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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 Y agi antenna used for the TV
band of 175-230 MHz which was placed at a height of about 6-m above the ground. The Y agi antenna
was connected to alow-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/m?2.

Severa 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. The45-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 isused. Sensitivity reached is about -155 to -160 dBW/m?2. 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 measurementsin the 152 MHz
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+ 4 MHz band.

Surveys have also been made during 1998 using a broad-band |og-periodic antenna placed at the
GMRT site at NCRA, Pune, Sangamneer, Alephata, Kukdi, Junnar, Lonavala and Khandalawhich 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 transmittersin
Lonavalaand Pune, some are clearly local around the GMRT site, some are from GMRT electronics, but
the source of many other RFI signalsis uncertain. These measurements indicate that some of these
signals may be unauthorised transmissions in the GMRT bands, or spurious harmonics of transmittersin
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 hasincreased considerably at
the GMRT site, particularly in the GMRT bands 152-154 MHz and 230-234 MHz bands. Thereisalso
someincrease in the level of RFI inthe 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. Thelevel of RFl isaso low in a32 MHz band
centered near the GMRT band of 608-614 MHz. The RFI levels aso seem to be relatively low in the
band 1000-1427 MHz although there are present RFI signals at several discrete frequenciesin this band.
However, | would like to stress that more sensitive measurements must be made in the GMRT bands near
325 MHz, 610 MHz and 1400-1427 MHz.

Theincrease 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 alocated 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 isrequired 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-111 of these reports.

There is no doubt that we must remain very vigilant. It isimportant to form ateam consisting of
afew 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 isessential. A coordinated group effort isrequired for adequate protection of the bands
allocated by the Govt. of Indiafor GMRT operation.
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Brief details of the contents of Parts-I to X1 of this series of RFI-Reports are given in Part-I
which givesan overview. To summarize, Part-1 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-Il summarizes regulations of the
International Telecommunication Union (ITU). Part-111 gives coordination made nationally by the
Wireless Planning and Coordination Wing, WPC. Part-1V formsthis 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 Antennaand 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-V11 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-1X 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 X1l isgiven asummary of the propagation losses due to line-of-sight,
diffraction and tropo-scatter propagation. In Part-XI11 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 a. 1991; 1996) Its main objectiveisto make
very sensitive radio astronomy observations. GMRT operatesin 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 aso nationally by the WPC. However, the frequency range of the GMRT
antennafeeds and RF front end is much wider (see Table-2). GMRT isthe largest radio telescopesin
the world operating in the above frequency range. It has been designed and constructed fully in India.
GMRT islocated near Narayangaon about 65 km north of Pune (latitude 190° 06’ N; longitude 74° 03’
E).

The sensitivity of aradio telescopeis about 50 to 60 dB (about 10° to 106 times) higher than that
of acommunication receiver. Hence, it has been recommended by I TU that no transmitters should be
located at distances varying from about 500 to 600 km from the site of aradio 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 specialy coordinated by WPC for operation of the GMRT, after agreat 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-111 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/mZ2 and in the band 230-234 MHz is estimated as -192 dBW/m? (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 aradio telescope and required protection levels are summarized
in Appendix-B. In RFI-Report, Part-V are given asummary 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/K handala 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 MEASUREMENTSMADE 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 aturret 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 Q° to 270° to point either towards the dish or zenith
or horizon. The feeds have again of about 8 to 10 dB. Parabolic dishes are fully steerable in Azimuth
by + 2700 and in Elevation from about 17° to 1109, above the horizon.

Low noise amplifiers are placed after each of the primary antennafeeds. The received RF signals
are converted at the base of each antennato 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 siteisonly 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/m?2,

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 alog-periodic
antenna, low-noise amplifiers and a spectrum analyzer (Part-VB). Sensitivity reached is about -145 to
-150 dBW/m?2. 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/m?2) 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 aregiven in Tables-4 & 5 aswell asin 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 feedsin 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 directionsin which
the log-periodic antenna was pointed.
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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 sitein the
bands 152-154 MHz. InFigs. 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 bandsis aso 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 recelver 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 akm or so of these antennas from GMRT
electronics or other equipment such as PCsor 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 asignal 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 RFl. A RFI signal near 233.5 MHz was aso seen in W04
output and may be alocal RFI.

In Fig. 6(a) is given RFl measurements made in the band 300-360 MHz on 26th July 1996.
Severa 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
inthe 325 + 8 MHz band. No RFI above the sensitivity level of about -154 dBW/m?2 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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) There occurs considerable RFI in the band 152-154 MHz, which has increased considerably from
January/February 1997 to July 1999.

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

i) 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 alog-periodic antenna, 60 dB amplifier
and a Spectrum Analyzer (see Appendix-A) near Sangamneer, Alephata, Junnar, Pune, Lonavalaand
Khandala are shown in Fig.8. Measurements made at the above locations near 233 MHz band are given
in Fig. 9 and at Khandala/lLonavalain Figs. 10 and 11. InFigs. 10 & 11 is presented a graph giving
summary of RFI seen at the GMRT site and nearby regions (Sangamneer, Alephata, Kukdi, Pune, and
LonavalalKhandala, etc.). Measurements made in the band 300-350 MHz at Pune, Lonavala & Khandala
areshown in Fig. 12. Location of these sites are shown in Fig. 18. These measurements were made only
for horizontal polarization. It isdesirable to make such measurementsin 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 Recelver and Control/Computer room and (¢) on a9-m high tower near the C-4 antenna. A
summary of these resultsis aso 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
41 RFI INTHE 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-1V) 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 al 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 islikely 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 alarge 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 amixer, 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
|F signal istransmitted on analog optical fibre link. For most of the RFI surveys presented in this report,
an |F 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 alog-periodic antennain 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 arisesin 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 1200 or 130° and hence weak RFI could be seen when the feed isin 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. Asshownin Fig. 10, there is some indication that some of the RFI seenin the
152-154 MHz arises from equipment near Pune and Lonavala. This needsto 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 thetime. As
also noted in the previous para, strong signals at these frequencies are also present at Lonavala. Perhaps,
transmitters at the INS Shivgji 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 a 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) PuneT.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,
thereisinstalled in the Front-end Box afilter 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 arisesa signal at IF with afrequency of 70 MHz
which is applied to a32 MHz SAW filter. Inthe 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 a2 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 measurementsin the band 235 + 8 MHz made at the GMRT sitein May
& June 1998. These Figures show plots of HP spectrum analyzer (SpA) scans obtained for the 130 MHz
|F 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/m?2) and was seen on both May
27th & May 29th 1998.

i) 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 22" 10m 1998 aswell 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).

V) In S6-E was present asignal 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 16" 03™M 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)  Signa 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,
EO5, C03 and C12) and (W05, EO06, CO4 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).
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) 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 afew cases even adjacent
directions

*  231.29 MHz at WO01-N; CO00-N and WO02-E

*  232.6 MHz at EO5-Sand C12-S

*  233.3 MHz at C04-W and WO02-E

236.9 MHz at WO1-N; CO0-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.

I)  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 isnot clear whether these arise due to any local or nearby sources.

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

Asshown in Figs. 6 and 7, thelevel 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-1.

4.4 Path L oss

Calculations for expected path loss between GMRT site to Mumbal and GMRT site to Pune were
done by the National Physical Laboratory, New Delhi (NPL) in 1986 on our request. In Fig. 13 isshown
the path height profile between Mumbal 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
Mumbal-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 X11) using N.B.S. Tech. Note 101, Vol.ll. 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 aswell asthat of TV transmitters
located near Pune and Mumbai.
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PART - IV

According to ITU report 329-6 the spurious emission (including harmonics) from a transmitting
eguipment should not exceed above 50 microwatts (depends on the national standards and power of the
transmitter but the above valueis for transmitters of lessthan 100 W or so). For a path loss of about 150
dB, we should therefore not suffer from weak RFI at alevel 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 sitein 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 therange 15 W to 40 W. For a25W
transmitter (+ 13 dBW), the estimated value of pfd at the GMRT site for atransmitter at Pune is given by
pfd = -150 dB/m2 + 13 dBW = -137 dBW/mZ.

It istherefore 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-111 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-111) and also confirmed the same when myself, Prof. S H. Damle and Shri M.R.
Sankararaman visited their officein 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-I11).

It may be noted that if there are present several RFI signals with pfd values greater than about
-158 dBW/m?, thereis 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 | got made during 1988 both theoretically
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PART - IV

and simulation tests made by NRAO on our request). Therefore, if there are present two RFI signals with
power received by the antennawhich is greater than 35 dB compared to the rms noise, the non-linearity
imposed by the 4-bit correlator will produce athird spurious signal at (2f,-f;) or (2f,-f,) frequency. Let

us consider a case when the baseband filter used has a2 MHz bandwidth and the correlator provides 128
frequency channels so that each channel has awidth (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 x t)V2
= k T¢ (DFIT)V2 k T4 ( Df x t )12

Where T = system temperature, (500 k at 150 MHZz) 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 antennais about 1 (i.e. G=1), the corresponding
collecting area, A= (12 G/4p) = - 5dB for | = 2m (150 MHz).

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

S = -198-(-5-35) dB
= - 158 dBW/m2

Thisis arough estimate and needs to be tested. Hence it isvery important that we locate the

sources of RFI in the protected bands of GMRT which are greater than about -158 dBW/m?2 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 alarge 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 allocationsin the offing. The band 322-328.6 MHz has primary allocation for Radioastronomy
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service.

It isalso clear that there exist several sources of RFI closer to various antennas of GMRT. Itis
recommended that measurements be made with feeds of all the antennas pointed towards N, E, S, W
sequentially for all the available antennas for afew hours every month. We should also carry out
periodically interferometric measurements using all the available antennas of GMRT, which will give
better sengitivity. 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-111 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
ameeting held at Delhi in July 1998. WPC requested us to identify the actual sources of RFI from TV
cable operationsin GMRT area. If thisis pointed to them, they would try to provide protection to
GMRT by requesting cable TV operators not to make TV transmissionsin 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 acommunication signal. This can be checked easily with a VHF communication receiver
with a voice which has been purchased recently.

5. CONCLUSIONS

GMRT isworld’ slargest radio telescope operating at metre wavelengths. Hence, it isimportant
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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signals may be spurious measurements from focal sources, such as GMRT
electronics, PCs, etc. and others may be arising due to transmitters operating in
the GMRT bands in the coordinated area (1) or due to Spurious emission of
electronic equipment such as PCs, etc. A few of the RF| signals could be due
to intermodulation products. Several conclusions are given in Sections 4.1 4.2
and 4.5.

Following steps are recommended

a) RFI arising from GMRT electronics should be identified urgently and steps taken
to suppress the same, as discussed in detail in RFi-Report, Part-1.

b) WPC to identify agencies which may be operating in the GMRT bands.

c) TIFR to undertake more sensitive measurements including use of a mobile test
van with direction finding equipment, spectrum analyzer and vhfivhf AM/FM
receiver; also to listen to the received signals to identify whether the RF | signals
€.g. at 152.11/152.13; 152.78/80 and 153.58 are AM/FM or voice or data
streams or of spurious origin.  Any faulty oscillating equipment, such as TV
Booster or spurious emission from P.C. is likely to have a very narrow
bandwidth. Hence, modulation as well as time-behaviour of RF] is likely to give
a clue about its source.

d) Regionai Monitoring Stations at Mumbai or the Wirsless Manitoring Agency at
Deihi to undertake a survey to identify locations of transmitters producing RF!
to the GMRT.

In RFI-Report Part-| are giveh more detailed recommendations for RFI protection to the
GMRT.
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TABLE -1

FREQUENCIES ALLOCATED FOR GMRT BY WPC, MINISTRY OF
COMMUNICATIONS, GOVT. OF INDIA *

Frequency Bands Allocation Status
(ITL)
1. 37.75-38.25 MHz Secondary Internationally
2. 162 - 154 MHz Primary Several countries including
' india
3. 230 -234 MHz Coordination  (Nationally)
322 -3286 MHz Primary Internationally
5. 608 - 614 MHz Primary Several countries including
India
1400 - 1427 MHz Exclusive Internationally
1610 - 1613.8 MHz Primary Internationally
1660 - 1670 MHz Primary Intemationally

* For further details, please see Part-ll and Part-1ll of this series of reports on RFI.

-



TABLE-2 FREQUENCY RANGE AND BANDWIDTH OF GMRT RECEIVERS

Sr. | GMRT Redshift Frequency Probable
No. | Protected for HI Range of Usabie
Bands Observation GMRT Bandwidth
Front End for which RFI
level is low
MHz MHz MiHz
1. 37.5-38.25 - 40-60* ~1 MHz
2. 152-154 8 183+ 16 2.0 (4
3. | 230-234 5 233+ 16 4 (8)
4. 322-3286 3 325+16 32
5. 608 - 614 1.3 611+ 16 32
6. 1330 -1400 0.1 1000-1400 32
7. 1400 - 1427 ~0 32
8. 1610 - 1613.8 ** 3
9, 1860 -1670 ek 10

*  To be installed during 1999-2001

~**  RRI has modified the frequency range of the 21-cm feed to 1150-1700 MHz by
optimizing the ortho-mode polarizer. They will try to make it to operate from 1000-
1700 MHz. Another possibiiity is to make a small horm and an amplifier to cover
only from 1600-1700 MHz only and use the present 50 MHz port of the Common
Box for the 1.6 GHz band and to bring down signal of the 50 MHz + 10 MHz from
the focus to the ground through separate cables.



TABLE - 3

Sensitivities and harmful interference levels for radio astronomy continuum

observations with 2000s integration time

(extracted from Table 1. Rec. 769 page 22 of |TU-R Recommendations, 1994
RA Series Volume)

Centre Assumed Antenna & Harmful Interference Levels
Frequency Bandwidth Receiver
{1} Af Noise Power flux- Spectral Power
fc MHz temperature | density flux-density
(MHz) Tr APy A Sy
(K) = Sy Af (dB(W/m? Hz))
(dB(W/m?))
151.5 2.95 300 -194 -259
325.3 6.6 140 -189 -258
611 6.0 115 - 185 -253
1413.5 27 30 - 180 -255
1665 10 30 - 181 -251
Calculated values for other bands { headings see above )
38 0.5 7000 -195 - 252
50 5000 -193 - 253
233 4 200 - 190 - 256
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/ TABLE ’178

RFI MEASUREMENTS AT GMRT SITE GIVING A LIST OF
FREQUENCIES AND POWER FLUX DENSITY OF THE
RECEIVED SIGNALS IN THE FREQUENCY BAND 151.5-
154.4 MHz. THE DIRECTION OF THE ANTENNA FEEDS

IS SHOWN BY N, E, W OR S FOR NORTH, , EAST, WEST &
SOUTH RESPECTIVELY (FREQUENCIES AND AVERAGE
PFD ARE APPROXIMATE : SEE TEXT)

Date Time f(MHz}  |ANTENNAIPFD Remarks |Av. PED

IST dBW/m?* |(Perhaps [dBW/m?*
Same Tx)

98 07 29 1801 151.30|502-SW -1421) -142

98 08 02 1620] 151.45|COS-E -1521) - —- -152

98 08 02 16131] * 151.538|CO8-E -1531) -153

98 29 07 1801 151.67{S02-SW -129])

98 08 02 16251 151.68{C09-E -148

98 09 02 1631 151.701C08-E -157]) 151.70 -146

98 07 29 1759 151.7|E02-SW -1501)

98 08 02 1620 151.76{C08-E -1541)

97 03 07 2210 151.8|CO0C-8 -147)) 151.78 -151.00

98 04 28 1811 151.83[{C00-S -138

98 09 02 1631} 151.875(C09-E -151|) 151.83 -145

98 09 02 1632] 151.900|C0S-E -155|) 151.80 -155

98 09 03 1640] 152.057{C04-S -139|)152.08 -141

98 09 03 | 1725] 152.065/C04-S -143

98 08 02 1635 152.07{C04-S -153))

98 09 03 1629] 152.075|C04-S -137{) 152.075 -143

98 08 03 1640 152.08/C04-S -138))

98 09 02 1631| 152.088|C09-E -154{)152.09 -153

98 07 29 1759 152.09|E02-SW -131])

98 09 03 1640 152.095/C0O4-S -138))

98 07 29 1802 152.1|E02-SW -152))

98 07 29 1801] 152.100|S02-SW -148§))

97 03 07 1731 152.111C04-S -1341)

98 08 03 17251 152.110{C04-S -137)) 152.11 -141

98 09 02 23271 152.10{C04-8 -1401)

98 09 03 1641 152.112{C04-S -138})
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98 09 03 1729] 152.115]C04-S -138))

99 09 23 1305 152.113|C13-5 -141))

98 09 02 1835} 152.120(C04-S -141})

98 08 02 1628] 152.125]C04-5 -137)) 152.12*

97 03 07 1455 152.131C04-S -135))

98 04 28 1811 152.13{C00-5 -1461)

98 04 28 1838 152.13]C05-W -145()

98 07 29 1759 152.13|EQ02-SW -152() 16213 * -145
98 07 29 1759 152.13|E02-SW -1521)

98 09 03 1640| 152.138{C04-S -139))

96-07 26 1742 152.15|WG3-5 -156|)

99 09 28 2008 152.13|C10-S -136{)

99 09 28 2009 152.13|C13-S -144p

99 09 28 2011 152.13|82-S -147])

g8 04 28 1825 152.30,C05-W -1451) :
98 09 02 1629 152.375]C04-S -151]) 152.35 -149
98 09 02 16281 152.375|C04-S -1631)

88 09 02 1620} 152.370|C0S-E -148|) -148
98 09 02 1630 152.45|C09-E -152))

98 09 02 1625 152.5|C08-E -157() ~152
98 03 09 1725 152.55|C04-5 -156}) 152.55

98 04 28 1825 152.60{C05-W -143]) 152.7

98 09 02 1632] 152.725|C0S-E -147)) -147
97 03 07 1731 152.74iC04-8 -1341)

97 03 07 1455 152.78|C04-5 -137{)

98 07 29 1802 152.76|EQ2-SW -153)

88 07 29 1759 152.76|E02-SW -151f) 152.78 *

98 09 03 1725 152.76{C04-S -155|)

98 09 03 1725 152.78|C04-S -152})) -148
98 09 02 1455 152.78]C04-8 -1431)

98 09 02 1635 152.78|C04-S -155]) 152.78

98 09 03 1728 152.785/C04-S -154()

98 09 02 16291 152.795/C09-E -141])

99 08 23 1305 152.80[C13-SX -155))

98 09 02 1630 152.795|C0S-E -143))

98 09 02 1628| 152.795|C04-S -150])

98 08 02 1629] 152.795|C04-5 -150]) 152.80 * -146
95 08 11 2210 152.80| YAGI-S -134}))

98 04 28 1846 152.80{C00-S -149))

98 07 29 1801 1562.80 -148})

98 09 02 1635] 152.825|C04-S -1561) 162.83 *

99 09 28 2008 152.83|C10-S -156()

98 09 28 2009 152.831C13-S -155)) -156
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99 09 28 2011 152.831S52-5 -1581)
98 09 02 1629] 152.876|C04-S -151))
88 09 02 1636] 152.800|C04-S -151D)
98 09 02 1635] 152.805|C04-8 -151]) 152.90 -151
98 09 02 2327 152.93|C04-S -148])
98 09 02 1629 152.92|C04-5 -155j)
98 09 02 1625 153.0|C08-E <1551
98 04 28 1825 153.01C00-8 -1421) 153.0 -152
98 07 29 1802 153.03{E02-SW -158))
97 03 07 1455 153.13|C04-8 -142() -142
a8 09 02 1620 153.24|C09-E -154])
98 04 28 1825 153.23{C05-W -145))
98 09 03 1725 153.44{C04-S -155{)153.44 -149
97 07 03 1731 153.44{C04-5 -1490
98 07 29 1759 153.53|E02-SN -136])
98 04 28 1846 153.55]CQ0-8 -145))
98 09 02 1622 153.56{C08-E -1541)
98 04 28 1818 153.58|C00-8 -146()153.58 * -143
98 07 29 1802} 153.580|EQ2-SW =133
98 07 29 1801] 153.580}S02-SW -1221)
98 09 02 1625 153.58{C09-E -153))
98 09 02 1630] 153,595|CN9-E -148[)
98 09 02 1629] 153.610]C04-S -152))
88 09 03 1725 153.83{C04-5 -149p) -149
83 87 29 1789 154.0|E02-SW -148})
98 07 29 1802 154.00{EQ2-SW «152])154 -147
98 07 29 1801 154.01|S02-SW -1421)
154.03{EQ2

98 09 02 1620 154,22{C09-E -153{) 154.20 -153
98 04 28 1811 155.18{C00-S -143))
98 04 28 1818 155,18|C05-8 -143}) -146
98 04 28 1811 154.43]1C00 -145
98 04 28 1817 154.43{1C00-S -153p)
98 04 28 1811 155.45{C00-5 -134p)
98 09 02 2327 155.58|C04-8 -156()
g8 09 02 2327 156.201C04-S -148
chart2.xis{c)
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TABLEf

RFI MEASUREMENTS AT GMRT SITE GIVING A LIST OF
FREQUENCIES AND POWER FLUX DENSITY OF THE
RECEIVED SIGNALS IN THE FREQUENCY BAND 229.0-235.0
MHz. THE DIRECTION OF THE ANTENNA FEEDS IS SHOWN
BY N, E, W OR S FOR NORTH, EAST, WEST & SOUTH
RESPECTIVELY

|
Date Time f(MHz)  [Ant PFD REMARKS
dBW/m*
88 26 05 2303 220.70jW03-N -1441) Same
98 26 05 2308 229.70{W03-N -141)) Tx
98 26 05 2325] 229.75|W03-N -145))
981205 2216 230.65]E03-8 -138|) Same
98 1206 2251 230.69|E03-S 1241} Tx
98 12 05 1756 231.00(E03-S -140|) Same
98 12 05 1816 231.06|£03-8 -144])  Tx
98 26 05 2258 231.35|W03-N -127
98 12 05 1807 232.31154-W -149() Same
88 1205 1806 232.75154-W -152]) Tx
98 26 05 2325 238.05{WO03-N -147()
98 26 05 2303 233.10{W03-N -148() Same
98 26 05 2306 233.10|WO3-N | -145}) Tx
98 26 05 2310 233.80{S06-E -150
98 1205 1808 234.25(S4-W -148
chart5.xls

Page 1



T mbd =

<€
TABLE- §
RFI MEASUREMENTS AT LONAVALA IN THE BAND 151.5 TO 154.5 MHZ
I | | I

Location [Date Time Frequency Power Flux Density { dBW/m?* )+ |Remarks

MHz

8 E N W [NE

Lonavala |98 06 289 1752] 151.96 - - - -131
Lonavala |98 06 280 17.52 152.08 - - - -124
Lonavala |98 06 12 1602 152.23 -141 -142 -118 -120 -116
Lonavala (98 06 260 . 17.50 152.25 -138 -132 -135 -126 -
Lonavala |98 06 280] 17.52{ -152.62 - - -145 -142
Lonavala [98 06 280 17.50 153.52 -132 -137 -139 -124 -
Lonavala |98 06 12 1602 153.53 -138 -140 -132 -126 -138
Lonavala {98 06 260 17.50 154.81 -138 -133 -139 =133 -
Lonavala |98 06 269 1752 155.40 - -144 - -131

lona.xis




TABLE - § (=)

RF| MEASUREMENTS MADE AT KHANDALA IN THE BAND 151.5 TO 154.5 MHZ

I l |

Location |Date Time Frequency Power Flux Density { dBwW/m#) [Remarks

MHz

S E N W NW

Khandala |98 06 26 15.30 151.56 -139 -147 -153 -140 -

Khandala |98 06 26 15.37 152.41 - -151 - -154

Khandala [98 06 12 14.21 152.25 -149 -142 -145 -142 -147

Khandala |98 06 26 16.37 152.60 - -148 - -153

Khandala {98 06 26 15.30 152.70 -148 -151 -139 -151 -

Khandala {98 06 12 14.21 152.78 -147 -148 -138 -142 -137

Khandala [98 06 12 14.21 153.53 -150 -147 -147 -139 -140

Khandala {98 06 26 15.31 153.53 - -138 - -

Khandala {98 06 26 15.31 154.10 - -133 - -

Khan.xls
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| TABLE - 6 &)
RF1 MEASUREMENTS MADE AT SANGAMNEER IN THE BAND 151.5 TO 154.5 MHZ
| | | |
Location |Date Time Frequency Power Flux Density ( ¢dBW/m ) Remarks
MHz
S E N W

S-NER 98 06 24 12.28 152.88| -152.86 - - -

S-NER 98 06 24 12.28 154.36| -143.77 - - -

S-NER 98 06 24 12.29] 152.88] - -149.86

S-NER _ 1980624 12.29] 154.35] - - - -143.77

S-NER 98 06 24 12.33) 152.08| - - -1467.907 —

S-NER 98 06 24 12.33 164.36] - - -137.77 -

S-NER 98 06 24 12.33 152,03 - -141.91 - -

_S-‘NER 98 06 24 12.33 154.36 - 128.77 - -

S-NER 98 06 24 12.33 151.33 - -148.95 - -

sner-150 . xis




TABLE - {(¢)

RFI MEASUREMENTS MADE AT KUKDI IN THE BAND 151.5 TO 154.5 MHz.

Location |Date Time Frequency I Power I|=qu Denslity { dBV\!’/m ) Remarks
MHz . .
] E- . N W
Kukdi 98 06 25 11.07 153.13] -139.84 - - - -
Kukdi __ |980625 | 11.07] 150.75 -146.98] - -~ - -
Kukdi 88 06 25 11.07) 154.19] 151.78 - - -
Kukdi 98 06 25 11.09 151.52 - - - ] -149.93
Kukdi 98 06 25 11.09 153.12f - - - -145.64 -
Kukdi 98 06 25 11.10 151.75 - - -154.92 - -
Kukdi 98 06 25 11.11 181.75( - -151.92] - — -

kuk-150.xIs




TABLE ~ locA)

RFI MEASUREMENTS MADE AT JUNNAR IN THE BAND
l I |

151.5 TO 154.5 MHz

Location |Date Time Frequency Power Flux Density { dBW/m ) Remarks
MHz
) E N W
Junnar 98 06 23 18.06 151.01] -119.86 - - -
Junnar 98 06 23 18.07 151.01 - - - -123.96
Junnpar 98 06 23 18.08 151.01 - - -113.96 -
Junnar 938 06 23 18.09 151.01 - -120.96] - - -
Junnar 98 06 23 18.08 154.01 - - -146.79 -
Jun-150.xls
Page 1
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TABLEX &)

RFI MEASUREMENTS AT NCRA, PUNE IN THE BAND 151.5-154.5 MHz

LocationllDate Time Frequency l Power |I=qu Denslity { dBV\‘I!mL) IEstirnalted

MHz ~ |Direction
S E N VW NW

Pune [98 0522 1205] 151.86 -135 -127 125 -

Pune 980522 12051 152.00 -122 -136 -125 -126

Pune |98 0522 1205| 152.26] - - -138 -139

Pune |98 0522 1205] 152.76 -137 - -141 -144 S, NW

Pune 198 0522 1205 153.26 -139 - - - V

Pune 98 05 22 1205 153.86 - - -134 -

Pune 98 05 22 1205 153.50 - - - -145

Pune |98 0522 12050 154.01 -140 - - -139

Pune |98 0522 1205 154.04 - -147 -141 -

Pune 98 05 22 1205 154.26 - -146 - -

chart4 .xis
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RFI MEASUREMENTS MADE AT ALEPHATA IN THE BANID 230 MHZ

TABLE- #

Location |[Date Time Frequency l Power l|=qu Denslity ( dBV\Lm ) Remarks

MHz

5 E N W

Alephata |98 06 24 16.54 230.98 - -152.27 - -
Alephata |98 06 24 16.42 231.15 - -143.27] - -
Alephata |98 06 24 16.39 231.31] -143.26 - - -
A!ephate.l. | 98 06 24 16.41 231 91 - - -137.24 -
Alephata |98 06 24 16.51 231.98] -149.23 - - -
Alephata |98 06 24 16.55 23211 - -151.23 - -
Alephata 98 06 24 16.52 232.88 - - - -130.20
Alephata (98 06 24 16.54 232.90 -146.20 - -
Alephata (98 06 24 16.51 232.91] -141.20 - - -
Alephata |98 06 24 16.42 232.92 - -138.20) - -
Alephata |98 06 24 16.54 23295 - -150.20 - -
Alephata |98 06 24 16.55 232.95 - -144.20 - -
Alephata |98 06 24 16.39 232,845 -121.20 - - -
Alephata (88 06 12 16.40 233.87 - - - -116.18

Ale.xls




TABLE- 7(a)

RFI MEASUREMENTS MADE AT JUNNAR IN THE BAND 230 MHZ

I

|

l

.. — ~ : - e

Location |Date Time Frequency Power Flux Density { dBW/m ) Remarks
MHz
S E N W
Junnar 98 06 23 18.32 231.33] -147.26 - - -
Junnar 98 06 23 18.33 231.33 - - - -148.26
Junnar 98 06 23 18.33 231.33 - - -149.26 -
Juanar 98 06 23 18.35 231.38 - -138.26 - -

lona.xis



TABLE-7(b)

RFI MEASUREMENTS AT NCRA, PUNE IN THE BAND 229-234.5 MHz

|

Location |Date Time |Freq. Power Flux Density(dBW/m2)* Estimated

{(MHz) Direction
S E N WO INW

Pune 98 05 22 229.15 -139 - -141 141 - S, W,N

Fune 58 05 22 1212] 229.60 -141 - -150 -144 - S

Pune 98 05 22 1257] 231.25 - - -143 -141 - NW

Pune |98 0522 1251} 231.66 1441 - - - S -

Pune 93 05 22 1257] 231.80 - - -137 - -140|N

Pune 98 05 22 1211] 232.05 -145 - -135 -130 -12?"5 NW

Pune 98 05 22 1244] 232.70 -144 - - -134 -134 INW

Pune 98 05 22 1244 232,98 - - - -141 -139|NW

Pune 98 05 22 1244] 233.04 - - - -142 - W

Pune 98 05 22 1211] 233.35 -133 -145 - -140 -137|NW

Pune 98 05 22 1244| 233.48 - - - -139 -135|NW

Pune ., (980522 1211] 233.70 -144 - - - -139]S, NW({233.786)

Pune 98 05 22 1257 233.83 - - -134 - - IN

Pune 88 05 22 1244 233.94 - - - -140 -139|NW

Pune 98 05 22 1244 234.04 -141 - -143 -145 -136{NW

* Blank (-) indicates values which are near or below the Base Level of about -150 dBW/m




TABLE- <7(¢ )

RFi MEASUREMENTS MADE AT LONAVALA IN THE BAND 230 MHz

| ! f |

Location |[Date Time Frequency Power Fiux Density ( dBW/m )
MHz

S E N W NW NE

Lonavala |98 06 26 15.41 230.98 -136 -137 -139 -142 - -

Lonavala |98 06 12 15.54 231.00 -142 -145 -138 -149 ‘ -134

Lonavala |98 06 25 15.41 231.78 -148 - 145 - - -

Lonavata |98 06 26 15.41 232.19 -148 -146 -145 -147 - -

Lonavala |98 06 26 15.41 232.51 -122 =121 -131 137 . -

Lonavala |98 06 12 15.54 232,53 -134 -138 -134 -144 -130

Lonavala |98 06 25 15.41 233.62 -146] -144.00 -145 - - -

10-230.xls
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TABLE- 7 ( )
RF| MEASUREMENTS MADE AT KHANDALA IN THE BAND 230 MHz
| | I |

Location iDate Time Frequency Power Flux Density { dBW/m )

MHz

S E N W | NW NE

Khandala 1080612 | 1421] 23008 -146] 41| -131] -142] -132] -
Khandala |98 0626 | 15.51] 230.98] - 140 - : . n
Kiandala |980626 | 1551 23142 - 47| - T - »
WKhandala |98 0626 | 232.5| 23250 -145 138 -129] -139] -129
Khandala 1980626 | 15.51] 232.50| -148] -133[ - : ; .
Khandala |98 0626 | 15.51| 233.82] - 47| - » ; :

KH-230 XLS




Table-8

RF1 measurements in the frequency ranges of 100 to 183 Mhz at the GMRT site

- during 1985-2000 (see txt)
e Time [f (MHz) [Ant oss " ] _[PFD ~ [Remark '
g dBw/M2
6 05 01 | 1528 101/C8-8 TLV/ISAK
508 08 104 -105
110 -102
115 -98|Aero
- 119 -921Aero
124 -87[Aero
125 -73|Aero
60501 | 1628 131[C3-S TLV/SAK -119[Aero
630 04| 1700 T33|Co-N TLVISAR -128|
51108 | 2210] __ 140.4]Y(S)+A GS/APK -135
)6 3004 | 1700] _ 142.3[CO-N TLV/SAK -140
bﬁ 144,08
63004 | 1700 148|C9-N TLV/SAK -138
370307 | 1455]  146.63]C4-S/] GS/MS/PH —igB| -3@7|Pager-1
i 0303
57 03 07| 1508  146.85|C4-S/1 GS/MS/PH TEN Pﬁem
E0A 0o | 3211 14685l c Ly~ S CS lo At —hz | =2l
57 03 07__| 1505  148.68[C4/S/1 GS/MS/PH -19® | -113[Pager-1
_ Do _ |isof| 146.57|C4-S/t GS/MS/PH ~10 -341[Pager-2
970307 | 1446]  146.8{C4-S/l GS/MS/PH —io3 | 487
iy 03503 | 1F5Y | 4é-63] CA-5 Do too LY, | —12p
Date Time |f (MHZ) |Ant OBS PFD  |Remark
dBw/M2
98 28 04| 1737  146.8[C5-W/ GS -120




/i
96 05 01 | 1528 147|C9-5-R -126
Jaz 0a0xli9n)] 143-28 tob-5 | (o —~ice
97 03 07 | 1455 147.7|C4-S/1 GS/MS/PH 136
4% 08631331 14N eZ| Coli-S Cs - 143
97 03 07 | 1455] 148.73[C4-S/1 GS/MS/PH 139
Qg 09 8.5] (93] 14&| Coli-5 GS -3
97 0307 | 1455] 148.83[C4-S/1 GS/MS/PH 141
q¥ o0y +igd) 148:85] Co4y-3 ¢S ~[59
85 08 06 149.9|Yagi -103|Satellite
150 115
qg 064063 [{T21] 1500 —~ 143
95 11 08 | 2210]  150.08[Yagi(S)*Amp |GS/APK 114
95 11 08 | 2210]  150.38|Y(S)+A(16dB) [GS/APK -158
GeedoL 257 1spD| Coy=S G3 A
97 03 07 | 2210 151,8]/G CO-8 ¥ GS -149.5
o8 04 26 | 1811 151.83|C0O-S GS 141
152.08 -158.5{
97 0307 | 1455 152.13[C4-S GS/MS/PH 138
o8 04 28 | 1811 152.13/CO-S GS -149
98 04 28 | 1838] 152.13|C5-W GS 148
(o8 0428 | 1825 152.6|C5-W GS -146
97 0307 | 1455 152.78]C4-S GS/MS/PJ 140
951108 | 2210 152.8|Y+Amp 16dB |GS/APK 137
(680428 | 1848 152.8|C0-S GS -152
9804 28 | 1825 152.31C5-W GS 148
g8 04 28 | 1825 152.6{C5-W GS 145
96 04 28 | 1825 153/C0-S GS 145
97 0307 | 1455] 153.13|C4-S GS/MS/PH -149
g7 04 28 | 1825| 153.28|C5-W GS 148
98 04 29 153.58 -152.5
98 04 28 | 1818] 153.58|C5-W GS 149
OB 04 28 | 1846] 153.55|CO-§ GS 148
97 03 07 | 1455] 154.18{C4-S GS/MS/PH 148
1527 154.23[C4-S GS/MS/PH
8506 06 | 1230 154]Yagi -85
154|W3 115
g6 04 30 | 1700 154 .5[Co-N -131
86 0501 | 1523 154|C9-S 140
154.59
155
3% Cael 1A LbH1G627 58 1 Cel-> [ —153
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2 ~
L
B V ; r
/651108 | 2210 156.12[Y(S)+A GS/APK -132
agpio 6% ¢cok-S | €S —iS3
951108 | 2210] 159.16[Y(S)*A GS/APK -151
£ 15%. 45 ¢ -N S/ SAK. = 1ok | Feli
/ i ' INvyelhes
951108 | 2210]  158.83[Y(S)+A GS/APK -122
159 -122
96 04 30 | 1700] i53.4% 159|CO-N —lp Y =402|Police
951108 | 2210]  159.68]Y(S)+A GS/APK -113
970307 [ 1740 159.7|C4-S GS/MS -139
160.6]Y(S)+A GS
163.08]Y(S)+A GS/APK
+-.04
163.64[Y(S)+A GS/APK
163.72]Y(S)+A GS/APK -129
163.82]Y(S)+A GSIAPK
850608 | 1230 183[Yagi -199[Police
962508 | 2154 163.5|W2 TLV/SAK .137
96 0501 | 1828 183.5[/C9-8 TLVISAK -102[High
97 0307 | 1740 163.8]C4-S GS/MS -139
98 07 25 | 2153 164 3[W2 TLVISAK -129
g7 0307 | 1740 164.4|C4-S GS/MS -142
970307 | 17401 166.17[C4-S GS/MS -141

Page 3




470307

1740 166.24[C4-5 GS/MS -145
97 03 07 | 1740] 166.38{C4-S GS/MS «146
97 03 07 | 1740] 166.45(C4.S GS/MS -138
8511 08 | 2210 186.6|Y(S)+A GS/IAPK -120
970307 | 1740] 166.65/C4-S GS/MS -135
98 06 25 | 2153 167|W2 TLV/SAK -139
g6 06 25 | 2210f 168.12[Y(8)+A GS/APK -134
les 1108 | 2210 169 Y(S)+A GS/APK -133
9511 08 | 2210] 170.36Y(S)+A GS/IAPK -129
96 05 0t 1628 170.3[C9-8 -134
171
172.8 -138
173
174
850606 | 1230 175]Yagi -881TLV-Pune
i -105|Carrier
96 05 01 1040f 175.5|COlF' S -96TV-Car
96 04 30 | 17001 175.8{C9-N -104[TV-Car

(As ber Mlo) TV Goy




P e Frese.
Covredt Va jug ) Pune TV are 19525 Wiz ’]""YK””V‘(
- §
(s Takde ®) awd 15835 Mz e T
0501 | 1628 176[C9-S -83[TV-Car
0725 | 2154] 1758/W22Z TLV/ISAK -109{TV-Car
178
0606 | 1230 182 . | ‘ -80|TV-Aud
128V [AUDID_ |87 VA Allochhon) Pune
0501 | 1040 181[CE) < -104
0430 | 1700 181.3|C9-N -115[TV Aud
0501 | 1828 181.5/C9-S -105[TV-Aud
181.5|WS-Z |
0430_| 1700] __ 182.8]Ce-N -123]TV -
184
186
Pure Put furve, t
AVWG_}Q_ ]a-f—A C &g /{w TV Cevvier ~ —A8dBWlw Lo
dl!-‘f‘\'f 1a4¢

ng - Assunne Pow‘# b omsmnlbed ey £ }LNZ Ctb d'\ebk) .
Ham 2 path  loss  fom M Q%fwb{ktw /Lz/)\. hrtate
ek Siaghgad (R theh) jp Ra GMET Sk

v el vy A8 + 38 = ‘!36 otfnl

J
ipdag 6 00O
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Table-9 _ )
RF| measurements in the frequency ranges of 230 to 244 Mhz at the GMRT site
Date Time If (MHz)  [Ant OBS rru
dBw/M2
981205 | 2216]  230.65|EC3-S GS 1384
98 12 05 2251 230.68JEQ3-S GS -24
81205 | 1756 231|E03-S GS -140
98 12 05 1816 231.06{E03-S GS -144
88 12 05 1808 232.75|84-W GS
9812 05 1807 232.31184-W GS -149
9812 05 1808 234.25154-W GS -147.6
88 12 05 1808 235.25154-W GS -148.75

Page 1
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™ O Sheetl
9812 05 1807 235.38|54-W GS -143.5
98 12 05 1808 236.75|84-W G3 -145
98 12 05 1806 237.56 GS -146.67
98 12 08 1807 238.5154-W GS -148.8
98 12 05 1808 239.9]54-W GS '-147.7
98 12 05 1808 239.38/54-W GS -147.8
92; 12 05 1808 241.9(84-W GS 150.3
98 0512 1808 242,13|84-W GS -149.76
Page 2
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98 12 05 | 1807 243.9]S4-W GS -147.5]
98 1205 | 1808 244(S4-W GS 1429
98 12 05 | 1808 244154-W GS 142




and cnsurinFr that they

: - = I ; T h
L)
RAS dws,  -is2.440, Mug
-2.1.0_23;»1”?.'
' ‘ ?2:-32?.::.\4;:3
[

operators don't come into thye picture in
DTH. The channels are beamed in high
f'rcqucncy'Ku~lmnd transponders, are
digially c'nmprcsscd and provide LD
quality video and Ch quality stereo ae
your homes, What is DTH realy? Whae
is digital broadease? Wi are these

rrnnspundbrs? What is Ku- band amd .

what is frequency? o
advantages
ANSWerS t)

appreciate the
OF DTH betrer, and ) get
all the above Juestions, ir is
necessary dhar the technoiogy behing
satellite Yelevision broadeast
understoo,

be

Earth tg
to Earth

Satellitefermimunication is g pertuer
example df how the technotogical
developmesbts in muludisciplinary areas
are fast combining. Modern satellite
mmmunicxti(m is the outcome of 4
combination of path  breaking
dcvclupmcqrs in space technology and
Interoelectionics. If putting artificial
satcllices in their designated space orbirs
perform at their
optimum lefel constitures the fipst part
of sateflire ¢ mmunication, deriving the
best from the sateltices in space for the
benetie of himaniey s die second part,
The former s the fobh of
techrologises and the Jatrer
clectronics

space and back

Spaave

and communicazion CxXperts,
i

Mirror in the sky

The simplest way o understand
satellite confmunication is 1o 1rea the
sarellite ax a mirror i the skve VWhen
tighe ravs fll on a nureor they wer
refected and manitese themselves ar g

different focarion based on the angie of

incidence ofjlight. A satellire ACHs as a
mirror in spitce ‘rcﬂccring‘ sigmas fram
an carth Station o 3 farge geographical
area i the lne of “vision® of the sarellire,
A single saeelline is capable of covering,
up to 0% of Farth's geographical area,

CThe ddea of sarellire CONMRILINIC M o
wits maooted first by the revolutonary
thinker and science fiction writer Arthor
Co Clarke as early as October 1945, In
the 1945 edition of Wircless Waorld,
Clarke had praopased the eseablisiument
of a global communication SVstem using

three  saretlites placed in peo-

iR

that of

6 0%~ ElbmH2

1

Channel Allocation S35 41525 42075 |
TV bads Cly Picture Sound 536 42325 428.75
Carrier cartier $37  431.25 436.75
MHz MHe 538 43v.25 +44 78
539 44725 452.75
2 48.25 23,75 540 45525 460).75
3 55.25 675 S41 403.25 468,75
4 62.25 67.75
Rand 1 X 69.25 74.75 2L 47as 476.75
Y 76,25 81.75 22 47925 484,75
7 %325 HY.75 23 4K7.25 449275
241 9125 ys.75 24 445 25 500.75
Z+2 9725 102.75 25 503.25 508.75
26 311,25 516.75
51 [05.25 1ogrs 27 51435 524.75
52 11225 117.75 28 527.25 532.7%
53 12s 12475 | ynp 29 53515 540,75
Mo 12625 134.75 30 54325 548.75
VEHF S5 133.25 138.75 - 31 551.25 556.75
Midband S6 140.25 145.75 32 554 25 564.75
$7 14725 w3 152,75 3¥ 56728 §72.75
T RS 15425 159.75 34 57525 580.73
59 l6l.25 166,75 35 583.25 S588.75
510 [oed.2s 173.75 F(, 541.25 596.75
?UNE— %['E 175.25 & S 18075 37 599 25 004.75
v AT WIn THZ. 7% —— 83 oy7as 612.75
7 8925 19475 39 61525 620.75
8. 196.25 201.75 T4 62325 628.75
Rand H] 4 203.25 208.75 41 631 25 (636.75
1] 210.25 215.75 42 639,25 644,75
i 217.25 22275 43 647.25 652,75
a— [ p) 224 25 229.75 44 (\SS.Z? 660.75
S 23125 236.75 » praSsl g(_’:;:
S12. 73833 L3 i M (-
” - 47 67925 GH4.78
SI3 245,25 250.75 -
. - 44 4728 092.75
S+ 252,25 257,75
I m - 4y 69k 25 700.75
VHE SI3 25925 204,75
L e h - 50 70325 708.75
Svperband  S16 206,25 27175 .
o - - 51 711.25 716.75
S[7 73.258 278.75
‘ . - 52 719.28 724.75
SI® 28025 285.75 z ‘
. B - Band v 53 72728 73278
Sl 28725 42,75
S 29404 299,75 54 73828 740,78
. 2 et 55 743.25 775
531 303.25 308.75 50 78128 750.75
512 31t.25 Jiers 57 7549.25 764.75
- 823 3v.2s 32473 38 707.25 773,75
~—H L\'H 32725 33175 59 77525 780,75
525 13825 400 78 (1} 783.25 788,73
86 343125 34875 6l 791.25 796.75
527 351.1% A56.75 62 794,25 804.75
SI O 38925 364.75 63 807 25 812.7%
VHE N 3672 372.75 64 41525 820.75
Hypertasd 830 37525 380.75 65 823.25 828.75
S30 0 3X3.15 I8R.75 6o 83t1.25 436,75
AR V) Y 39n 75 67 83925 844.75
$33 3w s 404.75 6] 84725 852.75
N 40725 +12.75 60 855.25 B6{).74

L

An overview of the frcqucucy
by your Television,

=

levels (operating bands) of signals reccived

Band specifications

Midbhand channe

S-band channels

Ve higly i-'rcqucm"\' (VHE)Y band
f VT Hiph requeney

Opernting f'rcqucncy ,

111 - 174 Mz
230 - 399 AjlH
32 - 446 Mz
HE > 470 Mz

Elecironie l'l:llllUI‘lﬁ Finder, Oetober 1998 ™
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BRIEF LEGEND OF FIGURES

{ion detaded legerds, see fhe coloured sheet placed before each of Figures 110 9 and

Fig. 1(a) to 1(p) :

Fig. 2

Fig. 3
Fig. 4(a) to 4(f) :
Fig. 5(a) to 5h) :
Fig. 6(a) to 6(f} :

Fig. 7 :

Fig. 8(a) to 8() :

Fig. 9(ajto 9(j):

Fig. 10 -

Fig. 11 :

Fig. 12 :

also capticns at the bottom of Figures)

RFtin the band 152-154 MHz observed during 1998-2000.

Modulation Characteristics of radio signal at 146.6 MHz due to a
paging transmitter near Pune

Modulation Characteristics of radio signal near 165 MHz
RFlin the band 230-234 MHz observed in May 1998.
RFlin the band.230-234 MHz seen in September 2000.
RFlin the band near 325 MHz.

Summary of RFi surveys made by T.L. Venkatasubramani in mid
1996, early 1997 and July 1999 (see RFi Report Part-V).

RF! surveys in the band 151-155 MHz made near Sangamneer,
Kandali, Kukdi, Junnar, Pune, |onavala and Khandala (see Fig. 12
for location of the above sites).

RFI Surveys in the band 229.5-2345 MHz near Alephata,
Jamburphata, Kandali, Junnar, NCRA-Pune, Lonavala and
Khandala.

A summary piot of RFI measurements in the GMRT Band of 152-154
MHz based on observations made at Sangamneer, Kukdi, GMRT
site, (Puisar Rx : see text), Pune, Lonavala and Khandala Ticks are
marked on the GMRT site data for those frequencies for which there
seems to be some correlation between RFI at (@) the GMRT site and
(b) Pune, Lonavala and Khandala.

RFI measurements in the GMRT Band of 230-234 MHz at (a)
Alephata (b) the GMRT site, (c) Junnar, (d) NCRA-Pune, (e)
Lonavala and (f) Khandala.

Radio Frequency Spectrum (RFS) at Pune, Lonavala and Khandala

Fig. 12(a), 12(b) and 12(c) show RF! measurements made in the
frequency band of 300-350 MHz at Lonavala, Khandala and Pune
respectively. It is seen that the signals received are much larger at
Khandala compared to Lonavala or Pune. In Fig. 12(d) is shown
measurements made at NCRA-Pune in the bands 315-335 MHz,




Fig. 12 (a) :
"Fig. 12 (b) :

Fig. 12 (c):

Fig. 12(d)

FIG. 13 :

FIG. 14:

FIG. 15
FIG. 16 :

FIG. 17 .

FIG. 18 :

Fig. 18 (a)

Fig. 18 (b)

Fig. 18 (c)

140-160 MHz and 225-245 MHz. All measurements were made
using method 2 of Appendix-B. It is clear that the Radio Frequency
Spectrum is much quieter near the 325 MHz band than near the
bands 150 and 233 MHz.

RF| measurements in the band 300-350 MHz near Lonavala.
RFS measurements in the band 300-350 MHz near Khandala.
RFS measurements in the band 300-350 MHz at NCRA-Pune.

RFS measurements in bands 315-335 MHz, 140-160 MHz and 225-
245 MHz at NCRA-FPune.

Height path profile between Bombay and GMRT site.
The plots were made using survey of india maps along the fine of
site from the GMRT site to the central part of Bombay.

The calculations of Tropo-Scatter path as shown in Fig. 13 show
transmission loss by NPL. The absissa percent of time ordinate
exceeded at different values of losses. For e.g. it may be noted that
65% of the time will be lost at the 150 dB between Bombay and
GMRT site.

The percentage probability at Pune and GMRT site will lost at 150 dB
for 17% of time.

Tropscatter loss estimated by T.L. Venkatasubramani from NBS
Tech. Note 101, Vol. |l (see RFI Report-Part XIl)

Circles given Protection Zones for GMRT on a map of Western India.

Shows locations of sites where RFlI measurements were made as
given in Figs. 8 and 9.

Shows locations where RFl measurements were made :

Shows a sketch showing locations of the site near the Kandali
Industrial Estate where RF| measurements were made.

Shows location near Jambul-phata where RFI measurements were
made.



FIG.1_RF1IN THE ~ 150 MHz Band

FIG. 1 :Shows plots of narrow-band RFI measurements made in the frequency band of
about 1562-154 MHz during 1996 to 1999. The GMRT 150 MHz antenna feeds
were pointed towards the horizon in various directions. Fig. 1(a) to 1(p) show
Spectrum Analyzer scans obtained for the 130 MHz IF channel at the output of
the optical fibre in the Receiver room of the GMRT. Selected SpA outputs are
presented in order to illustrate and summarize the nature of RFI| present from
terrestrial transmitters and perhaps also from GMRT electronics.

FIGS. 1 (a) : shows results of RFI observations made when 4 of the GMRT 150 MHz
antenna feeds were pointed towards East (E) and another 4 towards South (S)
on 28th September 1899 (Fig. 1(b) shows the same for feeds towards W & N).
Antennas used are noted inthe Figures. it is seen that strong RFI is observed
mainly when the feeds are pointed to the South. Further, it may be noted that
RFl is observed every 922 kHz apart. For antennas, C5-E, E2-E, W2-S, C11-W,
C8-W and W3-N and is likely to arise from the GMRT electronics. In particular+
see W3-N and C8-W scans.

FIG. 1 (b) : [ Fig. 1(b) is continuation of Fig. 1(a) ] shows results of RFl observations
made when 4 of the GMRT 150 MHz antenna feeds were pointed towards West
(W) and North (N) on 28th September 1999. Antennas used are noted in the
Figures. It is seen that strong RFI near 152.13 MHz is observed when the feeds
are pointed to the South. For antennas, C5-E, E2-E, W2-S, C11-W, C8-W and
W3-N RF1 is observed every 920 kHz apart and is likely to arise from the GMRT
electronics.

FIG. 1(c) : [ continuation of Fig. 1(a) ] shows results of RF| observations made when 4
of the GMRT 150 MHz antenna feeds were pointed towards South on 28th
September 1999 (same as right band side of Fig. 1(a) but the Figure is
somewhat enlarged). Antennas used are noted in the Figures. It is seen that
strong RFI is observed mainly when the feeds are pointed to the South. For
antennas, C5-E, E2-E, W2-§, C11-W, C8-W and W3-N RFIl is observed every
920 kHz apart and is likely to arise from the GMRT electronics. In this Figure
1(c), the Right hand side plots of Fig 1(a) for antenna feeds to the South are
enlarged for better dispiay.

FIG.1 (d) : [Also Fig. 1(e) & Fig. 1(f) and particularly Fig. 1 {f) ] detailed characteristics
of RFI (FM or FSK modulation) observed in the frequency range of about
152.000 to 152.200 MHz. It seems that there may be present 3 different
transmitters centered at 152.06, 152.10 and 152.116 MHz (see also Table-4).
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1{e) : see caption of Fig. 1(d)
1(f): see caption of Fig. 1(e)

1(g) : RF! observed in the 150 MHz-156 MHz band on 28th April 1998 with the 150
MHz dipole feed of C5 antenna pointed towards West. Strong RFI is
observed in the 152 MHz-154 MHz band which is protected for GMRT ! The
bandwidth of the IF Saw filter was 5.6 MHz.

1(h) : Same caption as for Fig. 1(g) for CO antenna feed towards South and C5
towards West.

1(i) : Same caption as for Fig. 1(g) for CO-S and C3-W.
1(j) : Same caption as for Fig. 1(g) for C5-W, CO-S and C0-8 antennas.
1(k) : Same caption as for Fig. 1(g) for C0-S and C3-W antennas.

1(): Same caption as for Fig. 1(g) for C5-W at 3 different times showing that RFI|
varies rapidly with time.

1(m) : Same caption as for Fig. 1(g) for scans obtained on July 30, 1998. Strong
RFI signals are seen at S2 antennas with feed pointed towards S-W near
152.10 MHz, 152.80 MHz and 153.58 MHz. These signals are also seen
on 28th April 1998 for different antennas (see Table 4).

1(n) : Caption as for Fig. 1(g) for scans obtained on September 2, 1998 showing
presence of RFI at 152.12 MHz, near 152.8 MHz and 152.9 MHz.

1(0) : Same caption as for Fig. 1(n).

1(p) . Spectrum of RF signals received at the output of the 150 MHz front end at
the base of C-9 with feed pointed towards N (see Appendix-C for more
scans).
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FIGS. 1 (a) : shows results of RF1 observations made when 4 of the GMRT 150 MHz
antenna feeds were pointed towards East (E) and another 4 towards South (S)
on 28th September 1999 (Fig. 1(b) shows the same for feeds towards W & N).
Antennas used are noted in the Figures. It is seen that strong RFI is observed \
mainly when the feeds are pointed to the South. Further, it may be noted that
RF is observed every/920 kHz apart, for antennas, C5-E, E2-E, W2-S, C11-W,
C8-W and W3-N and is likely to arise from the GMRT electronics. In particular
see W3-N and C8-W scans. (s 0-YTows
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FIG. 1 (b) : [ Fig. 1{b) is continuation of Fig. 1(a) ] shows results of RFl observations
made when 4 of the GMRT 150 MH2z antenna feeds were pointed towards West

(W) and North (N) on 28th September 1999. Antennas used are noted in the
Figures. It is seen that strong RF! near 152.13 MHz is observed when the feeds

are pointed ta the South. For antennas, C5-E, E2-E, W2-§, C11-W, C8-W and
W3-N RFl is observed every,(920 kHz apart and is likely to arise from the GMRT

electronics.
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FIG. 1(c) : [ continuation of Fig. 1(a) ] shows results of RFI observations made when 4
of the GMRT 150 MHz antenna feeds were pointed towards South on 28th
September 1998 (same as right band side of Fig. 1(a) but the Figure is
somewhat enlarged). Antennas used are noted in the Figures. It is seen that .
strong RF| is observed mainly when the feeds are pointed to the South. For /
antennas, C5-E, E2-E, W2-S, C11-W, C8-W and W3-N RFI is observed every
~ 920 kHz apart and is likely to arise from the GMRT electronics. In this Figure
— 1(c), the Right hand side plots of Fig 1(a) for antenna feeds to the South are
enlarged for better display.
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FIG.1 (d) : [Also Fig. 1(e) & Fig. 1(f) and particularly Fig. 1 (f) ] detailed characteristics
of RF! (FM or FSK modulation) observed in the frequency range of about
152.000 to 152.200 MHz. [t seems that there may be present 3 different
transmitters centered at 152.06, 1562.10 and 152.116 MHz (see also Table-4).
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FIG. 1(g) : RFI observed in the 150 MHz-156 MHz band on 28th April 1998 with the 150
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FIG. 1(h) : Same caption as for Fig. 1(g) for CO antenna feed towards South and C5
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- sy
21132:42 APR 28, 1998 ¢z CBS FEED FOCUS TOWARDS WEST
e 19:15:95 APR 23. 1998 MKR 131,48 MHz N
REF -33.8 dBm AT 19 dB ~44.,17 dBm ™
SMPL ; : - o I
EOB 13’“\6 -a.ﬂ") R - C
dgvs : : : ; I -
‘i
156 MH-
Marker Trace Type Freq 7/ Time Amplltude
1+ ¢AY Freg !50/8% 127.83 MHz -42.71 dBm
2: CAY Freq {42-i5 4128.15 MHz -44.18 dBm
3: (A Freq [55)% 1341.13 MHz -44.54 dBm
41 (A) Freq [5'eTys 131.45 MHz -44.17 dBnm
CENTER 18@.8¢ MHz SPAN 10.88 MHz
#RES BW 3@ kHz #VBW 1 kHz #SWUP 49.0 msec
11%& April 28 )
21 31 51 APR 28, 1998 ¢z CB5 FEED FOCUS TOWARDS WEST
a 17109 APR 28, 1998 MKR 138.43 MHz e W
REF -33 @ dBm AT 1@ dB -45,.55 dBm
SHMPL - . :
LOG
3
dB/

~ 4%

Marker Traoce Type req / Time Amplltude
11 ¢AY Freq |5L§ 127.83 MHz -43.68 dBm
21 (AY Fregq (32 128.45 MHz -44.17 dBm
3% (A>) Freq \52.5p 129.88 HHz -39.15 dBm il
4% (A> Freq 5,43 130.43 MHz -45.55 dBm
CENTER 13@.0@ HHz ‘ SPAN 10.00 MHz
#RES BW 30 kHzr #VBHW 1 kHz #5WP 40.2 mseo

21:353123 APR 28. 88 +z COS FEED FOCUS TOWARDS WEST C5 ~W 4
& 18:18:21 APR 28} |1998 15 MKR 129,36 MHz 5 -
REF ~33.9 dBwm ﬁT 10 dB ~E5.91 dim
SMPL -
LOG
5
a8/
Marker Trace Type Froq S Tlme fimplltude

1t (B> Freq ISV19 427 .28 MHz -56.70 dEm

2: ¢AY Freq 151> 127 .53 MHz -55.69 dBm

3: (AY Freqg 15343 122.03 MHz -54.86 dBm

4: (A> Freq {533 129,36 MHz -55.91 dBa . .
CENTER 130.89 MHz SPAN 14.80 MHz

#RES BW 30 kH=z #VBW 1 kH=x SHP 48.9 msec

FIG. 1(l) : Same caption as for Fi ig. 1(g) for C5-W at 3 different times showing that RF}
varies rapidly with time. ‘




-
f “//
Q?a 1i 5
1498 A 29
14113:02 APR 29, 1398
Ac 90188145 APR 29, 1998 @@sd: C:) MKR 149.8 MHz
REF .9 dBm AT 10 dB -75 60 dEBm
SHPL : : : : : : : : :
LOG : : : : : : ; : : )
098 | ST SURUUR OO SUOOS HOURIOIANRUIR SSSUOE ROSUS S Coer S
a8/ : : : : : : : . :
'Eiéié?Eﬁ"i .............................................................................
"MAX REG % » 52
va 8|
s¢ Lel..
CORR
CENTER 45@.0 MHz T JL; SFAN 108.0 HHz
SRES B8UW 180 knzlL1 r*’*%au 2@ kHz SWP 198 maec
By G .
15145 154 MHL L Sl A
1"13‘55 ﬁPR 29, 1998 ST — . - e -..._.-'-
—3 A2 18t11147 APR 28, 1q='R ,@ . MKR 131,45 MMz -2l 2] "Q‘: > I‘)
REF =-40.8 dBm AT 10 dB -~ 35,87 dBm- -4
SMPL . . PR ——r————— R L =
Loo : A ¥ : { : S MEAS UNCAL 12 d B/ m
R e | T ST A R ~145
'Egéié¥ii"}“*7"7f .............. z ........ |1 § e e e -158%
‘MAX RES .. 2 TN AR ~-|58:
......... o foodsaasmae G| -5
VA SB =2
8C L8| Db L
CORR - -
................. f"”””?”””""”“"”“"”"”T"“”“T””””"”“'”f"””“
e : : P : : : : :
(ctNTER/iBB.BB nHz T$PAN 10,.0P MHz
RES BH 3@ kHz WUBH M kHz gy, WSHP 4840 meec
) ‘ 15§
. |52 19y f (Dl 7
. Fe H Y .
-+ R M, . -
, 15Y MHL
C5-W M e
A —— R n
14114125 APR_29, 1398 ; o
.47 48118121 APR 28, 1998 ‘ @ MKR 131,45 HHz [H54S
REF -33.9 dBm AT 10 dB 43,18 dBm
SHPL
Lo 1500t MEAS UHCﬂL
B et T e 'l"-,; ................... RS
de/ : .
S VA Y . T
GISTER . o _,wa_,__:f|5$
RE L ~ o D Vo

Hﬂx REG # -s' ..............................................

T e S A L ACE R SR
-2 o] S ST SO ST TP UUL SRR SUURRTE. YOOI P
CORR :
i it

CENTER 139Pae MHz L L : ispau 19 . aF MHZ
RRES BN 38 kHz VBH kHz $SHP 4D .2 msec

(& 55

152 92154 15§ 26 s

sv ey
2y My MHy My Muz

FIG. 1(k) : Same caption as for Fig. 1{g) for C0O-S and C5-W antennas.
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FIG. 2 & FIG. 3 : CHARACTERISTICS OF RFI NEAR 146 MHz and 165 MHz.

FIG.2: In Fig. 2(a) to 2 (d) are shown detalled characteristics (modulation) for the
strong RF signal near 146.6 MHz due to Pager transmitter near Pune as
recorded at different times. It seems that there may exist two pager
operating at 146.57 and 146.62 MHz or it may be an FSK transmitter.
Strong RF signals are also seen at 146.88 MHz for C4-S and at 150.0 MHz
(see Fig, 2(d)), The received p.f.d. at the GMRT site is about -110 dBW/m.

FIG.3: Shows RF signals in the band near 165 MHz. The signals near 166.165 to
166.450 are perhaps due to a Pager Transmitter near Pune.
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In Fig. 2(a) to 2 (d) are shown detailed characteristics (moduiation) for the
strong RF signal near 146.6 MHz due to Pager transmitter near Pune as

recorded at different times. It seems that

there may exist two pager

operating at 146.57 and 146.62 MHz or it may be an FSK transmitter.
Strong RF signals are also seen at 146.88 MHz for C4-S and at 150.0 MHz
(see Fig. 2(d)). The received p.f.d. at the GMRT site is about -110 dBW/m?>.
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166.450 are perhaps due to a Pager Transmitter near Pune.




FIG. 4

FIG. 4(a) :

FIG. 4(b)

FIG. 4 : RFI MEASUREMENTS IN THE 232 MHZ BAND

Fig. 4 shows RFI measurements in the band 235 + 8 MHz made at the
GMRT site in May & June 1998. Figures 4(a) to 4(f) shows 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.

Shows Spectrum Analyzer scans for the RF| Survey made on 29th May
1998 in the band 235 MHz + 8 MHz with the W3 235 MHz antenna feed
pointed towards North (labelled as W3-N). Several strong narrow-band RF|
signals were observed.

Shows scans for W2 feed towards South observed a few minutes earlier. In
Figs.

FIG. 4(c) to 4(f) are shown scans observed on 27th May 1998 for W3, S6-E, S1-S and

The followi

i)

i)

)]

vi)

W2-S.

ng conclusions can be made (see text) :

'RF} at 229.75 MHz is stronger towards South (-124 dBW/m?) and was seen

on both May 27th & May 29th 1998.

Strong signals at 233.50 & 239.6 MHz which were observed on 29th May
1998 around 22 hrs. for W3-N were not seen in the afternoon of 27th May
1998 for W3-N.

- Signal at 237.10 MHz was observed on 29th May 1998 around 22" 107

1998 as well as on 27th May 1998 around 15" 39™. Similarly signal near
233.10 MHz was present on both days for W3-N (and not seen for W2-5
and S6-E).

In 8S6-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)}

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

Signal at 243.9 MHz had on an average same p.f.d. for W3-N and S6-E and
may have occurred in the north-east direction.
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FIG. 5: RFIIN THE 232 MHz BAND WITH 4 ANTENNAS EACH TOWARDS NORTH,

FIG. 5 (a)

EAST, SOUTH & WEST

to 5 (h) . Fig 5 shows RFI measurements made in the frequency band of
about 231 MHz to 237 MHz at the output of the 130 MHz channel in the
Receiver rooms by Frezot et al on 6th September 2000. The 230 MHz
feeds of W01, E03, CO0 and C09 were pointed towards N; W02, E04, C02
and C10 to E; W04, EQ5, CO3 and C12 to S; and W05, E08, C04 and C13
to W. A signal at 234.0 MHz of -10 dBW connected to a log-periodic
antenna was transmitted from the root of a 2-storey building of the
Narayangaon Housing Colony of GMRT. The Spectrum Analyzer output
(RBW = 10 kHz, VBW = 10 Khz, Sweep time = 240 ms) in the Rx room was
connected to a PC, and data recorded and analyzed using the GMRT
computer system.

FIG. 5(a) to 5 (d) : show signals received at the above group of antennas and show

% ¥ &

FIG. 5(e) :

FIG. 5 (f) :

several sources of RF! in addition to 234.0 MHz signal transmitted as above
before 1556 hours and 235 MHz after 1556 hours. The following
conclusions may be made from Fig. 5(a) to 5 (d).

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

231.29 MHz at W01-N; C00-N and WQ2-E

232.6 MHz at E05-S and C12-8

233.3 MHz at C04-W and WO02-E

236.9 MHz at W01-N; CO0-N; CO2-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.

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.

Show “plot with integration time = 6 plots of 10 seconds” for the case when
signal transmitted by us from the Narayangaon Housing Colony was at
234.0 MHz (-10 dBW) connected to a log-periodic antenna with a gain of
about 8 dB). Surprisingly, most of the discrete signals observed in the scans
of Figs. 5(a) to 5(d) are absent in these average plots. However, the 234.0
MHz signal transmitted by us is clearly seen. However, its strength is more
than 20 to 30 dB lower than expected considering the distance of the
receiving antennas for the case of both Figs. 5(a) to 5(d) and Fig. 5(e).

Same caption as for Fig. 5(e) but for the case when the signal transmitted
had a frequency of 235.0 MHz.




FIG. 5(g)

FIG. 5(h) :

Gray Scale Plot for RF! survey made over the 231-237 MHz band on 6th
September 2000 with 230 MHz feed to the horizon towards E, S, W and N
for 4 antennas in each direction. Horizontal axis is frequency and.vertical
axis is time. Each block is of same duration = about 40™, aithough of
different width due to a programming problem. The following conclusion can
be made :

There are discrete RFI signals seen at 231.4, 235.6 and 236.9 MHz. There
is also & RFI signal at about 232 MHz whose frequency varies with time
(perhaps a varying frequency source).

Colour gray scale piot similar to Fig. 5(g) but for CO4-W, C03-S and C02-E
antennas only. The presence of RFi signals are much better seen in this
piot
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FIG. 5(g) Gray Scale Plot for RFI survey made over the 231-237 MHz band on 6th
September 2000 with 230 MHz feed to the horizon towards E, S, W and N
for 4 antennas in each direction. Horizontal axis is frequency and vertical
axis is time. Each block is of same duration = about 40™, although of
different width due to a programming problem.
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FIGS. 6(a)

FIG. 6(a) :

FIGS. 8(b)

FIG. 6(f) :

FIG. 6 : RFiIN THE BAND NEAR 325 MHz

to 8(g) : show RFI measurements made in the GMRT band 325 MHz. No
significant RFI is seen in this band.

Shows Spectrum Analyzer output obtained in 306-346 MHz on 26th July
1996. The Spectrum Analyzer was connected to the output of the front-end
boxes at the base of the antenna W2-5.

to 6(e) : Shows the Spectrum Analyzer cutput obtained in the band 325 + 8
MHz on 2nd September 1997. Spectrum Analyzer was connected to the
130 MHz channei at the output of the optic fiber in the receiver room. No
RF! was observed for C1, C4, C6 & C9 antenna above the level of -160
dBW/m®. It may be noted that vertical scale was 0.5 dB per division and
therefore- the-output showed ripples across the passband. By taking single
scans with free running trigger as well as 50 trigger, scans were made for Hs
zero(0) mode span with 5.0 MHz bandwidth. No significant powerline
interference was noted at the above antenna (Fig. 6(e).: top scan).

In 8(f) and (g) are presented correlator outputs for the C00 & C04 antenna
pair with 325 MHz feeds pointed towards the southem horizon. The data
was observed for two minutes. Interference of about 20 times rms noise at
an estimated pfd level of about -180 dBW/m’ was noted only in channel 19
& 55.



FIG. 6(a) : Shows Spectrum Analyzer output obtained in 306-346 MHz on 26th July

1996. The Spéctrum Analyzer was connected to the output of the front-end
boxes at the base of the antenna W 2- S.
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FIG. 7 : A Summary of RFl Surveys made by T.L. Venkatasubramani in the
frequency range of about 125 MHz to 1400 MHz in mid-1996, early 1997 and

July 1999

RFl surveys were made by T.L. Venkatasubramani in the frequency range of about
125-1400 MHz during June to August 1996 (Venkatasubramani 1996) and
January/February 1997 and July 1999. GMRT primary feeds were pointed towards the
horizon and azimuth angle of the GMRT dishes was changed from + 180° to -180° in
steps of -45° with dwell of 15 minutes. The cycles were repeated for many hours or
days. The measurements were made by connecting the output of the front-end boxes
to a Spectrum Analyzer at the base of the GMRT antennas. Using the Min-Max mode,
the minimum and maximum power received was recorded. RFI-Report Part-V-A gives
details of the above surveys. Typical scans are presented in this Report in Fig. 7(a) to
7(g). In case the resolution bandwidth (RBW) of the Spectrum Analyzer and the video
-~ bandwidths are the same; we should expect the difference in power received between
maximum and minimum to be about 7 dB = (+ 2.5 standard deviation) for pure random
receiver noise. However, the difference will be smaller in case of integration or
averaging of several scans. Larger difference than expected show the presence of
RFI.

The following conclusions can be made :

From the Figs. 7(a & b) it is seen that RFi was not present in January/February 1997 in
the frequency band of 230 to 235 MHz, 322-326.6 MHz, 608-614 MHz and 900-1500
MHz at the sensitivity level of -155 to -160 dBW/m?®. However, appreciable RF! was
noted in the 150 MHz band.

From Figs. 7 (¢ & d) it is seen that the level of RFI has increased considerably in the
150 to 154 MHz and aiso in 230-235 MHz bands between early 1997 to mid 1999.

FIG. 7(a & b) : shows a summary of RFI plots made by T.L. Venkatasubramani during
the month of January/February 1997.

FIG. 7{c) : shows some typical RFi plots made by T.L. Venkatasubramani for several
hours during the month of July 1999. Hatched portions show the bands 152-154 MHz
protected for operation of GMRT. The difference between Maximum & Minimum shows
Very High (VH), high (H) or relatively low (L) levels of RFI.

FIG. 7(d) : shows some typical RFI| piots made by Venkatasubramani in July 1999 in
the bands near 210-260 MHz and 570-650 MHz. Hatched portions show the protected
bands for GMRT.
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hours during the mqnth of July 1999. Hatched portions show the bands 152-154 Mtz
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FIG. 8 : RFi MEASUREMENTS MADE IN THE BAND 150.5-155.5 MHz AT SEVERAL
LOCATIONS FROM SANGAMNEER TO LONAVALA

Fig. 8(a) to 8(j) : shows Spectrum Analyzer outputs of RF] either in the frequency band
150.5 to 155.5 MHz or in the band 151 to 155 MHz which were made at
Sangamneer, Kandali, Kukdi, Junnar, Pune (NCRA), Lonavala and
Khandaia. Measurements were made using (a) Log Pericdic antenna with a
bow-tie, (b) B0 dB amplifier (c) Spectrum Analyzer (see Appendix-A).

Measurements at all the above places except Pune were made with the Log
Periodic antenna mounted on a jeep at a height of about 2.5 to 3 Mtrs. At

Pune(NCRA) the Log Periodic antenna was mounted on a pole abave the _ . . .

water tank on the second floor of NCRA building, such that the height of the
Log Periodic antenna was about 10 Mtrs. Antenna was rotated in four
directions viz. South, West, North & East. and plots in the four directions are
Xeroxed on page No.1 for each of the locations. The following may be
noted for RF| observations made at the above location in the protected
GMRT band viz. 152-154 MHz.

i) RF! was noted near the band 152.06 MHz at Sangamneer, Pune and
Lonavala. In particular, the RF| near the band 152.06 or 152.14 was quite
strong at Pune & Lonavala. RF! at these frequencies is also quite prominent
towards the Southern direction as seen in the surveys made with the GMRT
antenna feeds.

i) Strong RFl is observed in the band 152.25, Strong RFI is also observed at
Junnar in the band 153.98 MHz. RFI is observed at Pune (NCRA) at the
frequency 152.06-152.14 MHz, 152.25, 1562.76, 153.76, 153.86 and 154.0
MHz. Only a few of the plots obtained at NCRA, Pune are produced in Fig.
8(a) to 8(f). In particular, we may note the presence of strong RF!} in the
frequency 152.08, 152.14, 152.69 & 153.53. The RFIl in the frequency
range of 152.69, 153.53 and 153.73 MHz was also observed at Khandaia.
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FIG. 8(c): RFi measurements made in the band around 150.5 to 155.5 MHz at Kukdi
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FiG. 9 : RFIIN THE BAND 229.5 TO 234.5 MHz AT SEVERAL LOCATIONS AROUND

GMRT AND PUNE, LONAVALA & KHANDALA

FIG. 9(a) to &(k) : shows Spectrum Analyzer outputs of RF| either in the frequency band

i)

i)

FIG. 9(a)
FIG. 9(b):

FiG. 9(c):

230 to 234 MHz or in the band 229.5 to 234.5 MHz which were made at
Alephata, Jambul-phata, Kandali, Junnar, Pune (NCRA), Lonavaia and
Khandaia.

Measurements at all the above places except Pune were made with the Log
Periodic antenna mounted on a jeep at a height of about 2.5 to 3 Mtrs. At
Pune(NCRA) the Log Periodic antenna was mounted on a pole above the
water tank on the second floor of NCRA building, such that the height of the
Log Periodic antenna was about 10 Mirs. Antenna was rotated in four
directions viz. South, West, North & East. and plots in the four directions are
Xeroxed on page No.1 for each of the locations. The following may be
noted for RFl observations made at the above location in the protected
GMRT band viz. 230-234 MHz.

Strong RF] was observed at Alephata at 230.90 MHz and at Junnar near the
band 229.5-234.5 MHz.

At Pune (NCRA) number of RFI signals were noted in near the band 229.5-
234 MHz as shown in the figure 9(e) and 9(f). RFI seems to arise from
North-West and South-West directions. Strong signals were noted at
several frequencies in the band 230.93; 231.25; 231.80; 232.0; 232.71 and
233.34 MHz).

At Lonavala & Khandala strong RFJ signals were observed at 230.99 and
231.53 MHz and weaker at 232.13 and 233.63 MHz.

RFI measurements made in the band 229.5-234.5 MHz near Sangamneer.
RFI measdrements made in the band 230 to 234 MHz at Alephata. |

RFI measurements made in the band 230 to 234 MHz at Jambul-phata.

FIG. 9(d): RFI measurements made in the band 230 to 234 MHz at Kandali

FIG. 9(e):

FIG. 9{f):

FIG. 9(g):

FIG. 9(h):

RFi measurements made in the band 229.5 to 234.5 MHz at Junnar,

RFI measurements made in the band around 229.5 to 234 MHz at Pune
{NCRA).

RFi measurements made in the band around 229.5-234 MHz at Pune
(NCRA).

RFi measurements made in the band around 230-234 MHz at Lonavala.
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FIG. 9(i): RFI measurements made in the band around 229.5-234.5 MHz at Lonavala.
FIG. 9(j)): RFI measurements made in the band around 230-234 MHz at Khandala,

FIG. 9(k): RFI measurements made in the band around 229.5-234 MHz at Khandala.
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FIG. 9(d). RFI measurements made in the band 230 to 234 MHz at Kandali
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FIG. 9(): RFI measurements made in the band around 230-234 MHz at Khandala.
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FIG. 8(k): RF! measurements made in the band around 229.5-234 MHz at Khandaia.




Fig. 10 :

A summary plot of RFI measurements in the GMRT Band of 152-154
MHz based on observations made at Sangamneer, Kukdi, GMRT
site, (Pulsar Rx : see text), Pune, Lonavala and Khandala Ticks are
marked on the GMRT site data for those frequencies for which there
seems to be some correlation between RF! at (a) the GMRT site and
(b) Pune, Lonavala and Khandala.
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Fig. 11 : RF] measurements in the GMRT Band of 230-234 MHz at (a)
Alephata (b) the GMRT site, (c) Junnar, (d) NCRA-Pune, ()
Lonavaia and (f) Khandala.
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Fig. 12

Fig. 12 (a) :
Fig. 12 (b) :

Fig. 12 (c) :

Fig. 12(d)

Radio Frequency Spectrum (RFS) at Pune, Lonavala and Khandala

Fig. 12(a), 12(b) and 12(c) show RF! measurements made in the
frequency band of 300-350 MHz at Lonavala, Khandalg and Pune
respectively. It is seen that the signals received are much larger at
Khandala compared to Lonavala or Pune. In Fig. 12(d) is shown
measurements made at NCRA-Pune in the bands 315-335 MHz,
140-160 MHz and 225-245 MHz. Ali measurements were made
using method 2 of Appendix-B. It is clear that the Radio Frequency
Spectrum is much Quieter near the 325 MHz band than near the
bands 150 and 233 MHz.

RFI measurements in the band 300-350 MHz near Lonavala,
RFS measurements in the band 300-350 MHz near Khandala.
RFS measurements in the band 300-350 MMz at NCRA-Pune.

RFS measurements in bands 315-335 MHz, 140-160 MHz and 225-
245 MHz at NCRA-Pune.
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FIG. 13 Height path profile between Bombay and GMRT site.
The plots were made using survey of india maps along the line of
site from the GMRT site to the central part of Bombay.
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FIG. 14:

The caiculations of Tropo-Scatter path as shown in Fig: 13 show
transmission loss by NPL. The absissa percent of time ordinate
exceeded at different values of losses. For e.g. it may be noted that
65% of the timetﬁﬂﬁﬁesha;#e J% dB between Bombay and
GMRT site. ,ﬂbss sl exesnd
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FiG. 16 : Tropscatter loss estimated by T.L. Venkatasubramani from NBS
, Tech. Note 101, Vol. Il (see RFI Report-Part X!I)
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FIG. 17

Circles given Protection Zones for GMRT on a map of Westermn India.
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FIG. 17 Circles given Protection Zones for GMRT on a map of Western India.



FIG. 18 :

Fig. 18 {a)

Fig. 18 (b)

Fig. 18 (c)

Shows locations of sites where RF! measurements were made as
given in Figs. 8 and 9.

Shows locations where RFI measurements were made

Shows a sketch showing locations of the site near the Kandali
Industriai Estate where RFI measurements were made.

Shows location near Jambul-phata where RFI measurements were
made.



Fig. 18 (b) Shows a sketch showing locations of the site near the Kandaii
industrial Estate where RFl measurements were made.



Fig. 18 (c) Shows location near Jambul-phata where RFI measurements were

made,
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~ Appendix-B : Sensitivity of 2 Radio Telescope




APPENDIX-A

METHODS USED FOR RFI SURVEYS

RFi surveys have been made at the GMRT site using sigﬁats received by the
primary antenna feeds of 45-m dishes and also using a' log periedic antenna. Various
methods used are sketched in Fig. A-1. Most of the surveys made over the last few
years have been made using Method-1 in which the primary antenna feeds are pointed
towards the horizon. The Antenna feeds are nearly at a height of 40-m when the dish

is pointed to zenith.

Surveys have also been made using a log-periodic antenna at a height of about
9-m as shown in Fig.A-2 (Method-2). Because of the lower height of only about 9-m
used for placing the LPA, the sensitivity achieved may be about 10dB lower than that
for the measurements made with the primary feeds of 45-m dishes pointed towards the
horizon. Pulsar group have also made a survey near 150 MHz using the pulsar
receiver connected to the GMRT antennas (Method-S). However, the feeds were
pointed to the dish by the Pulsar group and hence their sensitivity will be about 8 dB
lower. But, if they were to use 25 antennas, the sensitivity will be 5 times = 7 dB
higher than for single dish. Methods 4 and 5 in which RFI measurements are made
using the GMRT correlator are likely to be much more sensitive. Method 4 has been
used for a few hours at 325 MHz and level of RFI seen was relatively low. In this
Appendix, we discuss details of only the Methods 1 and 2 and also analysis procedure

used for calculating the power flux density (dB watts/m?) of the received signals.

METHOD-1 ; SURVEY USING GMRT ANTENNA FEEDS

Using the Feed Position System (FPS), the primary feeds of the GMRT
antennas are pointed towards the horizon and measurements are made at the IF in the
receiver room using a HP spectrum analyzer. This is done conveniently by making the
elevation of the antenna = 90° (zenith) and then pointing the required feed in a direction
perpendicular to the dish (Note GTN/GS/Dec 98). Further, the antenna is rotated in
Azimuth such that the feed points to either towards South (Pune), West (Mumbai),

W

AL 75 o



North (Nasik) or East (Ahmednagar). Feeds can also be pointed closely towards the
horizon by making the elevation angle to be about 20°, and then observing with a feed
which is opposite to the one pointed towards the dish.  Since the 3 dB bandwidth of

most of the feeds is about + 30°, this procedure is also acceptable.

Measurements have aiso been made using a HP spectrum analyzer (SPA) at
the base of the antenna, but |-have preferred to make measurements in the Receiver
Room in the central electronics building (CEB) at the out put of the monitoring point of
the optical fibre system. This allows rapid measurements of RF| seen at different
antennas of GMRT in the Central Array or Y-array.

In most cases, the bandwidth of the RFI signals is likely to be about few kHz for
any CW spurious signals and 10 to 30 kHz for FM signals which is the method of
modulation used generally at vhf and uhf range, for either voice or data transmissions.
Of-course, the bandwidth of the TV signals in the frequency range of about 175 to 230
MHz is about 7 MHz. For TV, about 30 or 40% power is radiated at the video carrier
frequency with a bandwidth of about 100 kHz ( to be found) and 5 or 10 percent at the
audio carrier. For RFI measurements, we have generally used a resclution bandwidth
(RBW) of the SPA=10 or 30 kHz ( in earlier meas. 100 kHz was also used), VBW
about one tenth of RBW or it is set with auto value, no line trigger, sweep rate (auto)
and averaging 10 or 20 times. Line trigger (50 Hz) is not used as the spectrum is
affected by spark induced wide-band RF! from AC or DC power lines (see Parts VI and
Vil of this series). Averaging is also found quite useful for improving sensitivity and
minimizing effects of power-line RFl. Longer averaging tends to decrease the
measured values of RFI, if the amplitude of the received signals varies due to fading
or due to variations in power of the signals (on-off). However, longer averaging, say
100 scans may give a higher s/n for steady signals such as leakages of TV cable
signals or of oscillators in computer systems etc.

Analysis for Method-1 _: The spectrum analyzer (SPA) measures the total \ power

received in dBm (=Pspa} in the resolution bandwidth (RBW) used. IF the signal
bandwidth is smaller than RBW, SPA will give the correct value of the power at its
input. Otherwise the measured value wilt be smaller by the ratio Af/RBW, where Af is



the signal bandwidth - this can be estimated from the SPA record, by making the
SPAN range of only a few hundred kHz or only one or two MHz.

In order to assess the degree of RFI, we need to determine the value of the
received power flux density (p.f.d.) or Sin Watts/m% This is given by
S = 2 (Pin/A) w.m?
= 2 (Pspa/G, A)

where Pin is the received power at the input of the GMRT receiver , Gy is the
gain of the receiver and A is the effective area of the primary antenna feed. The factor
2 in the numerator arises because GMRT feeds are circularly polarized but RFI is
generally linearly polarized and hence an area of only A/2 is applicable. The value of A
is given by ; ' |

A = A2 G /4n
Where A = (cf) is the wavelength, c=velocity of light, f = frequency and G, is the gain
of the primary feed. The measured values of G, and A for the GMRT feeds are given
in Table-A1 (based on measurements by G. Sankarasubramanian for 150, 233 & 610
MHz feeds and RRI for the 21 cm feed).

Table-A1 : Effective Area of GMRT feeds

f A G, Ga A A
(MHz)  (m)  (dB) (m*) (dB)
150 20 8.5 7.1 2.25 35
233 129 7.7 5.9 0.78 -1.1
325 092 54 3.5 0.23 -6.4
610 049 86 7.2 0.14 -8.5
1000 030 120 15.8 0.11 9.8
1200 025 128 19.1 0.095 -10.2

1400 0.21 9.6 9.1 0.032 -15.0




The gain G, of the receiver can be found by switching off the ALC at the ABR
output and using Hi-CAL value of the noise generator in the RF box, for the case when
measurements are made with the SPA in the Receiver Room. For measuremenfs at
the base of the antenna, one may use values of the Gain of the front ends given by the
RF group or those found by characterization. Any case, it is advisable to use Noise-
Generator calibration also in that case, if time permits (see Table A-6 and A-7)

However, for measurements made so far, we have not done noise generator

calibration. Hence | have used the following method for calculating the vaiues of Sy:

In that part of the spectrum, where no RFi is present which may call as base

level, the power received by the SPA, Psg. is given by the thermal noise of the receiver

times its gain Hence,
PSBL = Gr kTs RBW (1)
or Gr  =Psa /(KT .RBW) {2)

Where G, is the overall gain of the receiver upto the input of the SPA, Ts is the
system temperature of the receiver including the antenna temperature for the case
when the feed is pointed towards the horizon and RBW is the bandwidth of the
spectrum analyzer, SPA.

The peak value of discrete signal or RFl observed in the spectral analyzer
output, Psrer is the sum of the receiver thermal noise power, Pg, and contributions by
RFI1 signals, Pgreg .

Psrmt = Prr + PsaL

Hence, Prrr = {(Psre - PsaL) (3)

The power due to RF| at the ihput of the receiver is given by,



Pin (RF1) = Prg /G, 4(a)

The power flux density, Sy, of the minimum sensitivity limit of the RFI survey is
given by

Sm

2 Py, (RFIYA 4(h)
Using equations (2), (3) and (4), we get

Sm = 2 (Psrri- PsglfA . G,

2 (Psrri - Psal)/(A.(Psa/kTs.RBW))

{2 (Psrri - Psar) . (kTs . RBW) ¥{A Psa} (%)

It may be noted that for calculating the value of the term in the first bracket, we
must take antilog of Psre and Psg after dividing by 10, if measured in dBm. However,
if Psgr is much greater then the base-line fevel, Psg, we may ignore Psg, within the
first bracket and hence

Sm (ABW/M?) = {Psre (dBM) - Pep, (dBm))
+10 log ( 2 kTs. RBWJ/A) (6)

For the 150,235, 325 MHz feeds, Ts is expected to be approximately = 700, 500
and 300 K when the feeds are pointed towards the horizon (may be 2 or 3 dB higtier
due to the rural noise at Khodad} and A=3.5dB, -1.1 dB and - 6.4 dB respectively, as
seen from Table-A1. The Spectrum Analyzer gives the actual power of the signal if its
bandwidth is less than Resolution Bandwidth (RBW) but if the signal width is longer
than RBW, corresponding correction has to be made. As an example, if the weighted .
or equivatent width of the RFI signal is SW then S, (corrected) = S,, x (SW/RBW).

Hence, for RBW = 10, 30 and 100 kHz, we get the following values for the log
term in Equ. (6).
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Values for the log term:

Table-A2 : Values of the log term : 10 log (2kTs.RBWI/A)

f RBW Ts A 10 log (2kTs.RBWI/A)
(MHz (kHz) (K) (m%) (dBW/m?)/10 kHz
1 2 3 4 5
150 10 700 2.25 -161
30 -156
100 -151
233 10 500 0.78 -158
30 -154
100 -158
325 10 300 0.23 -154
30 -150
100 144
610 10 300 0.14 - 152
30 - 148
100 - 142
1000 10 300 0.11 - 151
30 . -147
100 - 141

Therefore, using Eq. (6), the value of the received power flux density, Sy, (W/m?)
of the RF! or other discrete signals at the GMRT antenna feeds can be determined



simply by adding values given in Col.5 of the above Tabie to the difference of the
values of the RF} peak and Base Leveis in dBm. If the peak vélue is only 3 dB higher
then the Base level, the difference will be about 3 dB lower, if equation (€) is used
rather than equatidn (5), as explained above,

METHOD-2 : RADIO SURVEYS CARRIED OUT USING A LOG-PERIODIC
ANTENNA

A log-periodic antenna (LPA) with a bow-tie was used for camying out radio
surveys at the GMRT site and several other locations as discussed in Section-2 of this
Report (Part-1V).

The LPA was connected to ampiifiers and a HP spectrum analyzer HP 8590 L.
initially 2 x MAR-6 amplifier followed by 2 x MAR-3 amplifiers were used as per SET-A
shows in Table A-3. Since this set up was subject to intermodulation products when
RF1 level exceeded about - 70 dBm, we later used SET-B (see Table A-4) consisting of
(1xXMARS + 2xMAR-3) plus (1xMSA 1120 + 1 x MSA 520) which did not produce
significant intermodutation products for input signals of less than -55 dBm (see T.able-
A5).

Gain of the overall receiver system, G, at various frequencies, including loss
of cables and filters, gain of ampiifiers and further dividing by the gain of the antenna
are given in Table-A3 for SET A and Table A-5 for Set B. The power flux density, Sy
(W/m?} of the RFI signals at the input of the LPA is given by

Sm = Psnpl /G.—a (W.m'z)

In the last column of Tables A3 and A4 is given values to be subtracted from the
measured values of Pg in dBm using the set ups shown therein for obtaining the
values of Sy, in units of dBW m>.

The measured values of S, at various frequencies are given in Tables 1 and 2
of the main report of Part-IV.
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TABLE A-3

MEASUREMENTS MADE USING THE LOG-PERIODIC ANTENNA WITH BOW-TIE

AND SET A (AMPLIFIERS CONSISTING OF (2 x MAR 8) + (2 x MAR 3).

Sr.  f Loss Loss GAIN Total Area G. (Ga+30dB)
{(MHz) Cable filters Amplifiers Gain LPA *

1. 50 -22 0 63.0 61 12.6 73.6 103

2. 153 -38 -09 634 589 30 619 92

3. 232 -4.8 -0.8 63.1 57.5 -0.8 56.7 87

fL 325 -58 -0.5 61.8 55.5 -04 55.1 85

*

Values to be subtracted from the values of Pgrr (dBm) measured using the

spectrum analyzer in order to obtain the values of the power flux density (W m?) of
the RFI signal incident at the LPA.
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TABLE A-4

MEASUREMENTS MADE USING THE LOG PERIODIC ANTENNA WITH BOW-TIE
AND SET-B (AMPLIFIERS CONSISTING OF 1 x MAR 6 + 2 MAR-3 + 1 x MSA 1120 +

1x MSA 1120 + 1 x MSA 520)

Sr. f Loss Loss Gain Total Area Gra (Gra + 30 dB)
(MHz) Cable Filter Amplifier Gain LPA *
(dB) (dB) (dB) (dB) (dB) (dB)
1 50 -22 0 66.1 64 126 76.6 107
2. 183 38 -09 648 60.1 3.0 63.1 93
3. 232 -48 -08 641 585 -0.8 57.7 88
4. 325 -58 -05 832 569 -04 56.5 87

Values to be subtracted from the values of Pgge (dBm)measured using the

spectrum analyzer in order to obtain the values of the power flux density(W.m?)
of the RFI signal incident at the input of LPA.

e
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Todt At G MET SYSTEM TEMPERATURES

Sr. | Frequency| input Polarizer [ LNA temp. | Receiver Temp]| Ground | Sky System |Bandwidth
No. band cable | | ggg (Includes cable | Temp. | 'Temp. Temp.
- loss losses) ' : .
L i L LI T, T ana TSky Tsy.
(MHz] [dB] [dB] (Kl [K] [K} (K] K] [MHz]
1 50 133’ | o080 895 1851 19 6500 8170 40
. - 2 ’
2 150 0.2 0.75 150 260 12 308 580 40
| , |
3 235 0.55 0.25 .3 103 32 99 234 40
4 327 0.13 0.18 a0 : 55 13 40 108 40 - ;
5 610 022" 0.15 30 : 59 32 10 | 101 40
td 7
5 .
6 1060 0.22 — 35 53 25 5 83 120 -
b
7 1170 0.22 — 32 49 24 4 77 120
; .
8 | 1280 0.22 — 30 47 23 _ 4 74 © 120
9 1390 022 .| — 28 45 23 4 72 120 !
‘ B — S AT . — —_ | !
f(Let.v30] (et v10) Pt
1 12 mof RGZY cable (estimated) 4 lucortkn toes of Bahun & 20 co 02417 =10 T +{10 1T T = 300K Sh
2 Lachuded -1 combiner bnscrtion Joxt sczmlrizld cable fom Baka to Frobe. A _
} losertion oty of Halia & sssocluicd bles. 3 Containg oo of OMT & OMT 10 LNA lopus cable. T Tt T + Ty APK/GSSfSrini/05/94 |
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APPENDIX - B

2. SENSITIVITY OF A RADIO TELESCOPE

As shown below, the sensitivity of a radio telescope is extremely high compared
to that of a communication receiver, by more than 50 dB. A radioc astronomer measures
the difference between the received noise power for the cases when the antenna is
pointed towards a celestial source and when it is pointed away from the source.
Therefore, the sensitivity of a radio telescope is dependent upon the root mean square
(rms) fluctuations of the receiver noise. The rms vaiue, APms, Of the receiver noise
power is given by

= kTs Af/at.Af)Y? (N
where T, is the system temperature, At is the integration time and Af is the bandwidth of
the receiver.

As per ITU RA-769.1, the harmful level, AP'H, is taken as 10% of the receiver
rms fluctuations. Hence,

Ap'u=0.1 Apms Watts (2)
The relation between the receiver noise power, Apw, and the Power flux density

(p.f.d.) of the harmful radiation, ASy at the input of a radio telescope.

(Ap'WAY  W.m?
(4n/A% G) Ap'n _ (3)

Ap’H

1l

Where A is the collecting area of the antenna, G is its gain and A is the mean
wavelength of the receiver passband.

Hence, from (2) to (3), we get

0.4x kTs Af
oy = e W @
7\,2 G ( At A f)1f2



047rf® KTs Af
Ay = e — W.m? Hz! (5)
c3G (At AD'?

The spectral power flux density is given by { A Pr/Af).

Where f is the mean frequency of the receiver passband, ¢ is the velocity of
light. .

For calculating the RFi levels, ITU-R RA769.1 recommends that the gain G of
the antenna may be taken as unity, corresponding to expected level of the distant
sidelobes of a parabolic dish, Af = allocated bandwidth and At = 2000 seconds

(although radio astronomers integrate upto tens of hours).

Values of Apy, ASH and ASy, are given in Tables 1 and 2 of RA 769.1 for
continuum and spectral line radio astronomical observations, These Tables aiso give
applicable values of receiver temperature and bandwidth for continuum and spectrat
observations at various frequencies.

At microwave frequencies, the gain of distant sidelobes of a large parabolic dish
antenna may be much lower than 1. However, one should take the gain of side lobes
10 dr 15 Deg, away from the main lobe because the antenna is often pointed close to
the horizon, whence the gain of the sidelobe level will correspond to that only 15° away
from the main lobe and will be higher than unity. Therefore G=1 seems to be a good
compromise for calculating the harmful level.

;For GMRT, gain of sidelobes may be higher than 1, particularly at 21 cm, since
the 45m dishes are made of about 900 plane facets and also rms errors of the wire
mesh surface exceeds 1 cm. This aspect may be kept in mind in frequency
coordination for GMRT.

For the GMRT interferometer system, the harmful level is about 10 to 20 dB
lower than given in Tables 1 and 2 of ITU-R RA 769.1 because the response of the
interferometeric array gets averaged, for a RF! source, whilst the fringes are stopped
for the celestial sources being tracked. If there are n fringes, the effect of RF| gets



decreased approximately as n'? where n is the no of observed fringes for a given
baseline in the integration time At (Thompson Moran and Swenson, 1994). At longer
wavelengths, such as the 150 MHz and for the central array, the effects of RF| will get
decreased by only about 7 or 8 dB. Similar is the case for satellites as has been

estimated by

However, GMRT is also to be used quite frequently as phased array of N
antennas. In this case, the harmful level will be about (N)*? higher than that, if
observations are made only for a single dish of GMRT, because the output of the
phased array for the celestial radio source will be N times hiéher Eut phased array
output for the RFI signal will increase by only N'? on an average because RF! signal
will have different phases for different antennas. Thus, the phased array will be less
sensitive to RF1 than the single dish. Same will hold for interferometric observations.

As can be seen from Table-1 of ITU RA 769.1, the harmful level of radiation
from continuum observations is about -190 dBW/m® at 150, 325 and 610 MHz. The
receiver noise power (kTAf) of a radio communication receiver at 150 MHz lies in the

™ to 10° W depending upon its noise temperature T and bandwidth Af,

range 10
Hence, it becomes desirable that the p.f.d. of the received communication signal is
more than 107 W/m® for a satisfactory operation of the radio service. Thus. it is seen
that the sensitivity of a radio telescope is about 60 dB higher than that of a radio
communication service. It is therefore important that no transmitters are located in the
R.A. band at distances exceeding 400 to 600 km depending upon the transmitter power

of the communication service.

hck/gsrfi.doc



	Local Disk
	PART - IV


