    APPENDIX
A. Table #1

The following table 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).

	LEVEL OF IMPORTANCE
	QUANTITY OF AREA COVERED BY THE SOLAR FLARE

	No importance (Importance O)
	Greater than 10 to Less than 100 (sub-flare) 

	Importance of 1
	Greater than 100 to Les than 250

	Importance of 2
	Greater than 250 to Less than 600

	Importance of 3
	Greater than 600 to Less than 1200

	Importance of 4
	Greater than 1200


B. Table #2

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 in this way (Space Weather and solar weather FAQ 2005).

	
	Peak Flux Range (0.1-0.8 nm)
	

	Classification
	mks system (W m-2)
	cgs system (erg cm-2 s-1)

	B
	Intensity < 10-6
	Intensity < 10-3

	C
	10-6< Intensity < 10-5
	10-3 < Intensity < 10-2

	M
	10-5 < Intensity < 10-4
	10-2 < Intensity < 10-1

	X
	10-4 < Intensity 10-1
	10-4 < Intensity 10-1


C. Table #3

There are five typical terms as shown in the table below that are applied to express the common level of solar activity (Space Weather and solar weather FAQ 2005).

	Very Low
	Just < C-class x-ray events

	Low
	C-class x-ray events

	Moderate
	Isolated (1 to 4) M-class x-ray events

	High
	Several (> 5) M-class events, or isolated (1 to 4) M5 or greater x-ray events

	Very High
	Several (> 5) M5 or greater x-ray events


D. Table #4

The following entire radio frequency spectrum or band that has been divided into sections in regards to the International Telecommunications Union (ITU) (Sudden Ionospheric Disturbances and Very Low Frequency Radio Waves 2006). 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.
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E. Table #5

The table below is the station key that was used to decide the audibility of the AM radio stations.

	Meanings of the Symbols under Station Key

	"S" stands for just random static

	"I" stands for some kind of interference so the station is garbled (jumbled)

	"F" stands for station can be heard but the speech is unintelligible

	"M" stands for the station is clear enough to be heard and I can hear most of what is said

	"L" stands for a loud station that can be heard clearly


F. Picture #1

The following picture 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).
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G. Picture #2

The picture and description below show the effects of solar flares in the experiment compared. The data in both experiments were similar and showed that solar flares do truly play a significant role in altering the audibility of radio strengths and signals.

[image: image3.emf]
Radio waves travel from the transmitter to the receiver. The signal bounces from the ground, through a layer called the D-Layer, and is then reflected from the ionosphere back through the D-Layer to the ground. The waves continue to be reflected in this way until they reach the receiver. When the waves pass through the D-Layer they normally lose 5% of their strength. The loss occurs for every pass through the D-Layer, therefore, there is a 5% loss going up, and a 5% loss going down. When a solar storm occurs, the loss can be about 30%. The engineers have to adjust the angle that the signal is projected to create maximum reception by tilting their ‘satellite dish’. The angle of adjustment must permit the triangles to be isosceles triangles. The wave bounces should be adjusted so that the final bounce is a direct hit to the receiver’s location. If the signal is above or below the receiver’s location, or to either side, there will be no reception. (AM Radio Ionosphere Station 2002)
H. Comparisons for Thursdays’ and Fridays’ Data and Results

The following information specifically compared and analyzed the audibility and reasoning for such variations in Thursdays’ and Fridays’ outcomes.
AM Radio Station Recordings for Thursday, December 14, 2006

	Recordings for Thursday, December 14, 2006 at 4:30 P.M.

	Call Letters
	Frequency
	Station Key

	KFI
	640 KHz
	F

	WJOX
	690 KHz
	FM

	WAQI
	710 KHz
	F

	WQTM
	740 KHz
	M

	WSB
	750 KHz
	ML

	KNX
	1070 KHz
	IF

	KMOX
	1120 KHz
	M

	WSAI
	1530 KHz
	F

	WEUP
	1600 KHz
	MF

	KDNZ
	1650 KHz
	L


	          Recordings for Thursday, December 14, 2006 from 9:00-10:00 P.M.     

	Call Letters
	Frequency
	First Trial (9:00)
	Second Trial (9:30)
	Third Trial (10:00)

	KFI
	640 KHz
	IFI (mainly I)
	I (station 1650 was faint but audible)
	IF

	WJOX
	690 KHz
	SI (mainly I)
	IF
	F (some static)

	WAQI
	710 KHz
	IF
	IFMFIF
	F (stations jumbled and various other noises)

	WQTM
	740 KHz
	FML
	IFMFIM
	M (faint noises in background)

	WSB
	750 KHz
	L
	L
	L

	KNX
	1070 KHz
	IF (mainly I)
	IF
	IFMIFM (continual pattern with some static and varied noise levels)

	KMOX
	1120 KHz
	SIF
	FISFI (constant static but was faintly heard)
	F (frequent static)

	WSAI
	1530 KHz
	L
	LMFSL (some static)
	MFM (static present)

	WEUP
	1600 KHz
	SI
	IF (static present)
	I (static) and then F noises from other stations faint)

	KDNZ
	1650 KHz
	MLML (switch)
	L
	L


	FLARE
	0-24 hr
	24-48 hr

	CLASS M
	60 %
	60 %

	CLASS X
	35 %
	35 %


NOAA (National Oceanic & Atmospheric Administration)

Solar Flares: Probabilities for a medium-sized (M-class) or a major (X-class) solar flare during the next 24/48 hours are tabulated below. Updated at 2006 Dec 13 2245 UTC 



Daily Sun: December 14, 2006

Sunspot 930 has a "beta-gamma-delta" magnetic field that harbors energy for X-class solar flares. Credit: SOHO/MDI

NOAA forecasters estimate a 35% chance of more X-flares today. Sunspot 930 has an unstable "delta-class" magnetic field that could erupt at any moment.
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AM Radio Station Recordings for Thursday, December 21, 2006
	Recordings for Thursday, December 21, 2006 at 4:30 P.M.

	Call Letters
	Frequency
	Station Key

	KFI
	640 KHz
	F

	WJOX
	690 KHz
	L

	WAQI
	710 KHz
	F

	WQTM
	740 KHz
	M

	WSB
	750 KHz
	FM (stations mix-up and sounds varied in volume but station audible)

	KNX
	1070 KHz
	M

	KMOX
	1120 KHz
	I (loud & abundant static blocked station)

	WSAI
	1530 KHz
	F

	WEUP
	1600 KHz
	M

	KDNZ
	1650 KHz
	LF (station blanked out for a second or two, but only twice)


	Recordings for Thursday, December 21, 2006 at 9:00 P.M.

	Call Letters
	Frequency
	Station Key

	KFI
	640 KHz
	F

	WJOX
	690 KHz
	L

	WAQI
	710 KHz
	F

	WQTM
	740 KHz
	M

	WSB
	750 KHz
	FM (stations mix-up & sounds varied in volume)

	KNX
	1070 KHz
	M

	KMOX
	1120 KHz
	I (loud static blocked station)

	WSAI
	1530 KHz
	F

	WEUP
	1600 KHz
	M

	KDNZ
	1650 KHz
	LM (station blanked out very rarely)


	FLARE
	0-24 hr
	24-48 hr

	CLASS M
	01 %
	01 %

	CLASS X
	01 %
	01 %


NOAA (National Oceanic & Atmospheric Administration)
Solar Flares: Probabilities for a medium-sized (M-class) or a major (X-class) solar flare during the next 24/48 hours are tabulated below. Updated at 2006 Dec 21 2204 UTC 
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Daily Sun: December 21, 2006

The sun is blank and solar activity is low. Credit: SOHO/MDI

Big sunspots. X-flares. Geomagnetic storms and auroras. This is a solar minimum? Evidence is mounting that the solar maximum at its peak in 2010 or 2011 will be a big one. 
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AM Radio Station Recordings for Friday, December 15, 2006
	Recordings for Friday, December 15, 2006 at 4:30 P.M.

	Call Letters
	Frequency
	Station Key

	KFI
	640 KHz
	F (with little interference)

	WJOX
	690 KHz
	F (with little interference)

	WAQI
	710 KHz
	L

	WQTM
	740 KHz
	M (rare static present)

	WSB
	750 KHz
	I (various noises)

	KNX
	1070 KHz
	F (static often present)

	KMOX
	1120 KHz
	F (music was audible, but static interrupted voices)

	WSAI
	1530 KHz
	L

	WEUP
	1600 KHz
	M

	KDNZ
	1650 KHz
	L


	Recordings for Friday, December 15, 2006 at 9:00 P.M.

	Call Letters
	Frequency
	Station Key

	KFI
	640 KHz
	F

	WJOX
	690 KHz
	F (some interference/static)

	WAQI
	710 KHz
	F

	WQTM
	740 KHz
	M (random static rarely)

	WSB
	750 KHz
	FM (little noise from other stations audible)

	KNX
	1070 KHz
	MF (some static suddenly became present)

	KMOX
	1120 KHz
	I (lots of static)

	WSAI
	1530 KHz
	ML

	WEUP
	1600 KHz
	FI (static levels varied)

	KDNZ
	1650 KHz
	L


	FLARE
	0-24 hr
	24-48 hr

	CLASS M
	65 %
	65 %

	CLASS X
	35 %
	35 %


NOAA (National Oceanic & Atmospheric Administration)

Solar Flares: Probabilities for a medium-sized (M-class) or a major (X-class) solar flare during the next 24/48 hours are tabulated below. Updated at 2006 Dec 15 2204 UTC 
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Daily Sun: December 15, 2006

Sunspot 930 has a "beta-gamma-delta" magnetic field that harbors energy for X-class solar flares. The geomagnetic storm, which erupted from sunspot 930 on December 14, 2006 as a X-4 flare, is now becoming less active and subsiding. Another CME, which was launched by an X-1 flare yesterday, is one its way. However, because this CME is not squarely Earth-directed, it will be a glancing one. This CME is probable  of approaching Earth on December 16, 2006.
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AM Radio Station Recordings for Friday, December 22, 2006

	Recordings for Friday, December 22, 2006 at 4:30 P.M.

	Call Letters
	Frequency
	Station Key

	KFI
	640 KHz
	L

	WJOX
	690 KHz
	F

	WAQI
	710 KHz
	M

	WQTM
	740 KHz
	M

	WSB
	750 KHz
	F (volume varies)

	KNX
	1070 KHz
	F

	KMOX
	1120 KHz
	M

	WSAI
	1530 KHz
	F (some interference)

	WEUP
	1600 KHz
	M

	KDNZ
	1650 KHz
	L


	Recordings for Friday, December 22, 2006 at 9:00 P.M.

	Call Letters
	Frequency
	Station Key

	KFI
	640 KHz
	L

	WJOX
	690 KHz
	F

	WAQI
	710 KHz
	M

	WQTM
	740 KHz
	M (static but faint)

	WSB
	750 KHz
	L

	KNX
	1070 KHz
	M

	KMOX
	1120 KHz
	M

	WSAI
	1530 KHz
	ML (static interferences but faint and rare)

	WEUP
	1600 KHz
	M

	KDNZ
	1650 KHz
	L


	FLARE
	0-24 hr
	24-48 hr

	CLASS M
	01 %
	01 %

	CLASS X
	01 %
	01 %


NOAA (National Oceanic & Atmospheric Administration)

Solar Flares: Probabilities for a medium-sized (M-class) or a major (X-class) solar flare during the next 24/48 hours are tabulated below. Updated at 2006 Dec 22 2203 UTC 
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Daily Sun: December 22, 2006

The sun is blank and solar activity is low. Credit: SOHO/MDI
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I. Experimental Design

1. Would solar flares have play a role in effecting in AM radio transmission compared to effect of usual ionospheric conditions? (Question Addressed)

2. 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. 

3. The independent variable in this experiment is the solar flares because they are the sources that modify AM radio stations and their audibility. 

4. The dependent variable in this experiment is the AM radio stations because they are variables that are being tested to identify if they change in regards to audibility under the impact of solar flares vs. no solar activity on the “Earth-facing” side of the Sun. 

5. The control of the experiment is the recordings of the second trial (Week 2) of the solar flares experiment because the second trial is taken under the absence of solar activity. 

6. The constants of the experiment are:

a. The radio utilized to find recording of AM radio stations

b. The frequency of the AM radio stations (same 10 stations tested throughout the   experiment for concentrated readings)

c. The location of where the experiment was conducted

d. Two consistent time periods in the day for experiment (4:30 P.M. & 9:00 P.M.)

e. The call letters, distance from Virginia, and station key for the AM radio stations

f. Same sunspot from which solar flares were ejected (Sunspot 930)

g. The volume level for listening to the AM radio stations

6.  The following were materials needed to execute experiment:


a. Radio containing AM radio station tuner

      b. AM radio band map

      c. Writing utensil and paper

      d. Microsoft Excel for recording data for AM radio stations

      e. GPS for recording the latitude and longitude of location of experiment

      f. Geostationary Operational Environmental Satellite (GOES) X-ray Flux Plot

      g. Ionospheric TEC Plot

      h. City Distance Tool to find the distance between the city where an AM radio station is

    located and Virginia Beach, Virginia.

7. Procedure (Step-by-Step Instructions for Experiment):

      a. Obtain an AM radio with manual, not digital tuning.

      b. Obtain an AM radio stations map to select 10 consistent stations for testing.

      c. Find the call letters of the frequency of the AM radio station.

      d. Find the distance between the locations of the AM radio station and from where you  
    conduct the experiment (city to city distance).

e. Find a specific area and use a GPS to determine the exact location of where you conducted the experiment. 

f. Come up with a station key to determine the audibility of the AM radio stations.

g. At 4:30 P.M. and 9:00 P.M. go to the exact location (which was found by GPS) and listen to each of the 10 stations you selected to for about 3 minutes for each station.

h. Record, using the created station key, the audibility of the station (try to be very specific with extra notes such as ‘frequent static’ or ‘two stations audible’)

i. Record the probability of solar flares, the visualization of the “Earth-facing” side of the sun to locate sunspots from which solar flares were launched, the TEC plot, and X-ray flux plot each day of experimentation and try to locate modifications. 

j. After this is done for 7 days (1 week=1 trial), assemble the data on one spreadsheet, which makes it easier to compare data.

k. Repeat steps a-j for another week.

l. Compare the data from week 1 and week 2 (Try to foresee two weeks of which one is full of solar activity and the other a week of silent solar activity)
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The pictures above represent the AM radio with a manual tuning in the upper right corner used to listen to the AM radio stations during the day and night times, or at 4:30 P.M. and at 9:30 P.M.
J. Overall Comparisons for the 1st Week and 2nd Week of Experimentation
The tables on the following pages with station keys were created to particularly compare the results between the first week with the presence of solar flares and the subsequent week with the absence of solar activity. As demonstrated in the data, solar flares, which caused more interruption in the audibility of the week with intense solar activity, also caused audibility to be weaker and fainter than that of the second week, which had inactive solar activity.
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