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[The author is Professor of Classics at the University of 
Otago, NZ. He has a particular interest in  
archaeoastronomy—his book Time In Antiquity was  
reviewed in the September 2009 Bulletin. Ed.] 
 

W hile spherical, conical and plane sundials 
were the most popular in Graeco-Roman an-
tiquity, other types, or sub-types, existed. One 

of these is the ‘roofed’ spherical sundial, which captured 
the sunlight within a shadowy, concave interior.1 A well-
preserved example has been found in a Roman house in 
Baelo Claudia in southern Spain. A plaster cast of it is on 
display in the local museum there, while the original is now 
in the Museo Arqueologico Nacional in Madrid (Figs. 1a, 
b). 

The stone block has been carved out into a hollow hemi-
sphere, with a small aperture let into its top surface. 
Sunlight filtered through this hole on to the hemispherical 
surface inside. It is economical to cut away the front plane 
of the stone block, so that the interior of the dial captures 
only that part of the sky that is occupied by the sun in the 
course of the year. The interior incised lines represent the 
passage of the sun on four particular occasions in the year 
but utilising only three lines: the summer solstice at the 
bottom of the dial face, the winter solstice at the top, and 
the two equinoxes, using the same single line between the 
solstices. In addition, lines criss-cross with these tropical 
lines to represent the twelve unequal, seasonal hours of the 
day. 

I recently argued the case – first put forward by Oudet – for 
viewing the Pantheon in Rome (Fig. 2) in a fashion similar 
to the roofed sundial.2 The building as it survives is a re-
construction, built from the foundations upwards, from 
soon after AD 110 under the emperor Trajan, and com-
pleted by his successor Hadrian by AD 128. The building’s 
central axis is skewed just 5.5° from true north, so that the 
entrance faces almost directly north. A columned porch 
leads through a vestibule into a huge, shadowy interior, 
over 43 metres in height and as much in diameter. The 
building’s form is essentially that of a sphere with its lower 
half transformed into a cylinder of the same radius (Fig. 3). 
Direct sunlight penetrates the interior only through a large, 
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Fig. 1a, b. Plaster 
cast of a roofed 
spherical sundial, 
Baelo Claudia, 
Spain. 

Fig. 2. The Pantheon, Rome: the north entrance. 
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9 metre-wide oculus in the centre of the domed roof. Other-
wise indirect sunlight can enter the building, but only 
through the large, north-facing doorway, when it is open. 

The fall of direct sunlight through the oculus into the essen-
tially spherical building leads to the comparison with a 
roofed sundial. In that frame of mind, if we concentrate on 
the passage of the midday sun inside the Pantheon, we find 
that the sun spends six months of the year, in spring and 
summer, falling below the level of the dome (Fig. 4 shows 
this at the summer solstice). In autumn and winter, on the 
other hand, the sun spends six months lighting the surface 
of the dome (Fig. 5 illustrates this at the winter solstice). 

The shift from one semester to the other is marked by the 
passage of the sun at the equinoxes in March and Septem-
ber. At this point the noontime sun shines partially just be-

low the dome, passing through the grill over the entrance 
doorway and falling on the floor of the porch outside (Fig. 
6). More significantly, however, the centre of this equinoc-
tial, midday circle of sunlight lies on the interior architec-
tural moulding, which marks the base of the dome (Fig. 7). 

Whether formal similarity to a roofed sundial is deliberate 
or not, and whether this type of sundial was in some way an 
influence on the architecture of the Pantheon, remain specu-
lative. Nevertheless, it must have been a deliberate choice 
of the architect that the light at the equinox should fall on 
the ceiling precisely at the base of the interior of the hemi-
spherical dome, that is, on its equator, where the dome ap-
pears to end and the cylinder begins. The equator of the 
interior of the dome has been emphasised for some reason. 

It seems to me that thinking of the Pantheon very much as a 
form of sundial that marked time may provide us with an 
explanation for this curious emphasis. What sort of time the 
building kept, though, is not obvious. On a practical level, it 
seems to make sense only at midday, and then only on cer-
tain occasions in the year, so that it has something of the 
same quality and facility as the Early Modern meridiane in 
Italian churches. They too rely on the midday sun entering 
the building, this time through a small hole in a vertical 
wall, so that the sunbeam falls on a line, carefully laid out 
in the floor so as to follow the local meridian. In these 
cases, the light and line combined to permit the measure-
ment of the solar year.3 No such line exists in the Pantheon 
to direct our attention to specific moments in the solar year. 

Fig. 3. North-south section through the Pantheon (north is to 
the right). 

Fig. 4 (top left). Section through the Pantheon, showing the 
fall of the noon sunlight at the summer solstice, when the sun 
is at altitude 72°. 
 
Fig. 5.(bottom left).Section through the Pantheon, showing the 
fall of the noon sunlight at the winter solstice, when the sun is 
at altitude 24°. 
 
Fig. 6 (above). Section through the Pantheon at the equinoxes, 
showing the fall of the noon sunlight, when the sun is at alti-
tude 48°. 



 

4 BSS Bulletin Volume 21(iv)  December 2009 

At best it may be argued that the coffers of the ceiling di-
rectly above the doorway and the square-and-circle decora-
tion of the interior marble floor in front of the doorway 
might serve a similar purpose. Rosenbusch and Sperling 
have illustrated this idea, which seems to show a tendency 
for the sun to fall on some of these decorative elements at 
the moment when it enters a new zodiacal sign.4 If that is 
the case, then the sun in the Pantheon would provide a sort 
of calendar through the year. But to what end? 

One particular day in this zodiacal cycle does seem to war-
rant further attention. Dr Giulio Magli (Milan Polytechnic) 
has pointed out to me that on 21 April the midday sun 
shines directly on to visitors to the Pantheon when they are 
standing in the open doorway, dramatically highlighting 
them. This day is of particular significance, not just because 
this was when the sun entered Taurus, but more because it 
is the traditional Birthday of Rome, a festival preserved 
from antiquity right through to the present day. Therefore it 
may also be the case that the apparition of the sunbeam 
through the grille above the doorway a month earlier at the 
spring equinox (when the sun entered Aries) would fore-
warn visitors to the Pantheon, or more particularly its 
priestly officials, that a month hence the sunbeam would 
shine directly on the visitor standing in the doorway. And it 
may be that when the building was officially commissioned 
in AD 128, the person expected to be standing in the open 
doorway was the emperor Hadrian himself. But once again, 
this is speculation. And whether other times of the year – 
most likely significant dates in the religious calendar – were 
highlighted in some fashion remains to be discovered. Dr 
Magli and I are currently collaborating on this problem. 

All the same, there is some support for this line of argument 
in an earlier Imperial building in Rome. This is the palace 

known as the Domus Aurea or Golden House, which was 
built by the emperor Nero to replace the one that had been 
destroyed in the fire of AD 64. The new palace was ori-
ented directly along the north-south meridian, so it has none 
of the slight deviation from this direction that the Pantheon 
has. At the centre of the complex lies the so-called Octago-
nal Room, a large, dome-ceilinged room that served per-
haps as a banqueting hall but also as a vestibule through its 
eight doorways to other areas of the palace. From within 
this room, it turns out that a person standing at the threshold 
of any of the doorways of the Octagonal Room can see 
above the rim of the oculus in the dome only that part of the 
sky with an altitude of about 42° and above. Since the lati-
tude of Rome is 41° 54′ this means – as Voisin first pointed 
out – that from the vantage point of the southern doorway 
the observer could just see the area of the sky occupied by 
the north celestial pole.5 In effect, therefore, the position of 
the celestial pole defines the perimeter of the oculus, and 
we start to realise that this room’s dimensions are governed 
by astronomy. Voisin has demonstrated other facets of the 
room are similarly a function of astronomical considera-
tions. 

In addition, and perhaps just as significantly, the sun is at 
about the same altitude above the horizon at noon on 13 
October as the celestial pole. 13 October was the anniver-
sary of Nero’s accession as emperor in AD 54. At noon on 
that day the sun was just still visible to an observer standing 
on the threshold of the northern doorway of the room for 
the last time until it returned to sight in the first week of 
March (Fig. 8). In between times, the sunlight would fall 
above eye-level. So from this date of Nero’s accession the 
sun would ascend up the ceiling and then return down again 
by March. That this is more than coincidence is suggested 

Fig. 8 (above). North-south section through the Octagonal Room of the 
Golden House of Nero in Rome (north is to the right), showing the fall of 
the noon sunlight on 13 October, when the sun is at altitude 41°. 
 
Fig. 7 (left). Sunlight falling above the north entrance of the Pantheon at 
local noon at the autumn equinox (23 September 2005). 
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by the fact that Nero’s personal association with the sun is 
well-attested elsewhere: in the Golden House complex there 
was a colossal statue of the Sun, which stood not far from 
the Octagonal Room (it gave its name eventually to the 
Colosseum, which was built on Nero’s palace grounds 
later); and in Nero’s later portraits on coins and in sculp-
tures he wears the radiate crown usually associated with the 
Sun god. The emperor got as close to identification with the 
gods as was possible without being deified while he was 
still alive. 

There are other potential astronomical features in this Oc-
tagonal Room. For the moment, though, there is, I hope, 
enough to indicate that the ideas about the Pantheon out-
lined here can be replicated and substantiated through care-
ful analysis of other Roman structures. To call the Pantheon 
a sundial would be inaccurate in the present state of our 
knowledge, since it appears that no hours other than noon 
could be marked out in the building (although whether they 
needed to be is moot for the viewer in antiquity). It is better 
to regard the building as a timekeeper for certain periods of 
the year, which remain to be fully identified. 
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Focussing Spheres 
In the Readers’ Letters of the last Bulletin, Michael Lowne 
correctly pointed out that the focal length of a glass sphere 
is tiny compared to its diameter. However, technology has 
advanced! At the 2007 NASS Conference in Washington, 
Professor C. Julian Chen of the Columbia University Ap-
plied Physics faculty demonstrated his ingenious solution 
to overcome this problem.1 He had taken a sphere of com-
mercial lucite (= perspex) of around 10 cm diameter. Into 
this, he had drilled a hole of some 1 cm diameter and had 
then milled out and polished a spherical space in the centre 
of the lucite sphere – a manufacturing marvel, probably 
only possible with the availability of a university optics 
department workshop! The cavity had then been filled with 
a copper sulphate solution. The hole giving access to the 
central cavity had then been plugged with an aluminium 
shaft. Through this shaft another hole had been drilled and 
filled with silicone rubber. This marvellous combination 
lens had a long focal length of some three times the diame-
ter of the original sphere – together with a substantial depth 
of field – making it perfect for a sundial. There were how-
ever additional advantages: (i) the copper sulphate solution 
absorbed the infrared from the sunlight so the image of the 
sun was cool blue, unlike a Campbell-Stokes sunshine re-
corder; (ii) the aluminium plug attached to the base of his 
dial acted as a radiator to prevent significant changes to the 
temperature of the copper sulphate, when the sun was shin-

ing. As a final flourish, by injecting sugar solution though 
the silicon rubber, Julian was able to focus his image pre-
cisely once his dial had been made. Julian’s sundial using 
the sphere looked beautiful.  

Since the NASS conference, Julian’s invention has been 
protected by US patent 7,555,840 B2 of July 2009, which is 
assigned to the Trustees of Columbia University – who are 
looking for a commercial manufacturer. The patent de-
scribes a sundial of similar configuration to a cylindrical 
equatorial Ferguson solar chronometer, but with a lucite 
lens (similar but smaller than that described above) replac-
ing Ferguson’s shadow caster. Julian has confirmed to me 
that a focussed line of light could be generated in a similar 
way using Lucite tubing – which is easily available through 
suppliers who service the shop display industry. Such a lens 
could be used to advantage in any alidade type helio-
chronometer. 
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