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Solar Observation using the Radio Jove System

Background

The purpose of this paper is to describe the construction of a small radio receiver and observation of the sun using the receiver with an appropriate antenna and computer software. The receiver, antenna and software are part of the Radio Jove educational kit, provided to the author by the International Space University as part of its Physical Sciences curricula. The author will examine the utility of this kit as an educational tool, and discuss the science being taught through this process.

The Radio Jove Educational Program

 NASA’s Goddard Space Flight Center and The Initiative to Develop Education through Astronomy and Space Science (IDEAS) jointly sponsor the Radio Jove program.
 The purpose of the outreach program is to educate students about the basics of radio astronomy with respect to Jupiter and the Sun, to provide an opportunity to experience the scientific process, to create a worldwide net of observers connected through the internet, and facilitate the exchange of ideas between students and researchers at different locations.
 The program provides relatively affordable kits to educators complete with a receiver, antenna and software. 

Brief Overview of Solar and Jovian Radio Phenomenon 

 The equipment provided through the Radio Jove program is designed to observe the Sun and Jupiter at a frequency of 20.1 MHz. Three phenomenon can be regularly observed at these wavelengths:
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1.  Solar Flare Bursts – these occur when magnetic field lines in flares reconnect, cutting off a portion of the flare’s magnetic  loops and releasing energy across the entire electromagnetic spectrum. Solar flares occur regularly on the sun, following the eleven-year solar activity cycle. The image to the right is from the Yohkoh Soft X-Ray Telescope, and shows bright post-flare loops remaining after a burst on the right side of the disk.
 Solar flare bursts are easily detected with the Radio Jove equipment, and one is used as an illustration later in this report..
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2. Coronal Mass Ejections (CMEs) – these occur when large bubbles of gas threaded with magnetic lines are ejected from the sun. The ejected plasma tends to be focused in a specific direction, however electromagnetic emissions radiate in all directions and can be picked up by the receiver.  The image shown is from the Large Angle and Spectrometric Coronagraph (LASCO) on the Solar and Heliospheric Observatory (SOHO), of a CME recorded on 7 April 1997.



3. Jovian Decametric Emission – these are due to the interaction of Jupiter with its innermost large moon, Io. Io orbits less than 6 Jupiter radii from the planet, which is well within Jupiter’s magnetosphere. Furthermore, although Io is phase-locked with Jupiter, it experiences significant tidal friction caused by its orbital resonance with Callisto and Ganymead. (Io orbits four times for each two orbits of Callisto and one of Ganymead). The tidal friction heats Io, making it geologically highly active. Io’s volcanos emit large quantities of particles into Jupiter’s magnetic field, forming a torus of particles connecting the moon with the planet along Jupiter’s magnetic lines. Io’s plane of rotation is tilted with respect to Jupiter’s magnetic axis approximately 10 degrees. The particles spiraling in the torus between Io and Jupiter release radiation from approximately 40 MHz to below the terrestrial ionosphere’s absorption point at approximately 8 MHz.
 The radiation is emitted parallel to the magnetic flux lines, therefore emissions from the Jupiter-Io system are directed toward earth only at certain points in Io’s orbit, and dependent somewhat on the relative orientation of the Jupiter-Io system. Jupiter-Io emissions can be detected by the Radio Jove antenna, and due to their correlation with Io’s orbit, the emissions are predictable which aids in planning and conducting observations.

Description of Antenna and Receiver

The standard Radio Jove educational kit consists of parts to assemble two half-wave dipole antennas, coaxial cable, parts to build a radio receiver, PC software, and a manual. 
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1. The Radio Jove antenna consists of wire, coaxial cable, insulators, connectors, and other parts. The kit consists of two identical half-wave dipole antennas, which can be phased together with a feed line. The antenna used for observation at ISU was, instead, constructed by joining the two half-wave antennas together with a phase-shift device to create a whole-wave antenna. The phase shift device is illustrated.  Although the students did not build individual antennas, the process to do so appeared straightforward from the instructions provided.  Some soldering skills are required, as well as accurate measuring and cutting. 

Converting the antenna to a full-wave antenna increases the gain by two decibels, while narrowing the angle of maximum sensitivity from 90 degrees to about 60 degrees. The additional length and weight might pose problems in mounting the antenna using the suggested PVC poles, but this problem was circumvented at the university by mounting the antenna between two buildings.  
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2. The receiver kit consists of 100 parts, including electronic components, solder, wiring, a circuit board, simple tools and a case. The receiver is “tuned” to a relatively narrow band of frequencies centered at 20.1 MHz. It is powered by a 12V DC source, and outputs an amplified signal sufficient for listening over headphones or a powered speaker, and to provide a signal at the microphone input port on a personal computer.  Assembly of the receiver is relatively straightforward, however some knowledge of solder and ability to identify electronic components is required. Accordingly, this is a kit best assembled with supervision for those, like the author, without previous experience.  As utilized at ISU, assembly was closely supervised by Professor Joachim Koppen, who provided feedback at all stages of soldering and test.  The faculty also identified many of the parts in the kit in advance, which must have been long and tedious work based on the number of kits involved. However, the pre-identification made the kits much easier to build, with fewer mistakes. 

The receiver works by taking the weak signal from the antenna and filtering out frequencies outside of a narrow band around 20.1 MHz, converting the frequencies to the KHz audio spectrum, and amplifying the signal. Filtering is accomplished by pairing capacitors, which resist direct current but pass oscillating current, with inductors, which resist changing current. Capacitors store the energy of resistance as an electric field, and inductors store energy collected as a magnetic field. Properly “tuned”, capacitors and inductors will swap energy between their electric and magnetic fields at a specific frequency, or resonance. The receiver takes advantage of this capacitor-inductor resonance to augment signals at approximately 20.1 MHz and dampen other frequencies. The direct conversion of the MHz frequency to KHz is accomplished by subtracting the received signal from a reference signal generated by an oscillator in an integrated circuit, or IC. The difference, for example from .001MHz to .01MHz, is a KHz signal in the audible range.  Two integrated circuits and two transistors amplify the output signal, and one JFET transister amplifies the incoming signal.


3. The Radio-Sky Pipe software provided in the kit enables the observer to record and store observations, provides visual feedback as to the strength of the signal being received on a real-time basis, and enables the observer to share results with other observers over the internet.  The software is copyrighted by Radio-Sky Publishing, and further information can be found on their web site at http://www.radiosky.com/.

Observing

Students participating in the Radio Jove project at ISU conducted half-day sessions using the school’s antenna and laptop computer and Radio-Sky Pipe software. Using the program to conduct observations was reasonably simple, although it had to be re-initialized with each use due to the various different users.

The normal observing set-up included routing the antenna through a step-calibration device and an additional filter before being plugged into the receiver. One audio output was connected to a battery-powered speaker and the other was connected to the microphone input port of a laptop. A 12v power supply was connected to the receiver. 

The Radio Jove receiver is very simple to operate, including only a tuning and volume knob. During assembly, the receiver is adjusted to receive a signal at 20.1MHz when the tuning knob is in the 12 o’clock position.  When making observations, the observer tunes the receiver to find a frequency with as little artificial interference as possible. Since the unit is built to receive only a narrow band of frequencies, the frequency used for observation will tend to be between 20.0MHz and 20.2MHz. 

Once the software has been started and the initial conditions set, a moving graph will appear which shows the strength of the signal being received. The image below illustrates a typical graph of the signal received by the Radio Jove unit. 
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Notice that in this example, there is a rise in the signal for about 90 seconds. 

Analysis of Data

Analysis of observation data can begin with the elimination of local causes for variations in the signal. This can be done in three ways, (1) listening to the signal and noting obvious artificial interference such as radio transmissions, (2) comparing the signal in real time with the signal received by other observers in remote places using the internet link, and (3) comparing the signal to other independent sources archived after the fact. For example, the following chart was recorded on 1 August at 16:02 local time. (14:02 Universal Time)
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Consulting the Radio Jove Internet archive maintained by Goddard Space Flight Center
, we find the following chart:
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The observation from Mahtomedi, Minnesota closely parallels the observation from Strasbourg, which indicates they came from a common source. The only sources likely to be common to Mahtomedi and Strasbourg are extraterrestrial. The second event noted on the Mahtomedi chart is either a genuine event, which is lost in the noise in the Strasbourg chart, or was due to local interference in Mahtomedi. The archive indicates that the event was a solar event, a storm type #1710+ RSP III/2.  

Once an event is determined to be “real”, that is not caused by local phenomena, the next step might be to access publicly available information describing recorded events on the sun in radio and other wavelengths to determine if the specific event observed was also recorded and classified by other astronomers. Several organizations maintain web archives of solar data. I chose for this project to consult the National Oceanic and Atmospheric Administration (NOAA) archives on the internet.

On the NOAA Space Environment Center’s Edited Solar Events list 
 is an entry for the following: 


	Event No.
	1710+

	Beginning Time
	1402 UTC

	Ending Time
	1402 UTC

	Observatory
	Sagamore Hill, Pennsylvania USA

	Quality of Report
	Corrected

	Type of Report
	Sweep-frequency radio burst

	Location on Sun
	030-055 (latitude – longitude from central meridian

	Particulars
	Medium intensity Type III Fast drift burst  (III/2)


This is very clearly the flare recorded at ISU and by the observer in Mahtomedi.

Type III bursts are the most common radio events on the sun. 
 They can be associated with flares, but also appear in active regions not directly connected with a specific flare. They are characterized by their rapid drift in frequency from high to low.

Further insight into the event observed might be had be examining observations in other wavelengths. For example, a review of “The Weekly”, also produced by the NOAA and archived on their internet site, provide possible clues to the origin of the signal. The report includes data on flares recorded in the x-ray region of the electromagnetic spectrum, by the Geostationary Operational Environmental Satellites (GEOS). The report for the period 28 July to 3 August 2003, indicates that on 1 August a “class C” x-ray flare was observed beginning at 13:21 and ending at 13:57
  This flare was in a sunspot region numbered 424 which had rotated onto the visible disk of the sun that day.  Class C flares are considered moderate to small in intensity.  

Although the x-ray event precedes our observation, a review of the scientific literature might help determine if the processes producing x-ray and radio flares might be linked.   

According to Peter Foukal in his book Solar Astrophysics,
 “Type III bursts are caused by streams of electrons accelerated outward from active regions, which excite plasma oscillation at the progressively lower plasma frequency.”  X-rays, on the other hand, are generated by the most energetic plasmas, and in soft x-ray images the flaring plasma occupies a closed loop or loops.
 The overall flare pattern is consistent, which is a progression from high frequency (energy) to lower frequencies over time. It is tempting to conclude that the x-ray flare observed shortly before the radio flare is part of the same eruption, showing measurements in two ends of the frequency spectrum of energy release. Researchers attempting to correlate flare observations in different wavelengths have noted pre-flare activity in the x-ray spectrum, however no specific information was found that would support a direct linkage in this case.  While the scientific literature is helpful, it does not answer the specific question. 

This process of corroborating an observation, examining other potentially useful observations (x-ray, in this example) for correlations, and searching the literature for insight into the underlying phenomena provides “hands-on” experience of a basic part of the scientific process.

Conclusions

The Radio Jove kit, with appropriate supervision, is an excellent educational tool. As described in the opening section of this report, the kit is intended to “educate students about the basics of radio astronomy with respect to Jupiter and the Sun, to provide an opportunity to experience the scientific process, to create a worldwide net of observers connected through the internet, and facilitate the exchange of ideas between students and researchers at different locations.” I believe the kit, in an educational institution, accomplishes these goals. Specifically;


1. The kit facilitates learning about the basics of radio astronomy with respect to Jupiter and the Sun. As a stand-alone project, the kit teaches electronics, soldering, and perhaps data processing skills, but does not include instruction about the phenomena being observed. However, in a classroom setting it provides an opportunity to teach radio astronomy, plasma physics, and similar “hard science” topics in a way that engages students. These topics are difficult to teach in a “hands-on” manner, however construction of equipment to directly observe phenomena associated with solar flares, or Jupiter-Io interaction, for example, stimulates interest and learning. In this way it facilitates learning and accomplishes the goal.


2. The kit certainly provides an opportunity to experience the scientific process.  While not every element of the scientific method is included (for example, formulating a hypothesis), the overall experience closely parallels the work done by research scientists. The kit requires that the researcher build his or her own equipment, conduct organized observations and record data, compare data with data collected by others using similar equipment in other locations, compare data to data collected by other in other wavelengths, research literature to understand what is known about the phenomena observed, review results from observatories, and (in this case), report results. In particular, use of the kit encourages a collaborative approach, working with other researchers, which brings us to the next point.


3. The kit encourages creation of a worldwide net of observers connected through the Internet. The net of observers, thus far, is relatively sparse, however the facility to create this network is clearly in the software and use of the network appears to be growing.  ISU should consider setting up a long-term Radio Jove site, operated by volunteer students and faculty on a continuing basis. This would encourage further growth of the network, and would provide ISU some exposure to program advocates in NASA and potential future students. 


4. The kit facilitates the exchange of ideas between students and researchers at different locations through real time chat, but more than that it makes it possible to collaborate with peers around the globe on a common project.  As described above, ISU would benefit from operating a Radio Jove site on a regular basis. 

However, probably the greatest achievement of the Radio Jove program is that it is fun, and stimulates interest in further study. In conclusion, I believe it is a very effective teaching tool for astronomy.

Ed Slane 

18 August 2003
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