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1. INTRODUCTION

Aperture synthesis ingruments providing ageneally highly uniform sampling of
thevisibility function often leave an unsampled hole near the origin of the

(u, v)-plane One of the common cnfigurationsof the Westerbork Synthesis
Rado Telesope (WSRT) provides sampling in concentric rings with radii of

n x 18 m. However, the sampleswith n = 0 and n = 1 cannotbe obtained
diredly with theingrument because of rather obviousphysicd condraints. This
missng short spacing information causes acentral dgpresson ofthe synthesized
beam patern, resultingin large negaive, bowl-shaped areasaround especially)
extendad ources. Very large urceswill only partially be present in the maps.
Annoyingasthis can befor coninuumobservatons, in the cag d spedral line data
it causes serious distortionsof theindividud line profiles.

In this paper we shdl use the following nomenclature. Coordinaes on the sky
arel andm; in the aperture dane u andv. Capital letters will in dicate functions in
the plane of the sky, lower case letters thar Fourer Trandormationsin the
(u, v)-plane B isthebrightnessdistribution on hesky, A the ariema pattem of
theindividud 25 mdements of the array (the so-called primary beam), ard S isa
bed-of-nails sampling function on the sky; ¢ signifies theusud ddta function.
Multiplications are represerted by adot (), convdutionsby an asterisk (*).

If t(u,v) isthesampling of the entire array, then we have observed:
b'(u,v) = (b(w,v) * a(w,v)) - t(u,v) (1%
resulting in amap:

B'(L,m) = (B(L,m) - A(Lm)) * T(l, m) (19
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Theinformation we would like to add to themap is:

b'(0,0) = (b(w,v) *a(w,v)) - 6(w,v) = [f B, m) - AL, m) dldm (2)
for themissng zero Pacing flux, and:

b'(18m) = (b(u,v) * a(u,v)) - t1g(u, v) 3

where t,g represents the sampling dongahypotheticd 18 mspacing tra.

2. A SINGLE TELESCOPE

Jud oneobservation with onetelescope at the proper postion,will only
providethe zero Pacing flux as expressd in Eq. 2.1t has been recognized,
however, for many years tha onemay obtain more information eéoutthevisibility
fundion by scanning the whole map area in the Ky with a snge tlesope. In that
way one can theoreticall y derive the visibility function in a darcle with aradius
equd to the diameter of thedish, provided oneknows the antennapattern A of
this telescope. Theresult of the £amingis:

B"(l,m) = (B(L,m) * A;(I, m)) - Ss(I, m) @)
which transformsinto (negleding S;):
by (w,v) = b(u,v) - as(u,v) @)

It is quite eagy to see hat one can obtin thedesired fundionsin Ej. 2 aad 3 fom
thexe dhta.

Usudly onerequires adish with adiameter of at least 60 m tofill in the hole in
WSRT obsrvations

3. SHORT BASELINE INTERFEROMETER

Single observations with ashort baseline interferometer (e.g., 36 m) only give
visibility data along the tradk of the interferometer in the (u,v)-plane In analogy
with the single dish caseiit is possible, however, to get information @outthe
visibility fundion in abroad annulus around ha tradk by scanning an areain the
sky.

Asauming that the present orientation of the interfferometer corregpondsto
u =1uy, v =1, leaingthe delay centeratl =0, m=0; and pontingthe
telescopes into thediredion [ = I', m = m/, the oufput of the interfferometer is:
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[[B(,m)-A(l —U'm —m') - e2™l+vom) q] dm =

= {b(u,v) * (a(u,v) - e ZHEHMNY Sy — ug, v — v,) =

= [ b(uy — u, vy — v) - a(u, v) - e”2H@+vm’) gy gy =
={(B(~1,—m) - "2t vom)) 4 (I, m)}- 51 — U',m — m") (5)

If oneoberves this quantity onagrid S(I’,m") and peforms the Fourier
Trandormation over I’ and m’, oneobtains

b"" (u,v) = b(uy —u,vy —v) - a(u, v) (6)

4. RETRIEVING SHORT SPACING INFORMATION

Scanning the sky with the 36 mbaseli neinterferometer and rearding thecross
correlaion aswell asthe total power of (one d) the telescopesyields b = b"
(since a; = a) from Eq. 4°and b"" from Eq. 6. Thetelescopes are 25 min
diameter ard hernce b” extendsto aradiusof 25 m while b""’ isdefined in an
annulus beween radii 3625 m. Althoudh in pradicethe ovelap béween b” and
b"" will be smdler, it shoud neverthelessbe possble to reconstruct b(u, v) in the
area d interes such that b'(0) and b'(18m) canbe castructed

If one may assume that
a(uw,v) =p) - p(v) (7)

—aswould bethecase if we can approximate a(u, v) by a crcular Gaussan—, ore
only needs scanning in onedimengon. Let usfor smplicity assume that v, = 0.
Then m’ = 0 and onehas to <an in [-diredion. Fourier Transformation over [’
yields (insteadof Eq. 6)

b""(w) =p) - [ buo —w,v) - p(v) dv (8)

which already contains half of the convolution needed in Eq. 3.



