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            SUMMARY

 

            Radio Frequency Interference (RFI) surveys have been carried out periodically at the GMRT site
since 1985.  Surveys made during the period 1985-88 used a commercial Yagi antenna used for the TV
band of 175-230 MHz  which was placed at a height of about 6-m above the ground.  The Yagi antenna
was connected to a low-noise amplifier and a Tektronix Spectrum Analyzer.  A bandwidth of about 100
kHz was used generally for the measurements made during 1985-88.  The sensitivity obtained i.e. the
minimum detectable RFI signal was about -140 to -145 dBW/m2.

 

            Several surveys have been made during the period 1992-99 by using the primary antenna feeds
which are placed at the focus of the 45-m diameter parabolic dish antennas of  GMRT.   The 45-m
antennas and feeds are rotated so that they get pointed towards horizon in various directions, e.g. N, E, S
or W for selected frequency bands.  The outputs of the antenna feeds in the bands near 152 MHz, 233
MHz, 325 MHz, 611 MHz and 1000-1430 MHz are   connected to amplifier system placed near the focus
of each dish.  The GMRT receiver system brings the signals for the selected feed to the central receiver
room and a spectrum analyzer is connected to the IF output of the receiver .  Measurements are made
over RF bandwidth of 4, 10, 16 or 30 MHz.   A resolution bandwidth of  spectrum analyser of 10 or 30
kHz is used.  Sensitivity reached is about -155 to -160 dBW/m2.  The results described in this report are
based mostly on observations made by G. Swarup during 1997-2000.  However, RFI surveys made at the
GMRT site by various groups during 1985-2000 are briefly summarized in this Report but are presented
in more detail in Part-V of this series of reports on Frequency Coordination for GMRT and RFI
measurements. During the last two years, M.R. Sankararaman and others have continued to make RFI
surveys which are described elsewhere   The pulsar group has also made measurements in the 152 MHz
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± 4 MHz band.

 

            Surveys have also been made during 1998 using a broad-band log-periodic antenna placed  at the
GMRT site at NCRA, Pune, Sangamneer, Alephata, Kukdi, Junnar, Lonavala and Khandala which are
within 80  km of the GMRT site.  Some of the RFI signals seen in the GMRT bands are found to be
common at these sites but many of the RFI  signals are seen at different frequencies.  In particular, it
seems that some of the RFI signals seen in the GMRT protected bands arise from transmitters in
Lonavala and Pune, some are clearly local around the GMRT site, some are from GMRT electronics, but
the source of many other RFI signals is uncertain. These measurements indicate that some of these
signals may be unauthorised transmissions in the GMRT bands, or spurious harmonics of transmitters in
the vicinity of GMRT or leakages of faulty equipment.  More detailed measurements are needed to locate
sources of RFI to the GMRT, particularly in the 152-154 MHz and 230-234 MHz bands, which have
been given protection for GMRT by the Govt. of India but where considerable RFI is observed.  In part-I
of these reports are given recommendations for developing practical and low cost direction finding
equipment for RFI.

 

            Surveys made over the last few years,  show that the level of RFI has increased  considerably at
the GMRT site, particularly in  the GMRT bands 152-154 MHz and 230-234 MHz bands.  There is also
some increase in the level of  RFI in the 310-340 MHz band but RFI is mostly absent in the GMRT band
of 322-328.6 MHz. Relative absence of RFI in the 322-328.6 MHz band is also seen from the results of
interferometry done recently in four different directions (E, W, N & S) using the GMRT 327 MHz feeds
pointed towards the horizon, for four pairs of antennas.   The level of RFI is also low in a 32 MHz band
centered near the GMRT band of 608-614 MHz.  The RFI levels also seem to be relatively low in the
band 1000-1427 MHz although there are present RFI signals at several discrete frequencies in this band. 
However, I would like to stress that more sensitive measurements must be made in the GMRT bands near
325 MHz, 610 MHz and 1400-1427 MHz.

 

            The increase of RFI in the bands 152-154 MHz and 230-234 MHz is quite alarming.  Detailed
measurements are planned for locating the sources of  RFI in the RF bands allocated for GMRT.  It may
be noted that Government of India has allocated the following bands for operation of GMRT :
37.75-38.25 MHz; 152-154 MHz; 230-234 MHz; 322-328.6 MHz; 608-614 MHz; 1400-1427 MHz;
1610-1613.8 MHz; 1660-1670 MHz  (for the last two bands NCRA has recently applied for protection).
For adequate protection to GMRT, it is required that  no transmitters should operate in the GMRT bands
upto distances of about 200 km to 600 km for various RF bands. The required protection zones are
discussed in Part-III of these reports.

 

             There is no doubt that we must remain very vigilant.  It is important to form a team  consisting of
a few engineers and astronomers who should pursue sensitive   measurements and also ensure
coordination with other agencies for minimizing RFI to GMRT.  Development of a Direction Finding
Equipment is essential.  A coordinated  group effort  is required for adequate protection of the bands
allocated by the Govt. of India for GMRT operation.
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            Brief  details of the contents of Parts-I to XI of this series of  RFI-Reports are given in Part-I
which gives an  overview.  To summarize, Part-I of this series of Technical Reports discussing RFI, gives
an overview of the Frequency Coordination carried out,  summary of measurements made of  the RFI
levels at the GMRT site and Recommendations for future work.  Part-II summarizes regulations of the
International Telecommunication Union (ITU).  Part-III gives coordination made nationally by the
Wireless Planning and Coordination Wing, WPC.  Part-IV forms this report. In Part-VA are summarised
RFI surveys made by various groups.  In Part-V-B is described surveys of Radio Frequency Spectrum
made in 1998 in the frequency range of about 50-350 MHz using a Log-periodic Antenna and a
Spectrum Analyzer; it is concluded that the harmonics of transmitters operating in the frequency range of
76-77 MHz near Pune, Mumbai and beyond are unlikely to be the source of RFI seen in the band
152-154 MHz at the GMRT site. Part-VI describes measurements of spark-induced RFI from
automobiles made by Venkatasubramani and Saini.   Part-VII describes RFI from 11 kV Power Lines,
which produce severe interference to GMRT and also gives recommendations for reducing it.  Part  VIII
gives estimates from the literature of RFI from AC-HT lines ( >66 kV) and Part-IX for DC-HT line
which passes about 1 to 2 km away from E5 & E6 antennas. In Part X and Part XI are summarized
potential threat of  RFI from Low Earth Orbiting (LEO), medium-earth orbit (Iridium) and Digital
Broadcasting (World Space) satellite networks, and also analysis and coordination done by us for some
of the satellite networks.  In part XII  is given a summary of the propagation losses due to line-of-sight,
diffraction and tropo-scatter propagation.  In Part-XIII are discussed various mitigation techniques for
minimizing harmful effects of RFI.

 

1.            INTRODUCTION

            GMRT consists of 30 nos. of fully steerable parabolic dishes located in an array which has an
overall extent of about 25 km (Swarup, 1990;  Swarup et al. 1991; 1996)  Its main objective is to make
very sensitive radio astronomy observations.  GMRT operates in several radio frequency bands from
about 38 MHz to 1670 MHz (Table-1).  These bands  have been allocated to the radio astronomy service
internationally by the ITU and also nationally by the WPC. However, the frequency range of the GMRT
antenna feeds and RF front end is much wider (see Table-2).  GMRT is the  largest radio telescopes in
the world  operating in the above frequency range.  It has been designed and constructed fully in India. 
GMRT is located near Narayangaon about 65 km north of Pune (latitude 190o 06’ N; longitude 74o 03’
E).

 

            The sensitivity of a radio telescope is about 50 to 60 dB (about 105 to 106 times) higher than  that
of a communication  receiver.  Hence, it has been recommended by ITU that no transmitters should be
located at distances varying from about 500 to 600 km from the site of a radio telescope, depending upon
the frequency of operation and terrain. Coordination has not been a problem for the bands 322-328.6
MHz, 608-614 MHz and 1400-1427 MHz.  However, the radio frequency bands 152-154 MHz and
230-234 MHz have been specially coordinated by WPC for operation of the GMRT, after a great deal of
discussions with other user agencies and  for which coordination distances, are only 200 to 400 km as
have been mutually agreed to (see part-III of this series of reports).   According to the ITU 
Recommendation ITU-R 769.1, the harmful level of interference to the radio astronomy observations in
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the band 152-154 MHz is -194 dBW/m2 and in the band 230-234 MHz is estimated as -192 dBW/m2 (see
Table-3). 

 

            RFI measurements have been made at the GMRT site on several occasions during 1985 to end 
2000.  In Appendix-A are summarized various methods which have been used for RFI surveys and the
analysis procedure used.  Sensitivity of a radio telescope and required protection levels are summarized
in Appendix-B.  In RFI-Report, Part-V are given a summary of various measurements made at the
GMRT site by various groups during 1985-2000 with suitable references  to other reports.  In Section 2
are described RFI measurements made at the GMRT  site and also near Alephata, Sangamneer, Junnar,
Pune and Lonavala/Khandala during April 1998-September 2000 to identify the operating frequencies,
power flux density and approximate directions of various radio transmitters producing severe RFI to
GMRT,  particularly in the bands 152-154 MHz and 230-234 MHz.  Results are summarized in Section
3. Discussions are given in Section 4 and Conclusions in Section-5.

                                                           

2.         RFI  MEASUREMENTS MADE DURING APRIL 1998-SEPTEMBER 2000

 

            RFI measurements have been made using the primary antenna feeds of the 45-m diameter
parabolic dishes of GMRT.  These feeds are located on a turret which can be rotated from the Control
Room of GMRT and is placed at the focus of the dishes (Swarup et al. 1991 and Appendix-A).  At 150
and 325 MHz, the primary feeds consist of crossed dipoles backed up by plane reflectors.  The feeds at
235 MHz and 610 MHz are dual coaxial feeds.  A corrugated waveguide feed is used for the 1000-1427
MHz band.  The feeds can be remotely rotated  from 0o to 270o to point either towards the dish or  zenith
or horizon.  The feeds have a gain of about 8 to 10 dB.  Parabolic dishes are fully steerable in Azimuth
by ± 270o and in Elevation from about 17o to 110o, above  the horizon. 

 

            Low noise amplifiers are placed after each of the primary antenna feeds.  The received RF signals
are converted at the base of each antenna to Intermediate frequencies of 130 MHz and 175 MHz, for the
two polarizations received by each antenna, using remotely controlled local oscillators.  The two RF
signals are brought to a Central Receiver Room using optical fibre transmission system.

 

            RFI Measurements have been made at the GMRT site using the primary antenna feeds pointed
towards the horizon in four different directions. The 130 MHz IF outputs of the antennas in the Central
Electronics Building are connected to a HP 8590 spectrum analyzer.  Most of the measurements which
were made during April 1998-September 2000 used  resolution bandwidth (RBW) of 10 or 30 kHz,  
video bandwidth (VBW) of 1 kHz, and  averaging of 10 or 20 scans.  Surveys have been made at the
GMRT site mostly in the bands 152-154 MHz, 230-234 MHz and 322-328.6 MHz and also at adjacent
frequencies of ± 16 MHz.  For measurements described in this report for the period April
1998-September 2000,  scans across the frequency bands have been taken only periodically during day
and night on several days but more detailed measurements were made in December 1996-January 1997
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and recently in 1999 by Venkatasubramani ( 1996,1997) for several days more or less continuously
(RFI-Report, Part-V A).  Sensitivity of the present survey at the GMRT site is only about - 155 to - 160 
dBW/m2.  Thus only the strong sources of RFI which are likely to be located within about 100 to 150 km
distance from the GMRT site have been identified.  More sensitive RFI surveys on a 24 Hrs. basis for
several days should be made periodically using the GMRT radio interferometric system with likely
sensitivity of about -190 dBW/m2.

 

            Surveys of Radio Frequency Spectrum (RFS) in the frequency range of about 50 MHz to 350
MHz have also been made at the GMRT site and at Pune in the GMRT bands using a log-periodic
antenna, low-noise amplifiers and a spectrum analyzer (Part-VB).  Sensitivity reached is about -145 to
-150 dBW/m2. Preliminary surveys have also been made at Lonavala, (70 km S-W of GMRT), at certain
locations overlooking Mumbai and also at Sangamneer (40 km north of GMRT), Kukdi (10 km west of
the central array) and Junnar (25 km west of the central array). Several frequencies of RFI have been
identified as described in the next section.

 

            Various methods used for RFI surveys and procedure used for data reduction for determining the
values of the received power flux density (W/m2) are described in Appendix-A.

 

3.            RESULTS

 

            Results of our RFI surveys made in the frequency range of about 151.80-154.43 MHz and
229.70-234.50 MHz are summarized in Tables 4 and 5 respectively for the GMRT site.  It may be noted
that the estimated values of power flux density (dBW/m2) at the GMRT antennas are approximate and
may have errors upto ± 5 dB (see Appendix-A).  In Tables 6 are given a summary of measurements made
from about 100 MHz to 350 MHz from 1985 to 2000.  Sensitivity of measurements made during
1997-2000 is higher than for the earlier period.  Measurements made in the band 150.80 to 154.43 MHz
and 229.7 to 234.25 MHz are given in Tables-4 & 5   as well  as in Table-6.

 

            Tables 7 to 10 refer to measurements made at Pune, Lonavala, Khandala, Sangamneer and
Junnar.

 

            In Tables 4 and 5, date and time of measurements are given in Cols. 1 and 2, frequencies of RFI
(MHz) in Col. 3, direction of the GMRT antenna feeds in Column 4,   and power flux density (PFD in
units of dBW/m2) in Col. 5.   In Tables 7 to 10, PFD values are given for 4 different directions in which
the log-periodic antenna was pointed.

 

PART - IV

file:///E|/technicalreports/106.htm (5 of 18) [2/19/2003 11:19:42 AM]



            Measured values of frequencies of the transmitters have an error of  ± 0.02 MHz or larger
depending upon the signal strength and also values of the resolution bandwidth and frequency span
selected for the spectrum analyzer.

 

            In Figs 1(a) to 1(p) are given typical spectrum analyzer outputs obtained at the GMRT site in the
bands 152-154 MHz.  In Figs. 2 & 3 are given modulation characteristics of signals observed at 146.6
MHz (Pager transmitter) and for signals near 165 MHz.  In Figs. 4(a) to 4(f) and Figs. 5(a) to 5(h) are
given outputs for the band 230-234 MHz.  RFI in adjacent bands is also seen in many of these plots
(Please see Sections 4.1 and 4.2 for discussions concerning these results).  The plots show strong sources
of RFI superimposed on the IF band of the GMRT receiver system.  GMRT receiver system allows
observations over a 32 MHz bandwidth but it may be noted that there are filters present in the RF, IF and
Base Band systems which can restrict the radio astronomy observations to be made only within the
allocated bands. 

 

            In May 1998 and in September 2000 detailed measurements for RFI were also made in the
frequency range of about 230-234 MHz or wider using  GMRT antennas, selected from the Central as
well as Y-Array. Antennas were pointed towards each of the South, West, North and East directions.  It
was found that some of the RFI signals appear only in one of the four directions, (see Figs. 4(a) to 4(f)
for typical records).  For some signals the frequency was found to vary with time.  Thus, it seems that
some of the RFI signals could have arisen locally within a km or so of these antennas from GMRT
electronics or other equipment such as PCs or Tvs (oscillating TV Booster)  Figs. 5(a) to 5(g) shows
results of measurements made on 6th September 2000 near 234 ± 2.8 MHz by A. Frezot, A. Sarkar and
S. Ananthakrishnan (coordinated by G. Swarup) in which 4 antennas each were pointed towards N, E, S
and West and a signal at 234.0 MHz and later at 235.0 MHz was radiated from the Housing Colony at
Narayangaon. Scans of either 256 ms only or 10 sec. integration (?) showed some intermittent RFI but
averaging over 6 x 10 seconds shows clearer scans except for W05 and C10 antennas for which there
may be present instabilities or power-line RFI.  A RFI signal near 233.5 MHz was also seen in W04
output and may be a local RFI.

 

            In Fig. 6(a) is given RFI measurements made in the band 300-360 MHz on 26th July 1996.
Several signals are seen in the frequency range of about 305-315 MHz and 328-356 MHz but not in the
322-328.6 MHz protected band.  In Fig. 6(b) to 6(g) are shown RFI and pass-band measurements made
in the 325 ± 8 MHz band.  No RFI above the sensitivity level of about -154 dBW/m2 was observed; the
pass-band show appreciable ripples.  In Part-V of these series of reports are presented a summary of RFI
measurements made by various groups for several frequency bands from about 100 MHz to 1500 MHz.
In Figs. 7(a) and 7(b) are shown a summary of RFI measurements made by T.L. Venkatasubramani in
January/February 1997 (see Venkatasubramani, 1996 and RFI-Report, Part-V A) in the frequency range
of about 100 MHz to 1400 MHz.  In Figs. 7(c) and 7(d) are shown measurements made by him in July
1999.  The following conclusions can be made from these surveys:
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i)          There occurs considerable RFI in the band 152-154 MHz, which has increased considerably from
January/February 1997 to July 1999.

 

ii)         There also occurs appreciable RFI in the protected band 230-234 MHz, which has also increased
in 1999 compared to 1997.

 

iii)        Level of RFI above the sensitivity level of measurements of about -150 to -160 dBW/m2 is not
significant in higher frequency bands.

 

Some typical measurements made in the 153 MHz band using a log-periodic antenna, 60 dB amplifier
and a Spectrum Analyzer (see Appendix-A) near Sangamneer, Alephata, Junnar, Pune, Lonavala and
Khandala are shown in Fig.8. Measurements made at the above locations near 233 MHz band are given
in Fig. 9 and at Khandala/Lonavala in Figs. 10 and 11.  In Figs. 10 & 11 is presented a graph giving
summary of RFI seen at the GMRT site and nearby regions (Sangamneer, Alephata, Kukdi, Pune, and
Lonavala/Khandala, etc.).  Measurements made in the band 300-350 MHz at Pune, Lonavala & Khandala
are shown in Fig. 12.  Location of these sites are shown in Fig. 18.  These measurements were made only
for horizontal polarization.  It is desirable to make such measurements in future for both horizontal and
vertical polarizations.  However, for the case of measurements made with  GMRT antennas, both
polarizations are covered as the feeds are circularly polarized for 150, 235, 325 & 610 MHz and
orthogonal linear for 1000-1420 MHz.

 

            Measurements of Radio Frequency Spectrum (RFS)  were also made using a log-periodic antenna
with a bow-tie (LPA) located (a) above the computer room of the central electronic building, (b) inside
the Receiver and Control/Computer room and  (c) on a 9-m high tower near  the C-4 antenna. A
summary of these  results is also given in RFI-Report Part-V B.  These measurements  have been made
from about 40 MHz to 350 MHz.  In the measurements made above the computer room, lot of RFI  was 
seen at spacings of 1 and  2 MHz which seems  to arise from the electronic equipment in the central
electronics building. The RFI levels were much lower in the measurements made with the log-periodic
array placed near the C-4 antenna, but it could be due to much lower height of  the LPA (9 m) compared
to that of  the primary feeds  at the focus of  the GMRT antennas (about 40 m).  Discussions and
Conclusions of these RFS surveys are given in RFI-Report, Part-V-B.

 

4.            DISCUSSIONS

4.1       RFI  IN THE GMRT FREQUENCY BAND 152.0 TO 154.0 MHz.

            One of the prime purpose of the surveys was to make a preliminary assessment of the directions,
power flux-density level and frequencies of narrow-band RFI being observed in the bands allocated by
WPC to the GMRT.  These surveys were made only occasionally as most of the scientists and engineers
were busy in getting the GMRT going.
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            Surveys made at the GMRT site during 1985-94 did not show much RFI in the band 152-154
MHz.  However, surveys made in 1995 and 1996 identified RFI at  some discrete frequencies.  Surveys
made by T.L. Venkatasubramanian (TLV) during December 1996-January 1997 and July 1999 for
several days on a 24-hr. basis using the GMRT antenna feeds (RFI-Report, Part-V A; also Fig. 7 of this
report Part-IV)  show increase in the level of RFI in 1999 compared to earlier period.

 

            Results of surveys made by the Pulsar group during December-January 1998 and those presented
in this report show that the degree of RFI seen in the 152-154 MHz band is quite severe and requires
urgent coordination with various agencies.

 

            In Figs. 1(a) to 1(o) we have presented only some of the typical records for the surveys made on
28.04.98, 29,04.98 and 26.07.98 but have given all the records obtained on 2.09.98 and 3.09.98.  Most of
the strong or appreciable RFI observed has been summarised in Table-4, but many of the weak RFI
signals are not tabulated.  As can be seen from Figs. 1(a), 1(b) and 1(c) that RFI is present in the output
of some of the GMRT antennas at harmonics of 922 kHz and is likely to arise  from the LO-Synthesizer
system as the frequencies of the harmonics are closely the same in different antennas.

 

            It is seen that RFI is seen at a large number of discrete frequencies in the 152-154 MHz band.
Most of these vary with time and are therefore not likely to arise from the electronics system of GMRT. 
Do some of the RFI signals arise from inter-modulation products ?  The front end RF amplifiers of
GMRT have a bandwidth of about 40 MHz, followed by a mixer, 32 MHz SAW filter at 70 MHz, further
selectable IF SAW filters of 16 or 5.6 MHz at 130 and 175 MHz (RH & LH polarization) and finally the
IF signal is transmitted on analog optical fibre link.  For most of the RFI surveys presented in this report,
an IF filter of 5.6 MHz was used.  Hence, most of the RFI detected is unlikely to arise from
inter-modulation, although further tests on the 150 MHz front-end are required to be done. Besides, a
radio frequency survey (RFS) made by G.Swarup and S.Joardar at the GMRT site in February 1998
(Part-V-B) using a log-periodic antenna in the frequency range of about 40 MHz to 360 MHz did not
show any strong signals at half or one-third frequency of the 152-154 MHz band and hence the RFI in
these bands is unlikely to be due to the 2nd or 3rd harmonics of transmitters located near, Pune,
Lonavala, Mumbai and beyond.

 

            RFI arises in the 152-154 MHz band mostly from the Southern direction but there are many cases
of RFI from East and West direction.  It may be noted that the GMRT feeds have a 10 dB beamwidth of
about 120o  or 130o and hence weak RFI could be seen when the feed is in East or West direction, even if
the source is in the Southern direction.

 

            As noted above RFI is seen in the 152-154 MHz band at many discrete frequencies.  However,
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the RFI signals are more frequent at some of the frequencies and are also higher in strength.  These
strong and frequent RFI are near 152.10 ± 0.1, 152.25, 152.78 and 153.58 MHz.  In Fig. 1(d) are shown
records of the RFI near 152.1 MHz with a span of 200 kHz, RF Resolution Bandwidth (RBW) of 10 kHz
and VBW of 300 Hz.  As shown in Fig. 10, there is some indication that some of the RFI seen in the
152-154 MHz arises from equipment near Pune and Lonavala.  This needs to be investigated further. 

 

            It is seen from Fig. 1(f) that there seem to be either two FSK transmitters at 152.06/152.08 MHz
and 152.110/152.138 MHz or there could be 4 FM transmitters.  Further investigations are necessary to
locate the source of the RFI near 152.1 MHz which is quite strong and is present most of the time.  As
also noted in the previous para, strong signals at these frequencies are also present at Lonavala.  Perhaps,
transmitters at the INS Shivaji at Lonavala are radiating in the protected band of GMRT.  We need to
investigate this in the near future.

 

            Figure 1(p) shows various transmitters in the frequency range of 140-180 MHz whose signals are
being received at the GMRT site.  Signals from 4 transmitter sources were quite strong.

 

            a)            Paging transmitters at 146 MHz;  - there are perhaps two transmitters.

            b)            Police wireless 158 MHz.

            c)            Paging  or other fixed service transmitters near 165 MHz

            d)            Pune T.V.

                        In view of the strong signals, it has been found necessary to put 14 dB “Solar Attenuator”
in the front-end electronics for making satisfactory observations at 150 MHz.

 

            The 150 MHz GMRT feeds has a bandwidth of (SWR < 2) of about 120-210 MHz.  However,
there is installed in the Front-end Box a filter with a 3 dB bandwidth of 130-170 and 10 dB bandwidth of
about 125-180 MHz. We should install narrow band selectable filters of 4, 10, 40 MHz and also no filter
in the 150 MHz front end box so that we can make observations at various frequencies in the band for
observations such as recombination line or for solar observations. Also, over the next few years, we
should plan to increase the dynamic range of the 150 MHz front-end electronics.

 

            After the mixer at the base of the antenna, there arises a signal at IF with a frequency of 70 MHz
which is applied to a 32 MHz SAW filter.   In the second IF at 130 and 175 MHz there are switches
which provide either direct path to 32 MHz or SAW filters of 16 MHz or 5.6 MHz. Since the frequency
band 140-180 MHz is heavily occupied, it desirable to use a second 5.6 MHz filter in the 2nd IF stage to
provide high selectivity  and to use only a 2  MHz baseband filter for sensitive observations  in the
frequency band 152-154 MHz.
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4.2       RFI in the Frequency band of 230-234 MHz

 

                  Fig. 4(a)  show RFI measurements in the band 235 ± 8 MHz made at the GMRT site in May
& June 1998.  These Figures show plots of HP spectrum analyzer (SpA) scans obtained for the 130 MHz 
IF channel, at the output of the optical fibre in the Receiver Room of the GMRT.  The following
conclusions can be made

 

i)                RFI at 229.75 MHz is stronger towards South (-124 dBW/m2) and was seen on both May
27th & May 29th 1998.

 

ii)               A strong signal was seen near 231.0 MHz towards North, on 29th May 1998 but at 231.35
MHz on 27th May 1998.

 

iii)      Signal at 237.10 MHz was observed on 29th May 1998 around 22h 10m  1998 as well as on 27th
May 1998 around 15h 39m.  Similarly signal near 233.10 MHz was present on both days for W3-N (and
not seen for W2-5 and S6-E).

 

iv)              In S6-E was present a signal near 233.80 MHz whose frequency varied by 0.3 MHz from
about 233.65 to 233.95 MHz over minutes (see Fig. 4(e))

 

v)               A strong signal was observed for W3-N on 27th May 1998 around 16h 03m whose frequency
was seen to vary by about 0.7 MHz from about 241.575 MHz to 242.255 MHz over minutes (Fig. 4f).

                 

vi)      Signal at 243.9 MHz had on an average same p.f.d. for W3-N and S6-E may have occurred in the
north-east direction.

 

FIG. 5(a) to 5 (d) : show signals received at (W01, E03, C00, C09), (W02, E04, C02 and C10); (W04,
E05, C03 and C12) and (W05, E06, C04 and C13) antennas pointed towards N, E, S & W respectively
and show several sources of RFI in addition to 234.0 MHz signal transmitted by us from the GMRT
housing colony near Kukdi before 1556 hours and 235 MHz after 1556 hours.  The following
conclusions may be made from Figs. 5(a) to 5(d).

 

PART - IV

file:///E|/technicalreports/106.htm (10 of 18) [2/19/2003 11:19:43 AM]



i)                RFI signals are seen at discrete frequencies (in addition to 234.0 and 235.0 MHz) which are
present at more than one antenna pointed in the same direction and in a few cases even adjacent
directions

 

*      231.29 MHz at W01-N; C00-N and W02-E

*      232.6 MHz at E05-S and C12-S

*      233.3 MHz at C04-W and W02-E

*      236.9 MHz at W01-N; C00-N; C02-E, W02-E, C10-E

 

                  However, the above are not seen at all the antennas pointed in the same direction, perhaps due
to propagation effects.

 

ii)      Several RFI signals are seen at only one of the antennas out of a group of 3 or 4 working antennas
pointed in the same direction.  It is not clear whether these arise due to any local or nearby sources.

 

4.3       RFI surveys in the GMRT bands of 322-328.6 MHz, 608-614 MHz and 1000-1427 MHz

 

            As shown in Figs. 6 and 7, the level of RFI in the above bands is relatively weak. However, more
sensitive and continuous measurements need to be made as discussed in RFI-reports Part-I.

 

4.4       Path Loss

 

            Calculations for expected path loss between GMRT site to Mumbai and GMRT site to Pune were
done by the National Physical Laboratory, New Delhi (NPL) in 1986 on our request.  In Fig. 13 is shown
the path height profile between Mumbai and the GMRT site.  Based on this data, NPL calculated the
probability function for the path loss which depends on the refractive index of the atmosphere that
depends on the season and time of the day.  In Fig. 14 is shown the probability function for
Mumbai-GMRT, for which case it was calculated that the path loss is expected to be more than 170 dB
for 50% of time and more than 150 dB, 65% of time.  Similar calculations by N.P.L. predicted loss of
150 dB or more 83% of time between Pune and GMRT site (Fig. 15).  In Fig. 16 is given estimates made
by T.L. Venkatasubramani (RFI-Report Part XII) using N.B.S. Tech. Note 101, Vol.II.  However,
according to N.P.L. these may not be applicable for India.  It would be useful to monitor the Power level
of signals from strong transmitters, say paging Tx receiver at GMRT as well as that of TV transmitters
located near Pune and Mumbai.
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            According to ITU report 329-6 the spurious emission (including harmonics) from a transmitting
equipment should not exceed above 50 microwatts (depends on the national standards and power of the
transmitter but the above value is for transmitters of less than 100 W or so).  For a path loss of about 150
dB, we should therefore not suffer from weak RFI at a level of about -190 dBW/m2.  Further, an
interferometric system will give us a protection of another 8 or 10 dB.  Please see Part-V-B for further
discussions.

           

4.5            Probable sources of RFI in the GMRT bands of 152-154 MHz and 230-234             MHz.

 

            It is seen from Tables 4 and 5 and Figures 1, 4 and 5 that the power flux density of most of the
strong sources of RFI at the GMRT site in the GMRT bands lies in the range of about -137 to -150
dBW/m2.  The estimated propagation loss between the GMRT site and Pune is about -150 dB and about
-165 dB between the GMRT site and Mumbai.  These losses can vary by about ± 10 dB depending upon
the troposcatter conditions which is dependent on the atmospheric refractive gradient. Most Fixed (FX)
transmitters used for radio communications radiate power in the range 15 W to 40 W.  For a 25 W
transmitter (+ 13 dBW), the estimated value of pfd at the GMRT site for a transmitter at Pune is given by
pfd = -150 dB/m2 + 13 dBW = -137 dBW/m2.

           

            It is therefore seen that our measurements are consistent with the assumption that some of the
transmitters giving strong RFI are likely to be located near Lonavala, Mumbai, Pune, Ahmednagar or
Nasik.  For the required protection of -190 dBW/m2, as agreed by the WPC (RFI Report - Part-III no
transmitters should be located in the GMRT bands upto a distance of at least 400 km for 152-154 MHz,
200 km for 230-234 MHz bands and 600 km for 322-328.6 MHz and 608-614 MHz bands (Fig. 17).  All
transmissions are prohibited by the ITU for the band 1400-1427 MHz which is used for spectral line
radio astronomy observations and also passive sensing of earth’s resources and earth’s atmosphere by
Remote Sensing.

 

            The RF band 150.05-153 MHz is allocated to MAR - Rural Communication System but the MAR
authorities have agreed not to use the band 152-153 MHz upto 400 km distance from the GMRT site
(RFI-Report Part-III) and also confirmed the same when myself, Prof. S.H. Damle and Shri M.R. 
Sankararaman visited their office in mid-1998.  The band 153-156 MHz is allocated to Defence but they
have agreed to protect GMRT in the band 153-154 (RFI Report - Part-III).

 

            It may be noted that if there are present several RFI signals with pfd values greater than about
-158 dBW/m2, there is likely to take place serious loss of the sensitivity of continuum observations with
GMRT.  For the 4-bit GMRT correlator, the intermodulation products are expected to be about - 35 dB
(needs to be tested - this estimate is based on estimates which I got made during 1988 both theoretically

PART - IV

file:///E|/technicalreports/106.htm (12 of 18) [2/19/2003 11:19:43 AM]



and simulation tests made by NRAO on our request).  Therefore, if there are present two RFI signals with
power received by the antenna which is greater than 35 dB compared to the rms noise, the non-linearity
imposed by the 4-bit correlator will produce a third spurious signal at (2f2-f1) or (2f1-f2) frequency.  Let
us consider a case when the baseband filter used has a 2 MHz bandwidth and the correlator provides 128
frequency channels so that each channel has a width (Df) of about 15.8 kHz.  The rms sensitivity at input
of front-end amplifier for t = 2000 s integration is given by

 

            Dp            =            kDT,  Df/ ( Df × t )1/2

                        =            k Ts (Df/T)1/2  k Ts ( Df × t )1/2

Where Ts            =            system temperature, (500 k at 150 MHz) so that

            Dp            =            1.38 x 10-23 x 500 x (15,800/2000)1/2

                        =            - 198 dBW

 

            Since the gain of distant sidelobes of the GMRT antenna is about 1 (i.e. G=1), the corresponding
collecting area, A= (l2 G/4p) = - 5 dB for l = 2m (150 MHz).

           

            Hence, it is required that the level of RFI for avoiding intermodulation in the Correlator should be
weaker than, S,

            S            =            -198-(-5-35) dB

                        =            - 158 dBW/m2

            This is a rough estimate and needs to be tested.  Hence it is very important that we locate the
sources of RFI in the protected bands of GMRT which are greater than about -158 dBW/m2 and get these
transmitters or faulty equipment to stop radiation in the GMRT bands.

 

4.5       Radio Frequency Spectrum

            In the VHF bands of about 40 MHz to 235 MHz  there exist a large number of active transmitters
in India. Band 61-68 MHz is allocated to one of the three TV transmitter at  Mumbai with 62.25 MHz for
picture carrier and 67.75 MHz for sound carrier. The band 68 to 85 MHz is allocated to fixed mobile
transmitters; the band 85-110 for FM transmitters  at Pune, FM station transmits at 102  MHz), 108-130
MHz to civil aviation.  The band 130 to 171 MHz is allocated to fixed mobile transmitters, but 136-137
MHz is allocated to space-to-Earth transmitters. The band 175 to 230 MHz is allocated for TV
transmission with 175 to 181 MHz for Pune, T.V.  The band 230 MHz to 400 MHz (except 322-328.6
MHz) is allocated to the Fixed and aeronautical mobile services, mostly to Defence but there are new
civil allocations in the offing.  The band 322-328.6 MHz has primary allocation for Radioastronomy
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service.

 

            It is also clear that there exist several sources of RFI closer to various antennas of GMRT.  It is
recommended that measurements be made with feeds of all the antennas pointed towards N, E, S, W
sequentially for all the available antennas for a few hours every month.  We should also carry out
periodically interferometric measurements using all the available antennas of GMRT, which will give
better sensitivity.  In order not to be flooded with data, one may take scalar average for each frequency
channel for each 16 sec. sampling time and make greyscale plot by plotting frequency (channels) versus
time.

 

            In RFI-Report Part-III are presented measurements made in 1998 at the output of a TV cable at
NCRA-Pune in the frequency range of about 48 MHz to 258 MHz providing 30 TV channels. Some of
the T.V. cable operators are also using bands upto about 350 MHz.   Many of these cable TV operators
are using very poorly shielded coaxial cables and for which the wires are also not properly silvered as per
specifications.  It is quite probable that many of these cable networks are radiating strong spurious
emissions in the above frequency range.  Suitable protections need to be provided by WPC in this
connection.  The RFI to the GMRT from the TV cable operations was brought to the attention of WPC in
a meeting held at Delhi in July 1998.  WPC requested us to identify the actual sources of RFI from TV
cable operations in GMRT area.  If this is pointed to them, they would try to provide protection to
GMRT by requesting cable TV operators not to make TV transmissions in the GMRT bands and also
adjacent channels.  Any case, we should note that many of the sources of strong RFI seen at the GMRT
site are not likely to be from Cable TV because the received power varies over several minutes  (on and
off) typical of a communication signal.  This can be checked easily with a VHF communication receiver
with a voice which has been purchased recently.

 

5.            CONCLUSIONS

 

             GMRT is world’s largest radio telescope operating at metre wavelengths.  Hence, it is important
to provide adequate protection in its band of operation.  Careful coordination is required between TIFR,
WPC, monitoring Agency  of WPC/DOT at Mumbai and  various concerned radio communication
agencies at in the Pune-Mumbai region.
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