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ENTASIS AND OTHER REFINEMENTS IN THE

GREEK TEMPLE

«

-

Entasis 1s the sﬁelling in the central portions
of the shaft of a column., Its n&tuée. pﬁrpose, study and
'story are the main cogcerqs-of'thls thesis. It-is one of
the earliest of the Greek réfinemenfs and” the only one
that received much favpf after the Greeks turned from the
Doric to the Ionic and Corinthian ééyles. Such other
refinements as are sumﬁarily discussed dre those that seem
té grow out S? entasls or are closely related Eb ite 1In
any case, the observations about entasis seem to appiy
broadly to the other reflneﬁents doncerned.

In the exténp wrltings of antiquity'gke wprd‘I{ 265%015
was used only once in 1its archltecturallsense: Vltruvius

ma

used 1t irn De Architectura - the only ancient manual on

architecture and one that 1s sometimes deemed to be gquite

misleading on Greek styles. To further complicate matters,

-~

Vitruvius refers fo an 1llustration which explains the
technique, but that illustration has long been lost to us,

s

‘There 1s evlde?ce that the principle of entasis
was applled in Mesopotamia and in Egypt centuries before
it apparently was ‘'created' in the Greek world. Yet the
practice of applylhg a bulge to a shaft 13 generally sald

to have originated with the Greeks,



The Romans used entasls with ‘gusto an expert on
the sublect knows of no Roman column without ft. Nor did
.the practice die out during the Middle Ages. As one might
expect, there.was a revival of interest and applicatlon of
entasis 1n Renaigsance Italy when Vltruvius' book was
reprinted and sfudied. The practlce spread to European
countries and eventually to the New World so that 1t is
etlli'feund in 'neo—claesical"and more particularly, 1in
rustic North Ameriea'- even in Cttawa and the Ottawa
Valley. The supreme 1rony‘1s that entasis was Just
*discovered' in the Acropolils structuresvin the last‘
century, and lts existence in some structures was missed,
by some who made the most careful and eccurate calculations,
‘Pnd even disputed by others.

This work, then, examiﬁes the nature of entasis
and suggests éhat while the Greeks may indeed have invented

-~

1t independently, there 1s e&rong probabllity that ~

l

1nf1uences were at play. The times and
Py

nature of contacts between Greeks and the Near East”are touched

Al

Egyptlan and Mesopotamlan

on briefly, An attempt 1s made to offer a synthetic over-

view of such evidence as does exist about the nature of

entasis. In-this respect it should be observed that actual
.

measurements exlst in avallable publicatlons for fewer than

a dozen columns and one must suspect the conclusions that
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.are offered or the way in which the findings have been

T
expressed.

.The eéymoioglcal slgnlflcanﬁe ip touched on, as
is the na%ure df the entasis curve, its requirements and
the éonlcs and geometric and mathematical proofs involved.
Tests are gliven for the hypgr&ola, bafabola, ellipée,
conchoid of Nichomedes and vertical projection of a hellx.
Some of Penrose's dlagrams are reproducea end compared with
éhOSe by Stephens. There 1s consideration of }11usory and
aesthetic factors and the possible lmplicatlons of a canon
based on human proportions., The 1list of éxtant temples 1is
so catalogued that the reader can add more information
about entasis as 1t.becomeé avatlable and relate it fo
other pertinent data. !
The author admits tﬂat there seems to be no

conclusive proof for his feeiings that entasis was arrived
at by.no hard and fast rule by the Greeks, no matter how
precisely the curﬁe was executed 1in 1nd1v1&ﬁé1 cases. He
awalts validation or rebuttal'&f his argument from someone
armed with precise measurements and steréogrammetrlc information
procegqeq through a modern computer.

N .

.
Y

David Lorenﬁe, r

1979.



) PREFACE

. ‘Three and a half decades ago I was 1introduced to
the Greek temple by the late Brother John Pollock, 0.M.I.,
at Salnt Patrick's Coliege, Ottawa, For Phe last twenty -
six yéars I have attempted to answer questions by Renfrew
Collegiate students in m& classes in art, anclient history
and archaeology - questions relating to how and why the

anclent Greeks should have used entasis and refinements 1n

thair temples. Fate decrqed that I should do & seminar on
the topic for Dr. Trevor Hodge at Carietoh University at a
time when I was sedrchlng for & Maater'a~thésls toplc.
Certaln aspects of the matter also interested Dr. Graham
Webster of Birmingham University and he‘bermltted me to
conduct a seminar at his archaeologlcal site t& show how
refineﬁents might have been used 1n execﬁting the famous
Wroxeter Roman Clty inscription. The time seems ripe for
me to commit myself to paper.

I am not unaware that I lack in-depth expertise in
meny of the areas that have a bearing on the topic and that
this study may seem to range far and wilde a; times. The
questions 1 have been asked over the years and the qﬁestlons
I have asked myself have largely determined my appro;ch and

dictated format, Accordingly, I have attempted to glve a
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broad survey of what exnertg have qeemed to be the
nature and pgrpose of entasis. Such r;finements as are
mentioned are treated summarily and .only hbecause they
grow out of - or serve to c¢clarify - the dlscussion of,
entasls.

-At the.same time I should regard it as apt if
thls study in some smell way becomes a testimonial to
Brother Poliock's 1nsnlred'teach1ng and to my students’
curiosity. I should also llke to express my gratitude
to Or. Hodge for his encouragement and asslstance and
to br. Edmund .Bloedqw for his suldance and vatience.

il This study 1s dedicated to my family, to my.
wife Kay, and tq Des, Doug, Don, Jane, Dan - and [ave,
They have been my 1nsp1ration and staying oower,’ 'Lhey
have suffered the consequences of a father's dédication

to study.

vi
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. INTRODUCTICON

1. Sﬁatus Quaestionis

Virtually evafg student of the Greeks knowa that
straight lines in buildlngs like the Parthenon were the
exception rather than the rule, that the Greeks, in short,
used refinements. He may even know that the cur&e
imparted to the vertical taper of a coluﬁn is called
entasis; and that the curve itself had all the character-
istics of a sophlsticated conic.

Should he pursue the matter a little further,
however, he would do but little to clarify the nature of
entasis and refinements, or indeed thelr purpose. He
would instead open a Pandora's box of 1rfeal§t1b1y

.fasclnating questions. This study is my own attempt to

wd .

confront some of these challenges,'to reconcile conflicting
information and to gather into a single treatise major
conclusions which have been reached.

In the extant 11terafure from antiquity the word
entasis, in an architacturai sense, appears only once -

in Vitruvius, four centuries after the apogee of the

J///gp lication of the principle by Ictinus in the Parthenon.

v

And while entasis was used in Roman times and sporadically
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during the Middle Ages, it was not discuséed in treatlises on
architecture until the Renaisd?nce, when éfchtﬁecﬁﬁre71n'ltaly
tended to become a theoretical sclence and Vitruvius' De

Architectura was republished. Ironically, the egtasis in

the Acropolis structures was re~discovered only in the nine-
teenth century. There Was a brief revival of ‘classical
entasis' before the end of the century, but theresafter modern
modular building techniques mitigated against its further use.
Yet it was used even 1in the Ottaws Valley a few decades ago
.and 18 still to be seen in the columns on porches.

The student Who seeks a definition will find, quite
often, that_entasis 15 sald to be a Greek inventlon. He 1s
of fered no word or name or purpose for the earlier famillar
curved profiles of Egyptlan and MeSOpotamlan|columns. Should
he seek further detﬁlls about the nature of the curve, he would
find it parebolic, elliptilcal, oT perhaps, hyperbolic; he would
find this strange indeed, for the conic sectlons had not yet
been invented when the Parthenon was built. Should he attempt
to reconstruct & column Wwith entasis, he WOulq probably use &
'modernized! version of the Renalssance masters'! techniques
(Serlio's vertical projection of a screw line or Vignola's
construction of a conchoid), and on turning to Vitruvius for
an original technlgue, he would find that a) the description
1é cryptic, b) the illustration and the technique to which

Vitruvius referred are, in fact, not to be found in his

.
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~treatlse, and c) there is’ some doubt whether Vitruvius did

indeed ﬁlve the old Greek recipe. One could turn to nhotographs,
of course, but cameras have been known to lie. The temples
themselves are all too often in a state of disrepair, ahd
accurate measuremsnts - even 1f cost permitted - are, in many
cases, not possible,. Koldewey and Puchstein lament. the fact
that exact studies have not been made of all thelr sites and
fthey blame fhe cost of erecting scaffolding.l

Indeed, the nature of such 'modern' scholarly reseérch
as 1s avallable is.1limiting. No current vélume 1s devoted to
the subject., - The word entasls is only sometimes listed in an
index or glossary and detalled references are few; the word

refinement 1s hardly ever noted. Dombart, in his article on

g
entasis in the Realencyclopldle (1924) cltes only elght ancient

~and modern literary references: Vitruvius of the Augustan
period 1s the only ancient source. Serllo and Vignola of
Renaissance Italy come a millenlum and a half later. In the
nineteenth century there are the Englishmen Penrose and Pennethorne
as well as the Germans Thlersch and Hauck. Flnally, there is
Goodyear, the American who published only BOQ coples of his

2
monograph on the subjective nature of refinements in 1912. There

1Koldewey, R. und Puchstein, 0., Die griechischen Tempel in
Unteritalien und Sicilien, Asher, Berlin, 1899,8s in, Goodyear,
W.H., Greek Refinements, Yale University Press, Yale, 1912
pp.131,136.
x ZDombart, T., BE Suppl IV, 1924, s.v. Entasis,
cols. 270-276. .




- . . . “ ) a
18 no convenlent collection of inscriptions relating to

Greek architecture.l Vitruvius, though he comes four
centurles after the Greeks used entasis and ;eflnements

in their most subtle forms in the Doric Parthenon, is our
most 1mportantkauthor - and he belongs to the Ionic

tradition. Any other writer refers to architecture only

in passing, .

Defining and determinlng the nathre of refinements
is almost equally frustrating or challenging. Time, place
and the author's expertise are factors. One can find )
reference to the more obvious 'niceties' such as
inclination of columns, stylobate curvature and variled
intercolumniation in most studies. Such features as are
sometimes termed 'refinements' are catalogued on p;ges 10 - 12
of this study. One wonders about accepting polychromy,
ichnographic proportions, moulding curves, fine carving
in the arris, and the like as legltimate refinements.
There is an ob#lousvneed to exclude and restrict.

There 18 a final %1m1t1ng fgctor, not so much on
tﬁa evidence as such, butJon hoﬁ the evidence 1s used.
That factor is the person using it. That is a truism,
perhaps, about any researcher, but in this particular case

another factor 1s at play., Most of the treatises which

include discussions of entasis and refinements have been

1Coulton, J.J., Greek Architects at Work, Paul Elek,
London, 1977, p.182.




written by exp?rts in other fieldé. Ideally therefore,

one ought to be a ﬁ;actlsing architect and engineer as well
' as an expert in optles, numerology, metro}ogy, a#chaeology,
archaeo-astronomy, higher mathematics, the histeory of math-
ematics, photography, Gestalt psychology, and even aft and
aesthetlcs, 1n-order to be-éble to assess fully a glven
-discussion. I make no such pretence, but héve striven to

evaluate the relevant discusslons to‘the best o{ my ability.

L

2., 0Object and Scope

The main object of this study 1s to provide a
synthetic overview of the available evidence and to examine
it critically so thét 1t can be shown what stage the problem
nas reached in present-day scholarship., The pauoity'of\
material and written evidence will 11m1£ﬁ%hg séspe.very
considerably inasmuch as our concern 1s _with the Dorilc
temple from the time ;ntasis }1rst appears dﬁring the
colonization of lMagna Graecia until the age of Pericles
when it is the only 'nicety‘ to survive the new preference
for the Ionic and Corinthian styles}' One must perforce
examine fhe precedents and the more numerous later Roman,
Renalssance, and even 'modern' and-contemporary examples

in orqgr to see better the 'Doric episode in Greece' 1in

perspectlve.

lCoulton, GAW, p.lll.



Illustrations and considerations of selected
non-Greek examples have been‘incorboratéd 1n this study
only if it ﬁas thought that they might shed some light
on our understanding of entasis as th;\Greeks might have
uged lt. Reflnements are dealtuwith in the samF way.,
Only those few that serve as secondary illustrations of
the entasléiproblem are consldefed. y

4

3. The Evidence

liaterial remains of temples/structures

Mention has already been made of the sad state of
most Dorlc temples. Wars, time, pillaging, defacing, earth-
quakes, earth movements, erosion, settling and use, gbuse
and disuse have taken their toll. Little remains that can
be accurately measured and even then, coét.has prevented
those who tried froﬁ achleving any egreat success. frecisely
because there 1s no compeﬁdlum of up-to-date 1nformation
relating to entasis and"erlnements, several appendices
have been added to this study. One 1s an adaptation of
Dinsmoor?s chronological 1ist of all Doric temples.l
His recent, authordtative and complete statistics are
retained (in spilte of the fact that they make no direct
mentlon of entasls and refinements) because the information,
€.%. y ratlos; proportions and dimensions, sometimes has

a bearing on our consideration of entasis. To this 1llst 18

1D1nsmoor, William Bell, The Architecture of Anclent
Greece, W.W. Norton & Co.,.New York, 1975, pp.340 a-f.




1 . 7
added data about the existence of vertical or horizontal

curvature, so that one can, for instance, seem to trace the

development of Greek.entasls from extant temples in Metapontum

and Paestum (6r.possibly Olympla)'to the Aorqpolls;l One
v
can also see Which temples had entasis and which did not
and whether there is an apvarent correlation betweeg enta%js
and horlzontal curvature or even curve in plan.2 The oben-

ended aspect of this appendix on the one hand reveals what\)

“little inférmation 1is avallable, and on the other, offers a

-

place to compile it in relation to other pertinent facts.
Ancther appendi; #lves actual references to entésls by
Dinsmoor, Robertson, Lawrence, Goodyear, Coulton, Cook et gl.B
No one pretends.thgt ﬁhe 1list 1s exhaustive, but it does
indicate that hard flgures are glven for only eight temples -
and filve of these were measured by Penrose.a so much for
pauclity of evidence! This appendix also llsts the temples

by place and name and so indents each that 1ts location in west,

N

lye nave nformation for but a small percentage of
the total number\gf\;fmples ever bullt, so our evidence could
be misleading. Othex factors must be considered, e.g. entasis
seems to appear in the colonles first, but other refinements
such as angle contractlon apparently originated on the main-
land and reached the colonles only one.hundred years later
around 480 B.C. (Dinsmoor, AAG, p.105.)

2The Temple of Apolle at Corinth (540 B.C.), for
instance, has no entasls and a limited type of horizontal curve.

3Reference ls made to page, figures, i1llustrations
and measurements. '

uParthenon, Erechtheum, Propylaea, Theseum and Templé
of Zeus Olympius Dby Penrose; the Olymplis Heraeum by Coulton;
the Basllica and the Temple of Athena or Demeter at Paestum
by Koldewey and Puchstein.
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east, or mainland, is vislbly apparent. Appendix Iv
-
features maps on which to locate the sites and geographic

parameters of the study. . *

Ancient literary referenoes'

Except for Vitruvius, anclent writers refer to the
broad fileld of architecture only in passing. To be sure,
other architects, like Ictinus and Callicrates, are sald to
have written booke explaining their works. These have all
beeﬁ lost to us; Wwe know about the book!, but that is all,
And if references to architecture by ancient writers are
-incidental, the references to entasis and reflnements are
virtually non-existent. A perusal of the 'feflnements' listed
on pages 10 to 12 willl reveal the almost utter hopeflessness
of t?ylng to find ﬁhem in the index to any anclent)document.
One mﬁst rely éhiefly on a chance reference here ot there. -
The maturation of archaec-astronomy, or ast;oarchaeology;
has brought many books on the market of late, and these often
suggest written or physical evidence and new avenues of
congideration. On the other hend, R.L., Scranton's gulde
to the inscriptions pertalning to architecture in Harvard

Library Bulletin 14 (1960) pages 159-182 and the ancient sources

cited by J.J. Coulton in his recent Greek Architects at Work

(1977) are perhaps the most useful documents outlining available

literary references, .

e



4., Definitlon of Terms

.~ We have already called entasis 'the curve imparted
f; the vertical taper of a column', That will be our
broad working definition - our ggggg,Aas it were, because
we must refer to the Babylonian and Egyptian predecessors.
Our differentia will refer to the nature of the curve {its
mathemé?ical characteristics, the amoupt of eurvature and
its position relative to such factors as the height of the
column}, to thg purpose (aesthetic, illusory or optical),
and to time and place. This 1s the concern of the next
chapter. i

'Refinements*® are sometimes construed as 'nicetles’

or 'subtletles’ of construction, and though -the number of
refinements in the Doric temple, e;peclally in the Parthenon,
can approach three gscore, we shall concern ourselves with
those few that are closely interrelated with entasis a,hd
contribute most to the final impression of the structure.
In this regard, the question of horizontal curvature will
be treated much like entasis., Inclination of columns and
variations from the normal dimensions are the other closely
related refinemehts wlﬁh.which’wé aré concerned. The

- 4
following 18 a list of features sometimes termed *‘refinements"
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ABACI, asymmetric dimensions, inclinatlon of.planes
ACHOT%FIA, inclinations

ACTION of the Doric temple

ANTAE, inclinations

AﬁTEFIXES, ;nclinatlons

ARCHITRAVE, curved

SYMMETRIb\pIMENSIONS or MEASUREMENTS R

" BACK OF PEDIMENTAL SCULPTURE CARVED IN DETAIL. finished

BUILDING OUT OF PARALLEL WITH OTHERS
CAPITALS, asymmetrilc dimensions
COLUMNS, relative dlmensions, inclinations to facad; or
side, 1nc11natlon to corners, variatlions 1in
fluting, asymmetric dimensions, asymmetric
\ ‘spacing, contraction of intercolumniation,
5 nature and degree of entasis, size of projected
- entasis curve, location of vertex of entasis curve
CONTRACTION of intercolumniation at the angles
CONCAVE CURVATURE in plan
CONVEX- CURVATURE in plan
CORNER COLUMNS INCLINED
CORNICE, inclinations of the vertical face
CORONA, inclination ,
COUNTERSUNK CORNERS of stylobate, stereobate
CURVATURE, horizontal, supposed.use to correct sagéing
effect, as an aesthetic 6onsideratlbn, convex 1in

plan, concave 1in plan, curves 1in the .raking gebles,

|12
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curvature in the entablature: limited to éhe
facade, limited to the flank, dimensions bf the
projected. curve; vertical (seé entasis)

CURVES in mouldings, fluting

DIMINUTION of Doric sharft and effect on perspective illusion

DIRECTION OF'INCLINATION, degree of ‘ ) ~_

ENTABLATURE, curved, inclined \J -

ENTASIS, type of curve, location of maximum entasis, ratlo

of maximum entasis to other meagyiémentq, in columns,
in door Jambs, pilasters -

FINE CARVING in arris, hard-to-see frieze, backs, of pedimental

sculpture, etc,

FRIEZE INCLINED, position of ~

GABLE, raking lines curved, bent upwa}d._pfescrlptions

ICHNOGRAPHIC PROPORTIONS o _r'

INCLINATIONS, measurements, preécriptlons, in antae,
‘érchltrave, columns, friéze, gable, entablature,
pediment, steps, tympanum, w%ils | .

INSCRIPTIONS, dimensions corrected fo achieve:.optloa;
uniformity \

INTERCOLUMNIATION, asymmetric measurements

MARGIN OF MASON'S ERROR |

METOPES, asymmetrlc variations
S A

OPTICAL CORRECTIONS, eg. in inscriptions, etc.

PERSPECTIVE, curvilinear, 1llusions
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POLY CHROMY -~
POSITION of frieze, end columns, etc.
PROPORTIONS and RATIC of measurements

STE®S, curvature or lack of curvature

~ STEREOBATE, curvature, dimensions

\EEjZéBATE, curvature, dimenslons
RIGLYPHS, assymmetric dimensions, off-centered, related

to Spatial contraction of columns
TY MP UM z;cllnatlon )
vIBHATORY EFFECTS of | éic;;zectural assymmetries

This 1list of refinements 1s not exhaustive. It
1ls, perhaps, extensivé enough to indlicate why any
reference to refinements has been aonfined only to thQse
that 1llustrate or amplify the discussion of entasis.,
It will mlso suggest that horizontal curvature deserves
more consideration than the other inomalles because it

is the only other large scale refinement in which the

entasis principles seem to be used.

12
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inscribing, tension, straining) comes from the verbal

14

1
ENTASIS

1. Etymological Significance and Daflinition

7/
Etymologlcally, the term ri) G)VTOUQ'IS (entaslis:

2 ’ .
form €VTe&ivw (stretch [or] strain tight [especially

of any operation performed with straps or cords]; stretch

‘(& bow] tight, bend [it for shooting]).

T

We don't really know how entasis as an archltectural

efinement was arrived at, or how it was put on the column,

&-—\‘ir indeed what the Greeks thought its purpose was, We do

t
A

now, however, that while our earliest encounter with the

erm in an architectural sense 18 in Vltruvfus, it di4

have other meanings in other contexts and an examinatlion

T r"

of these might prove useful,

Liddell & Scott give the following entry for

I[ GVTdO'IS 1, inscribing 6)5 Tov KUKADV [Plato, HMenex.

87 b]; IIl. 1. tenslon, straining, Tov Uﬂ'o)(ovaJIoU

[Hlppocrates, E’lTlJr}/ulu] 3.1 )i ™ c'w(a.droS [Hippocrates,

mf’“ , (,U\I 'UJO‘T”UW“—NV L}] va Paﬁsw\l [Hlppocrates,
nepi o-rnu.wu 307: Btpatxt\(mw fixed stare [probably

in Aretaeus Medicus, Xfm/lwll VOUU'&UV &quﬂél)'ﬁgofdl.jj;

distension, OHSOMU\/ [Galenus Medicus, 7. 7287;
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2. exertion [Plutarch 2.948b; Aretaeus Medicus, ’}T&f’
GuTHov  Eal o‘nye:wu o_;em-;rorﬁwv 2.2]; pl.
retchings [Aretaeus Medicus, )?Dkuv voUrawy 6efan'surmbv .
2.13] 3. n rov TeOT wii Y evra(a-/_g

the assumption of a’/serlous face [Lucian, Symposium 287;
earnestness, 776,0; G‘K&GEU [Porphyry, de
Abstinentia 1.547; strictness. Vo’,utuu [PSorb. 675.14

(3rd Century A.D.)]:; 4. architecture: swelling {in the

outline of a column] [Vitruvius, de Architectura 3.3.13].1

It may suffice to observe that virtually all these

referencgs can be‘related to the nature of, or application
of, entasis in the column; inscribing might relate to

the technique for arriving at the curﬁe or méklng a model

to serve as gulde; tension and straining might refer to the
wire that was perhaps useéd in a primitive form of *pointing'
staring could refer to the art of plumbing a line visually
ér to the concentration required to detect the subtlest
entasls; dlstention and exertion might indicate the nature
and role of the extra swelling; the assumption of a serious

=

\?ace echoes earnestness and strictness as well as the care

with which,the process had to be carried out. The many
T N /J

) -~
1r1ddell & scott, s.v. €lToois
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references to physical exertién are entirsly in harmony
with the fact that the Doric is said to be the masculine
order which derived its form from male proportions, and

gso the suggestion.ofltension appropriately echoes the
function of the column in relation to 'the-lintel or
archltravg.' (It is also slgnificant, perhaps, that in
the Ionic or feminine order entasis was barely perceptible
or even non-existent.) .

)
Vitruvius called A €VT*CI/SC the adjectio quae

adicitur in medils columnis.l This swelling in the middle

parts of the shaft presumably corrected a disagreeable
optical lllusion;2 it was the compensation to counter the
apparent concavity of a strailght-tapering column,’ but 1t

also served to lmpart 1life, vitality and an organlc aspect

to the architectural member.u

1yitruvius, De Architectura, III, 3, 13.

2penrose, F.C., An Investlgation of the Principles
of Athenian Architecture, reprint of ?nd ed. of 1883, ﬁcGrath,.

Wasﬁlngfon. I§75. P« 103,

3Heron of Alexandria, Definitions, 135, 13
Damian ((germodorua, OEETOS; p.268-30,

uLawrenc ’ A}w.; Greek Architecture, Penguin, Har-
mondsworth, 1957} p.l1l70,

_
//

s
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2. Possible Origins
It can be argued that the principle of entasis did
not orlglinate 1h Greece, Curvature was certainly imparted
[

to buildings insMesopotamia and in Egypt centurlies before 1t
was used on the Acropolls.

Sumerlan deslgners appear to have discovered the part
played by optical 111 inp architecture, a discovery,
or rediscovery, of the builders of the Parthenor. In -
effect, there are no long straight lines at all in the
Ur ziggurat, but the line of every wall and of every
superstructure is lmperceptibly curved or convected, so

that the observer, bE the principle of entaslst recelves
an impression of bo streng an ghtness.
Strabo also hinted at a curved aspect of the columns made -

2

in early Babylonila. (See hypothetical reconstruction on

page 18.) Dombart also refers to the Babylonian precedent

and to 'an origlnal Egyptian forerunner'.3

A swelling of the shaft of a column is characteristic

of .Wwooden and stone prototypes in Egypt, where Pennethorne

4 ‘
thinks the practlce began. It 18 interesting to note that

in the New Kingdom the hleroglyph for column was <><:::::>;5

t . / ﬁ‘
./H__,/

1Wellard James, B : -
’ y Babylon, Schocken Books, New York
1974, P-9f;(my emphasis]), ’ ' '

25trabo, Geography, 739,

3Doubart, T., RE Suppl. IV, 1924, .col. 270,

4Pennethorne, J.y, The Geometry and Optics of Ancient
"Archltecture, 1878, p.1l20.

SBadaway, Alexander, A History of Egyptian Archltecture,
(The Empire), University of Californila Press, Berkley and LoS
Angeles, 1968, p.527.




0 @

18

A ‘ /

s [ 3 %:c

Fig., L. Hypothetlcal Reconstruction of the Babylonian
Technlques_for Bullding Columns according to Strabo.

Ll

In method 1 (a and b) the tapered wood core 1s.covered with
reeds which themselves are tapered but which are cut longer
than the core. These reeds bulge under pressure of the lintel.

In method 2 (c) the reeds are so laced at top and bottom that
they sag under the weight of the stucco covering and form entasis.
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Fig.. 5. Hypothetlcal Reconstruction of the transition from
Wooden post to stone shaft to decofated (relief)
pillar, then to single round and bundle columns
and finally to a lotiform capital with 'stalk' with

entasls, as it might have occurred in Egypt.
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in the Middle Kingdom the same synmbol was vertlcal.
Badaway spells out the literal meaning to hé€lp us better

interpret the Egyptlan concept: "wooden celumn with entasis

in shaft, capital and top tenon".l Furthermore, an eiam-'
ination of the nature of tall wooden elemeﬁts in Egyptian
paintiﬁgs wWill show that columns almost always have entasis,
but equally long piecés of lumber in machines, ship masts, etc,
do not feature the bulge.2 It would seem that entasis was
8 curve that the Egyptlans came to assoclate with the
architectonic role of the column and which they later extended
" to such elements as the prlon, vpllasters, obelisks and the like.
One must perforce mention the famous Egyptilan
'Proto-Doric' columns of Benl-Hasan, Karﬁﬁk and Der-el—ﬁahari
in Thebes., Many.beileve — a8 the name 1lmplles - that these
columns greatly 1nf1ﬁenced the Greeks precisely when they
were translating the DPorlc column intec stone. But Dinsmoor

thinks not, on the grounds that eafly Greek Doric columns '

lBadaway, Alexander, A History of Egyptian Archi-
tecture, (The First Intermedlate PFeriod, The ﬁIHHIe King-
dom and the Second Intermediate Period), University of

California Press, Ber&;ey and Los Angeles,; 1966, p.259,
(my emphasis),

2Mek1tarian, Arpag,
Zgyptlan Painting, Skira, New
York, 1956, pp.80, 106, 125. - ’ !
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were too squat, had too pronounced a taper and put

different emphasis on such elements as abacus and echinus,
He questions why the Greeks should have copled but one of B
many Egyptian columns, and that one a type that had cpaaed
to be employed 8ix hundred years before the earliest Greek
stone columns. He feels that the 1nf1uen6e for the Doriec
form came from early Wooden columns not unlike the early
Aegesn types which the Dorians must have known through 
coples of the columns on the Lion Gate and fomb of Agamemnon,
Only reluctantly does he allow that the 'proto-Doric' does
'to be sure...bear a superficial'resemblange' to the Greek

Doric.1

It is probable that both sides in the *'Proto-Doric’
question are right, Dlgsmoor admits that the.earlleat stone
small scale columns of tﬁe temple of Athena Pronaea at Delphl
are exceedingly slender and he does not argue agalnst‘an',
Egyptlan influence in Greek architecture per se. Indeed,
he credits Egypt with a strong role in the develophent of
the'proto-Ibnic capital which, he says, passed from Egypt to
Mesopotamia, so that it is found 1in representations of
actual colums on the sun-god tablet of Nabu-apaliddina
(885-852 B.C.) from Sippara and on dedo’Teliefs from the

palace of Sargon II (722-705 B.C.) at Khorsabad.2 He

1D1n5m001'. woBo| AAG’ pp.55"56.

2Dlnsmoor, W.B., AAG, p. 61.
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mentions influences.in the sixth century throne room of
"the palace éf Nebuchadnezzér at Babylon and then he says:
From such sources there were direct contacts With the
Greek cltles; for ere wer a gservice
Sennacheridb (705-681 B.C.), and the brother of the poet
Alcaeus was similarly attached to Nebuchadnezzar
(605-562 B.C.).1
If we can show there was Greek contact wlth Egypt when -
the 'Proto-Doric' célumn was still in vogue and also when
the Greeks started to build their columns in stone, then
we shall have made a strong argument for an Egyptian influence.
More important, we shall not have denied that there could
also be equally strong influences from the media and from
native Greek tradition. There is no reason why one influence
should exclude the other completely. But most important,
one should note that Dinsmoor never once refers to entasis
in his arguments against an Egyptlan influence on the Greek
Doric column; he feels there ig a strong influence from
Mycenaean times; he cites significant dates and places and
an alternate route that would also pass on the Mesopotamian
influence which we have already discussed, |
The Proto-Doric column appeared early on the banks
of the Nile at Sakkara. The "curved planes and delicate

fluting seem at times to anticipate the Doric reflnements

1D1n8m00r, W.B.. AAG,.D. 61-

w

2
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of olaasiéai Greece“.l That the style passed in Egypt 1s

of no great significance. Might not Greek visitors have

seen the column in use 1p its heyday? And if they saw sgmg‘
solitary sample centuries after 1t ceased to be a'faVOrl?e ‘
form to the Egyptiagﬁ:f;;éhﬁ not some Greek Have been .
i1mpressed ;n'part éacause of the columm's rarity2_ Greeks
Were Greeks,_after’eiﬂ they did not have Egyptian tastes.

It should be noted that the columnar forms that were retained
in Egypt jnvariably had a strong bulge in the shaft in stone.
There is every reason to belleve too that in timeless, ultra-
conservative Egypt the columns 1n ordinary mortals' houses
“ere constructed in a manner not unlike the Babylonian.

(see hypothetical development of the column on page 18.)

Any Greek.visitor to Egypt at any time after the pyramld age

cguld have seen a column that suggested the entasis princliple

2 N
to him.“ (And here we must make a distinction between Greek

o~ N

llioyd, Seton, The Art of the Anclent Near East,
Praeger, New York, Washington, 1961, P.202.

2There jg other strong evidence of the Greeks

borrowing from Egypt: monumental sculpture, brénze casting
and perhaps the idea of caryatids.
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use of entasis and the curve used by Egyptians and gséstlmes
by Romans. When Robertson, for instance, says that entasis

was fperhaps an Achaean invention'l we must assume that he 1s
defining enthsis in the‘stfictest Greek sense: a very sllight

convexlty of the column's taper which was seldom obvious and

which never exceeded the base diameter of the column.)

Marinatos sketches the story of Creto- Mycenaean and

Greek contact with Egypt from the second millenium on as proof o,

for his theory that Mycenmeans - mailnlanders, and not Cretans -

helped drive the Hyksos out of Egypt. "These stout

simple warriors brought new burial custops f
\e
mummieé?\ﬂace'masks, funeral stelae and the rich funeral

Egypt, the

furnishlngs."2 And he adds that the mercenaries from the

Aegean area never ceased to assist the Egyptlahs, that they
o

were emp}oyed in Syria during the Amarna period, that there

was congtant intercgurse between Egypt and the mainland from

the 1l6th century onwards, especlally during Egypt's last

blaze of glory in the 26th dynasty (Salte) (663-525 B.C.).

lRovertson, D.S., Greek and Roman Architecture,
‘Cambridge, 1974% reprint, p.1ll6.

2Ma;1natos, Sp., Some Words About the Legend of Atlantis,
Chrys. Papachrysanthon 8.A- Grafic Arts, Kthenms 1077, 508
(my emphasis),” Might these new customs not have included a
new respect and look at the column? Vermeule and others have
written more authoritative wWorks on the subject, perhaps, but
Marinatos was a Greek, and so his words seem all the more
interesting., '
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During thlsk\;ﬁq Psammetlgh used Carlan asnd mainly Ionlan
mercenaries in)conqu'r Syria and fight the Scythlens. His
son, Necho, als jed on the Greeks and offered his victory
gifts to Apollo of e Branchidae and not to Ammon of Thebes.
His son Psammetich II (593-588 B.C.) in turn led Greek
mercenaries, this time to Abu Simbel where they carved thelr
1nscr1ptipns in the colossal statue of Rameses I1. The Aegean
_.Visltors Were even immortalized in Egyptian tomb palntings
(reproduced by Marinatos) at Thebes (tomb of Rekhmara) and

at Medinet Habu.l At both /p}:a here were - and are -

extant examples of curvature An columns and in horizontal
elements of buildings. It 1s hard to bel}eve that the
ever-inquisitive Greeks did not notioce. It is hard to
belleve that there might not have been an Egyptlan influence

on Doric buildings or on Mycenaean columns.

That 18 Why both sides in the Proto-Doric
dispute might be right. Those who Would gﬁv us ;believe that
the Greeks were influencg@)only by native Aegean columns
such as the Lion Gate and' Tomb of Agamemnon'columns, might
in féct be saying that the Egyptian influence wWas there - on
those Very columns - but many times removed from Egypt by the

early classical era When there were other undeniaﬁlé’influences

' at work.

1Mar1natos, Sp., SWLA, pp.26-32, 36, 38-39.
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And when entasis d1d start in the Greek world, did
1t start on the mainland or eisewheré? Some early columns
at the Heraeum (ca 590) at Olympia presumably had ehpaslal
but we have ng_evidence in extant ruins to support the
certain existence of entasis unti;;ca 555 wheﬁ Selinus D
was gliven coiumnar curvatu:;'e.2 We might also ask if main-
landers or colonials introduced the curvature. at Olympia,
for Olyupila's roie as a regular pan-Hellenic gatherlng'place

should not be overlooked.3

lCoulton, GAW, p.l76.

L.

2SeVeral ather sixth century temples in the West came -
next: Paestum: ‘Basilica’(ca 530) and Temple of Athena or )
Demeter (ca 510), Selinus: GT (520-450), Metapontum: Tavole
Paladine (500) and Acragas: Herakles (500). See Appendix III.

3consider too that there was much movement at that -

time. Phocaea, with other Greeks, had already rloneered the
exploration and the colonizatioen of the western Mediterranesan,
When the Persians attacked her in 540 (note the date) her
inhabitants slipped out to Elea in Italy where they started
the second school of Ionian speculation in the west (ef. Wormell,
Donald Ernest Wilson, "Phocaea", OCD, 2nd ed., Clarendon,/fﬁn
Oxford, 1973 p.826,) Pythagorus of Samos, by the way, had moved
to Croton about the same time. In any case, the new settlers
were certainly capable of discussing the pros and cons 4f
entasis and of writing learned treatises on the topic.’ They
certalnly influenced architec ure, but we cannot say by how
. much. (Cook, J.M., The Greeks{in Ionia mnd the East, Thames

and Hudson, London, 1967, p?IiE.i Greek sﬁips had visited

Egypt. Pausanias refers to thesa sama Eleans honorggg
Ammonlan Hera and Ammon's friend Hermes at Olympia ere they
hed also erected an i1nscription honoring those men who,
from a very early reriod, had visited Ammon st the Libyan
oracle at the Oasis of Siwah. (Pausanias, ¥,16 1.)
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The Ionian influence was cer;ainlyfeltjin the colonies
ag well as at Olyﬁpia;; ‘Winter supposes tgéﬁ in the Temples of
Hera and Athmna at Paestum the strong entasis was designed to
jgchonln Dorié the slender proportions of the Ionilc by strqssing
the relatively slender upper alameter of the shaft.zl Dombart
and Thiersch said essentiall& the éame thlng.3 Holdeﬁey and
Puchstein observe that "the oldest columné:appear.not to be

swollen or only very little: then suddenly the columms of the

Enneastyle and of the Tavole at H?bapontﬁm....ahow very strong
swelllng.”u This cgpld suggest that ‘entasis existed in a subtle
form - perhaps on the malnland or in Ionla - before it got its

strongest expression 1in-the colonies, where builders were

lBerVe, H. and Gruben, G., Greek Temples, Theatres and \k
8

Shrines, Abrams, New York, 1963, pp. %45, &4/, 454. Gruben note
how the Ionlan imegination sprang from the fruitful encounter
Wwith the wlse civllizations of the East, with Egypt and Babylon,
how Samos' very greatest flowering occurred in the 530's-and
how it surveyed {but not subserviently) what was familiar to it
from the Qrient through Cyprus and Egypt; he glves examples of
borrowings in the proto-geometric period and concludes that the
example of Egypt gave the Ionlans the 'courage' to bulld on a.
colossal scale. Might they not also have recelved the courage
to try entasis? See also: Coulton, GAW, pp.333-334; Robertson,
GRA, pp. 5, 60, 64, concedea an Egyptlan influence in the Ionic
and a 'stimulating effect' gfter the seventh century. He also
holds that entagls waB probably an Achaean invention (Paestum
and Metapontum Were Achaean colonles) and that it is doubtful
if entasis occurred-on the qglnlaﬂd before the fifth century

h

(p.116)}; Akurgal, Ekrem, Th® Art of Greece, Its Origins in
the Mediterranean and the Near East, Crown, New York, I§66, p.238.

t

“Winter, F.E., "Tradition and Innovation in Doric
Temple Design 1, West Greek, AJA. 80, 1976, p.l42,

3Dombart, col. 270. -

*pombart, col. 270.
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open to new influences, free from the restrictions of howe,
and.forcéd to use and exploit the new buildiné.napnrﬂ%ka\:t
hand. 1In any case, there was a mass exodus precipltated in
part by« the Persians Juét & half decade before the first examﬁlgs
(extant) of a rash of temples was built in the colonies
(Selinus D, Paestum: ‘Basllica: etc.)'(See Appendices I and III,)

Virtually all these temples had strong entasls.l )

1, modern gestive theory on the possible conception
of entasis in Egypt also considers and indeed, accounts for

-the subtle differences in Greek entasis by relating them to

Egyptlian origins. Livio Catullo Stecchini, an archaeo-
agtronomer and metrologist with doctorates in Roman Law and

in anclent history (from Italy and Harvard), has developed his
theory that the ancients were greatly concerned with the
problems of describing the curvature of the earth in mathematical
terms and of projeocting a curved surface on a flat map, He
sees in the Great Pyramid of Khufu or Cheops ~ and in
H{%odotus' Wwords - proof that the Egyptians succeeded in
projJecting a quadrant of the earth's surface (northern
henlsphere) onto the side of a pyramid, in a more sophisticated
way than did the Babylonians in the great zlggurat at Babylon,
or Mercator in hls much later projections. Stecchini further
develops his theory to show that the column's shape was nothing
more than a cylindrical projection of a map of Egypt and that
the unique hyperbolic curve in the columns of the Parthenon
ihdicates that the columns project a map of the world from the
equator (at the base) to the latitude of Athens at the top.

The varying curvature in between presumably represents the
extension of the system of meridians to east and west, This
theory 1s dealt with in more detail in Appendix V of this
study. It comprises the Appendix proper to Tompkins, Peter,

Secrets of the Great Pyramid, Harper & Row, New York, 1971.
HEHfTEH’ET‘EHEEETE_Eﬁngﬁgzﬁ k Doric column is, unfortunately,
almost incidental. The theory, netheless, deserves re
conslderation than it has receive ~fron clasSicls y_as\ does
Stecchini'’s theory of the relationship 6f Eg ptlan, Mygenaean
and Greek foot measurements.




West Colenial Temples with and without Entasis
Tarranged chronologlcally)

probably not
positively not

1. SYRACUSE, Apollo X
2. SYRACUSE, Zeus
3. SELINUS, C
"4, SELINUS, D X
5. PAESTUNM, Basllica
6. SELINUS, F X
7. ACRAGAS, Askleplelon X
8. PAESTUM, Ceres/Demeter X
qqg. METAPONTUM, Tavole Paladine X
10. ACRAGAS, Heracles ' X
11. SYRACUSE, Athena X
12, SELI¥§S, E . X
13, PAESTUM, Poseldon X
14, ACRAGAS, Hera Lacinia - X
15, ACRAGAS, Concord X
16. SEGESTA (unfinished) X
£
D
Lol
z
]
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@ | K
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Hkg
(see p. 29 n.,2 for detalls) x| A



If we cannot say exactly where or when entasis was
;firstenmloyed aé a refinement in the Greek world, we can
say thdt once the Greeks on the mainland made it their own
tgey did §P with considerably more subtlety than did their
Egyptian p edecéssors or contemporaries and , indeed, than

“ did their later western 1m1tatoré. This earliest of

' —

\reflnements in the Greek temple is the\only one adopted
*wholeheartedly' by the Ionians and used wildely after the
fifth century B.C.1 For -this reason it is given priority in
this study and the few other pertinent refinements afe

discussed in relatlon to 1t.2

1Coulton, GAW, p.lll.

20bservations regarding the chart on page 28:
a) All information 1s from Koldewey and Puchstein who also
include the Hera Sanctuary at Croton (though only one damaged
column remains)(Dinsmoor, AAG, p.110), and the Temple of
Castor and Pollux at Acragas (which Dinsmoor dismisses-as
pilcturesque and artiflcilal because it was rebuilt probably
from pieces of more than one temple a even 1in the
right place)(AAG, p.112). ™
b} Attentlon I8 drawn to the 12th and \l4th entries, which,
though it 18 uncertain they had entasis, e 1in places Wwhere
they had a precedent.
c) Individual page references to sources ar
list of temples with entasis (Appendix III).):
d) The paucity of references to mainland or/eastern Greek
temples (beyond repetition of Penrose's cohtribution of
81X measured columns) makes geparate charts for the mainland
and the East redundant.
e) Omitted entirely from this list (by K&P, Goodyear and
Dinsmoor: Appendix I) are temples at Velia, Hipponium,
Caulonia, Gela, Camarina, Megara Hyblaea, because. they .
"do not have peculiarlties requiring special mention."
(Dinsmoor, AAG, p.l10).

in the cohplete
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3. General Observations on Entasis

/

Ideally, one should compile a1l1 avallable information
on entasis and relate the findings, facts an& figures to our
chronological charts in the Appendlces.._Qne might expect to
trace the development of entasis - and otﬁér refinements -
in time and in place. But the information available 1is
woefully 1inadequate. One should have the column dlmensions,
radius, taper, the type of curve, its coordinapés, enoint
and locatlon of maximum entasis and its possible relationship
to rasdius, semi-diminution, helght}of shaft, arris width, etc.
Yet virtually nothing exists ln'availéﬁle texts beyond the

observations of Koldewey and Puchstein and the m asurements

of Penrose (to whose 1list Dinsmoor added a seventh column).1
An example of the trivia follows: The entasis of

some early columns of the Heraeum at Olympla (c 590) 1is

1/140 of the column helsht.2 at Paestum, in the Basilica (c530)

entasls was actually 2 1/8"3 or 1/120 of the shaft while in

the Temple of Athena (Demeter, Ceres) (510) 1t was 1/160

of the column.u This information 18 useless Wwithout other

details; it suggests no pattern - no development. Penrose
L.

1binsmoor, AAG, p.169.
2Coulton, GAW, p.l76.
3pinsmoor; AAG, pp.9%,169.

uCoulton. GAW, p.l1l76.
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gave us more complete 1nf$rnation for the columns he
measured} but 1t suggests no pattern or development either.

. It seems that each architect somehow arrived at a degres of
entasis which was somehow related to.the column helght and/or
other dimensions of the column or bullding. Nor were ratlos
simple and jeven - a fact complicated even further by the

‘ fact that the Doric foot might have been used in one place
and an Ionic foot in another; geographical and racial
factors have to be taken into eonslderation too.2

We can say that entasis in the Perlclean perlod was
go subtle that it was undetected for more than two thousand
years. We can say th;t entasis was somehow related to
column size, and that shorter columns {(under twenty feet,
generally) did not have entasis.3 We know that the maximum
swell never éxéeeded the column dimmeter and that it hovered
about the one-third mark in the best qg}umns. Finally, we
can note that Ionic architects used eritasis in such a subtle
way that Penrose himself, who went looking and measuring for
it, falled to perﬁeive it in the Ionlc features of the

Propylaesa.

‘

lpnis information has been made into a chart on page 6k.

2Dinsmoor, AAG, Pp.54-55

3Ironically, it is columns of this size and smaller that
feature entasis in New England, Loyalist Ontarlo and even in
the Qttawa Valley.



4. The Nature of the Curve and Conics

The swelling curve of entasis has been variously
described as the arc of a cifcle,l a hyperbola,2 a
parabola,3 an ellipse,” a conchold of Nicomedes,5 or the
vertical projeqplon of a helix.,6 which 1s the quadratix of
Tschirnhausen or perhaps of Hibplas, fhough it 1s known -
. as the quadratix of Dinostratus.? Entasis has also been
"described as a combination of curves,8 and while it 1s

admitted that other curves may have been used, my own
reéearcﬁ has shown no evidence or mention, for instance,
of the catenary curve so favored by mpdern-architec;s.
It is obvlious that some conslderation of the properties

of these curves 1is in order.

1Dlnsmoor, AAG, p.l68,

Penrose, p. 42 Robertson, GRA, p.117: Dinsmoor AAG,p.168
Robertson, GRA, p.l1l17%
Penrose, pl.47,

LS A~ W B

Penrose, pp.4o,41,
6Vlgnola, PLXXXI. )

7Stevens, Gorham P., "Entasis on Roman Colums",
Mem. Amer, Acad, Rome, IV, 1924, p.126. This invention is
sometimes attributed to a late Renalssance person, to a *~
pupll of Plato, or to a contemporary of Socrates. It
-may have been known to pre-Parthenon bullders,

BChoisy, Auguste, Vitruve, vol.I, p.l1l47; vol.IV,
P1|3L"’ Fls-zt
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The curve's reguirements

In spite of the_fact that Vitruvius credited the
Greeks wl&h using entasis and in spilte of the fact that
a) no Roman column is without 1t1 and D) there was a
contlnue& tfadition in using 1t from Roman times to this
century, it was not until the 19th century that entasis
was 'discovered' in Greek mainland t'emples.2 We are safe,
then in saying that the entasis curve was almost a straight

line 1in Perlclgan temples. We also know that the curve

"had to be such that it could be applied to columns of

varying dimensions 1n the same building(s). We can like-
wise assume that the curve could be easily lald out or
calculated and that the practlce was learned from'
architectural treatises now lost to us, or froom’ oral
tradition and architects scratching diagrams in sand
scattered over the floor.3 It is alsozf;asonable to
agsume that some simple device or dlagram might be used
to 'telesgope', as 1t were, the pertinemt information

into a smallﬁportable format.u The conic, the vertical

.

1Stevans, ERC, fn.p.1l21; Robertson, on the other
hend says 1t was merely ‘commen', Robertson, GRA,p.116.

21t had already been noticed in the colontes but
ascribed to Roman undercutting,

3An excellent plcture is painted in words in G.H.
Levy's Plato-in Sicily, Faber and Faber, London, p.28.

-
uIt is unlikely that paper was used for plans or
cemputations because a single sheet cost the equivalent of

‘" a workman's wages.
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projectlion of & helix and the conchold are-the cuxrves
which best fulfill these conditions of the entasis curve.
There follows a discussion of the properties of each

curve, how it can be applied to the column, tested and

jdentifled.

Conlcs 1llustrated

Rasass

a b c d e . f

Fig. 6.. Conics

The hyperbola: the cutting-plane cuts both nappes of
l the cone, as in figure 8.

The parabola: the cutting plane 1is pa;allel to the stralght

1ine of the surface of the cone,- as in

figure b,
The ellipse: any other section, as in flgure ¢, except ///

t

figure d: one cutting the end parallel with
.- the axis of the cone.
figure e: one perpendicular to the z?Is of

the cone.

figure f: one cutting'only the verteXx.
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It 1s obvious that the ‘curve' in figure 4 is a straight
line, that the curve in figure f 1s of no practical use
elthef, and that figure e gives a circle - é speclal

kind of ellipse with major and minor axes belng equal.

: g .
Characteristics of the conic making 1t useful %A establishing

the entasis curve

On pages 33-34 we saw that the entasis curve must -
be a) almost'straight, ) applicable to columns of varying
dimensions, <¢) easily laild out, calculated and taught, and
d) capable of reauction and expansion through dlagrams or
silmple devices. The conlc curves satisfy these criteria;

e g.wWnlile the d;gg?am ﬁelow is 6f a series of hyperbolas,
the proposition 1t shows holds true for the parabela and

the elllpse.

Y| {ordinates are on Y)

(respective coordinates are along A, B, C)

(abscissae
are on X)

X
Fig., 7.
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The hyperbola A, in Figure 7, may be redrawn with

the abscissae (here multiplled by h)lat-;ny new scale B,

{ .
B, 1in ﬁﬁrn, is redrawn at a new scale C Y(with ordilnates
reduced to 2/3 their originel dimensions. YET THE CURVES
B AND C REMAIN THE SAME KIND OF CONIC AS THE ORIGINAL A.
Note also:

- Yy )

a) 1in redrawing the conlec with the absclssae at

a new scale (A to B): 1) the maximum horizontal distance

travels both horizontally and proportionally -to the new

scale, and
11) in the case of the hyperbola

and ellipse, the center as well travels horizontally and
proportionally to the scale whi}e the angle of the axis of
the conic, the apices, and the focl are all changed.
Similarly, i |
b) when the conic is redrawn with its ordinates
at a new scale (B to C):
.1) the maximum horizontal distance
travels vertically and propértionally to the new scale, and
11) in the case of the hyperbola
and ellipse the center as well travels vertically and pro-
portionally to the new scale While the angle of thé axis,

the apices, and the focl change.l

lExcept when the axes of the conlic are parallel
to the co-ordinate axes in which case the angle of the =~
axis of the conic remains the same and the apex travels
proportionally to the new ascale and parallel to the
co-ordinate axes,

Fa
/

\
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Attention 1s drawn to D in the illustration,.
D 1s the maximum horizontal distance. Betause of the

characteristics of the conlc Wwe can j1dentify D also as

the maximum horizontal entasis. It follows, therefore,

thaE;we can use our scéaled down and distorted small
curve to convey all tﬁe:actual information and measure- -
ments we requlre in the entaéls curve.

| He who would study the entasis of a column must
first measure 1t and-plot the curve on a reduced and
exaggerated scale. Then he must identify the curve aﬁd,
. perhaps, deduce how it was plotted in the fi?sﬁ place. -
(Appendix VI shows drafting techniques used in making -
Some curves; its purpose is to j1lustrate the varlety
and relative simplicity of graphlc approaches.) We now
proceed to a graphic investigation of conic curves with

the aforementioned‘purpose of 1dent1fy1ng:t§pes. 1

lrhe dlagrams that follow have been copled or
adapted from Stevens, G.P., "Entasis_in Roman Architecture",
Mem,Amer.Acad .Rome, IV, 1924, 128-137. A more graphic
presentation of the characteristics of conlcs can be
had by screening the Fllm Assoglates 16 mm movie: Conic
Sections, produced by St. Bosustow.
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N

The locus of the middle points of every system of parallel

chords of a conle is a stralght line, but...

...in the parabola the locl are parallel to the axis of %
the curve (Figure 8): , )

Fig. 8

.«.1n the ellipse they pass through a point .(the center)
within the curve (Figure 9):

Fig, 9.
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«s+1ln the hyperbola they pass through a point (the'éenter).

which lles ocutside the curve (Figure 10):

“Fig., 10.

The parabola, ellipse and hynerbola are possibly
the curves used by the Greeks though they were tog be
invented only after the Perlclean masterpieces on the

Acropolls were erected. Two other conic-like curves

-

must be considered: the vertical projection of a helix and .-

the conchold of Nilcomedes.
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The vertical vprojection of a hellx

In the diagram the vertical axls colncldes with

the axis of the column (Figure 11):
!
ak---
| -

ONS
1

« EQUAL Divisi
& EQUAL Dwisi

This curve may be'used for cigar-shaped columns (non-
Greek) in which the max imum entasis and maximum radius

of the column coincide, The curve may also be redrawn
With both 1ts abscissae and i1ts ordinates at new scales
without chahging the kind of curve. As in the conic, the
entasis, or maximum horizontal distance, in the redrawn

curves follows the same laws,
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The graphic test for vertical projections of a helix

z-—-—-—-——_

)

Fig. 12,

This test is simple, but, unfortunately, it does not hold

true for large columns and an unwleldy three-page mathematical
method is employed. It 1s attached as Appendix VII.

This 1s not to suggest thet the hellx was not used by the

ancient Greeks, but Penrose makes no mentlon of'lt and

Vignola is the first to introduce us to it., It must also

be remembered that the difficulty 1s not in applying

the cﬁrve to entasis; this can be done easily in a reduction

" diagram, or with measyrements madé on a column drum head. ﬂj
The difficulty is in testing fully, The mathematics B
sometimes over-awe one. It 18 obvlous that the Greeks had no
such problem testing for the nature of the curve, They

knew exactly what they wanted, the properties of the curve,
i1ts nature, its dimenslons. I} they teszted at all, 1t was.
for exactitude to specificatlons. For this they wouldluse

templates of.sorts. ¢
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- The Conchoid of Nlcomedes

The conchoid of Nicomedes can easlly be described

by a machine, as in Figure :13a:

_ 13a
Lo :
The curve 1s otherwise lald out as shown below:
X
d
J
a
a
/, - 3
| .
4-bAHe-~a.—» Y Y
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The conchoid does not rema}nia conchoid when redrawn
with either its absclissae or ordlﬁates at new scales
(thouzh the maxlmum horizontal distance or entasls 1n the
redrawn curve follows the same laws as the redrawn conlc
or vertical nrojeétlon of a helix). 1In any case, a graphlc
test 1s therefore not possible and a lengthy and involved
mathematical test must be used. (Appendlx VIII)

The,Greekifzay not have used the conchold in their
columns. Penroseméquld not apply 1t in his study of the
Athenlan columns. ) Stevens allows that 1t is used in two
of the elght columns he examined: in the B3asilica of
Trajan (about 113 A.D.) and 1in the inslde order of the
Pantheon (time of Hadrian, not after 138 A.D.). Thls use
-by the domans seems natural enough because the inventor
of the conchold was born gbout the time of Julius Caesar,
ca 100 3.C. Goodyear does not conéern'hmmself with the
types of curves in his monogranh.

In any case the conchoid must be considered
because a) it is a Gréek invention, b) it may have been

in use for centurles before 1t was '1nvented'2 and c¢) 1t

does, after all, fall within the entasls curve requlreméhtgiﬁﬁ

o

lPenrOSe, pp.41, 49, n.l.

2"We know today that all the factual mathematical
knowledge which is ascribed to the early Greek phllosophers
was known many centuries before, though wilthout the
accompanying evidence of any formal method whilch the mathe.~
maticians of the fourth century would have called a proof."
Neugebauer, 0., The Exact Sciences in Antiquity, Dover, New
York, 1969, p.l4B.
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From a conslideration of the vpropertles of the
conlc curves, ohe must now move to analysis of the major
methods of;measuring and plotting the curves of extant

columns for study nurposes.
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Measuring and Plotting the Entasis Curve for Study

There 1s no reason to bellevethat Greeks themselves
plotted the entgsls curves as Wwe must. It 1s academlc whether
or not they could do so. Thelr great individuality would
mitigate against thelr dolng so merely.for the-sake of
copylng. An analysis of the statistics availlable,
especlally Penrose's proj)ectlions to a uniform scale (my p. 67)
suggest that each architect arrived at hls own formula 1n his
own way, and/or that he had done so from consideration of a
host of variables that made his speéific curve suitable
to the one site and no other, He may even have‘used a
personal or ad hoc formula, for beyond the simiiﬁrlty in
curve types, eg. hyperbola, there seems to be no uniformity
in ratio, proportions or dimensions (see also page 64).

But if a Greek did want to plot the curve of an existing
column, . he may well have proceeded more or less as did
Penrose and Stevens, and as we must,

Let us assume that the column 1s well preserved,
so that no compensations or adjustments need be made (for
shifting, etc.) Penrose's dlagrams of Athenlan coiumns
are proof enough of the extra work that 'anomalies' due to *
wear and tear can cause,

A steel wire is stretched near the column., It must be

on the same plane as the axis of the column; 1t need not be
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parallel to the axis of the column or to the chord of the
curve.1 The taut wire 1ls a reference point from which to
measure the cur;e of the column., Dilameters at top and bottom
of the column are determined using callipers or circumference
measurements. The horlzontal distances from these points
(A and B) are noted and then as ﬁany other horizontal distances
as possible are recorded. In each case & corresponding vertical
distance is also recorded. Readings can be taken with the aid
of a micrometer to the twentieth of a millimeter. The
more measuremeﬁts, the more accurate the plotted curve.

One may proceed as did Penrose and record mathematical
data whlle exaggerating the entasis curve slightly and scaling
up the horizontal distances, Penrose reduced all his drawings

to one-fiftieth their normel size (pages 50 to 63 of this study)

o~ ’
The curve produced can be seen clearly and is not a great

distortion on reality. 0: one may proceed as did Stevens
(Figure 14, Appendix X). He reduced all his columns to the
same helght and proportiocnal horlzdntal scale s0 tﬁat~the curvesg
ére much more exaggerated but still true to kind and easler

to compare wlth others,

1Stevens uses this technique. Penrose went one step
further and aligned his reference wire so that it was parallel
to the central axls of the shaft whenever possible,
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Stevens' studies of the Homan entasis are the only
ones avetlable in this uniform scale and format. - Accordingly,
they ‘are reproduced on loose acetate sheets 1n an envelope
at the back of this study, so that they can be removed and
superimposed over one another for more critical analysis

l {(Appendix X). One of the series is shown below: R

ARCHITRAVE 1 I
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: Entasis, Celumn, Forum of Trajan,

Figz. 1A, ) from Stevens, ERC, p.l37

This is not the only system that can be used, but a comparison
with other dlagrammatic and mathgngatid—al representations will
show that - 1f one makes an effort to understand the drawing

conventions - the system is superlor.
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Fig. 15. a) Representation of entasis: a) graphic reconstruction

The Temple of Athena at Paestur (1llustration by Krauss) 1is

here presented without comment; the viewer may miss the entasis
entirely. (Die Tempel von Paestum, P1.45)
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5. Penrése's Dilagrams

}/ Penrose glves measurements and detailed information

for ﬂpe entasis in only slx columns,l 'This informatlon 1is

compiled in chart form on pages 64 and 67, The essentials
of -the 1llustrations (and comments on each) follow:
" The Parthenon s « « o« o o » o aPs 51
The Propylaea (large) ... s e 55
(small) « « o o » 56
The Erecﬁgﬁeum e e e s e . 58 (/
The Theseum « . o v o o« o« o« o« « 60 )
Zeus Olyrﬁni....'.... 62
Attentlion 1s drawn to the detailed information available
-and to the fact that all the célumns are one-riftieth
actual size and turned marginally to show full diémeters.
Offsets are‘glven and shifts ‘are noted; however, reduction
;

to the same size for all dolumns for comparison purposes

1s feasible.

}Penrose does give measurements for a second Parthenon
column 1in his Appendix, p,121,
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The -Parthenon Column by Penrose

Measurements were taken from the Northern of two

central columns, East front. The entasls curve in the

Parthenon is unique: the vertex is outside the column and

not conslderably above the base but two dlameters below

the stylobate. Attentlon is drawn to the line Y Y' in

each diagram by Penrose. It 1s either the vertical axis
passing throuéh\the center of the approximating hyperbola
or it is paralléi'to that line. In five cases it is
oblidue or inclined. Only in the Parthenon is it vertical,
The entasis curve decreases continually -with the height
and the point of maximum entasis 1s lower than in the
other buildings (witﬂ'fge exceptlon of the entasis in the
Temple of\Qlymplan Zeus which was completed centuries after
the Periclean age.).’

The entasis curve is a hyperbola., The rectangumlar
axes of the flgure are vertical aﬁd horizontal, i.e.
parallel to the horizontal lines of the column. The
prlncipﬁl line 18 1 Attic foot, 1.0134 British feet.:
The constant ratlo or excentflclty 18 an integral number
30‘to 1, withAﬁhe radlus of\Eﬁrvature of the hyperbola at
the polnt colnciding with the base of the column being
five times the length of the building.

Penrase concedes, after all this, that because
the vertex 1s off the column, perhaps other, cu;veq‘kﬁﬁig

be fitted. And he admits that a conchoid could be applied
W '

\\ .

S~
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obliquely, Finally, the "curve! is, in fact, not curved.
That is, the drum sides are straight and only the top and
" bottom edges meet at points that are coordinates on the’
hyperbolic curve- (which Dlhsmoor thinks was a 'circular
curve'J | |

‘ Penrose observes that the radius of curvature at
the point intersecting the stylobate is 1143 feet, exactly
Tive times the flank.2 He also notes that a circle
passing through the middle, upper and. lower parts of
the entasis arc produces a radius of 2280' or 10 times
the flank, But does 1143 double to 22807

At the risk of citing 'statistics, statistics,

and damed lies' I would polnt out that there is a
mathematical discrepmency in the above figures, One wonders
too about the slgnif{cance of taklng three coordinaéeé on
a parabolic curve and projecting them into a circle, how-

ever large. Thls type of 'projection' loses a bit of

validity when minute measurements are projected from
the Parthenon and made to encompass all of Athens even

unto the Piraeus. (A page from Gardner's Yook 1s attached

as AppendixJX to show the extent to which the study pag gone.)

1Dinsmoor, AAG, p.168.‘

2Penrose, p.42,
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'The Propylaea Columns by Penrose

Measurements were taken from the Northern Column,
Eastern Portico, for the large Doric column, and from the
Middle Column, North Wing, for the smaller Doric Order.
Penrose did not notice the very slight entasis (2 ‘units')
in' the Ionic order of the Propylaea.l

The Y Y' 1lines are not vertical, but oblique and
almost parallel witq the chord made by the entasis curve,
The curve itself is not ambiguous because the vertex 1is
near the middle of the shart,

The maximum entasis of the north column of the
- east portico 1s ,0627 or one dactyl exactly (and the
half.diminution is .57 or 9 dactyls). The smaller order
has a proportlonal amount of entasis (it is .0343 of 1/11
of the half-diminution of .388) presumably because it was
felt that a small column required less relative entasis
thgﬁ’a larger one., The radius of curvature of the larger
order of the Propylaea at vertex is exactly 569.2 (or

half that of the base of the Parthenon columns) .2

lSee page 64 for the chart grouping 'unit measurements®.

2Penro‘se, p.43.
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The Erechtheum Columns by Penrose

According to Vitruvius I, s, the entasis
should be .0361 in the north porch. It is only .0195,
or 1/9 of the half diminution of .1775.% Again, it will
Ibe noted that there is a slight_dlécrepancy here.
.0195 multiplied by 9 is .1755. The error is small,
perhaps, bﬁt 1t s great by comﬁarison with the other
errors clted b§/Penrose. (Similarly, of course, .1775
‘divlded by 9 1s .0197222.)-_

The entasis 1is very small and almost undetectable.
It 1s 1/1080 of the shaft, eguivalent to an increment in

curvature of 093/100.3

1Penrose! p.lh,

2Penrose, p.ul,hz.

3Penrose.-p.IO'?.
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The Theseum (Hephaisteion)Coiumns'by Penrose

Flute cusps were so damaged that two selected

columns were measured from the (much less satisfactory)

flute grooves. The offsets shown are the nean of four
measurements; the greatest error 1é .0007 of a foot.

The semi-diminution in the columns is .3855,
which 1s probably derived from the angle abacus, whilch
ia 3.856 across, ' -

The entasls arrived at from the averaging of
four measurements is ,023, Penrose feels 1t was proBably

suppoéed to be 1/16 of .3855, or .0241.1 v

/¢¢/iIn Which case, the error in the entasis would be
almost twice his maximum error. Penrose does not suggest
that his measurements might be wrong, or that masons’
margin of error has to hbe considered.
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’ ! .
The Column of the Temple of 'Zeus Olympius by Penros

e D

The columns of this temple supporg\&n’ﬁart t?é
-~

largest stone in construction in Athens - about twepty—
three tons. Measurements weredtaken frqm a column |
(third from the east on the southern flank exter;or)
whose state of preservation, as far as entasis was'
concerned was only 'tolerably perféct'; but whose
capital was remarkably preserved.

Entasis 1s not quite so 'beautifully regular' as
in the Perlclean temples and:the h&perbbla 1s siggested
only *with consilderable probabililty'as the nature of the
curve., Half-diminution is .457 and entasis is ,118
or nearly‘i of the seml-diminution which 1ls almost
exactly 1/14 of the lower diameter.

This temple was compieted, of course, in Roman

times. According to Vitruvian formulae the diminution

should be 1/8 of the lower dilameter and éhe entasis
equal to the fillet of the flute, or .133. It 1s the
only column measured by Penrose to héve a profile
perpendicular to the base in later Homan fashion;
furthermore, Penrose sees a comparilson with the entasis

of the Pantheon at Rome glven by Desgotez in Edifices

Antlques de Rome.

Lpenrose,p39, 43-bk.

-
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6. Comparative Entasis in Terms or Units

Entasgs 1is sometimas sa}d to be calculated in

terms of shaft length, lower dlameter, fhll or spmi—‘

diminution, even width of arris. \ZK\iS 1nt¥;gsbing to

telescope the 1nformation Penrcse: gives on the six

Athenlan columns into a . Single chart to see if there 1s)k

any apparent unlformlty or dggf;ppment 1 N
2 Ionic order (Propylaea)
$ ) . % St : _ .
| 5 %8 W \3 °© - ° ' *
o = a [ IS L] -
£ W 0 =} [ ) o B G g <] 8
52 0 ¥o Aw 54 oo R AN
<A a g - Q0 o LB o ¥ Y
w0 » [o] 42 v £ \ Gt d fad
A, o 2 (1] =] £ 6 = -0 e
S [ 8 QO 50 . -t ~ 0 - o AL -~
(o] o] L Hd £ M Lo 2] =]

C . B ud £ o 28] w o Eﬂg -
50 PO g H e S~ - 5 o
4+ g L0WoC oo o ) [ Y] [0 (] |
0 . e Hdd e e | P | dtw o 0 % oy
S o M o by N H -~ ] L F =] =]
R g eSD oe Of 558 g0 £ p
o mon I QO [ (3] H . [0}

E. [121.12 | .0195 10.42(5/12 | 029 | 4 1/&980 14164 1/9 |
T. {{17.1 | ,023 8.7 [1/3 | .0k2| 6 |1/708 [1/140 | 1/16.3855
Pa./l31.43 [ 057 13.8"|2/5 «057 18 |1/552 l/lld 1/12|.685
P.s||17.5 | .0343 | 9.33|1/2 | .0619 9 |1/500 |1/200 fy1/11].388
P.U|25.6 | .0627. | 13.75|1/2 | 077 11| 1/800 [1/80 | 1/9
20 ||43.70 | 2118 [ 18,4 [1/3 | .084| 12| 1/362 |1/56 | 1/4 |.bs7
E - Egechtheun North; T - Theseun! Pa - Parthenon; 4
'P - Propylaea East P (small & large); 2Z0 - Zeus Olympius.
0627 equal 1 dactyl (1/16 foot)
“~< gl -
lPenrose pp.lb 37, 51. ol
) ’ ®
2Dinsmoor, p.169, . Dinsmoor acceptsdthe units by

Penrose and adds the Ionic Propyla®a unft Which was not -
percelved by Penroae. ‘ . - -

: - ® =t ?’:’-'

£

. T". e e e




It will.be noted that the first and last columns
in the chart on page 64 are not Doric. The Erechtheum is
Ionic and the Temple of Zeus Olymplus (Jupiter Olympius
to.Penrose) is Corinthien. The date of completién of the
latter is also many.cenpuries after the others. In any
case, there does not appear to be any?real pattern., This

is particularly obvious in‘the column showing comparative

"entasis in a shaft of 31.43 feet (Parthenon measurements).,

If the’numbers in this column appear to grow in terms of
gize and/ormunits, let us remember that the temple columns
ére not arrénged in chronological order, nor in order of
heigh?/of_shaft, maximum entasis, position of entasis,

T . ) > ‘
relatlon to height (page 66), or entasis in terms of shaft

. length, lower diameter or semi-diminution. They are, in

fact, 1isted:alphabet1célly (1f "one substitutes the word |

. . -~
Hephaesteun for Theseum). One should also note that only

'in the case of th'e maximum entasls of the large column

in the Propylaea 1s the measure a 'standard unit' (.0627
or one dactyl & 1/16 of a foot), %

There are several ramifications of the above

- information. Vitruvian formulae do not hold. The Greeks

apparently did not use mathematics or a standard never-

' changing system in arrivlné at entasis; if they did the

=

‘'system' does not show in the permutations and'combinaﬁions

v

Qﬂggested by the headings on our chart, If the Greeks

d1d have a sysfel it has escaped detection(

) &
‘ bl

'
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A

Comparative Location of Maximum Entasis in Periclean

: ~m
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Comparative entasis in a shaft of 31.43 feet

Entasis 13 actual graphic's;ze; location 1s
plotted to scele at proper hei;ght above the

é%ylobate.

Fig, 24,

' ' fheseun’ ]
. Propylaea (1) —9
(s) s -

vy

- ‘1/-.‘/ " '
A o t\Ere’éhtheum gp—
' Parthenon

-~

]
‘Zeus Olympius’
] ‘ -

No 1nfelligent relations.'hi.}') suggests 1tsélf t |
th;a author between the varying dégrees of entZg_;a‘
and the height above stylobate. The fact that the
Theseun is closer to sea-level ‘than the bthers; l
sugéests no pattern either. Probably the entasls i

" was arrived at by an 'ad hoc' or ;_fa;‘l.rly elastic

form;.lla. \\ : |
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7. Btandard Ways of
Illustrating the Entagis HMethod

Vitruvius, the firsteven tc mention entasis,
referred to a dlagram whidh 18 missing. .Centurlies after
the fact his De Archltectura was 'printed' and in the

/
edition of 1511, one Fra Giocondo provided his own. some-‘

what cryptic 1llustratlion to replace the mlssing original,
{below right). The book.lnstigated a
new approach tec architecture in Italy.
Building became a theoretical as well

as a practical sciénce. The real

significance of the word 'Order'

wes better apprecléteq and artist-
archltects set about to discover the
"*rules' of the ancients. They had

- L4
.oral traditions, customs handed

down through the old guilds, their

: . new-found Vitruvian rules and their o f
own 1lngenulity to gulde them, Thelr
'keen humenism would once again make :
Fig.25, (Trom liorgan's
- man the easure of columns and other Vitruvius, p. 87)
architectural elements, Unfortunately,- they were to rely

J
more ‘on their sketching abllity than on words - rather

NN

e

. - ) % ‘
: 1T§e identifying letters perhaps suggest a
sequence, l:e. from (a) at center, up the column shaft to
(b) and then back down to (¢).

@

Ko »



Llike any 1nitlated perSon ~ to

[y

canvey their message.l The 'reader'
1s left to hlmself to cope with the
qeometry, mechanics and sequence of .

operations 1nvolved. This is fitt;ng,

for it wes probably this why in ancient

Qréece'wheré the architect communicated '
details of the design to the builders

. NI Lo ’ .
by means of an “Vﬁn"“‘PGU,S.Z

.. The pages that follow will

1

11lustrate the vérlous;generally

[Eccepted technlques for diminishing a BT
N
shaft with a curved. line. Note Ehat_
‘slmple measqrements, Vuclidian geo~-
\.../
metry and un§ophlstlcated tools WOuld

1) \ -
be ugb&ftﬁ’Eﬁase "hands- on' technlques,

and that almost anyone could be taﬁﬁht

the method desired.3 )

. Flg.25. (from
Leonardo da Vinci,

D.256)

1Presumably, even Vitruvius
preferred the %;cture to WQrds.

2Cogu/on notes that the- word
can mean dyawing, written specificatlons,

" or template, He opts. for the latter ¢
meaning, but in doing so he suggests . that\
the template was the next step in the
transition from specimen oy ﬂapag% =
("The Meaning of *AvaypaPeys:; ATA 80 %2?6)'—

2.

: 3Leona.:rdo, who was to _die just~
elght years sfter the publication of De
Architectura, was one of several artists
who'notlced entasis but showed no concern

in calculating new (?) ways of achleving At, Column - VNMmﬁégﬂ]Gmumw,.
S no,

Voo
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‘In virtualiy‘all the methods of arriving at
entasis there seems to be a.relaéionshlp between the
shaft height, the base diameter and thg semi—diminution.-
It is difficult to say exactly what the relationship 1is,
but entaaii is .invariably arrived at by manipulating
theée thpg'dimensions. It might well be that thgre were
various systems for various times and occasions: Asher

Benjamin says "e;perience

jaught me that no determinate

rule for columns, 1n>9ll si

L

gtions, will answer; they must
bhe proportiocned according to the welight, or apparent .

Wwelght that they sustain".l These proportions would,
howéver manlpulated, produce varfing entasls curves; as
the following pages Will 1llustrate. The- follawing diagram
_ls,renroauced to illustrate one less—than-obﬁloug way in

e

which to arrive at sémi-diminution.%

!/4 | -

Flg- 27 ‘l' .
! SN

(Reproduced from Serlia,

Bk ‘I, p.8)

A 2:1 sided trilangle 1is
used to procduce taper
and fluting representation.

Benjamin, Asher, “Preface to Third Edition",1814,
The American Builder's Compamion, 6th ed., 1827, reprint,
Dover, New York,/ 1969, p. T :

! -

, Libro Primo, .p.8.
} Ag———

.
q - - - - R,
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&
'
[
.
o 2

[ mpepp————— ek
1
]
e elhere
1
a

o . . ' . -
Eﬁ;-_;‘ Fig. 28

lethod 1 - The '0ld' Method as outlined by Dombart

Verticals are dropped from the edqé of the ubper diamefér
to lntersect the base dlameter at 0. (As in all cases, detalls
are shown for one side only.) T '

The shafi 1s_d1v%ded horizontally 1ﬁto'as many equal ﬁﬁrts as is
‘convenient. The arc 6 - 0 is divided into the same -number of

parts.

Verticals are vrojected from each of the digisions on the arc,
so that the first on tHe ocutside meets the rizontal 5, the.
next on& meets the horizontal &4, and so on.

‘A curve 1s drawn through all bshese polnts “to produce the

contour of the column.

. 1 :
,Dombart credits Vignola wilth 'using'.. thils method. But

Nicholson stmply calls it 'the old method'.? The Greeks mayw
indeed have used it, but the argument .against thelr dolng so
is that Nicomedes ™~ 'invehted' thils *curvetand he lived after
the Golden Age. The technlque 1s simple; the argument 1s weak,.

)
;  lDombvart, RE, col.271.
Nicholson, P., poe 180-181.

¥



" al is exterided to cut the base prdjection as
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Method 2 - asg outlined by Dombart

The ‘base line 1is Drojected - in this case to the right.
’On the outer edge of the top: an arc 1is’ drawn with the

base diameter (a) -to cut the axls of the column as shown
and produce al. ' :

L

s shown &t X. . -

The shaft is divided into an equal,number‘of'psfts:éddf" .
"horizontals are drawn at each divisipn at l,.2 3 etb; s

. .
e

From the ooint x lines are drawn so that - the distance from

the center axis to the horizontal 1s always equal to a or

the base radius. al, a2, a3, etc, are so nroduCed :
t

.

. The poilnts ‘on the horizontals are Joinad to Droduce the -
curve., ‘_’ . ool ) a L
Dombart credits, Serlib with the invention of this systeml N }f

“but Nicholson crédits Nichomedes with the inventlon of the
conchoié and system and mentions improvements in it bw
Vignolax

- ) - ~

/?? -; ‘- R ' -

1Dombart,féol.2?2.

2Nicholson,.180.
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Method>3 - as outlined by Dombart
o Y

The shaft 1s divided into an equal number of parts and
horizontaels are drawn at 5,4,3, etc,

In this Henalssance method (perhaps insplired by thg Silver
Age treatment of column fluting) the lower third of the
column is_left flat, cylindrical and untapered (from
horizontal 6 to 4). .
On horilzontal 4 a seml-circumference is drawn as in liethod 1.
And as in Method 1 a vertical is dropped from the outer edge

. of the top diameter to meet this base dircumference at y.

\ggge distance from the horizontal &# (1n thils case) to the
polnt y 1s now divided into 4 (the numper of parts above
the horizontal), and as in lethod 1,.vertlcals are projected
from these points to meet the horizontals 3, +2 1. These
polnts, when jolned, make up the curve which 1f projected
would be an elongated semi-ellipsis.l

Nicholson shows a modification of tHls method in that he
does all his figuring from the base line so that no part

of the contour is flat. He credits himself with 'inventing'
the system, Dombart credits Serlio, and qulte rightlgﬂso

(see next pege) . E (

N

"1N1cholson, p.180. ‘
' 2Domba.rt, colv2?72. . _. . o

-
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Page 128 *from Serlio's Li

[y

bro Quarto shows he used Fethed

3 in Renalssance times,
firs riginal American.a
Bu¥lder Assistant) in G

e classic work The American Bullder's Companion in 1806. He

Asher Benjamin who published the
rchitectural work (The Country
reenfield in 1797 also published

was to use the same techn
-edition in 1827, -
system in England

ique on Plate VII of the sixth

It 1% unlikely Nicholson 'invented' the

POOR COPY.
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Method 4 -~ g mechahlcal way to draw a Conchoid-of Nicomedes

As 1n Method 2, the base radius 1is used, in this case in a

pole that pivots on point x (arrived at in the same way as. in
Method 2),

2

The pole 1s so grooved that a sliding rule 1is 1hset,1n it./
Thls rule has a nall aor metal rod in the right end (in our’ —
illustration) and a pencil in the left end. -1

pole is put along the line of the column
axlis and the nail of the slidimg grooved rule is set in the
pole's slot or groove so that when the pole is moved the
rule'% nail moves along the axis.

A slotted or grooved -

. Since the rule is as long as the base diameter {e) the
same conchoid curve will be described in one easy movenent
by swWinging the.pole on axis X,

Reverse to do the other side - or use the same templat
formed by 'boxing' the column,

- ‘.—'-
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Method 5 --to draw a conchoid ourve in a confined space

The edges of the base are projected stralght up on each side
from C towards D, a point slightly above the top of the
) column,

An axls line “is projected up from X.

The base radius (a) is transposed from the edge of the top
dlameter to the axis at Y, as in Method 2. This line is then
projected up to meet the base vertical at D. '

CD on both sides of the column:'is divided into an equal
number of parts and_«grlzontals are drawn (1, 2, 3 etc).

The vartial axls line XY 1s divided into the same numb r of
equal - parts as CD. From these axis divisions with rad us (a)
arcs are drawn to cut the horizontals (1, 2, 3, etec)

The points where these arcs cut the horizontals, when joined
will produce a conchold, much as in Methods 2 and 4.

- -
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ethod 6 ' '
XY, the column height 15 divided into equal parts (C,B,A).

Yz, the half-diminutiohx or~iistance from the edge of the
base_ to the edge of the tov meter (measured horizontally),
is divided into the same number of équal parts as 1s XY‘&t a,b,c.

Working lines are drawn frém X to a, b and c. g;
Horizontal lines are drawn from A, B and C to meet these
lines- radlating from X. The points formed at Aa, Bb and Cc
- form the curve of the entasls.-” - ‘ '

B

T
a

: @ .
.lNicholson{ p. 180. (He clailms to have invented
this system.) It should be noted hewever that the
technique was already in use in the New World (perhaps
ag early as Jefferson's time).  Asher Benjamin illustrates
on Plate XII of The American Builder's Companion of 1827.

b
i

-~ . -\/“\ . . a
e e r s WP At o e e o e - ' ~
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Method 7 - to produce less entasis than in Method 6

Proceed exactly as 4in Method 67 “except that only the

‘half of the semi-diminution lmmediately adjacent the

column is dlvided to produce &, b, c.*

Note that there are many other possible patterns that

.78

© would ‘prodube different entasis contours, e.g. One might

use the half-semi-diminution on the left - or away from
the column - or one might use the same units on each 'side
of the center line (Xa ih our diagram). One might also

use another proportion of the seml-dimlnution instead of.'

one-half.
-




0] a i
i A4 -
7 Co PR &
A\
N
'C,ﬁ
Cl /_/"’"‘-___-
; .
’ l
B ~
Bl '
AN
v r
A ’ A
Al
Fig. 36
A

|
|
[}
|
|
X . p
Method 8 - invented (?) by Nicholson (p.180)

As in Methods 6 and 7, XY is tégxshaft helght and YZ is the
half diminution.

XY 13 extended a bit above the shaft, a vertical -is dropped
from.Z to (p). At Z a perpendicular 02 1s made to X2 so that

- it cuts the projected XY at 0.

?g}s‘line 0Z 1s dilvided into an equal number of parts, a, b, c.

«*

X0 1s divided into the same number of parts at A,B,C.
Zp 1is divided into the same number of partg at Al, Bl, C1,

C is joined to Cl, B to Bl, etc., and X is Joined to a, b and c.

The points formed by C Cl on Xe, B-Bl on Xb, etc. form the ~
entasis curve, .

Note that many varlations are possible here too, e.g. a
sllghtly different contour could be had by subdividing at
the dots shown (divisions_ .Op the column s top drum) rather
‘than by dividing 20.. -

[

-

2




Fig. 37
c _
Method 9 - exactly as desclbed 1n‘N1cholson, p. 181.

Jeln AGC, and bisect it by a perpendicular, FG;

on the center, -C, with the radius, CA, describe the
arc AD; divide AD into two equal parts in E; draw
EFC, and parallel to GA draw FI; make an angle,
CFI, upon the edge of & board or rule, put in pins
at the points and F, and with a pencil, upon the
angular point F, whlle the rule is moved from F

. te C, keeping the side FI of it upon the pin at F,

and- the same side FC; upon the pin at C, the angular
point F will describe the contour of the column
between F and C. In like manner, by removing the pin
out of C, and putting it in A, the part FA may be
described.

The same curve might have been found by one contdnued
motion from A.to C, as followss . suppose thg line DC
to have been produced to a point X; the supposed line

?

-

et mmmn i e

[
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' It is also worth noting'tﬁat.Nlcholson's

+ o 81

CK to have been equal to CD: and an angle, having
been ‘made upon the edge of a thin board, equal to
ACK: then the contour AFC would have been described
in the same manner, between the points A.and C,

as each of the, former parts shown by the flgure. _
It is obvious, that by this last method, it would be
requisite to have the machine twice the length of
that in the first method; from which it would

become more unmanageable in the formation of the
curve, and inconvenient in many situations, for

want of space to extend ‘it to the necessary dlstance.1
Nl A

) This.description 1s given in Nicholson's words because

1t was felt-that his’ volcé should be heard, since he 1s the
on}y one to spell out in words what his diagrams were meant

to say. lore important, howevery is the fact that the

emﬁhaslééi words in this method Sdggest the.slmple devices

that might well have been used by the ancient Greeks, viz,

thin board, rule, pins,*pencilsﬂ eté,

-

111ustration for what is called the '0ld .
Method' - our first - differs from the

one 111ustrat£ng the mebagf article in RE -
in that there 1s a dark &rea down the

right =slde of thé column, He calls it

the 'diminishing rule' and he draws

attention to the fact that the curved
edge is concave - the reverse of the
convex contour of the column, Such a

curved diminishing rule could be made by a

numb%r'of mathematical - or non-mathematlca;“-
ways, Might not ‘the Greeks have used such a
Fig. 38

template? . . - .o
o " L]

S,

P

1N1cholson, p.181. (my emphasis)'
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8. Factors affectigg entasls cgrve

One must concede that 1n canonic times the

’

lling was generally dependent on the absolute measure-

&p tant role., (We know that there 1s no entasis 1n i
ts, as in the Temple of the Wingless Victory. )1
If .mensions' did not expand, but only the helght
85 a siaft, then we can expect the curve - whatever its’
actual distance above the line of—ﬁaper (e.g. see page 64)-
to be rather flat,
Ie\mlght well be that entasis was -
« Telated to other columnar dimensions. Tﬁe )

diagram at right (from Serlio's Libro .

Quatro, p.143) suggests that entasis

might be determined in terms of the width

" of the fluting, or even the diagonal of the . Jyﬁﬂ'
P

fluting squared. This type of approach

is entirely in keeping with the Serlilo

dlagram reproduced at the beginning of Fig. .39
this section, and with the recently .
advanced theory of Richard Tobin oe

Canon of ?o;ycleitos.z Ny

1Dom‘bart, col. 27%. (He also refers to the entasis.
free 2.5 m high columns of the old Tholos at Delphl and”
to the Temple of Phigalea,)

uZTobln, Richard, "The Canon ef Polycleltos", AJA
79, 1975, pp. 307-310,

./ﬁ ‘ : e e
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Theére are two other hypotheﬁical'conslderations,
for which there appears to be no obvious clear-cut ahswer.
What was the yelatlonshlp of entasis to the actual site
of the building. Dombart says that "entasis had to be
qtronger‘the more the building apﬁeared to be séen from
n]

a deeper point-of view, as for the Propylaea at Athens,

" There 1s no suggestion in any of the books consulted ds

»

83

to what effect site elevation would have on a) the dégree',

of entasis or b) the location of maxirtum.entasis. A

perusal of the comparative entasis chart on pageé%'will

show that there was no ob¥ious relationship in the buildings

megsured by Penrose. Closely related to this problem 1s

the one of Scale of the column in relation to the viewer..
¢ " .

-The diagram on the next page is from Serlio's Libro Primo,

page 9. It 1llustrates quite simply that if a pillar

the units at the top must be progressively taller than th

(in this case} 1s to appear to be made up of equal units, S“jl
el ()

ones at.eye level, Was this a factor in the, degree and
position of entasis? It seems 1ike1y that 1t was, for
there are several references to the moon 1llusion (same

principle at work). in -antiquity, and we know that the
’ 2

Greeks made use of this visual control technique at Priene.

LY
L4

1Dombart; col. 274,
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Presumably there was an inscription on .a tempie‘
aF Priene 1in wﬁ;ch tHe ietters were arrangéd vertically
and in order to make them appear the same size they were
attually increased in size toward the top-according to

the principle 1llustrated in this diagram:l

.

! 4
-

Fig. 41

{Reproduced from
. Luckiesh, p. 199)

lLuckiesh, r. 199. Cholsy {p.319)Aalso says: "Un
texte de Platon, dans le dialogue ‘du sophiste, dtablit que
1'usage €talt d'exagérer la hauteur des parties qul devaient
tre Vues d'en bas et rédultes par la perspective." Vitruvius
reduces the principle to a rule and formula in tilting
elements, the degree of tilt belng in direct relation to their
height. The author has made an all-too-brief study of the

. inscription at Wroxeter City (Uriconium) which 1s noted for
its excellence. Rough measurements indicate that the same
principle was used: the bottom line i& a given number of
units, and each successive line above il £¥o units higher -
with the exception of the top line w {ricreases by four
units (probably out of deference to the’ Empsror Hadrlan's
name). The importance of this fact 1s the suggestlon that
compensations were.made for helght and/or perspective
diminution .by the anclent Greeks and Romans and may also have
been factors 1ln establishing entasis curves.. One might even
suppose that the various formulae for arriving at entasis
might be varied by using polygonal increases instead of
equal divigions in dilviding-the shaft height or semi-
diminution. - ’ .

-

—— . . e e

P
<



‘9, Executing the Curve on the Column

Penrose, who, produced the elaborate formula {page 99.)

for arriving at entasis, also made use of logarithmic tables
to arrive at hyperbolic coordinates to compare with his .
measurements.ll Elsewhe;é, he adds "But Wwe can hardly
suppose that the geometers of Pericles' time could have

solved such'a problem; and it seems more likely that the

.
et B s A A

particular curves were found by a diligent selection from

adwla

e tetiina

a number of careful geometrical drawings of different

-a

e ST e s

‘ examplegl.“2 We have already seen that Stevens reduced
‘conic curves to a small dlagram which could have been used

to convey all the necessary 1nformat19n to the masons, .

Al
s u? s

*Scamilll impares' might haVe'been used to convey entasils

as easily as they conveyed horizontal curvature (Figure 79.).

Si AR 3

There is some suggestlion of this 'prior knowiedge' in the

AR

fact that column drums have been found rough dressed to a taper.?

S RETILIE ¥ St

If the mason could tailor hls stone to accommodate the

PR

L

coordinates at each end of the drum, he would in fact have
accompodated all the coordinates in between, because a) the
drum side might be flat (as in the Parthenon), b) the entasis

curve would be proportionally minimal in such a short d;stance,

PR R R TAT A Cn- Sy 3

lpenrose, p.k _ . '

I am indebted to Professor Hodge who advises me that
at Cave dl1 Cusa the drums are already tapered while attached
to the living rock in the guarry,

i
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¢) the thickness of the rough dressing would, in effect,
accommodate the entasis, however extreme- it was.‘ But we
.can still only guess how entasls was actually applied.
Measurements could certaiﬁly have been painted or
1neise& on drum heads, but these wphld have beén lost
inside the column whgn the_drum was put in position. No
work has been published, to my knowledge, on the nafure
of anathyrosis within a given column. Did measurements
stay the same, or—du they reflect the taper and perhaps
thé‘entaéis? We can say for sure ﬁhat when the column was
first erecte@,tﬁé fluting at.top énd bottom was already
started, but the stones in between had yet to be glven
fluting, entasis and a findsh., How ddd thé Greeks proceed?
' Penrose believes that a full-sized‘ﬁould or.
template was absolutely nécessh;y.l He offers the

[

followiné Alagram (Figure 42)%to support his-case. It
will be readily noticed that someone has already determined

the exact nature of the curve and drawn it on a temelate.
_‘Qhe template is brought into position agalnst the

comparatively rough surface of the column, and the top

and bottom are anchofed to the finished portions already °

mentioned. A drill 1s then used to "point off" the work

T

-~

1Penrose, p.121

2 , Appendix, Pl.47, fig.6.

[

-
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by sinking holes of equal depths either from fixed points
upon RR' or peints selected upon the_columngfthemselveé.
The template would be moved around the column and all the
points ‘would mark the outer edge of the fluting - the“entaslp.
Thé.flutiné itzgelf woﬁld be arrived at with more manageablex
tempiqtes.‘ ; . ‘
~ One wauld.ﬁave to conslder several factors and
compensate accordingly. Drillsdo get dull, and in ‘the précess
shorter; so that the points they géﬁe would be increasingly
- untrue, Some compensation would have to be made for the
tendency of the materlal to dun or 'brulse'., Finally,
early and later columns often had a coating of stucco.
Can we assume that the above process would.ﬁork as well,
or at all, on a stucco surface? Or was there still another
way?
A comment by R.M. Cook with feferénce tp the
réproducti&n of statues 1s perhaps germane:
It was not untll the last century B.C, that there
are traces of any system of pointing. . .the method
by which positionas determined on the model, are
transferred precisely to the _block from which the
final statue is to be carved, ~ and even then the

points were far enough apart for large areas to e
left to freehand carving.l

1Cook, R.M., Greek Art, Its Development, Charagter
and Influence, Farra, Straus, GIroux, New EorE, I§7225p.73.
e

-

W




¥
Flg, 242 -

Penrose's template

Nevertheless, Penrose's template would have workg&
equally well on the Parthenon entasis (where only phe'drum
top and bottonr edges were on the curve ooordlnates) and on
the Erechtheum (where the ocurve was continuously applied). .

1

A perusal of the figures he provides™ will show that the

offsets to the column's edge are in every case greater

lPenrose, p.41,

e ——
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than the offsets to the hypprﬁola. The significance 1s'w
" not in”the fact that there are efQE§§ between the offsets . ¢
'(.0011 at the greateat) but that all errors are in the
same direction and can be explained by the fact that as
.the holes were made down the shaft, .the drill got
progresslfely duller, It might also have been that.one.
end of :he template was not properly adjusted, or that
+ another, or an auxiliary, method was used to- prevent
undulations. (The marvel is that the greatest error
1s one thousandth part of & foot - an admirable degree of
'toleranée'.) . .

Stevens als§ rules out.complicated methods of
laying oiit the entasis.® He further states that he knows
of no Roman column without 1t.2 This must surely imply
that the applieation of entasis was a relatively easy thing
:to do., Stevens ;IES’?EQIE that wooden tempnates would do?
‘for small colums, but would be impractical for large shafts.
He suggests a taut wire stretched along the arris might
have been used for 'iaointing".3 He rules out - as do others =-
the  use of 1athes and he mentions the method used by his
contemporarfés in Italy: "The Italian architects .of tbday
take a long wooden stralight edge, bend it to the desired

’entasis, and .then draw the curven,”

1Stevens, p.1&8.
2

» polZlo
3, p.l2h.
u‘..____l p.126. .

IRy SN L |
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10. Local Examples of Entasis

It 1s a paradox that entasis was being used in
" North America at the precise moment it was 'discovered’
on the Acropolis.l Since Roman and late¥ architects had not

# used ‘canonic' Greek qptasié, it follows that we cannot

expect Hellenic purity in the works we find in New England,

\

the fact thap the tradition lasted until just a few decades

2 .
Ottawa, or even the Upper (Ottawa Valley hamlets, 3t1ill,

ago in places like Renfrew, Ontarlo, (population 9,000)

suggests that entasis had a prac%ical or vital role to play.

.

It should he noted that a swelling is imparted to very
small columns that hold up porch roofs on domestic dWeiiings,
and to columns in pseudo-G'othic'churches.3 It is not
to be found on very; very sduat elements barely three feet
high. The Greek principle was at work, though under less
sophisticated circumstances. ) N

It should also be noted éhat most architects who
graduated in the laét three decades from qullsh as well as
Canadlan schools did not study the néturg of entasis, or

how to 1lmpart 1t,'and that locally,'cqgégnters turned out

porch  colums. on a lathe, lNost significant, perhaps is the

——

1Thomas Jefferson 18 credited with starting the
Classlc Greek Revival in America:cf, Talbot Hamlin, "The
Greek ‘Revival in America and Sonme of its Crltics“, The Art
"Bulletin, Sept. 1942. p.248.

2ye have Asher Benjamin's word that "Experience has

taught,...that no determinate rule for columns, in all gsiltuations,

will answer", BenjJamin, p.4. I suspect that an anclent Greek
would find his attitude commegdable. v

3The principle that entasis was vital seems to override
-the optical or tllusory considerations.

%
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Pact that architects in the New World“- and handymen -
;Jhad available books that did shoﬁ clsarly how to ‘arrive at
entasls. They also used trammels to execute sophisticated
curves mechan&cally, and when imparting entasis according
to Methods 3 and 6, they found the points, and in those
points tacmed brads or nails and bent a lath or thin strip
of wood ,along thenm so that the curve could be easily marked

out 01 . : \

Students of Classical Archaeology at Renfrew
Collegiate used thesé techniques to impart entasis to
columns for stage sets. They found that a'vapiety of
curves could be imparted_using the same method if the
lath used was maée to taper so that its resiliency.was
altered. (This presupposes a miniﬁsm number of vertical
divisions in the formﬁlae.) Was this alss sAfactor in

the varied curve in Greek antiquity? *
gowlk ‘

) 1Benjam1n. pp.17, 38. He also advised the WQrker
to ‘use the same procedure fos}any of the orders—'he works with.

-
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Fig. 43 Entasis in the north Eastern United States.

The Neo-Classical influence was to move north of the border
and have an effect on church, public and even private
architecture in Canada. Plctures above are the three orders
as seen on Watertown, New Yorks's Clinton Street between
Sherman and Holcomb., The Doric (liasonic Temple), the

Ionic (Library) and the Corinthian (People's Bank) show
obvious entasls which is easily seen by comparing the curve
Wwith the nearest perpendicular element. A Jefferson County
Historical Society brochure mentlons that modifications

were often made to 'pillars' (columns are illustrated, though)
so that they could be constructed locally to effect a saving.
(photos by the author).
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Fig. 44

Entasis in 3enfrew Ontarioc: The Doric column was

nade by a Fr, Castonguay of Otter Lake, Pontlac County,
Quebec, for the k.J. O'Brien home. The Barr street porch
is shown. Fkr. Castonguay's grandson remembers his
grandfather using a lathe, but he can't say for sure if

a template was used for measuring, The Ionlc column

from the Prince residence on Lochlel Jtreet was fashloned
fifty years aco of wood. ’

Entasis 1s quite obvicus in Valley churches, ®.g. Arnprior's
3t. John Roman Catholic Church, To detect 1it, the vlewer
has but to .position himself/herself so that a perpendicular -
is alipgned as closely as possible with the edge of the
column. Doorways and wall edges (however untrue) serve
quite well to polnt out the existence of curvature.
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ENTASIS - THE 'WHY'

1. Entasis and Illusion

There c;;\Bb 1ittle doubt that the ancients
concerned themselves with 1llusions in aréhitecturéf
Vitruvius, who had better acéess to ‘both sources and
tradition than we do, éccepted the sole purpose of
entagis to be éo’correct optical 111usion.1° Penrose,
conélderably later, condupted hlg survey "chiefly with
reference to optical refinements"™ of the Athenlan
buildingsz, and Lucklesh, anﬂéxpert in the fleld bf
1llusions, made several references to the Greek skill
in constructing buildings to counter-act visual 11lusions,’

vitruvius traced -the writing of trpatiaes having
to do with architecture to Agatharcus' com@ents on his
famous threatrical scene - itself an exercise in créating
a three-diﬁensional 111us}on on a twWwo-dimensional surface.
Democritus and Anaxagorua wrote on ;his.same subject

showing how by 'dace tion a falthful reépresentation of the
deceptlon

buildings might be arrived at”. % Indeed, the Greeks publlshed

lyitruvius, III, 13; Robertson, GRA, p.l17; Plommer,
Hugh, Anclent and Classical Arohitecture, Simpson's History

of Architectural Development, Vol. 1, Tongmans, Green, Londo? ;Ml
‘ P
2Penrose, title page. \kj} .

3Luckiesh, M,, Visual Illusions, Their Causes
Characteristics and kplications, Dover, 1905, pPp.7, 195.

Yitruvius, VII, 11, 12, (my emphesis).
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*many books in this fleld' (architecture)l and Vitruvius

acknowledges that he “gathered what...was use!‘ul"2 in

forming his own work. He makes specific mention of the

3

‘Jolnt publication on the Parthenon by Ictlnus and Carpion.
This latter treatise became the model and stimulus for
later comments on architectural techniques by the archiﬁcctc
'themselves.u We have none of the *many books' by the
Greeks, We can safely surmise that, since Vitruvius madc
much of the optical effects of architecture, so must the
rmd/,ﬂh\\ Greeks have done before him, ‘The architecture of classic
G£cece displays a highly devcloped knowledge of many )
ngeometrlcal 11llusions and the architects of those far-off
centuries carefully worked cut details for'counteractfng
them."5 This should not be too surprising if we accept
Lucklesh's further statement that "no view of a group of
buildlngc or of the components of a single structure can
be free from optical 111u810ns“.6 The Greeks had a passion

for three~dimensional form whether 1t was sculptural or

afchitectural. They merely accepted the challenge!

lvitruvius, VII , 14, -
2 » VII, 14,
3 , VII, 12

cherley Richard Ernest "Ictinua' 0CD, 2 .
1973, p 5K ’ ’ » OCD,y 2nd ed.,

sLuckiesh; P.195.
6Luokiesh, P.195,
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Since we have no published works by the Greeks
on how they countered the vagaries of vision we must work
from what we know snd fron the tdelicate deviations' ‘they
made from the norn 1n building. At best, we can speculate
and theorilze as .to thelr rethods and 1ntent.

Entasis, wisely and/or tastefully used, offsets
both attenuation and concavity in a straight-sided shaft.
It should be noted that several Qﬁctors aré at play and

that illusions are sald not to‘ocour in shafts that do not

‘diminish in size or in those which are attached to walls.

In Periclean Athens entasis -was not used in antaes and

walls.l 1In Roman times the curve was imparted with more

elements, eg. the pilasters at Baalbeck.

The tapered column wWithout entasis would appear
concﬁve just below center. Thls perhaps oocurs hecause
of the heilght of the column above the viewer. Perhaps it
1B related to the intensity of the Greek light during

working hours. From the point of view of assthetics we

can say With certainty that the lower parts are heavier nasses

ﬁhile the upper parts are }1ghter and, because of the more

obvious taper these upper parts thrust upward more. The lower

half of the column would weigh more, in actual fact and

1Dinsmoor, }iAG, p.169.

97

_‘gusto’ - but considerably less taste - to other architectural

(.
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to the eye, As Wwe shall see later, there 1s also the

_posslbillty that tilting the bead upward has an effect

on the viewer's perception which contributes to the

impression of concavity. Finally, there 1is the possibility

‘that the phenomenon of the eye always seeking an ‘optical

center' above the mathematical center 1s somehoW 1nvolved.1
Damien of Larissa apparently wrote on how &a

cylinder can bé strangled by 1ts miteu.? Vitruvius,

" as we already noted, believed entasis' sole purpose was

to offset this visual effect of concavity. He also ';f

tells us that the proportions of the Doric are taken from

.man's.3 Perhaps this has somethlng to do with the oft

cited claim that the column 1s I1ike a flexed muscle,u

'In any case, the addition of more material at the point

of greatest tension would impart actual strength to the

column, while at the same time correcting the disagreeable

j11lusion. One must doubt, though, whether the Greeks, wWho

apparently did not use rectangular beams to meke full use
of their greatest stress capabllitles, were indeed

capable of measuring the stress of a column and actually

1this phenomenon is exploited by those who frame
pictures so that the lower border is deeper than the others.

2Ghotsy, A., Histoire de 1'Architecture, p.32l.

,31t ig easler to see a related bulge at hip-level
in the 'feminine® Ionic than in the Doric which appears
to bear no resemblance to the ideal kouros.

4Perhaps the more slender Ionic with its 'feminine’
measurements came first and prompted the Dorians to see
more masculine proportions in thelr more squat column,

5
!
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compensating for it.l It remained for Penrose to produce

a (rather unwieldy) formula for entasis:
Let e represent the linear amount of the maximum
entasis @ the angle included between the bounding
lines of the column. h the length of the shaft, @
the semi-diminution, and let 5,5 feet be assumed
as the helght of the eye: '

The following equation will embody all the prescribed
conditions -
e = m.-((h — hi.s.feet)) d x (1 - sin@)n
And the' constants m and n must be dstermlnad from
the measurements of actual entasis,

Penrose goes on to apply and veri nearly arr;ve at the
" Erechtheum entasis. He misses the Theseum (Hephsalstelon)
by one-third underestimation. Then he-osnfesseé that
"I am far from supposing that the Greek architects made
use of any rules so complex."3 (and possible’, we might
add, only withlogarithmic tables,) And he oites Philo,
an author of about 200 B.C. (quoted in Schneider's Vitruvius,
Tom.II, p.426-427) |
TIves yop TV KorToc Hepos év &Xrars
UTapXVTwy [CoTaxn Te Svia ki Bodd,
eSokel prTe /60T A MATE 0’,092!' Evar v
70 Y 60‘9&1} TV Sy €m Twv Toodrwv,
/Ah 70 . joov g’)(_ovcmv 0?71‘0’0‘77;/1,(0\', Sz To

1Hodge, A.T., The Woodworks of Greak Roofs, Cambridge,
1960, p.92. .

2Penrose, p.124,
3 1] p.lzu’.
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s Tepas  ovv nléﬁbar//ﬁév(e S 7ds ,
0y kors kol ApaspodvTes Kol pvoupa
7!’010?117;35 Kai TavTI TR0 4 ;Ten/w?‘j'oy’res
KaréoTnoay o/ug’Ao a 7q qbo(cre/ Kar
Eyfovtﬁ‘/uq- ¢a/ua/u€m.
For =some thingéﬁjalthough with reference to

themselves they are both parallel and straight,
seem not to be parallel and stralght; on account

of the deception of the eye respecting such things,
as 1t views them from unequal distances,

Therefore by the method of trisl, by adding to the
substance and reEucIng fE, 5y~curta.1 ng, & ¥y

dfgbf!ﬁbnts in every Eossible wag,»they (the ancients) .
] enm reg Lo e eye, and to the appearance

of good symmetry,+

‘._
L3l
&

p :
Greek mensuration was staggeringly poor and unwieldy.2

i e R

It would seem that the 'eyes' have it, that the use of

ST

entasis was to counter 1llusions that displeased, This

B it

suggests that the role was not only optical but aesthetic

T e i

b . o
and subjective, But then, are these not interrelated?

e

.. Rty
Noa e e tisdeny

1Pe}:roae, p.124, (my emphasis).

2Durant, Will, The Life of Greece, Vol II of
The Story of Civilization, Simon and Schuster, 1939, pp.337-8.




"3 o ' 101
Deflection | -
Penrose. uses the following figure {Flgure 45) to
show the effect of defleotioh which is produced by coﬁtraéting
lines; Th? columns are d;awn'with straight tapering 11néa
for sides. .The one column appears to have entasis; the

other appears to be gggggggpgd.Eyughe.cpntrastlng lines
L 1 .

“( from Penrose,
p.10'+.)

-

. J

Fig., . U5 Deflection showing convexity and concavity

close_po it. The 111u§10n is real enough, but one should
observe that it is made all the more convincing by the
exciusion of an aﬁacus and the inclusion Sf corroborative
detalls that do not exist in a Doric shaft's base., One
wonders where one would encounter suoﬁ aoutely‘contrqsting
lines in the averdfe Greek temple, except, in the playqof
shadows that fall d}agonally along the flank or fagadéﬁl

These would occur lérgely at the corners and affect the

\_,g/\-ﬂ—& -

s e £ e
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corner column more than others. (Lucklesh gives examples
of deflection in columns but he uases Roman; Gothle or
f1;£ténedA§rches behind ‘them to achteve the effect; he
'doés not use a Greek éxample,)l Goodyear comments on

* Hauck's 'theory of the echo' in spacial conﬁraction of
columns at the az’:gle.2 ?erhaps glving entasik tb the
end colums d1d set up a chain reaction that resulted in
entasls to each column. Sﬂt is a pity that statistics do
not exist for all columgg alpné Q flank or fa?ade to

indicate whether such compensation was made,

Irradlation
Penrose also suggests that 'chiaro-oscuro’
. .y )
inequalities in the\column itself and in the background

makg the use of entasis necessary.3 Luckiesh devotes a

full chapter to '1rrad1at19n and brightness éontrast'.4
Figufe 26 shows three columns A, B, C. A has éntasis;

B and C do not., The darkness should préss inon B énd

make the middle concave to the eye. ILikewise in C, the

eye 18 drawn to the top and bottom and so the middlq,\ggfping

little attention, wlll appear concave even though it is

1Luckiesh, p.102.' )
2Goodyear, W.H., Greek Refinements, Yale, 1912, pp.139-40.

3Penrose, p. 107.°

uLueklesh, Pp.114-123,
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agalnst a llight' background (as'a corner column might be), =
Column A, be it against a light or shaded area, has entasis
which defeats the tendency to see concavity, whether caused

by attenuation, deflection or irradiation: _ -
\
S . %

-

Fig. 46,

Similarly, in Figure 47 there is a single straight-
sided tapering column againstaﬁartiai}y‘shadowed background.,
The top 1s against the darkest shadow (nd the lieht column

is reinforced, as it were, and seems lhrget. (The expanding
capltal and abacus, which form the transAtional elements

as our lin; of sight passes from the vertlical to the horlzontal,
assist in this 11_1usion.)' Similarly, the bottom melts into

the bright background and seéms larger because its sides

seem less obvious. The middle part is agair a mid-tone

and does not seem to get iarger, ergo 1t 1Z§:: smaller and

concave. Entasis, tastefully imposed, would correct this,’




. , Fig, by : A

I
In this respect 1; 1s:1nter;s£1ng that Penrose
measured a second Parthenon c;iugp, the third from,the N.E.
angle of the templé-on'the north flank. He gives four tables
of measurements} and ‘concludes that the curvature of entasis

—

is more mcourate én thq.Ouksfﬁe of the column than on the
1nside'(wp1chxwas never vlsited by sunlight). He also L
obgerves that the ogtqide edgewis more accurately carved
than the inside edge of the fluting. Both observations
suggest thét,the role of Iight on _the general effect of the
building and more particularly on the column itself was a
seﬁlous conslideration of the Greek architect. We shall

not treat fluting in detail,'but it is worth noting that

a) fluting was apparently designed to play with light and

to contribute to the particular effect of the column and the

lpenrose, pp.121-22,
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general effect of Ebp/ﬁﬁilding, b)-the entasls curve is-

carried up the outer and inner edges of the fluting,

: . - . ,
" ¢} the. sfbtlety of the arc used varied with{time and place -

and, perhaps, with knowledge qf applled conics. 1In the -
Parthenon we have Eluting_that even increases in depth

as 1t reaches the'top of the shaft, This abvious attempt

to contrél shadow sué;ésts thgﬁ the Gregks'used flutlng

in a plastic way - as they used line an& s;ape in applying
éntasis - to direct onp's eye up and down, back and forth,
ghq, probabdbly, in and.out over the surface of the building. .
yhat effects they consclously hoved %o achlieve and how

they arrived at a formula for doing 50; (if"indeed they

dld!)k\ji—iﬁéll probab}y'never‘know.; .

~ *
.

v

1We see contours when adjacent areas contrast
sharply and, surprisingly, certaln contours can make large
areas appear lighter or darker than they really are. We
do not yet understand the neural mechanisms underlying
thls effect. We do know that artists have used the effects
for centuries and that scientific interest started about
a century ago when Ernst Mach, Austrian physicist, philosopher
and psychologist, discovered the rings naméd after him and

- formulated the principle for the effect, When means for

direct study of neural mechanisms bBcame avallable a few
decades ago 1t was ascertalned that there are both 'subjective
and objective variables. To further confuse the issue,
certailn subjectQVe factors can seemingly be photographed !

We know that a contour cen affect the contrast of the areas
it se€parates; we cannot say for sure- why this happens or

how ‘elementary processes are organlzed into complex gystems,
(Ratliffr, Floyd, "Contéur and Gontrast", Sclentific American,
June '72, pp.91-101,) )

.
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< 2 . Aestheties

ria -

Aesthetic considerations are akin to the '1llusory ;
at timee;-there .are unconsclous and aubjeetive ‘elements-
involved which some cannot even begin to make expliclt.
Yet. one should perhaps'conelder the aesthetic function of
" a colum and show how entasis; employed so that 1t i? not
toe obvious, enhancee\fhe member, Since our concern here \
will be simply wi’ﬁ the direction our eye moves in 'taking 1n'
'the column, it is 1nterest1n3 t? note that in the Phi-

phenomenon study by Max Werthelmer (1912), mOVement was . .

vividly and definitely observed even when there ae no

movement, and 1t was observed by anyone wi full knowledge

'that there was no physieal movement. n short, the study of

1 ‘
movement in the static’ is the st ¥y of 111usion. ' .
. Wwhen we—teck at a coi our eye obviously moves up
and down, but the‘%%de assume greater 1mportance, partly

because of their situatlon end partly beeause of their ‘function

1n,support1ng and distributing weight. It follows that the

middle does not detdéin the eye as long, does not rivet

attention, and eo‘appeare relatively smaller than 1t 1is,
} . Y

and so concave,

!

11t 15 a specific study that led to. the Gestalt school.
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Mavrikios explbres this *plastic balance' between
‘borne' and 'bearing'_eléments and not Surprisingly draws
an analogy to the way the Greeks 1nparfed a new spirit,
hitherto lacking, in their stétuary.l

S In physics weight may have a particular meaning, but.
this 1s not true in art, Here it depends each time
on how it can be interpreted. The impression of weight . .~
18 not always in proportion to the mass of the material, ™\
A slender body may give a feeling of wWeight greater T
than that produced by & thicker body. In addition,
the same hody xAYy on different occasions give a
different feeling of weilght from the point of view of
'quality'. The sense of weilght which is communicated
Ain these cases depends upon the 'movement' of the

"™ body -~ from the particular articulation, balance and
poise of its 'borne' and ‘'bearing' membpers. Thus the
appearance of welght is determined not only by the._ .
qQuality of the material, but often by the creative .
apirit alone. 2

The best illustration of this last point may seem at first
a digression. Michelangelo's first great Pleta 1s a classic
~esxample of genius creating fhe 1llusion he_deaired by

-~

playing with 'borne' and 'bearing' members. The pose is

utterly impossible.” A slight Mary effortlessly holds the
inert beody of her adult Son on her laﬁ - With one haﬁd -

. while gesticulating gently with the othef. There 1sfno tension,
such ‘as we might ;xpect. Michelangelo has used his geniﬁs

: 1Le Corbusler, the great French modern architect,
made the same comparison., ’

> : ]
anavrikioa, A.D,, "Aesthetic Analysis Concerning

the Curvature in the Parthenon", AJA 69, 1965, p.26.
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to achieve that 'plastic balance®

betﬁ;;n *borne' and
'baaring*.

He did it, in part, by using a format that

tapered upwdgg,de by imparting columnar qunlities to the

ffolds of Mary 8 robe. The ‘same efect is peﬁpaps more

obvious (and less: subtly presented) in the Delphic Charioteer

and the C zatids, whera robe arrangements echo column

rluting, impart mOVement, and evoke a feeling of approprigte/’j
& solidity., Lo

-

- ( »
Mavrikios goeh on to show that all the elements of
the’ Doric contrlbute to a downward movement and . that

hori?ontal curvature and entasis arose out of aesthetic
necesasity: :

ihe»asart of 'the Doric column does not reach upward;
- it s Yy rises up. .

e « It Beems to reach plabtically. .
entasis; yet at the same

time it gseems to
stribute the weight downwatrd, first of all
. ntasig . , 1

aria secondly due to the fres Prolongation qJ/xﬁb fluting down ’
to the stylobate.

. 1y
]

. A !
. The Bigniricance of this argument 18 not that 1t

nega@ps what appears to be. the generally accepted feeling
that "Greek temples goar up-, only that 1t strengthens the
.notion that té re i8 motion,

by T ek -
TR AR

both ‘up and down. It reinrorcea
the qtymological glgnificance or U] éVﬂld(s as tension or

T
PR

§ -

strain and the idea of plastic balance.2

>

1Mavr1kios, psR6

4.}!:M‘ Cp TR (NI

“

7Y

NEERL

-

er have afticulated the role Zr;plastloity and
balance buf“Iﬁ’a \_rather. incidental ¥ay because they were
gongerned with other aspects; Lawrence, pp,172, 3a4;
ruben, G, GTTS 12-1 th 107
entests oy 2118 s PP.312-13, though he makes no"§ﬁfion of
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" of cédumns for certain architectural problems are pre-
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A

3's The Column, the Canon and Human Proportions

Phe Greeks - and before them, the Egyptians -~ )
conceived of the column as emanating from human proportions..
The Greekg Wwent so faf as to impart gender: masculine to .
thé stout Dofic and'femlnlne ﬁo the slender Ionic, It is
germane to.any consideration of entasis as a ratlo of some
part of tﬂe.whoie to study for a moment at 1east'the nature
of the strﬁggle for what Polycleifos termed a canﬁﬁ of
symmetria 1n‘ﬁts'scu1pture. The illustrations will suggest
rather than spell out the differences in the various ‘
canons and the effect these might have had on columnar
proportions, _ -

Vitruviﬁs, it should be nqﬁed,spelied out which
of the Greek orders were to be reserved—for certaln deltles.l

Igrxhe Henalssance, the Church wduld apply the principle
.

_to the hlerarchy of seints and there was an extension of

the use of columns in this way to most Christlan and profane

2 .
buildings. Se;llo's Regole generall dl archltettura....

sopra le cinque maniere degli edifici (published between

1537 and 1551) had pempordrllj, at least, caused the N

L 4

re-acceptance of the principle that individual orders

determined and are meaningless if applied otherwise., 1In

France, the Netheriénds and Germany especially the theory

| 1V1truv1us, I, 2

(/’ 2Wurtenberger, Franzsepp, Mannerism, Holt, Rinehart

and Winston, New York, Chicago, San Francisco, 1963, pp.87-88.



110

was expanded by peculiar ideas about the special ethical

principle involvéd in using the orders and columms which

by now "were concelved of as sublime and vgluable structures

which had human proportions asnd even exhibilted human

o -

characteristics“.1 Even Michélapgelo had written that

one thing 1s certain: the limbs of architecture

have their model in the limbs of men. Anyone who

was, or is not, a good artist in the shaping of

- bodles and particularly not expsrt in anatonly,

can understand nothing of this.
Tbe column was linked with the human figure even moreso
during the Mannerist period that followed the High
Renalssance. Vincenzo Danti of Perugia never completed |
his bo 'perfect proportions' -~ (Volume I was published
in 1567) - but he did leave us hls contents page and 1t is
very reVeéll « From the theory of propoftions (Book I) . . i
he would have ved on to seven books on the anatony of -/ i
man, then a consideration of such factors as function of
l1imbs, reasons conditloning outer shape;arttitudes and
gestures, physical symptoms of emotionaf states, until
in Books XIv'gnd XV he would have established the

relationshiﬁ of one part of architecture to another based

on human proportlons.BIt is astonishing that he should have

‘prepared such a long preamble to the essential part of

NN

1Wurte berger, p.87.
z Z s p.68

>3 / s PD.50-51
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his work. Who can doubt the effect of humanism - or
the effect of thé'broportlons of the human body - on
architecture at this time? One can see the column and
Qumaﬁ figureg dlre?tly compared_and the sheef 'majestx
of columns in themselves and 1in thei; setting'l in such
works ms Parmiglanino's Madonna del Collo lungo.
Other works, such as Pellegrino Tibaldl's Wind God on_an
Entablature in the Palazzo Poggl in Bologna clearly @ow

both ‘the human figure and entasis from unusually daring

vantage points. The virtuosity and almost acrobatic féats
of the god go far beyond the conventions of normal bodily
posturesz.’ bére‘we suggest tQat herein is an explanation
for the obvious entgsis of the perilod, iyd of ths painting?

Might not what Vasarl calls the di sotto in su (from

below upwards) point of view not have been a factor in.
arriving at gntasis even in ancient Greece? There 1s every
indication that the natural taper of the columns when
énhanced by éhe 111usion of lines receding to a polint 1in
perspective necesslitated the addition of entasis. One

might even see a reverse effect at work in the human f;ggf?s ‘
sf the mann%?ist period: the entasis, or'greatgst bulge in 3-
the human profile is 1pn the area of the hips. This 1is as | !

¢

true of Parmigianino's Madonna as it is of the later -

lyurtenberger, p.74. !
2 ‘ ? p'59l
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Diane de Poltlers as the Goddess Dilana by an artist of the

Fontalnebleau School, One isg tempted to.nqte more comparisons
between these figures and the Caryatids of the Erechtheum, '
which, ff can be argued, were executed during a Greek-
' Mannerist* perlod. ' . . .
The illustrations on the followlng pages Will show
that there has been no great unanimity.over the'yeafs on
exactly what constltutes'bhe ideal human type. It follows
that there will be a proportionate lack of unanimity in
applying any 'ideal' dimenslon to architecture and to columns,
The search for a perfect formula related to the higher good -
mathematics and numbers - continues, Pheldias, Polycleitos,-
Myron and Scopas differed in thelr canons; so did Michelangelo,
Raphéé;lo and.Leonardo, yet Diurer and Henry: Moore dared teo
draw 1ns§1ratioh - and thelr own canons - from thelir Greek-
and Réman predecessors. During ﬁhe Age'of Reason claaslcisgs
and educators would devige simpllistic rules for students to
follow fo produce lifeless images, and in our own times
Le Corbuslef would devise his own Modulor, a;éanon based on
humaﬁ proportions, to be used in erecting his avant-garde
bulldings. We éay soon know just how far we havé come to

closing the circle we think started wifh the Greeks:

<

Richard Tobln feels he has discovered. the Canon of Polycleitps.l '

Can discovery of the formula for applying the canon to

architecture be far behind?

1Tobln, Rlcﬁard, "The Canon of Polycleitos", AJA.
- 79, 1975, p.307% . —
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The panel of Hesire (ca 2750 B.C.)
{below) according to Else Christie
Kielland: Geometry in.Egyptian Art
shows a concern with {§ = the
Golden Mean of the Greeks.

Hambldge and others have seen this
‘dynamic symmetry' at work 1n
Greek archltecture.

{Sketch by the author from a
- photo in John Ivimy's The Sphinx
and the Megaliths, Harpger and ROW,

New York, 19?5,'p.19b
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The Djed Column (above)
wag worshipped as the
personiflecation of Osirls
in‘ancient Egypt. To some
it symbolizes the whole
process of psychogenic
evolution and the broad
pYatforms (entasis?) are
said to be the life force
stretched out over the
body which it aplmates in

"this world. (also from
- Ivimy, pages 38, 39 and

179.)
Fig. 48"




ratio at work in

/C:fﬁp 01ld Kingdom works.
This became the

canon for the

Egyptian column as :
for the Dorilc.

/’ : _ | \\\ 114
Lepsius saw a 6:1 :

Uop emat) pubet 1 loat

1o heighl \

[ W PR L .
Freyal vt THakem

1 fowt s psmall culip
tisheght -

‘?' Tyl fus hatghl J

r-: 1.\7'«::.'-1 E r _ .
b ue b aghl

Vs ¥ oresbat

. EGYPTIAN CANON OF HUMAN PROPORTIONS: In the OId Kinggeom the
vertical aris passed through the navel, The diménsions and relations of differenl parls
of the body are indicated by horizontal lines. “From lversen, afier L. psites

“
!

I N, S A e

A . .
r""."‘.""'f"" - v L
R }1 fist 19/shandbreatins |
i : R ;

1 )
1 1 .

wn H |
S > A 1
! 4'/rsquares 6 handbreadihs . I; ‘
i 1 small cubit ' )
\ J - '.

~
5'1 squares 7 handbreadths \ }
1 Royal cubit . '
THE FIST AS THE BASIC EGYPTIAN MODULE: The sides of the synared |

 grid wwere fdentical with the fist (114 kandbreadths). The “royal cubit” measnred

Fig. 49 seven handbreadths (534 squares) from clbow joint to finger Lips, the “small oulet”
six handbreadths (V3 squares) from elfbow joint to the lip of the thumb. Free

- . lversen, after Lepsius

(Reproduced from Figues 309 and 311 in Baldwin Smith's
Egyptitan Architecture, Cultural Expression.)




115

&l N\ L
/&= . \ 1
/“ yrj }»{\ o | st
'(ﬂ‘ DS N4
‘_-:ﬁ i == ?J e b—d N ___1/15- ] Fesipies 3 banduicaiths
} _. 123 v T _
/ 1 e

3 bassbrradibn
Ly et

rsguarer 1 oowbil

L 10 square 1 fathom
4 Cubiid 24 handhreadibha

1w
! Januares 1 feat 3 cuba
! t o / / 1 handiieadlhe  be Mg
| : 1x A Vaguaie 1
w U —// }I' + RardLivadibe
Padest L height
J Lc : Ll ——l‘ —_— /
. LY P [ A Q

Ty 1 fent

1

3aquites 1 feal

. THE HUMAN BODY AND THE SQUARE GRID 1IN EGYVT: The square |
© grid served. o establish the absolute proportions of the human body. Vor instance, ac-
cording to the "old canon,” the human body measurel cighteen squares (+ small

cubils) from the soles vf the feet to the forchead. From [versen, after Lepsius

(The above is illustration 313 from Baldwln Smith,)

At right, the phallic slgnificance

of the figure 1s more obvious.

Schwaller de Lublgz
see the king as ¢

The arm gives a 6/5 or
proportion, or 3.1416,

and Stecchini
split 'into a
¢ plus 1 proportion by the phallus.

l.2 x ¢
OI‘TT .

(from Stecchini, p.194.)

Abu Simbel features several rellefs

of Rameses IT with phallus erect

as in the illustration. (MacQuitty,
Wm., Abu Simbel, Putnam's Sons, New

_York, 1963., pp.33,115.)

g ‘ .

[PV



The illustration at right (fron
Stecchinl, p.1l95) shows how the
same ratlo is applied to
architecture and (below} to _
royal kilts which have an obvious
phallic connection. (also from
Stecchini, p. 195). :

Schwaller de Lubicz meas-
ured scores of triangular royal
napkins and found that lower
angles wera lnvgrlably @

-] nnd.v'a

b——

A
N
ISRAE ||

Schwaller da Lublcz shows
how the value of x correct
‘o four decimals, or 3.1418,
was incorporated into the
great gate whose basic
measurement was 1 X 2,

. Schwaller also notes the coincidence that the. Greeks
adopted the symbol 7T , which looks like an Egyptian
doorway, as thelr symbol for the relation of diameter

‘.

to circumference, (3tecchini, p.195).

Polycleltos' Spearbearer was »
presumably the embodiment of

his Canon. The figure was almost
seven head lengths tall and much
more elegant than the squat (6:1)
Doric predecessors. ’

Richard Tobin has published a paper:
"The Canon of Polycleitos" in AJA,
Vol.?79, 1975, in which he shows

how the canon uses the small bone of
the 1ittle finger as a key. The -
explanation has merit in that, like
the Fibonaccl series, there 13 both '
a linear and a volumnar progression,

Flg..5l
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Leonardo da Vinci's Canon of

Academy of Fine
Reynal and

Proportions - Venlce,

detal

Arts,

from Leonardo da Vinci,

1956, p.4Eb.

Vitruvius also suggested that the human

New York,
could fit inside a circle.

COes

[

Fig.

52



da Vinci, pp.10,13),

. not be distinguished from the

. Presumed portrait of Leonardo in Luca Profile of Leon:lrir.:v_tu::cn from Veaice

Pacioli's Trattato de divina proportione, ‘ - B
Vepice, 1509 ST l

" ’ Fig. 53

Portraits show Leonardo's
continuing interest in
proportions, (from Leonardo

The data he compiled 1é{H\
evidently so contradictory
that a Leonardian canon

of provportlons cannot be.
arrived at., But then, perhaps
Leonardo did not want to
produce a strict canon. He
wrote "And even if you should
wish to make your flgures
according to one and the same
peasure, know that one will .

Proportions of human face — Self-
other, and this 1s not seen portrait by Da Vind ~ Turin, Royal

in nature,". Accordingly ‘ Collection

he set up various types and

left 1t to the artist to choose 1
the most graceful type to take his measurements from,

Might not a similar philosophy have existed in Greece
asmong sculptors and architects? This would account for
the varlance and vitality of Greek proportlons - and entasls.

1Biaggi,.Carlo Felice, "Anatomy", Leonardo,Reynals
New York, 1956, p.4d7.

.
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A Renaissance applicatlon of the Golden Section to palnting
1s 1llustrated above. Funk-Hellet's analysils of a
Michelangelo (33), Raphael (38, 44) and Leonardo da Vincil
(39,41). It should. be noted that architecture was a proper
subject for th&® drtist to put behind a human, god or .noble.
The Golden Sectlon Compass (34) with 55/89 relation is - .
egpecially 1nteresting.l Jt afforded a quick way of

arriving at mathematically correct "golden' ratlos wlthout
the ald of mathematics. Might a similar instrument have
been in use on the building site of a Greek temple?

. (Leonardo used”a similar instrument - indeed he used several

parabolié, elliptic and *reducing compasses'! because he was
weak on mathematics,: hut strong on ingtruments. His columns

show entasis and his sketches show a_.concern for understanding

stress in columns, He understood the importance of added
width, rather than height, in a column.2 Klght he have
considered the mechanXcal advantage of entasls?

1Tompk1ns, Peter, Secrets of the Great Pyramid,

o Harper and Row, London, 1971, p. 193.

2Clsat1, Unberto, "Thé Mathematics of Leonardo",
Leonardo da Vinci, Reynal & -Co., New York, 1956, pp.201-02,
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The figures above, after Albrecht Durer, show his
canon of proportions for the female, at t, and for
the male at right, The Diane de Poiti ype of shape
18 peculilar to the mannerist period. ~The Dlirer male

1s certainly less heroilc than the Polycleitos male,
(Sketches from the author's notebook.)

Fig. 55

" .
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THE SQU/ ARE GRID OF THE RENAISSANCE: Artist draseing a reclining
woman in ferspective: woodeut by Diiree, The syware grid schich Alberti invented in the
carly Jifteenth cenlury assisted in the perspective n[uodrrrl.'nu of uhjects s they Afpearye

B. Smith discugses the sguare grid of Direr in his
consideration of Egyptlan use of the same grid in the
- 01d Kingdom. Othe* factors, notably a consideration
with depth, vanishing point perspective and the
inventiqgn of the camera obscura were now at play,
(Illustration 312 from Baldwin Smith.)
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Male figure
Y ,‘—\5\ l'na]se :'Z’: /

nd
/uff head

“The illustration ab
proportions based o
(Perard, Victor,

Anatomy and Drawing,
Klngsport'Press, ingsport, Tenne
b

ove shows human
n 7% head lengths.

193

1946, p.30) 588es

Compare the top.left with
the above figure based

on 8:1 head lengths.,
(from the author's
sketchbook,)? -
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The Fibonaﬁci series is shown giaphically. Each new unit‘

grows larger or smaller by

Dbaintaining a ¢ relationship

between units; eachinew number is the sum of the previous

tWO., e.gl ]:-2"3-5"8-13-21.

with introducing the Hindu

« « Fibonacci, who is credited
system of numerals into Europe

around 1200 _A,.D., learned the series 13 Egyot. (Illustration

1s from Tompkins, p. 192.)

—_—

This mathematical grid,

- basad ‘on the Golden Sactlon,
was to become the backbone
of the archltectural system .
developed by the great French ——
architect Le Corbuslor for
his construction of anylhing
from the United Natlons
bullding In New York to the
closets In a bathroom.

<

IRTINRY

Le Corbusler'a “modulor”
basod on the ¢ relatlon In ;
the human body. ‘

i

Le Corbusier develdped
his MODULOR between 1946
and the mid '50's, He
based 1t on a spiral
that 1s not unlike the
vertical projectlon of
a hellx sometimes used

in entasis., (Le Corbusier )

Creation 18 a Patlent
Search, Praeger, New .
York, dashlngton, 1960,
pPP.158-159.)

1 ~

Flg. 57
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Polycleipos is"said to have told his'contemporarlgs
that his‘Doryphoros'(Spearbearer) was composed according to
a canon, that every line from the toes to the iast'hC&r oﬂ
the head was calculated and that'everx surface depended on
the scratch of a fihgernail. There‘is a suggestion here
that his canon was both linear and geometrical --fqthér
"like Le Corbusier's Modulor. ‘

A mathematician-sculptor!récently annouﬂced'that
he had discovered the canon of Pdlycleitoé and that the
‘key' was in the dimensions ‘of the third or distal phaignge

of t litﬁle.flnger.l

s
. N PR ! l F A '
N
: : I
1 - .
les dee ~ r-ﬁf‘\:-‘-rull\t'u-?.pn' fo hout -f ol _ ——— ".—.— - —A T -'i

Fig. 58

lTobin, Richard, "The, K Canon of “Polycleitos", AJA.
79, 1975, p.308.
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Having established a geom 19)un1t generating a
serles of proﬁortions based on one constant ratio (the
length of each spatial number ﬁith the diagonal of its !
square, or 1l:1,4142) the sculptor had but to use a cord

with knots t6 record the heighté or lengths of parts,

0 r .

distal medial proximal
bqne J
a ]
Fig.59r1 c d

Kenneth Clark has writte?:

I have said that a system of!mathematical proportion
appears in the nude long before the element of ‘beauty;
Polycleltos codified it and made 1t, no doubt, more
elaborate ., . .

Besjdes these problems of balance and proportions
Polycleltos set himself to perfect the integral
structure of the torso. He recognized that it allowed
for the creation ef a sculptural unit in which the
position of humps and hollows evokes some memory and 2
yet can be made harmonious by variations and emphasis.,

If the sculptor could achleve balance and ﬁroportion by

‘means of a canon but impart vitality through variation,

emph&sis and native genlus, there 18 no reason not to believe

that the architect (who might also be a sculptor in Périqleah

- or in Renalssance times) did not do the same thing. Might

he not have proceeded like the harpedonatae of old with his

1‘l‘obin, p. 310,

2Clark, Kenneth, The Nude, A Study in Ideal Form,"

Doubleday, New York, 1959, p.&7. X
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(the former relates two, the latter three gr'more)u

T:anéit;ons would be made going from length to width and

. 125

’T’\$“///_;Domon or rope canoh to give important ratiés and proportio

ns;

'* ]
régﬁos would be hard to analyse, partly because of the -

\geﬁmetry involved, partly because of the transitions, and

partly because the masons 'evoked memory' or made the whole

" harmonious by 'variations‘and emphasis'....refinements....m

necessitated by the material or situa¥Tsn at hand, the

1nd1viduality of the worker and the Greek dislike for Sheer

- monotony.,.

‘ Jfin this last regard, we must remember that Leonardo
sought ldeal types but warned agalnst slavishly adhering to
the canofi Le Corbusier firmly believed that architecture
was proportion, yét he could alter his Modulor based on a
5'7" average Frénchman when he realized that detectives in
novels were generally 6! tall. His should be the las£ word

in thls discussion:

+ « « the Parthenon, the Indian temples, and the
cathedrals were all bullt according to precise :
measures which constituted a code, a .coherent system:

a8 system which proclaimed an essentldl unity. Primitiv
men at all times and in all places, as also the bearers
of high civilizations, Egyptian, Chaldean, Greek, all
these have built and, by that token, measured., What
Wwere the tools they used? They were eternal and
enduring, precious because they were linked to the
human person. The names of these tools were: elbow
(cublt), finger (digit), thumb (inch), foot, pace,

and 80 on...Let us say it at once: they formed an
integral part of the human body, and for that reason

\

e

~

Apemm



126

they were it to serve as meaéures for the huts,
the houses, andy the temples. that had to be built.,:

" liore than that: Ahey were infiniteély rich and subtle .
because they fgrmed part of the mathematics of the
human body, gyaclious, elegant and firm, the source
of the harmony/ which moves us: beauty (appreciated,
let i1t be understood, by the human eye in accordance
with a well-understood human concept; there cannot
and never could be another criterion).

The elbow, the pace, the foot and the thumb were
and still are both the prehlstoric and the modern
tool of man. ‘ :

N .
The Parthenon, the Indian temples and the cathedrals,
the huts and the houses, were all built in certain
particular places: Greece, Asia, Europe, and sSo
forth. There was no need for any unification of
/ measures, As the Viking 1is taller than the Phoenician

S50 the Nordic foot and inch had no need to be adapted
to the build of the Phoenilcian, or vice versa,l

Pefhaps this ls why there 1s no one formula for
entasis in Greek columns; Times changed and they changed
. With theg. Canons varied and were applied not slavishly
but to refleét the creative genius Ar the architect,
"Th;\ﬂpdulor [or Canon] makes the bad difficult and the

good ‘easy; thls weapon shoots straight.“2 -

] ‘¢

1Jordan, Robert Fumeaux, Le Corbusier, JM.Dent
& Sons, London, 1972, pp.113-114, '

° - 4 pP.106. (Also of interest
is the tmportance Mannerist painters such as Parmigianine

placed on proportions and -ratios. in both the human. figure
and the column; they used the 2:1 relationship often

favored by the ancient Egyptians and Greeks.,)
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) REFINEMENTS, ESPECIALLY THE
. HORIZONTAL CURVATURE

It was sometimes the wont of- ancilents to
1mparf a c&}ve to plan, wall, floor, substructure
or superstructural elements. The next five pages
11llustrate Mesopotamian‘and'Egyptlan“examples and
clte sources., These precedents are important to
any consideration of the horizontal curvature of
Greek temples because the purpose of thé Hellenic
curve 1s sometimes sald to be simply to serve to

'carry aw ainyater. Is it likely thét the sane
reason was responsible for the curve in buildings

in the more arid Near Eastern countries?

The level of The stylobate must be increased
dlong the middle by the scamilli impares;: for

Af it is verfectly level it will look to the eye

as though it were hollowed a little. At the

end of thls book a figure will be found, with a
descrintion showlgg_how scamilll thay be. made to

sult the purpose.

Vitruvius offers another reason - the counteringwof

a disagreeable illusion. There are, perhaps, four

reasons which we can classify as'optical-or 11lusory,

sesthetlc, traditional and practical. A brief cogsider-

atlon of each follows,.2

1V1truv1us III, 4,

2
We shall

'Q? concern ourselves with the great
{eXlstence of this curvature since

dispute over the
scholars sucl as Durm and B8tticher have been refuted

127

by Dinsmoor ind gthers, and, in any case, the existence

of curvature was strongly denied only before it was

discovered in Egypt and elsewhere.

\
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Fig., 60. The entasis principle at work in lhesopotamia

There was an lmperceptibly curved line in every wall and

An the superstructure at Ur. (Wellard, James, Babylon,

Schocken, New York, 1974, p.91.)

Fig. a 13 a reconstruction of the ziggurat of Urnammu of
the Third Dynasty, c. 2050 B.C. PFig. b. 18 the same zZiggurat
as remodelled by Nabonidus in the s ixth century B.C. Both

figures from Cleator, P,E., Archaeclo in bhe making, Robt.
Hale Ltd., London, 1976, pp.l38-139.

128
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The ziggurat of Babylon, says -
Stecchinl, would have -been

perfect trigonomefically if
AHe height of the first three )
sieps had been as,originally
conceived: 30,.48 and 55 1/2

degrees. But the Babylonians

raised tha fitst stop to 33°,

the apprdﬁ;.lfnate parallel of ‘
Babylon.

Tho cunolform description of

tho ziggurat, known as the [
Smith tablet, specifically in-
dicatos that each levol of the
ziggusat has an aroa corro-
sponding to standard units of
tand surtaco, Particularly
Imporiant In Mesopotamlan
land surveying was thg square
with a sido of 60 double
cubits=tho suriace of the
third stop. .

Tho slopo angles at varlous
haights also glve Importont

anglos, such L:s 5 — 1, which

1

s also Incogporated Into the 69 Sve 11 ’
Groal Pyramid. Such trlangles, 53'[ T, I1

and tha number /5 — 1 (In s7°] 81 ]1

common pracllico takon as . . 0

tho magic sorios 1-2-3) wore ) 51 11
fundamontal In the opera- 13

tlons of lang survoying. . . . /
The third, fourth and fifth

stops of the ziggurat make 33°

trianglos with sides rolated as 15 . "

the Pythagorean 3—4-5 tri- <o -

angle. .

e L . ) . .
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Figoélc L1

Metrologists and numerologlsts see significance in the l
dimensions of the ziggurats wWhich are also of special N
interest to mathematiclans and astro-archaeologists. : {

N 1
Besides thils suggestion of hermetic knowledge - which
extends bto the dimensions of columns and entasls - tQp
diagram and excerpt reproduced above are lmportant for
theilr allusion to the Pyramids which also have sldes
that are not perfectly stralght. (Fagure from Tompkins, '
P., Secrets of the Great Pyramid, Harper & Row, London, ,
19?1, P.l1B57.) - ’ .




Sir Flindors Petrle noted a
distinct hollowlng of the core
.masonry In the centeal portion
of cach face of the Pyramid.
Though the hollowing amounts
to as much as 37 Inches on
the norih face, It is not directly
observable™ unless spocial
lines of sight are taken.

Petrie found no avidence of
hollowing along the lower-
lovel casing stones, running
along the base of the Pyramid,
which hava now been com-

« plotely uncovered.

A rocent survay by two
Italian scholars, Maragloglio
and Rinaldl, Indicates the
casing stones ahpve the base
line may hava b slightly
sloped toward a cemral line.

Davidson's plan of the bose
- of the Pyramid, showing three
different ways of measuring
the year's length,

¥

Fig. 62,

Thils page (115) also fron Tompkins,

Sibes ExacGERATED.

Depis or Courses i

nms;nzn & IN CONSEQUENKE
UMBER OF (ﬂ.lR_StS

uwc:%. P

CONSTRUCTION OF THE GREAT FYRAMID'S BASE.

(Holl

g-in of coee y GREATLY EXAGGERATED 1o show effect.)

A

B

e e e - v - —— e -

LMNOC—Basc as actually built.
SWXTYZUNAVQJ—Basc of core masoary. e

Pyramid, shows that the entasis principle was in use
and may have served a utilitarian purpose.
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. iFigy: 63.&. “the restored fa;ade
of the Southern.Palace of .
ae ‘the Step Pyramid at. Sakkara .
' complex. Smith says there

is no doubt the roof llne wasdf
curved. {Smith, Baldwin,
yp;ian ‘Architecture, Cultural
ression, American Life
Foundation, New York, 1968 ‘DP.
74-75.)
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Plan of the roof ;‘)f‘ the Inner Cowrt.
shewing the horizoutal curved lines
of the Cornicea _ set oul as the
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Fig. 63 Fig.b. Plan of the Roof of the Second Temple Court at Medinct Habou.

From Pennelhnrne's “Geametry and Optles of the Ancients.” Showing curves In plon of 4% inches convexity on the
fong sides of the court (105 feet 0 Inches) and of 8 Inches convexity on the short sldes (80 fecl § Inches).
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(reproduced from GoodyeaTr,.W.H., Greek Refinements, Yale,
London, 1912, p.36.) ;
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Bird's-eye View,
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Thirteenth Cenlury n.c.

at Medinct Ilabou.

Fig.64

belng thol of rising curves In v.-lcvuuun.' Sce Appendix?,

Curves in Plan of the Second Temple Court

ent the optical effect from the court Interlor, os

The dotted:l.nes of curvature

@reek Refinements, p.34.)

(reproduced from Goodyear,
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{ The first Greek éftempps at horlzontal curvature
were gppaﬁfntly-at Corinth where the solild rock
foundation was also cut into to accommodate the curve
of the stereobate, The Parthenon - and before it the:
Hecatompedon and the 0ld Temple of Athena-have been

. J *

shown to have a, curved stereobate, The Parthenon's

corners were actually cut into the older. foundations

which were' also; curved,
It may- be here observed that the several courses
of the basement which we have shown to have belonged
tc the earlier temple, as well as those of the stylo-
bate, are hullt in curved lines; that is, the line
shown by each horizontal Joint on the face of the '

. wWall is a plane curve, and rises a llttle in the middle

from an imaginary strailght line drawn from one of
its extreme poirts to the other.l

Curves Were also lmparted to the architrave and to the
faklng cornices as.the diagrams on the next few pégéé
will 111ustrate.‘ Curve; in plan such as are sald to
exist in some Greek temples may sometimes be attributed
to confusion caused by working with photographs.2 On

the otber’hand, Goodyear vouches for curve in plan in

the flanks of the -Basilica at Paestum and the author-

took the plcture on page 134 which clearly shows that

v ,
there is today a marked curve in the side of the Temple
of Apollo at Delphl. This latter, however, 1s very

probably the result of landslides and earth movement.e

-

1 Penrose, p.20. ' i . v -

Goodyear admits to meking this error and to

-

missing curve in plan when studying the Basflica at Paestum.'

1

{Goodyear, p.;25.)
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curvature in plan’is obvious in this picture of the
flank of the Temple of Apollo that 1s beside the hill

at Delphi. Was man or nature responsible? (Photograph -
by the amuthor) . ‘
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Fig.70. a) represents the technique for showing how
horizontal curvature in the base is mirrored in the
architrave or viczn;Egsa.

b) shows the diagram to which Penrose reduced
his measurements,

Both figures are from Penrose (Plate 10) and show
the East end of the Parthenon.

Fig.?Oa:.shows the curve of the Fediment of the Theseum
or Hephaistewn, east portico. (Penrose, Pldte 36)
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. Books touching on photography and 1ts history

IR CTT: oo

credTt the ancient Greeks with a knowledge of the . )

principles of the pinhole Qamera.l But togéther'WIth

their knowledge that light travelled.in a straight line
into the eye (and/or out of 1t) they knew that the back -
of the eyerﬁas circular so that a straight line fell on

a curved surface, as illustrated below:

T

Fig. 71. : ’ ' .

It might well be that this theory had something to do

e e TP SO YR S U U U S P S

with thelr wanting to bend & straight line to make it

appear stralght to the eye.,- A s¥mple experiment with

& pinhole camera and film held 1 oncaxe posftion will
show that st;aight lines above the line of v%sioﬁ will
curve up (down in the inverted pictﬁre in the camera) and

‘\\\\‘— that straight lines below the line of vislion fassuming they
are perpendicular to the line of sight) will appear to bend
the opposite way. The same effect miéht be illustrated

by ‘comparing two.eketches showing vanishiné proint perspective:

(:\\\ . 1L‘orente, JeA.Dey Film, The Lens and ¥You, Ontario . ;
‘Ministry of Education, Toronto, 1976, Ch.1l0, pp.l,2. Davis, Phil, -
Photography, 2nd ed.,. Wm, C. Brown, Dubuque, Iowa, 1972, 1975, D.l.;
Bloomer, GCarolyn M., Principles of Visual Perception, Van
Nostrand Reinhold Co.1‘NTITECIHETHEEIT’TB?EEEETEEEEEon, Melbourne,

1976’ P.92. .
v 4
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Fig.ﬂa) shows the pillars as they are usually seen in two-
point vanishing perspective. We have been gonditigned
for five hundred years to accept thls as accurate.

4

/ﬂﬁ_ﬁ? _7%?\.

LKL% L 5

Fig:p) 1s more accurate a representation. Diagrams such as
a) and b) hate been used by Hauck and Levy, 2

L

Fig.Jic) as a pinhole camera would show, 1s what we would-see
on a curved surface. The question that arises 1is
exactly how this image 1s 'processed' by the eye-
brain connections, and what effects 'illuslions' play.

1Levy, G.R. "The Greek Discovery of Perspective:

Its Influence on Renalssance and Modern Art", JRIBA, Jan.l943,
p.56.

2Levy,“The Greek Discovery...", Dp.52; Hauck, G.,
Die Subjektlve Perspektive und die horizontalen Curvaturen

des dorischen Styls, Konrad Wittwer, Stuttgart, 1879, plates 2,3.
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There are psyc@ological as well as vhysiologlcal
reasons for seeing stfaisht lines as curves., We can not
say how much the Greeks knew about such matters, but we
do know that Vitruvius saw the sole aim of reflinements
, as correctiné optical 1llusions. .In the case of the
horizontal curvature 1t was to counter a 'dishing' effect.
Modern experts seem to agree wlth hlm.l Luckiesh says
that a flat surface would appeér slightly concave unless

it was raised in the middle.2 Dinsmoor adds the columns

as a qongributing factor because the long row of vertical
columns begrlnéﬂdown upon the horizontal line of the !
platform would presumably increase the 111usign. It 1s %
now an accepted factsthat the mere act of raising the i
head (or lowering it) can.cause ‘distortions' or 111usions.3 :

A sort of which-came-first,the-chlcken-or—the-egg, ;
argument exlsts concerning horizontal or ﬁpkard curveture. . ]
ft is generally found in both foundation-stylobate and in ;
the entablature.” Vitruvius favors the foundation as the

originael curved surface and Dinsmoor agrees,d The : '

1Lawrence, P.172; Dinsmoor, AAG, pp.1645166.
‘ /
2Luck1esh, P.196, _ - R

+ 3
Keufman, L. & Rock, I, p. 120,

) uAn exceptlon 1s the Propylaea where the entab®ature
1s curved, but - probably because of the steps - the stylobate
and foundation are not curved,

SDinsmoor, p.167, fn.z.
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arguments seem ﬁo revolvé on which architectural elemént
creates the gstronger illusion (if Bne disregarde the
practical purposes of a curved floor).. -

Penrose and later Thlersch argued that the lines
of the pediment caused an unsight}y dip which was obviated

by a rising curve as in the diagram below:

>

~

Drawings to illusteate the Penrose Theory of the Gable Correction.

The line uvader the upper-gable apprarcs to aag dowiwand and Is really ltﬂll]{hl.} The tine under the lower gable is
curved upward to correct the lllusion, and apprears (o be atrnfght.  Fram Thiersch.

Fig. 73. reproduced from Goodyear, p.60.

Ictinus, ascording to Penrose, never thought to make his

columns of unequal length, and so his entablature curve

was transferred to the foundation. Lawrence seems to

agree when he suggests that "it 1s conceivable that the idea

began in domesfic buildings whgnﬂthe wooden architrayes were
* propped so that_ﬁhey rose convexly to prevent sagging";i

On the other hand Vitruvius, our earliest auﬁhority, in
e

lLawrence, p. 175. But Lawrence also mentlons
that the domed floor curve was carried up to the entire
height of the building., (p.174.)

B o
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describing how to set a floor told how to‘set it at
its 'right lnclination'.1 This presupposes a practlcal
purpose, and perﬁaps a curved floor, which would, even
in.a domestic situation have imparted ‘its curve -to the
upper elements.

} The actual purpose of the curvature can perhaps
be traced back two decades from 1ts first téhtatlve
appearance in Corinth's Temple of Apollo2 to the Croesus

Temple &t Ephesus (c. 560 B.C.). Here the pavement

sloped up towards the cella giving a deck roof effect.3

It must have been intended to facilitate run-off of
rainwater. If it also corrected a disaéﬁsﬁable 111;§ion
then so much the better,

The reasons for imparting a curve to & raking
cornice can have little to do with rain. Illusions .
'musé have played a Pole, or ‘perhaps it was Just that
the architect, having imparted curvature to the architrave,
simply éanted to be 'consistent' or canonlcal.

A_further reason for horizontal éurvature is
said;to be a sort of empathy for the very slight
curvature of the horizo;. For the Greeks this may well
nave been a factor, for they did love the sea, But if
the Egyptians did 1nf1ueHEe the Greeks, them what inspired

them? Certainly not the sea, or the shape of the pediment.

-1V1truv1us, VII, I, 4.

' 2It's use 1s so subtle on the flank that.it 1s
often reported to be present only on the front. (Dinsmoor,
AAG, p-90) ’ ‘

3Dlnsmoor, AAG, Pel66.
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Fig. a. Herring's illusion. o \\
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Jiig. 17 Optical Musion of Converging Lines, produced by Acule Angles.

The lines which uppear to convergr [n the direction from right tn.left are renlly parnltel.  From Thiersch.

Fig. b. Reproduced from Goodyear, p,61.

Figﬁ?u .

Both illusions can be usel to show why tﬁe horizontal
lines, especially in the entablature, are ‘curved.

-
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_curvatﬁré. It f axiomatic that ail curves convey

curve #~ ~ , in the abstract, co£$2ys a gentle but

- vital movement up, & thrust, as 1t were,against any &

T25-10h. \
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]
optical or 1llusory we move to

consideratior of \the aesfhetic'purposbslof horizontal

.

the feeling of motion while only one of the three .

straight lines do.1 _Cﬁrves.impart'a'feéling of Q\\;\ﬁ,’/’\\h’/”ﬂ

strength, resillency, vitality. Furthermore, they o

conduct the eye about the temple and involve not
just the 'image' itself in the perception process,

but the whole oculomotor appa.i'atus.2 Fiﬁally, the

downwai-d pressure, 3
. E

The diagram on the next page suggqsts that
the taper of the columns 1s a factor closely allied

with horizontal curvature, It is a.corolléry that

eﬁtasls should be closdly associated with both,
Columns with and without.taper are shown first in .7
normal réctllinear'situations (}),'then with curved
stylobates and entablatures with no compensat;on-}n
column lean (2), then with vertical. colmmns (3), and

finally with inward leaning columns, as in the Parthenon.,

1Vert1ca1 and horizontal lines are static; the
oblique line conveys movement,

2Johansson, Gunnar, “Visual Motion Perception"
Scientific Americag, June, 1975, p. ?8.

3Collier, Graham, explains the theor& of forces.:

or movement (thrusts, centripetal, inert) in Form, S8pace,
and Vision, Prentice Hall, Englewood Cclirfs, 1963, PD,

P
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Bhowing the concave curvature an beglaning In the bases of (ke columns,
K. . Archaulogischen Institute,” by courtely of ¥

.- v ' '
This page and the next tWwo wlll show that th

of imparting some sort of
at times by the Romans.
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Refinéments, P. 51.)

ice

horizontal curvature was used

b
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645

Reproduced from the “Mifthellungen des
rofessor Gustavo Glovannonl,
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Bird's-cyc View of the Maison Carrée at Nimes. West Side.”

The curving dotted line illustraies the optical effect of the curvein plan as belng that of a curve In clevatlon. See Appendix?,

Fig. ?8 -
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Curve in plan - the entasis principle a8 used in the Roman provinces,

(reproduction from Goodyear, Greek Refinements, p.45.)
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2. Degree of curvature

Degree of curvature 1s generally expressed in
terms of maximum variance from an'imaginary straighﬁ llﬂ;~
from edge to edge. - It.1s AISO expressed in terms of arcs
or circles or conle figures of a stated rgdlus or diameter,
Sometimes it is stated in terms of ratlo“fo some length d
or 'module' in the bullding. It might be expressed in
terms of 'a unit of measurement (Greek, metric or Britisp).
or even related'somehov to geographic terms, especially
degrées of latitude. Recently metrologists and archaeo-
astronomers have related it to the'speed of light or
the circunmference of the equator, etc. It follows that
the reader is often in a quandary about what is implied,
' Dinsmoor gilves the Parthenon's rlaﬁk upward
curvature at 4 5/16 inches, or the curve of a large
¢circle with a 3% milevradlus. The flank of the Older .
' Parthenon was given a gentler 2 3/8" rise with & projected .
circle of 7?4 miles., Then Dinsmoor warns:
But 1t:1s’not to be supposed that the architect l.
ever troubled to calculate the radius or to esta?lish‘
the form of an arc of such a theoretical circle.
Rather, the Greek builder workéd out a sy;E;m that was ¢
8lmple and pragmatic and produced the necessary curves
of awesome dimensions - Af one chose to project them. .
It is by such gestures thaf some writers today attempt
to dazzle us. Our concern should be with the system

’ -
used by the Greeks,

3 lpinsmoor, AAG, 166.
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3. Nature of Curvature\ R f/l

It 1is generally conceded that the curﬁe was nara-

- bolic. This unanimity is perhaps the result (of the tacit

accentance of a modus cperandi such as is sﬁ%gested by

Cinsmoor, or Burnouf, or others, wherein there is a .
prosressive d;opeoff'from center, Stevens argueg in

favor of the parqpola.l Penrose declares outright)that

the Parthenon curve 1s_‘parabolic,2 and while Dirsmoor

uses the Parthenon's 'parabolic' dimensions in‘illustrating

the use of scamilll impares, he also adds "at this
tremendous scale the resulting parabolic construction

would.be indistincuishable fgom a true cilrcular arc.3

Jinsmoor's version of the scamilli impares

process ls 1llustrated on page 155 with the intent of :"
11lustrating how closely the process resembles +the |
entdsis technique. It should be noted that the scamllli
lmoares would automatically impart a parabolic curve.
itevens' argument 1is convinecingly made and includes
_reasons for the curves‘irrezularlties, among themn,

the fact that Imjnﬁé’ drawing for the curve could only

approach methematical accuracy and the fact that there

Were oooortunities for error in executionfu‘

litevens, Hesperia 12, 1943, pp. 135-143. "
2Penrose, P30 .

4
3D1nsmoorh AAG, Pp.l1l66-8,

ustevens, G.P., "The Curve on the North -Stylobate
of the Parthenon, Hesperia, =~ . 12, 1943, p.136.

«
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4. Random Notes on Upward Curvature in Certain Temples

A

Croesus Temple at Ephesus: Pavement slopes down from the
cella, probably To shed rain. (Dinsmoor, AAG, p.166.)

Temple of Apollo at Corinth: Though it did not have entasis
1t introduced for the first time the optical refinemmnt
of upward curvature in the stylobate of both front and
flank (Dinsmoor, AAG, PP.90,166). Penrose (p.l0oh4)
thought the curmature was limited to the front. Others
have ascribed the curvature to 'settlement at the corners!
but they have been effectively disproved, (Dinsmoor,
AAG, p.l66.) because the foundation is on solid rock.
Probably the first invention of conic curves occurred

" ‘here and at early Athens.

Pelsistratid Temple of Athena: It had a curved stylobate of
Kara limestone and introduced the refinements of
upward curvature and column 1nc11natlog§\t Attica,
£ (Dinsmoor, AAG, pp.90, 150, 166)

The 0lder Parthenon: It also helved introduce conlc curves in e
the foundetion., The planned rise on the flanks was 2 3/8 '
inches Wwhich would glve a projected circle of 7% miles
radius. The curve on the south flank was intensified to
accommodate the new Parthenon which was actually LJ
countersunk in the, top of the old Parthenon platform.
The NE quarter was on solid rock and helps dlsprove the
'corner settlement' theory. (Dinsmoor, AAG, p.166)

Parthenon: The curved foundation rises 2 3/8 " on fagades .and
16" on flanks. The arc on this last flank would form
a circle 3% miles in radius. The temple may have been
realigned when enlarged to re-orilent it with the sunrise
which would account for the top of the curve being off
center. (Dinsmoor, AAG, p.1bt)

Theseum at At'hens: Llke the Parthenon it has curvature on both

entablature and stereobate. The curves are nearly parallel.

- Front curvature 1s a rare unit measure: one dactyl or
1/700 of the breadth of the front. The flank is .105 or -
1/1000 part of the length, The increment in the entablature
1s about one-fourth part less than in the stylobate in the
front and one-tenth part less in the flanks. (Penrose, Ch, X;
Dinsmoor, AAG, p.166) The actual rise is 3/4 " on the
facades #nd 14" on the sides. )

Propylaea: The stylobate is level to accomhodate the stairs
which are some 12 feet wide, but the cehtral columns were
made higher so that there could be a " rise to the
architrave. Thls curve 1s carzied fo the raking cornices.'-
Dinsmoor and Penrose use these{fac¥s to 'prove' their
different theorles on where curvature started.

~ hd .
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Temple of Apollo at Didyma: This temple near Niletus has |
a 2 3/87 fa?ade curvature. (Dinsmoor, AAG, p.230)

Ionic Temple at Pergamum (on the theatre terraﬁe) was
rebuilt by Caracalla. It has upward curvature.

{Dinsmoor, AAG, p.273)

Argive Heralon: has curvaturé\

Unfinished Doric Temple at Segesta: This temple has a
distinct curvature, Dinsmoor, AAG. p.166)

The following do not have upward curvature

Hera Lacinla (Acragas): The 1llusion sometimes Eeen is
presumably caused by the camera lens. (Dinsmoor, AAG, p.1l10),

Bassae: (Dinsmoor, AAG, p. 155)

i 1 s kS

Temple of Athena Nike: (Dinsmoor, AAG, p. 168)

Propylaea platform and stairs: (Dinsmoor, p.l67)

Temple of Zeus at Olympia, (James, E.0., From Cave to
Cathedral, Praeger, New York, 1965, p.266)

smaller Periclean temples: (Dlhsmoor, AAG, p.l66)‘

)

|
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Applying Upward Curvature (Hypothetical Method by author)

Scamilll lmpares are placed on khe radiating circles which
might be determined using Dinsmoor's method, or others',

"

125 Note especially that the increase is constant and can 3
be determined for any point however far from center. ’

13- Note too, that in determining the maximum increment from
the middle to corner there will naturally be a greater
curve to the flank than to the facade.

e g —

Fig. 85, The Greek Method of Conslructing Horleontal Curves. by Scamili impares, as Interpreted by Tiurnouf.
From Lthe “Nevue Géndrale de I'Architectiure® for 1875.

Fig. 81 Burnouf's scamillil impares,

. . »
The Dinsmoor system may sound difficult, but given

the right progression of numbers, &g, 1, 4, 9, 16 etm, to
arrive at depth from center, one could easily use a Yope

anchored at temple center and apply. the right number of

\ units or Burnouf's 'little stool’ to impart curvature, (Fig.80)

i S L ke
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Summary

If we knew more about scamilli 1mpareé,-what“they

were, and how they were used, We might know more about

the horizontal curve. This much We can say:

8.

Y.

f.

Ee

h,

1.

the curvature might be only at front and backs -
it might be at front and back and flanksj

curves are generally higher above the horizontal
on the flanks than-on the front and‘back;

often there is not so much a curve per Se as a
series of chords whose Jolints correspond {however
roughly) to the coordinates on a curve, as in
Penrose's diagrams of the Parthenon and Hephaesteum;

the curvature seems to serve an architectonic
function, if only because it occurs at its maximum
preclsely where ‘there 1s the greatest weight (in
mid-pediment)s :

the curvature starts in the foundation because the
steps had to be of equal height from end to end;

since columns wWere normally of equal height the
curvature was extended to the entablature, even'

to the raking cornice; (Penrose contests this
theory in arguilng that curvature in the entablature
came first,);

there is a famous exception to the above in the -
Propylaea whichYhas a level stylobate and stalrs
under a curved entablaturej

2

the entablature is sometimes not cyrved as much
as the stylobatej - a .

the function seems to have ‘been illusionist,
aesthetic and practical,
~
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GREEK ARCHITECTURE

. BFTICAL CORRECTIONS IN AR(CH T[E,(CTURJE ~ Ny

COI’_‘%lﬁl‘B[ 5EF Nf: %CT on PROPORTIONS
&NADS WALL BEING BLACK THE
COLUMNS APPEAR STURDIER - THE ARCHI-
TRAVE TRIGLYPHS o CORNICE HAVE. IMPORTANCE,
VAL REVF.RSED COLOURING THE COLUMNS

!CORREC[ION ofAPPARENT PROPORTIONS
FROM XN INSCRIPTION ON THE FACES OF THE ANTE X THE
OF ATEMPLE AT PRIENE

T @

THE PARTHENON ATHENS: EAST FRONT

/\

NNER o HIGH o :
LATURE LDSES INUIMP%FE%KSEE NS Cobrled - !
THE PARTHENON
INCUNATION OF COLUNNS ¢

AND ENTABLATURE

. T O T I i
/ Illll_ — T i
2l L
Lo
o \
Z
-J.
- H o9
z
[+

PARALLEL STRAIGHT *
LINES HAVING CONVEX
CURVES ON EITHER-
SIDE APPEAR WIDER
APART IN THE CENTRE

' d
@ METHOD ron
ﬂmENTASIS
E BOTTOMTOP
TUMETTRS RISPECTIVELY,
SEMCRCLES O
TS AT ERECT PLRPTH
AR CUTTHG LARCER
OCn 3 OrvIDE SLCMENT &

PARALLEL STRAIGHT

& HEZMT OF COLUMN
50D g7 1 MBLR OF £QUAL

-SAY 3+ ¢ NUMBER

* 23 FROM 3, THRQ
PRTS123 N SECMENT
D pERPENDICUL AR
T2 L, CORRESPORONNG

THC =1E FONTS THUS
GO~ p DRAW CURVE

Fig. 82,

"

THE TEMPLE FRONT AS IT APPEARS IN EXECUTION

ITH CURVED HMORIZONTAL .LINES AND INCLINED
VERTICAL FEATURES AS AT G.

- THE TEMPLE FRONTAS IT WOULD APPEAR IF BUILT
= AS AT £ WITHOUT OPTICAL CORRECTIONS,

THE TEMPLE FRONTARRANCED WITH VERTICAL AXES
©NCLINIPG 1 WITH STYLOBATE, ARCHITRAVE ~
LNTABLATURE o PEDIMENT PRODUCING RESULT AS AT E.

(Reproduced from Fletc}';er, Bannister,

LINES HAVING CONCAVE
. CURVES ON EITHER -~
SIDE APPEAR CLOSER
TOGETHER IN THE CENTRE.

A SIMILAR EFFECT PRO-
DUCED BY INCLINED -
LINES AS INDICATED IN
He d BY DOTTED LINES

of Architecture on the Comparative Metho

University of London, London, 1961, p.95.)

A Hist
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Other Refinements

"Inclination -
Th; various options open to an architect who pdﬁs

a tapered column on a curved stylobgte are illustrated on

“page 147. The Greeks chose to lean éheir cblumns inward

on flanks, facades and corners so thdt a projection of the

: H

columns might produqe:a pyramidal form,

the quintessence of stability.l {Fig. 83 )

. The principle of 1nc11natiop inparted to

the whole derives from the same arcﬁltect—

ural principle that demands taper,h%hat is,

that the chiér strength must-be at the place

of the origin of stress. There are o%hgr

ramlfications:.unless the columns are so

" inclined the upper intercolumniations are

greater at the top than at the base and

the columns seem to fan out as in Figures

1, 2, 3 on page 147, There are even . Fig.'BB

1Lawrence goes so far as to say that inclination
was a normal practice, (p.1l70}, in which case, it can
hardly be termed a 'refinement'. The ypyramid so formed
by the inclination of columns in the Parthenon has 1ts
apex 5, B56 feet above the payement. (Penrose, p.36).

ghlo



a

aesthetic principles at work, for the negative aAreas between

columns (as in Fig. B, p.158 and in 1, 2 and 3 on page-lh?l\h_;:;/fdgjr
constitute very strong downward thrusts in the columry - :

arrangementé which are not tapered, too strong to create

the tension of upward and downward elements, tHat ﬁas apparently
so desired.I Flnallj,.there might have been historical and
technical reasons for 1nc11ning the columns. Some éeé the

Doric temple's orlgins in anclent table-like altars and
gr . . r '

canopies whose baldachino structure would be stronger 1if

the four supporting corner columns wWere slanted 1nward,

We have it from Vitruvius that 'vertical! elemen;s sheould

. »

be slanted to correct optical illusions:

All the members which are to be above the capitals

of the columns, that is, architraves, friezes, coronsae,

tympana, gables, and acroterla, should be inclined to

the front a twelfth part of thelr own height, for the

reason that when we stand in front of them, if two lines:
““mre drawn from the eye, one reaching to the bottom of
the building and the other to the top, that which reaches
to the top wlll be longer. . Hence, as the line of sight
to the uppe¥ part is longer, 1t makes that part look
as if it were leaning back. But when the members are
inclined to th& front, as described above, they will
seem to the beholder to be plumb aqd verpendlicular,

-

Unfortunately,'ES'elseWherQ; his Icnic (?) criteria are mnot
the same as those employed in the Dorlc by fifth century
Greeks - neither in the amount of inclination nor in the

direction involved. This can best be 1llustrated by Fig. atr,

1Vitruvius, III, Vv, '13. ' ‘“é

iy




o ) . T t”;ﬁ,q
) - ‘ﬁg‘ N
- 2.
- - “ 9 . .
' . , : o - . 1631
VITRUVIAN INCLINATIONS' QPARTHENON INCLINATIONS
(one twglfth part of “the ' " (Af there is a pattern
‘tilted part's helght) Y 1t 1s npt ogyioup.)
g - . / * ’ ' ;« .
acroteria. 1l in 100

ant'ifixae (1/20 ht)

\.

ol gablesg,
‘ Pespweewre . ‘tympana-
\\v-’ L coronae
friezes -’ o E
1 in 80
architrave E
o--—.—O N . . ~3
- | " dbacus 120 100
' T 1R b1 sareeee
- R B y s Parthenon,
L » Propylaea,
. 1 * Theseun,
| e + Ere®htheum,
., . + all have .
’ + Inward column
f : - : slant,
’ column .
: . r . 1 in 50 s
. . or
| . 1 *1/3 of .semi-
| ’ L o diminution-
/ | . or : T :
. . 9X entasis ) v
L ] L] ’ .
\ : h ’ e '." ) ‘
. H - . cella wall .
.. ' . batter is -’
. . ! . 1 ln_BO ]
.. . : . ¢ .
[ ] - - . P [ p
'« stylobate .. 1 in 250

western faces of
. antae lean forward 1 in 80
EB so that capitals oVerhang
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.

The diagram illustrates that the Greeks tilted
forward only'Very minor elements ard they tflted back -
as they did the columns - those larger elements that parformed
a' more structural role. Those few parts that do tilt“forvard
are rather like punctuation in the rhythm of the slde or
facadu and they occur only at polnts of tension between . - N 3
strong 'horizontal' or raking and oblique elements and
so serve to~smdéth out - the transition (e.g. from column to
architrave) or to draw attention to it (as in the case of the

" roof edge) ) o

Penrose’draws'atteﬂtlon to the simpie'relationship be- _

non

» . , . ~
H:} tween~qua%1ties of like nature: the columns in the Pa

VA leaned .228 of the whofa height of~the column (name yr34.26

a multiple of column and 1nclination of exactly 1 1n 150
and proportional to the semigdiminution and entasis (one-
. " third of the first and five times. the other). It was also
identiciljgzgh the increment of durvapure in the fronts, so
that-we aaa reduce the aemi—dlminution, increment, inclination
and entasis to & 12 - 4 - 4 _ 3 ralatlonship.lw \he cella | *
. walls also anline, but not the transverse wall which contains
v’

-the door. The tympanum, logically anough, leans backwards 1

in 100. But the ‘antae lean forward.2 _ R N

" Boo deia af
: 2COmpare g%ese last two withAPaestum, where the antae_
lean inwards (Ma@Kendrick, The Greek Stongs Speak, Pe256) &na
With the -Ionic and Vitruvian forwagd ‘£11t lof .the entablature.
" “(Cook, R. M., Greek Art, p. 22? ) & .
4 § " 5 .

1Penrose,—p.36'
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Sculptural elements are said to have been tilted-
forward, though one wonders. if the sculptor himself might
.not have been asked to compensaté for the acute viewing
angle, Th'g forward tilt suggests that the guiding hand
of the bullder ensured that every ﬁart’was accorded the
proﬁér treatment., | B 5 -

One 1is tempted to wonder exactly how much the

Greeks knew about the physiological theories that

explain 1llusions that occur above.the nermal fixation

J
level of the eyes.l

Other refinements

Consideration of most other refinements in the
Doric Greek teﬁple'results in the same quandary; 1t 1is
virtually impossible to say precisely why the deviation
was deviséd and whét other significance was attached to
1t in time. Intercolumniation was varied; for instance,
for meny reaééns. foqr Worﬁmanéhlp might Héve been a

factor at some time., It might also have come about as a

result of the’hébit of replacing old,(wooden{ columns

- Wwith neWer'onqs of.different‘prbportlons and sfyf%s. The

. { .
problem of centering,the new column could easily the led
to an appreéclation of the optical effect. of irregular

intercolumniation. Thefe is the Greek abhqrrgnce of ‘pure

-
bl

3 . . ‘' ‘
* ] 1Ptolemy presumably was oconcerned with the»moéa
11lusion which ‘modern scientists sometimes asgribe to
compensatory or counter rotation theories. Plato, as we
have gseen elsewhere in his sophist dialogus refers to
the effects. of perspective and the need to exaggerate
height (which a forward tilt actually does). Psychologists
have also, shown that this illugion is found operating in.
lower animals than man, . ) '

b v . . + (’ ‘;’
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s&mmetry and the effect of a canon that wéuld produce

a more forganic symmetry'. Perspective views of aﬁsidal’
colonnades might have suggested bringing the columns closer
together at the edgés; so might vase depicflon’of temples.
There is no doubt that the problém of dealing with ﬁhe |
triglyph canon was a'factqr. It ha!kbeen suggested that
different work gangs would operate in slightly different’
wayé and so create 'anomalies' in the same building,
anomalies that wpuld confribute greatly to the overall
lmpression 1t ooﬁveyed. The Greek propensity to work
tfrugally' and with the materials on hand at the site

-

‘must selso be considered.

One should not be so vain as to search for a theory,
that embraces all cases. It-seems that refinements in

-

the Greek temples were applied separd%€1§§yhen there
seemed to be & want. We have copﬁgizfd ourselvesvWith -

; . 9
those that seem to 'be related to gntsgis.

PPy

-
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WORK TO BE DONE AND SOME CONCLUSIONS

1. Evidence
" The pauclty of literary references and the paucity

and quality of extant temple remalns have necessitated a
far ranging approath te the toplc. Still, the .use aﬁd
nature of entasis by the Greeks cén, perhats, be better
underétood in perspective. -

N Very little evidence remains 1h stone; what does
exist has not really been:pfoperiy measured, The _pertinent
information, 1if 1t dpes‘exist, does not seem to be feadlly
avallable, Penrose publishqdihis findings about one column
in the Parthenon..éﬁe-tﬁén determined the nature of thé
wentasis cﬁrye gnd substantiated his hypothesls by méasﬁring
another tolumn which was f; such‘poar q?ndltion that he had
to measure it four times and .average his sets of figufés.

He measured from tﬂe interior of the flute because the '
exterior was in & poor state. His final figures show a
greater margin of errbr than he ﬁofmally allows himself.
. He says he further checked his findings by measuring three ﬁ\
other coiumns, but he gives'no data and one must assume thét *
the margin of error or deviation from his originﬁl'fisuree
is-eveﬁ greatér;:that 8, that :his proof ‘is less conclusive,
And yet, Penrose's/1s the most pomplete anﬁ rei;able d%ta'

we have,

U WLth modern stereogrammetrié_techﬁiques, and more

. ~ .

- especially wlth the comput@r and devices like the polariscope,
*

o -

- »

>

we are 1n a better position than ever to study entasis and 'ﬂaﬁi

it e

VPPN PRSP
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. )
refinements in an orderly and scientific manner and
to arrive at logical and probable conclusiéns. But,
in terms of tinme, wé may have reached the ﬁblnt of no

- return, because lmproper restogation and conservation

techniques and especlally the results of pollutiocn .. }
may have so destroyed the evidence that merely getting

further accﬁrate information might-be impossible.




1

167

f 2. qbéorles'of'Perceptlon Reconclled
, _ Damion, Hérén, Philo end Vitruvius, as we have
S;éady seen, talked of bptical 11lusions and the need
to evoke the.avpearance of‘reglity by means of some’
Qeception or compenshtfon. ’Arlstbtle, perﬁaps_by'chance,

. ™ )
referred to the parts of the process of temple bullding

in explaining how wholistic the act of /Beeing is.® sStill,

we cannot e sure how the Greeks thoug e brain
perceives and recqgnizés obJects?'nqr whether (or how)
thgir opinions or knéwledge'ln thesé‘matte}s were factors
in usiyg entasis and refinements.

‘ Réﬁenf experiments suggest there might not be

a Gestalt parallel onehsten procé&ss in seeing, but a ‘step-

. by-step process which more closely parallels what- the

Greeks must have felt about t

vagaries of visionl It
. ¥ ‘ ‘
remains for someone Wit Xpertise in-classics, psycholpgy,

/!
optics and the neural .process to vring all pertinent data
~

‘together and arrive at concIusions.'

Meanwhile, let us obsprve that the memory system

‘of the braln must contain an.lnter al representation of

4

the oﬁaect it recognizes. This 1mage is in the form of

neural activity and quite unlike the retinal 1m§ge of

"the object. When one looks at an object one's eyes scan

s

1 - \ \ -(' .
Ar}istotle, Ethics, X, iv. ’
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the objlect. ecientlsts can now measure the path the W
eye moves in and also time the sacoades or rapid eye ’ J
mov%mentS'between fixatlons.l The scientists have not ‘i

(to oy knowledze) studied what happened when someone ®

1ooked at a Greek ‘temple with refinements. They have

ascertained, howeVer“that fixations ‘tend to cluster

1 A b s Vi A i "

apound the angles and on unprédictable contours 1in the

object seen. ihey propose, as & result of their studles,
L

e o W o

that in the internal repreSentatlon or membry of-an object
malin characteristlgs are 1inked together in a 'feature
ring' sequence by the memory of the eye movenent required .

o - to look from one feature to another. This,is generally done /

s L e st el

+ in a fixed order. The scanning process when the object

14 familiar will take as long as 35% of the viewing time -

cagiad

much longer than when the object is rejected because it is

unfamiliaer.’ Internal shifts of attentlon accompany the

: eyemovements and these tend to vary from subject to subject,

because we all 1earn to ;ee an object 1n a different way.
) ‘ Artlsts have for centuriles tried to control this
scanning pstn: jn architecture, no less than in palnting‘;, _‘ '
and sculpture. Untll we know more about what Totinus ' 1
wrote, however, we can only speculate that perhaps he
was aware of the limited angle of focus of ‘the fovea

(one to two degrees) and the fact that this necessitated

eye movaments 1n the process of perceivlng somethlng

- . 4
.l B ' - e \\3->
Noton, Day and Stark, L, "Eye Movements and oL .

Visual Pefrception", Sclentific American, June, 1971,
pp. 35-43. - . e .

N . .
. [ TN S e RN . +
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.

1arge. That he might have used subtle}embellishments -
refinements - here énd there to 1ncrea§e scanning time'and
.pérhaps'aid in the act of 'seeing' his temple, is a concépt o
entifély in keeping with the spirit of the Pericle;n age, -

One 1ls even-tempted to see an analogy betwéen thls new

concept of seeing 'reality' and the Platonic theory of

* Ideals.

Py

_—
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3. Photography and Yhe Study of Entasis

Photography was used a great deal in the study of

entasis and curvature reflnements in the- last century and

into the 1920's. Goodyear used 1t and perhaps he was
d&scredifed béodﬁso‘he based many,decis}bns on entasis PO (zp

-and refinements on photographic procffalone. §t111, the

g
— i,

art end science of photography can be used today to tell

us more obout Gr buildings. '

_"A photogrgph represents the retinal image, not

and we do not see the world according to the size or shapes .
‘of the retlnal ima es."2 We do, in fact, tend to see things

in terms of theil¥ actual slze and we drgw on our knowledge

of context for clues in order to make this determinat.lon.3 A
Cameras reﬁder flat geometric plotographs that Qony ohr

eyeé the muéoular hints they would get in foouslng.at'

near or far.objects An'realité. Even stereo photography

can distort the image We see.u The psycho;oglcal and
physlologlical experlence of looklng at a photogréph is .
simply noé\the same ao looﬁing at reality., Still, given

certain information, we can learn to Ysee' and to(be aware

of the limitatlons of what we see 'in a photograph. d

1R I,. Gregory in Eze and. Brain: The Psychology of

- Seelng, quoted by Dechert, Peter, Communlcation,'Photosraphy, -
and the Archﬁpologist", Photography in Archaeological Research,
Harp, E., ed., Universlty of New Mexico, Albuquerque, 1977,
Pe355. , 2

P T p.355

\ ' L3

_3D.°°”t. pe. 355 - T e SR
: .uﬁéohort, pe 356
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Ed ) .
of field and focus everywhere, The camera has been used

- judgments>£rom-photograph1c proof alone, Nor 1s this

- . — . . 1 3
technical data one would think necessary to make soun9 ﬂ\

a few cents: the pinhole camera.

i71

There is no ﬁnQ}catlon that GodeeaF ever had the

dafa generally published_alongside architectural or,
archaeological photos_.l

On this subject of ‘'seeing’ 1t “should be noted
that the lens, contrary to vopular belief, does distort’
rendltlons of the original subject because the light must
first fpass through glass before reaching the film and .
distoftion results because of ‘refraction effects. only
oné typé of.camera offers no'reffhction - simply becaunse

it has no lens, Thls same camera offers infinite depth P

§ e

in the space program, in holography experliments and in

special multiple exposure flash combinations- to photograph

- ——— ek i .
ek e Papinyt

the inside of the stomach. It is the only camera that

offers an accurate representation of the subject according

to the laws of linear perspectlve. 'And i1t can be made for

N 4

Some useful and interesting work could be done

£}
N ‘.ln.

by an enterprléing photoérapher who compiled a series of

‘studies of varlous temples from all angles, with

conventional no=shift lens cameras, with adjustable

controls tstudio cameras', and with- pinhole cameras - -
1f he rdcorded all data. ¢ .

1rpe data required would be: camera and lens speci-
fications, farmat, film and chemistry used, exposure and.
filter detaills, range, height of object (if knpwn and in
the absence of scale 17d1catora) and distortign adjustments.

P

h B -

" .

J. [,

e 11 i e
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4, Tllusions and Perspectlve

The exact nature of 1lluslons used‘'in Greek temples

has been difficult to assess, partly because some fit more

) 1 . . .
than one category. Then too, the change we call an 1lluslon - o
might not be optical, but psychological or physlologicél.

Certain illusions have'been related to time, geographic .

R T

'conslé?rations; race, nationality, age, sex and learning,
as well as visual-motor experience. The ancient Greek
temple was very geometric In 1its proportions; it was on : . '*A
this geometric form that refinements were lavished. It L~
was perhaps an ideal form on which to experizent with

.t

1l1lusionss Hecent studies show that
the geometry of the decoding of visual stimulil
is a relational one similar to projective geometry. .

//fIn accordance with this geéometry, series of- relative .

( invariances, or perspective transformations, are

\\‘%bstracted from the optical flow. This results in

'terarchical systems of different components that .

-are perceived both in common and 1n relatlive ' y
persvective transformations., . . . human bailngs
tend to percelve objects as possessing constant
Euclidean shapes 1n rigid motion in a three- dlmenalonal : : /
world. In real.life these principles of visual analysis
taken together give rise to a satisfactor}ly close L
.correspondence between the physical world and what we
perceive that world to be,

. .

B
L |

The categories and their characterlstics are;
he;ght and width: vertical segments/usually seem longer than
horizontal segments of the'same leagth; interrupted extenders:
parts of a figure separated by a v o?nt area appear out of

position; contour: open figures appeAr to have .a greater area
than closed flgures of the same slze’; equivocal:  two or —
. more interpretatlions are found in the same lmage: EPrsEectlve.
depth causes equal objects to appear unequal; contrast:
combinations and positions cause equals to seem unequal and
stralght lines curved and color contrasts cause spots or .
confuse q1rections. _ B %;

2
Johansson,. Gunnar, . "Vlsual Motlon Perceptlon“
bcientlficy&merican, June, 1975, p,BB "

-

-
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The study of pefSpedtivg, whetheriit was linear
or spherical, was started by Aﬁa#ééoras who wWrote a ’
commentar& (now'lost) on hls stage badkdrqp. Rlchteé_makes
the interesting observatlon that the Greeks d#l not 1ﬁveﬂt
single point vanishing perspective perhaps bécaﬁse they were
stimulated bg:qcene ﬁalnting; and it was iﬁpossible in a
K\theatre, Hheré every:person 1in the audience furnished a
‘ differeht ;;ne of slght,' teo provid% a-plcture that could "
be unified by a single vanishing point.} That the Greeks

were stimulated is proven\by'thc great strides made in

conveying a third dimension on théir vasqs.2 It is 1nterest1ng‘

to note that these samefyéses would provide the artist no
eésy groﬁﬁd on which to palnt 'straight® liﬁés, which would’
however rendered, cufve this Way‘or that deﬁ;hdiﬁg on how
the.vasg was held op\viewed. It 1s-probéb1e that something

of this multi-faceted approach was the re sbn'whyvthe Greeks

used refinements in such a variety of ways.
which they viewed as’ plastic form, was not, after all to be’

viewed from a single spot, but from many vantage peints, N

- o

L | ] .

- Richter, G.M.A., "Perspective, Ancient, lMedleval
and Renalssance", Serittil in Onore dl Bartolomeo Nogara,
Vatican, 1937, p.386.

r

- _ . 2Unfoftunate1y,'they showed iittle respect for
the medium and' imparted a depth that some consider undésirable,

<;\’; - . . , 173 -
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5.- The Polariscope and Structural Analysis,

several refinements can be sald to play .
N functional roles: entasis does make the Eo%umn stronger
‘ and 1nciinatioﬁ of columns does impart strength. The |
‘questions that arise are: by ﬁoﬁ much? and, is the strength
1mﬁarféd siéniflcant? Studies have been made on Géthié .
" structures by maklng.trénsparenﬁ stale models and
a subjetting them to various stresses in a polarlscope.
Jﬁ< _ "' Ihe ;rinciple 15;111ustrated—he%eﬂ&;_h _ /

. © 7 : _ TRANSPARENT SPECIMEN * .

<< ! \F*‘\

Flg. 85

POLAROID FILTERS

o
is deformed, As u result the polaxization of Tight leaving the s
imen is alicred dependinr on the magnitude of the forces, the ma-
terial and geometry of the specimen and the wavelength of the
light. This alteréd polarization’is seen an an interference pattern.

' ‘
PHIOTOELASTIC PRINCIPLE underlying stress analysis is illus.’
truted. Crosred-axis polurizing filters cut off the Jight, An unstressed
transparent specimen has no effect om the polarization and so the
field remains dark, but when'lorces (F) arc applied, the specimen

Cﬁ\ . Any.architecture; Greek 1nc1:§3ﬁ;‘can‘bnly bé mis-~
interpreted if 1ts technical 9spects are not wéll understood.

» ,

When someone does such optical stress analysis of the Greek
Doric temple we. Will be in a better position .te relate the
gggthetic and illusionlstic achievement to the ‘structural

imperatives, - . ,
AR : . ) . - . .
. . " . . * . . . ‘. ) . ‘1

. T

;Mi;k; Robert, "The Structural Analysis of Gothlc

: Cs ‘ . entific Ahlerican, Ngiro5, 1972, p.96. The
~ : - 11lusignist aygument foT ¢ anging the.pipnacles- atop the.
~ outer ddges of. Bourges Cathedra

40" thé center was dispos
of whenl.the polariscope showed that the edge pinnacles .
. - ‘maintaihed the integrity of the buttresses by Gvercoming
» . " local tension. (pp.90-92). - o Lo :

‘ \ .,

e _ e




that Iotinus' lost book was a treatise on the subject. In
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6. Theories about Bntasls and Refinements Classifled

However and why the delicate curves and 'nicetles'k'
were put into Periclean buildings, amd the Parthenon in

particular, there is no denying fhat theylimpart vitality

and an organic aspect that contrlbutes to the- appearance

. of greater strength and plasticity. The great.expense

and trouble in introducing refinefients shows that they

were intended to serve a purpose. (Who could possibly

believe that they w§ré;merely a show of Attic perversity?)

The most ancient sources say that the anomalies were

intended to dquiter optical 1llusions. It is probable

N

any}¥éée, no one has succeésfully proved that the corregtion

of disagreeahie }}lusions was not a factor. '
— ) :

The peculiarity énd subjective nature of most

11lusions Kas contribtted . greatly to the problem of

. understanding what the Greeks intended fo do., Different

theories of tHe causes of even simple optical 1llusions
1

Véurvive Just because the human .subject cannot observe and

report his own 1nterprétat1ve operations. Illusions also

. O . .
differ depending on time and place, sex and raee, training
and learning and a host of other conditions. Not everyone

will accept any one explanation.

-~
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Theories about Why the Greeks used entasis
and refinements, however, have been classified under
three broad headings.

e ———
! a. the compensation theory,
b. the exaggeration theory, -
‘-c.' the tension theory;‘

There is, perhavs, 8 fourth clessification. -

The compensation theory

Vitruvius may be sajd to be responsible for

the notion that calculated modulation is designed to

" counter the deception caused by the eyd. He cites

\ reising‘the center of the floor, thickening the‘corner
columns, eurvlpg the styIOEate. It matters not thet
hls fbrmﬁlae sometimes do not fit neatly with the
Periclean realitlee. We can expect that the actual
recipes might have changed 1n the five centurles that
elapsed since Ictlnus built the Parthenon; 1t 1is.
reeeondble to assume that the intent of refinements was
the same; Beeidee, Vitruvius had access to Ictinue'

book” on sueh compensatlone or.'alexemata'.

The exaggeration theory

 Anti-Vitruvians argue that such lines as are
'wrong or seem bent were deliberately exaggerated to
emphasize some feature of the temple, eepeclelly its

slze. This 1s especlally true of horizontal curvature,
F 4 ) - .

1

- 1Po114tt, J.J., Art and Experience in.Classioal
Greece,. Cambridge Unlvereity—Freee! ambridge, 1972, pPp.?5-78.

*
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entasls and diminutiénﬁin width of metopes. The main

obJection to this hypothesie is that 'bigness' does not

-“
seem to be a desirable dharecteristic in Pericle%n Athens

where refinements wefe’BaBF with the greatest ‘bBuccess. -

The tension theorg .

-—

| 'This theory has it. that the intention of the
builder in'inthQucing deviations was to create a tension

in the mind of the viewer between what he sees and what

he expects to see, so that in struggling to reconcile the'

two images a fascination grows out of the tensi\ﬁ*w.The
mind's neural image presumably exﬁectsunormel rectilinear
exactitude;’ the eye provides deviations and ﬁuances ‘and -
the ensuing 'tension'.produces a fescination whereby

the temple- is seen to be vital, organic, eVer—interesting.

e~
The reality that I's known by the mind, the aletheia, 1s

. . ' 1
married to the reality known.by the senses, the phantasias

.\ . .

TEAD S Tw a’?o ITEKTOVL -T’bes
q)o(rrcxo-/o(v eupv Bligv’ Wo/qo‘m o’
é/o oV Kol omecov ;Z/;(w ef Tpis -
TS T/]S Sy-ews AT s O\ ECrwio T
AVEY, IO‘Kén/ oy 7725 kAT’ m\q@é/dfv.
/0‘07427’05 /2 E?f 6/,1105 O(Ma’ //25
/7'/005 THV O}V/V 70X O/aéwu 2
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'L;% 1Pollitt. J.J., Art and Experlence in Classical Greece,
P. .

2Heliodori Larissaei Capita Opticorum (as quoted on

the title page of Penrose's wWork.)

L
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the aim of the architect is to make his work harmonize
wWith the demands .of the senses and to devise methods

for dagglz;nﬁ the eye, as far as possible; his object
being (to achleve) not actual, but apparent, symmetry
and eurythmy.

Archaeoastronomers ﬁay force us to.add a fourth
classification, because the map-projection theory of
Stecchini does not fit easily in the first thfee categories,
We must awalt publication of the argument in detail.
Meanwhile, the‘theor;es mentioned all seem valid
Each contributes a feasible explanation that somehow flg;:Sl
the.Gteek schemé of things. Nor are the thrép necessarily
mutually exclusivg; Entaslis and refinements did. not

mushroom suddenly 1n one preclise place and. time; There

were probabiy different ‘reasons ror introducing each

refinement, :eaSQns prompted by a variety of factors,'
tastes and whims. For instance, we can say that entagis
does impart actual strength'to'the dolumn, thougt the
amount is minimal. Speclailsts in optles qnd_iliusiots‘do
recégnize that effects of_irradiation, deflect?bﬁ,
éhiaroscuro'and attenuation are ihdeed'countered by the use
of entasis. A natural proclivity to use curves because
thoy are more beautlful or animated than straight lines may
have been a factor, as might theorles of aesthetlca relating
to the shaft's architectonic role or the 1mpart1ng of
vitality, elasticity and flexibility with grace. A

preocoupation wilth the laws of elementary perspective
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seems to have given impetus to the movement about the .

time the_Partﬁenon was built. Authoritles for the :

above paints of view abound, ” .
Such evidence as exists suggests that entasis
and .refinements were. not administered according to strict
rules. If they were, we have been singularly unsuccessful
in detecting them., Rather there was a subjective or ad hoc
approach, and gene?ally speaking, one must subscribe rather
more to the tension theory than the others,
When not advised (of it) the Specﬁatér feels *
something unusual; when ad¥ised of it he recognizes
a delicate attention which delights him,..escapes .
analysls..., but...captivates us even when we are .
ignorant .of its trye sense and cause,l )
~ ® .o -
. r - . LY
‘-‘
y e
o, ) ]-ChOj.By, pp.4081l¥09. . ‘

. . Ll t

s



GIVING THEIR APPROXIMATE DATES AND PRINCIPAL_ DlMENSlONS AND PROPOR'HONS'

+ Tncluding for comparison a few other accurately dated buildings, the Athcnian TreaKiry at Delphi, the Pmpylaca and the Monument of Nicias at
Athens, and the Mausolcum at Halicarassus.
* Diniensions arc normally given to the nearest halleinch in limestone buildings, to the nearest quarter or eighth in marble buildings (for measuremenyy ™
in metres sce Appendix). ‘
3 All dates arc 8.C. unlcss otherwise stated, ' b
+¢ In the casc of unfinished stylobates, the finished dlmennom :réglwm (subtracting protective surfaces).
{5 When two dimensioms or proportions appea side by side in the same column, the first always refers to the fronts #hd the second to the ﬂanks bue

' when variations {other than the contracted comer spacings in Do ric buildings) occur within cither front or fank, the normal is shown above and
: the extreme variation below, respectively. . .

.

- , - Top of Stylobatet N to-
! - Ratio : Lowcr Heighe
Dates Name of Temple Cr:;:"::“ - Width to S;’;‘ 5 Coluinn of of
) - . . Front . Flank Length B Diameters Column
NORIC fe. in. fts in. b fe. in. ft. .in. f. in,
. $90 Olympia, Heracum . . 6by 16 6t 6 ‘16§ 1 14667 11 B, 1o, 8} {-; l::-: i* 7 14
' - =a. - 4 . :
¢. 565 Syracusc, Apello ., . . 6 . 17 7.9 181 6f 3+ ¢65 . {" l:i.;o u 6 7.6 of 6 2 v
. §5% Syracuse, OIympmm .. . 6., 17 73 6 203} 7 aro |13 4bh1a 4 - FAET I |
. s50-s30 | Selinus, *'C’ . .. . 6, 17 78 6} 209 - o} 2661 14 s, 12 8 «6 3.5 u} FL Y
: -¢. $40 Asoy, Athema ., .. .. 6 w13 | 46 of | 99 s} 2-160 8.7, 8 of "3 0 15,8
\ Corinch, Apollo .. .. ‘e 6, 1% 7 6 176 11 3- 308 13 :}. 12 34| s 8L s 13 9
. ¢ 538 Sclinus, ‘1), . .. 6,11 . 77 6 -183 8 32367 u % 14 9 5 7 17 3
¢ $30 ° Pacstum, Bailics .. - o 918 Jbo s | 1 o} 2-1t4 s, 10 2 49 ar- 1¢
AR RY+Y Selinus °FS* . 6. 14 7ou} | 203 a, 7 24 u 8 15 13 | s 10} 19 1o}
329315 Athens, Athena (Pcnu:an 6, 13- 60 10} .| 141 7 2+016 i3 3, 12 7 |5 4.¢5 1]c24 3
" L 11 5,1 8 1 N *

t. s20-450 | Sclinus, Apolle ('GT") .. . 8., 17 164 3 RLIS ] 2:199 [ J': R {lo 9"39 g| 4 2}

&S to-409 Acragas, Zeus Olympius |, | R N SETIR 2 1N 173 o} 160 2 2088 | 26 4, 26 10 TERTIE 6 R
¢ 310 Pacttum, Demneter., , .. . 6., 1) - 41 8§ 107 10} 226t X 7 4 3 o 1

so7 Delphi, Athentan Teeasury . a in-antis FYI B I TR | 1-463 7 1} 206 136y
& 00 Metapoatum, Tavole Pal:dmc I 6by 12 sa B} 109 9} a-o1t 9o 8}, 9 7 i sk 16 10
Actagas, Heracles ». .. . 6, I %2 11} 219 114 2-651 15 1} 610 - 13 "o} 12
. Delphi, Athena Promaca .. . 6, 12 43 st 90 1k |"2073 | 8 2, gutj |3 33 2} 1§ 1
4y Sunium, Poscidon (old) . 6., I3 43 10} 99 1 2-302 ¢ o} 3 2 ) 1

¢. 495-485 | Acgima, Aphaca .. . 6, 13 45 3 o4 6k 2093 g 7, 8 s 3 3 17 |l s s

488480 Athens, Older thcnon .. 6, 16 77 2} ztp‘rﬂ 21-845 14 sto1s 3% 6 3
480 Syracusc, Athena . . . 6, 14 ‘73 2 130 6 2:505 | 13 i 13 8 6 H 8 7 12
) Himcra, Nike . P 6, 14 73 8 | 18y 7 2493 13 84, 13" 9¢ 6 2

. 480~460 | Sclinus, Hera (‘ER' . .. 6 ,, IS 83 1 222 1} 2-675 . 15 s} 7 s} 33 3l -
468-460 | Olympia, Zeus .. .. 6, 13 . 00 10 a0 4% 2-3t6 | 17 1h17 tf | 7 4b7 3 34 3bl[1s 4
<. 460 Pacstum, Poscidon - 6, 14 7 71 196 9 2472 | 14 B8, 14 9} [ G611, 6 B 29.°1} 12

Acragas, Hera Lacinia o 6., 1) 5 6 125 © 3253 | 10 3, 10 of | 4 6}.4 AR 2010}

- Sclinus, ‘A’ . I 6, 14 $3 1 132 3} 2°499 910 4 4’ 20 st

. 430423 | Bmue, Apollo .. N Y R £ 1 & 6 "1as s 2-642 810}, 8 ok | 3 ol.3 3 19 6}
449~444 | Athens, Hephacsteum .. e 6. 13 44 ni 104 2} 2-318 - 3 5@ 1 4} 15 9 6 7
447-432 | Athens, Parthenon . . 8. 17 o1 3% 218 of 225t | 14 thogx 6 3 34 33 10
444-440 | Sunium, Posxcidon (new) . 6, 1) 44 13} 102 1} a3 3 3¢ 3 s 1o 9lll 6 7
440~-436 | Athens, Ares . .- . 6,13 47 of 108 10 2+313 8 9f 1 7H 20 7 6 7
4)7-433 | Athens, Propylsca— 6 amohi i :

o amphi- - . 11 10 7 a8 10 [
Ccmrallnuddmg e . proseyl 6 1} 78 2} 1128 { 17 10 s 14, {\ 7 "i“ 311
WeaWings .. .. .. 3 in-amtis ¢ —_ —— — 8 i} 3 6} 19 2 6
436-4)2 | Rhaninus, Nemesis e e 6y 12 32 of 7 3 | 213 ~6 3 2 4} a3 stl] 4 6
£ 430 Acragas, e e 6.1 ss 6} 129 4 32339 .| 10 6,10 6}, 409 23 ©
435-417 | Drlos, Apollo (Athenian) . Gam-l- awop {.ssr9l | sy 6 of . a8 15 3
P e 1. . .

" 424-416 | Segesta . . s . 6 by 14 75 10 190 § 2510 | 14 214 3} 6 3 30 9 T
433-416 Argos, Hera e . .. 6,13 | s6 9} e t 2+132 10 L} 4 4 24 3] e &
‘¢, 380 Epidaunss, Asclepius .. .. 6, 11 38 7 75 8 1-961 7 st «3 1 17 1 b
366-316 | Delphi, Apollo .. .. ..}~ 6., 15 L7t tf |10 tof | 2-684 | 13 7 13 42 st Y
o g0 Tepgea, Athena Alca . . 6. 14 63 11} 156 o 3478 1t 10, I1 51 3 1 7 uj.
¢ 340 Nemea, Zews .. .. .| 6., 12 63 11 19 7% 28 | 12 3ho13 3 s 4 4 ofls 51
PRTT Stratos, Zeus e 6, 11 sé ab | 106 4f | 1957 | 10 4 4 3 c.33 3 6
¢. 320 Olympia, Mctroum .. .. 6, 11- 34 10 467 10 1-946 6 7 2 9 ? 4

3t9 Athens, Nicias Monument  ..| 6prostyle | 36 4% P 1373 6 o} .2 ok 19 4]

:;ﬁ:ﬁ;} Delos, Apallo (peripteral) _Sbyn s0otr jegy 7 | 3288 7 6t N o
€ 250 Pergamum, Athera Polias .. 6, 10 403 7w s | 1774 7 ot L | 17 3 4“
€ 170 Pergamum, Dionysus . e 4 prostyle 22 1} 33 3 | 148 6 74 3 o} Ty, 81 an

& AD, 13§ Elcusis, Ancm:stpyhca . 4amphi- | cat 1} [eq40 SE | 1°918 6 s} a7 14 10k ] 41

PY A R & ""’“’k'- - D -



s When twe dimensions or proportions appe
when viriations (other than the contract

the extrome variation below, respectively,

& "The height of the entablature.is always measurcd to the top

ar sidc by side in the same
cd corner spacings ig Doric

.
1)

m|umn.,\heﬁmdmysnfc'ntodufmntsmd!hemrﬂsothc flanks; bue -
buildings) occur within cither front or flank, the normal is shown

of the corona, omitting the sima ytl;kh forms in reality part of the roof; But for Asiatic

and .

Jontic and Corinthisn the totsl, including the sims, is given in arcothesen ’
. . - S DETAILS
- .- Proportions in Lower Diameterss in Axial Spacings in Columa 2045!5 Cunnatiu FD%;\PPENDIX IHSEE
Height . Heighsy/|  ® | (s plon 1
of Bntabla- |~ . . |- : n .
wret Y Axiat Height of | Heightof | Height of Hcight of T|Re s | elontim
Spacing Column | Eatablature [ Column Order enias :
Z 1 1
f. in 8 * i
. 3:76,3°126 4°08, 5-22. : '
? “lt297,2:69 {4‘15.4-:}' . 1:46,1-60 2 v, .
N ? 1 383..|“Ix 1O 4% 2 u.?:.'-a;rgw L7 2 ? )
? 2-21,2-03 6 432 [ € 1-96,¢ 213 ? ? (0] 4
‘14 8} 3:30,2-13 Y 453,478 3:35,2:48 I°97. 324 3-99,3:40 153 ‘o7 .
6 74 285,368 | s arar | |.. 1483, 1795 2-61,2:78 1 ’ J
? 2-31,2-38 4°185,4°40 ? 1+80,1493 ? . N (v [ 14
13 1rf 3-37,2°64 8 232 190, 8BS 185,373 148 ® :
? 200, 3" 1§ - 447 e 32:24,2'08° . ? ? ® - "
12 g, 350,257 309 3-21 o498 L a9t 1°43 -4 of i
it 2 €243 R X TN €.3746,6,2-358| , 183, £ 1°93 | & 2B a9y 154 | ‘ 4
| 330,233 495 3-at [ a-2s,2°23 : e : \ 1
a6} {3'03.3,":3 4°3L,4'95 {a-ot.z-_:u . 3 335323, e @ j
14 ot I-98,3-03 ‘426 r-86 315,313 - 3'09,3°03 144 [ v
s, 34 ‘o7 484 3-09° 133 334 1°43° |® ‘
s s st a:87 Y 3-1),2°20 1-90 2-64,2°67. 1:39. 1-40 .
? 3°79.3°76 484 ? 174,176 ? - ® R
12 .3 321 484 178 218 299 1°37 ®
| 24naas | st ? 1-85,1-90 2 ol "
[ 2N 250 ? ? ? ? < ?..'-.'!", . v . “v -
6 shd M 265,259 532 1:99,3:06 | a-or,a-05 276,286 |l 137, 2597 )
o ? 1+33,13°29 ? ? . ? ? - [ ) ~ ' “
12 ok | 21212 454 a03. 2-10,2-09 304,303 L T4S @®. :
? 2-23,2°34 ? ? ? ? 2. ) ~
s . 2'08 448 1497 215 . 110 44 ? ~eet -
13 4L 13 9| 3-33,2-37 464,472 1-81,1-88 2°00,1-99 -.| 378,27 1+39,1°40
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Front Flank s
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360-460 | Ephesus, Arteinis (old) .. 3 (9) by 2t 180 9 | 377 9 | 3090 | 3 ]i. w k(e 5 S.i “ll ¢39 7% .| ?» i
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APPENDIX III
Temples with certaln, probable, uncertain, ﬁnlikeiz, entasis
T A1l orders are listed using - .
‘ ' . Dinsmoor's sequence.

Code: (Initial 1s followed by page reference
, and measurements clted )

C'ﬁ Coulton

. D - Dinsmoor
Do- Dorpfeld
G - Goodyear
KP Koldewey & Puchstein
P - Penrose _
R - Robertson

The first column 1lists west oolonial‘(Megna Graecla) Temples.
The middle oolumn'llsts-malnland and 1sland Temples.

The thir& column 1ista Eastern Temples.
(N 1ndioates a clash with the other guthoritles or doubt.

S o
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IR BN APPENDIX III
‘ i S5(9]|8]%8 . :
' Er DORIC TEMPLES z|alg] &l :
Q& . - . ,
EE Location Temple. ]| . |entasis :+ . references
58 . ' | .
; OLYMPIA, Heraeum ‘X ©176(1/140ch)D8.p121.1
SYRACUSE, Apollo X | G132; KP63; '
SYRACUSE, Olympieunm’ ) X || 6232; KP67; -
N ) : .
SELINUS, ‘C° X G132; KP99;
'ASS08, Athena _ -
® CORINTH, Apollo X |R89: - .
SELINUS, 'D! G132; KP108; T
S : L127,128,170 (2 1/8") .
O | PAESTUM, Basilica .< Dok ,169 Ea 1/8"):C110-7¢€.
» - \||G132; 'KP13; R116; Py
SELINUS,  'FS' X P |l6132; kP119 g
3 ATHENS, Athena (Pelsist,) o y
SELINUS, Apollo ('GT') X D175-6 |
ACRAGAS, Zeus Olympius ’
| PAESTUM, Demeter (Ceres)athen X. D94-5; KP19; _G132;,Cl?67':—,»“‘
' DELPH, Athenlan Treasury . ;
METAPONTUM, Tavole Paladine X Dxxiil; R116:;G132; KP36 |
\> - | ACRAGAS, Heracles X ‘ G132; KP148; ’
' 'DELPHI, Athena Pronaea ’ . -
SUNIUM, Poseidon (old) ‘. * :
: | AEGINA, Aphaea | '
@  ATHENS, Older Parthenon _ ,
SYRACUSE, Athena X G132; KP69 - ¥
HIMERA, Nike "
“ SELINUS, Hera ('ER') [x G132; KP130; :

)

el e ks el 22



~
- L AT .

.DELOS. Apollo (peripteral)

o o ~ R : "
o NO - . © 5. % 5 . 184
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o aln] '
= <|8|8]a APPENDIX III - 2
aec't:' hol [ I ) IO ’

;:E x =] g [= 7% I

[P . -

BB 7 »

: Lochtlon . Temple «Lntasis references
OLYMPIA, Zeus =~ _ '
@ | PAESTUM, Poseidon . X . G100,132; KP26; L27;
® | ACRAGAS, Hera Lacinia X G132; KP169;.
'SELINUS, ‘A" e, |
e _ BASSAE, Apollo, " x f| p156: L171; G?151;
® ATHENS, Hephal::teran X £170(- 2/3"),p178b-' P
: L170(2/3*");
® A‘I‘HENS, Parthenon D16l(+ }68%11/16") C176 %0
' . G99(2/3"
[ ] SUNIUM, Poseidon (new) -
ATHENS, Ares
® ATHENS, Propylaea - west || x L171:
' ' Centra]l x D168(3/4") ;
Ionic D169(3") s
RHAMNDUS, Nemesis ) _ ,

@ | ACRAGAS, Concord X . G132, 151; KP173:

' DELOS, Apollo (Athenian) \ ° ’

'@ | SEGESTA (qols infinished) X G132; KP13ls -
ARGOS, Hera. ' ' "
EPIDAURUS, Ascleplus -
DELPHI,. Apollo ‘ ‘

)
(’ TEGEA, Athena Alea
o NEMEA, Zeus || ’ -
|
STRATOS, Zeus
QLYMPIA, Mptroum
ATHENS, Nicias Monument “



CHRYSE, Apollo
~ TEOS, Di_ony_sus
. ¥ MAGNESIA, Art. Leuco
AfHRoll)jfm, Aphrodite
. AEZANI, Zeus
CORINTHIAN TEMPLES
ATHENS, Zeus blympius

EUROMUS » Zeus
- CNIDUS

X

+ b

| o, YES 1o 5l%e 185 v
% _NO 'f,s'. 43 N APPENDIX IIt- 3
N HHER |
R | Bl 5|BIE
E% Location Tem—fa;g eni;as;a ,' refererices
. @ PERGAMUM, Athefia Pold|- " -
® ' PERQAHiJn, Dionysus . al
‘ ELEUSIS, Artemis Fropyl. B _ ’ o
- IONIC TEMPLES || ) §
Y/f EPHESUS, Artpm (01 : )
NS SAMOS, Hera ., Lo
LOCRI EPIZEPHRIL, Mazata ‘ ’
A'l{HEN?, ‘Ilissus - .
O'|  ATHENS, Athena luk\e’j | X D168 R116; G151;
©O|. ATHENS, Erechtheum NorT' X 1 D168 L]_?l(_*n
' | Eas X ||D168; R116
West |[lx D168
N " JHALICARNASSUS, Mausoljbun] | ’
PRIENE, Ath, Polias. {| X 31}6 |
EPHESUS, new Artem.is‘ - .
SARDIS, Artemis-Cyb. L
| DIDYMA, Apollo . "I
.MESSA, Aphrodite

D169 (1 7/16");
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APPENDIX IV

- :._..E mzzomauc
g .\m l. nz<u.z
:_..3.&6 hsm_anx:%: 0 _mmzu

.. %\ ﬁo&ﬂumm{. ~

"HONIW VIS
aNV

TOTTYUD

~
ey

M.ar 5] SN

uom..oEK\..%l.:q »n:.i.m

DO,

-o_umWo Q &Qszcang

wl
v\ ' noeu._. W S:

5 uoH-vC

' = \d“y i
e zozme.. L
i .l..v.v.l. i

I-
e
ansedy) o
~senEldT e, g

<.6V &~ - -uu_._n._w*&s .

\Mua_-n._uf_. y

Sfma_o.. Aewuphy

soseq1 §' ) ﬁmr v Anu.-VD/ Jn_:un_.a\
.__o_,.ﬁ/.m | :oumum_z

anas




X : 188
S APPENDIX. V

. " .
The Stecchini Theory '

Stecchini advances his theory in his Appendix to

Secrets of the Great Pyramid. The Appendix 1s concerned

With other matters, so his discus%ion of the Dorié and Egyptian
coluﬁns is brief and he offers né proof~225 8e. Nevertheless,
his study is so highly speclalized, that it seems pfeferable ta
1imit ‘its tfeatment"to thé following &uoﬁations. Jﬁis'basic
tenet 1s that the Egyptians made their early column a map of
Northern and SoutHern Egypt and the Creeks borrowed this
colﬁmn Qng_maae it their most conservative order with a capitél-
of one unit (thIDelta) and a shaft of six units.

In the Greek orders the base of the column prcaérvea

the arrangement on th;{o horizontal 1inesy which are

the symbol of the Trogie of Cancer (parallels 24%06',
24°00', and 23°51' north). The cdlum basically represents

the three meridians of Egypt and throggg its curvature
s eats the extension of the ays eR of meT ans he

' westl o 2. Sut since the column Is circular,
- - The structure of Ego column was related to the prodblem of

) Tepresenting the map of Egypt as part of & oylindrical
projection of the surface of the- earth from the equator
to latitude -31°06' or*latitude 31°30 north,

The elaborate numerical rules for the Proportions or

Greek columns, which archaeologists treat as numeroclogical
superstitions, can be explained when one considers the. two
interrelated problems of desoribing mathematically the
curvature of the sarth and of projecting a curved surface on
a flat map. The theory of conio seotions, which is :
considered the highest achievement of Greek mathematics, may
have been developed in order to solve these problems., Greek
columns taper frok the bottom to the top, but*the rectilinear
line of the shrinking there is &pplied a ourved line, soc that
the column suakhk to swell slightly toward the middle. If we
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consider the schems I have presernted for-the galoulation of

the lengths of the degrees, a scheme in which &' basic sisple

progression was modified by the addition of another progression,

we can understant why Greek columns diminished in diameter ‘

from bottom to top according to the combination of two lines. l

+In the ocase of the columns of the Parthenon, the addod-ouiglturo,i
of

salled entasis by the Greeks, is a gingrbollc\ourfo. but
other temples we meet with more complexr ma ematical curves,

" It may be enough to say this much here: if one

assumes that the bottom of the colcdnnede of the FParthenon

represents the equator and its top the latifude of Athens, .
the proportions of the entirs colonnade o&n De roiHIIi

-xplainod.l

. s ,
- - —
~

Let us remember that the Parthénqn columns are unique;

The ,vertex of their curve is excluded from the column and

cccurs precisely two diameters beélow the stylobate.z

-

1Stecch1n1, PP. 331-332, (ny emphasis),

2Penrose, p.bZ;
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Drawing Techniques USed in Descrlbing Curves - General'

4

-
- 23

l .\' . -\ )
IRREGULAR CURVES |- . = | .

For drapwing curved lines in which, unike:
adius of curvature is not
constant, an instrument known as an ir-

regular curve or French curve is used, The

pajterns for these curves are based on vari- ~ : :
ous cambinations of ellipses, spirals, and .

other mathematical curves. The curves are

available in a varicty of shapes and sizes. . ,
Génerally, the draftsman plots a series of . !
points of intersection along the desired — '

path, then uses the French curve ta join . Irragular Curves '
tipse points so that a smooth-ﬂowmg :
rve results. 1 R L -

N\

There is no reason to believe the Greeks did not -

also use 'French curves', dividers, drawing instruments, ot

temp%?tes, as well as string and tacks to desdrlbe certain
‘curves, o | ' ,

-~

|
| | 4

| .

1Jensen, C oHoy Engineering Drawlng and Design, MeGraw-
Hill, Toronto, 1968, ®p.20-21, -




Appendix VI

The Ellipse

THE ELLIPSE

The ellipse is the planc curve generated
by a point moving so that the sum of
the distances from any peint on the curve
to two fixed points, called foci, is a con-
stant.

Often a draftsman is called vpon to
draw oblique and inclined holes and sur-
faces wgich take the form of an ellipse.
Several 'methods, true and approximate,
are used for its construction. The terms
major diameter and minor diameter will
be used in place of major axis and minor

. axis in order that the reader will not be-
come confused with the mathematical X °

and Y axes.

TO DRAW AN ELLIPSE — TWO
CIRGLE METHOD

1. Given the major and minor dia-
meters, construct two concentric circles
with diameters equal to AB and -CD.

2. Divide the circles into a convenient
number of equal parts. Figure 3.23 shows
12, -

Fig. 323 Drawing an Ellipss — Two Cirche
Methed

-

1ljensen,

. Where the radial lines intersect the
owter circle, as at 1, draw lines parallel to
line CD inside the outer circle.

4, Where the same radial line inter-
sects the inner circle, as at 2, draw a line
parallel to axis AB‘away from the inner
circle. The intersection of these lines, as
at 3, gives points on the ellipse.

5. Draw a smooth curve through these _

points.

T0 DRAW AN ELLIPSE —
PARALLELOGRAM METHOD

1. Given the major diameter CD and
minor diameter AB, construct a parallelo-
gram.

2. Divide CO.into a number of equal
"parts. Divide CE into the same number of

equal parts. Number the points from C..

3. Draw aline from B to point 1 on line
CE. Draw a line from A through point 1

on CO intersecting the previous line. The

point of intersection will be one point on
the ellipse.

4. Proceed in the same manner to find
other points on the ellipse.

5.- Draw a smooth curve through these
points. C

A

E : B
- Fig. 3.24 Drawing an Ellipse — Paratlelogram,
Method

:TO DRAW AN ELLIPSE — FOUR
CENTRE METHOD

1. Given the major diameter CD, and

the minor dizmeter AB, join points }( and’

C with a line.
2, Lay off AE equal to CO-AQ.
3. Draw the right bisector of CE locat-

ing point G on line CO and point F on”

line AB. (Line AB may have to be ex-
tended.)
4. Make OF equal to OF, and OG
equal to OG,. .
5. Point F, F;, G and G; are the
centres for the two large and two small
arcs forming the ellipse,

pe 40

-

-

TANGENT POINT-

Fig. 3.25 Orawlng an Eilipse — Four Centre
Method s

TO DRAW AN ELLIPSE — THE
TRAMMEL METHODS

FIRST METHOD _
Given the major diameter CD and the
minor diameter AB. :
1. On a strip of paper or cardboard
ark the distances ao and ¢o as shown.
2. Placing point a on line CD and point
c on line AB, mark’point o.

[T

DA
"SECOND METHOD

Fig. 3.26 Orawing an Ellipse — Trammel
Methods

B o am i A bl
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The Ellipse (cont lf_l_ued_ )

PR T T - -

3. Reposition the strip to obtain vari- -
ous positions of point o which are located
on the ¢llipsc. ) N

4. Connect the points using an irregular
curve.

_SECOND METHOD

Given the major diameter CD and . the
minor diameter AB.

1. On a strip of paper or cardboard
mark the distances ao and co as shown.

2. Placing point & on line CD and point
c on line AB mark point o.

3. Reposition the strip to obtain vari-
ous positions of point o, which are located
on the ellipse.

4. Draw a smooth curve through thcsei
points.

lJensen, p.l&O.
L

2Pa:rlnn&:on. Engineering Workshop Drawing, Pitman, London

London, 1941, 32
3Park1na&1_1, p. 26

~ =5CD r R=C1
. ) L
\< - : . ReDI
C o 4 D 3 L1 . D
F\_/Fz F3z2i1 P Fa
: B d;( B ’I(
Fig. 3.27 Ilm:in_; an Ellipse — Focl Method
y .

e P et Rt L e

' T0 DRAW AN ELLIPSE — FOCI

METHOD

1. Given the major diameter CD and
the minor diameter AB, let the diameters
intersect at 0. Draw an arc with centre
A and radius R =~ CO cutting line CD at
F; and F.. Thesc are the foci of the cllipse,

2. Divide OF, into a given number of
equal parts. Figure 3.27 shows 4 equal
parts.

* 3. With point F, as centre and a radius
equal to distance C,, draw an arc in the
top LH quadrant.

4. With point F., as centre and a radius
equal to distance D,, draw an arc in the
top LH quadrant intersecting the first arc
at point 1.

5. Using radii equal to distances C,

™~

and D, and centres F, and F. respectively, ?—\‘\

plot point 2,
6. Proceed in the same manner to find
Point 3 and points in the other quadrants.
7. Draw a smooth curve through these 1
points, -

P .
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. ' oF 3ECTION,
; THE PARABOLA

THE PARABOLA

The parabola is a plane curve generated
by a point that moves along a path equi- |
- distant from a fixed line (directrix) and a ]
( ' . fixed point (focus). !

TO CONSTRUCT A PARABOLA —
TRUE METHOD

1. Given the focus F and directrix AB,
draw a line (axis) perpendicular to AB
through focus F. :

2. Draw a line parallel to line AB in-
tersecting the axis at any point 2.

3. With F as the centre and a radius
equal to 02, strike an arc above and below -
the axis intersecting the vertical line which
Ppasses through point 2. The intersections
of these lines, points C and D, are points
on the parabola. '

4. Proceed in the same manner to find
other points on the parabola. ‘

5. Connect these points using an ir- -
regular curve, ’

6. To draw a tangent at any point E. f
Draw EG parallel to the axis to bisect '

angie GEF. /—\

C

Lparkinson,p32.

2'.Iensen. p. 41,42,

DIRECTRIX

(A) TRUE METHOD

~
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TO CONSTRUCT A PARABOLA —
PARALLELOGRAM METHOD
L. Given the sizes of the enclosing rec-
- langle, distances AB and AC. Construct
2 parallelogram. '

2. Divide AC into a numbér of equal
parts. Divide AO into the same. number
of .equal parts. Number the points as
shown.

3. Draw a line from O 10 point 1 on
line AC. Draw a line parallel to the axis

through point 1 on line AO intersecting

“the previous line O1. The point of inter- '

section will.be ong point on the parabola.
4. Proceed in the-samie manner to find
other points on the parabola. ‘
5. Connect the points using an irregular
curve. . .

|

3 e S
2 2, . . .

™
—
-

B D
(C) OFFSET METHOD I

TO CONSTRUCT A PARABOLA —
ENVELOPE METHOD

1. Given the sizes of the enclosing rec-
tangle, distances AB and AC, Construct a
parallelogram, .

- 2 Divide AC into a number of equal |
parts. Divide AQ into the same number of -
equal parts,

3. Connect the corresponding numbers.

4. Draw the parabolic curve tangent to
these lines. !

1Jepsen. P.43.
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~ (B), PARALLE}JOGRAM METHOD

TO CONSTRUCT A PARABOLA —

GFFSET METHOD

1. Given the sizes of the enclosing rec-
tangie, distances AB and AC. Construct
a parallelogram. ‘ '

2.’ Divide OA into four equal parts.

3. The offsets vary in length as the
square of their distances from 0. As 0A
is divided into four equal parts, distance
AC will be divided into 4 or 16 equal
division. Thus as O1 is 14 the length -
of OA, the length of line 1-1 will be (14 )2
or 1/16 the length of AC."

4. As distance 02 is % the length of
OA, the length of line 2-2 will be (%5)? .
or Y4 the length of AC.

5. As distance 03 is % the length of
OA, the length of line 3-3 will be (3 )2
or 9/16 the length of AC. .

6. Complete the parabola by joining .
the points with an irregular curve, l

3
2
)
07 |
i
- "
o B D~

(D) ENVELOPE METHOD |
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THE HYPERBOLA - A TRaain
A hyperbola is a curve generated by a ° :
peint moving so that the difference of its
-distances from two fixed points,, called
the foci, is a constant.

g YO DRAW A HYPERBOLA

1. Given the transverse axi§ AB and the
foci F, and F., with F, as a centre and a
radius greater than AF, (Figure 3.3 .
.. shows the radius equal to the distance A1)
' strike arcs above and below the lransverse
axis at C and D, - .
2. With F. as 2 centre and a radius PP ] '3

equal to the distance B1, strike arcs above - .
- and below the transverse axis mtersecting -

the other arcs at points C and D. Points ‘
C and D are two points on, the hyperbola. -
3. Repeat the above ‘procedure using
- radii equal to distances A2 and B2 o -
locate points E and G on the hyperbola.
4. Repeat for distances A3 and B3 for
- “  points H and J.

( . '5. Draw a smooth curve'through these

points.

—— ———

It will.be noted that not all
curvés are concsidered in this

Appendixs There are also various

apifals, cycloids, epiclololds

ReAk RaBI
_ReA
A B 12 3 and hypooycloids, as well as
Fy TRANSVERSE BT - -
B - ‘false' ellipses, etc,
- ‘ ) : s .
/F G The intention of the diagra )
: ! : is to show the relative simplicity
F!;. 3.31 Drawing a Hyperbola 1

of making the irregular curves

with simple tools.

( . 1jensen, p.43. ' .

ot

: 2 ) o
' Parkinson, DP.32.

5
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Appendix VI L

—

TO DRAW A HELJX _

R diEr e [

. THE HELIX

The helix is the curve generated by'a point

that revolves uniformly around and uwpor '

down the surface of 2 cylinder. The lead
is the vertical distance the point rises or
drops in one complete revolution.

-

L. Given the diameter of the cylinder,
and the lead, draw the top and front views;
“2. Divide the circumference ( top view)
jnto a convenient number of parts {use
12) and label them.
3. Project lines down to the front view.
4. Divide the lead into the same num-
ber of equal parts

TO DRAW A CONICAL HELIX

1. Given the diameter and height of the

cone and the lead, draw the top and front
views, .
2. Divide the citcumference of the
» base (top view) into a convenient number .

- of

and label them as ;'\l

parts (u;e 8) and label them. ’ .

(=]
bh|
|

. . DRVELOPMENT OF CYLINDER
- 328 Drawing a Cylindrical Hellxk

\ : shown. - ..
5&/ \ ' '
i
14 ..\F ) ,
. 1 - *
12 v
= 1 HELIX ANGLE r/r’
10
[ o
\_.8 4 . -
o 7 |
. [
: =
T4 , {7
.0 y ] S
: ?__/T 1| ﬁ 2 [ .
123 4 5 6, 2 4 5 6 778 9 10 11 12 | % A7y
1211 10 9 8 }‘ . ) . _J' | ?
|2 3 4 5
8 7 ]

c . r
5. The points of intersection of linds™™

!

with correspdnding numbers lie on the -

helix. Note: as points 8 to 12 lie on the
back portion of the cylinder, the helix
curve starting at point 7 and passing
through points 8, 9, 10, 11, 12 to 1 wili
appear as a hidden line. ‘

6. If the development of the cylinder -

is drawn, the helix will appear as a straight
line on the development.

4

1Jenaen. PP.41,42,

~

rg. 329 Drawing a Conféal Hulix

3. Projgct these poinis down “to the :
nt view and label them. |
ings from these points |

. label them as

shown. ’ . ‘
6. “The points of intersection of lines *

with corresponding numbers lie on the

. conical helix. Nore: as points 8 to 10 lie™

on the back portion of the cone, the conj-
cal helix. curve starting at § and passing
through points 6, 7, 8 to 1 wili appear as a
hidden line.

v
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Hathematical Test for Vertical Pro;action of a Hal:l.x by Stevens

For large columns the graphic test cannot be

rcadxly used since R f it is nearly

equal to the radius-of the column, becomes unW1eldy as it must be multiplied by four,

Jjust as all the horizontal measurements are.
matlcal method may be- employed
From the nature of ‘the ciirve, we know, by

Under such conditions the following matbc—

Lt

consultmg figure 7 .-'

> - .\
Coe _::R.A
that z:y=-7°}
‘ARY"™
=73 A
=y
e <p=aIr
,,“ "
Cos'i'——'ﬁ'

- which is the equatlon of lhe vertical pro;ectmn of

—~1
written - Y - 22 , cos

sem——b X —;-_ﬁ
’ . Fig. W

»
L

‘ Y
- ' -
. . 1
o\
< x .
H ~
‘. I
Tl | X .
- I—.—'——--- R —empy . -,
. . S
. . .' |
. N )
H"._""--.,_' )’ i = ]
R S L |
\‘L E =;
[ 1
AN |
LY. E
: \ K
]
. . 1& ! ! h A \
I, ¢

a helix. The equation may also be




S 9 -
.Take three known points on the curve, figure 8.: : o : ‘
t .:' | / _ L o
S R
| IR -
NG o ¢
o id C
: : $t e
) 1' H ' \-
: B . )
Pl Sy |
P - - R - - .
- 1 ) 3 - S, Fi..& ' u . . - | | .
. Then . B : 2,; =2 S : j o ﬂ
1
Eliminating B by substitution - ' . . \
d,.—av-zTA(cos“‘R;b«—cos‘m—Ta) B - }
. e Rea :
e= —zni (cos“n—r _ costR)
Eliminating 4 by division .~ ‘ o ' e

4 cos“'_R—b—cos “'R-3
R T

(I).‘_...'.; ...... =

e

cos'R—C— cos ' R—~2

= an luatmn in which R is the only unknown quanmy, and also an equatlon in w}ucb

it is not .necessary to know the distance from the horizontal axis to any of the known
poinis. A value of R which satisfies. the equation very approximately can be found by trial
If the nearest point on the curve to the axis of X coincides with the axis of X

both B and a are e )

-

to Zero, and equatlon (1) reduces to




-
o - . -

(Z)Q .‘.i.;. . ’_H,....___,..'.'..._,_.,.:-...,.._._, [T d ‘-‘—-co-;.:l R.._b bt o
N R .

A : . NE LN

' -which is convenient for the conditions shown in figyre 9..

-———

m

emmm AL —epe

LAl
x oL

Fi. 9,

Y

lf B—O and e=2 d as in ﬁgure 6, equahon {2) !)gcom[ks

‘- A ' | . ..
; P o cos R—b -
: ‘e - —;- = o i

—ln'_.l‘.l

05

— 2 cos

R
e R b '_.
o . . - R _R—— .. " : )
?I - _ R, 3 g b
R

LT "R_E_E cos(zcos -tp = b)_ (cos™

S _2(R—")=_1 |
' p—cr=2rR—2bry2b g

T @b—gr=3b

199
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| Eﬂus value of R is easlly ca]eulated.

" column or to some other. conspicuous measure of the column, and if a number of other

r
r
)

. ' C 200

:._ ] _‘,.‘ ) . '. . ‘. 7 : . ' ‘
3 A - . -. ) B= 2 b"--, . .," e e e R '. ' ) o - L . . i
LT T e .4b c - . R

'-

2 Furthermore, f/roﬂe nature of the curve we know that R can vary only from

e to co._ By mspechng equahon (3) we 'see tbat | ' ,l - o
B c o S b
:. :-,-f'_ . ,,.___._'_.“___‘ . =- 9 !'l- R ' ( . ) '

. T 4b—e . S R

R 4bc-—-c—4b‘
4b’—ibc+c-—o L .‘
2b—cﬁuo R

o
i
jo”

That is b can vary only between the limits ori% and %- in other words, if b) _‘2;_ or {2
the curve cannot BeNthe' vertical projection of a helix. :
If the mathematical test gives a value of R equal to the maximum radius of the

. q“t

= e,
points lying on the measured curve also give the same value for R, we may be, sure. .’

_that the entasis is the vertical pr01ect10n of a’helix. - _ »‘,f;.: ;
“ N B e — -
i '
-
r 1Y
-
T ’ L‘
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' Ste ' Mathematical proof for the COnchdid of Nlcomedes‘
3 From higure 12 we-see tbat ' ) !
IR _ LT X o
: " . P i . . L. . ‘ v .;l..
; _ i b
' - " i
. : : i,
: ) . ! I-
. ‘ . . Lo
& '
i 5 .\ ’ o "—"b A s - Y N -
L IR ¥ £ 1 .

tbc cqualMe concbmd an equahon of tbe fourﬁ degree. ot ‘ - .
" The’ problest before us is to determine that ‘conchoid which most nearly comudes

wuh the entasis. If the cntdsis is a/conchox& it is a likely supposition that the axis of -
X of the conchoid comc1des with the axis of the ‘column and the axis of ¥ with the
Jpaxlmum radius next the curve. A prehmmary test of tlns supposmon can be made in

vl - Te - - . . l

the followmg way. .o N

‘{;m..._u.‘ - S o
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¥ Ks just stated if lhc curve Is a conclmd at all, its axes probably coincide with

the axis of the column-and the maximum radius. Consider the mathematical concho:d
therefore, which has its axis. of X coinciding with the axis of ‘the column, its axis of Y
1nc1dmg with the max.lmum radius of the column, and which has the top ragius of the

:fcolumn just. before the entasis begins to work: into the apophyge, as an ordinate: if a

- third point on this mathematical curve — for the best, results the point should be taken

" about half way between the maximum radius and ordinate just mentioned — nearly coin-

“cides with the measured. curve, we shall have a suspicion that the measured curve s a

. conchoid. - But, even if this coincidence is close, many points of the measured cirve must
. be investigated before .a definite conclusion can be reached.

" Take the above mentioned ordinate, the maximum radius and the distance between

‘these two, aind calculate the correspondmg value of b in the equatp‘Q of “the " conchoid:
‘this partlcular value of b we shall call b,. o,

4. ....-Let b=b,+ B, where B is the unknown error in " the determination of b.
Jf [3 is a very small quantity, the equation of the conchoxd may be rcduced ta_an equalion ':‘
'.'-of the first degree . S S

o .

. o 2 2 .o T . -
a’—y = (—b%r the equation of the coiichoid

»

ESS x ' ’ ' : | -4
bty '
‘ : — ot 24
‘\ — -' Z’yn -_;\
bo 2 ) B E
Gt ('.l+bo+_) | i
2 2 . " i
: Ay 8\ |
R (b.+) (H:h-ﬁ) K
7’y’ ( - ’ |
D. LA . .
"




'5thc measured curve which does -not radically depart from the eoretical conchoid.-

mvashgatmns — in fact, a few readmgs may glve ‘an enhrely crroneous result.

) Trh]
#0T v mm ds o g S '_' R R a ot ot e RN

.y -
SRR ALTUL AT, SRR N ﬂmr‘\ w“\-Fw el I -r"‘u _‘-'“!;"‘—‘ o

© o it de (b—l—y)’ (b+‘y)> oy
The _remaining ter;ns. thch contam the increasing powers of [3 can be dropped ﬁrOVIded
B.is very small,. TN , _

i i

6). ...... Leta'=«a (known only approxlmately)
- 2 2. =" - - ' . ‘ . ]
L 2'("b“.,+"y)’ S L
a ’. - . . ’ /
nd T n N2 =
g

¥

subshtutl'hg these values in equatlon (5), we havc , S : o

- (@. ....e.+mB=p. Thisisan equahon of the first degrcc the prob]em now bccomes

one of Ainding « and B from repeated values of m3 d p. Taking a seres of actual pomts
on the entasis, we have . . o N o\ |

a+m s =p
1a.-|—(3§'.m=2p
matmp=mp T . - . -

ml « + ln:‘ﬁ= mg pg
. hla+m:ﬁ=m; p]
‘my &+ m?g=mi pi
(9) . o ¥ o --..-:.-.--A- ..‘m“m—l—ﬁ?mizv p -:., .

Equahons (8) and (9) give .us a means of finding the values of a. and - ﬁ after whxeh
‘& is obtained from equation (6), and b from equation (4). If the value of a very closely \
.approximates the .maximum radius of the colump, and if the value of B 1s small in relation
to b, we-may feel fairly sure that the entasis is a conchoid But before coming to this
‘conclusion we must push the caleulations still further to be sure that there is no pomt on

s ob\nous that,, the greater the number “of readmgs, thc surer we are of the

.:-?-'."' Lo ; . < " ] ) :'h
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Overlays (acetate) pf Stevens Studles of Roman Entasis
(Figures 14 £3 20 inclusive)
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