TITLE: THE EFFECTS OF SOLAR FLARES ON AM RADIO TRANSMISSION
ABSTRACT

The purpose of this Earth Science-related report was to evaluate the impact of natural atmospheric conditions to the impact of solar flares on AM radio transmission. In such a way, the actual effects of solar flares on AM radio communication were able to be determined. The experiment was conducted for two weeks, of which the first was completely a week under the influence of solar activity and the latter a week under the absence of solar activity, which served as the control of this experiment as well. After doing so, the data was compared, and based on the detailed data and results presented, conclusive inferences were created. Because the data of the first week, in regards to the second inactive week, the solar flares were proved to actually have an impact on AM radio broadcasting. Solar flares caused the AM radio station audibility of the first week to be fainter and weaker than that of the second week. This occurred because solar flares caused an increased level of ionization and electron density in the D-layer of the ionosphere, which increased radio-wave absorption. When this experiment was compared to another similar one, the results were synonymous, proving once again that solar flares do in fact cause interferences in AM radio transmission. In conclusion, the hypothesis was accepted and the experiment successfully confirmed that AM radio stations can be affected by solar flares, which significantly relates to today’s people and their application of communications.

INTRODUCTION
“This is an R-5 extreme event,” stated SEC forecaster Bill Murtagh, concerning the massive radio blackout that took place on Earth due to an X-28 solar flare, which merely glanced the Earth because the sunspot from which the solar flare erupted was rotating off to the side of the Sun not visible from Earth (Latest Sun Flare Put at X28, Strongest on Record 2003). The radio blackout that took effect minutes after the explosion was ranked as an R-5 blackout, the largest of its classification. This topic was selected because it was relevant to today’s society as seen in the enormous radio blackout, and the interest began to mount when first discussing about such phenomena and their effects. 
On top of the rationale and interest, the experiment’s relevance to society started to arise as well. This experiment reached a global level for numerous reasons. First, because solar flares have not only affected a particular region on Earth in terms of communications, they pertained to the entire Earth. Then, solar flares have been a presence that people in today’s world are not aware of. For this reason, the immense effects of solar flares had to be informed to the society. Additionally, this experiment would behave as a foresight to the possibility of damage to mainly the communication industry during the solar maximum based on the effects during this solar minimum. Not only this, but the results attained in the experiment would inform the people that they must work as one regardless of their race or religion during times of conflict to assuage the damage of solar flares by behaving beforehand. The outcome of solar flare in this experiment would assist fields that necessitate communication at all times, such as the military or broadcasting, by foreshadowing in advance the damages caused as a result of solar flares. Thus, when solar flares would occur in times of requirement, society would be prepared. Most importantly, in today’s society, many people are dependent on technology. As time progresses, more technology will be developed and people will only need technology more. In about five to six years, the sunspot cycle will reach its solar maximum, which will cause numerous solar flares and CME’s (Coronal Mass Ejections) that could potentially damage or render all electronics and technology useless (Suplee 2-33). Hence, this experiment would be the premonition to the people and future generations that people need to raise their awareness on such a problem.
The first key concept understood what solar flares were, how they occurred, and their effects on Earth. Solar flares are sudden bursts of electromagnetic radiation and impulsive eruptions of energy and charged particles, called ions (Lerner, Lerner 2004; Hess, et. al 809). 
Where do solar flares originate and how do they occur? The cycle begins with magnetic field lines running from the poles of the Sun—the area in tachocline, where radiation and convection zones slide past each other. Because the higher layers of the Sun rotate faster near the equator, which is roughly around 26 days, as to near the poles, where it takes about 36 days, the magnetic field lines start to extend. As plasma flows, it alters these magnetic field lines, which energizes them. When the field lines become distorted, they increase in buoyancy and ascend, and then penetrate the surface of the sun in a variety of spectacular forms, of which one is solar flares. (Suplee 2-33)
In simpler terms, a great magnitude of plasma from the surface of the Sun is released outwards. When this plasma returns back to the surface of the Sun, it encounters a collision with denser material located in the chromosphere, or the second uppermost layer of the Sun between the photosphere and the corona (Space Weather and solar weather FAQ 2005). This interaction ejects great quantities of energy in form of electromagnetic radiation, known as solar flares and coronal mass ejections, or more powerful solar flares. After these solar flares are carried by solar wind out into space, they are sometimes directed toward the Earth based on the location of the sunspot from which the flare erupted, and the effects, relative to the ionosphere, are devastating. The effects on technology are disrupted radio and Global Positioning System (GPS) signals applied in navigation, immobilized satellites vital for connections in communications, overloaded electrical grids, and massive power blackouts as in the X-28 solar flare incident (Suplee 2-33). 
There are two main industries on Earth impacted by solar flares: the communication and power industry. Solar events cause great problems for the communications industry. In addition to the previously stated effects, solar activity directed toward Earth can garble radio transmissions and harm the electronics on satellites and in antennas. The power industry has difficulties with solar flares as well, as their transformers can possibly become jammed. Along with these industries, any industry involving electrical uses in space are capable of being impacted by powerful bursts of solar flares (Space Weather and solar weather FAQ 2005)

Are solar flares always consistent and present or does the presence of solar flares vary at times? Well, because the Sun is constantly changing, the production of sunspots and solar storms vary as well over an 11-year period, known as the solar activity cycle. To be more specific, scientists have hypothesized that this recurring solar activity cycle lasts about 11.2 years (Hess, et. al 808). The amount of solar flares reaches its utmost level during a solar maximum, and the quantity of the solar events decreases during a solar minimum. Based on this solar activity cycle, 2011 is the predicted period for the next solar maximum (Space Weather 2004).
After understanding the aspects of solar flares, the next principle was the classification of solar flares. Solar flares are grouped on the basis of the area covered by a solar flare at the time of greatest luminosity as observed in the Hydrogen-alpha wavelength. The first table (look in Appendix as Table 1) depicts the solar flare significance and correlates the area covered by flares in millionths of the solar hemisphere (Space Weather and solar weather FAQ 2005). Along with this classification method, a brightness qualifier {faint (F), normal (N), or brilliant (B)} is usually joined to the level of importance. For instance, an OF flare would be the smallest and faintest categorization of a flare; a 4B solar flare would be the largest and brightest group of a solar flare. As well as this, the Space Environmental Center (SEC) groups solar flares by their x-ray strength. X-ray solar flare sorting is derived from a solar flare’s utmost x-ray power output according to the arrangement of the degree of peak burst intensity, calculated at Earth in the 0.1 to 0.8 nm band as shown in the Appendix as Table 2 (Space Weather and solar weather FAQ 2005). Besides these two classification variations, there are five typical terms (look in Appendix as Table 3) used to express the common level of solar activity (Space Weather and solar weather FAQ 2005).
Radio waves in AM radio stations and very low frequency radio waves were the next concepts. The entire radio frequency spectrum or band (look in Appendix as Table 4) that has been divided into sections in regards to the International Telecommunications Union (ITU). The VLF region coincides to frequencies between 3 KHz and 30 KHz (wavelengths between 100 and 10 km). Those frequencies are rather inferior to those applied for AM transmission radio stations, which pertain to LW, MW, and SW. VLF radio waves are applied for time signals and radio steering signals. In addition, they are employed by militaries to converse with submarines near the surface because they can pierce through water to a depth of tens of feet. VLF frequency assortment is home to ordinary electromagnetic discharges (known as sferics, tweeks, whistlers, etc.) released far off from the VLF receivers. They can be modified to sounds we can hear, known as “natural radio." (Sudden Ionospheric Disturbances and Very Low Frequency Radio Waves 2006)
The final concepts which needed to be accounted for were the ionosphere, SIDs, and the propagation variations in radio waves in the ionosphere. The ionosphere is the layer of the Earth’s atmosphere that is composed of ionized gas that impacts radio broadcast. There are two major processes that take effect in the ionosphere: ionization and recombination. Ionization initiates from ultraviolet solar energy and X-ray wavelengths. In ionization, these photons, or light quantums of electromagnetic radiation with neutral charges, are vigorous enough to eradicate electrons from gas atoms. At the same time, those free-flowing elections can be captured by positively-charged ions, known as recombination. The proportion between these two processes determines on overall electron concentration. This electron density is dependent upon gas density, for at lower elevation, the recombination process speeds up, and on the quantity of radiation collected from space, which is mainly from the Sun, but also from Gamma-Ray Burst (GRBs). Therefore, the ionosphere processes are a diurnal result (day/night), a seasonal result (summer/winter), and a strong correlation with solar activity. There are three layers of ionosphere: D-layer, E-layer, and F-layer. The D-layer is the layer of the ionosphere with elevation varying from 30-60 miles and is nearest to the surface of the Earth. In the D-layer, because of high density, recombination is vital. However, overall electron density is extremely low. The D-layer is mostly present during the day, but at nighttime, cosmic rays create a remaining amount of ionization, and the D-layer fades away. The D-layer does not reflect high frequency radio waves but is primarily accountable for absorbing the radio waves, especially at lower frequencies. However, this absorption level varies and is minor during the night than during noon. Directly above the D-layer is the E-layer, which ranges from 60-90 miles in elevation. The E-layer simply reflects radio waves with frequencies less than 10MHz (10 Megahertz) and partly absorbs radio waves of higher frequencies. The uppermost layer of the ionosphere, or the F-layer, varies from 90-250 miles above the above the surface of the Earth. The F-layer is in charge for the majority of the skywave radio transmission, and during daytime, the F-layer separates into two layers, F1 and F2. Of these three layers, the D-layer was the most important in terms of this experiment and AM radio stations because solar flares and GRBs infiltrate this ionospheric area. Observing the signal intensity of a remote very low frequency (VLF) transmitter permits tracing Sudden Ionospheric Disturbances (SIDs) associated with solar flares or GRB occurrences. In other words, when solar flares take place, interruptions in the VLF propagation occur, and it is possible to identify SIDs by observing the dissimilarities in radio signal levels of a remote VLF receiver. A SID is an outcome from an enlarged ionization density in the D-layer as a result of a solar flare or a GRB. During the presence of a solar flare, the face of Earth toward the Sun collides with hard X-rays and radiation from the Sun. They break through to the D-layer and boost ionization and electron concentration. This increases the amount of radio waves absorbed, predominantly in greater medium frequency and minor high frequency varieties, resulting in a radio blackout. As a result of disturbances between ground (direct transmission) and skywaves (reflected by D-layer), signal strengths can rise or fall during a solar flare. Just as the incidence comes to a stop, the SID and radio blackout end as recombination occurs and signal strengths go back to usual conditions. This is the general overview of detecting SIDs.  During the day, VLF wavelengths are so extensive that the radio waves are carried out in a waveguide composed of the surface and the D-layer. The transmission of the radio waves is immensely steady and unusual differences are utilized to monitor how the ionosphere is impacted. During the night, the D-layer disappears, and radio waves are mainly reflected by the E and F layers. This reflection rate is higher, bringing about amplified signal intensities at night. However, propagation is greatly affected by the modification in ionospheric aspects, causing important signal distinctions that avoid observing SIDs. The picture (look in Appendix as Picture 1) is an illustration of VLF circulation during the day and the night and portrays the alternations in the ionosphere during both periods in the day (The Ionosphere and Radio Wave Propagation 2006). The sunrise and sunset arrangements monitored when tracing signal strength relate to the conversion between the nocturnal reflection of radio signals at soaring elevations and the daytime waveguide transmission configuration. (Sudden Ionospheric Disturbances and Very Low Frequency Radio Waves 2006)
The objective of the experiment was to discover whether or not AM radio stations would be affected in terms of audibility by solar flares directed toward Earth. There were four main variables in the experiment. The independent variable was the solar flares because they were the sources that modified AM radio stations and their audibility. The dependent variable was the AM radio stations, for they were the variables that were tested to identify whether or not disruptions in the stations would occur in terms of audibility under the impact of solar flares versus no solar activity on the “Earth-facing” side of the Sun. Then, the control of the experiment was the recordings of the second trial, or week 2, of the solar flares experiment because the second trial was executed under regular atmospheric conditions and the absence of solar activity. Finally, the constants of the experiment were the radio utilized to find recordings of AM radio stations, the frequency of the AM radio stations, or in other words, the same ten stations tested throughout the experiment for concentrated readings, the volume when hearing the AM radio stations, the location of experimentation, two consistent time periods in the day for conducting the experiment, the call letters, distance of stations from Virginia Beach, the station key for the AM radio stations (look in Appendix as Table 5), and the same sunspot from which solar flares were ejected, which was Sunspot 930. With this being said, if solar activity from the Sun released solar flares that came in contact with Earth, then the audibility in AM radio stations would become weaker and fainter than usual conditions.
METHODOLOGY
The procedure in conducting such an experiment was not very complex, but had to be performed very precisely in order to receive the best possible results. First, after obtaining an AM radio with a manual tuning knob and an AM radio stations band map, ten AM radio stations, which were located in a distance for a diverse collection of results, were selected for testing. After the selection portion was completed, through some sort of distance tool, the distance between the locations of the AM radio stations and from where the experimentation was conducted was calculated. Thus, to locate a specific area for experimentation, a GPS receiver was utilized and longitude and latitude coordinates were determined. Then, with the call letters, frequency on an AM radio stations band, and city-to-city distances taken, a station key was created to determine the audibility of the AM radio stations. After all of this basic information was gathered for more purposeful readings, two time periods in the day for conduction were created. The times 4:30 P.M. and 9:00 P.M. were selected because one is during the presence of the D-layer and the other with the absence of this layer of the ionosphere because the D-layer affects AM radio stations regardless of the fact of whether or not solar flares are present. So, at these two times in the day, each radio station was listened to for about three minutes from the same AM radio, and recordings were taken based on the station key. Then, also during a specific time, related observations, such as the visualization of the Sun, probability of a solar flare, a TEC Ionospheric plot, and an X-ray flux plot, were recorded each day of experimentation to help reason why the audibility was such for each day. Each trial was equal to one week because the first week was full of solar activity as to the second week, or second trial, which was a calm week in terms of solar activity. Recordings were taken for 14 days, equal to two weeks or trials, and in the end, the data for the two weeks was compared to locate any alternations in the audibility of AM radio stations.
RESULTS
Pertaining to the hypothesis, there were several positive and very few negative outcomes. As shown in the data in the appendix, there were numerous changes between the week of intense solar activity and the week of calm solar events. Thursday and Friday were mainly compared because in the first week, these two days were impacted greatly by an X-4 solar flare, and during the following week, these two days were very calm in terms of solar activity (look in Appendix for results, related observations, and tables on audibility differences). As portrayed by the TEC plots, which are representations updated daily on how much an area will affected by the solar activity each day, and by the X-ray flux plots for the four days, which are graphs updating every minute that illustrate the intensity of solar flares, the solar activity different completely for the days in each week.
Thus, based on the differences in the presence of solar flares for each week, the audibility for the AM radio stations were distinct as well. Just like the Thursdays’ and Fridays’ TEC plots and X-ray fluxes of the two weeks, the audibility for most of the AM radio stations for every other day varied as well (look in Appendix for overall comparisons between the two weeks). However, a few AM radio stations, such as KDNZ (Frequency of 1650 KHz), did not alter in regards to audibility despite the presence or absence of solar flares. This occurred because the AM radio stations, like KDNZ, were too close from where the stations were heard. Overall, most of the audibility of most of the AM radio stations differed in the two weeks of experimentation.
CONCLUSIONS
In conclusion, based on the data and observations gathered during these two weeks, the hypothesis was accepted. Because the first week was filled with solar activity as to the second week, which very immensely lacked solar activity, the objective of this solar flares experiment was accomplished. This difference in the trials made it possible to identify the effects of solar flares on AM radio stations, which was the entire purpose of this experiment. Additionally, as shown in the data of another experiment conducted (look in Appendix as Picture 2), solar flares do indeed affect AM radio stations, which in their experimentation was through about a 30% loss in radio signals (AM Radio Ionosphere Station 2002). In general, because of these reasons, this experiment was successful. Why did these changes occur? Solar flares cause an increased level of ionization and electron density in the D-layer of the ionosphere, which resulted in increased radio-wave absorption (Sudden Ionospheric Disturbances and Very Low Frequency Radio Waves 2006).This elevation in the absorption level of radio-wave signals caused disruptions in the ionosphere, which in return, caused the AM radio station signals to become weak and faint. Overall, this solar flares experiment was of great interest and provided magnificent outcomes that will be of assistance to humanity during times under the presence of solar flares.
LITERATURE CITED

AM Radio Ionosphere Station. 2002. In National Aeronautics and Space Administration. http://lasp.colorado.edu/education/space_weather/middle/lessons/AMRadio.pdf (25 January 2007).
Hess, F.S., Kunze, G., Leslie, S.A., Letro, S., Millage, C., Sharp, L., et al. 2002. Solar activity. Pages 808-809. In Earth Science: Geology, the Environment, and the Universe. New York (NY): McGraw Hill.

Latest Sun Flare Put at X28, Strongest on Record. 2003. In SPACE.com. http://www.space.com/scienceastronomy/xtreme_flare_031105.html (21 December 2006).

Lerner, B.W. and E.K.L. Lerner. 2004. Solar flare. In Gale Encyclopedia of Science, 3rd Ed. Retrieved November 10, 2006, from http://find.galegroup.com/srcx/infomark.do?&contentSet=GSRC&type=retrieve&tabID=TOO1&prodId=SRC-2&docId=EJ21660352&source=gale&srcprod=SRCC&userGroupName=kemps&version=1.0. 
Space Weather and solar weather FAQ. 2005. In SPACE.com. http://www.space.com/spacewatch/solar_faq.html (21 December 2006).

Space Weather. 2004. In The Solar and Heliospheric Observatory. http://sohowww.nascom.nasa.gov/ (22 November 2006).

Sudden Ionospheric Disturbances and Very Low Frequency Radio Waves. 2006. In SID Monitoring Station. http://sidstation.lionelloudet.homedns.org/vlf-en.php (10 December 2006).

Suplee, Curt. 2004. Solar Storms. Pages 2-33. In June, C.J., ed. National Geographic. Washington, D.C.: National Geographic Society Inc.

The Ionosphere and Radio Wave Propagation. 2006. In Lyndon State College Survey of Meteorology. http://apollo.lsc.vsc.edu/class/met130/chapter1/ion2.html (10 January 2007).

ACKNOWLEDGEMENTS

Dr. Odenwald from NASA: Assisted in answering important questions and helped prepare an experiment to identify the effects of solar flares on AM radio transmission.

Mrs. Lafrance: Provided feedback for the experiment and answered important questions as well. 

