SOME RE”ARKS AHO“T TﬂP SENS!T[VIIY OF A PARTIALLY COHERENT ARRAY

1. some simplifving assumptions, VLB ARRAY [SLAGLE) .LJO. 5

The arrav consists of N+1 antennas, .
All LO’s have tonstant phase for the- caherence :1me Tc. They
then take a flvinﬂ leapa’

The LO Phases assume one of e noss;ble values, (This assumntion.
although- silly on the face of it, is probably not far wrondg),

The sum .6f the frinae yisibilities is.Gaussian distributed., _(This
assumption, ajthough reasonable orn the face of it may be sertously in
error.)d.

All antennas have equal sensitivity,:

¥You, God, and the ApJ haveé an agreement that a result is to be believed
if and onlv 1f its probability of arisina from chance is less than £ ,

Unproved asse:tion. L ' ]
The best you can do is make all oossible assumptions aboat
instrumerital phaser and pick the best looking one,

1T, point source sensitivity
Ao ‘Inteqfétion.time =Tc,

. There are. N antennas whOse nhases may take dne 0f e values.
Therefore, there are
. ﬁ/

e’ possible assumptions, ,'

Let ys mike thém, and sgee ff the sourcé 15 detécted, :
what do we mear by détectéd? That the sum of the visiblllties has
a chance of less than & of arisinq by chance, NorMalizinq by the
rms of 3 coherent arrav under the same conditions, tne distribution
ot the sum of the visinilities is . f
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Let us mjke tnhe assvmtotic aoproilmation to the error functiont
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Then the ‘condition for detection ls '
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wheré the first factor is the number of trials. the second {ig .
the probabilicv of an excursion of the 1imitina amount in each
trial. , )
For reasonably large N it is clear that
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lThat ls. ‘that- the narriallv coherent array is V*‘LV times less -
Sensitive than the coherent version of the same &rray,

2,. . - Inteaeration time >>Tc,

Can we play thé same dane, making a new sét of assumtions. about
each coherence time? First note that this is & "hard"” algorithme=
it cannot be 1mp1emented in practical haraware. Second, note that
1f you do impjement it, there are fundamental difficulties,

The rumber of trials to be made are

NeM |
- 4

where M is the total inted4ration time t divided -ty Tc,
The équivaleny of eauation 4 above is
X.,r

N M = - .
e” " e = €
which is in the assymtote
F

‘However, the seénsitivity Iin a single coherence interval is also

You have gained nothing by tryina to usé the whole 1ntegration tinme,
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111, some sdeculations about sensitivity to extendéd sources,.

Mapping. extended sources has an extraordinary préperty, Usually

God empldys the most eftective possivle stratedy to Keep you from
finding out what You want to know, Not so in this cage, He trids

3s hard is possible to Keép you from making a map at 411, as discussed
in the_sectlon_above, hut once you havé made a map, say of the stronges?t
point Iin the field theh the rest of the_ fleld hAs the SNR of a

coherent arrav_ You can self-dal, and £ind out About all thit
interesting low level stuff,

'The above remzrk applies nicely to the case of a field dominated by

a strong poine, What about thé more usual casé éf & complex source
-with lots of strong pointg? Let_us consider the case in which we

nave been aiven, perhaps by a fairv godfather, an almoést correct mao

of the source, and we wish to improve it, Suppose we look at each
coherence interval, _Then we can calculate for each antenna 1n turn,
“the éxpected_ visilities with each other aritenna, In cases Of poor
‘SNR, " the obvious thing to do is to correlate the observed and expected -

visibilities, 5
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where V- 1is the expected and \/ the observed visibllltg!/’lt is Xf~ﬁ”§,

this number, f£6r the_extended case, whlcn nust be%f order Vﬁ7}$ﬂla\fcq\<,

This is the oytput of a cénceptual artav consistinag of the antenna iwcr. =

“to be-calibrateéd operating as an interferdometer dgainst all the ’*1f«51
others in the system, operating as a phased arrav, optimally tapered

- for the source distribytion,



If we do not have a fairv Godfather, we shall be a bit worse off,

I speculate that in the worst case, for detecting the thina in the
first place, wé need a detéction_on the conceptual array congistinag
of the antefing to be callbrated ln an inrerferometer against the
rest of the array, operating as a\Qggggg\érray. The practical’

case shoyld f511 somewhere in between, bn e fproed

The Aaraument for inextensibilitv of 1nteqratlon beyond the coherence
time developeq above cgnnot be extended to the extended source case,
Theré is a potential for_a small increase in sensitivity after :

inteqrating lgnger 1 off¢ hand do not belleve it to be of practical
Aimportance,
Iv, » trivial remark about phase calibration,

Yes, it can, and is beina done, Outside of the stupendous practical
difficuleies (mostly of software generation) of doing this on a regular
basis,» there is a fundamental limitation, The motion of the earth

is known only_to about _oneé part in 4,000,009, Therefore the calibrator
must be withipa about 7.@09 0an beamwidths of thé unknown,



