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Abstract

This project explored the radio spectrum spread emitted by the solar activity of the sun. The plan was to use radio equipment capable of receiving the C-band satellite frequency of 3.78 GHz that is downconverted to the broadcast frequencies between 950 MHz and 1450 MHz. The equipment used was a donated C-band satellite dish and receiver used to receive C-band television broadcasts.

The plan was to receive the solar noise emitted by the sun via the satellite dish and graph the radio spectrum based on relative amplitude. Using a surplus ten-foot satellite dish that has been set up to view C-band television, and a Channel Master satellite receiver (which also supplied 24 volts to power to the LNB), the plan was to capture the solar signal at 3.78 GHz. The final downconverter was a 1410 -1430 MHz receiver with a 74-db boost of gain that has been modified with Auto Gain Control turned off. In addition to the receiver there was a broadband amp to amplify the radio signal that will be coming out of the 70 MHz out port of the receiver. Connected to the broadband amp was a 70 MHz converter to change the RF radio signal to audio that can be heard by a computer's sound card. Demo spectrum analysis software was used to gather and to analyze the sound sampling from the sound card. Sky Chart III software was used to display the current position of the sun in relative degrees of altitude to the horizon.
Chapter One: Introduction

The purpose of this project is to receive the solar signal emitted by the sun via the satellite dish and graph the radio spectrum based on relative amplitude, also known as dB. Once the solar signal is captured, the plan is to show the changes in relative amplitude in solar signal between the Sun and cold sky.

Using a surplus ten foot satellite dish, that has been set up to view C-band television, and a Channel Master satellite receiver (which also supplied 24 volts to power to the feed amplifier and downconverter) the plan was to capture the solar signal at 3.78 GHz.  The final downconverter was a  1410 -1430 MHz receiver that has been modified with Auto Gain Control (AGC) turned off.  This receiver also has a 74 dB boost of gain to help receive the radio signal.  In addition to the receiver there was a broadband amp to amplify the radio signal that will be coming out of the 70 MHz out port of the receiver.  Connecting to the broadband amp was a 70 MHz converter to change the rf radio signal to audio that can be heard by a computer's sound card.  Demo spectrum analysis software was used to gather and to analyze the sound sampling from the sound card. Sky Chart III software was used to display the current position of the sun in relative degrees of altitude to the horizon.

There were a few problems while working on this project over the past year and a half.  One major problem was that the equipment first used contained an AGC, auto gain control, circuit that caused the audio received to stay at a constant level.   So a custom built receiver, very similar to the Channel Master television receiver (but this receiver had the AGC circuit removed) was borrowed from a local radio observatory.  This solved the problem of the constant received solar signal level. 

Chapter Two: Review of the Literature


The Sun dominates the solar system emission spectra from the viewpoint of an external observer looking at or listening to our world.  During sunspot minima (quiet sun) the power of the solar emission ranges from 102   to 1011 watts per hertz.  As of 1996 the Sun is in sunspot minima and moved to sunspot maxima that occurred during 2002.  As the solar activity increases (sunspots and solar flares), the power of the solar emission ranges from 104 to 1011 watts per hertz.  The 100 fold increase in power during sunspot maxima occurs primarily in the water-hole frequency range, i.e. 1200 - 1600 MHz (Kraus, 1986).


A solar flare with the help of the magnetic flux lines and with instantaneous, localized magnetic fields can produce a million megatons of TNT energy in a matter of minutes.


The sun's electromagnetic spectrum is a continuum of radiation spanning not only in the infrared, visible, and ultraviolet wavelengths, but also in the radio waves, X rays, and beyond.  Sensors on the Earth and in space continuously observe specific portions of the solar energy spectrum to monitor these levels and give scientists indications of when significant events occur.  Solar emissions in this category are all electromagnetic in nature, that is, they move at the speed of light.  Events detected on the sun in these wavelengths begin to affect the Earth's environment approximately 8 minutes after they occur (Rosenthal, 1995).


The sun emits radio energy with a slowly varying intensity.  This radio flux, which originates from atmospheric layers high in the sun's chromosphere and low in its corona, changes gradually from day-to-day, in response to the number of spot groups on the surface.  Radio intensity levels consist of emission from three sources: from the undisturbed solar surface, from developing active regions, and from short-lived enhancements above the daily level.  Solar flux density has been recorded routinely by radio telescopes since February 14, 1947 (Space Environment Laboratory (SEL), 1996).

In addition to electromagnetic radiation, the sun constantly ejects matter in the form of atomic and subatomic particles.  Consisting typically of electrons, protons, and helium nuclei, this tenuous gas is accelerated to speeds in excess of the gravitational escape velocity of the sun and thus moves outward into the solar system.  The collective term for the gases and the particles making them up is the Solar Wind.  The rotation of the sun is approximately a 27 day rotation period resulting in the clouds being slung outward in an expanding spiral pattern which (at the earth-sun distance) overtakes the earth from behind as it moves in orbit.


Solar flares create a wide spectrum of radio noise; at Very High Frequencies (VLF) frequencies (and under unusual conditions at High Frequencies (HF)) this noise may interfere directly with a wanted earth signals. The frequency with which a radio operator experiences solar flare effects will vary with the approximately 11-year sunspot cycle; more effects occur during solar maximum (when flare occurrence is high) than during solar minimum (when flare occurrence is very low). A radio operator can experience great difficulty in transmitting or receiving signals during solar flares.  (Norm Cohen and Kenneth Davies, 1994)

The ionosphere occasionally becomes disturbed as it reacts to certain types of solar activity. Solar flares are an example; these disturbances can affect radio communication in all latitudes. Frequencies between 2 MHz and 30 MHz are adversely affected by increased absorption, whereas on higher frequencies (e.g., 30–100 MHz) unexpected radio reflections can result in radio interference. Scattering of radio power by ionospheric irregularities produces fluctuating signals (scintillation), and propagation may take unexpected paths.   (Norm Cohen and Kenneth Davies, 1994)


All this explains how and why the sun gives off radio frequency (RF) energy.  Therefore, receiving and gathering RF samples of the sun should be possible with these given solar properties. 
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Chapter Three: Methodology

Purpose

The purpose is to show the changes in relative amplitude in solar signal between the Sun and cold sky.

Research Questions

1. When the radio telescope is positioned at 30 degrees above the horizon and the sun transits across the telescope, does the solar noise received from the sun increase to a maximum peak in relative amplitude and then decrease to a minimum?

2. Is the solar noise received from the sun the same at different angles of degrees above horizon ?

Hypothesis

When the radio telescope is positioned at 30 degrees above the horizon, the solar noise will slowly increase in amplitude and intensity, and then after the solar noise reaches the peak, the noise will slowly decrease in amplitude and intensity to cold sky, or the background noise floor.

Variables

The controlled variables are the frequency of the receiver, the volume of the receiver, the length of the solar transit, and the degrees that the telescope is on or off the sun. The uncontrolled variables are the solar intensity of the noise, the relative amplitude of the noise or the attenuation of the signal caused by the ionosphere or atmosphere.

Data Collection and Analysis Procedure
Data was collected by running the equipment and positioning the radio telescope in the path of the sun so that the rotation of the earth would make the sun travel over the focal point of the dish.  This is known as transiting.  I ran the spectrum analysis software on a computer that had a sound card that would accept line in and let all the equipment run for about 30 minutes or so until the sun made it across the dish.  Then taking a snapshot of the screen, I determined the relative amplitude by charting the data from the spectrogram pictures made by the demo version of SpectraPlus software by feeding my soundcard captured wave files into it.

Chapter Four: Presentation of Data
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This spectragram picture shows the first attempted solar transit with the radio equipment.  As you can see the dB does not change.  The relative amplitude did not increase or decrease.  The relative amplitude stayed constant at -52 dB for the 22 minutes of transit.  The graph of the average amplitude looked like the following:
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The receiving equipment was modified so that two probes were put in series between the dish and the receiver so that attenuation was given to the receiver.  The spectragram below shows the results.  This solved the problem with the receiver being overloaded with signal.  The graph of the average amplitude follows.[image: image6.png]Left Channel
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This spectragram displays cold sky which occurs way off the sun.  The relative amplitude stayed constant at -60 dB for the 25 minute transit.
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This graph displays the relative amplitude of cold sky (way off the sun).  The relative amplitude stayed constant at -60 dB for the 25 minute transit.
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Chapter Five: Discussion

Conclusion 


In looking at the spectragrams and graphs, the analysis showed that the solar noise received does increase to a peak maximum and then decreases to a minimum.   The first transit was unsuccessful because the signal coming into the receiver was too strong and overloaded.  This showed constant relative amplitude that was stronger than what it was supposed to be. The problem was temporarily fixed by making two one inch probes that would be connected between the receiver and radio telescope.  The second spectragram on page shows what the transit looked like after the problem was fixed with the probes.  This however created an uncontrolled variable in that if the probes were too close or too far apart, the solar transit would not show up.  So to make the solar transit work with a constant variable there was inserted a borrowed attenuator box capable of up to 35 dB of attenuation.  After tweaking the amount of attenuation, the second picture shown was displayed again in another solar transit run.  I found out that a total of 20.625 dB of attenuation was needed for the transit to work.  The third picture shows the relative amplitude when the radio telescope is off of the sun.  This is also referred to as cold sky. 

Therefore, the solar noise received from the sun is not the same at different angles of degrees above or below the sun.

Summary


This project explored the radio spectrum spread emitted by the solar activity of the sun. The project plan included a surplus ten foot satellite dish, that was set up to view C-band television, and a Channel Master satellite receiver to capture the solar signal at 3.78 GHz.  Demo spectrum analysis software was used to gather and to analyze the sound sampling from the soundcard. Sky Chart III software was used to display the current position of the sun in relative degrees of altitude to the horizon.


After many attempts and failures, I successfully captured a solar transit mapping and experimented with different combinations of solar targeting which created different transit maps of solar signal. 

Recommendations

· Future research to be done would be to chart the skies with the telescope and see if there are other sources of radio signal in space.  

· Other research to be done would be to target Sagittarius A, a star that has noise that can be received by a simple radio telescope. 
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