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13 Introduction

The choice of integration time for the AT is'one that should
be made early as it has important consequences for the technigues that
must be employed to transfer data between the correlator, computers, and
users. Data will be transferred from the correlator and synchronaous
computers to some sort of storage medium (e.g.mag tape) at intervals of
T, the integration time. T is expected to be in the range 5-30 secands.
There appears to be a prevalent assumption that T should be 5 seconds,
but here we argue the case for 10 seconds.

The user may well require (or think he requires!) data only at
scme  longer interval nT, wherse n is an integer, but it is still
advisahle to store the data at intervals T in case it turns out that the
atmosphere/ionosphere was less stabls than the user thought, or he finds
that bhe needs to map a wider field than originally expected. T must
therefore be small enough so that good data is stored under the worst
conditions that might  reasonably be expected. On the other hand, too
small a wvalue of T will result in the storage of unnecessarily large

volumes of data, perhaps leading to storage, financial, and even
flow-rate problems.

o

The . choice of T is therefore critical. Here we discuss the
relevant factors. These fall naturally into 2 categaries. The first

category has most relevance for the long baseline array (LBA), and the .
secand for the compact array (CA),

,!
23 Maximum fringe rate at beam centre e

- rd

The residual fringe rate at the beam centre will in general

not be zero. If the residual fringe rate f is comparable to 1/T, then it
has two effects:

a) The amplitude of the fringes is reduced. A correction far

this may easily be applied if £<{1/107, but the signal to noise ratio is
5till worsened.

b) If £5>1/2T, it becomes impossible to track the phase,
because of 340° ambiguities. In practice, phase tracking in the presence
of qoise becomes difficult at considerably lower fringe rates.

In general, a good rule-gf-thumb criterion which has evalved
through experience with MERLIN is to require that

£<1/10T

which corresponds to a maximum phase difference between adjacent samples

to be 32&°, giving a 6% reduction in amplitude, for which a correction
based upon the phase data may be made.
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We now discuss the possible-causes (other than instrumental
problems) which can cause such a residual fringe rate. Each of the three
effects discussed increases to some extent with baseline length, and so
will be much more significant for the LBA than for the CA.

2.12 lonospheric Stability

Ionospheric {fluctuations have scale sizes in the range
20-1000km, amplitudes of a few percent of the total electran cantent,
and produce phase variations in an interferometer of a few tens of
degrees on time scales of tens of minutes to hours. (Warwick et al.
19746). Experience with MERLIN has shown that the effect of the
fluctuations increases rapidly with baseline upte ©S50km, and increases
slowly thereafter. The worst cases recorded with MERLIN at 408MHz are
during periods of violent solar activity, whan the phase, particularly
at low elevations, can rotate at a few turns per mindte on the longest
(130km) baselines. However, such events are uncomman, and phase rates
similar to those described by Warwick et al, are typical on all longer
baselines. -

lonospheric effects are most pronounced at low frequencies.
MERLIN is therefore usually operated with integration times of 10s at

408MHz, compared to the 30-40s used at higher frequencies. Since the -

fluctuations are not sxpectad to increase rapidly for baselines >130km,
10s  integration times will usually be adequate on the AT even at 408MHz

on 4O00km baselines, although use of shorter times may gccasionally be
required.

2.2) Tropnspheric Stability

Tropospherie fluctuations are most apparent at high
frequencies. Their effects on long baseline interferometers are less
well understood than ionospheric effects, because of the relative lack
of experience. Furthermore, vesults of existing studies reach no
consensus for the distribution of scale sizes {e.g. Rogers & Moran and
references therein). J

Experience with MERLIN at 22G6Hz shows typical fluctuations of
one turn of phase in tens of minutes, reaching a maximum in normal
conditions of 1 turn in 5 minutes on a S0km baseline (see Fig.1).
Shorter baselines have somewhat smaller fluctuations. In practice, 30s
integrations are used on MERLIN at 22GHz foy sources above 20° elevation
and 10s for -sources belaow 20°9. .

For the AT the problem will be most severe on the long
baselines at 50GHz, although mitigated to some extsnt by the relatively
small maximum zenith angle at Parkes. Extrapolating from the MERLIN
results, and assuming fluctuation scale sizas to be preadominantly less
than 50km, we may expect maximum fringe rates of 1 turn in 2 minutes,
allowing integration times of~20s. The CA will also be affected by these
flucﬁuatiuns, which extend down to & scale size of 1km (Hinder & Ryle,
1971 but integration times of 30s will be adequate in this case.

2.3 Positipnal Errors

A  common situation which has arisen with MERLIN, and will
presumably arise with the LBA, is that a source whose position is known
only to arcmin accuracy is to be mapped with sub-arcsec resolution.
Closure phase techniques, which are insensitive tg source pasition,
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allow wus to do this, provided that the assumed source position is not so
far wrong that the residual phase rotates faster than one turn every faw
integration periods. In practice this means on MERLIN that any source
canm  be mapped at 1&60MHz provided that its pasition is correct to 2
arcmin. Single dish source positions (e.g. from OH surveys) are
frequently of this order.

For the AT LBA, if we wish to observe a source, whose position
is knaown only tao 1 aremin, at 22GHz on a &00km baseline the residual
fringe rate will be 1 Hz. Clearly no reasonable choice of integration
time will allow us to operate in-this mode, and in general to obssrve
such a source it will first be necessary to obtain a more accurate
source position using the CA.

At any frequency, source positions can quickly and easily be
measured on the CA to within one synthesised beamwidth. This will then
give & maximum fringe rate on the LBA, at any frequency, of 1 turn in 3

minutes. An integration time of 20s is thus adequate for this type of
observation. ‘

33 Hayfmum fringe rate at the map edge

For wide {ield mapping, we wish to be able tao map the entire’
primary beam with the CA.However, because of the differing fringe rate
across the wmap, the visibility at the edge of the map is reduced
(Thompson 1982), This problem does not arise on the LBA because of the -
relatively small fields to be mapped with it..

Consider the CA tracking a source at the south pole. At the
edge of +the field of view, we ‘have a maximum fringe frequency of

f = (L/A)XQLsin@sinH

where L is the maximum bazeline,
» is the wavelength, ;
S2 is the Earth’s angular velocity, Ve

P

© is the angular distance to the edge wof the field, and
H is the hour angle of the sogurce

At the edge of the field of view of the CA

(L/Msin @ ~ gkm/22m ~ 272

giving f ~0.02Hz.

Using a box-car integrator of length T on a fringe
of frequency f gives a reduction in fringe amplitude of

" R sin(wETY/ (miT)

1-(nETT 76

0.984 for T = &g

This 1.46% degradation is the the reduction in the observed
amplitude of the fastest fringe that would be encountered, assuming an

integration time of Ss. Howaver, as far as the final map is concerned,
we must allow for 2 factors not considered above:

3
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a) The range of H encounterad

The degradation observed after a full 412h, synthesis will
depend on the mean vailue of sinH :

<sin®H> = 0.5

BY If uniform waighting is usad,
The expression for R was derived for the largest Spacing
encountered in the map; the degradation observed on a map made with
uniform weightWing will Hhave 4 reduced R, based on the mean 12 .

2
W = a2

(The situation would be further improved if natural weighting
were adapted>.

These two factors lead to an improvement in R from 1.6% to
0.3%. Extending T to 10s will therefore not be serious: R degrades tg

A  more serious consequence may be the question of the dynamic
range: the beam at ~ the edge af the map differs from the central beam.

The effect is small (a slight broadening); it would also seem to be-

possible to allow for it by digitally filtering the baseline sarted data
prior to adding it to the uv grid, ( although likely expensive in CPUY,

It should be noted that the degradation calculated here is less than the
bandwidth smearing ( 3 § %), //

33 Conclusion

The arguments above show that integration times of 10s and 20s
are adequate for the Cca and LBA raspectively. In practice, it may bhe
convenient (because of the relatively small volume of data from the LRA)
to use the same integration time of 10s for both arrays. There appears
to be little need to double the data storage requirements by  adopting a

. " Ray Norris
i Mike Kesteven
1 February 1984
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19 Introduction

The choice of integration time for the AT is one that should
be made early as it has impartant consequences for the technigues that
must be employed to transfer data between the correlator, computers, and
usars. Data will be transferred from the correlatar and synchronous
computers teo some sort of storage medium (e.g.mag tape) at intervals of
T, the integration time. T is axpected to be in the range 5-30 secands.
There appears to be a prevalent assumption that T should be 5 seconds,
but here we argue the case for 10 seconds.

The vuvser may well require ¢ar think he requires!) data only at
scme  longer interval nT, where n is an integer, but it is still
&dvisable to store the data at intervals T in case it turns out that the
atmasphaere/ianosphere was less stahle than the user thought, or he finds
that he needs to map a wider field than originally expected. T must
therefore be small enough so that good data is staored under the worst
conditions that might reasonably be expected. On the other hand, too
small a wvalue of T will result in the storage of unnecessarily large
volumes of data, perhaps leading to storage, financial, and even
flow-rate problems. ’

N

The - choice of T is therefore eritical. Here we discuss the
relevant factors. These fall naturally into 2 categoriss. The first
category has wmost relevance for the long baseline array (LBA), and the .
second for the compact array (CA).

21 Maximum fringe rate at beam centre d
The residual fringe rate at the beam centre will in general
not be zero. If the residual fringe rate f is comparable to 1/Ty then it
has two effects:
: I

a) The amplitude of the fringes is reduced. A correction for
this may weasily be applied if t{1/10T, but the signal to noise ratio is
still worsened.

b If £>1/2T, it becomes impossible to track the phase,
because of 340° ambiguities. In practice, phase tracking in the presence
of qoise becomes difficult at considerably lower fringe rates.

In general, a good rule-of-thumb criterion which has avolved
through experience with MERLIN is to require that

£<1/40T

which corresponds to a maximum phase difference between adjacent samples
te be 36°, giving a 6% reduction in amplitude, for which a coerrection
based upon the phase data may be made.
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We now discuss the possible causes {(other than instrumental
problems) which can cause such a residual fringe rate. Each of the three
effects discussed increases to some extent with baseline length, and so
will be much more significant for the LBA than for the CA.

2.12 lomaspheric Stability
Ionospheriec fluctuations have scale sizes in the range
20-1Q00km, amplitudes of a few percent of the total electron content,

and produce phase variations in an interferometer of a few tens of
degrees on time scales of tens of minutes to hours., (Warwick =t al.
197482 . Experience with MERLIN has shown that the effect of the
fluctuatiaons increases rapidly with baseline upto SOkm, and increases
slowly thereafter. The worst cases recorded with MERLIN at 408MHz are
during periods of vioglent solar activity, whan the phase, particularly
at low elevations, can rotate at a few turns per minute on the longest
(130km) baselines. However, such events are uncommon, and phase rates
similar to those described by Warwick et al. are typical on all longer
baselines. .
Ionospheric effects are most pronounced at low frequencies.
MERLIN is therefore wusuwally operated with integration times of 10s a‘
408MHz, compared to the 30-460s wused at higher frequencies. Since th
fluctuations are not expectsd to increase rapidly for baselines >130k

10s integration times will usually be adequate on the AT even at 408:

agn &00km baselines, although use of shorter timas may occasionally
required. ..
2.2) Tropospherjic Stability

Tropospheric fluctuations are most apparent at high
frequencies. Their effects an lang baseline interferometers are lass
well understcod than ionospheric effects, because of the relative lack
of experience, Furthermare, vrasults of existing studies reach no
consensus  for the distribution of scale sizes (e.g. Rogers & Moran and
references tharein). e

Experience with MERLIN at 22G6Hz shows typical fluctuations of
one turn of phasea in tens of minutes, reaching a maximum in normal
conditions of 1 turn in 5  minutes on a 50km baseline (see Fig.1).
Shorter baselines have somewhat smaller fluctuations. In practice, 30s
integrations are used on MERLIN at 22GHz fo; sources above 20° elevation
and 10s for sources below 209, ’

For the AT the oproblem will be most severe on the long
baselines at 50GHz, although mitigated to some extent by the relatively
small maximum zenith angle at Parkes. Extrapolating from the MERLIN
results, and assuming fluctuation scale sizes te be predominantly less
than .50km, we may expect maximum fringe rates of 1 turn in 2 minutes,
allowing integration times of«20s. The €A will also be affected by these
flucyuations, which extend down to a scale size of 1km (Hinder & Ryle,
1971 but integration times of 30s will be adequate in this case.

2.3 Positional Errors

A common situwation which has arisen with MERLIN, and will
presumably arise with the LBA, is that a source whose position is knawn
only to arcmin accuracy is to be mapped with sub-arcsec resolution.
Closure phase techniques, which are incensitive to source position,

- 2 -
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11 Introduction

The choice of integration time for the AT is one that should
be made early as it has important consequences for the techniques that
must be employed to transfer data between the correlator, computers, and

users. Data will be transferred fram the correlator and synchronous
computers te some sort of storage medium (e.g.mag tape) at intervals of
T, the integration time. T is axpected to be in the range 5-30 seconds.

There appears to be a prevalent assumption that T should be § seconds,
but here we argue the case for 10 seconds,

The user may well require (or think he requires!?) data only at
seme  longer interval nT, wherea n is an integer, but it is still
ddvisable to store the data at intervals T in case it turns out that the
atmosphere/ionosphere was less stable than thea user thought, or he finds
that he needs to map a wider field than originally expected. T must
therefore be small enough so that good data is stored under the worst
conditions that  might reasonably be expected. On the other hand, too
small a wvalue of T will rasult in the starage of unnecessarily large
volumes of data, perhaps leading to storage, financial, and even
flow-rate problems. ’

A
-

The. chaice of T is therefore critical. Here we discuss the
relevant factoars. These fall naturally into 2 categories. The first
category has most relevance for the long baseline array (LBAY,; and the .
secand for the compact array (CA). :

J]
R

2) Maximum fringe rate at beam centre N

The residual fringe rate at the beam centre will in general
not be zero. If the residual fringe rate f is comparable to 1/7T, then it
has two effects:

. |

a) The amplitude of the fringes is reduced. A correction far
this may easily be applied if £<{1/10T, but the signal to noise ratia is
still worsened.

by If £>1/2T, it becomes impossible to track the phase,
because of 340° ambiguities. In practice, phase tracking in the presance
of qoise becomes difficult at considerably lower fringe rates.

In general, a good rule-af-thumb criterion which has evaolvad
through experience with MERLIN is to require that

£<1/10T

which corresponds to a maximum phase difference between adjacent samples
to be 3&°, giving a &% reductien in amplitude, for which a correction
based upon the phase data may be made.
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allow us to do this, provided that the assumed source position is not sco
far wrong that the residual phase rotates faster than one turn every few

integration periods. In practice this means on MERLIN that any source
can be mapped at 18640MHz provided that its positiaon is ceorrect to 2
arcmin. Single dish source positions <(e.g. from OH surveys} are

frequently of this order.

For the AT LBA, if we wish to observe a source, whose position
is known only teo 1 arcmin, at 22GHz on a 400km baseline the residual
fringe rate will be 1 Hz. Clearly no reasonable choice of integratian
time will allow us to operate in this mode, and in general to observe
such a source it will first be necessary to obtain a more accurate
source position using the CaA,

At any frequency, source positions can quickly and easily be
measured on the (A to within one synthesised beamwidth. This will then
give a maximum fringe rate on the LBA, at any frequency, of 1 turn in 3
minutes. An integration time of 20s is thus adequate for this type of
observation.

37 Maximum fringe rate at the map edge

For wide field mapping, we wish to be able tao map the entire’
primary beam with the CA.However, because of the differing fringe rate
acrass the map, the wvisibility at the edge of the map is rsduced
(Thompson 1982). This problem does not arise on the LBA because of the
relatively small fields to be mapped with it..

Consider the CA tracking a source at the south pole. At the
edge of the field of view, we ‘have a maximum fringe frequency of

f = (L/AYSLsinBsinH

where L is the maximum baseline,
X is the wavelength,
SL is the Earth‘s angular veloacity, v
© is the angular distance to the edge of the field, and
H is the haour angle of the source

At the edge of the field of view of the CA

(L/Msin @ ~ &km/22m ~ 272
giving fruD.ﬁQHz.
Using a-box-car integrator of length T on a fringe
of frequency f gives a reduction in fringe amplitude of
Y R = sin(mfTy/(mfT)
1-(nETY 75
= 0.984 for T = Eg

This 1.6% degradation is the the reduction in the observed
amplitude of the fastest fringe that would be encountered, assuming an
integratiaon time of Ss. Howavar, as far as the final map is concerned,
we must allow for 2 factors not concidered above:

3
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a) The range of H encounterad

The degradation observed after a full 12h. synthesis wil;
depend on the mean value af sinH :

<sin*H> = 0.5
b If uniform weighting is used,

The expression for R was derived for the largest spacing
encoynterad in the map; the degradatiaon observed on a map made with
uniform weightWing will have a reduced R, based on the mean *:

2
AT = g /3

(The situation would he further improved if natural weighting
were adopted). '

These two factors 1lead to an improvement in R from 1.6% to
0.3%. Extending T to 10s will therefore not he sericus: R degrades to

A more serious consequence may be the gquestion of the dynamic
range: the beam at ~the edge of the map differs from the central beam.
The effect is small (a slight ©broadening); it would also seem to be "
possible to allow faor it by digitally filtering the baseline sorted data
pricr to adding it to the uv grid, ( although likely expensive in CPU).
It should be noted that the degradation calculated here is less than the
bandwidth smearing ¢ 2 S %). . Y,

Vs

37 Conclusion

The arguments above show that integration times of 10s and 20s
are adequate for the €A and LBA respectively. In practice, it may be
convenient (because of the relatively small volume of data from the LBA)
to use the same intagration time of 10s for both arrays. There appears
to be 1little need to double the data storage requirements by  adopting a
5s integration time.

. Ray Norris
o Mike Kesteven
1 Februacy 1284
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a) The range af H encountered

The degradation observed after a full 12h. synthesis will
depend on the mean value of sinH :

<sin®H> = 0.5
b If uniform waighting is used,

The expression for R was derived for the largest spacing
encoyntered in the map; the degradation observed on a map made with
uniform weightWing will have a reduced R, based on the mean L*:

k3 2
LY = U ey /3

(The situation would be further improved if natural weighting
were adoptedr.

These two factors 1lead to an improvement in R from 1.48% to
0.3%. Extending T to 10s will therefore not be serious: R degrades to

A more serious consequence may be the question of the dynamic
range: the beam at ~ the =2dge of the map differs from the central beam.
The effect is small (a slight broadening); it would alsoc seem to he-
possible to allow far it by digitally filtering the baseline sorted data
pricr to adding it to the uv grid, ( although likely expensive in CPU).
it should be noted that the degradation calculated here is less than the
bandwidth smearing ( 2 § ¥%). y

Kd

3 Conclusion

The arguments above show that integration times of 10s and 20s
are adequate for the CA and LBA respectively. In practice, it may be
convenient (because of the relatively small volume of data from the LBA)
to use the same intagration time of 10s for both arrays. There appears

to be 1little need to double the data storage requirements by adopting a
55 integratian time.

. Ray Norris
) Mike Kesteven
1 February 1984
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allow wus to do this, provided that the assumed source position is not S0
far wrong that the residual phase rotates faster than one turn gvery few

integration periods. In practice this means on MERLIN that any sourcs
<an be mapped at 14640MH:z provided that its position is correct tog z
arcmin, Single dish source positions (e.g, from ©OH surveys!) are

frequently of this order.

For the AT LBA, if we wish to observe & source, whose position
is known only to 1 arcmin, at 22GHz on a 400km baseline the residual
fringe rate will be 1 Hz. Clearly no reasonable choice of integration
time will allow wus to operate in this made, and in general to observe
such a source it will first be necessary to obtain a more accurate
source position using the CA.

At any frequency, source positions can quickly and easily be
measured on the CA to within ane synthesised beamwidth. This will then
give a maximum fringe rate on the LBA, at any frequency, of 1 turn in 3
minutes. An integratian time of 20s is thus adequate for this type of
observatian.

3) Maximum fringe rate at the map edge

For wide fisld mapping, we wish to be able ta map the entire’
primary beam with the CA.However, because of the differing fringe rate
across the map, ths visibility at the edge of the map is resduced
(Thompson 1982). This problem does not arise on the LBA because of the
ralatively small fields to be mapped with it..

Consider the C¢A tracking a source at the south pole., At the
edge of the f{field of view, we have a maximum fringe frequency of

f = (L/A)YQlsinGsinH

where L is the maximum baseline,
X\ is the wavelength, ; ;
SL is the Earth‘s angular velocity, Ve
€ is the angular distance to the edge of the field, and

H is the hour angle of the source

At the edge of the field of view of the CA
(L/Msin @ ~ gkm/22m ~ 272
giving f ~0.0ZHz.
Using a-box-car integrator of length T on a fringe
0f frequency f gives a reductioen in fringe amplitude of
E R = sin(mfT)/(miT)
1-(nETY 75
= D.984 for T = &g
This 1.6% degradation is the the reduction in the observed
amplitude of the fastest fringe that would be encountered, assuming an

integration time of 5s. However, as far as the final map is concerned,
we must allow for 2 factors not considered above:
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