3 5 . 6 105 . a 
MEXDF Mexico Ci ty* Mexico 19. 5 9 9 . a 
MICHNEW Dexter* Mich. (U of Mich Rad Ast Obs) 4 2 . 3979 8 3 . 9 3 5 a 
NEWF Newfoundland 4 8 . 5 7 . 
MHAT X Medicine Hat* Alberta 4 9 . 2 1 110. 0 6 
NPLAT North P lat te* Nebraska 4 1 . 3 101 . 
NRAO Green Bank* West U i rg in ia 3 8 . 2508 7 9 . 8 3 5 8 
NRL Maryland Point* Maryland 38. 3739 7 7 . 2333: 
OKLA Oklahoma C i t y ; Oklahoma. 3 5 . 2 9 7 . 5 
OMAHA Omaha* Nebraska 4 1 . 3 9 6 . 0 
OURO Owens Ualley Obs.* Ca l i f o rn ia 3 7 . 0 4 6 5 118. 2824-
ONSALA On s a la Ob s e r v a t o ry * Swe den 5 7 . 2 1 8 4 - 1 1 . 9 a 
PENT X Penticton Obs.* B r i t i s h Columbia 4 9 . 3 119 . 6 
PUEBLO Pueblo* Colorado 3 8 . 3 104 . 5 
QUITO Quito* ETquador - 0 . a 77. 0 
SAFR Hartebeesthoek* South Afr ica - 2 5 . 7 3 9 a - 2 7 . 4407" 
SALEM Sa 1 e m * Or e g o n 45. 0 123 . a 
SASK X Western Saskatchewan- 49. 20^ 109 . 05" 
SDGO San Diego* Califorrria. 33. 0 117. 0 
SOCORRO So c o rro * Ne w Me x i co 34. L 106. 3 
SPKN Spokane* Washington- 47. T 117 . 4-
TOKYO Tokyo* Ta p a n 3 6 . a - 1 4 0 . a 
TOPEKA Topeka* Kansas 3 9 . 0 95. 7 
TUSC Tuscon* Arizona 3 2 . 7 111 . a 
TUSCNEL Near- Tuscon* Arizona 3 2 . 5 110. 5: 
ULA ULA Site* New Mexioo 34. 079 107. 6ia 
ULASW Southwest, of ULA* New. Mexico: 33. 4- 108. 3-
WEYB X Weyburn* Saskatchewan- 48. 94- 9 1 . 8 
YELKNF X Yellowknife* Northwest- Ter r i to r ies : 6 2 . T 114. 5" 

* Proposed Ca.n-a.dian- Long BaLseiLinet Arra.y, Stat-iorrsi 



Scaltt Maximum i0>00d km. 

HAWAII ANCH OURO SOCORRO LASL BLDR GRFK2 NRAO HSTK BRUL2 

Figure 1-1s Array D2 at the scale appropriate for plots of US arrays. The scale maximum is 10,000 km. 



Scale Maximum 16*000 km. 

HAUAII ANCH OURO SOCORRO LASL BLDR GRFK2 NRAO HSTK BRUL2 

F i g u r e 1 - 2 : A r r a y D2 a t the s c a l e a p p r o p r i a t e f o r p l o t s of a r r a y s t h a t use t h e f u l l s i z e of t h e E a r t h . The 
s c a l e maximum i s 1 6 * 0 0 0 km. 



S c a l e Maximum 2 * 0 0 0 km. 

HAWAII ANCH OURO SOCORRO LASL BLDR GRFK2 NRAO HSTK BRUL2 

Figure 1-3: Array D2 showing the coverage out to a maximum of 2000 km 



Sciifi MiximUm i0j000 |<m4 

HAWAII ANCH OURO SOCORRO LASL BLDR GRFK2 JCKULE HSTK BRUL2 

F i g u r e 1 - 4 : A r r a y D2 w i t h t h e G reen B a n k * WU s t a t i o n mowed to J a c k s o n v i l l e F L . T h i s i s a good a l t e r n a t i v e 
t o Green Bank a l t h o u g h the t e c h n i c a l s u p p o r t a v a i l a b l e a t G r e e n Bank would be l o s t . However i t may be u s e f u l 
n o t to u s e t h e s i t e s of e x i s t i n g o b s e r v a t o r i e s so t h a t t h e y can be used as a d d i t i o n s to t h e a r r a y . 



Scilfl MixirriUm id)000 k m . 

HAWAII ANCH OURO SOCORRO LASL BLDR SPKN INI-RiAXD WST'K URIELS 

Figure 1-5: Array D2 with the Klorih DakoU s i a i i b n moUdd io SpokaneJ Washington* This moOe tuoUld be 
desirable for cl imatic and opera t ion i l reasons but i i produces holes in the coverage at the higher 
decl inat ions. A northwest stat ion can be Used in arrays that include PUerto Rico as Wi l l be seen .n l i t e r 



S c a l e Maximum 10*000 km. 

H A W A I I ANCH OURO SOCORRO L A S L B L D R G R F K 2 NRAO H S T K L R D O 
F i g u r e 1 - 6 : A r r a y D2 w i t h the B r o w n s v i l l e * T e x a s s t a t i o n moued i n l a n d and n o r t h to L a r e d o * T e x a s . T h i s 
c a u s e s a s m a l l r e d u c t i o n in the maximum n o r t h - s o u t h b a s e l i n e s a t the l o w e s t d e c l i n a t i o n s but may be 
w o r t h w h i l e f o r c l i m a t i c r e a s o n s . 



Scale Maximum 10*000 km. 

H A W A I I A R E C I B O OURO SOCORRO L A S L B L D R G R F K 2 NRAO H S T K B R U L 2 

F i g u r e I - ? : A r r a y D2 e x c e p t t h a t t h e A n c h o r a g e s t a t i o n i s r e p l a c e d w i t h A r e c i b o . The maximum n o r t h - s o u t h 
s p a c i n g i s s h o r t e r t h a n w i t h A n c h o r a g e b u t * a t t h e l o w e s t d e c l i n a t i o n s * t h e e f f e c t i s r e d u c e d b e c a u s e of 
p r o j e c t i o n e f f e c t s . The maximum e a s t - w e s t b a s e l i n e i s a b i t l o n g e r and A r e c i b o can see s t a t i o n s f a r to 
t h e s o u t h and has a m i l d e r c l i m a t e t h a n A l a s k a so s u c h an a r r a y has a d v a n t a g e s and s h o u l d be c o n s i d e r e d . 
As w i l l become a p p a r e n t l a t e r in t h e d i s c u s s i o n of S o u t h A m e r i c a n s t a t i o n s * an a r r a y t h a t i n c l u d e s a s i t e 
in P u e r t o R i c o i s much b e t t e r t h a n A r r a y D2 when used w i t h s t a t i o n s t o t h e s o u t h . The l a r g e h o l e s in t h e 
c o v e r a g e shown h e r e show t h a t i f a P u e r t o R i c o s i t e i s u s e d * s e v e r a l of t h e o t h e r s i t e s must a l s o be moved 
to o b t a i n good* u n i f o r m c o v e r a g e . 



S c a l e Maximum 1 0 * 0 0 0 km. 

HAWAII ANCH CLARK SOCORRO LASL BLDR GRFK2 NRAO HSTK BRUL2 

Figure 1-8: Array D2 with the OURO antenna moved io Clark L a k e in Southern C a l i f o r n i a . This move o p e n s Up 
some small holes at a l l decl inat ions. I t is l ike ly that if a Southern Ca l i fo rn ia s ite were desired) a good 
array could be found with one* but more than Just the OURO site must be changed. Ciark Lake has exist ing 
radio astronomy f a c i l i t i e s but is at a very low elevat ion. Other Southern Ca l i fo rn ia sites would probably 
offer a better environment and greater access ib i l i t y . 



S c a l e Maximum 10*000 km. 

H A W A I I ANCH OURO SOCORRO L A S L B L D R G R F K 2 MICHNEW H S T K B R U L 2 

F i g u r e 1 - 9 : A r r a y D2 w i t h the Green Bank a n t e n n a moved to the U n i v e r s i t y of M i c h i g a n Rad io Ast ronomy Obs . 

s i t e . T h i s move most s e r i o u s l y a f f e c t s the h i g h d e c l i n a t i o n c o v e r a g e . As does F i g u r e 1 - 8 * t h i s f i g u r e 

d e m o n s t r a t e s • t h a t i f one s t a t i o n of a good a r r a y i s moved* o t h e r s must a l s o be moved in o r d e r to m a i n t a i n 

nnorl r n u n r j n p . 



Scale Maximum 10*000 km. 

BONN A R E C I B O OURO S O C O R R O L A S L B L D R G R F K 2 NRAO H S T K B R U L 2 

Figure I - i 0 : A r r a y D2 w i t h t h e long b a s e l i n e s t o w a r d t h e e a s t r a t h e r t h a n t h e w e s t . H a w a i i and A n c h o r a g e 
have been r e p l a c e d by A r e c i b o and Bonn . Such a c o n f i g u r a t i o n has t h e a d v a n t a g e t h a t t h e r e a r e s e v e r a l a c t i v e 
U L B I o b s e r v a t o r i e s in Eu rope so t h e r e would be much l o c a l s u p p o r t . However t h e r e a r e s i g n i f i c a n t 
d i s s a d v a n t a g e s * m o s t l y b e c a u s e of t h e h i g h l a t i t u d e of E u r o p e * t h a t make t h e long b a s e l i n e s to H a w a i i much 
more a t t r a c t i v e . The b a s e l i n e s to E u r o p e a r e s i m i l a r i n l e n g t h to t h o s e to H a w a i i so t h e r e s o l u t i o n i s 
s i m i l a r a t h i g h d e c l i n a t i o n s * but t h e change in l o n g i t u d e i s much h i g h e r . T h e r e f o r e * not o n l y does E u r o p e 
n o t see n e a r l y a s f a r s o u t h as H a w a i i * but t h e t i m e of m u t u a l v i s i b i l i t y f o r low d e c l i n a t i o n s o u r c e s i s much 
l o w e r . T h i s l e a d s to t h e v e r y s h o r t u - v t r a c k s s e e n a t d e c l i n a t i o n s of 10 d e g r e e s and l o w e r . Thes& s h o r t 
t r a c k s a r e one of t h e b i g p r o b l e m s f a c e d in c u r r e n t U L B I w o r k . 



Scile Maximum i0>000 km. 

H A W A I I ANCH OURO S O C O R R O L A S L B L D R G R F K 2 NRAO H S T K B R U L 2 

F i g u r e I - i 1 : A r r a y D2 showing t h e u-U c o v e r a g e t h a t c o u l d be o b t a i n e d i f s e U e r a l f r e q u e n c i e s space.1 o v e r 
10 p r e c e n t of t h e o b s e r v i n g f r e q u e n c y uuere U s e d . The i n c r e a s e in U-0 c o v e r a g e i s v e r y i n t e r e s t i n g L;ut t h e r e 
w i l l be s e r i o u s c o m p l i c a t i o n s in d e a l i n g w i t h s o u r c e s whose s p e c t r a l i n d e x O a r i e s w i t h p o s i t i o n . A l s o the 
t e c h n i q u e c a n n o t be used on s p e c t r a l l i n e s o u r c e s . 



S c a l e Maximum 10*000 km. 

H A W A I I ANCH OURO S A L E M B O I S B L D R D S S 1 4 IOWA H S T K L R D O 

F i g u r e I I - i s A r r a y 13 f rom the C a l t e c h d e s i g n s t u d y (Cohen 1 9 8 0 ) . T h i s was the b e s t of the a r r a y s found in 
the e a r l y ULBA d e s i g n e f f o r t . I t was d e r i u e d under the c o n s t r a i n t t h a t the s h o r t b a s e l i n e s a r e in C a l i f o r n i a 
r a t h e r than nea r the ULA. I n p e r f o r m a n c e * i t i s s i m i l a r to A r r a y D2* but i t does not i n t e r a c t w e l l w i t h the 
ULA so i t w i l l not be s e r i o u s l y c o n s i d e r e d . 



S c a l e Maximum 1 0 * 0 0 0 km. 

SOCORRO ARECIBO HAWAII ANCH OURO SALEM BOIS BLDR DSS14 IOWA HSTK LRDO 

F i g u r e I I - 2 : A r r a y 13 p l u s A r e c i b o * P u e r t o R i c o and S o c o r r o * New M e x i c o . T h i s i s a r e a s o n a b l y good 12 
a r r a y based on A r r a y 13 but w i t h some of t h e l a c k of i n t e r a c t i o n w i t h t h e ULA c o r r e c t e d by a d d i n g a s t a t i o n 
in S o c o r r o and w i t h i m p r o v e ^ l o n g s p a c i n g c o v e r a g e o b t a i n e d w i t h t h e a d d i t i o n of A r e c i b o . C o m p a r i s o n w i t h 
A r r a y 13 shows d r a m a t i c a 1 l y A a d v a n t a g e of h a v i n g P u e r t o R i c o f o r low d e c l i n a t i o n s . 
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Scale Maximum 10*000 km. 

ARECIBO HAWAII GRFALL HSTK SOCORRO IOWA LUGS LUNM 

F i g u r e I I - 3 : A good 8 s t a t i o n a r r a y d e r i v e d unde r t h e c o n s t r a i n t s a p p l i e d to t h e o t h e r a r r a y s . Notu t h e 
s p a r s e and n o n - u n i f o r m c o v e r a g e . W i th t h e w ide r a n g e of s p a c i n g s d e s i r e d * some s t a t i o n s must be c l o s e 
t o g e t h e r so i t i s not p o s s i b l e to g e t good u n i f o r m c o v e r a g e w i t h t h i s f e w s i t e s . 
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Scaie Maximum 2*000 km. 

KAUAI HILO SPKN TUSCNE ULASW LRDO IOWA BANGOR ARECIBO PUEBLO 

Figure I I - 5 : The inner 2000 km of the array of Figure I I -M , With the large scale plots* it is ea^y to miss 
poor aspects of the coverage at short spacings. As can be seen here* this array has reasonably uniform 
coverage at the shorter spacings. 



Scald Maximum 10>000 km. 

HAWAII ARECIBO SFKN BANGOR BRUL2 ULASW IOWA TUSCNE FDUSNEW BLDR 

F i g u r e 11-6* A s t r o n g l y c e n t r a l l y c o n d e n s e d t e n - s t a t i o n a r r a y . T h i s i s a c o n f i g u r a t i o n t h a t s a c r a f i c e s some 
c o v e r a g e a t t h e l o n g e r s p a c i n g s in o r d e r to improve t h e s h o r t s p a c i n g p e r f o r m a n c e . T h i s may be d e s i r a b l e in 
o r d e r to map s o u r c e s o v e r a w ide r a n g e of s c a l e s i z e s . T h i s c o n f i g u r a t i o n shows what can be done but i t i s 
not h i g h l y o p t i m i z e d . 



Sealft Maximym 2*000 km. 

HAWAII ARECIBOj SPKN BANGOR BRUL2 ULASW IOWA TUSCNE FDUSNEW BLDR 

Figure I I - 7 : The inner 2000 km of the centra l ly condensed array of Figure I I - 6 
dense couerage in the inner regions. 

This shows the r e l a t i v e l y 
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Scale Maximum 10/000 km. 

H A W A I I B L D R SDGO S O C O R R O L A S L C H U R C H G R F K 2 A R E C I B O M E X D F C A P E C A N 

F i g u r e I I - 8 : A 10 s t a t i o n a r r a y t h a t i n c l u d e s s t a t i o n s in M e x i c o and C a n a d a . Note t h e improved p e r f o r m a n c e 
nea r u=0 f o r low d e c l i n a t i o n s o u r c e s . Use of Mex i co i s v e r y d e s i r a b l e b e c a u s e i t a l l o w s o b s e r v a t i o n s of 
s o u r c e s f u r t h e r to t h e s o u t h t h a n can be s e e n f r o m some US s i t e s and b e c a u s e i t p r o v i d e s a good h i g h - d r y 
s i t e to r e p l a c e t h e s o u t h e r n T e x a s s t a t i o n needed in a l l US c o n f i g u r a t i o n s . Canada a l s o h e l p s improve t h e 
n o r t h - s o u t h c o v e r a g e f o r m o d e r a t e l y low d e c l i n a t i o n s o u r c e s a l t h o u g h i t i s too f a r n o r t h to see t h e l o w e s t 
d e c l i n a t i o n s . W h i l e t h e l a t i t u d e of any r e a s o n a b l y a c c e s s a b l e s i t e in Canada i s no h i g h e r t h a n A l a s k a ; i t 
i s d i r e c t l y n o r t h of t h e main c o n c e n t r a t i o n of s i t e s in t h e s o u t h w e s t e r n US* g i v i n g b e t t e r i n t e r a c t i o n w i t h 
t h o s e s t a t i o n s . T h e r e i s a l s o s t r o n g i n t e r e s t in U L B I in Canada and a C a n a d i a n U L B I a r r a y may be b u i l t . 



Scale Maximum i0>000 km. 

H A W A I I Y E L K N F A R E C I B O H S T K S P K N M E X D F L A S L O K L A N P L A T S O C O R R O 
F i g u r e I I - 9 : T h i s i s a t en s t a t i o n a r r a y fo rmed of n e s t e d t r i a n g l e s . I t was one of s e v e r a l a t t e m p t s to 
e x p l o r e r e g u l a r g e o m e t r i e s . The o u t e r t r i a n g l e i s H a w a i i - Y e 1 l o w k n i f e - A r e c i b o . I n s i d e t h i s * but o f f c e n t e r * 
i s H a y s t a c k - S p o k a n e - M e x i c o C i t y * a t r i a n g l e t h a t i s i n v e r t e d r e l a t i v e to t h e l a r g e s t o n e . The i n n e r t r i a n g l e 
i s Los A l amos-Ok lahoma C i t y - N o r t h P i a t t . A t e n t h s t a t i o n a t S o c o r r o p r o v i d e s s h o r t b a s e l i n e s and a t i e to 
t h e ULA. The c o v e r a g e i s not bad but t h e u n i f o r m i t y would have to be improved to match t h e b e t t e r o p t i m i z e d 
a r r a y s * e s p e c i a l l y in t h e s h o r t s p a c i n g s . 



Scald Maximum i0*000 km. 

CHURCH GRFK2 OMAHA TOPEKA DALLAS BRUL2 ACAPUL HAWAII ANCH OURO SOCORRO 

F i g u r e 1 1 - 1 0 : T h i s a r r a y c o n s i s t s of a n o r t h - s o u t h l i n e of s i t e s f r o m C h u r c h i 1 J * to A c a p u l c o * Mex i co 
p l u s 4 s t a t i o n s s t r e t c h i n g e a s t - w e s t . The r e g u l a r i t y can be s e e n in t h e s y s t e m a t i c g r o u p s of t r a c k s . The 
c o v e r a g i i s poor - t h e r e a r e too many n o r t h - s o u t h b a s e l i n e s r e l a t i v e to e a s t - w e s t b a s e l i n e s and t h e r e a r e 
b i g g a p s . I n g e n e r a l * l i n e s of s t a t i o n s a r e poor b e c a u s e t h e y g i v e a c o n c e n t r a t i o n of b a s e l i n e s a l o n g t h e 
l i n e ' . T h i s i s seen in ULA s n a p - s h o t s ( s h o r t o b s e r v a t i o n s ) where t h e r e a r e 6 r a d i a l c o n c e n t r a t i o n s of 
u - v p o i n t s . The l i n e s of s t a t i o n s a r e needed a t t h e ULA b e c a u s e t h e a n t e n n a s must be moved to changa 
c o n f i g u r a t i o n s and t h e l i n e s m i n i m i z e t h e amount of t r a c k n e e d e d . F o r t h e ULBA* t h e r e i s no s u c h 
c o n s t r a i n t so a more d i s t r i b u t e d p a t t e r n of a n t e n n a l o c a t i o n s i s p r e f e r r e d . 



S c i i e Maximum id*000 km. 

S T A T 1 S T A T 2 S T A T 3 S T A T 4 S T A T 5 S T A T 6 S T A T 7 S T A T 8 S T A T 9 S T A T 1 0 

F i g u r e 11-11s T h i s a r r a y i s a 10 s t a t i o n power law wye w i t h the j u n c t i o n of the arms at S o c o r r o and the 
ends of the arms at Anchorage* Newfoundland* and A c a p u l c o . (The s t a t i o n l o c a t i o n s a re not l i s t e d in the 
s t a t i o n s l i s t . ) As in the l a s t f i g u r e * the e f f e c t s of the r e g u l a r i t i e s a re a p p a r e n t and t h e r e a re l a r g e 
gaps at the low d e c l i n a t i o n s . Note the c o n t r a s t between the cove rage of t h i s wye which has arms t h a t c u r v e 
w i t h the E a r t h * and the cove rage of the ULA ( F i g u r e U h l ) * wh ich has s i t e s t h a t a r e e f f e c t i v e l y on a p l a n e . 
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Sella Maximum 10*000 km. 

HCRK OURO FDUS NRAO HSTK 

^ i j U H I l l - i t Th* fcdvdraga of * U. S. OLBI Network axparimant that uses the 5 most active stations and does 
ftdt Us6 i Eurdpeirt stat ion. Uith 6niy 10 baselines the coverage is sparse. The sites of the stations were 
hot bhoseri with ULBI in mind so the Uniformity of the coverage is poor. At high declinations the large holes 
dufe to thd 'midwest gap' can be seen. Iowa f i l l s these holes but has poor frequency coverage and Ida* 
sftns it io i ty . Without EUropei the resbiut ion is severely l imited by the lack of a Hawaii s i te . 
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Scile Maximum 4.0*00^ !<m. 

HCRK OURO ULA FDUS NRAO HSTK BONN 
Figure I I I - 2 * The u-v coverage of seven ex ist ing stat ions that are commonly Used in current ULBI Network 
observations at frequencies beloui i0 GHz. The ULA and Bonn have been added to the usual Network stat ions 
shown in the last figure because* although they ahe not f u l l Network s ta t ions ; they i re Used in i large 
f ract ion of current experiments.. Note the large gaps and the poor ndrth-soUth d i s t r i b u t i o n at 1 0 w 
decl inat ions. Also note the loss bt long spacings at iow decl inat ions that is a res Ult of the high lat i tude 
Europe. The performance of some of the antennas is poor at frequencies of 10 GHz and higher . 



Scale Maximum 10*000 km. 

H C R K OURO U L A F D U S NRAO H S T K BONN P E N T ARO N R L O N S A L A J O D R E L L IOWA D W I N G E L O BGNA 
F i g u r e 111-3s The u - u c o v e r a g e of a v e r y l a r g e e x p e r i m e n t t h a t m igh t be done w i t h e x i s t i n g o b s e r u a t o r i e s a t 
low f r e q u e n c i e s ( s u c h an e x p e r i m e n t has been p r o p o s e d f o r a s o u r c e a t 4 d e g r e e s d e c l i n a t i o n ) . Note t h a t t h e r e 
a r e s t i l l gaps c o r r e s p o n d i n g t o t h e m i d w e s t e r n U n i t e d S t a t e s and to t h e A t l a n t i c O c e a n . An e x p e r i m e n t of t h i s 
magni tude can o n l y be done a t low f r e q u e n c i e s (eg 1650 MHz) and o n l y w i t h c o o p e r a t i o n f r o m many 
o b s e r v a t o r i e s . Wi th c u r r e n t f a c i l i t i e s * s u c h e x p e r i m e n t s w i l l be r a r e . 



Lf 
c\ 

S c a l e M a x i m u m 10>000 km. 

A R E C I B O H A W A I I OURO HCRK ULA F D U S IOWA NRAO N R L H S T K 
F i g u r e I I I - 4 : An a r r a y c o n s i s t i n g of 8 e x i s t i n g U . S . o b s e r v a t o r i e s p l u s new a n t e n n a s a t A r e c i b o and H a w a i i 
(Note t h a t the new A r e c i b o a n t e n n a i s a t an e x i s t i n g o b s e r v a t o r y - the c u r r e n t a n t e n n a has v e r y l i m i t e d hour-
a n g l e c o v e r a g e ) . The cove rage i s not as u n i f o r m as the c o v e r a g e o b t a i n e d w i t h an o p t i m i z e d a r r a y but i s v e r y 
much b e t t e r t h a t what i s c u r r e n t l y a v a i l a b l e . Note t h a t the w e l l - k n o w n ' m i d w e s t g a p ' i s f i l l e d by the 
60 foot a n t e n n a a t Iowa which i s b e i n g upgraded f o r use a t 5 GHz and maybe h i g h e r . The c o v e r a g e shown h e r e 
c o u l d o n l y be o b t a i n e d a t f r e q u e n c i e s be low 5 GHz (o r 10 GHz w i t h poor p e r f o r m a n c e a t some s i t e s ) . 



r -
C* 

Scale Maximum 10*000 km. 

A R E C I B O H A W A I I OURO U L A NRAO N R L H S T K 
F i g u r e I I I - 5 * The c o v e r a g e of t h e 7 a n t e n n a s of t h e a r r a y of F i g u r e I I I - 3 t h a t would g i v e u s e f u l p e r f o r m a n c e 
a t 22 GHz (eg t h e H20 maser f r e q u e n c y ) . Now t h e c o v e r a g e i s v e r y p o o r . 



S c a l e Maximum 16*000 km. 

H A W A I I ANCH OURO SOCORRO L A S L B L D R G R F K 2 NRAO H S T K B R U L 2 G A L A P A 

F i g u r e I U - l : T h i s i s the f i r s t of s e v e r a l f i g u r e s showing what c o u l d be g a i n e d by u s i n g s t a t i o n s in South 
Amer ica and/or on i s l a n d s west of South A m e r i c a . T h i s f i g u r e shows the u-v c o v e r a g e of A r r a y D2 plu-i a 
s t a t i o n in the G a l a p a g o s . The n o r t h - s o u t h c o v e r a g e i s improved d r a m a t i c a l l y a t low d e c l i n a t i o n s a l t h o u g h 
t h e r e i s a l a r g e gap . That gap can be a v o i d e d w i t h a s u i t a b l e c h o i c e of U . S . s t a t i o n s as w i l l be shown in 
l a t e r f i g u r e s - the i n c l u s i o n of a P u e r t o R i c o s t a t i o n seems to be the k e y . The G a l a p a g o s a re owned by 
Equador and a r e s e r v i c e d by d a i l y f l i g h t s to Q u i t o . 
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S c a l e Maximum 1 6 * 0 0 0 km. 

H A W A I I ANCH OURO S O C O R R O L A S L B L D R G R F K 2 NRAO H S T K B R U L 2 E A S T E R 

F i g u r e I U -2: A r r a y D2 p l u s E a s t e r I s l a n d . T h i s p r o v i d e s v e r y long n o r t h - s o u t h b a s e l i n e s but l e a v e s a l a r g e 
g a p . E a s t e r I s l a n d i s owned by C h i l e and i s s e r v i c e d by s e v e r a l f l i g h t s a week f r o m C h i l e . 



Scale Maximum i6*000 km. 

HAWAII ANCH OURO SOCORRO LASL BLDR GRFK2 NRAO HSTK BRUL2 GALAPA EASTER 
F i g u r e I U - 3 : T h i s shows the c o v e r a g e of A r r a y D2 p l u s a n t e n n a s in t h e G a l a p a g o s and on E a s t e r I s l a n d . The 
n o r t h - s o u t h c o v e r a g e i s s i g n i f i c a n t l y improved o v e r t h a t of F i g u r e I U - 1 . A g a i n t h e gaps can be a v o i d e d w i t h 
a s u i t a b l e c h o i c e of N o r t h A m e r i c a n s i t e s . More d i s c u s s i o n of t h e use of t h e G a l a p a g o s and E a s t e r I s l a n d 
can be found in M u t e l and Gaume ( 1 9 8 2 ) . S o u t h A m e r i c a i s much more to t h e e a s t of N o r t h A m e r i c a t h a i most 
peop le r e a l i z e and s t a t i o n s on t h e m a i n l a n d a r e not as good as s t a t i o n on t h e s e i s l a n d s . 



S c a l e Maximum 16*000 km. 

H S T K OURO S A L E M H A W A I I U L A T U S C B R U L 2 A R E C I B O G A L A P A B I S M A R C K 

F i g u r e I U - 4 : A r r a y SG-1 of Mute l and Gaume ( 1 9 8 2 ) . T h i s i s a 10 s t a t i o n o p t i m i z e d a r r a y t h a t u s e s the 
Ga l a p a g o s . 



Scale Maximum i6;000 km. 

H S T K OURO S A L E M H A W A I I U L A T U S C B R U L 2 A R E C I B O Q U I T O B I S M A R C K 

F i g u r e I U - 5 : A r r a y SG-1 ( F i g u r e I U - 4 ) w i t h Q u i t o i n s t e a d of t h e G a l a p a g o s ( S Q - 2 of M u t e l and Gaume) . The 
c o v e r a g e is n o t as good as w i t h t h e G a l a p a g o s b e c a u s e of t h e more e a s t e r l y l o c a t i o n of Q u i t o but i t i s good 
enough t h a t Q u i t o may be p r e f e r r e d f o r l o g i s t i c a l r e a s o n s . 



Scale Maximum 16>000 km. 

HSTK OURO EASTER HAWAII ULA TUSC BRUL2 ARECIBO ANCH BISMARCK 
F i g u r e I U - 6 : A r r a y S E - 1 of M u t e l and Gaume ( 1 9 0 2 ) . T h i s i s b a s i c a l l y t h e same a r r a y as t h a t shown in 
F i g u r e I U - 4 e x c e p t t h a t E a s t e r I s l a n d i s i n c l u d e d and t h e G a l a p a g o s a r e h o t . 



Scale Maximum 16*000 km. 

HSTK OURO EASTER HAWAII ULA TUSC BRUL2 ARECIBO GALAPA BISMARCK 
F i g u r e I U - 7 : A r r a y SEG-1 of M u t e l and Gaume ( 1 9 8 2 ) . T h i s i s a 10 s t a t i o n o p t i m i z e d a r r a y t h a t i n c l u d e s 
b o t h the G a l a p a g o s and E a s t e r I s l a n d . The c o v e r a g e a t low d e c l i n a t i o n s i s u e r y much b e t t e r t h a n a n y t h i n g 
t h a t is p o s s i b l e w i t h an A r r a y c o n f i n e d to U . S . t e r r i t o r y . I t may not be r e a l i s t i c to t r y to put some 
of the o r i g i n a l 10 a n t e n n a s of t h e a r r a y in s u c h remote l o c a t i o n s but t h e p o s s i b i l i t y of a d d i n g s u c h s t a t i o n s 
l a t e r * p o s s i b l y in c o o p e r a t i o n w i t h t h e c o u n t r i e s i n v o l v e d * s h o u l d be k e p t in m i n d . 



S c a l e Maximum 1 6 * 0 0 0 km. 

H A W A I I ANCH OURO SOCORRO L A S L B L D R G R F K 2 NRAO H S T K B R U L 2 A R G E N T 

F i g u r e I U - S : T h i s p l o t shows the c o v e r a g e of A r r a y D2 p l u s a s t a t i o n in w e s t e r n A r g e n t i n a a t a s i t e t h a t 
i s be ing d e v e l o p e d f o r as t ronomy and has been s u g g e s t e d by t h e A r g e n t i n e s as a p o s s i b l e s i t e f o r a UL .BI 
s t a t i o n . The s t a t i o n * used w i t h o u t o t h e r s o u t h e r n s t a t i o n s * l e a v e s l a r g e gaps and would be poor f o r image 
f o r m a t i o n . See the n e x t two f i g u r e s f o r some p o s s i b l e f i x e s . 



S c a l e Maximum i 6*000 km. 

H A W A I I ANCH OURO S O C O R R O L A S L B L D R G R F K 2 NRAO H S T K B R U L 2 A R G E N T Q U I T O 

F i g u r e I U - 9 : F o r t h i s f i g u r e * a s t a t i o n in Q u i t o * Equador has been added t o t h e a r r a y of F i g u r e IU~8 . Much 

of the b i g n o r t h - s o u t h gap has been f i l l e d . The m a j o r h o l e i s i n t h e n o r t h w e s t and s o u t h e a s t q u a d r a n t s . 

T h i s i s the r e s u l t of the e a s t e r n l o c a t i o n of S o u t h A m e r i c a and shows why E a s t e r I s l a n d i s p r e f e r r e d . The 

h o l e s might be f i l l e d by A n o t h e r s o u t h e r n s t a t i o n in t h e P a c i f i c * p e r h a p s a t an e a s i l y a c c e s s a b l e s i t e 

s u c h as Samoa* F i j i * or T a h i t i or p e r h a p s a t some U . S . m i l i t a r y b a s e . A u s t r a l i a may be too f a r we-.t 

a l t h o u g h i t wou ld h e l p . 



S c a l e Maximum 16*000 km. 

K A U A I H I L O S P K N T U S C N E ULASW L R D O IOUIA BANGOR A R E C I B O P U E B L O A R G E N T Q U I T O 
F i g u r e I U - 1 0 : T h i s shows the c o v e r a g e of a U . S . 10 s t a t i o n a r r a y t h a t i n c l u d e s A r e c i b o ( t h e a r r a y of 
F i g u r e I I - 4 ) w i t h Q u i t o and A r g e n t i n a added . The e a s t - w e s t gaps seen in the l a s t f i g u r e * wh ich a r e r e l a t e d 
to the s i m i l a r gaps in F i g u r e I U - 3 * a r e gone showing t h a t the ma jor p r o b l e m w i t h South Amer i can s i t e s i s 
t h e m i s s i n g q u a d r a n t s . 



Scale Maximum 16*000 km. 

HAWAII ANCH OURO SOCORRO LASL BLDR GRFK2 NRAO HSTK BRUL2 ITA 
F i g u r e I U - l l : The c o v e r a g e of A r r a y D2 p l u s an a n t e n n a a t t h e o b s e r v a t o r y a t I t a p a t i n g a in B r a z i l . U L B I 
e x p e r i m e n t s h a v e a l r e a d y been done to t h i s s t a t i o n . The c o v e r a g e has t h e same p r o b l e m s and a d v a n t a g e s as 
t h e c o v e r a g e s f o r t h e s t a t i o n in A r g e n t i n a . The o b s e r v a t o r y i s f a r t h e r e a s t t h a n t h e A r g e n t i n a s i t e so 
t h e p rob lem w i t h the m i s s i n g q u a d r a n t i s w o r s e . However * t h e p r e s e n c e of l o c a l * i n t e r e s t e d p e r s o n e l and 
p o s s i b l e s u p p o r t make t h e s e s i t e s w o r t h c o n s i d e r i n g f o r a n t e n n a s t h a t m igh t be used w i t h t h e a r r a y * a l t h o u g h 
p r o b a b l y not f o r one of the o r i g i n a l 1 0 . 



Scale Maximum 10*000 km. 

HAWAII ANCH OURO SOCORRO LASL BLDR GRFK2 NRAO HSTK BRUL2 MEXDF 
F i g u r e U - l : The c o v e r a g e of A r r a y D2 p l u s a s t a t i o n in Mex i co C i t y . A M e x i c o s i t e adds to t h e n o r t h - s o u t h 
c o v e r a g e at IOUJ d e c l i n a t i o n s and adds i n t e r m e d i a t e s p a c i n g s . As d i s c u s s e d in t h e c a p t i o n of F i g u r e I'L-Q* a 
Mexico s i t e c o u l d have s i g n i f i c a n t a d v a n t a g e s as one of t h e o r i g i n a l 1 0 . 



S c a l e Maximum 1 0 * 0 0 0 km, 

H A W A I I ANCH OURO SOCORRO L A S L B L D R G R F K 2 NRAO H S T K B R U L 2 A C A P U L 
F i g u r e U - 2 i The c o v e r a g e of A r r a y D2 p l i i s a s t a t i o n in A c a p u i c o . A c a p u l c o i s about as f a r sou th as one can 
get in Mex ico and i t has good t r a n s p o r t a t i o n so i t i s a t t r a c t i v e as a s i t e a l t h o u g h i t i s not a g r e a t d e a l 
f rom d i f f e r e n t f rom Mexico C i t y . 



Scale Maximum 10*000 km. 

HAWAII ANCH OURO SOCORRO L A S L BLDR G R F K 2 NRAO HSTK B R U L 2 EDMT 

F i g u r e U - 3 : The c o v e r a g e of A r r a y D2 p l u s a s t a t i o n in Edmonton* A l b e r t a . Edmonton i s one of the most 
n o r t h e r n * l a r g e p o p u l a t i o n c e n t e r s in Canada a l t h o u g h i t i s not a l l t h a t f a r n o r t h of the U . S . b o r d e r . 
Any s t a t i o n s s i g n i f i c a n t l y n o r t h of the b o r d e r add to the n o r t h - s o u t h c o v e r a g e . Use of Canada has the 
advantage of t h e p r e s e n c e of i n t e r e s t e d C a n a d i a n a s t r o n o m e r s and l a r g e poo l of t r a i n e d t e c h n i c i a n s . However* 
t h e Canad ians have t h e i r own a r r a y p r o j e c t and the p o l i t i c s of c o o p e r a t i o n on a f o r m a l l e v e l a re not c l e a r a t 
t h i s t i m e . At the l e v e l of i n d i v i d u a l s c i e n t i s t s and e n g i n e e r s * t h e r e i s much ongoing c o m m u n i c a t i o n and 
coope ra t ion . 



Scale Maximum 10/000 km. 

HAWAII ANCH OURO SOCORRO LASL BLDR GRFK2 NRAO HSTK BRUL2 NEWF 

F i g u r e U - 4 : The c o v e r a g e of Ar r a y D2 p l u s a s t a t i o n in Ne wf o u n d l a n d . Th i s s t a t i o n mo s t l y adds to t h e e a s t -
w e s t c o v e r a g e of a U . S . a r r a y . I t uuould a l s o add to t h e n o r t h - s o u t h c o v e r a g e i f a P u e r t o R i c o s i t e were 
i n c luded in t h e ULBA. 



Scale Maximum 10,000 km. 

HAWAII ANCH OURO SOCORRO LASL BLDR GRFK2 NRAO HSTK BRUL2 YELKNF 

F i g u r e U - 5 : The c o v e r a g e of A r r a y D2 p l u s a s t a t i o n in Ye 1 1 o ujk n i f e > N o r t h w e s t T e r r i t o r i e s . T h i s s t a t i o n i s 
about as f a r n o r t h as one can go in Canada and have r e g u l a r t r a n s p o r t a t i o n and a l o c a l i n f r a s t r u c t u r e of 
t e c h n i c a l s u p p o r t . The C a n a d i a n VLB a r r a y w i l l p r o b a b l y have a s t a t i o n in Y e l l o w k n i f e a t the u r g i n g of t h e 
g e o p h y s i c i s t s . T h e r e i s a l a r g e g e o p h y s i c s s t a t i o n in the a r e a t h a t c o u l d p r o v i d e l o c a l s u p p o r t . A s t a t i o n 
t h i s f a r n o r t h in Canada would make an A l a s k a n s t a t i o n u n n e c e s s a r y . 



Sea U Maximum 4.0*000 km. 

H A W A I I ANCH OURO S O C O R R O L A S L B L D R G R F K 2 NRAO H S T K B R U L 2 P E N T 
F i g u r e U - 6 : The c o v e r a g e of A r r a y D2 p l u s a s t a t i o n a t t h e r a d i o a s t r o n o m y o b s e r v a t o r y in P e n t i c t o n * B r i t i s h 
C o l u m b i a . T h i s s t a t i o n does not add s i g n i f i c a n t l y to t h e n o r t h - s o u t h c o v e r a g e of t h e a r r a y b e c a u s e i t i s 
n e a r the U. S . b o r d e r as a re most of t h e s i t e s in t h e p r o p o s e d C a n a d i a n ULB A r r a y . However i t i s a d e v e l o p e d 
s i t e w i t h l o c a l s u p p o r t t h a t wou ld make s e n s e in a c o o p e r a t i v e e f f o r t as long as t h e r e s t of t h e c o n f i g u r a t i o n 
i s c o m p a t i b l e w i t h a N o r t h w e s t s t a t i o n . The e x i s t i n g a n t e n n a a t P e n t i c t o n has been used f o r U L B I in Canada 
and c o u l d be u s e d w i t h the a r r a y a t low f r e q u e n c i e s . 



Sea l s Maximum 10/000 km. 

HAWAII ANCH OURO SOCORRO L A S L BLDR G R F K 2 NRAO HSTK B R U L 2 ARO 

F i g u r e U-?'• The c o v e r a g e of A r r a y D2 p l u s a s t a t i o n a t the A l g o n q u i n Rad io O b s e r v a t o r y . The same comments 
made fo r P e n t i c t o n in F i g u r e U - 6 a p p l y to A l g o n q u i n e x c e p t t h a t the e x i s t i n g a n t e n n a works up to 22 GHz and 
may work at much h i g h e r f r e q u e n c i e s by the t ime the ULBA i s b u i l t so i t would make a good o b s e r v a t o r y f o r 
o c c a s i o n a l e x p e r i m e n t s t h a t r e q u i r e e x t r a a n t e n n a s . 



Scale Maximum 10*000 km. 

HAWAII ANCH OURO SOCORRO LASL BLDR GRFK2 NRAO HSTK BRUL2 ARO NEUF YELKNF PENT 
F i g u r e U - 8 : The c o v e r a g e of A r r a y D2 p l u s t h e f o u r s t a t i o n s shown in t h e l a s t f o u r f i g u r e s - N e w f o u n d l a n d * 
A l g o n q u i n * Y e l l o w k n i f e * and P e n t i c t o n . The main e f f e c t i s to i n c r e a s e t h e d e n s i t y of t r a c k s w h i c h w i l l l e a d 
to much improved dynamic r ange of t h e maps t h a t a r e made w i t h a l l of t h e s e s t a t i o n s . The c o v e r a g e shown h e r e 
w i l l be s i m i l a r to t h e c o v e r a g e t h a t wou ld be p r o v i d e d be combined o b s e r v a t i o n s w i t h t h e p r o p o s e d C a n a d i a n 
ULB a r r a y and t h e ULBA e x c e p t t h a t f o u r a d d i t i o n a l s t a t i o n s would be a d d e d . The a d d i t i o n a l s t a t i o n s wou ld 
p r o v i d e s h o r t and i n t e r m e d i a t e b a s e l i n e s as t h e c o n f i g u r a t i o n shown i n c l u d e s s i t e s n e a r t h e ends of the 
CLBA . Sec f^t^c. V-IT. 



S c a l e Maximum 16*000 km. 

H A W A I I ANCH OURO SOCORRO L A S L B L D R G R F K 2 NRAO H S T K B R U L 2 BGNA 
F i g u r e U - 9 : The c o v e r a g e of A r r a y D2 p l u s a s t a t i o n in B o l o g n a * I t a l y where a d e d i c a t e d ULB a n t e n n a i s 
c u r r e n t l y under c o n s t r u c t i o n . T h i s s t a t i o n has the a d v a n t a g e t h a t i s w i l l be an e x i s t i n g * d e d i c a t e d ULB I 
f a c i l i t y * but i t s h a r e s the p rob lems of a l l Eu ropean s t a t i o n s - h i g h l a t i t u d e and low m u t u a l v i s i b i l i t y w i t h 
U . S . s i t e s f o r low d e c l i n a t i o n s o u r c e s . 



Scale Maximum 16*000 km. 

HAWAII ANCH OURO SOCORRO L A S L B L D R G R F K 2 NRAO HSTK B R U L 2 BONN 

F i g u r e U - 1 0 : The c o v e r a g e of A r r a y D2 p l u s a s t a t i o n a t Bonn* West Germany where t h e w o r l d s l a r g e s t f u l l y 
s t e e r a b l e a n t e n n a i s now l o c a t e d . O b s e r v a t i o n s w i t h Bonn a r e hampered by t h e p r o b l e m s w i t h E u r o p e t h a t have 
been ment ioned but w i l l be v a l u a b l e * e s p e c i a l l y f o r h i g h d e c l i n a t i o n s o u r c e s * b e c a u s e of t h e g r e a t s e n s i t i v i t y 
of the Bonn a n t e n n a . 



S e a l s Maximum 16*000 l<m. 

H A U A I I ANCH OURO SOCORRO L A S L B L D R G R F K 2 NRAO H S T K B R U L 2 J O D R E L L 
F i g u r e U - l i : The cove rage of A r r a y D2 p l u s a s t a t i o n a t J o d r e l l Bank* E n g l a n d where t h e r e a r e s e u e r . t l 
e x i s t i n g t e l e s c o p e s and the h e a d q u a r t e r s of the M u I t i - T e l e s c o p e - R a t i o - L i n k e d - I n t e r f e r o m e t e r CMTRLI ) .ahich 
i s the major i n s t r u m e n t c a p a b l e of f i l l i n g the gap in s p a c i n g s between the ULA and the ULBA. 
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S c a l e Maximum 1 6 * 0 0 0 km. 

H A W A I I ANCH OURO S O C O R R O L A S L B L D R G R F K 2 NRAO H S T K B R U L 2 S A F R 

F i g u r e U - 1 2 : The c o v e r a g e of A r r a y D2 p l u s a s t a t i o n in S o u t h A f r i c a where t h e r e i s an o l d NASA t r a c k i n g 
s t a t i o n w h i c h i s now used by t h e S o u t h A f r i c a n s f o r r a d i o a s t r o n o m y * i n c l u d i n g U L B I . S o u t h A f r i c a i> so f a r 
f r o m the U. S . t h a t t h e t r a c k s a r e s h o r t and t h e r e i s a huge gap be tween t h e S o u t h A f r i c a n t r a c k s a n J t h e 
t r a c k s f r o m s t a t i o n s in the ULBA . Fo r t h i s s t a t i o n to be u s e f u l * s e v e r a l o t h e r s o u t h e r n and* p e r h a p s * 
European s t a t i o n s would be needed in o r d e r to o b t a i n more u n i f o r m c o v e r a g e . 



S c a l e Maximum i 6 * 0 0 0 km. 

H A W A I I ANCH OURO SOCORRO L A S L B L D R G R F K 2 NRAO H S T K B R U L 2 T O K Y O 
F i g u r e U - 1 3 : The coverage of A r r a y D2 p l u s a s t a t i o n in J a p a n . J apan p r o v i d e s some long b a s e l i n e s but does 
not d r a m a t i c a l l y he lp the o v e r a l l u - v c o v e r a g e of the ULBA. The l a r g e l o n g i t u d e d i f f e r e n c e between Tapan and 
the U. S . l i m i t s mutua l v i s i b i l i t y j u s t as in the c a s e f o r E u r o p e . However* an a r r a y of a n t e n n a s s c a t t e r e d 
among P a c i f i c i s l a n d s i n c l u d i n g J a p a n * H a w a i i * and many o t h e r s p l u s w e s t e r n U . S . s i t e s can p r o v i d e u.>ry 
i n t e r e s t i n g c o v e r a g e - much l i k e t h a t shown in F i g u r e I U - 7 f o r an a r r a y i n c l u d i n g s o u t h e r n s t a t i o n s . 



S c a l e Maximum 16/000 km. 

HAWAII ANCH OURO SOCORRO L A S L BLDR G R F K 2 NRAO HSTK B R U L 2 D S S 4 3 
F i g u r e U - 1 4 : The c o v e r a g e of A r r a y D2 p l u s a s t a t i o n a t T i d b i n b i l l a in A u s t r a l i a where NASA's Deep Space 
Network t r a c k i n g s t a t i o n i s l o c a t e d . The c o v e r a g e p r o v i d e d by o t h e r A u s t r a l i a n s t a t i o n s i s s i m i l a r . 
A u s t r a l i a i s too f a r f r o m the U . S . to p r o v i d e good c o v e r a g e w i t h o u t i n t e r m e d i a t e s t a t i o n s . 



S c a l e Maximum 1 0 * 0 0 0 km. 
pk'[ / .. 

P E N T L E T H MHAT S A S K U E Y B A T I K ARO COME Y E L K N F H A W A I I ANCH OURO S O C O R R O L A S L B L D R G R F K , ' NRAO H S T K 

NQUM* U - i 5 : Thd c o u e r a g 6 df t h e A r r a y D2 p l u s t h e p r o p o s e d C a n a d i a n Long B a s e l i n e A r r a y ( C L B A ) . Thu CLBA 
h i s e i g h t s t i t i o r i s in 4 i i n e a r e i s t - w e s t c o n f i g u r a t i o n a c r o s s Canada p l u s a n i n t h s t a t i o n in Yel louuki i f e > 
p r i m a r i l y l o r g e o d e d i c o b s e r v a t i o n s . Note the g r e a t i n c r e a s e in the d e n s i t y of u - u t r a c k s when the iumber of 
fclatibn6 i s n S a r l y d b U b l e d . The nUmb&r df b i s e l i n e s h i s gone Up by h e i r i y i f i f c t b r of f o U r . U i t h t i e 
ihfchfeiSfid nUmb^h df t r i f c k s J the d y n i m i d hirtgfe of mips mide U s i n g bdth i r r i y s Uii 1 1 be Ufery good. The o v e r a l l 
b o u n d a r i e s of thd U-U coOerage of the combined a r r a y i r e s i m i l a r to t h o s e of A r r a y D2 i l o n e s i n c e thi . CLBA 
does not add s t a t i o n s s i g n i f i c a n t l y o u t s i d e the b o u n d a r i e s of A r r a y D2. The r ange of s p a c i n g s i s i n c r e a s e d 
because the CLBA has a s h o r t e r minimUm s p a c i n g t h a n A r r a y D2. 



S c a l e Maximum 2 * 0 0 0 km. 

P E N T L E T H MHAT S A S K U E Y B AT I K ARO COME Y E L K N F H A W A I I ANCH OURO SOCORRO L A S L B L D R G R F K 2 NRAO H S T K 
F i g u r e U - 1 6 : The i n n e r 2000 km of the c o v e r a g e of the A r r a y D2 p l u s the CLBA. Note the h i g h d e n s i t y of 
t r a c k s * Maps made f r o m such Cove rage w i l l b e g i n to approach maps f r o m the ULA in dynamic range a l t h o u g h the 
UI_A s t i i t has 8 more a n t e n n a s than t h e combined ULB a r r a y s so they s t i l l w o n ' t be as good. 
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Sca l e Maximum 50 km. 

A E 3 AE6 A E 9 A N 3 AN6 AN9 A U 3 AUI6 AUI9 
F i g u r e U I - i : The c o v e r a g e of the ULA in the A a r r a y w i t h a s c a l e go ing to 50 km. Only the t r a c k s of e v e r y 
t h i r d e lement a r e shown so the o v e r a l l shape and u n i f o r m i t y of the c o v e r a g e i s r e p r e s e n t a t i v e of what i s 
n o r m a l l y o b t a i n e d w i t h the ULA but the d e n s i t y of t r a c k s i s v e r y much lower than what i s a c t u a l l y o b t a i n e d 
w i t h a l l 27 a n t e n n a s . As can be s e e n * t h e r e a r e c l e a r a d v a n t a g e s in not h a v i n g the g e o g r a p h i c a l l y imposed 
c o n s t r a i n t s t h a t a f f e c t the ULBA. 



Cv 

r -

S c a l e Maximum 200 km. 

A E 3 AE6 A E 9 A N 3 AN6 AN9 A U 3 AW6 AW9 SOCORRO 
F i g u r e U 1 - 2 : The coverage of the same 9 ULA a n t e n n a s of F i g u r e U I - 1 p l u s the S o c o r r o ULBA a n t e n n a . Th i s may 
be a common o b s e r v i n g mode f o r e x t e n d e d r e s o l u t i o n o b s e r v a t i o n s w i t h the ULA. Whi le such o b s e r u a t i c n s a re 
made; one or more of the ULA ' s 27 a n t e n n a s c o u l d be used to r e p l a c e the S o c o r r o an tenna f o r the ongoing 
ULBA o b s e r v a t i o n s . 



Scale Maximum 2*000 km. 

H A W A I I ANCH OURO S O C O R R O L A S L B L D R G R F K 2 NRAO H S T K B R U L 2 A E 9 AW9 AN9 A E 3 AW3 

F i g u r e U I - 3 : The c o v e r a g e out to 2 0 0 0 km of A r r a y D2 p l u s 5 a n t e n n a s of t h e ULA* i n c l u d i n g t h e end a n t e n n a s 
of each arm in t h e A c o n f i g u r a t i o n . The ULA p l u s S o c o r r o c o v e r a g e shown in F i g . U I - 2 i s o n l y t h e d a r k a r e a 
a t the u e r y c e n t e r . T h e r e i s a r a n g e of s p a c i n g s a r r o u n d 1 0 0 - 2 0 0 km t h a t i s p o o r l y s a m p l e d . 


