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Abstract: The Real Chiesa di San Lorenzo is a church designed and built by Guarino Guarini. This
church, adjacent to the Royal Palace in Piazza Castello, is one of the most beautiful churches in
Torino. It possesses a remarkable cupola, made by a series of nested octagons. The lower part of the
church has no windows. The natural light is coming from large windows above the base of the
dome and other smaller openings in it. Besides the high altar, we find in the church two lateral altars
and four radial  chapels.  In the chapels, Guarino Guarini has hidden some paintings inside their
double vaults.  These paintings  are  visible  only when the sunlight  is  passing through a specific
oculus in the front of the chapel. This happens when the sun has the right azimuth and altitude.
Actually, the architect had used his knowledge of astronomy and geometrical optics to create this
effect. Here we discuss it and the required position of the sun, using software for evaluating solar
altitude and azimuth.
 
Keywords: Architecture, Archaeostronomy, Photographer’s Ephemeris Software. 

In several publications, we find discussed the astronomical orientations of churches and cathedrals
and the  possible  alignments of them  along the  directions  of  sunrise [1-19]. However, religious
buildings  can  be  linked  to  the  sunlight  by  other  optical  effects,  and  these  effects  that  can  be
evidenced by some research work, such as in [20,21]. Here, we consider an example that we can
find in a church designed by Guarino Guarini  (1624-1683). This church,  adjacent  to the Royal
Palace in Piazza Castello, is one of the most beautiful churches in Torino. It is the Real Chiesa di
San Lorenzo.
Guarino Guarini started to build the church in 1668. The building was finished in 1687, after the
death  of  the  architect.  In  San Lorenzo,  Guarini  used  his  knowledges  of  astronomy and of  the
apparent motion of the sun, to enhance the role of the light in the building. In fact, this architect,
who was a great innovator of the Baroque style, had a special attention to optical effects and to their
related symbolisms [22]. Let us also note that, besides a treatise on architecture that was published
posthumously, Guarini wrote some works on natural philosophy, geometry and astronomy. 
For  what  concerns  the  geometry  of  its  layout,  the  church  of  San  Lorenzo  is  a  square  at  the
basement, which becomes an octagon inside the church at the level of the entablatures. Then the
design becomes a Greek cross at the level of the pendentives of the cupola [23]. The base of the
cupola  is  circular  in  plan,  but  the  cupola  itself  is  a  series  of  nested  octagons.  The  dome  “is
supported  by  eight  ribs  forming  a  lattice  similar  to  those  found in  mosques  and Romanesque
churches in Spain” [23]. From the outside, the church and the cupola appear as in the Figure 1,
whereas, on the inside, the cupola is as shown in the Figure 2. Actually, in the layout of this church,
Guarini used a sequence of square, octagon and circle to represent the world and the heavens [24]. 
The lower part of the church has no windows. We find in it the high altar, two lateral altars and four
radial chapels. The high altar, which is separated from the nave by an archway, receives natural
light from a hidden smaller dome. Above the lower part of the church, some large windows exist
(see again Figures 1 and 2). As explained in [25], Guarini designed the plan of the lower part of the
church (the octagon) as a metaphor of our earthly life. However, by means of its dome, the architect
is remarking that God is offering us an opportunity of salvation: when we raise our eyes to see the
light of the cupola, we raise our thoughts toward His Divine Light.
Let us continue discussing the chapels. The radial chapels have an oculus which is placed in the
front of them (see Figure 3). The chapels have a peculiarity. In their vault we can see a six-pointed



star with another oculus at the center, a hole which seems totally useless (see Figure 4). But it is not
so. As told in [26], there is a little secret in these chapels. Inside the vaults, which are double vaults,
there are some hidden paintings visible only at certain conditions. The paintings are visible when
the hole in front of the chapel is illuminated by the sunlight. This happens at given moments of the
year  and  only  under  good  weather  conditions.  In  fact,  besides  being  a  genius  of  architecture,
Guarino Guarini was also an astronomer, and in San Lorenzo he proved his geniality in linking the
church to the apparent motion of the sun in the sky.
To continue our discussion it is necessary to consider the plan of the church (Figure 5), in particular
of the chapels, and give the name of them (Figure 6). Let us consider the oculus in the center of the
six-pointed star of the Chapel of the Immacolata [27]. It is designed to remain in the dark and
cannot be seen inside. But, about noon of a few days around the Spring and Autumn Equinoxes, the
sunlight comes from one of the large windows and hits the oculus in front of the chapel. The secret
fresco inside the double vault,  that of God the Father blessing the world in His hand, becomes
visible. Moreover, the appearance of another fresco occurs in the opposite chapel. “The reflection of
the light also makes visible another fresco, diametrically opposite, above the altar of the Souls in
Purgatory, with Jesus Christ in the act of Blessing” [27].
The same reference is telling that “In the early morning during the same periods of the year, the
same effect can be seen above the other two lateral altars of the Nativity and the Crucifix” [27].
Actually, the phenomenon for these two chapels does not happen as described by [27], but in the
afternoon of a few days in May and July. Therefore, let us study the two cases and given some data
and dates for the phenomenon. We start from a detailed exam of the phenomenon for the Chapel of
the Immacolata. First, what is the window through which the sunlight is passing to hit the oculus in
the front of this chapel? To answer the question we can use a Guarini’s drawing of San Lorenzo,
that we can find in his book [28], here given in the Figure 7. From the drawing, we can see that the
light, which hits the oculus of the chapel, is coming from one of the large windows in the cupola,
and this can happen when the sun has an altitude of about 43°. 
Let us use software “The Photographer’s Ephemeris” to see azimuth and altitude of the sun, on 20
March  2017,  the  Spring  Equinox.  This  software  gives  azimuths  of  sun  and  moon  on  satellite
images. The altitudes are given in a graph as a function of time. In the image (Figure 8), we see the
directions  of  sunrise  (thick  yellow  line)  and  sunset  (orange  thick  line).  The  blue  lines  are
corresponding to moonrise and moonset. The thin yellow line, which gives the direction of the sun
at 11:38, is passing through one of the large windows. The pivot is coincident to the position of the
oculus in the front of the chapel of Immacolata. It means that, if the altitude of the sun is close to
the angle given in the Figure 7, the sun beam can reach the oculus and illuminate the hidden vault of
the chapel. In the lower part of the image in the Figure 8, software is giving us the altitude of the
sun. It is of about 43°, at 11:38. In this manner, we have analysed the phenomenon described in
[27], and, by means of the software Photographer’s Ephemeris, determined date, time, and required
azimuth and altitude of the sun. 
To observe the phenomenon in the chapel of the Crucifix, we need to be in the same condition. That
is, the oculus in the front of the chapel needs being reached by the sunlight passing through the
opposite  large  window.  And  we  need  an  altitude  of  the  sun  of  43°.   Let  us  use  again  The
Photographer’s Ephemeris.  After some simulations,  we found the proper conditions  on 12 May
2017 (see Figure 9). The phenomenon is possible at 16:30, therefore in the afternoon. We are in the
same condition in the afternoon of July 25. 
We are planning to visit the church in different periods of the year to evidence the above-mentioned
phenomena, linked to the hidden paintings in the chapels, and, possibly, to find other effects of the
sunlight that Guarino Guarini had eventually hidden in his architecture. 
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Figure 1: Guarino Guarini’s San Lorenzo in the images from Google Earth.



Figure 2: The cupola of San Lorenzo. 



Figure 3. One of the radial chapels in San Lorenzo. Note the oculus in the front of the chapel.



Figure 4: Detail of the vault of the chapel shown in the Figure 3. Let us remark that the chapel has
a double vault. We can see a six-pointed star depicted on it with an oculus at the center, a hole

which seems totally useless. As told in [26], there is a little secret here. Inside the double vault there
is a hidden painting, visible only when the hole in front of the chapel is illuminated by the sun
beams. This happens at specific moments of the year and only under good weather conditions. 



Figure 5: Plan of the church given on the satellite image.

Figure 6: The radial chapels.



Figure 7: To have the sunlight hitting the oculus of the chapel, the altitude of the sun must be of
about 43°.



Figure 8: To investigate the phenomenon in the chapel of the Immacolata, let us use software “The
Photographer’s Ephemeris”. It allows us to see the direction of the sun on 20 March 2017, the

Spring Equinox. In the image we see the directions of sunrise (thick yellow line) and sunset (orange
thick line). The blue lines are corresponding to moonrise and moonset. The thin yellow line, which

gives the direction of the sun at 11:38, is passing through one of the large windows. The pivot is
coincident to the position of the oculus in the front of the chapel of Immacolata. It means that, if the
altitude of the sun is close to the angle given in the Figure 7, the sun beam can reach the oculus and
illuminate the hidden vault of the chapel. In the lower part of the image, software is giving us the

altitude of the sun. It is of about 43°. So the phenomenon is possible. Of course, the same is true for
the Autumn Equinox.



Figure 9: To investigate the phenomenon in the chapel of the Crucifix, let us use again software
“The Photographer’s Ephemeris”. After some simulations, we found the proper condition on 12
May 2017. The pivot is coincident to the position of the oculus in the front of the chapel of the

Crucifix. If the altitude of the sun is close to the angle of 43°, given in the Figure 7, the sun beams
can reach the oculus and illuminate the hidden vault of the chapel. In the lower part of the image,
software is giving us the altitude of the sun. It is of about 43°. So the phenomenon is possible at

16:30, therefore in the afternoon. We are in the same condition on July 25. 


