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Introduction

In order to test fluctuations in phase at the VLA site, a site testing interferometer (STI)
was installed there around the beginning of 1998. The STI measures phase by observing a
geostationary satellite beacon (at 50° elevation) at 11.3 GHz with two 1.8 m satellite dishes
separated by 300 m. Radford et al. (1996) give a general description of the instrument, and
Carilli et al. (1998) describe some of the specifics of the VLA STI. Since the STI has been
operating for more than a year at the VLA site, it seems an appropriate time to investigate
the statistics of phase fluctuations measured by it over that time span.

Overview

The analysis of data from an ST is described in several places, including Carilli et al. (1998),
Holdaway et al. (1997), Radford et al. (1996), Holdaway et al. (1995), and Ishiguro et al.
(1989). We will not describe in detail the particular quantities we derive and discuss in this
memo, but refer the reader to these references and give only a brief description here.

Given a time series of phases from the STI, some interesting derivable quantities are: the
rms phase (#327); the power law exponent of the temporal phase structure function at small
lags (B); and the corner time (¢corner)- In this memo we work with the structure function,
rather than the root structure function discussed by Holdaway et al. (1995), and we note
that the rms phase is related to the “saturation phase” (@sa:) as: @sar = V2 ¢5I! (as also
noted in Carilli et al. [1998]), and that the power law exponent we use is related to that of
Holdaway et al. (1995) as: B = 2a. We derive these quantities with a method somewhat
different than that described in Holdaway et al. (1995), and so get slightly different answers.

Because the method is different, it deserves explanation.



Given the time series of phase, we derive the three quantities of interest in the following
steps:

e unwrap the phases

e fit and remove the satellite drift as a 2"¢ order polynomial in the phase time series

calculate the rms of the phase time series (¢>%!

form the log structure function (log temporal phase structure function vs log lag)

Vfit for B as the slope of the log structure function using only those lags for which the

structure function value is less than (65X1)2 ) and calculate a = /2

e calculate t.,rmer as the time when the above fit equals 2 (¢311)2

In general, we find that the power law slopes derived in this way are somewhat higher than
with the method of Holdaway et al. (1995), and hence the corner times are smaller. Figure 1
shows an example of a phase structure function, with our new fit values drawn as a solid line
and the fit values derived using the scheme of Holdaway et al. as a dashed line. We have
investigated trying to fit for and remove an electronic noise term (as discussed in Holdaway
et al.), but found it unneccessary (the electronic noise term is very small compared to the
first lag in the structure function even under the best atmospheric conditions and so it is
not possible to fit reliably for it).
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Figure 1: Log structure function, using 10 minutes of data from 07Jan1999. Also shown are
fits using our method (solid line) and the Holdaway et al. (1995) method (dashed line).



Data

We present here analysis of data taken from 01Sep1998 to 31Augl999 inclusively. Note that
there are some significant gaps in the archival data (notably Feb1999 has little data), but we
feel that this is a representative dataset. For each day when the STI is functioning correctly,
there are 2 raw data files which contain the STI data. These files are converted into a format
which can be read into a FORTRAN program which calculates the values of ¢§$£ s Leorner, and
a. Given a string of phases for long stretches (half a day nominally), the program takes the
first 10 minutes of data and calculates the 3 values according to the algorithm above. It then
advances by 5 minutes and does the same, repeating this until the end of the file is reached.
The day, time of day, and 3 values are then written into a file for further processing. This
involves taking the values and binning them according to month and daytime or nighttime.
Daytime and nighttime values are distinguished by calculating the time of sunrise and set
for each day and checking whether the sun is up or not. Fits are rejected if the original STI
data indicates that the amplitudes were low, or if the fit rms phase is > 50°.

We present values for the cumulative distributions for each month, separated into daytime

and nighttime, at the 10**, 50t* and 90 percentiles, shown in Table 1.

Discussion

Similar to Dick Sramek’s earlier findings, we find that the phase fluctuations at the VLA site
group themselves naturally into several seasonal and diurnal groups (Sramek 1983, 1989).
Dick had broken the phase stability into 3 general regimes: winter nighttime; winter daytime
and summer nighttime; and summer daytime. We find the same general trend, but prefer
to split it into 4 general groups in the following seasons: winter — Dec to Feb; spring — Mar
to Jun; fall - Oct and Nov; and summer — Jul to Sep. The groupings of phase stability then
fall into these 4 categories:

e winter nighttime — 2° < median ¢311 < 2.5°

¢ winter daytime and spring and fall nighttime — 2.5° < median ¢52! < 4.5°

e summer nighttime and spring and fall daytime — 4.5° < median ¢3! < 8°

e summer daytime — median ¢51f > 10°

Recall that these phase fluctuations are near 50° elevation, on a 300 m baseline, and at
11.3 GHz frequency, so expectations for observations at other elevations, baseline lengths,
and frequencies should be scaled accordingly. Following Carilli et al. (1998) and adding the
expected dependence on elevation, we write for the rms phase after calibration on a VLA

observation:
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Table 1: Summary of values derived from STI data taken from 01Sep1998 to 31 Augl1999.

STI ¢ &
rms corner

month | day/night | nsamp { 10% 50% 90% | 10% 50% 90% | 10% 50% 90%
1 d 3519 | 1.5 3.8 89 | 131 21.7 429|056 0.66 0.74
1 n 4852 | 1.3 25 64 |119 201 396|054 063 0.72
2 d 667 1.7 3.7 79 | 141 225 43.0 057 065 0.72
2 n 956 11 21 56 | 124 228 424053 061 0.70
3 d 3070 § 1.9 52 132|165 275 476|056 066 0.74
3 n 3246 | 1.3 27 5.7 | 139 234 473|051 062 0.70
4 d 3695 | 25 6.7 139|141 220 398057 066 0.74
4 n 3191 | 14 31 70 {121 198 365053 063 0.71
5 d 2045 | 23 63 159|140 247 439|057 0.67 0.74
5 n 2383 | 14 3.0 9.7 | 119 203 378054 0.63 0.73
6 d 3208 | 26 76 194|183 30.3 51.1(059 0.68 0.76
6 n 2288 | 1.5 34 69 |176 281 49.1] 055 064 0.72
7 d 2210 | 3.6 100 25.1 252 393 622061 070 0.78
7 n 1543 | 3.0 55 123221 354 589058 067 0.74
8 d 4705 | 42 119 278|226 368 59.0]| 060 0.70 0.77
8 n 3802 | 33 6.2 141222 351 570|059 068 0.75
9 d 2890 | 56 136 284 |19.7 31.7 52.0] 061 0.70 0.78
9 n 2983 | 3.3 6.1 133|167 276 4791058 0.68 0.75
10 d 1724 | 28 81 16.1 (156 253 47.0( 057 0.66 0.74
10 n 2090 | 1.6 43 99 | 148 241 440|056 0.65 0.73
11 d 1481 } 2.0 55 16.1 163 275 498|057 0.67 0.75
11 n 1860 | 1.8 38 88 | 124 208 395] 056 0.64 0.73
12 d 1995 | 1.3 34 69 | 146 271 529|054 063 0.73
12 n 2737 | 1.0 22 50 | 13.7 244 517|051 062 0.71

where e is the calibration cycle time, Agr; is the airmass of the STI satellite (Asr; ~
1/ sin Esty ~ 1.3), and Ay is the airmass of the observation. So, most of the STI measured
values can be combined into the quantity:

n o
tcorner

which is a relative measure of phase stability at the VLA. Table 2 shows the values for the
cumulative distribution for this value for each month, separated into daytime and nighttime,
at the 10**, 50, and 90** percentiles. Note that the same 4 general groupings hold as above
with median \/CT,% ranges of: 0.4-0.55; 0.55-0.8; 0.8-1.1; and 1.1-1.7, with a few exceptions.



Table 2: The quantity /C2.

daytime nighttime

month | 10% 50% 90% | 10% 50% 90%

0.30 069 1.600.27 051 1.39
033 068 144|023 041 148
037 0.82 198025 0.57 1.12
045 123 260|030 066 151
041 103 259|031 059 2.05
041 106 2351|030 055 1.10
044 113 243040 0.75 1.56
055 139 307045 081 1.65
0.71 168 3.78 049 095 1.98
10 041 140 281025 0.83 1.88
11 035 088 2151035 081 1.65
12 024 061 124|020 042 1.05
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Table 3: rms phase for the VLA at 7 mm after calibration under median conditions.
$rms (deg)

teyele = 2 mins | teyere = 5 mins | ¢eycre = 10 mins

month | day night day night day night

25.5 18.8 47.1 34.6 4.7 54.9
25.0 15.1 46.1 27.8 73.2 442
30.2 20.9 55.7 38.4 88.4 61.0
45.4 24.5 83.5 45.1 132.6 71.6
38.1 21.9 70.1 40.3 | 111.3 64.0
39.1 20.3 72.0 375 | 1143 59.5
41.7 27.6 76.8 50.9 | 122.0 80.8
51.1 29.7 94.1 54.7 | 1494 86.9
62.0 34.9 1143 | 643 | 1814 | 1021
10 51.6 30.8 95.1 56.7 | 150.9 89.9
11 32.3 29.7 59.5 54.7 94.5 86.9
12 22.4 15.6 41.3 28.8 65.5 45.7
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Substituting 1/C2, the VLA phase is then:

~ 1.9 /A ¢ o
VLA __ 2 VLA cycle
¢rms - Cn Acm ASTI ( 2 )

To simplify this relationship further, assume that {/Avza/Asrr ~ 1, and that a ~ 2/3 (true

for median conditions at least), then we have:

2 2/3
VLA _ % Leyete
rms T /\ )
cm

which can be used as a rough rule of thumb for planning purposes. Table 3 shows values of
this quantity for an observation at a wavelength of 7 mm for 3 different cycle times: 2, 5,
and 10 minutes. The median values from Table 2 were used in the calculation.
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