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It is commonly suggested that the Pantheon may have served as some kind
of astronomical device in ancient Roman times. Its near-northern
orientation, the magnificent oculus at the center of the dome projecting
sunlight into the monument, and more recent remarks about a special
event every April 21 at noon have been user to fuel all sorts of more or less
accurate information in tourist brochures.

41.8986°N 12.4769°E

For centuries (likely since the Roman historian Marcus Varro in the first century BC), April 21 has been traditionally
considered as the legendary day of Rome's founding by Romulus in 753 BC, and it was the occasion for celebrations
known as “Parilia” This is why a special astronomical event observed in the Pantheon would carry extraordinary
mythical significance.

It happens that on April 21, the sun illuminates the entrance of the Pantheon in a rather remarkable, though not
exceptional, manner. Hence the hypothesis that the Pantheon may have been constructed to align with this solar
event on April 21 [1]. Additionally, the building's nearly northward orientation could be seen as evidence of an
astronomical intention. The monument would thus have served as a kind of sundial. Although such proposals are
recent and not mentioned in the older literature, either from Roman antiquity or the Renaissance, they have found
their way into tourist guidebooks and websites.

The aim of these notes is to deal specifically with the following points:

J Addressing the question: Is April 21 at noon really a special event? At that very moment, the sun perfectly
iluminates the entrance of the monument. What does this coincidence truly signify? We will see that the same
alignment occurs on the days before and after April 21, and that it happens in exactly the same way around August
21, a date symmetrically positioned in relation to the solstices. Therefore, April 21 is not a precise date tied to any
particular astronomical event related to the construction of the Pantheon.



. Tracking the evolution of the light beam throughout the year, particularly on a few other notable dates, such
as April 7, reveals fascinating effects. On this date, the light forms a luminous arch that perfectly fits the entrance
vault. [2].

. Clarifying the meaning of "noon": What time should the observer see on his watch? Greenwich Mean Time
(GMT)? Or the time of the sun's culmination, meaning its passage over the meridian? We show that when the sun
illuminates the entrance of the Pantheon, the rays do not point exactly north, meaning it is not true solar noon.

. Deducing the precise orientation of the Pantheon.

. Demonstrating how, from a single observation made at "noon," one can accurately determine the orientation
of the building, the times when the light beam passes along the axis of the Pantheon, and then along the meridian
axis, throughout the year

April 7, 2014 April 21, 2014 M. de Franceschini [2]

Brief presentation of the remarkable architecture of the Pantheon

Begin by reading the very detailed Wikipedia page [3].

The Pantheon was first built by Agrippa, a powerful Roman general and friend of Emperor Augustus. His name is
inscribed on the building’s pediment. However, it was under the reigns of Trajan and then Hadrian that the monument
was rebuilt and took its final form around 125 AD. It should be noted that the only contemporary information about
its function comes from the historian Cassius Dio, who writes that Agrippa completed the temple called the Pantheon.
The name of this temple may come from the fact that, alongside the statues of Mars and Venus, it also featured images
of several gods. In my opinion, it comes from the fact that, being a rotunda, it resembles the sky [4]. Therefore, very
little is known about its exact purpose. In particular, no ancient sources mention a possible astronomical function
associated with the building [5].

The most remarkable feature of this monument is its dome, which is a perfect hemisphere. Even more remarkable,
the interior of the building contains a sphere, meaning the interior diameter of the rotunda is equal to the interior
height of the monument. Another striking element is the oculus, a perfectly placed opening at the center of the
rotunda that allows the sun’s rays to bathe the interior of the building.


https://en.wikipedia.org/wiki/Pantheon,_Rome

(5 £ B TR S
7FE EE TS

755 E B BRTETN
777000 000Y 7
G000 0 CEDON H,ﬁ m:]r The interior of the Pantheon perfectly covers a sphere
gE=—— = . with a diameter of 43.4 meters, and the inside of the
% | b ATE It dome perfectly matches the upper hemisphere.
3T U\

- L S, < 4 g T35 CJ. e r—

JUINa s

Finally, the monument is oriented approximately towards the north. We will see how to precisely measure this
orientation, which is not perfectly alighed with the north.
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The Pantheon, a sundial?

The Sun’s rays at its culmination

We begin by determining the height of the sun at noon. By definition, solar noon is the moment in the day when the
sun reaches its highest point, called the culmination. This highest point depends on the latitude (¢) and the declination
(6(d))—the sun's height at the equator—on a given day. The declination varies between 23°26' at the summer solstice
and -23°26' at the winter solstice. It is zero at the equinoxes. Its precise calculation depends on the eccentricity of
Earth’s orbit (see reference in the appendix). Its variation throughout the year is shown in the following figure:
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The height of the sun at noon throughout the year
The angular height of the sun at its culmination, its highest point, is given by (see appendix):
h.(d) =90°— ¢ + 6(d)

where ¢ = 41.8986°N is the latitude of the Pantheon, and 6(d) is the declination, which depends on the day d of the
year. The following figure represents the height of the sun at its culmination, at the Pantheon, throughout the year.
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The Pantheon at noon

The following figures show, for several days of the year 2023, the penetration of sunlight inside the Pantheon when
the sun is at its culmination, that is, at solar noon. For an animation covering all the days of 2023 and 2024, click on
the page how-the-sun-illuminates-the-pantheon. For this purpose, | used the dimensions of the building found in the
literature. They are likely not precise enough, and any feedback is welcome.
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Spring equinox, March 20 March 30 : the dome is no longer illuminated
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https://gilles.montambaux.com/comment-le-soleil-illumine-le-pantheon/
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April 7 : the beam reaches the bottom of the door
“Arch of light” on the vault
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April 21 : Anniversary day
The beam illuminates the entrance
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Where it is shown that April 21 is not an exceptional date regarding the illumination of the Pantheon, and that the
effect is roughly the same on the days before and after April 21 (on the 18 and the 24).
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September 5, symmetric of April 7
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September 13 : the dome begins to be illuminated again
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One can see the sunlight illumination for every day of the year by clicking on this page.

Another feature was pointed out by Marina De Franceschini [2]. She points out an interesting projection of the sun's
rays, which she calls the "arch of light". On April 7, the illumination perfectly matches the arch that dominates the
entrance corridor (see figure). The image provided from April 7, 2014, indicates that the sun's height that day was h_c=
55°. Using astronomical calculations, we confirm that the effect was indeed reproduced on September 4, 2014
(h_c=55.2°). As with the observation on April 21, the phenomenon is just as visible on the days preceding and following
these two dates.

2023
April 7 April 21 Aug. 22 Sept. 5
54.9 60.0 59.9 54.9
2024
April 7 April 21 Aug. 20 Sept. 4 The angular height of the sun for a few remarkable days. From
55 9 60.2 60.3 55 one day to the next, the height varies by 0.3 ~0.4 °
2014
April 7 Sept. 4
55.0 55.2

What time is solar noon?

The figures above show the sun's rays entering the Pantheon when the sun is at its highest point, its
culmination. But at what time does the sun reach its culmination?

Another question is: Is the sun truly aligned with the axis of the monument at its culmination? In other words,
is the Pantheon really oriented along a south-north axis?

We will see that there is a slight difference between the sun passing along the axis of the Pantheon and
passing the meridian. This means that at solar noon, the sun does not exactly illuminate the axis of the
Pantheon. The reason for this is that the Pantheon is not perfectly aligned along the south-north axis. In fact,
the sun illuminates the axis of the Pantheon a few minutes before it crosses the meridian line.

We will see that the difference between these two times can be used to determine the Pantheon’s azimuth,
its orientation, that is, the angle between the monument's axis and the south-north axis.


https://gilles.montambaux.com/comment-le-soleil-illumine-le-pantheon/

For a given day, we will determine two different times: 1) the time of the culmination, that is, solar noon,
and 2) the time when the sun passes along the axis of the monument. This day is July 6, 2024, the day of my
visit to the Pantheon.

The time of culmination, that is the solar noon (passing the meridian).
This is an astronomical factor that depends on longitude and the equation of time.

As everyone knows, the sun does not reach its highest point at the legal noon time (clock time). First, we must account
for daylight saving time or standard time (UTC + 2h or UTC + 1h). Additionally, since Rome is not on the Greenwich
longitude, the sun reaches its culmination in Rome before it does above Greenwich (which sets our clock time). The
longitude of the Pantheon is 12.4769°E. Remember that since 360° correspond to 24 hours, this longitude results in a
time difference of 49.9076 minutes or 49 minutes and 54 seconds. So, the sun passes over Rome 49 minutes and 54
seconds before it passes over Greenwich. In summer, it passes over Greenwich at 2:00 PM, and over the Pantheon at
1:10:06 PM, which is called mean solar noon.

But this isn’t entirely accurate, because there are variations throughout the year. In fact, the Earth’s orbit is an ellipse,
not a circle. The Earth moves faster or slower at different times of the year. Also, the Earth’s axis is not perpendicular
to the plane of the ecliptic (the plane in which the Earth orbits around the sun), but is tilted by 23°26'. As we know,
this tilt (known as obliquity) is what causes the seasons.

As a result of these two effects, the exact time of solar noon is slightly different from that of mean noon. This difference
is called the equation of time. Its variation throughout the year can be up to +15 min. The figure shows the correction
to be made throughout the year.
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On July 6, 2024, the equation of time was 4 minutes 52 seconds. Therefore, the time of solar noon was

13h 10min 6s + 4min 52s

That is :

Solar noon, July 6, 2024 13h 14min 58s




The time of passage through the axis of the Pantheon

It is easy, by standing in the center of the building and identifying the Pantheon’s
axis of symmetry using the tiles that decorate the floor, to note the time when the
sunbeam passes through the axis of the building.

Passage through the axis of the Pantheon on July 6, 2024

13h 08min 40s + 5s

It can be concluded that on July 6, 2024, the axis of the Pantheon was reached
6 min 18 s before the south-north axis.

From this observation, we will now obtain:
e The angle between the axis of the Pantheon and the south-north axis
(azimuth
e The time interval that separates the passage of the sun through the
axis of the Pantheon and the time of passing the meridian (solar noon),
for all days of the year.

July 6, 2024

Azimuth, the Pantheon orientation

The geodetic azimuth is the angle that a given direction makes with north. It is measured positively in the clockwise
direction. By definition, at solar noon, the sun's rays point toward azimuth of 0° = 360°.

The dependence of the azimuth A on time is known. It depends on the declination, the height of the sun, and the
time interval At* measured between the passage along the axis and the passage along the meridian. In the limit of
small angles around the north, we have

AA = At* cos 6"
" 4 cosh;

ol 6* et hi sont la déclinaison et la hauteur du soleil le jour de la mesure et At* est exprimé en minutes. Le 6 juillet,
on avait 6" = 22.61°, h; = 70.71° et At* = 6.3 min..

where 8" and h¢ are the declination and the height of the sun on the day of the measurement, and At™* is expressed
in minutes. On July 6, we had 6* = 22.61°, hg = 70.71° and At* = 6.3 min .

From this, we deduce the direction of the south-north axis of the Pantheon:

AA=4°24 + &4 A=355°36" +4'

The precision of the time of passage through the axis is estimated at +5s, which leads to an uncertainty of +4' in the
measurement of the azimuth. Therefore, the Pantheon does not face exactly north but points slightly northwest.

To my knowledge, this is the first astronomical determination of the orientation of the Pantheon.



Another possible way to determine the direction of the monument's axis is, of course, by observing a map, but this
method is not as precise. For this, one can locate the direction of the axis of symmetry from the center of the building
using the following photo. A value is then deduced, which is consistent with the previous result.

Photo taken from the center of the Pantheon. The red line is equidistant
from two columns of the Pronaos and therefore indicates the direction of
symmetry of the building.

355.6°

.....

Orientation of the Pantheon. Axis of symmetry of the building (red), meridian axis (blue).

At what time of day is the sun in line with the Pantheon axis during the year ?

From the single observation on one day of the year, specifically July 6, 2024, we can now deduce the time of passage
through the axis for all days of the year. Having determined the azimuth of the Pantheon’s axis, and knowing the
variations of 8(d) and h.(d) throughout the year, we can determine the difference At(d) between the passage at the
meridian and the passage through the Pantheon’s axis for any given day d of the year:



A = At" cosd” B At(d) cos S (d)
4 cosh., 4 cosh.(d)

This time difference between the passage through the axis and the passage at the meridian throughout the year is
shown in the following figure:
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On the following figure, we have grouped together, for all days of the year, the time of passage through the axis of
the Pantheon (red) and the time of passage at the meridian (blue). It is, of course, the time of passage through the
axis that is easily observable, as the meridian line is not marked on the ground.

20t
0 :
§ 0 4 : N Time of passage, in minutes, of the sun through the axis of the
8 / o ' \_/ Pantheon (red) and then through the meridian axis (blue), in

-10¢ 1 minutes. In winter, 12 hours must be added; in summer, 13
hours must be added. Vertical lines mark April 7, April 21,

-20} 12h (13henété) +
August 20, and September 4.
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It turns out that on April 21, the time of passage through the axis of the Pantheon is very close to 1 PM. In 2024, it is
estimated to be 12 h 59 min 46 s.

The times of passage through the axis of the Pantheon for April 7 and September 4, 2024, are 13h 01min 57s and
12h 58min 48s, respectively. In 2014, they were 13h 02min 33s et 12h 59min 42s, respectively, which is consistent
with the observations of Marina Franceschini, noted as 13h 02min et 13h 00min [2].



Conclusion

Using astronomical tables and an observation at noon on a single day of the year, we have calculated the angular
height of the sun at its culmination throughout the year. We established the times of culmination and passage through
the axis of the building for each day. From this, we deduced the precise orientation of the building, which is 4° 24' to
the northwest.

Several days of the year provide opportunities for remarkable lighting. It is worth noting that there are no signs inside
that indicate a specific lighting event. The Pantheon does not exhibit any particular features related to astronomical
use, aside from an orientation close to the south-north axis. On April 21, the lighting inside the building is remarkable,
but it is equally so on the days preceding and following April 21. Therefore, it is unlikely that the Pantheon was built
with the intention for the entrance to be particularly illuminated on April 21.

Gilles Montambaux november 2024

Université Paris-Saclay

gilles.montambaux@gmail.com
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Appendix, Astronomical and Architectural Data

The following figure illustrates how the height of the sun at its culmination is related to the latitude ¢ of the location
and to the declination 6 :

ho(d) = 90° — ¢ + 5(d)

equateur

Astronomical data (declination, equation of time) can be found on the following websites:

https://gml.noaa.gov/grad/solcalc/

https://www.suncalc.org/#/41.8986,12.4769,18/2024.07.06/08:34/1.15/3

For the simulations of lighting through the oculus, we found the dimensions of the building in the literature. These
data are, of course, open to discussion and improvement. Please send me any details you may have.
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Diameter D=43.4 m, radius R=23.7 m
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Diameter of the oculus dy = 8.9 m (following Degodetz)

Height of the inner part of the oculus that intercepts the high rays of the sun on the south side.: hy = R +

/RZ +d,%/4=4295m

Height of the outer part of the oculus that intercepts the rays on the north side : h,, = hy + 1.4 = 44.35m, The
thickness of the dome at its upper part being 1.4 m

Height of the vault h, = 17.6m distance to the center d, = 20.95m

Maximal height of the grid=11.3m , height of the door = 7.4 m distance to the center d,, = 26.5m
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