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Project: Position of the Setting Sun
INTRODUCTION

Main objective of Project

The project instructions stated that I should observe and note the "estimated angular position of [the] sunset relative to [the] first observation." I understood this to mean that I should calculate the cumulative change in azimuth of each observed sunset compared to the sunset azimuth in the first observation, which in this case was on September 12, 2006. The instructions called for a total of 14 separate observations over 60 days. In addition, the project required a graph plotting the curve of the declining azimuth over the observed period. Finally, I was required to answer certain specific questions as well as make general comments on the results of my observations.  Essentially, I gathered data and reported on the Sun's daily declination in sunset azimuth in the Northern Hemisphere, between just before the Autumnal Equinox that occurred on September 23, 2006, through a date well before the Winter solstice that will happen on December 22, 2006. My project covers the time period September 12, 2006 through November 11, 2006.
Choice of location for observations

It just happens that my townhouse in McHenry, MD is ideally situated to observe the western horizon at sunset. In particular, the main window of the master bedroom permits observations from exactly the same location every evening. I could not take any photos through that window of the actual setting sun because my digital camera needs more light than is present at sunset, through a window, especially when photographing directly into the sunset. In addition, I began my project on September 12, 2006 and the sunlight is weak in the western horizon at that time of the year, at this particular elevation. Finally, the weather tends to consist of cloudy days and rainy nights in the Autumn up here in the highlands of Maryland. Attempts at flash photography did not overcome the deficiency in light; the results were simply too grainy to be of any use. I therefore could not document my choice of location at sunset with photographs; however, the following three photos, taken at different times on different days when the light was sufficient, show the exact location from which I eventually extracted all of the sunset observations in this report and they served as a base from which I could create a template on which to note each day's observations manually, then transcribe the data onto a digital template.
I chose Pittsburgh, Pennsylvania for my Sunset Calendar (see appendices) because it is the nearest large population center to me with available sunset data. I live in McHenry, MD, which, according to www.AirlineExpo.com is 79 air miles southeast of Pittsburgh. Therefore, the correction between Pittsburgh and McHenry for time of sunsets is minimal and mostly irrelevant to this project.
According to the Astronomical Applications Department of the U.S. Naval Observatory in Washington, DC, the precise latitude of McHenry, Maryland is 39.558N. The longitude is -79.353W. Elevation is 2,477 feet. The latitude for Pittsburgh, Pennsylvania is 40.26N and the longitude is -79.58W. Elevation is 761 feet. The difference in location is therefore not highly significant to calculate the approximate sunset azimuth values that the project calls for. The only serious adjustment imposed is because of the large difference in elevation. This required me to observe the sunset sooner than the sunset times in the sunset table for Pittsburgh. I decided to make my observations 15 minutes earlier than the tabled sunset time every day to compensate for the difference in elevation. This eventually turned out to be an appropriate timing adjustment, as the false horizon line that I created in that way ran across the highest part of the mountain forming my horizon line; thus, I was not obliged to make observations of any sunsets occurring behind the mountain.
The following photographs describe my chosen observation viewpoint in greater detail:
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View of WISP ski area from my bedroom window
Camera held well inside the room

Western horizon 
September 12, 2006 at 7 pm

approx 35 minutes before scheduled sunset
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View of WISP ski area from my bedroom window
Camera held against windowpane
Western horizon 
September 13, 2006 at 2 pm

approx 5 hours 30 minutes before sunset
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View of WISP ski area from my bedroom window
Camera held against windowpane
Western horizon 
October 24, 2006 at 2 pm

approx 4 hours 30 minutes before sunset

(the first snow day of the 2006-2007 winter…)

(it all melted within 48 hours)
From a negative of the photo of September 13, 2006, I created the following drawing of the western horizon, which I used as a template to mark the location of the setting sun throughout the project. I ascertained the position of due West by doing an out-of-sequence observation on September 23, 2006; that is, on the day of the AUTUMNAL EQUINOX for the Northern Hemisphere at 40 degrees latitude, which I already knew was exactly 270 degrees azimuth.
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The Autumnal Equinox was on September 23, 2006 and at 40 degrees latitude (location of Pittsburgh), because the azimuth of the sun is exactly 270 degrees, that is to say, exactly due West. If I assume McHenry's latitude is not seriously different from Pittsburgh (79 air miles NW of McHenry), then I can assume that on the same date, September 23, 2006, the sunset that I observed on my local western horizon marked 270 degrees of azimuth. I added this (white) line to my observation template and used it to measure what the sunset azimuth was on my first day observation of September 12th. Using the finger measurement technique while looking out my window at the western horizon I estimated that first observation must have been 6 degrees to the north of 270deg and therefore at 276deg. This completed my template for all further observations by providing me with a first observation of 276 deg from which line I could measure all other observations and calculate the approximate declination in degrees of the sun's ecliptic.

Observation and Notation Procedure Followed

On 14 different days, over a time period of 60 days, at 15 minutes before the time shown for sunset on a table for Pittsburgh, I looked out of my bedroom window and noted as best as possible where the sun was in relation to the mountain forming my Western horizon.  I noted my observations first on a paper template that I had created from a digital photo of the mountain, and then I painted lines and inserted information on a digital version of the template in my computer. This produced the Observation Data attached to this report. From that data, I was able to fill in the required graph showing the declination in sunset azimuth over the 60 days, and address all of the questions asked by the project assignment.
Summarized Results

In summary, I found that the sunset azimuth between September 12, 2006 and November 11, 2006 was a constant declination. The azimuth on the first day was approximately 276 degrees and on the final day of observation it was 247 degrees; thus, the azimuth declined by a total of 29 degrees in 60 days. This is consistent with the knowledge that as winter approaches, the daily solar path is further and further to the south of an observation point in the northern hemisphere.

Observation Data
All of the observation data is in the attached separate .doc file. The required graph is also in the same file.
Answering specific questions
How many degrees along the horizon has the position of the sunset moved during the course of your observations? 

The sunset moved from an estimated azimuth of 276 degrees on September 12, 2006 to an estimated azimuth of 247 degrees on November 11, 2006; therefore, the position of the sunset moved an estimated 29 degrees during the course of my observations.
Does the Sun move the same amount along the horizon from observation to observation, or does the amount of motion speed up or slow down?  

Essentially, the Sun appeared to move the same amount of degrees along the horizon between observations. My measurements seem to indicate that 2 degrees of declination occurred over a period of 4-5 days. However, from common knowledge, I am aware that if the overall period of my observations was a full 12 months instead of just 60 days, I would observe the daily change slowing down to zero at the Winter Solstice on December 22, 2006 (the shortest day of the year). Then, the speed of change would return for the spring months to that presently being observed in the autumn, except that the degrees would be climbing instead of declining. At the next summer solstice in June 2007, the motion would again cease and reverse soon after as we enter the Autumn of 2007.
How much has the time of sunset changed during your study? 

On the first day, the sunset table for Pittsburgh called for a sunset at 7.35pm (I actually observed 15 minutes earlier for reasons already stated); the table called for a sunset at 5.07 pm on the last day of my observations. However, factoring in the fact that Daylight Saving Time ended on October 29, 2006 this year, the actual change in time from the first day's sunset to the last day's sunset was 1 hour and 28 minutes.
General Commentary on Results
Essentially, the Northern Hemisphere sunsets appear to occur further and further south on the Western horizon because the sun's azimuth is further and further south on the globe. The path that the sun traces across the globe moves further south as winter in the northern hemisphere progresses. This is a kind of optical illusion because the sun does not really change its position relative to the planet; what changes is the angle of the sun's rays striking the northern hemisphere of the globe. The recession of the sun's azimuth southwards during winter in the northern hemisphere is therefore a result of the planet's tilt relative to the sun. The angle of the tilt relative to the sun becomes greater and greater while the earth circles the sun in a given year. The path of the sun is thus progressively further south every day until finally the earth reaches a point in its period around the sun when the angle of the tilt diminishes, in which case the solar path climbs up the northern latitudes again. The apparent movement of the sun's azimuth occurs between the equinoxes and the solstices and thus varies according to the latitude and the season of the observation point. This is known as "the sun's annual motion along the ecliptic."
In my particular case, the Autumnal Equinox was on September 23, 2006, some 11 days into the project at, which time the sunset azimuth was exactly 270 degrees with 0 or 360 being the planet's north pole. This same azimuth of 270 degrees also occurred on March 21, 2006, the Spring Equinox. The Winter Solstice will occur on December 22, 2006, when the sunset azimuth will be at its lowest (I extrapolate it will be around 240 degrees). The Summer Solstice was on June 22, 2006.   
Defining the Sunset Azimuth
A simplified definition of the Sunset Azimuth is that it is measured  with 360 degrees representing a full circle, counted in clockwise direction from South to North, with due South being 180 degrees, due West 270 degrees, and due North 360 or 0 degrees.

If the horizon in the direction of sunrise or sunset is at a higher altitude than that of the observer, the sunrise will be later and sunset earlier than listed (and the reverse: on a high mountain with the horizon below the observer, the sunrise will be earlier and sunset later than listed). Therefore, I took my first observation of the sunset azimuth at the height of the highest point of the mountain across the valley from me, so that all observations would be at the same straight horizontal line
Additional Comments on Attachments

Also attached is a description of the method to approximate angles that I used on my daily observations.  
I filled in the SunPlotGraph presently in PDF format. Note that I had to extend it for 14 readings all going downwards.

The attached Sunset Calendar for Pittsburgh includes a change from DST to EST. Daylight Saving Time ended for 2006 on October 29, 2006.
