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Abstract
A radio telescope consisting of a receiver and a dual dipole antenna 
has been installed at high altitude station Darjeeling to detect solar 
and Jovian emissions at 20.1 MHz for receiving radio signal from 
both the Sun and the Jupiter. Signals received during September 
2012 are analyzed to compare the Jovian bursts observed in 
predicted emission phases for the satellite Io of the Jupiter and 
the locations of CML, suggesting that the chances to record a 
burst in Io-phase is significantly large and even may be double 
than that in general CML locations.
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I. Introduction
Mysterious extraterrestrial signals have been reported and 
analyzed from time to time [1-2], which indicates that there is 
some contributions from Jupiter towards reception of signals at the 
radio range. The Jovian magnetosphere and the emission of radio 
signals from it exhibit a countable response in the decametric radio 
waves. In this paper we have attempted to analyze received signal 
from both the Sun and the Jupiter by using our radio telescope 
installed at a high altitude observatory at Darjeeling  (Latitude 
27:03:11.5, Longitude 271:44:31.0 E), West Bengal, to examine 
the statistical occurrences of storms and to find the probability of 
reception of bursts originated in Jupiter.

II. Magnetosphere and its Contribution to Radio Signal
Jupiter atmosphere is mostly built of molecular hydrogen (86%) 
and helium (10%). Above these there is a magnetosphere with a 
bow shock at 3 x 106 km wrapped by Van Allen belts forming 
due to solar wind. In 1979, Pioneer probes discovered that Jupiter 
radiates 1.7 times the amount of heat it received from the Sun. 
It infers that Jupiter has an internal core source of heat and is 
settling down by releasing a large amount of gravitational potential 
energy. This heat energy is being channelled away by convection 
currents including flows in the metallic hydrogen. This is one of 
the reasons of pronounced Jovian magnetic field (H = 4.3 G). 
Rapid rotation of Jupiter and the low density of the solar wind 
at 5.2 AU also play vital role in the origin of its magnetosphere. 
Jupiter has a magnetic tail extending in the antisolar direction 
[3]. The emission of radio waves varies with time and so the 
radiation belts are not permanently trapped but scattered over the 
magnetic field. It is assumed that when strong electric field by the 
heated ring of charged particles interacts with intrinsic magnetic 
field of Jupiter it causes radio emissions. Jupiter emits cyclotron 
radiation from electrons trapped in its extremely strong magnetic 
field ranged from 1MHz to 40 MHz [4-5], but due to opacity of 
F-layer of Earth’s ionosphere signal below 5 MHz are unable to 
reach at the earth based telescope.

III. Radio Telescope Installation and Signal Reception
Since at the time of reception of Jovian radio signal noise sources 
may create problem, we planned to set up our observatory at hill 

top of Darjeeling which is usually a radio quite place (antenna 
temperature ~100,000K at 20.1 MHz). For the reception of radio 
signals we preferred dual dipole antenna with a Jove receiver at 
20.1 MHz. In order to analyze the received signal we have used 
the ‘Skypipe’ software. For prediction of storms and position of 
Jupiter in sky we relied also on Radio-Jupiter Pro software [6]. 
While observing radio signal, we found a very low background 
noise. Other than the galactic background due to emissions from 
relativistic electrons spiralling in the galaxy (~40,000 K), adjacent 
electronic appliances were also may contribute to noise. This 
noise can be calibrated by introducing noise baseline filter to the 
receiver. Location of our observatory even provided us freedom 
not to use any filter. We observed few spurious hikes in antenna 
temperature at day time as shown in fig. 1. The fig. shows that 
during day time (i.e. between 00:27 to 11:54 UT) and also just at 
the outside of that boundary a large number of fluctuations in signal 
are formed when the solar bursts were very prominent. Fig. 2, on 
the other hand exhibits received signals of Jovian bursts during 
night time when the Jupiter was on the local sky.

Fig. 1: Signal Received on September 5, 2012. Green lines make 
a Demarcation when the Sun was Above the Origin

Fig. 2: Signal Received Showing Typical Jovian Bursts on 
September 28, 2012 at Darjeeling         

Ultraviolet sunrays ionize ionosphere and increase refractive index 
of F-layer. So the received signal during day time has a chance to 
mix with other manmade HF signals causing a complication to 
separate them. However, night time observations have a relatively 
reduced effect of such noise. In this preliminary analysis, we have 
chosen data for the month of September, 2012 between 21:00 hrs 
IST to 05: 00 hrs IST (IST – 5 hr. 30 min. = UT). This period of 
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observation was purposely selected as it was predicted by Radio-
Jupiter Pro that Jupiter will be above the horizon and the Sun will 
lie below it during this period. Data for the Radio-Jupiter Pro is 
shown in fig. 3. Fig. 4, further reveals that the selected time was 
ideal to study Jupiter signal as it achieved very high decametric 
angle at the time under consideration.

Fig. 3: Visibility of Jupiter (Blue-Green) and the Sun (Yellow) 
Over Observatory at Darjeeling During 2012. Local Time (IST) 
is UT+5 hr. 30 min. 

Fig. 4: Displays Elevation Angle of Jupiter at Darjeeling Over Few 
Years. It Shows 2012 End Session is Good for Signal Reception 
from Jupiter. Graph from Radio Jupiter Pro

We operated Jove receiver in linear operation region and optimum 
gain control was ensured by dynamic range of the receiver. To 
reduce loss factor RG59 coax cable having loss factor 1.5dB/100 
at working signal was employed. The beaming pattern of our 
dipole is shown in fig. 5 and it is supported by fig. 6 as plotted 
by Radio-Jupiter Pro. 

Fig. 5: Beaming Pattern of Our Dual Dipole Antenna Having Gain 
7.8 dBi. Green Ellipse Shows Beaming Boundary. Labels on the 
Arcs are Hours in UT

Fig. 6: Display Between Jupiter Altitude and Azimuth on September 
14, 2012 at Darjeeling. Labels on the arcs are hours in UT

It is evident that there is a correlation between the times of reception 
of storm signal from Jupiter with its longitude facing the Earth. 
The Central Meridian Longitude (CML) has three different zones 
over Jupiter marked as A, B and C which faced towards earth and 
thus enhancing the chances of receiving Jovian burst from earth 
based telescope. The orbital position of one of the satellite Io of 
Jupiter influences the probability of detecting radio emissions. In 
practice, this effect combines with the CML to control the signal 
emission largely [7]. Fig. 7, displays regularity and intensity of 
different predicted Io emissions.

Fig. 7: Different Io Phases as Predicted by Radio-Jupiter Pro on 
September 14, 2012.

IV. Data Analysis
We have captured data for month of September, 2012 taking 
adequate care for eliminating the noise problem. Our software 
listed every event that lasted more than 5 ms. Those spikes 
sustained for more than 0.5 second and having amplitudes at 
least 10 times from baseline noise, are treated as Jovian bursts. 
The number of observed bursts along with corresponding Io-phase 
and locations of CML when occurred are presented in Table 1. In 
September 2012, sometimes CML locations coincided with the 
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Io phases. Since Io contributes more in the signal production in comparison to storm location of CML, all bursts during such times 
are considered as created by Io.

Table 1: Comparison of Number of Bursts Recorded for Different Io-Phases and CML Locations with Corresponding Duration

Date
Io-phase CML Location

RemarksDuration in 
minute

No. of 
bursts

Duration in 
minute

No. of 
bursts

05/09/2012 13 6 182 11 Io-A phase

07/09/2012 206 3 Bad weather hampered reception

08/09/2012 357 9 B- and C- CML locations

09/09/2012 214 3 Insignificant number over a long duration

10/09/2012 115 19 191 2 Io-A coincides A almost fully

22/09/2012 65 8 77 1 Io-B effect

23/09/2012 294 21 A and C dominated

24/09/2012 275 34 Spurious signal around 14:40 UT
25/09/2012 400 3 Insignificant number over a long duration

26/09/2012 429 41 Spurious signal at twilight

27/09/2012 318 21 Mainly from A position
28/09/2012 260 53 33 3 Effect from Io-A and Io-C
29/09/2012 184 11 112 3 Io-B phase
30/09/2012 365 16 Contribution from A-, B- and C- CML Locations
Total 637 97 3453 252

V. Conclusion
Perception of signal not only governed by Jupiter-Earth positioning 
or Jupiter-Io positioning but also depends on the climatic condition 
around the observatory [8]. For this reason, it may provide better 
result if we take statistical average instead of day-to-day analysis. 
For the span we have considered, the average of significant bursts 
recorded for Io-phase is 9.1 bursts per hour and for CML it becomes 
4.4 bursts per hour showing that for the earth based radio telescope 
the chances to record a burst in Io-phase is significantly large and 
even may be double than that in general CML locations.
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