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TRACKING OF RADIO STARS WITH THE MINITRACK SYSTEM

Scope of the Report

This report will discuss the pOSSlblllthS of using the Minitack
system with a wider predetection Bandwidth in conjunction with the
Narrow Band Tracking Filter for the tracking of Radio Stars,

Reasons for Tracking Radio Stars

The importance of being able to track Radio Stars with the
Minitrack is twofold: First, Radio Stars can be used to calibrate
the Minitrack stations replacing, or at least reducing the need of
the frequent airplane ¢alibrations needed today thus providing a
a way for a daily check of that part of the system not calibrated
by the Internal Calibrator of the system, i.e.: Antennas, cables
and cable connectors. Second, the Minitrack system could be used
to find more accurately the position of the radio stars. One
observation may not be enough but taking a number of observations
from one station, the effects of ramdom deviations duc to either
system noise or ionospheric cffects would be minimized and the
positioning error would be as low as the accuracy of the system.
A number of observations can be taken from different stations of
the Network, then by taking their average the error would be re-
duced even more. The large number of stations in the network would
be a positive advantage over other interpherometer system used so
far.

Limitations of the Present Equipment

The Minitrack system as it stands now has a predetection band-
width of 10 Ke and a postdetection bandwidth of 10 cps. Its sensi-
tivity for n01SL sourcei is limited to radio stars with a field-
strength of 1092 watt/m®/cps or larger. Most of Radio Stars have
field strength at least 10 db_weaker thﬁn this with the cxception
of Cassiopia A with 1.3 X 10722 watts/m“/cps and Cygnus A with
10-22 watts/mé/cps, At this signal strength the phase output of
the system has a peak to peak deviation larger than 500 counts
(0.5 wavelength) which makes impossible to process the data with the
available digital equipment. The¢ analogu:z phase output can be hand
smoothed at stations with relative large latitud North (these
sources are located at a declination of 58°32'N and 40°3U4'N res-
pectively) but the residual e¢rror of the observation is larger
than desirable.

The Minitrack with the Narrow Band Tracking Filter

The development of the Narrow Band Tracking Filter (1) (2) (NBTF)
opened the possibilities of the Minitrack system for the tracking of
the stronger Radio Stars (Cassiopia A and Cignus A) with the poten-
cial accuracy of the system. The {ilter narrows the post detection
BW (bandwidth) from 10 cps to 0.03 cps which effectively increases



the integration time from 30 milliseconds to 10 seconds. Former
peak to peak deviations of 500 counts are reduced to 30 counts.
The NBTF time is placed before the automatic digital equipment
and does not change the nature of the signal (the phase of 100
cps signal)}, thus allowing the usc of thce existing automatie
digital equipment and the computer programs to process the in-
formation. Sampling every 10 or 20 seconds is sufficiently
freguent for the new integration time, and if 30 points are
taken and digitally smoothed the integraition time is efféctive-
ly increased to 300 sece increasing the "precision" of the
observation to + 3 counts of probable error. This error is of
the order of the "accuracy" ol the systc. The effects of ro-
fraction due to small scale irregularities in the ionosphere
(seintillation) is also smoothed out since the most part of fre-
quency spectrum of the phase deviation produced by them is outside
the effective BW that corresponds to the effective 300 seconds
integration time. The use of the NBTF for the tracking of Radio
Stars was evaluated at Blossom Point. Cygnus A and Cassiopia
were tracked and the results conformed very well with the expected
performance. More tests are being carried at the East Grand Forks
station. An intent was made at Lima to track Cignus A with no
success. At Lima this source is 53° North from Zenith and is
almost out of the main beam of the antenna.

The NBTF works on the detected signal in the way described
above but does not improve the detecting threshold of the system
still is not able to detect signal levels much weaker than 10-22
watts/m?/cps*, therefore its use would be limited to Northern
Hemisphere stations with relatively high latitudes where Cygnus
A and Cassiopia A are in the main beam of the antennas (Table I}

So it is ol no us2 in the Southern Hemisphere or in tracking signals
oif other Radio Stars.

-

Effcets of a ¥Wider Predetection BW

An increase in prodetection BW effectively increases the amount
vf power being received from the noise source. Although it also
increases the amount of noise from the receiver front end, the
cna result is an improvement on the signal to noisc ratio propor-
tional to the square root of the BW. This is due to the fact that
the signals received at two diiferent antemnas of an interfero-
meter from a discrete noisce source are cohercent and produces an
interference signal (the 100 cps signal in the case of the Mod.

I Minitrack) direectly proportional to the bandwidth, where the
noise signal produced at the two differcnt front ends are inco-
herent and produce noisc at the interference signal output of

* NOTE : The system still shows traces of signals 2 to 4 db lower
than 10-22 watts/mz/cps depending on the conditions of
the front end.




the interferomcter with an amplitude proportional only to the square
root of the BW,

What has been expresscd above can be expressced mathematically
by saying that:

) 0= KilwT
Where ©  crror is the standard deviation of the phasc output
of the intericrometer, /\w  is the predetcction Bnadwidth, T
post detection integration time, and K constant of proportionality.

The actual effects of a wider predetection bandwidth in the
tracking of radio stars has buen tested experimenially at the Lima
station using the Mod. I Telemetry IF amplifiers instead of the
10 Keo IF amplifiers of the Minitrack System. Two bandwidths have
been tried: 300 Ke and 1 Mc.

L)

System Hook up for 300 Ke Frodetoction BW

Two different schemes werce tried usinyg 306 Ke pre-detection®
BW. In one scheme che two diffcrent outputs of the two Minitrack
"Pre-amp Converters" (3}, one converted to 20.700 Mc and the other
to 20.7001 Mc., were sumned by a hybrid adder. The output of the
aAdder with an interference pattern of 100 cps was fed to the Mod.
I Telemetry Z2nd Converter (4) and converted to a center frequency
of 3.2 Me. It was then fed to the Znd Mod. I telemetry IF set at
300 Kc BW. The AM detected output (LOO cps) of the Z2nd IF was fed
to two phase measuring channcls of the Minitrack Phase Measuring
System. Onc channel with a 106 ecps 2 cps BW filter and the other
with the N3TF set at 0.03 cps BW. Both analog phase outputs were
recordced in the Sanborn Recorder. Thoe 0.03 cps BW output was also
recorded aigitally on tape by the Digital Recording System. In
the second scheme, the outputs of the twe different front ends
wire 1ndeLnuLntly fed to two diiferent 2nd converters and to two -
different ecnd IF's., The amplitied output of both IF's was fed to
a crogs-product deteetor in which the coherent noise signals
received at the two front ends (convertoed to two different no-
minal frequencies of 3.2 Mce. and 3.1%69% Me) produce a 100 cps
beat note with a phase carrying the interferometer information.
This signai was fed into the phasec measuring system in equal
manner as in the previous case. This sccond way turn ocut to be
slightly better than the first way but not cnough to justify the
extra eguipment needed.

Experimontal Sensitivity of the System with 300 Ke Prodetection BW
and MBTr.

Fig. 1 shows the extra sensitivity achieved by the wider pre-
detection bandwidth 300 Ke (curve B) and by the combination of a
wider predetcction BW and the narrower postdetection BW of the
NBTF (curve C). The abeisas show the relative signal strength
with respect to an arbitrary level and the ordinates the peak to
peak deviations of the phase output of the system in thousands
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of a anLlen h (counE The strength of a guiet sun with appro-
ximately lO watts/m /cps has been marked in order to give an
idea of the relative strength that corresponds more or less to
the signal strength of the source Cygnus A when in the center of
the beam of the antenna. The signal strength and the correspond-
ingt phasc deviations of the sources TAURUS A and CYGNUS A as they
are received at Lima arce also shown. Notice that these sources,
the strongest at Lima are 10 db weaker than the unmodified system
threshold, and that, with the help of the NBTF and a wider pre-
deteetion BW,.they can be tracked with peak to peak deviations
in the order of 40 counts or 10 counts r.m.s. If the mean of
30 data points is taken it would have a standard deviation of

10

{ 30

which is below the order of the accuracy of the system.

X 4 counts r.m.s.

The curves shown in Figure 1 were obtained by calibrating
the system with a noise generator sct at +18 db in series with °
a 37 db gain pre-amp, a variablc attenuator and a power divider
with 39 db attenuation., The relative signal strength shown on
the abeisa corresponds to the setting of the attenuator and can
be converted to equivalent antenna temperature. The -16 db point
would¢ correspond to 0 db with respeet to the noisec generated by
a matched resistor at 300° Kelvin (134 dbm for 10 Ke BW). This
(13% cdbm for 10 Ke BW) figure could be used to compare the sen~
sitivity of this system with other Radio Interferometers. Fig.
2 shows the original analogue record from which the curves in
figure 1 werc obtained,

1 Me I'redetection BW Hook up

Tests were run at 1 Me predetection BW. Although extrasen- o
sitivity was not necessary, this BW was more convenient to be
used because of the equipment available. The hook up was simi-
lar to the 300 Ke BW but the first IF of the Mod. I telemetry
receiver was used instead. This IF did not have any frequency
conversion and was found very convenient speeially when the
crussproduet detector was used and no neced of & comnon local
vscillator for conversion was nccessary as in the case of 300
Ke BW. Most of the tracking of Radio Stars was done on this BW
and all Radio Star records inceluded in this repori were taken
at this predetection BW.

Experimuntal Results Using 1 Me BW and the NBTFE

Fig. 2 shows the relative sensitivity of the system for noise
signals with 1000 K¢ predetection BW with and without the NBTFE
in comparison with the normal 10 Ke BW of the system. Fig. 4 and
5 are original rccords from which the curves on Fig. 8 were
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obtained, With the 1000 Ke precdetection and the NBTF at 0.03 the
system is able to track sources 30 db weaker than it would be
able to track with the normal BW fur the same standard deviation.
Figure @ also shows the relative signal strength of the Radio
Stars Centaurus A, Virgo A, Taurus A, Cignus A and the Quiet Sun
as they are being received at Lima. Fig. 3 also shows the signal
strength of Cignus A as it would be received by a system with
this source overhead. Notiee that at this signal strength the
phase deviations are of the order of a few counts even without
the use of the NBTF. Fig. y, and EWL record of a Quiet Sun, gives
an icea of the amount of noisc to be expected on the phase output
at these signal levels, Cassiopia A would also produces similar
records at high Northern latitudes.

Figures 7,8,9,10 are EWF analogue records of the transit of
Cignus A, Taurus A, Virgo A and Centaurus A respectively with
1000 Kc predetection BW with and without the NBTF. Their rel-
ative signal strengths reported on figure 3 have been obtained
from the peak to peak deviations of the 1000 Ke predaztection ang
2 cps postdcetecticn BW rccord channel. Centaurus A is the strong
st Radio Star in the Southern hemispherce, It has a latitude of
-42°45' and possibly the only star that could be tracked at the
Woomera,Santiago and Johammesburg stations. Figure 10 shows that,
at Lima, Contaurus produccs a pnase signal output with 30 counts
peak to peak deviation or & counts standard deviation. Taking
30 data points the mean would have a standard deviation of:

8
f-r‘.'.\ - A rr———r———— g-; 2 OOUI'ItS
| 30

This source was not tracked at 300 Kec predetection BW, but
knowing the signal strength and with the help of Fig. 1., the
precision of the observation at this BW can be deduced, Taking
30 data points the standard deviation of the mean would be FTa
= 3 counts. The observation of this star made by stations
farther south than Lima would have slightly more precision since
the star would be closer to the center of the antenna beam.

General Comments

As it has been said the 1000 Ke BW was used only for con-
venience but the 300 Ke BW would be sufficient to track the
mentioned sources. It is convenicent to use @ narrower prede-
tection BW from the aceuracy point of view. The accuracy of
the system depends amonyg other fuctors, on the accuracy of the
distance in wavelength between tiwe two interferometer antennas.
The wavelength used is the one that corresponds to the center
frequency., This center frequency, and consequently the distance
in between antennas, is more wccrtain as the BW gets wider. The
300 Kc BW seems to be a good compromise between accuracy and
sensitivity for the southern hemisphere.
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The cffcet of irregularities in the icnosphere (Radio
Scintillations) is not ncoticeable most of the time and never
dGuring the day. At night, there are times where the phase
geviations arce larger than it would be expected for a particular
sicnal strength. This phenomena has been noticed before with
satellite signals and can be very pronounced specially at lati-
tudes near the Magnetic Equator., In faet, this is an important
phenomena to which most Radio Interferomcters arce dedicated for
the study of the ioncsphere. Fig., 11 is a record of a transit of
Virgo A showing such a Uhunqmena. The cffect can be more pronoun
ced,

in ordar io obtain the performance expected with the wider
preuctection BW, it was found ncecessary to incrcase the pre-am-
plifier gain to 60 db befcre the first conversion. Althouch the
30 db pre-amp gain that the system normally has, proves to be o
sufficient for a predetection 8W of 10 Ke, it is not sufficient
with the 300 and 1000 Ke BW, A possible explanation is that the
noise introduced by the two first "Local Oscillators" is coherenty
and increases proportionally to the BW. The ccherence of the
noisc could be explained by the commen origin of these twe "local
oscillator' frequencies.

Cocnclusions

Radic Stars with a signal streongth larger than SKIO-duwattu/
m</cps can be tracked with the Minitrack System with very little
cxtra equipment. Staticns as far South as Lima wculd be able to
track at least four Radio Stars plus the Sun, and all of them
including Santiago, at least one. The extra equipment needed for
two channels arce two complete 300 Ke BW IF strips specially
desivnea for the purpese and a two channel NBTF's like the pro-
totype used in this experiment or like the ones budlt in the
SEAAD system. The NBTF would not necessarily be extra cquipment *
for the purpose of tracking Kadio Stars sinhce it can be fully
Justificd for the tracking of weak satcellite signals. The pre-
cisiuin ¢f the observations takineg 30 data points and using 300
Ke pruuut ction BW and C.303 cps postdotection BW 1s of the order
6l + 3 counts rms for scurces as weak as 5 X 10-2%watts/mé/cps and
in the beam of the antennas. No effort has been made to cvaluate
the accuracy of the cbservation. It has been left for the time
2 nrototype subsystem is built., It is recommended that such a
prototype is built.




T ABLE 1

Coerdinates and Signal Strength of Main Radio Sources®

N R
CAS5I0PIA 23 21 12 53°3£.l'] 130 - 3' X ! 71° W
CIGNUS is 57 45 BGo3o? 100 ~- 3" X .57 53° N
TAURUS ' 05 31 35 a2 ®ChT 18,5+ 3.5'X5.5" 35° HN
CENTAURUS i 13 22 30 —EZUGT 15¢c: 3' X6,5' 30¢ 5
VIRGO j 12 28 18 | 12°37! 1Ce. L 2,5'X 5! 25° i

N\

* From Cosmic Radio Waves by Shklovsky.
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