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( FIRST RESULTS BASED ON NEW DATA ATTAINED WITH A HIGH PRECISION GEODETIC DATA ACQUISITION SYSTEM)

MANFRED HUTTIG

The “Tower of the Winds” in Athens, built by Andronikos Kyrrhestes, is one of the
best preserved monuments from ancient times.

In the past the sundials on the Tower of the Winds have been analyzed by Delambre
(1817), Drecker (1925), Antonacopoulos / Fragakis (1969) and Bromley/Wright (1989)
based on the measurements done in 1762 by ]. Stuart and N. Revett. Only Palaskas
(1846) performed own measurements. The measurements in all these cases as is
apparent now from the new measurements are not that accurate as they seem to be.
Despite that all authors draw conclusions about the accuracy of the construction in a
favourable way. Gibbs (1976) seems to be the first to having recognized the few remains
on the cylindric annex as part of another sundial.

It may be noticed, that Vitruvius mentions the "Tower of the Winds" and its
designer (book 1,25) only in the context of finding the cardinal directions for town
planning but not the Horologion. Again later (book IX) when he deals with sundials in
particular no mention is done about this outstanding time standard. This aroused a
discussion (Delambre) about whether the sundials were added later. Palaskas objected to
this already, and if it is not already clear from the overall architectural concept, the
design of the cylindrical sundial would be proof enough.

The current analysis of the sundials is part of a Greek-German Project (Kienast) to
thoroughly investigate the whole building. The data acquisition was performed with the
Leica TPS-System 1000 resulting in absolute coordinates with an uncertainty of less than
3 mm. The position and orientation of the coordinate system is also known to high
precision. Taking into account the achievements in mathematics, astronomy and geog-
raphy available at that time the analysis shall reveal the cardinal design parameters of the
sundials as they are

- geographic latitude and orientation of the wall

- angle of ecliptic,

- length of the gnomon in ancient units.

It shall be pointed out here, that the “engineers” of that time faced a similar problem
of metrology as must still be solved today in the national laboratories : when setting up
a primary standard - the atomic clock nowadays - there is no simple standard available
to which to compare. The duration of one day, when the shadow of the sundial arrived
at the very same position (which is observable with an uncertainty of only a few seconds),
could have been used for calibrating the water-clock.

Since the objective of the analysis is to find parameters used for the construction of
given sundials, not to construct a sundial according to given parameters, one is faced
with an “inverse problem” with the intrinsic difficulty that it may tend to be
“ill conditioned” because of deficiencies in the available data. The “inverse problem” will
not be solved in this case with a general approach but rather by knowledge guided trial
and error. A set of parameters is selected in order to calculate a model which will be
compared with the reality presented. The consequence of the deficiencies will be that two
or more models are equivalent according to certain error criteria. Fortunately the range
of parameters is limited by the nature of the problem and by practical considerations of
the design. A final selection will take advantage of special points on the day line at
equinox and the hour line at noon together with the apriori knowlegde about the
parameters.
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There are mainly four reasons for the deterioration of the data :

- deficiency of the basic concept,

- deficiencies during the construction of the sundials,

- changes in time by external impact (earthquakes),

- uncertainties of the data acquisition.

The high precision measurements showed that the walls to the South, South-East and
East are still very well in place after the long period and add no problems to the
analysis. Doubts about the basic concept were listed merely for completeness, thus the
analysis for the three sundials mentioned above will have to deal only with the
imperfections of the realization.

The first cardinal elements - position of the wall and its orientation with respect to
the cardinal points - have been verified. The position of the tower was now found with
respect to two trigonometric points as :

37° 58 21”.6 N ; 23°43°28”.8 E

The orientation of the tower has been determined by observation of the sun and by
utilizing information from the global positioning system ( GPS ) . A coordinate system
was defined for the tower based on the best fit of a regular octagon to the inner of the
tower at floor level. The cardinal axis of this octogon nearest to the Nord-South-
direction has an Azimut of 0° 05°, 307 .

Palaskas, who determined the orientation of several faces outside obtained a mean
value of 17 which shows the imperfection of his measurements not, as he claims,
Andronikos’, who most likely used the method now known as “Indian circles”
as described by Vitruvius (book 1,6) obviously to great perfection.

The angle of the ecliptic was known in ancient time with limited accuracy : e=23°51
(Eratosthenes). For practical reasons of geometric constructions the value &=24"
(Vitruvius) might have been used. The value actually changes slowly with time so as to
be €=23°42°20" in 100 B.C. (23°26'21" in 2000 A.C. ) .

These differences have only small effects on the shape of the sundials, and one can
certainly not hope - as Palaskas suggested - to date the building this way.

The geographic latitude had been determined as the ratio of the shadow length
(equinox noon) to gnomon height, expressed with small integer numbers. The following
values were reported in case of Athens (with modern writing) :

¢ = arctan (3/4) = 36°52'12"” Vitruvius (book IX, 7)
¢ = arctan (16/21) = 37°18’14” Plinius (book VI, 211)

With the East -and West - sundials the angle of the day line at equinox against the
vertical directly represents the latitude. It is found here close to

¢ = arctan (16/20) = 38°39'35"

Finally the length of the gnomon is the free parameter to be chosen by the designer
for essentially determining the overall size of the sundial. One should reasonably expect
“nice” values in terms of the ancient unit of length. As a hypothes is supported,
by several dimensions of the tower itself it may be assumed that the construction is based
on the roman foot :

1 pes monetalis = 16 digiti = 12 unciae = 296.17 mm

This implies that the tower was built after this length standard had been established
in Athens by the Romans. If this result can be confirmed this investigation would also
help to answer the question (Freeden) about the time - late 2* century B.C. or early 1*
century B.C. - when the tower was built.
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INEPIAHWH

ANAAYZH TON HATAKQON QPOAOTIQN EZTON "IIYPIO TQON ANEMOQN" ZTHN
AOHNA (ITPQTA ATIOTEAEZIMATA BAZIZMENA XE NEA AEAOMENA, XAPIZ
IE XYITHMA IIPOIAHWHI TEQAAITIKON AEAOMENQON METAAHZ
AKPIBEIAZ

M. HUTTIG

Yo napedBov, ta nAiakd podéyia tov ITopyou v AVEPHOV anoTéAecav aviikelpevo
avadvorng ano tovg Delambre (1817), Drecker (1925) katv Bromley/Wright (1989), ot
onoiot PBaoiotkav oug peprjoelg nov mjpav 1 1762 o Stuart kar Revett. Mévov o
IMaAdoxag (1846) npaypatonoinoe 81kég tov petprjoes. Ot petprjoeig oe GAeg auTég TIg
nepurtdoeig Sev eivar nAfpwg TEKPIPIOPEVEG KL, GMIMG MPOKUITIEL TOPA QIO TIG VEEG
petprjoeis, Sev eivar téoo akpifeic 6oo paivoviay nalaidtepa. Avté épxetatl oe avtibeor)
HE TO YEYOVGS 61t 6Aol 01 OLyypa@els KataAljyouy O EUVOIKG OVPIEPROPATA yla TV
axkpiBela g KATAOKELIS.

H npdéogatn €pevva 0A6xkAnpouv tou kupiov, 1) onoia eKteA€otnKe ota nAaiola evég
EAAnvo-T'eppavikol  emOTHOVIKOU  IHPOYypREPATog, Hag Mapexer  andAuvteg
ovvietaypéveg 300 nepinov onpeiov, pe mbavij anéklion Afyov xtAlootdv yua v
avaivor) tov nAtakoy wpoloyiov. Oa katafAnbel npoonadeia va ovpnepidn@bovv kat
HPAKUKEG andypelg nepi Kataokevrg, 6nwg 1 apyaia yvdon ya g yovieg tov
eKAETTIKOU Kl TOL YEwypa@ikol mnAdrovg, kabog kat 1) apyaia povada prjkous.
Daiverar noAdd mbavé nwg pévov 10 AvatoAiké- kat 1o Avtiké- nAtaké wpoddt eixav
kataokevaotel Baowldpeva ot Hewpia, eved yia ta viédoua ot OKIEG OIpELDOVOVIaV
XPTOTHONIOIHVTAG TO IPONYOUHEVO, (0mMG armo Kowos pe v8pavAiké poddt, wg npdtumno.
Oa Sobel enfong pa anoyrn tov perpoloyikot npoPArjpatog, Bétoviag pa otabepd
anoAvtov xpévou.
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