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Introduction


Starting in early spring 2004 our group set out to investigate the universe through a means other than visual wavelengths.  Originally we intended to study the results of the recently publish WMAP (Wilkenson Microwave Anisotropy Probe) but our professor E. J. Zita suggested a more hands-on approach.  Zita mentioned that past students had constructed a dipolar antenna for observing radio emission.  Intrigued by the possibility of building a radio telescope and entering a field of study previously unexplored by any members of the group we set out to find an appropriate research topic for the project.  Through the Internet we found Radio JOVE, this site run by educators and funded, in part, by NASA became our window into student run radio astronomy.  The website contained information on ordering a kit from which a basic radio telescope could be assembled.  We turned this information over to our professor and she quickly ordered the kit.  The website contained tips and frequently asked questions (F.A.Q’s) that prepared us for building the telescope and also instruction on how to solder.  None of the group members had previous soldering experience and we looked on this not as an impediment to our project but rather as a challenge.  With material considerations in hand we moved onto the science portion of the research.  Jupiter, the target of our radio telescope, emits a form of non-thermal decametric radiation at 20.1 MHz.  This radiation is created through an interaction between Jupiter and its moon Io.  Jupiter has a powerful magnetosphere created by rotating metallic hydrogen near its core.  The magnetosphere interacts with particles from Io’s active volcanoes.  The particles blown out into space consist mostly of sulfur, sodium, and oxygen.  Evidence from the probe Galileo has shown these particles are being swept up by Jupiter’s magnetosphere at a prodigious rate, nearly 1,000 kg/sec
.  This material is then ionized by a process called Cyclotron Maser Instability.  This describes how magnetic fields can ionize particles.  This happens when an electromagnetic wave acts to organize the phase of the cyclotron motion in such a way that the electrons radiate in phase with the original wave.  This type of radiation is called synchrotron radiation and it occurs at a frequency very close to the electron cyclotron frequency (fc = (1/2p)eB / me).  Here e represents the electron charge, B is the magnetic field strength, and me is the electron mass.
Building the Radio Telescope

Our long and arduous journey through the world of radio telescope mechanics began shortly after Zita delivered to us the surprisingly small brown box with “Radio Jove Project” printed on its side.  Upon opening the box a feeling that we were in far over our heads filled the small living room which we had chosen to be our initial construction site.  In the box we first found a large instruction booklet which, after opening and turning to the schematic diagram, did not inspire any more hope in our disenchanted group.  The next object we pulled from the box was a green, plastic, empty circuit board followed by a small bag full of what we correctly assumed were the capacitors, diodes, resisters and so on that would bring our receiver to life.  All that remained in the box at this point were various miscellaneous objects and some very long wires and cables.  All that was left now was to stick some pieces together and point the whole rig at Jupiter, right?


After a crash course in soldering taught by our good friend Patrick Cornwall we were ready to begin production of our very own radio telescope receiver.  We began our work by laying out every piece that would make up the circuit board and placing them in their correct positions on the board.  We then soldered the pieces and, due to our lack of ability to test their operation until we were finished, hope that we did not screw up.  Tens of hours, hundreds of solders joints, and thousands of dead brain cells (due to a lack of ventilation) later we held before us a completed circuit board.  After plugging in the power and testing the device it was clear that we had not screwed up, at least not to badly.  We know had a working radio telescope receiver, there was much rejoicing.


The next step on our journey to Jupiter was to assemble the antenna.  We began by measuring out our wires, splicing them to the oddly shaped plastic insulators and heading to the dump hill, with our camera equipment in hand.  After a quick stop at a hardware store for rope, stakes, and PVC cement we arrived at the “dump hill,” an area on lower campus near the daycare center.  We proceeded to first shoot a short scene for our film and then haul all of our materials to the top of the hill for construction.  Construction began with us forcing the lower halves of the PVC pipes into the buckets of dirt that we borrowed from Evergreen’s telescope room.  We then tied the ends of each wire to the tops of the polls and proceeded to glue the tops and bottoms of the ten foot PVC pipes together.  We then completed our setup phase by tying some ropes to the top of the polls and staking the other ends of those ropes to the ground, securing our structure.  What we were left with upon completion was four ten foot poles arranged in an east west position strung together with long wires configured for antiphase operation, and two coaxial cables hanging from the centers of the wires.  Our structure was now complete, and it was quite the site sitting on top of a hill of rubble, wobbling slightly in the wind.

Operation

The night after we assembled the antenna we grabbed our receiver and headed out to dump hill to make our first set of observations.  We started by pulling out our twelve volt lantern battery and hooking it up to our receiver.  We then grabbed the two pieces of coaxial cable hanging from the antenna and used a coaxial two to one adapter to splice them into one cord and plugged that cord into our receiver.  The next task was to tune our receiver, we did this by placing our tuning control into the ten o’clock position and using our make shift running stick to adjust inductor L5 until we could hear a loud tone.  Or at least that is how it should have worked, however instead of a nice crisp loud we heard something that sounded more like music, a lot more like music.  In fact what we picked up on that night was a CIA run radio station broadcasting to Cuba.  This radio station broadcasts at around 21.5 MHZ, very close to the 20.1 MHZ frequency that we tune to in order to hear Jupiter.  However, After some adjusting and trying of different times of night we did finally get some data that we hope was originating from Jupiter (it remains hard to tell if it was actually Jupiter at all).
Conclusion

An essential goal of this project was to disseminate complex and technical information in such a way as to not immediately discourage or intimidate the audience.  We wanted our project to combine the standard research involved in building and operating a radio telescope but we also wanted to create a media project designed to share scientific information in an entertaining fashion.  We set out to tackle the latter part of this by scripting and producing a film short loosely based on the work of Carl Sagan as well as other works of popular fiction that incorporated real science into a palatable format.  The style through which we chose to achieve this was humor.  This method allowed us to broach an otherwise daunting subject.  Laughter is a great way to give others a foothold on a subject, if you can laugh at it you can listen to it.  In the film our main character is rocketed away from Earth and journeys to Jupiter where Jupiter then explains to him what it is he’s heard in his newly built radio telescope.  This scene is absurd and fanciful but it illustrates an exciting and unique way of interpreting Astronomical observation.  The objects we observe really are speaking to us.  As this translation process continues between scientists and their data we see a need for more groups to continue working on interpreting and presenting it to the uninitiated.  
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