
SUB-PROBLEM 2: HOW DO SUN AND EARTH MOVE FOR THE EXISTING CYCLES 
AND SYMMETRIES TO OCCUR? 
(The invention of a Sun/Earth model) 

 
 
We have made several advancements in the problem of interest proposed at the beginning of this 
lesson. As mentioned in the introduction of the course, this problem was already set out by our 
ancestors thousands of years ago: are there changes and regularities in the movement of Sun? Can 
we organize time and space with them? Could we use Sun’s movement and changes to count time 
(i.e., to make a calendar) and organize the space? 
 
As we have seen so far, it is not quite difficult to check for the existence of cycles and symmetries in 
the movement of Sun. In many occasions, scientists look for (and find) regularities and symmetries 
in data obtained from their experimentation. However, usually this is not enough for the scientific 
community; one of the characteristics of the scientific work (and probably of the human mind) is to 
go beyond those direct observations. So, which are the new questions that arise once we have 
proved the existence of cycles and symmetries in the observable movement of Sun?  
 
Ages ago, mythological interpretations of the movement of heavenly bodies (including Sun, Earth, 
planets and stars) changed to the elaboration of hypotheses and models on their movements. That is 
to say, people tried to invent possible movements, despite these not being observable, that could 
explain their observations.     
 
That is what we are going to do from now on: to invent a model on how the Sun and the Earth 
move respect to each other. Of course, we should test our model: it would be better as long as we 
could deduce from the model the local observations we have previously done, as well as it enable 
making predictions on what should happen in new different situations and we could check these 
predictions. 
 
Nonetheless, we are not starting from scratch. Although it took a lot of years to know, currently we 
all know that the Earth is spherical, despite that it looks flat from our point of view (i.e., at our 
observation scale). Also, we assume that we can access to measurements describing Sun path from 
any place on Earth (there are several tables and websites where all this information is available).     
 
HOW DO SUN AND EARTH MOVE FOR THE EXISTING CYCLES AND SYMMETRIES TO 
OCCUR? 
 
A possible strategy to advance in the invention of this model could be the following: 
 
1. First, it is necessary to begin with trying to locate in the spherical Earth an observer in 
Alicante, given that our model must explain what we have observed from this place on Earth (that is 
to say, we should be able to use the model to deduce what we know to happen in Alicante). 

• To this end, we should first try to place the Sun and the Earth in the “simplest” situation we 
know: an equinox day, when daylight and night-time duration is the same everywhere, and 
different places do have different Sun’s culmination values. 

• Second, we will locate different observers in different places on Earth (all with their 
horizontal plane, gnomon and north/south axis), and think where should an observer be to 
get the Sun’s culmination value that we know to occur in Alicante in an equinox day.    



• If we were able to do that, this point on the spherical Earth would correspond to Alicante (or 
any other place previously established). Hence, we would have an initial correspondence 
between our model and a real local observer.  

 
2. Then, we should make the model “work”; that is to say, we have to imagine how the Sun and the 
Earth should be placed for us to record what we already know to occur in an equinox day (daylight 
duration is 12 hours everywhere and sun rises in the east and sets in the west everywhere). We have 
to make explicit all the suppositions we have tackled to reach this goal. 
 
 
3. If we are able to “model” what happens in an equinox day, we would think what should change in 
the model to explain what we know to occur in solstice days. And finally… 
 
4. We will make predictions using the model about what should happen in different places on Earth 
in singular days (equinoxes and solstices), and compare these predictions what real data from those 
places.   
 
 
To summarize, necessary steps to fulfill in our plan are as follows: 
 
1. Place an observer (a person, with all the instruments needed to track Sun path) in a place that 
could correspond to Alicante on the Earth. This requires: 

1.1 Place the Sun and the Earth in the position they are in an equinox day. 
1.2 Find a place where the observer being there would record the culmination value we know 

to occur in Alicante that equinox day. 
2. Think in how should the Sun and/or the Earth move for us to record data from the equinox 
independently on where we are on Earth (if so, we would have a model for equinox days). 
 
3. How should the Sun and/or the Earth move for a solstice day to occur? 
 
4. Predict “special” facts on how Sun path should be if “things” are as we have imagined (i.e., if our 
model is closer from the “real” model), and empirically check them (using data from astronomical 
observatories).  
 
 
Now, let’s go to work on this. To this end, we will be needing: white foam spheres, spot lights of 
quasi-parallel light beams, cardboard squared pieces with cardinal points o them (to represent the 
plane of the horizon), pins (to act as a gnomon) and drawing material (ruler, set squares, drawing 
compass…). It is also necessary to follow the slides presentation exposed by the professor to 
develop our plan.   
 
 
 
1. WHERE ARE WE ON THE EARTH? (Getting oriented in the spherical Earth) 
 
If we want to develop a model to explain local observations about Sun movements, it is necessary 
that we identify in a spherical Earth some points (i.e., places) that could correspond to places where 
the observer could be. To this end, we should first try to identify a place corresponding to Alicante 
in a day when the only difference between Alicante and other places on Earth is the different Sun’s 



culmination value (i.e., an equinox day). To begin, we will try to imagine how the Sun and the Earth 
must be placed for an equinox day to occur and then, try to find a place where the observer would 
record a Sun’s culmination value of 52º.  
 
A.1 Make a proposal on how the Sun and the Earth must be located in an equinox day (i.e., for 
daylight duration being 12 hours everywhere). If you can find different solutions, express how can 
we decide which is the most likely one. 
 
 
It is necessary that we could draw the Sun/Earth system clearly, so we can imagine what an observer 
on Earth sees. To make such a good representation we are going to use a “lateral view” and a 
“zenithal view” (from above).  
 
A.2 Draw the Sun/Earth system in an equinox day using the zenithal view (above the Earth’s 
rotation axis, from quite far away) and lateral view (from a point in the perpendicular plane to the 
rotation axis, the plane that divides the Earth into two equal parts, also from quite far away). 
 
 
Once we have placed the Sun and the Earth for an equinox day to occur (and once we have 
determined in which direction the Earth rotates, using the Pole Star), we have to locate ourselves.   
 
A.3 Place different observers in different places on the Earth with all the necessary instruments to 
track Sun path: at least a horizontal plane with cardinal points and a vertical gnomon. Try to imagine 
how these instruments look like if we were observing the spherical Earth from quite far away. Do 
this using the white foam sphere and make the draws using the lateral and zenithal views (in the 
paper).  
 
A.4 To locate Alicante, we know that Sun’s culmination (maximum angular altitude at midday) in 
an equinox day is 52º. Using the lateral view of the Earth, place three points on the Earth where Sun 
culmination should be different (higher or lower) to that in Alicante. Once this is done, how can we 
accurately determine which place on Earth corresponds to Alicante? (Introducing the concept of 
latitude).   
 
 
2. CAN WE EXPLAIN WHAT WE KNOW TO OCCUR IN AN EQUINOX DAY? (A first model 
for equinoxes) 
 
A.5 Using the white foam sphere, and lateral and superior views of the Earth, try to explain that an 
observer located in any on the Earth would see the Sun rising in the east and setting in the west (i.e., 
an equinox day). Try to identify some places where Sun’s culmination has a remarkable value.   
 
A.6  
a) Draw a point at the Earth’s equator to represent when the observer is at sunrise, midday and 
sunset, indicating the cardinal points in this place in those moments of the day.    
 
b) Draw in the line of the horizon how the observer mentioned above would see the Sun in those 
three moments of the day. 
 
 



As we have already seen, only the latitude is not enough to determine where Alicante is, given that 
all the places at the same latitude (i.e., the same parallel) would measure the same Sun culmination 
in an equinox day (indeed, all days of the year). The only difference related to Sun path between all 
those places is the time of the day (i.e., the hour) when Sun reaches the maximum angular altitude 
above ground (the local midday), if we were using the same clock to record that hour in all those 
places. Therefore, if we had a “universal clock” for we to compare when midday occurs in different 
places, we could then be able to properly identify a given site by using its latitude and time of the 
day when midday takes place.  
 
A.7 We already know how to determine the latitude of any place on Earth, but this is not enough to 
locate that place on the spherical Earth. How can we properly locate that place? Read the following 
paragraphs until you know how could you determine the geographical coordinates (latitude and 
longitude) of a given place on Earth.  
 
 
All places on Earth where Sun reaches the maximum angular altitude at the same time of the day 
represent an imaginary line named meridian (draw several meridians using a zenithal view of the 
Earth). If we could use synchronized clocks everywhere (a “universal time”) and take one of the 
meridians as a reference (that “passing” by the Greenwich observatory, and very close from 
Alicante), we can calculate the angle defined by the Greenwich meridian and that passing for any 
place on Earth comparing the time interval when midday occur between these two places. We can 
do this knowing that any point on Earth lasts 24 h in being again at the “same place” (i.e., to 
complete a turn of 360º). Hence, in an hour the Earth rotates 360º/24 h = 15º. If midday in a given 
place takes place two hours later than in Greenwich, it means that place is 30º away from 
Greenwich. Therefore, the angle between Greenwich meridian and the meridian of any place is 
called longitude of that site. Places located eastwards from Greenwich would see midday before it 
is seen in Greenwich, and those located westwards from Greenwich would see midday after it is 
seen in Greenwich. We could thus know that longitude ranges between 0º and 180º E, and 0º and 
180º W.      
 
We have mentioned the importance of having clocks to measure a universal time for us to be 
oriented in the spherical Earth. The invention of accurate clocks to be used in open seas was 
necessary for navigation and hence, for commerce and economical development. 
 

                   
    
 
 
 
 



 
 
 
A.8.1 Mention what all elements in the figure below are and how can you determine them in 
practice.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A.8.2 What does mean, in observable terms, that geographical coordinates (latitude and longitude) 
of a place on Earth are 50º N and 30º E? 
 
 
A.9 Use all we have done up to now to compare how Sun path would be, in an equinox day, both in 
Alicante and in a place whose latitude is 60ºN (you should compare daylight duration, culmination 
and sunrise/sunset azimuths between the two places. Use both lateral and zenithal views for 
reasoning and draw the Sun path in the line of the horizon in those two places). To draw the zenithal 
view you can project the lateral view. 
 
 

 
 
 
 
A.10 We 
have now a 
first model 
that is 
useful to 

locate 
ourselves 

on the 
Earth, as 
well as to 

explain 
what 



happens in an equinox day. Please, make a list of all the suppositions we have taken into account to 
develop this model, as well as of those local (and from other places on Earth) observations that 
could be explained with this model.    
 
 
However, a complete model on how do the Sun and the Earth move must explain all what we 
observe. Particularly, as we had planned, we need to explain changes occurring between equinox 
and solstice days (an hence, changes between seasons). What should happen for us to record data 
observed in a given solstice day?  
 
3. HOW ARE THE SUN AND THE EARTH LOCATED IN SOLSTICE DAYS? (A model to 
explain seasons) 
 
We are searching for a model to explain not only what happen in equinox days, but a more general 
model that serves to explain all the observations we can done during the year on Sun cycles and 
symmetries as we have previously described. Hence, we are going to try to explain what happen in 
other “special days”: solstice days. We could start trying to explain the summer. As we did for 
equinox days (and as we should do when trying to solve a problem) we should start for the “easiest” 
features; what changes in the same way everywhere on Earth between an equinox and a solstice 
day? (Effectively, Sun’s culmination changes 23º approximately everywhere on Earth between a 
special day and the following).  
 
A.11 Using the lateral and zenithal views of the Earth for an equinox day, modify the Sun/Earth 
model we had, to try to explain that Sun’s culmination changes from 52º to 75º in Alicante in the 
summer solstice. Take into account that this change of 23º should occur everywhere. 
 
 
 
   
 
 
                                       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A.12 Using your draws and explanations given in A.11, try to explain that also daylight duration is 
longer in the summer solstice compared to an equinox day (in Alicante). Draw this using both views 
for the summer solstice. 



 
A.13 Give qualitative explanations (without trying to get exact values) to the fact that sunrise and 
sunset azimuths are closer to north in the summer solstice compared to an equinox day. 
 
A.14 Now, we need to do the same than we have done in A.11, A.12 and A.13 for the winter 
solstice. 
 
A.15 As we have seen, there are several (and quite different) options to explain what happens in 
solstice days. Enumerate the possible options and express how can we decide between those options. 
Why was so difficult the change from a geocentric model to and heliocentric one?  
 
A.16 Assuming a heliocentric model, draw the Earth along its orbit in the special days. 
 
 
Models (i.e., inventions) must be tested in order to generating predictions arising from them that 
could be empirically probed. This is what we are doing next.  
 
 
4. TESTING OUR SUN/EARTH MODEL THROUGH VERIFIABLE PREDICTIONS 
 
The model we have invented could be 
represented as seen in the figure (this 
representations corresponds to the ideas of 
Aristarchus of Samos, despite that in most 
textbooks this model is represented in a 
way that the plane containing the Earth’s 
orbit is parallel to the borders of the page, 
as it was represented by Galileo nearly 
1.900 years later). 
 
The model we have developed is useful to 
explain observations from Alicante, but it 
also enables to make predictions on what 
should be observed from other places on 
Earth where we have never been. Testing 
these predictions derived from the model 
we have developed enables to get evidences 
to firmly support that the invented model 
really exists.  
 
A.17 Use the invented model and make predictions that may have “something special”. For 
example, according to the model, in the summer solstice there are places where there is no night 
(i.e., daylight duration is 24 hours); in which latitudes should this happen? Also, in any place any 
day, observers would had the Sun exactly above them… Mention some of these “special” 
predictions and test if this really happens.  
 
 
“Special” prediction Place (latitude) Moment of the year (day/s) 
   



   
   
   
 
A.18 Using the Sun/Earth model, compare Sun path in both summer and winter solstices between 
Alicante and London. 
 
 
A.19 Use the Sun/Earth model to make a prediction on how the Sun path over the horizon should be 
in Alicante and in Buenos Aires (Argentina) when in Alicante occurs the winter solstice (21st 
December). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.  RECAPITULATION ACTIVITIES 
 
A.20 Make a problematized recapitulation of this second sub-problem. 
 
A.21 Solve the exercises/problems provided by the professor. 
 
A.22 At the beginning of the course, we made a study on what should children know on the seasons 
of the year and on the movements of Sun and Earth at the end of the primary education. Use data 
you get to make a table to indicate what did you think on these topics before and after this course; 
for these aspects that you report changes, justify why you have changed your thoughts.  
 
A.23 (optional) At the beginning of the course, we made a study on how would you teach children 
the topics on the seasons of the year and on the movements of Sun and Earth. Use data you get to 
make a table to indicate what did you think about this before and after this course. Make now a 



detailed proposal on when and how should you start to teach children these topics; what should be 
done first; what seem reasonable that they understand and what does not;…  
 
A.24 The professor will provide you with some sequences of activities to teach the topic on Sun 
cycles and symmetries in Alicante in the primary level. Analyze those sequences and modify them, 
as you consider necessary.  
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