
A PRIMER TO DIURNAL ASTRONOMY EDUCATION 
(Are there cycles and symmetries in the movement of Sun?) 

 
 
INTRODUCTION 
 
Movements of Sun, Moon and stars have called the attention of human beings since ancient times. 
Despite that it is not very usual to observe the sky during the night nowadays (artificial light make 
difficult these observations in cities), in remote times, when contact with Nature was higher and 
light pollution was inexistent, movements of heavenly bodies should called the attention and create 
fascination amongst humans. Indeed, these are common movements but we all also have the 
intuition that these occur regularly, associated to climate and that, in turn, have an influence on 
behavior of living organisms. We all know specific behaviors of plants and animals associated to 
climate (e.g. animal migration, plant flowering…).  
 
A.1 Which might be the interest of studying regularities in the movement of heavenly bodies such as 
the Sun or the Moon? 
 
A.2 Describe which changes we could observe in the movement of Sun if we track it during several 
days (i.e., long time). Use draws to illustrate the changes you have mentioned.   
 
 
The question on whether these regularities occur strictly periodically or not (i.e., cyclically) and 
whether these changes we observe are interrelated or not, was a very interesting question more than 
3000 years ago. Indeed, first numerical known data about a scientific issue are those related to 
positions of the Sun, Moon, planets and stars (Assyria, Babylon, Chaldea…) and first “scientific 
buildings” are astronomical observatories (e.g. Stonehenge or those from pre-Columbian cultures).  
 
However, it was not only a practical problem of interest: also from ancient times, observations and 
quantitative relationships between positions of heavenly bodies have been accompanied by 
speculations on how the real “mechanism” of those movements was, and what make heavenly 
bodies to move as they do. Ultimately, they tried to find an explanation on how the Sun and the 
Earth should move relative each other for the observed regularities and symmetries to occur. 
 
Therefore, the sub-problems we need to address are the following: 
 

a. How is the movement of the Sun? Are the observed changes in the movement of Sun 
periodical? Is this periodicity strictly, mathematical? Are there any relationships between the 
observed changes or not (i.e., independent)? Can we organize time and space with them? 
(SUB-PROBLEM 1).  

 
b. Can we develop a Sun/Earth model that explains how should move Sun and Earth to describe 

regularities and relationships observed between they? (SUB-PROBLEM 2). 
 
 
 
 
  



SUB-PROBLEM 1: ARE THERE REGULARITIES IN THE MOVEMENT OF THE SUN? 
CAN WE ORGANIZE TIME AND SPACE WITH THEM? 

 
We have already mentioned the great practical interest in knowing (if these exist) if changes that we 
all intuit on movement of the Sun occur on a regular, periodical or cyclical way. How can we 
answer to this question? Effectively, we need to make observations and measurements of different 
aspects (i.e., variables) that reflect the movement of the Sun and that we know to vary as time goes 
by, in order to check for symmetries, cycles or regularities on this variables. We will begin with 
daylight duration, then with sunrise and sunset positions and finally, with maximum altitude of the 
Sun above the ground.    
 
Hence, the index, as a strategy to follow to try to solve the sub-problem 1, is the following: 
 
1.1 How can we determine the existence of regularities in changes in the movement of the Sun? 

(What happens in the place where we live? – Alicante in our case-) 
1.1.1 Changes in daylight duration 
1.1.2 Changes in sunrise and sunset positions 
1.1.3 Changes in maximum altitude of the Sun above the ground 
1.2 Are there any relationships between changes in the aforementioned variables that we have used 

to describe Sun movement? Characterization of seasons. 
1.3 What happen in other places on Earth? 
1.4 Revising and recapitulating the advancements we have done. 
   
 
 
1.1 HOW CAN WE DETERMINE THE EXISTENCE OF REGULARITIES IN CHANGES IN 
THE MOVEMENT OF THE SUN? 
 
1.1.1 CHANGES IN DAYLIGHT DURATION 
 
A.3 Could you think in a possible plan to probe if changes in daylight duration are consistent or not? 
You can also make a proposal to accurately record daylight duration.  
 
A.4 It is clear that we all have intuitions on what we expect to observe if we record daylight duration 
for a long time period. Hence, it is convenient that, before recording accurate data on this, we 
express what we think about, so we can later compare the recorded data with our own previous 
thoughts (which contributes to a better understanding of empirical data). Use words and draws to 
express how do you think daylight duration varies during a whole year.  
 
A.5 Using data obtained from Stellarium software (http://www.stellarium.org) for year 2012 in 
Alicante (Annex 1), make a graph to represent daylight duration variation in Alicante during that 
year.  
 
 
You can also obtain data on daylight duration in Alicante from the next websites: 
 

- Observatorio Astronómico Nacional (OAN), Instituto Geográfico Nacional, Ministerio de 
Fomento: http://www.oan.es (for Spain, in Spanish). 

 

http://www.oan.es/


- United States Naval Observatory (http://aa.usno.navy.mil/) (Data services – Duration 
daylight - Form B – Set Latitude to 38º 21’ Norte; and longitude to 0º 29’ W; Time Zone 1).   

 
 
Astronomers noticed, several centuries ago, that the atmosphere deviate the light that arrives to 
Earth from the Sun, so we “see” the sunrise before it occurs and, similarly, we “see” the sunset after 
it takes place (compared to the whether the atmosphere did not exist). This is to say, we record a 
longer daylight duration if we take data “with atmosphere” (this difference is barely 10 minutes). 
When using Stellarium software, we can “remove the atmosphere”, to get the real data. In contrast, 
if we use the abovementioned websites from astronomical observatories, data are presented “with 
atmosphere”.    
 
In the graph we have made, we can see something we intuit: there are regularities and symmetries in 
daylight duration, and there are also some specific days which are especially useful to be used as 
“signals” or “natural marks” to “count” time. These days are named as equinoxes (day and night 
have the same duration, 12 hours) and solstices (the longest and the shortest day of the year; the Sun 
seems to do not have any movement in previous and next days, as daylight duration does not vary 
around these days). 
 
A.6 Now you can analyze thoroughly the graph you have made in A.5 and find the values of 
daylight duration in Alicante the 21st of every month. Use this information to analyze the monthly 
variation of daylight duration in Alicante, starting by any “special day” (i.e., solstice or equinox).  
 
A.7 Use information from Stellarium software or other website (remember in this case the difference 
of 10 minutes in daylight duration caused by the atmosphere) to get data on daylight duration ever 
day 21st of every month from 2014 and 2015 and make a graph to represent daylight duration 
variation (use graph paper and represent these two years in a single graph). 
 
 
IT IS VERY IMPORTANT THAT YOU DRAW THE GRAPH PROPERLY!, given that the 
existence of cycles and symmetries could serve for temporal orientation and, whether these are well 
represented in the graph, they are very easy to remember. 
 
 
A.8 We know that daylight duration in Alicante in an unknown date, in a period of the year when 
daylight duration is increasing, is 10:23 hours. Determine the most probable date at which this data 
was recorded, as well as how many days later we will record the same daylight duration. 
 
A.9 Prepare a similar activity to A.8 to be solved by your classmate. Solve the problem and discus 
with him/her any possible discrepancy. 
 
 
Also, we can use the duration of different parts of the day, according to the movement of Sun, to 
organize time:  
 
A.10 Which of these periods is longer: morning or afternoon? 
 
 

http://aa.usno.navy.mil/


In spite of midday (defined as the moment of the day when Sun reaches its maximum altitude about 
ground – i.e., culmination-) not occurring always at the same exact time of the day (variation for 
Alicante is represented in the figure 1 below), mean value is 12:00 h solar time (in Spain, this is 
13:00 or 14:00 depending of the official timetable) and time spent between sunrise and official 
midday is approximately the same spent between midday and sunset.  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Figure 1. This graph shows the difference between local (real) and official hour of midday. 
 
 
A.11 Use the existing symmetries in sunrise and sunset time, respect to midday, to answer the 
following questions:   
 
a) What time did local midday occur in Alicante on 6th December 2014? (sunrise/sunset time: 
8:10/17:36). Check your answer with the equation-time graph above. 
  
b) What time, approximately, did sunset take place on 12th October 2014, if sunrise time was 8:12? 
(Official midday in this period of the year is 14:00). Use data from graph of A.5 to calculate this and 
compare your result with that in the equation-time graph. 
 
 
Complementary activities 1.1.1: 
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Equation-time graph in Alicante 



CA.1 Compare daylight duration of the “special days” between Alicante and La Coruña (northern 
Spain), using data from Stellarium or websites. Using only these four values, draw the graph on 
daylight duration during the whole year for La Coruña. 
 
CA.2 Write some paragraphs summarizing the general characteristics of changes in daylight 
duration. 
 
CA.3 We all have heard about places where daylight duration variation is quite different to what we 
have studied to happen in Alicante. Mention any of these places and write some sentences stating 
what do you think to happen there with daylight duration. 
  
 
1.1.2 CHANGES IN SUNRISE AND SUNSET POSITION 
 
A.12 You could think in a possible plan to check if sun always rises and sets at the same place; and, 
if this place changes, how can we check for regularities and symmetries in these changes? 
 
A.13 One of the problems we need to tackle to carry out our plan is to accurately indicate the 
position where the Sun rises (sunrise) and where the Sun sets (sunset) on the horizon. You could 
think in how can we represent the horizon so that we could draw sunrise and sunset.   
 
 
As we have seen, different observers in different places would have different local horizons; hence, 
local references such as mountains, buildings, trees…are not enough to indicate accurately sunrise 
and sunset, as these are quite subjective and may preclude further comparison between observers. 
Therefore, we need to take a reference point in the horizon to organize the horizon around it, so 
everyone and everywhere could use it. Do you know any instrument that could be used to get a fixed 
reference on the horizon as a starting point to accurately locate any object in the plane of the 
horizon? To this end, we could use the compass, which has a needle that always indicates the same 
bearing (if it is laid horizontally). The point where this bearing intersects the horizon is called 
“north” and could be used as a reference to organize the horizon from it. We could divide the 
horizon circumference in 360º clockwise, starting from the north (which is our starting point, 0º). 
Then, we could indicate the bearing of any object over the horizon circumference: this bearing could 
be defined as the angle generated between the imaginary line that connects the observer with north 
and the imaginary line that connects the observer with the object (or place) we want to locate on the 
horizon; this angle is called azimuth (be care! this angle does not give the “altitude” of an object 
over the horizon).  
 
Nonetheless, before people used compass, it was also possible to get fixed axis on the horizon plane: 
the shortest shadow of a gnomon (vertical stick) always lies on the same line any day of the year. 
This line is called “meridian line”. The point at which the line points out is the geographical or true 
north (in the northern hemisphere) and hence, when this occurs, Sun is in the south. The 
perpendicular line to the meridian line represents the east-west direction (bearing of east is 90º and 
bearing of west is 270º, both measured clockwise).  
 
A.14 Can you use a compass to indicate the azimuths 0º, 90º, 180º, 270º and 360º? These bearings 
are called “cardinal points”. Please, indicate azimuths corresponding to NE, NW, SE and SW (you 
must learn how the compass works and how to get the meridian line!). 
 



A.15 To represent the horizon we can use two different views: a “bird’s eye view” (as that used in a 
map or in a floor plan), and the “complete horizon line” (this line represents the horizon 
circumference, in a straight line, as that in A.16). Use these two views to represent the sun rising in 
the east.   
 
A.16 Before we use the compass to get sunrise and sunset azimuth values, it is convenient that we 
represent what we expect to observe; you can use the figure below to draw where do you think 
sunrise and sunset would occur today one month later.   
 
 
 
 
 
 
A.17 Please, draw (or make a photograph) of your complete horizon  (180º or 360º) from a place 
where sunrise and sunset could be observed, and use the compass to obtain sunrise and sunset 
azimuths for today or tomorrow.  
 
A.18 In the next table, there are some values of sunrise/sunset azimuths in Alicante for some days in 
a season. Represent these values using a complete horizon line (as that in A.16) and fill-in the empty 
cells of the table (what do you expect to happen?). 
 
DAY 23/9 

Autumn 
equinox 

22/10 21/11 
21/12 
Winter 
solstice 

21/3 
Spring 
equinox 

21/6 
Summer 
solstice 

Sunrise 
azimuth 900 1040 1160 1200   

Sunset 
azimuth 2700 2560 2440 2400   

 
A.19 Use graph paper to represent how sunrise and sunset azimuths change during a whole year in 
Alicante. Once you have made the graph, mention the differences in respect to what you previously 
thought.  
 
A.20 In which date sunrise azimuth in Alicante has a value of 101º? What would be the value of 
sunset azimuth in Alicante that day? Which additional information do we need to specify the correct 
day? You can check your answer with information obtained from the USNO website or Stellarium 
software. 
 
A.21 Use words and draws to summarize the existing symmetries in sunrise/sunset azimuths in a 
given day in Alicante. Do the same to describe the annual symmetries in sunrise/sunset azimuths. 
 
A.22 What occur with sunrise and sunset azimuths at other places on Earth? Which are the 
differences and similarities with that occurring in Alicante? 
 
A.23 In an unknown place on Earth, sunrise azimuth in the day with the longest daylight duration of 
the year is 19º. Calculate sunset azimuth that day, as well as sunrise and sunset azimuths the day 
with the shortest daylight duration of the year.  
 

 N                 NE                     E                    SE                     S                     SW                  W                    NW  



Complementary activities 1.1.2: 
 
CA4. Orientation in the Campus.  
 
CA5. Orientation of your own floor plan.  
 
CA6. Use a compass to make a draw or photograph from a place in your city from which you can 
see the horizon quite far away. 
 
CA7. How would you draw a “wind rose” in a primary school? Mention the name of winds coming 
from different directions. 
 
 
1.1.3 CHANGES IN MAXIMUM ANGULAR ALTITUDE OF SUN ABOVE THE HORIZON 
(CULMINATION) 
 
At the beginning of the course, we mentioned that we all know that maximum altitude of Sun above 
the ground varies during the year. We all have heard that Sun is “higher” in summer and “lower” in 
winter. Hence, as we have already done with daylight duration and sunrise/sunset azimuths, we need 
to check if there are changes in maximum altitude of Sun during the year and if there are cycles and 
symmetries in these changes.   
 
A.24 Design any procedure that we can use to measure the maximum altitude above ground that Sun 
can reach in a day. 
 
A.24.1 We deploy 4 vertical sticks of 1-meter height on the ground, each one at 10 meters form the 
other. Explain if we can choose any stick to measure Sun altitude above ground.     
 
A.24.2 Make a quadrant or an astrolabe using the template given by the professor, understanding 
how it works, and use it to measure Sun altitude above ground at 11:00 one day of this week.    
 
A.25 Measure maximum angular altitude of Sun (i.e., culmination) one day of this week. Use both 
the gnomon and the quadrant. 
 
A.26 Someone has made the following draws to explain how he/she has measured maximum Sun 
altitude. Use the draws to calculate the value of culmination.  
 
 
 
 
South                                         North 
 
 
Stick height: 5 cm 
Length of the shortest shadow: 7’5 cm 
 
 

A view from above 

N S 



A.27 The maximum angular altitude of Sun in autumn equinox in Alicante is 51º and, in the winter 
solstice is 28º. Make a graph to represent culmination variation in Alicante during the whole year. 
Check your thoughts with the Stellarium software or any of the websites. 
 
A.28 What happens with culmination values at other places of the world? Which are the differences 
and similarities with that happening in Alicante? 
 
 
 
 
 
Measuring Sun angular altitude at any moment of the day: Sun’s trajectory over the horizon. 
 
We can track the movement of the Sun over the horizon to obtain its trajectory and draw it, without 
looking directly at the Sun. To do this, we can use a transparent plastic dome, which represents the 
sky dome that encloses the horizon line, with the observer being at the center.   
 
 
Drawing Sun path with the plastic dome 
 
The transparent plastic dome has a diameter of 30 cm approximately; we should put this plastic 
dome on the ground, in a horizontal surface (we need to use a bubble level) and orientate the dome 
using the compass (for the cardinal points on the dome being in the correct bearing; we need to keep 
this orientation while we are using it!). Now, we need a small piece or paper or cardboard and make 
a small hole on it, so we can use this paper to make sunlight to arrive to the center of the plastic 
dome (which has been previously marked on the ground, once the plastic dome has been orientated); 
an observer which would be located at that center, would see the Sun through the hole on the paper 
or cardboard. When we do this, we mark that position of the Sun on the plastic dome using a pen 
(i.e., the position of the hole). If we repeat the same operation in 10 minutes, we should move the 
“hole” over the dome to make the sunlight to arrive to the center of the dome; this means that the 
observer in the same place should look in a different direction to see the Sun. Then, we make a new 
mark on the plastic dome with the pen. If we repeat this same procedure several times during the 
day, we would draw the Sun path of this day in the place where we are.      
 

 
 
 
A.29 Draw the trajectory of the Sun during a day (take data at regular intervals) from the place 
where you live (you may use either a pen or stickers to mark Sun position).  



 
A.30 Use the plastic dome to draw Sun path at the special days on it. 
 
 
 
 
 
 
 
1.2 ARE THERE ANY RELATIONSHIPS BETWEEN CHANGES IN THE 
AFOREMENTIONED VARIABLES THAT WE HAVE USED TO DESCRIBE SUN 
MOVEMENT? CHARACTERIZATION OF SEASONS. 
 
Now, we can answer the question about the existence of relationships between the observed 
regularities; this is to say, if the observed cycles and symmetries on daylight duration are related to 
sunrise/sunset azimuths and maximum angular altitude of Sun (culmination).   
 
 
A.31 Express the existing relationships between the three variables we have previously used to 
describe Sun movement during a whole year. Use that information to draw Sun path in solstice and 
equinox days in an unfolded horizon and looking to the south.   
 
 
 
 
 
A.32 A student has measured Sun azimuth and angular altitude several times during a day. Analyze 
data he has recorded to obtain as much information as possible on Sun path during that day. 
 

Hour 
 8:10 8:20 8:30 13:10 13:20 13:30 17:50 18:00 18:10 18:20 

Azimuth 
 -- 116º 117º 179º 182º 185º 242º 243º 245º -- 

Angular 
altitude < 00 0’5 2’1 31’8 31’8 31’6 3’2 1’5 -0’6 < 0º 

 
A.33 Make a table to characterize each of the four seasons of the year using the three variables we 
have used to describe Sun’s trajectory. 
 
A.34 Taking into account all we have learnt until now regarding Sun movement during the year, 
which days are expected to be hottest and coldest? Does that happen? Why? 
 
 
1.3 WHAT HAPPEN IN OTHER PLACES ON EARTH? 
 
We are used to see observations we have done in the latitude of approximately 40º north. Hence, we 
could think that what we have observed and described in our latitude is the “normal” pattern 
everywhere. Nothing could be further from the truth. 

NE                E                  SE                      S                     SW                  W                    NW                   N                  



 
A.35 As you already know, Sun path is different depending on the place on the Earth where we are. 
Despite making observations in the same day of the year (e.g. 21st December), Sun movement over 
the horizon would be different in different countries. Express with your own words what you may 
know about Sun movement in other countries (daylight duration, sunrise/sunset azimuths and 
culmination).  
 
 
 
- Daylight duration in other latitudes: 
 

 
A. In the Equator. 
 
In the Equator, daylight duration is always the same during the whole year: 12 hours (day and night 
have the same duration everyday). 
 
B. In the Poles. 
 
In the North and South Poles, daylight duration is 6 months; night also has the same duration (6 
months). We can “see” some light during the polar nights, but here the twilight is the longest of the 
Earth (i.e., is not a “closed” night but we could not see the Sun).   
 
C. In the polar regions. 
 
In these regions, there are some days whose daylight duration is longer than 24 hours (i.e., Sun 
never sets during several consecutive days). In places located just in the Polar Arctic Circle, the Sun 
does not set in the summer solstice and it is located on the north at the midnight (this is the so-called 
“midnight Sun”). Moreover, twilights are quite long, and hence, sometimes the morning and evening 
twilights are coincident. Therefore, we see sunlight during the whole night (this phenomenon is 
known as “white nights”).    
 
 



 
 
 
 
 
 
 
 
 
- Sun path in other places: 
 

 
 
In places located northern from the Polar Arctic Circle, there are some days when Sun never sets 
and we can see it at midnight, looking north, over the horizon. Just in the North Pole, Sun path is 
always parallel to the horizon.  
 
In contrast, Sun path at the Equator is always perpendicular to the horizon; as a consequence of 
being perpendicular to the horizon, half of the year the gnomon’s shortest shadow at midday points 
northwards and the other half of the year points southwards. Seasonal variation of sunrise/sunset 
azimuths respect the E/W axis is 23º. In equinoxes, gnomon has no shadow at midday, given that 
Sun is exactly at the zenith. There are other places on Earth where Sun is on the zenith in the 
summer solstice, and these places constitute the Tropics (Cancer and Capricorn Tropics).   
 
In other places on Earth, when we look at the Sun in its culmination, the Sun would have moved 
from right to left (in Europe, if we do this, Sun always moves from left to right). In this moment 
(i.e., culmination), shortest shadows points to the south.  
 
(All these observations and data will make sense, when we do advancements regarding the 
Sun/Earth model). 
  
A.36 Search the necessary data to draw Sun path in all the singular days in Oslo, using the plastic 
dome. 
 
A.37 Once we have indicated the differences of what happen in other places on Earth compared with 
that happening in Alicante, it is also of paramount importance to highlight that cycles and 
symmetries we have observed in Alicante do also occur in all places on Earth (in the same way, 
although with different seasonal change values). 
 
 
1.4 REVISING AND RECAPITULATING THE ADVANCEMENTS WE HAVE DONE 
 
Now, we propose some activities that may be helpful to recapitulate and reinforce the ideas we have 
learnt in the lesson. Also, it may be of help to bring to light any possible difficulties or 



incomprehension that may still persist; if this happens, you should get back to those aspects for a 
proper understanding of all the contents we have discussed until now. 
 
A.38 Make a recapitulation of the lesson, responding to the following sections: 
 
1.- Which were the questions we had considered at the beginning of the lesson? Which was the 
interest in responding these questions? 
 
2.- Regarding daylight duration: 
- How is it measured? 
- Which singular days could be used as marks to divide and count time? 
- How does daylight duration vary during a whole year in Alicante? 
- How can we know the date (approximately) if we know daylight duration during two or three 
consecutive days? How can we know which other day of the year has the same daylight duration 
than a known day? (in Alicante). 
- How does daylight duration vary in other places on Earth? Which are the similarities and 
differences with that happening in Alicante?  
- Which wrong ideas did I have before the beginning of the lesson? 
 
3.- Regarding sunrise/sunset azimuths: 
- Same questions than in section 2. 
 
4.- Regarding culmination: 
- Same questions than in section 2. 
 
5.- Which instruments do I know (and understand how they work) to track Sun movements? 
 
6.- What can we do now with the topic of “seasons” to be taught at the primary level? (a first draft). 
 
A.39 Fill-in the self-evaluation sheet given by the professor (at the Virtual Campus). 
 
A.40 Check that you have done all the exercises/problems provided by the professor. 
 
A.41 Analyze the conceptual map on the Sun movement done by the professor. Make your own 
conceptual maps. 
 
A.42 What remains to be done? Think in possible problems that arise as a consequence of the work 
we have done hitherto. 
 
 
Have you checked your doubts on the topic with your classmates? Have you checked the FAQs 
section at the Virtual Campus, after having done the exercises? Have you checked your doubts with 
the professor? 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
ANEX: DATA ON SUN MOVEMENT FOR 2012 IN ALICANTE (38º 21’ N; 0º 29’ O) 

(Source: Stellarium, removing the “atmosphere effect”) 
 

Date Sunrise 
hour 

Sunset hour Daylight 
duration 

Sunrise 
azimuth 

Sunset 
azimuth 

Sun 
culmination 

22-12-07* 8h 21min 17h 41min 9 h 20min 120º 29’ 239º 31’ 28º 13’ 
01-01-08 8h 24min 17 h 47min 9h 23min 119º 56’ 240º 06’ 28º 38’ 
11-01-08 8h 24min 17h 56min 9h 32min 118º 22’ 241º 42’ 29º 48’ 
21-01-08 8h 20min 18h 06min 9h 46min 115º 53’ 244º 15’ 31º 41’ 
31-01-08 8h 13min 18h 18min 10h 05min 112º 35’ 247º 34’ 34º 11’ 
10-02-08 8h 03min 18h 29min 10h 26min 108º 39’ 251º 32’ 37º 12’ 
20-02-08 7h 52min 18h 41min 10h 49min 104º 14’ 255º 59’ 40º 37’ 
01-03-08 7h 38min 18h 51min 11h 13min 99º 29’ 260º 45’ 44º 20’ 
11-03-08 7h 23min 19h 01min 11h 38min 94º 31’ 265º 43’ 48º 12’ 
20-03-08* 7h 09min 19h 10min 12h 01min 90º 00’ 270º 15’ 51º 46’ 
21-03-08 7h 8min 19h 11min 12h 03min 89º 29’ 270º 46’ 52º 09’ 
31-03-08 7h 52min 20h 20min 12h 28min 84º 30’ 275º 45’ 56º 04’ 
10-04-08 7h 37min 20h 30min 12h 53min 79º 40’ 280º 36’ 59º 51’ 
20-04-08 7h 23min 20h 39min 13h 16min 75º 05’ 285º 10’ 63º 24’ 
30-04-08 7h 11min 20h 48min 13h 37min 70º 53’ 289º 21’ 66º 38’ 
10-05-08 7h 00min 20h 57min 13h 57min 67º 10’ 293º 02’ 69º 27’ 
20-05-08 6h 51min 21h 06min 14h 15min 64º 05’ 296º 05’ 71º 46’ 
30-05-08 6h 46min 21h 14min 14h 28min 61º43’ 298º 24’ 73º 31’ 
09-06-08 6h 43min 21h 20min 14h 37min 60º 11’ 299º 53’ 74º 38’ 
19-06-08 6h 43min 21h 24min 14h 41min 59º 33’ 300º 28’ 75º 05’ 
21-06-08* 6h 44min 21h 24min 14h 40min 59º 32’ 300º 28’ 75º 05’ 
29-06-08 6h 46min 21h 25min 14h 39min 59º 51’ 300º 07’ 74º 51’ 
09-07-08 6h 51min 21h 23min 14h 32min 61º 03’ 298º 51’ 73º 56’ 
19-07-08 6h 58min 21h 18min 14h 20min 63º 07’ 296º 44’ 72º 23’ 
29-07-08 7h 06min 21h 10min 14h 04min 65º 56’ 293º 53’ 70º 15’ 
08-08-08 7h 15min 20h 59min 13h 44min 69º 23’ 290º 24’ 67º 36’ 
18-08-08 7h 24min 20h 47min 13h 27min 73º 22’ 286º 24’ 64º 32’ 
28-08-08 7h 32min 20h 33min 13h 01min 77º 46’ 282º 00’ 61º 08’ 
07-09-08 7h 41min 20h 18min 12h 37min 82º 27’ 277º 18’ 57º 28’ 
17-09-08 7h 50min 20h 02min 12h 12min 87º 19’ 272º 26’ 53º 39’ 
22-09-08* 7h 54min 19h 54min 12h 00min 89º 48’ 269º 57’ 51º 43’ 
27-09-08 7h 59min 19h 46min 11h 47min 92º 17’ 267º 28’ 49º 46’ 
07-10-08 8h 08min 19h 31min 11h 23min 97º 13’ 262º 33’ 45º 54’ 
17-10-08 8h 17min 19h 17min 11h 00min 102º 01’ 257º 46’ 42º 10’ 
27-10-08  7h 28min 18h 3min 10h 35min 106º 34’ 253º 14’ 38º 39’ 
06-11-08 7h 38min 17h 52min 10h 14min 110º 43’ 249º 07’ 35º 29’ 
16-11-08 7h 49min 17h 44min 9h 55min 114º 19’ 245º 33’ 32º 46’ 



26-11-08 8h 00min 17h 38min 9h 38min 117º 13’ 242º 41’ 30º 36’ 
06-12-08 8h 10min 17h 36min 9h 26 min 119º 16’ 240º 40’ 29º 05’ 
16-12-08 7h 17min 17h 38min 9h 21min 120º 20’ 239º 39’ 28º 19’ 
21-12-08* 8h 20min 17h 40min 9h 20min 120º 29’ 239º 31’ 28º 13’ 
26-12-08 8h 22min 17h 43min 9h 21min 120º 21’ 239º 40’ 28º 19’ 
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