An application to a topographic problem.

� Introduction Good afternoon. Maybe only a few of you know that the Euroforum is placed in S. Lorenzo del Escorial, and not in El Escorial. El Escorial, which means ’slag heap’ is a very old village founded a long time ago, whereas S. Lorenzo was founded by Philippe II. He found this village to be the residence of the court while he was at El Monasterio. This monument was destined to be the burial place of all the kings and queens of Spain. Why did the king found it here?. Several reasons were given: the mild weather, the proximity to Madrid, ... But why in that exact point?. There is an old legend which says that the place where La Bas�lica is situated is really the gate to hell. As long ago as Romans’ times all this area was believed to be a magic place. Strong storms were frequent at the same place. Abantos, which is the highest mountain in the zone was also a sacred place for the primitive habitants os Spain. In fact, for the Celtiberians ’abantos’ is a bird of prey, similar to the vulture, which carries the souls of the warriors felt in combat. Now we are going to use the package I have developed not to do sorcery, exorcisms or black magic but to calculate the distance and the azimuth from Abantos to El Monasterio. This is called the inverse geodetic problem. Our data are the geodetic coordinates of Abantos and El Monasterio.

� Load the package

In[1]:= << UTMProjection‘

� Inverse Problem

� Geodetic Coordinates

In[2]:= monasterio = 840.3524497, -4.08456717<;
        abantos = 840.3701984, -4.08584445<;

� UTM Coordinates

Now we calculate the correspondent UTM coordinates:

In[3]:= monasterioUTM = GeodetictoUTM �monasterio
Out[3]=                         6

     {403018., 4.493969006 10 , 30}

In[4]:= abantosUTM = GeodetictoUTM �abantos
Out[4]=                         6

     {402757.002, 4.496979 10 , 30}

� Distance

Using the function LocalScaleFinite we can determine the distance between them:

In[5]:= LocalScaleFinite[abantosUTM,  monasterioUTM]
Out[5]= {0.9997160739, 3021.288078, 3022.146144}
In[6]:= dist = %@@3DD
Out[6]= 3022.146144

� Azimuth

And as the diagram shows us we can determine the azimuth through the formulae:

a = t_{AB} + d_{AB} + g

where: a is the azimuth.

t_{AB} is the direction angle. d_{AB} is the arc to chord correction. g is the grid convergence

In[7]:= gAbantos = ConvergencefromUTM@@abantosUTM
Out[7]= -0.445434787
In[8]:= dMonAbant = ArctoChord[abantosUTM,  monasterioUTM]
Out[8]= {0.0000742393687916777, -0.0000741728905349027}
In[9]:= t = N[Pi - ArcTan[(monasterioUTM[[1]]-  abantosUTM[[1]])/  (monasterioUTM[[2]]  - abantosUTM[[2]])]]
Out[9]= 3.22809
In[10]:= azimuth = t + toRAD[gAbantos] + toRAD[dMonAbant[[1]]]
Out[10]= 3.21503
In[11]:= toDMS@% � DegreeD
Out[11]= 184.122705244251

� Direct Problem � Introduction We can use our package to solve the direct geodetic problem too: given a point, a distance and a direction our task is to find the point at that distance and in that azimuth. For example, if we take Abantos as the origin which are the coordinates of the symmetric point to El Monasterio?. Also the diagram show us the relationship among all data.

� Approximate coordinates

A bit of geometry gives us the approximate coordinates of the point:

In[12]:= azimuth = azimuth + Pi
Out[12]= 6.35662
In[13]:= or1 = azimuth + toRAD@gAbantosD
Out[13]= 6.34356
In[14]:= DX = dist Sin[or1];

ΔY = dist Cos[or1];

In[16]:= coordAprox = abantosUTM  + {ΔX, ΔY, 0}
Out[16]=                 6

      {402939., 4.5 10 , 30}

� Improved coordinates

If we make a second iteration we can made the result more accurate.

In[17]:= distUTM = LocalScaleFinite[abantosUTM,  coordAprox]  [[1]] dist
Out[17]= 3021.29
In[18]:= or2 = or1 +  Abs[ toRAD[ArctoChord[abantosUTM,  coordAprox][[1]]  ]]
Out[18]= 6.34356
In[19]:= ΔX = dist Sin[or2];

ΔY = dist Cos[or2];

In[21]:= coordAprox = N[abantosUTM  + {ΔX, ΔY, 0}, 10]
Out[21]=                             6

      {402939.3565, 4.499995639 10 , 30.}

� Conclusion If we look for this point in a map, we surprisingly find the other big burial monument of Spain: El Valle de los Ca�dos: The War Civil Memorial.