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ENTASIS — SHAPE OF BEAUTY
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Abstract. Two algorithms for the construction of entasis gilgy [2,3] are examined in this
study. It has been shown, that those shapes arannellipse for which they were considered
by the authors, but another curves.
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1 Entasis in theory of architecture

Interest in theheritage of the ancient Greeks, which had been arousedaly dluring the
Renaissance, brought the first descriptions of iactural ruins, monuments and ancient
sculptures. Since rediscovering of the Vitruvidde architectura libri decemn 1415

a number of books and treatises have been writidhesubject of classical architecture.
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Figure 1: Entasis shaped with different algorithejsmethod given by Thoma [1], b) method | andnethod I
both given by Buhlmann and Ulatowski [2, 3]

Systematical, detailed studies of ancient monumaats initiated by founded in 1663 French
scientific society — Academie des Inscriptions etl@&—Lettres. Continuation of this research
through the years and centuries brought the ddtaiteangements for the size, proportion
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of individual elements of architecture and geongset@nstruction proposals reflecting their
shape. Walter Thoma mentions in his work [1] al®Ribooks concerning this subject written
between 1452 and 1771. Among them 10 focuses exely®n shape of columns in classical
orders.

One of the most popular academic textbooks of #s¢ ¢entury is the work of the
Technical University of Munich professor Josef Biilahn —Die Bauformenlehrgl]. There
are two algorithms for the construction of Doridwons entasis given there (quoted in Polish
literature by Ulatowski [3]), which will be examideén this study.

2 Entasis of Doric column according to Bihlmann andJlatowski [2, 3]

Doric column doesn't have a base nor plinth arabmposed of only two parts: the stem and
the capital. The stem tapers upwards quite sigmflg, the lower section of the column
diameter equal to two modules (which is 60 partite top is generally 44 parties, therefore
44:60. The bulge (entasis) moderate. The methadddfning entasis given by authors are
presented below.

s

Figure 2: Construction of tangents

Method | (Fig. 1b). One should draw a bottom dianég—A,, the central division of the
shank and at the top the upper diamgteiE,. Vertical line that is the height of the column is
divided into several equal parts, in this case f@urB, C, D, E) A semicircle should be
drawn at the bottom diameter, and from the endppien diameterH;) a vertical line to the
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circumference of semicircle (1). Thus obtained segnof semicircle4; — 1) be divided into

as many equal angles as the number of equal gariiciwhich the shank height was divided,
in that case — four. The dividing points on thetisecsemicircle have numbets 2, 3, 4.
From the points2, 3 and4 one should draw vertical lines up to the intelisectvith the
corresponding horizontal line from poirds C, D Note that the distance between the vertical
lines are not equal. A line connecting all fivergsi A;, B, C;, D1, B, forms entasis of the
stem. It can be seen that this is essentiabprastruction ofsinusoid “stretched” by a some
factor.

Method Il (Fig. 1c). There is the bottom diameferAy, the central line of the shank
A-E and at the top the upper diameterk. Central line is divided into any number of equal
parts, in this case fo@A, B, C, D, E)A circle should be drawn with a center in pdiat end
of the upper diameter, and radiugequal to half of the lower diameter), the cirttieersects
vertical line at poinE’. Extend the lin&,—E’ to the poiniN, which is the point of intersection
with the extension of the lower diameter. Sectibnestical line A—E’ should be divided into
the same number of equal parts into which the segmentA—E was divided E’, G’, H’).
From the point of intersectioN one should pull rays to the points of interseckgnG’, H'.

In these points one should draw circles with radipsntersections of the circles with
horizontal lines from point8, C, Dgives pointB,, C,, D,. Connection of pointéy, B, G,
D,, By, By, forms entasis.

It can be seen the construction is very similathe construction of conchoids of
Nikomedes (x* + ¥*)(x — a)® =d*x* , werea = NA andd = r. Interestingly, the authors
[2,3] giving the algorithms of both methods didnmiention their mathematical interpretation,
which more, states that obtained in this way cuaresdragments of an ellipse

3 Entasis’ geometry analysis

Both constructions presented in [2,3] are basetherseparation of column height into any
number of equal parts. By setting the division idtparts, there would be 5 points obtained
designating the shape of the column. Five pointglpn a plane determines a conic curve.
So the curve defining entasis of Doric columnsgedatned in this waypf course, can be
seen as art of conic section.

To determine type of the conic section one showdk|for its characteristic
parameters. Using the Pascal's theorem about agtmexascribed in a conic section [4]
additional tangents (named as a and e) at poMt& (E;) have been constructed (Fig. 2). The
following cyclic order was set for conical point&j, B;, C;, D; and E;. In this case, the
opposite sides of a hexagon inscribed in a colicd{ & CiD;, A1B; & D1E;, B:C; & E1A)
intersect at point®;, P,, P; (lying on the Pascal's line). When setting thenfsd?, andP; we
get the Pascal's line, and the pointoR the line as the intersection with the sid®L The
tangent at the poinf; passes througPR; (as the hexagon's sidg®A;). In the same way
tangent e can be determined.
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Basing on the two points, tangents at these p@tsa, &, € and the third pointQ,)
one can determine the collineation project the eu(@onic section) into the circl&
(collineation axig determined at the tangemtcircle of freely chosen size tangentiallyatn
the pointA;).
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Figure 3: Demonstration of entasis shape as aesggoft a) hyperbola and b) ellipse

To construct a tangent to the circ)(from the point | on the collineation axis, one
sets poinE,, and leads lin€&;C; and finds its equivaler,Cy in the circle’s system. Couples
of pointsEj,Ey; C1,Co define the center of collineatidh Picking point at infinityP; on the
line e, one can determine a border line passirautirP,. That allows one to state clearly the
type of the curve. Because when the entasis iseshhp method | or II, the border line n
crosses the circlk it will be a hyperbola, not ellipse as given byhBiiann [2] and
Ulatowski [3] (Fig. 3a).

Whereas the shape of the ellipse (straight boundags not intersect the circle —
Fig. 3b), would be obtained in the case of apghcamethod given by Walter Thoméa [1]
(equidistance between the points Bf 2’, 3', 4’, Fig. 1a), assuming of course, that the
analysis we submit 5 points of construction.
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It is interesting that by far the non—compliance=rem't noticed nor corrected. Given
the high level of development of projective geometr Germany in the nineteenth century
and attention paid to details by German authors cme be surprised. We hope that
popularization of this issue among specialists btte geometry and the history of
architecture will broaden our knowledge on this¢op
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ENTAZIS — KSZTALT Pl EKNA

Zainteresowania sgaizng staraytnych Grekdéw, ktére zostaly rozbudzone w okresie
Renesansu, zainspirowaty cate pokolenia architektbwteoretykow architektury do
prowadzenia szczeg6towych badaZaowocowalo to ustaleniami dotyeymi wielkosci

i proporcji poszczegoélnych elementéw architektury, take propozycjami konstrukcji
geometrycznych odwzorowagych ich ksztalt. Jedn z popularniejszych publikacji
dotyczcych tych zagadniejest praca [2], w ktérej podano dwie konstrukcgztittu entasis
kolumny doryckiej. Jak mama zauway¢, jest to konstrukcja sinusoidy (,roagnictej”
0 pewien wspdtczynnik) oraz konstrukcja konchoidykdvnedesa.Zaden z autoréw nie
analizuje jednak matematycznej strony zagadniemiayiccej podag oni, ze ksztalt entasis to
fragment elipsy. Nawet przy zadeniu, ze do analizy wemiemy 5 punktow i poskymy sk
kolineach, to okazuje s, ze przechodsa przez nie stdikowa jest bardziej zbiona do
hiperboli, niz do elipsy. Interesage jest,ze tych niezgodnii jak dotd nikt nie zauwayt

i nie sprostowat.
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