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A number of propis itions respecting measurments and the
%V\JV\'{—‘“ )
laying-out of plans arexflatly stated below, for the sake of

clarity and ready reference. They are hypotheses, with greater or less

amount of evidence behind them. This 1s given in Appendix .
certain work:d
They are important if true because they cxplain/aavmetries encountered
,v;l,vt*
where symetry is expected,;and indicate g striving for perfection
g lay out true
thwarted by 'inability to mechanioallyALaweu% right angle on a large:

| A
ecale, or ¢lse 1gnorance of the final effsc ; of failure to do so."%vzdéo
M Lt / ¢.f 4'“9 W “J/ vy { 'épf ;""w.;‘,') r*/ \/ﬁz/ o o= f PV (oot a%s of Mot (lf{

! " Lines wer@ measured presunébl with cords for long ones,

wlith considerable acouracy,éabsolute standard units s ch gs our
. ' (A \

A" N

foot and inches may have been used, bwk were not necessary to

produce the results observed. Lines meant to be ecqual may merely have

9,

been measured against the first. one laid out, . taking that as the

unit for all. The procees would be "Mpke the rear facade equal the

front", not "Nakc the front facade equal so many feet, make the rear
equal the same number of fset".
Two adjacent sides were first laid out, the two others from
the ends of the<e, with linear meésurment producing a basic outlide,
fromadjacent sides of
Inte rior pointd WETe measured frem.this, in most structures producing
probably
a secondary outline from whioh points were/in turn measured, in a
similar manner.
There is s aiue evidence that interior points memm were measured
sides of the :
from the neareht patr of adjacent/outline, without check-meaaun@ments
to the other pair.
There is also some evidence that polnts on a established line
be
(such as door-corners} ugre measured serially, each being measured fr0m

the lccation of ths next prior one ., In such a case, and error im



in locating one point would tend to displace all later ones in
of itself
the same direction, but would not/affect later lineaﬁ dimensions,
/,w ‘* AN s
There is some evidence that after laying out twg‘lines ,
ZaJm ,,‘?
supposed to be equal, each of these was used as the unit againsti to

fﬂroduclmg a u‘;(,v‘v j;e(na&f ; »
measure some of the other o Brro in the two units used would tend

to infect the series of meaaurements from each, producing a plus and
actual
minus patterning in the/dimensions of each BrXRME series. Such patterning

tends to deny the use of standard units of maasure, but the evidence
available is slight.

Errors in linear measurement are apparent and expected,
These would tend to cancel out or accumulate by chance as one proceeds
from the outer basic outline to secondary and later bases from whech

: ax% in Ingerior lines
to measure. Greater maximum discrppanoies/hnxzxziﬁxdtmgzxtanxzthnzxanzxc

theoretically equﬂl are therefore expected,fﬂkxin&&Rimkxiinﬁﬂxtasmﬂeund.

Twe initial angle of the basic outlinre was judged, not
tivethy an gpproximatay
mechancially laid out, and 1is tnere”ore Onlv 4 true right angle

Qca&&*engix; by chance., But measurement from the sides enclos ing this
basic
angle determines the other angles of the/outline; measurment from
cooresponding
the basic outline tEmdzxko reproduce the same/angles in secondary

and later outlines, except as modified by linear measurement errors,
or whefe there is a break in the series of measurments. Therefors
all outlines tend to be similar pdfdllGO%famS, reactilinear only

if the i‘tial angle was ninetv degryes. Where not otherwise noted,
"paralleogram" herein means nonnrectiliear paralleogram". Since

non=-rectilinear
paralleogram basic outlines of considﬂrdble accuracy occur in

Yheaa o e
ball courts, palaces snd temples &&wwas scaracelfint@nded for functional
reasons. Examples of approximate nectiliniety, and of a rectangular

combined with a non-rectangular end, among the palaces, guarantee

ac
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tﬂ“ eommon-gense view that rectilinear plans were 1ntended(h
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"Displacement" as here used, means a given point is te one
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accurate
Expantﬁdxﬁispitnﬁmnnx With a basic parallesogram outline, /measurmments
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rom either side, or series fxgyf starting from elther sigde,
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~will automaticaly displace interior points in one direction only,

%7

and in the amount By which, on reaching the same distance behind the
actual :
common fscade, th.e/'siaea have diverged from rectified sides.

both
ff/izn~sideswaﬁe«wef%heﬁwatwnight angles Lo tlhie-ee

—
RS

y

AAveil

TH#CAde, nor

ﬂ%arai;alw%emee@ha«thﬁ’égreoﬁron' and amount oﬁi%ﬁﬁﬁigséwaigﬁiACéméﬁ%
was

@anaends on_whioh-side- He-used-as-the measurment-base, With &
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avis, stalin

.t;. y Ve pogtfs Co wtidin
i-z? ‘?‘ﬁ’re"tilinﬂar ou*line no displacement 1is expected- with a g?n known ?
Sl 2 </ baslic ol
S22 §w nonuparallSOuram/buuline sither of two diﬂplacements (or‘
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dlsplacement and non-hxsplacement) is eApected,,w1th e more common
P

paralleogram outline, only one displacement is expected. I, any cCase,
the farther the point is behind the selected facade, the greater the
: : - rectilinear !
expectad displasement with refersnce to akside%(or axis) erected
on it. Since observers tend fﬁ 100k a? a facade on a 11§Qpat right
‘/\_N,:\_’ /(slir ”r“'K/A%;’/ ucu 2 uéiéy*y }
oA angles to it, displacements of imbewder.polnts uonded to destroy
\ the symetrical effect usua11v aimed at. This is much more noticeable
on small=~scale elevation drawings than on the buildings themselves.
_ Therq is no evidence that any qttention was paid tc it by the Maya
A horn or Q{ and other free standing building:
1nAconstrwct*on of ball courts, pd aces, or sweat-houses, nor in
laying out the substructure terraces and outer wall-lines of pyramid
templegd buildings.
N
The stairway of a pyramid or other pletform extends both
inside and outside the outline. Its side walls cross bet¥ the basie ’

outline and reach, or nearly the reach,the innermost outline at the

)
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top. on pyramid temples the inner outline may be well behind the

outer, and dispicement at the top considerable. Lgying out
pA B \-.”( 2 QAN %\J 0R Messus ),5!( L priat [ V’iu“‘ fJM&MS

A

the stalrway to agree with both /sets of points, x%\Oﬁ g pyramid we-ieg 4l &
a known basic angle, would distort’ it otlceablg, né-—aswkng-tts

i

vwearemanlalwaxis,wte~@newﬁiée,‘

d diatort,ahwne;&@bab&w as seen from the front (Fig 6, a)e
= PP, S W“’?‘TT?’D

)? Probably in one case at least +he stairwav axis was swung from

the measured center at the top by siphting, and the wallf lines

S 2 20

meaaured from this. (Etgzxé#zb%{ qimilar proceedure on higher

units would straighten thoe stalrwavs, but accentuate the displacements
Foun WL
‘boctween the top of one and the base of the next hf%herh( Fig 6, ), i
Whﬁthaxxxmukxag Suoh a si*uation probablv nxisted, but whether it
stalrway distortion by
13 a conscious adjustment o displacement is a question.

stalr-axis j
Thers is some evidence that in judging dsatr-warl angles, better
generally wed g e

approaches to right angles wVfb/obtained than‘)Q the basic outline.
Such a situation would have a speoific effect on terrace lengths

on either aside of the stairway - plus on the acute angle side of the
resulting
pyramid or platform, minus on the other,/discrepancies being

greatest at the battom.

For a more +horough adjustment there is very good evidence

2V, 1 ke bv - 0/? ﬁw
that all stairwavs were, 1aid out frem sighting from or to the cow'nr .
4pw-A£-' A common and

temple Duildingf“prOuably th%(axis only belng sighted, sidew alls
on one axis

measured from it. Symmetf%/of Temple building, stairways, tatrs -a¥Et

altars and central stela (in the final phase) was thus achleved, a1l
‘ -
showing the displacemeht exppcted only for the building fa%adeu‘Iﬁ
’f‘&\n"rjc
this knowmn GXE ccseﬁthgﬁdisplaceme nt is about 1.15ﬁ At the base this
"7 expected :
full amount is added %o the/{length of terrace on one sids of the
"* paiA e

stalrway, subtrar‘ted on the other, producing a disor-epancv of 33,0

A



QW“' b

5u-ao‘w“’ Mﬁﬁwd)ﬂ i zf*ial.wma,! ‘ 5

.—’f) e :
g w.{.w&h& the bmw\w S ww« P b\MhM P
T on b o whso, oa nrpuinsd dm conpn
ap\QMﬁVw’0M0¢4,l 20 M"““““*ww«mmW Gru
in dimensions of parts of the primary outline which should

T has o*ner'wfse

have been equal, and-whieh cou1d be leffected only by one measarem
(+wo ¥ ot gw‘ﬁw‘c) wrlAl (g sel 0
erroriAE?d not ﬂumulative series.tnw#&~wu =

TaAing all perlods of this. structure together,

B

it i1s clear ﬁhat stalrways mergdnot only" straightened", but.

also lined up on a single axis from the temple facade fentur,

\ 8

‘and this must hajf&ibe@n a ¢ OnSCiO’JS P kAt "“"n*" )
el e conselous of fus*mon

'/Vﬁrr \» D hdt of i
sn a paralleogram pyL amic : : («M;alg’d tr 1g)/croks sacgea
) the gxlxoaaete stecperyon one siUa)

Displac-meﬂzitenuua malke
ad one looks at the ronade at right
preﬂmak

less steep on +he other, pIOVLd
Qutsets ,l\/'nea red. equal

as in an elevation drawing.

aﬂgles %o it/ (Fig. &, & and f-)

&) : a R = -L‘/w
rnar points defining these solhouettes, woulG show & simi'ar

-h rizontal crowding;xa on the obtise side, streching on the acubte
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RuixREkEx corrsspondlidg out ets was tolsrated, theugi casily

deteoctable.and, one would suppose, caaily adjustedw‘*"“ 3‘3‘
—  fete c‘:ﬁfdl'sa’ of diasplacement
" K11/adjustments sxamcxnﬁs&aabkxkadhxx occur on pyramid
those surely conscious ; single
temples only, and/scem referable to a requirment that a/stralght line
on Gtﬂl* Way axes ‘
of ent, be ‘maintained fiom the botoom fmxx}\xxxﬂpxmf of fhe

pyramid sxakxm&y to the central termpie doorway, and ner"'lap., tht,m"e
possibly akess
to the temple akxk altb tar and niche, 1f presents %mmbhg there Was

fl \./ .L {Ajh
°

akxax also a/co'mc;o*m,e;fo to get this line at right angles |
TR R Than Lina, {iuj the if:ﬁf A “!@ TNWMMMA ‘dmwh‘?fr&;,b{@cbu
ﬁmuMUHhMMwm mm§¢wm 5NMﬂ%MWtw ,

AL
While the ewildence for sane of the above notions is not
rather accurate

as romplete as might be desired, the exiatence of c{rafal Mnear
. EAGXPRBEXAARAXAR
measurment on all types of sbructures scems to the writ er cencligive.

sueh eare had no structural sigmifizares value and mus . therefore have |
4 or ritually important - o
been aimed at aesthetically pleas ing /symetry. For practif*al purpoaes

it achieved 1ts aim and produced nlcely balanced facades excdpt on
complexes, i were
pyfaﬂlu templpl Angular measurments gre as clearly bad as linear ones

ware good, and her'e caused tro:ble. These Maya must have been

poor geometricians. Elther ti’ley could not mechanically BRREREXK
~on the ground . mddrpadar s;.:.,.ip
lay out one line/at right angles to the o*‘her except by chanmﬂ

they wnitind
or/failed to reslize how a badly judr.red angle would, with careful

linear mesurewent ther after, pile up trou“ ¢ with the ceremonial

axis in the end. - Ao amgle
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> ! Architectural Summary (ilf]
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Linear measurment and estimated angles. jg

We have a very fair body of merurakely structural remains
2 aecurately surveyed as they now survive. There are, of course,

snall errors ia our own surveys, and ixzzexexexsEx it 1s unlikely {
actual ‘
that in/building the Myya followed their own guiding lines with

i A ,
absdlute accuracy;,dexiiatianxzfrsmzAndziaxsyaxzzaxsx -and some eases -

ociven points, such as eorners, have very clearly moved from their '
ori ginal positions through settling. Nevertheless, an examination of.
the plans forces one to the conclusion that the buildings could

*:; not have been built witthoyt linear measurement, that 1is, taptng. P

#

# Aﬁ Ll 5,

\ WV , Thr01ph most of the buildings, for instance, one may say that

S Y aphroyime
3 ;‘S Astanda“d pggr1ﬁ$wmhs~wore used and room widths fall into groups. Sy
i QR Ehaarl | ' 5 s, 3

This is not t@ argue far\the existance of an arbitrary standard unit J~

Th.

of measure, like our foot. An early pier might be takem as proper for:

kater pier widths. A/s%r&ng,_stnexch,aapsasAtha early pler ané—knoﬁted

P

or otherwise markéd would be sufficient to produce. the. observed
tendency toward standardizatien—in this regard. If a mew dimension 'T
was decided on, such as a wider or narrower doqfway, 1t could be g <9
standardized for the new building by the same expediant, the first ':§; 

doorway laid out b?coming, in fact, the unit for this feature.
¥ o 2 (J
Whi&z‘gtandard units may have existed thcy were _surely not necessary
D Ao esl. linear
to produce what we find buf Axp mouAnTomeRt iy empirical /units,
stamthurd ¥ R tmamee ¢ A
must have been used. For long distances cords would seem the obvious
probably
means of taping, and would/introduce errors du® t0 xmy¥IARXARYMASS

A

humid 1ty, which varies with the time of day and the season, and w M

’ tension en the cord:«&he ‘best FXaEx structures on which to note
{\......-\/Ly_ 73 ~1 b .’."-ﬂ-"'“‘. At [ s Comtady Loagd ; E 4 LA o Dol np 1 1_“?“'"“” ..,}g 7‘"{,"’ ke I 3 ‘

™o et Vol & Z SRR ; e
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Becauge of this, and because long lines would be most dif ftcult to
estimate without measurement, lmagziinexnz éﬁé\ddrresp&nﬂence of
long lines which in theory should be equal will constitute the best

evidence that measurement occurred, ané how sccurate it could be.



actual
In order to present evidense-fer-thw-abeve-eenetusiens-~

evidence of taping, we first select the two ball courts, whizk the plans
are simple,
of which/mzhtkikz consist mostly of long lines, and which are close to
bed rock and have settled 1little if at all. Tvwen we will examine some
palaces and # temples, rafaxikmgx and try to work out some consequences
of the supposed accurate linear measurement combinded with poor
rigt :
estimation of #£igh% angles. In the figures points are numbered.ama
identified
Line{ measurments, scaled from the plans, are Indtensed by these
numbers preceding the measurement. Each lettered group of measurements
pertains only to lines which in theory should be equal. in brackets
at the bottom is the maxium variation or discrepancy for the whole
group.

Riguraxxixandx®
The discrepancies in the various meazurement groups of Flgs.

1 and 2- seem to the writer to be of the order one should expect if

the plans were originally laid out on the ground with reasonably
carefii?ﬁ%ﬁsurement of the sort we are postulating; it does not seem
~possib;2?€he discrepancies could be be so little without it. I, working
backward from our plans to those of the “gya we must allow for a number
of sources of error, any or all of which may be reflected in our figures,
our own errors may arise from shrinkage or expansion of paper, in scaling
from the plan, in drawing it, in the surveyes themselves and in selecting
the exact spot on a poorly dressed stone as a cormer, Maya errors might
arise.from failure to actually place a corner at the exact point laild

out for it, from differenttial stretching of measuring cords due to

varying humidity, and of course from plain carelessness,
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Before proceeding with actaal free-standing buildings
A (_ the hypothetical one of
=O-ompicated-plana, let us examine Fig. 3 .

Euixxix Broken lines show a reﬂtilinear building plan super-;mposed

pwin < el insapr

on one of para11e0gram plan, with a much exagerated error in the
angles. All 1atcred1mensions are identical in the two plans. Rraarkakzal
Theoretieally room widths and wall thickness should be slightlv

as they would be if € vd —wortls,
less in the paralleogram (shaded plan) Xxxmndankatmxku room-ends
and door-jambs were exactly equal in each building. This

our use of

inconsistency does not affect fhmzuzafuinexsxef the diagram, and

makes it much simpler.
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In sach case we have ehosenutheuiengﬁhwofmﬁhe~ﬁr0rt """"" Eﬁd ong”
PR A% 8500
s{de—at-rundom;—and laid off bthe side fram one end of thei.‘f.‘lr-orxt2 random>
in one case making;ttLﬁQﬂdegrees, in the other chogsing it at -

ogaqﬁpg\the angle between them@qtuuiuaamn Three corners are thus fixed,
located

Now when the fourth cormer is dedtermired it will determine the lengths
QArr~
of the other side .or rear, or conversely, those lengths will determine

the position of the fourth commer. To obtain the degree of correazpondence
on the ground
in these lengths observed in the ball courts, the simplest proceedurg(
For the shaded plsn
would seem to be this./Two men would stretch a cord from Y to X Z, -

mark srxmBrexyxheiz@ the 1engt%tand walk toward the rear. TwoO others would
Mol fl poi WD M o

mark the length Z-X on another cord and walk to the 1eft. One end of

l

the long cord would now be hela at X, ané-unn:ald of the short one at

2 Ant A | witSs (N y

Y, the cords stretc ched and the other ends then brought together.
The fourth corner is now loacted and _ (_proceedure,
@orresponding sides WARXRXARNX are equal, except for errors in this,
which, of course, are to be expected.

Without measuring any angles a parslleogram 1is autoT§t10371y

teoula S

produced, opposite angles bein obtuse ano aceute regpectiVQly ¥ e

{LA ,ﬁ\'../ LA 1 ,\ Chan V) P vg4

atarted with an obtuse ensacate angle. If we started with ¥EzY=Z-W
and a right angle, all angle) would of necessity be right angles,
and the plan a rectilinear paralleogram. Since this is never the case
we cagdrestrict the term "paralldogram” to mean one like V-X-Z=Y in
which opposdte palrs of angles are obtuse and acaute respectively.

The parslleogram plan is obvious when looking down on
small-scale drawings, but not very apparent when looking at the

repeated
buildings themselves. Its/presence seems an adequsate 1ndication that
linear measurement of considerable accuracy has been resort°d to.
degree of reflsctad n Fho mno D fpt Junta,

Conversely, th%/borrespondence of theoretica?lv equal lines is a
measure of the accuracy of the paralleogram. Glancing back at the
ball-court plans we see that each structure 1s an approximate

paralleogram so far as points are known, as required by the

correspondence of meadurements, atready Clted. Further that for each
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court each structure fits into a larger paralleogram if we join

- their inner corners,hxxiinnxxnnxmxxxxha proving, as we take 1it,

4 -y ol (i &\
that | twin structures and field were laid out as a single unit from
single longitudinal and transverse
BNE base~line§;and that smexiriXiIzix=xxrr a single initial ‘error

e direction, and to a large extent the amount of

in estimating the angle between them has determinedwall the other
errors intit .

/angles in both structures. There 1s no reason to suppose that

rectilinear paralleogresms were mot intended, and this becomes

practically certain when we find the same situation in other types
,0of structure.,

First we return to our hypotheical builcingas of Fig.

On elther plan the distances from any door- jamb to the end walls
and also equals and
are the same,,ltne 1-3 equals 5-7 and so on, smé 2-4 emmmkf 6-8, etc.
A-B
But, taking the axis/of the rectilinear plan which we believe was

intended as a reference line, there is what we shall call a
of points

Qieplacnment/in the paralleogram plan. The line 1-3 1s displaced to

the position of 2-4, and 5-7 to that of 6-8, and so on throughout
the building. Starting, as we have done, the two axes from one point in

a facade (at E), %f as we proceed inward or rear-ward their divergence
and direction expected :
gi¥xexxa measures the amownt/of/d splacement along any longitudinal
kuxrad toward
line. For instance, 1-3 is shifted axd{m-iy-the-d4ireasien-of

D#C, end the amountd not onlv equals 3-4 and 5-6 but also the
divergence between the axes at the line of the inside of the front
and end walls

wall. This follows because the two sets of jambs are parallel
respectively to the axes. Of course, mmy the diverpence between any pal:
of lines, parallel to these axes and meeting’ in that facade line‘cpmrdn
to both plans yields the same result.

\ Slnoe theqe lines steadilv diverge the farther we go

o o

from the facade,ﬂthe med*ql wall and resr doorways are greatly

displaced with reference to the front one in the shaded figure,
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A\

and the rear twice as much as the medial. Being centrally placed
they are on the axis C=D instead of A-B.

Turting back again to the bal]l courts we see tHis
theoretical dispaltement demonstrated in Structure R-11 by the
positions of the side marking stones, which FEXAEPREXEMALELy

tr® transverse axess%fhot on lines runni z om the faeade centers
on %Raxsxtxxnxxthxxxxzxxxaxxxxnhxxcx “anusuel-eese; -where-
at right angles., : ) : .
the-buildings face each other and fit into a larger parslleocgram,
the simplest way to messure the displacement is to

axxnxgnxxangxgs¢ﬂ

- { i

~ are on the &mmmgﬁf”gides of rectified axes and xeixanakiy their
centers, at thé bottoﬁsff;e;onably close to being on the
from the alley sides,
true axes. At thesa diéraances/%he expected dispdzcement is
about 50 cms, Four meters further iﬁ-it would have been a meter,
Taking cognizance of this simple principle may be of practical
value in less than complete excavation, Pailure to do so might
lead to missing suspected feagtures by excavating on a reetilinear
rether than true axis. The first step would be to excavste #:g afl an

a i
adjaggdet cornersd to determine the direction of divergence , and\as <

g,

4 check,” afi “adla¢bnt corner. ¥fxkatk Theoretically, 1f both turned \

We cannot claim or assume that measurements of the

gram form.

- ; ate as to produce the paralleo
outline always were so accurat - . - turned out {

Therefore an adjacsnt corner should be excavated.Theoretically, if both

out acute or obtuse a seafch for interlor central features
should be inititiated on the rectilinear axis, but extended to either

side if not found there, It might be displaced by measurement of

elther :
of one-half the facade length from gre slde only. In this way,

zood measurement combined with earlier bad might explain a displacement

otherwlse supposedly intentionszl.



Returning agin to Fig. , which contains many maxe
points within ﬁhe exterior outline, analagous to the centers of
the hall court markers. Suppose, after laying out the paralleogram
outline WXXZX VXYleith careful measurement but some error, the inwer

room corners are now laid out from it, again with some error. It would
1 \ 31\.‘}’ L TAAS Covnins )

be simplest and natural to next lay out thgﬁdoor jambg /from the

eam COrnmeEVsS

kdas. at4s by a third set of measurments, again with

some errors. These errors in related but separate sets of measurments
would tend to : :
mixmExakghar accumulate or. cancel themselves imxkkeix by chance,

and so modifiy the correspondence of theoretically eonal lines,

and amounts of displacement, in an unpredictable manner. Byt in
general maximum discreptancies could, due to. accumulated individual
errors, rise higher for series of interior measurments than in those

defining the outline, although the sctual maxinum error in any one

taping operation was the same.
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e
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7

_ . P xhsﬁinnﬁxmﬂﬁélzﬁlggimﬁhwnaglggs. Tverefore, 1less
consistency, in the correspondence of theoretically equal lines 1is CEE)
to be expectegqfor 1nterior measurements. For instance, if point 2
was ac+ua11v 2 cms left of its correct positioqﬁqandJﬁsed as a base
for the -4

r : e line 3% 2-4, point 4 would be shifted 20cms to the left also,

= FiNE monsnses, fr@m‘gbit also would be displaced to the left, £ BB

y OIFF evY & fvar‘ -u‘ ‘,4 ;
"f ara/ anl"' e .

&nﬂ the line 6«83 would be 20cms longer than 2 4. N w suppose 1n ;

measuring fom the misplaced p01nt 2 to 4, there was a plus error of
A 0w (-% vemormihny i
Line 2-4 would be the longer, the d}fferenee still being 20 cms.
b&(l QuArd Y us { M -

s measﬁrment*”was 20cms short, Line 6-8 woulu bo

20 cms.
But suppose thil

40 cms longer than 2-4, two 20-cm errors having accumulated.

still assuming point 2 disp@iaced 20 ems to the left,
sgppose 4 w?s Pccurately measured from it, but 6 was not measured
et pat o 8; The result would leave lines 2-4 and 6-8
equal, but the 18ft doorjamb would diverge from the right. Non-

presence of'ﬁef“
qrallel jambs do not necessarilv disprove accura#e measunﬂenpﬁ SANLE

oo

P
oas e Fhen Yhe £ {4\ ({prnn
cﬁmbiﬁﬁd thh naouurate ones, the R& arrors of- wh%d&anav—some%%mzs

@ cumulative. v e N

L

Throu&n:ser'es of related measurments xmrk one error might
gffect the whole series, or a given part of it, dependingz on the
proceedure. Suppose in Fig. the line 2-4 is first laid i xRAX MK
angarxkhanx@x3 out and then 10-12 and the other corresponding

wall lengbths to the left of the axis wése cheoked against it,
accurately. They will all be equal. Now }eﬁf)ﬁﬁﬁ 6-8 be cHecked with
- Accurnmately
2-4; but with a 20-cm pxIuE plus error./Cheoking 14-16 against this,
and so on would make ali the lines to the right of the axis ;;e&$@r
than those to the left, = single error being responsible. There 1is
basis for believing this occurred in Str. J-9, as we ghall see, and
such grouping of differentes confirm the presence of linear

measurements,of sonsiderakls accuracy, as well as the presence of

BPYOYS.



0,

measurment errors by the Maya architects. Our own errors could not
broduca such a patternim of differences, since esch of our measurments,
_tyxxxgaixxzikxz whether in the field or on the drafting table, 1s made
byrseparately reading shexzmmexgrxdxaakerd tape, rod,‘scale, transit
‘and proteactor, graduated to a standard scals. Cr own errors would

regeat themselves only by chance, and therefors rarely.

f&M“W# iﬁﬁgﬂ% ¥ iﬁxnnmmghxnxxnﬁni_ghis sort of pattern}éif detected
; often enough,m%gggg Justify the negative conclusion éﬁat_tapes
% gepnduated to some standarQ*;Were not used. 5ertain1y théy were not
necessary to’produce what. is found.
T END B0 g, S T s B Lot
',/»M*fww Similarly, in the 8x g-g} ball court of Fig.l, Group A, the '

The maxium disecrepancies on either single structure are .1l and
last two ]
.05 respectively, all lines of one (fipat~%hree figures) being
‘at least 24 cms longer than any of the other. This may be the maximun
single error in measurement, the grouping by structures resulting from

’\ laying them out within the general plan, but at different times.

N : a
i & % ) Lis e . L 4 fond o ™
o S U ARUAR o N AR ) SA T e U\
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& 21X 3 W, should consider another possibilty that might affect

i e R Y o BRXTRHER

22 3 j\?}? the correspondence of interior linef lengths. Suppose the bad
ﬁ} ‘ii?é angles of VXYZ are due to mere carelessness. In less exagerated
wi'»f;” ?:?‘amounts they would not affect the appearance appreciably. Thewn
S Y * S oF \hner COENEKS
< % _ 3 o $uppose in laying out the door jambs, where the displacement is
S | ": . 4 "*.‘,;M‘ﬂ LEUA A LK ?‘!a % LAV S

S¢S more noticeabls, h&qgmwe?e corrected, toAform true right angles

. with the facade, and this was repeated at the medial and rear doorways,
3 working in from the front. Line 2-4 would be shortened to 2-3

S and 6-8 lengthened to 5-8, and so on. Passing from front to rear
the left

i on eishes side of the axis, 8% 2-3 would be short, 10-12 correct,

k f'f“ﬁ.u V-35 short,

$ & _ :i-the other side of this wall shomt, 26-29 correct/ To the right

'ﬁ'i:%" jy yof the axis 5-8 would be long, 14-16 correct, the other side of this
o ¢ ;\?f; 36-X long. A8 mR

3 391"32 wall long, 30-32 correct, VUg-do=—mot—elTaim hav%%detected any such
- & N ,,.} _

- o f pattern in actual building measurmements. While sometimes seversl jambs
- j_ ©-0 are more nearly at right sngles than are the sides of the bulldings,
ti‘€\j‘;f others diverge in a contrary direction. Twe very common failure of
A j‘%3j'§ 5 jambs to parallel the sides probably results from errors in

3‘{,2 ; _ lateral measurement,xposxiblyzaizpxfremwhich, by the time they

9 3 “9x 3V

e SO, SRR B

— ©.J<’ - jambs are reached, may be either cumulabive or canceling. -

4 S : - kmkawkar

Another possibilitymight be the shifting of axgkzmakaec

[

the :
dAazxway & doorways from xis displaced positionsas dictated by measurment

on a paralleogram plan, toward the rectilinear axis, in order to
ﬂm P ha L. ,‘
place !X truly behind mmdzmukexzdamzway another. To do this in Fig,

we would retain the shaded plan except that door 13-14 would be
shifted to position 11-13, and 29-30 to 27-28, This would cause
dimensions otherwise identical in theory to vary in a definite

Poowogec to b
pattern. Line 2-3 naﬁ%&ﬁha~lea%eﬁ:££&n 10-11, and this denees= o

26-27. Tc the right of the axis, passing from front to rear, the

lengths would increase from 5-8 tomZ8-32
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We shall see that in Str. J-92 two out of three groups of measurements:
xhukahkx reflecting locations of threc pairs of doorways show this
pattern, Abﬂ%~4&ﬁrﬁﬁﬁﬁﬁﬁﬂfﬂ&§~v&9&eﬁdﬁﬁr4H%r4mhyu&ki@&&ri%ﬂv%ﬁﬁﬂmwtnty;
but we have thetr concludeé this may be by chance \ Zh 4 \\\
4_, Since i1t does not appear in the case of the three doorw v

giving passage clear through Structure J-2, where it would seem

- for correction of displacement. But

most desirable, againcfﬁé“’vid"ncéAseemqZhegattve% xkEuFa one csn

scar&%elv be sure that some correction of displacement never

occured, siace the pattern i{n measurements would be disturbed

by the errors already discussed.

Thus far one might say that the Mpya were unawars of

these displacements caused (ke believe) by an initial bad

angle, or at least did not care about i%t.

\

g}uaikg Below we present groups of measurments from a number k

Qe

_oﬂ palaces, {n the same way as we did for the ball courts. They seem

to show the ssme order of accuraﬂy in lavlnv out orig nal outlines, '

lr\ # { kY n‘.,nwie.u:.:) '7‘(} ! ?IDW/ _(?.,?.v?‘-"‘jf:‘f:; 1
similar errora in anglcs,Aandrxim grﬂater final errors in locating such
o~ J,),l ALC « T Aw

interior points) heee-magwbﬁ~duawngwaccum&lathmr«ﬁ%&m&aﬁwhanmgne

PO,
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‘ ~Proup3(ﬁ to‘E reielect the accuracy in layinz’odgutﬁé main masses
of the fac;ées: #hé&h i1s of the same order as encountered in the

ball courts. Tye last two figgggge?f Group D also sgg:/arcurately
ﬁ%igii?ﬁfa} feauture of an end/ a doorw?v, was placed. Its center.

is one-half‘dt thé bY. R Mae Groups F and G§

show the centralization of a piler 1n the rear, and of a doorwav
1 Hhaan EzC‘/me‘ / Yoo conli

in the front facades, in both cases moaa:aﬁeﬁmaﬁe despite the

longer measurments conscsrned.

Amongighe interior measuresments note that within the first
. Gvovp W
four fiqures, applying to the rear side of medial wall sections the

Iy & 4
maximam difference is a@ﬂ and for the remaining Pigures, annthe front
=) L ng\;u\ww!front and resr measurements
sides 1t isfgﬁbw Only by /1s the indicated maximunm of .19
el S 4 I S PE m  S
obtained.w "” -vet the lateral -medial~wall-doorways (Grews=T) \
T reflects surprising accuracy in mmmksrixzxihea

Group
placing the central medial wall doorway in the center of the

medial wall as a whole. One shoulld remember that in moving
a doorway or other feature from a correct to an incorrect position,
we addgd to the length of smEx wall on one side and subtract the
same amount frombgh;gggﬁqon the other. Tverefore the difference between
these lengths, which is what is reflected in our tables, 1s twice
the amount the doorway 1is out of place.Hére, on the rear, this

difference is .07 and on the front .06, so we may say the doorway

is centered on the wall within less than .04.



center—of—the-central mediegl wall—-doorway isﬂwithin gbout 5 ems™
(, L/O,\,\ Fhe S eanas i ) 7 Yo Conlon ﬁ“'l/us doorwred
medial wai%-{@roup J shows #t is within
(mTevier )
2 and one-half ems of the midpoint between theAtransversewwalls,f«nMWhWh

fi LS o lo (-w"v A s - e A . (y//(?l[\ /‘./,, Mol . T heal Frpssiparse urnlds

ugﬁgh run approximately paralle1 to the end walls. The doorway therefore

pre
thoaqn ount 1o e dirffectly behind the outer doorway 32-33, should
be disp&hced toward the buildings lefq$ by reasQn of this accurate

AT Gt ) ]57: ] qf,q.-,\gn,»'{)

this should be

T measuﬁment. 5,

i, a 1ittle over 15 cms, but is actually about 25 cms. Tywe reason is not
g ; line of the

far to seek: Point 19 is about 15 oms farther from the/right side wall
Point YA psormints
than 1s/28 from the left. Dawut%an from the 1rterior transverse walls,

+ k\.'i K \/V\ r"f.' ,i "*J‘? §o€ W | |5
indicated in Group J, would add bhis erroaAto that 1nherent 1n the
f o0 0 4 7/(14 / (/0 1 s R

parae¢130gram outline of the building.nAecumulaxingwa%weaneeling Prrors

amn - blod taron..
in the original lay=out mustﬂexidﬁntlwae allowed.for.

Bl A
e o i

A,W
g ¢
3

\
)

J
/

Group K treats the other two medial wall doorways in the same
from

manner and confirms that medial wall ddorways were laid outdthe

Lo K At o p

A

> L\NNS Lxm / { s r»—c; Ve le‘,:.?,Lu-pff I~
l&.ﬂ [‘L !

transverse walls, or vice-versa. Note that the onlv measurement

L6 Aﬁ}q_,@.«'\..j‘.

varying more than 2 cms reflects the fact that the 14&0 10-21

N

.
D Lo b o

/

runs sharply couqter to the general direction expected.
2 s £ o

PartCz&LEhe displacement of the medial wall center doorway

AR

seems ,to result fromﬁthe errors in angles when laying out the outline,
as w;s the case wi%h the tepnsverse markers of the ball courts; and

par'+ 7fhJEﬁﬂndarﬁ—fﬁfﬁaeduLﬁ_inﬁWhi@h~$h3~pﬁinﬁipp%e~iﬂ‘th9mw
rovyn
—/ the—same, ba& the results of two errors: accumilate. The inner doorway
being very mach narrower, the outer jamb¢s of GOmplBX design and
Ceenox5 being
finally, other medial wall doarwayt/nevessarily’to one side of

_ outer door centers, the dispalcement was eaééeaﬁ%w unimport t

S o
to the

dec.epa

\

Freeue of
Laying out short lines such as dcorjambs withoat

outline of the butlding, perhaps with the eye alone, seems demonstrated,

and is analogous to the line J-§ of Fig *© \. Such a practlce there



[

Structure J-11, just considered, is probably the latest,
certainly the mos t comﬁlicated in plan of the palaces, Skrxx¥xR,
sesmXxinzRipzx 85 zigxprz In its earliest form, shown in Fig. 5,

Str. J-S is the simplest and probably the earliest of the vaulted
palacess.

Oxmugs Dimension Groups A and B co&er thé outliggfﬁz?paralldogram.
0f the ten outdoor doorways, 8-9 may be a secondary feature. The others
ares grouped in three@,or form three tri-partite doorways, with a

maxiumum variation of 2 cms in wigth (Croup C). But the two rear ones,

are almost exactly the same wicdth. Croup D

shows the front one closely centered, while Groups E and F/ T show
others varyxzlamzs :

the two raxxxoxExxyymsiriczkiyxpizrad closs toﬁsymetrical plavement
in the rear facade. Tvey are therefore adizpxzizs® displaced with
reference to a rectilinear axis, but this counld not be checked with
the eys when obwerving the building itsclf. Groupd G theETksthe
central position-of-the Groups G, H and T check tﬁeﬁcentfgl and
symetrical placements of the center doorways of of these three

tri-partite units.

Groups J and K show dimansions on the inner outline of the
buillding.and Comparing the mxrzx discrepancies with those of the

outer parallelogram, (Groups A and B) J shows a largd diffeence,
each outer
K practically none. If the “aya determined/wa’'l thicknesszx separately,

from the outer odtline, both cumulative and canceling errors may be
involved. Group L repeats for the inside the location of the central
“front doorway, the discrepancy being nearly cdpuble that on the

. stde ) o
outiide (Compare with Croup D). Croup M does the same for one #awx

¢ »rogr tripartite groups
each QL. tR3,08B580), 409X YRYER 2L xEROXEREX 2ELEUR, and 1s comparable with

Group F. Again the interior discrepancy i¥ much greater. Thexrx



expected
A correction of/ﬁispilcement of points 23 and ZZ€ 26 would

tend to cause this difference, but not in such an amount, If "

has occurca it should have been applied also to the pmyitXsmxxaxfxizmb
h* \ A N .f'~: e l\ 8.2 =.'»r‘:uk‘ ('_4“,-’5 f(.' .
points definingAthe medial wall doorways obviously meant to be
“) : ,‘ ®
directly behind these éanmaays. Group N checks this for one side of
if a cbrrection was made.
such a palr, and the figures decrease in the manner axpected./But

fhis may be by chance since the displacement of the medial doorway

1S (u/n»f\,lg
Ais nof 1n fact fully corrected. Lack of polnt locations prevents
for

checking/this pattern for the other rear pair, but point 35 is

displaced about 2 .20 as called for by & the parallelogram outline,
is almost exactly behind the cemitalront doorway
Conversely, xgxak&gying the central medial wall doorwav/unﬁ, but the
il r 51 7 r‘/& 4( 3
measurmnents of uroup 0, So not yi]ed the pattern expected from

a correction. Ra ther Fhis groupg indicates slavish measurments from
‘H\ﬁ*) AgLi
end wells, with/ errors)ﬁcorrecting the displaoement of the medial wall

doorway by chance, and causing the jambs of the outer d corway to
paralleogram axis direction.
take-mxddmr run aga inst the pxxxuxnxnxXXaﬁxfar, Noté +that

all dimensions to one side of the building géis are identical, those
equal to sach other,
to the other nearly A, but all greater.ktham, and decidedly so.

This 1is the txPe of pattern already refered to as suggesting that

abstraét'ﬁﬁits were not used. Rart—of -the-discrepancy-of-40-cms
AMor about x# 14 cms of
in this group/has probably acc

ulated from location of-the
At :
Group GY./Pcint 49 the end wall
~and
is about xii 15 cms thicker thdn ig the otber/ﬁall at point 56, and

outside of the facade doorway

a diaor@macnv of 229 cms bebween tha Pira* and last three f lsures

Erom here-on
ther errors.occured. /éood measurment

f,»

would xaw be expec,cd kﬁlyﬁ 5

on e*tner side of thgﬁaxis, but with an error.of 21 cms in moving

the tape
/from one side;;e thn other,
D Y [ &G
™ ;?’ N Al ol Vo V‘ ";tﬁ -4‘4/‘”‘* W’ 7 B e ) 5“.,)" - e
"""";« & v {) : 2 ‘ [ of
b f“‘, | aa | 4 {
A 3 $ g o
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<l : ' (asﬁ
Y oad L O of 48 cms
Using 1%t 25 an example we can try to figure out how bhds discrepancy

¢ expected
might come aboutewithout conscious correction of/displacements

and without such large errors in any s ingle measurement.

Assume the inside corners 49 and ‘66 show accurate expected displacement,
( '} iy

‘which is true wlthin Warrow limits, Lines 57-58 and 63-64 have been
1aid off to fix the tripartite doorway, with a plus error on the

~right of the axis of .17 (Groupfd D). Now, to locate the rear corhefs
of these 1anbs, points 50 and 55, measure 57-58 from the side of the

outline; or this dis tance minus a wall thicknes? from point 49 to get
e tha _;“lux‘-’_‘“ﬁ/,.)
point 50; For point 855, repeat the pron ss/but start with 53-54
i it 0o Mo A

28 the unit of measure. If thish}s done accurately, the discrepancy

of .17 will be carried to the inner sides of the front wall. Point
approximately ‘
55 in fact/hpets these conditions; but point 50 is about .17 left

of its expected pos ition, so that the famb line 50-E8 is at risght angles

ths to the facade, instead of more or less pa ral’el with the <ides,
as 1s the jaub 55-53. Th WWW”’“‘J Pﬂ' sy D ey Yhe Sugm +f HWM o

Now from these jJambs perhaps points 5< and 53 wereﬁ;ocated
in the same manner (Croup S)._x; checking 50-52 against 58-60 there is
o plus errcr of 4 cms in one directions; but in checking 53-54 agsainst
61-63, a plus error of 14 cms in the opposite direction. The net effect

is to add 10 cms to the 34 cm disorepaquv for pobnts 50 and 55, or
for points 53-58. w bl

44 cms. This is 11 oms less than shown in ﬁroup 0, due probably to our
(/\.. kr.\’.,.!,z.--»i«v ™ _, e

own errors in scalldg, @
e A 2
Buu( ~14 em error in the short measurement 53-55 could only @e
not stretchin? of «ord or some such causge.
due to O%Peleqsnees, : b .n§upp¢'ﬁ%€mkeﬁ~%el}

GANG A D e + e
The‘pxer ‘of point 55

»oximate. paralioogranty- Lﬂdhaatxng

.

thaxmix*&a&éeswwere"measuroeéwf irly. agcurateIV“mﬂ%mu~ 7les, are much

:::mmwwﬂ‘
M .




poorer than those of any other pler in the building, incldding that
: A A O CCuAL
“Brror—eceurred -in

t
& s, r‘

OV

next two it, which supgests that

- i
(4 “ \rv\,j ]\pﬁf

locating ei ther point 53 or 54, aqu¢ which good measurment would
produce the ohserved paralleogram form, in a direction zounter to
that of the outline.
While we have postulated measurement for ms points 53 and 54
4
from point 55, we couod as well assume measurement from point 50,
minus plus :
with a n%&a%iws instead of msesibiws error.

Traxdkxaxapazny :
Now in locating points 45 and 3% of the medlalw all doorway,

in order to place it behind the outer one, the linef 53-56 would be the
natural unit, and it would be measured from pointé 48 and 40, during
which 10 cems of additional error could accumulate. Group O shows this
as plus, and therefore tending to correct the d isplacemsnt of the jamb,
I%eds, Suppose for argument, in locating the other jamb they measured
the same unit 53«56 from polnts 41 and 53. Thev would imme@‘atelv
aisnover somsething was wrong, the résulting medial dOOrWaJ being

\_THé Bhhe proceedure using the shorter unit 49- 52 ould make it too, wide
very much too narrowiThey woala abandon a centralf&ea position for r@ e

Faxkl
and move the second jamb pogguion for a ful i-width,doo”wa7.

Or, mer »lina{x&w;4
tomlocate the ot r'jamb
/% 1ey would-measure. 42-52 out from points 41 and 3, he: #irst place.

Ewe

TWO.-. ﬂircamstgnces indioate that

.....
G

S measuremexrts o; Group-0 and{the fact %thlat-medial wall

P r{ >
doorway L%wabﬁut IQQéns arrowe or thean .amy of thHe front ones as measured
e fosh i -

Sy

in the fa a'e,ﬁwhére +he7 1re*xﬁig;kxhixxniﬁxnxxnxﬁi very close to

i

t&&xﬁi&aixi&xﬁiﬁﬁhx

Or they might lay off the seccond jamb from the first witnout any check

two
measurment to the other side wall, or use 55-56 and 49-50 as the units

on either side respectively, in which case the door width would come
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2 e
dividors
Setting a palr of ExXipsxsxak at IxR8x 1.25 in our origsnal
(1 to 100) : the seven

mxg plansand then checking #f pier widths of Str, J-11, they are all

found to hn vary onlv a cm or two except one, which drops to about

put s dgsddt¥ o'
Jet 20 Setting them at 1 20 and repeating this process for thgg;ﬁns
piers 'of the tripartite -doorways

{ieps of Str. J-12, they vary in the same way above and below this

new settiﬁg, except for one, which drops to about 1.10. For the
inner sides

available four fmsides of these same plci*s the result is the same,
1.10.0

with ths minimuﬁimeasarement on the same pisr, e difference between

1.20 and 1.25 for a pler width is oP course inconsequential and we

can say they were meant to be equal in both huildings. But the
suggeats
consistent dif ferences as between the two bui1dings Indkxakas mRExX
in each building

mExxuxxEAkx the use of soms one pier/as the standaré for check maeeurméht

measurments of the others in that building. I,wever, less conslstency

in this matter can be seen in other plans, notably of Strs. J-2 and el



E

¥

Since by and large wall thiﬂkness are of constant thickness,
’ exterior only
a paralleo*ram/ outline necessitates a similar interior one, with @n

minor changes in the angles. Twe converse 1s also true, so we are

Justified in using interior 01tlines only to demonﬁtrate the supposed

This 16 neces 15205 ition of
tencercy fowarﬁ parallelogram oufline in bulldln WIeréYone or more

AN Draed AN
'exterior comers is 1ack1ng, or may be affected by accomodation to
h A

something else. Shiftinp ;rom exterior to interior outlinass where
mCMb\Mwﬂ {b’
necessary we now 111ustra:e this tendency in more pd aces, which
N :
uingakew it out of the realm of chance. Abandoning the tabluar
presentation of figures, dimensions will be give in the order xmrmar

rear, front, building's left, then right.

on the interor "
For Structure J-2 (Fig. ) these are/30,75,zmd 30.80
known

4,32 and 4.33, discrepancies of .75 and .01. Tke/out$ide of one end

wall and both interior transverse walls follow the expected non-
exterior
rectilinear outline. Bxmxsix Of the £ix doorways six were meant to

be opposite six others in the other facade, and show dlsplacement in

the mxpazksdfdirection and approximate amounts expected. Displacement
two
of /medial wall doorways mean* to be behind outer ones is clear for

one jamb only in each case. They are less than standard exterior
expected
doorway width, which may cloud the picture, and the/displacement

is not preat.
s volothe )

Por Structure J=-21 we hava”neifher four exterior or 1mperior
prt

corners, %ut adjacent acute and obtuse exterior anvles’(and an acute
inVérizilgho opposite the ximk exterior one leaves 1ittle doubt of

a mEnx% paralleolgram oufline. We can check its prob&bla arcuracv

by measurments ka or thn parelleozram encloslng all exterior doorwavg
with theix outer Jamb points of the extremec %ﬁggk;%s as corners.

The figures are 10.08, 17.13, 7.14 and 7.18, with drferences of

.05 and .02 respectively. All doorjambs of one facade show the



The medial wall doorway is dlspaleced a little,
within the 1limits easily produced by linear

measurment srrors,

¢
\

-

Ll

with respect to those of the other,
expected displacem@nt/éné The transverse interior wall, on the

side known, runs in the expected direction. Medial wall doorways,
here narrow, were probably meént to be directly behind pilers,
and are dispaiaced im toward the parallsogram axis,

W .should expect that occasionaly the first angle laid out
on the ou+1£;;“ﬁ5ﬁjé¢%§ close to a right angle, even without an
aceurate may of measuring it. Str. J-13 illusrataes this.

The interior outline measurements are XRx®Fx 11.05, 10.93,

of one corner
4.30, 4.06. Setlling/may have Increased the discrepancles of
.14 and .24. The angles are approximately right angles and we
expect little or no diéplacement. The iﬁterior transverse wall
is at ;;g:gxiﬂate¢v a right angle and the rear doors almost
exactly bshind the corresponding froqt ongib The one exterior angle
krown 1s smewhat acute. However, few facadeflines are absolutely
straight and the reqt of the endAwal may have cancelled this
paralleogram tenx%ncv. Twe nonndisplacement of exterlor as well

as interior jamb-polnts suggests that it did.

Str. J-23 (Fig. ) shows ccnsiderable evidenes of
movement by settliﬁg, and one corner 1is entirely lacking.
However, medial and interial transversefalls are not- affected
by this and are at approximate right gngles. The plan as a whole
.looks like a rectalinar one disturbsd by settling, in égfeement
with the interior walls., On the buildings iiéﬁt front and rear righ
jambs show no displacement, as expected in a rectilinear plan,

front
But passing from hers to the left, XXX jambs do show a consistent

known
displacement toward its left, with reference to the corrcsponding
jambs in the rear facade. The reason seems clear. Al]l pier widths

are very close to equal, and so are all door widths except the



+3

right front one, which is nearly 20 cms greater. Twe dlsplacement
is probably xxkXk caused k¥ not by an angular error and consequent
paralleopra,m outline, but by a linear measurment error xxmnkadx‘
Eh.5.d.3:6. 5.4 infectingfa serles, Impkikad Thakxizx This interpretation
impliss that in laying out the jambs a doorway was Iincorrectly
laid out; the adjacent pler chlixxszxiy measured frém this; the
next jamb from %ggg pier, and so g&} without further error.
 Judging by this example, consistent”displacemenbﬁ“soaéea do no%
necessarily implyka a‘non-rectgﬁéar(or even a rectilinear)
paralleogram outline; but theybstill seem to imply accurate “;ggr
measurment. This; combined either with an initial angular or ‘
linear measurmeﬁt error, would tend to produce consistent
displacements.

I, seems to the writer we have demonstrated a declded
tendency of linear measurment to produce paralleogram outlines,
elther approximately rectilineaf or not. But errors would naturely
on occasion work against this tendenmy, especially in longer
buildings. Structure J-12 (Fig. ) the reamining free-stansing
palace on which we have much accurate data is an interesting

non-rectilinear

example, Its right end shows the typical /parallelogram situation,
its left in net effect a rectilinar one, both left corners
showing sl ightly obtussé angles, but a line joining their interior
comers being asnapproximate right angle.to the facades.
The measurements axa of the inaarior outlite are 33,80, 35.55, 5.90
5.70. The differences, .25 and .20 would tend to be a little greater
for an exterior outline.

The left transverse wall is parallel with the left end

AP A YA

Ol ™A
wall, the right with the right. Tneré each was lald out from ba

A
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nearest ond walls, and one 1s approximately rectilinear, the

cereful measurment. NSw i{f the door-hambs are laid out froms
(_ those of one facade should show with reference +to t hose of
o - N

the left ond ElSwy—should=shew/little dtspaacement/epart from

other not. Both are approximate paralleograms, indicatiﬂ%ﬁ(:i\
J \the
~other

\ ,
chance error, If laid from the right all should show such
di splacement, vhich they do.-Since we krow only three of the exbrel

four 1w ¢ o~
[extreme jambs, ané ;nitial error such as ocurred in Str. J-23

might prddice bhggg;;e result. But thils would not affect
the médial wall doorways. A line passing through the center of #l
this, and parallel tO the"paralleogram end"of the buillding
comes close to bisgeting oppeglite outdoor AOPIWAYS. It was
probably meant to be centered on these, and, if working from
the right end, this 1ine would automativally be the axis of
the three doorways. |

This is the last fpree-standing palacs on which we have met
much data. The Sweat-house P-7 15 accurately pkan=d drawn, but
being only partly excavated many poisnts are well above floor

level, and oneé commser i1s badly settled. In addition, the floor-

plan of an earlier building msy have been use? in laying it out,
. ( A
A langr

o

axsage Correction

with added chance of accumulating errors.
for settling would tend to give a paralleograﬁ outline, with
which the direction of the passage would agree. But an almodt
exactly symetrical placement of the four front door- jambs
would be destroyed by such reconstructioh, and these are
ﬁgégggé‘at ground level. corresponding sides of the steam
room are very close %o equality sud a vear doorway 1s neatly

centered in its wall, in each case some points belng seen onlvy

above floor level. We add this puilding to the discussion to



o |

be fair and tgemphasiZe that while aécurat" measurments
\
will yleld typlcal types of plans, their mixture wiuh bad
or accumulating small errors may prevent it. And alao to
butiress our conclusion f£xmm in Str. J-lﬁ, that measurement
from ons side donly, if it 1s not at a right angle to the
facade, may cause displacement of points further back.
I this case the aisplacement of the steamprom door, while
slight, 1s probably connected with the direction of the left
end wall, although the right wall would have no such cornection.
Implied is a failure to use check-measurments from each side
for one poivt. {3 fhékpﬁraiigﬁifgn or rectilinear buildings,
this would not be apparen ) ' That =zmek they were not made,
andxpainkxxadinsked isna fact of some importance. Any displacement,
the bad angle of

which agrees with/etther side, is probably caused by aceurate
lateral measurment, and theesfor - not intentioanl.

Iﬁ allthese buildin%, the displacement is inconsequential
from the vicual point of view, and there 1is no evidence that
it wasnég;;cfoaslv correctedf?ﬁgém rather meapgre evidence on

/\

temples we think it became evldent and resulted in compromise

. V.W :
ad justments, ﬂ .can best show why 1t @Aould;by use of apother
hypothetical plan, Pig. 6}?This time the plan, while much
simplified, 1s less hypotheical. Like R-16 it consigts.of

pyramid, suupleméntary platform, plinth ﬁlatform and three-door
temple, the whole set on a terrace crossed by the mein stal rway.
ints 2 and 3,

'f /f A LAt r;
¥ Ccross

For emphasis we have added column alters at po
; The- ot o d the A2y
by analogy with R-Q.NOver-all dimens fons and ne

sectiorns of R-16 are used, as well as the ‘actual angle between

front and left side (others being unkewn on that building).
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On&wfghe rectilinear outline ag—baaazéemei is indicated

oA \roste \ﬁv"( ¥
in broken 1ines (VXYZ): ¢ this i° distorted to UWYZ in accordance with

o

r"

the R-15 angle and contruction proceeds, using the R-15 cross sections
at right angles to each side.
The MNaya must have Qaid out the first terrace, built it, and

(9]
< Ay ;"« )} AAA G (:if’
{

then msasured from 1ts top for the base of the next. The top would not
aall e measurment

be perfactly emd®t. There 1s thus liklihood of &f many/errors by

Wotcd has laid out the temple building,?heie [eing

P 3 the time one recohes snmxksmpiaxkzxsX, assigaeble &m among six

i secondary o utlines and t%ﬁ?e a*fected by errors in the slopes of
2 ;' LN Jaaie LAA YN .s /
- S fiVe terrace walls. WEsh 80 many{ thsw would tend to cancel out
UK~ :\l\ ot }‘-"\-‘J Ne F%MT'J W Ll+r
and ka® each unit should show the sane parallelogram form, The last
somevh at
one should correspond to the first in direction, but A different

4{%g angles would be eggeufed. This s tuation is aetually seen on Str.
S .\:~ QQ "3‘! A ™ R T Lar-tis Ao L

3 3 K-5-34, Thare“ohe displacement is to be expected, just as in the
& fi = ball courts and palaces, though perh® s more affected by errors.

The difference between Q’yramid templns and those strqctures lies

_.«-"“ 7“":’?‘ V'Y\ 1 \ \i‘-"J.> l S alvf"‘\ ’M'{( /an Fr . L2 ‘Aw
. in this: central features were conspicaous, and they are more diap¢aced
j o front
i because of greater depth behind the base of the facadej;xandxax
up
The levation x%nzszmzxpian conforms to our plan and shows how very
affecting

uparont is the increasing displac@menf af xmaknxxkairway column AXak

¢ altars snd the conspicous masses of stlrWdyﬂ and temple doorways.
\ —~ srbitrailly right
oo b3 ; Wg_hangﬂahgﬁﬂﬁdm&hgmxxgg&iR side wal%sv&nwerﬁwr“t? emphaaiﬂs the.

Saéu _Lr\,«u(f aArih \L/

front—fzoede. Standing on the rectilinear axis, thﬁa-en&w viould MO

" be visible until the observer had retreated over 100 nmeters from
tha forods- of cenbral features :
#, The effective viuiual disulacementAis therefore within the frame

£ the silhousttes rising from Y and Z. Dot “4fﬁb”‘“ A%“f”)

-~ ot * u
")400 A sl 5' cu fo»‘~4¢ i TM ipnlAlos ONR g"‘\" mz RS g od ,%W

&
D\A% )‘\J@,\W,\-y i‘k(“w-/)
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The stairways are constructed as paralleogram in plan. Tpking

the md n one as example, this @ould result from accurate measurments

5
on-v R

from carners to points 8 and € at the top, 10 and 11 at the bottom,
provided lines thus established were exterd ed to 12 and 13.

But there was never any flat surface on which to lay out 8-10 and

{

R Y g

A Ry o
9-11. Pyramids were always built before stalrways, which extend owrezid
the outline., T, make the extension a cord Gould probmbly De held at

9, the other end in the hands of someone on the plaza, with a third
sighting o
/to direct his movements until it passed over point 1l. Under these
con itipn% he would probably notice his bad mmagie angle and correct
serea wk v0 markedly
1t with his eye. Str. K=5-2nd combines a parallsogram pyramid
A nearly '
with a rectslinear astairway (Fig. ), proving that stairways

z2x¥zhe xInidzank supreuzinxsxzy zeeniitn
were not controlled by the pyramid outline. Bscause ofthat example,

and because we have good reason to balieve the R-16 stalrway

Was éb%@f den%éred at the top let us suppose cords were qung
- by eye T
from 8 and 9 as before, but/without regard to 10 and 11, with

good results. Applying the sams principals to the other stalrways,
o W 6,Q
¢
we get the elevepdation ehﬁun'%m%ew. Now it 1s possible lodo
directl y at the stairway, place the altars on its center axis,

and ascend from one to the other at right snglss to the steps.

t the
We believe R-15 elevation, if we dug it out more complately, and
round
added inset/corers and opher‘decorative details, would closely

i 14 R el
whvon 2 > t4 9 (28 2

approximate this elevation,ﬁexactly like the.upper—ome except for
rectif ication of the three sets of stalrway side walls, and shifts

{n the altrs to correspond. In visual effect the d isplacement is
especilally less so between ‘
/noticeable as between py amid and supplementa’ry platform, dmdxRerveen

1t and plinth platfomm. T.e stairways are of course agymetrical



eye

" o P : e AD ‘_fi N I 3440 A 1;.”(,‘.*35
leuD wWirD dagt A i TA

he
backs

with repect to their own units, Line 15-Z is longer than 11-2Z on

4
U=

the plen, and Y-14 shorter than Y-10 on the plan so that at the

00 1onpef on side of the stirway
" disecrepancies

than on the other. Corresponding but diminishing digbansss’

base the‘first terrace 1s aboub

-ur on the aecond and third terraces, rcaching equality at

em; and indivual stalrway units are

; displacements of upper stalrways

ncies are not measurbble with t
ually minimized by the se

Qe CY
the top of the lsater. ixaxxamEXP 0,/ , g
Al | S T AN

b Instead ofswin "'in.;; tmw’i}* _gide-wald 3 of-the-plan-—om-
) ( £ :
B points 8 and 9 at the top, we might hava done so on polnts 10 and
7 + o Taan Ay Jawda Fhos Nsd 2o tho Frp by $iqhling
OO m 11 at +he bobton, This would accentuate the disylacement batween
f"? S8% e game maximum
t;ﬂ4m pyramtﬁ“and”plathrm stairw&ysﬁwggﬁ'transfer the/linear discrepacny
SeHES
%qg,::; :Oé,gin terrace 1eng*1ts fv‘ovn the 1ong$c={,vr ba‘SL, 5o Ehfl'n"xgr"re top, to which
fﬁ@ S5 8¥%he stalrway na’cqrallv leads fm e aye. .>1nce in Str. K=5 2nd and 1lst,
=8485 55 4
@ o mand presumably K-5~34, a uwo-meter discrepancy occurs at thse base, _
ggug e
0P anfmg
ggggégour choice of the top from which to make the correction seems
mMlo @& Ssugtified, s%ﬁﬁé:%%ere, the points oorreqponding to 10 and 11 age

be ing ignored./ That it éo"respoqde to what happaned on R-18 1is

highly probamg/sxma Pojnts 1, 14 and Z on the plan end lower
cleveation are in true relat fonship for R-15, point 14 being

midway between side walls of the R-16 main stal rway at second terrace
level. That it 1s not exactlyin the center of our reconstructed
stairway can be attributed to accumulating errors which are not
reflected in therdrawing.‘With xmEx stairway correction on polnts

10 and 11 (not excavated) it would be much farther to the right,

as we look at it; were the stalrway placed in line with units higher

up, this center would be deoideglv farther to the left.

L vk This 5D o et v Lo O C,w\/\.m/(wv‘

s Whether sueh aneleveation aa=%hisAwas ever actually

construc ted, (as we believe it was in R-16) we have shown how

linear
udrate/Lea=u¢ementﬁcombined with a poor initial angle and

4
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¢ Q . el
2§89
a3 ;?g a
,‘ xi _§ o
S 2 | % 3 bet : P
3 \&gwﬁ etter judgment of stalrway angles could produce it, unless some
= oy ' '
= ‘Eg, . further adjusment was made. The conspicuous stalrways, though
Sl 1 o ‘ : ;
O Y2 each 1s rectified, are badly displaced with refepence to esach other,

at once, or-/on a singlegnentew line, swivmln@: from the temple instead

h o fre

Z_L p\,ﬁ/gf
, 2 ?L/LU’ LAs
Wt /.
e % 2B V9N
/

I

\
K

;th L of the pyramid top level.vOn our elevation we would push the platform
<5 &

aﬁ,gf%ér stairway to the left till its center was under that of the doorway,

3 §? and move the main stairway still more till its cemter w '

?5 4_2; that point. This would/increase the discrgpanCieg ;P terraces lengths
e Y U . \ ~ } 7, L)

S o 8 ihhok side, tmgxeankngky M0 wedll g w2d a sinp. g PO L “'{ miv;"'a

5 331 (Fy /1)

f R The plan and elevation of Str. K-5-3d, much better known (

f)ugj??: than R-16, cen be explained in this way. Unfortunately the main

‘§~? § 2 stairway side walls were destroyed by the Maya, and Ywuwd % ;

~Q.2€ roat nodls (Fig. ). In spite of many other restored points, ol st Pha

\;q A. g P(r\mD QVMF}(,M O'f = ClOSd 'bO 1\;\0"9-’& Of : 3

e 322 | the original outline e cleanty/the paralleogram V‘”"W, ERAXRRE

2] gfét;#a or a slightly larger one enclosing the outsets, and not the \

rectangle A/, As in Fig. 6, the axes of rectified and actua;ﬁgggig

cLn
1

——

ot
i

= R3¢ 3 50t 0nao, AR antl CD ampdﬂamw\*ﬁknqb1¢*Q&£C@5MWOV1%?W@ colta

g —2h9~}99nb~af“the~pvf“'ld bulges forward of the };

/ PR basie . twice
P The use of outsets causes the actual/outline tq/step
S errors in caused the

outsf e the simple outlines UWIZ andﬂmaasurments for this may have/

prominent
mnxxxhs/irregularities at the base, which are not affected by

Khow M

o
settling. Higher pyramid points(nhﬁun at the front onlg)have been

—

affected Dy settling. Only the basic outline 1is restoreo 6n
Bowwts evé COVvniv }o, Ag

sides and rear. The p&pa&&eefaam- UIWIY!Z! dofwmes the theoretical
R il ‘
e‘TLRtop outl ine. Af the fr 3enter, where settling 1s not involved,

the pyramid top 1is about the expected distance forward.of this,

e (LA.,QL
and very ele&eﬁ%e parallel to YIZ!
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- central

o om *T”Eaégg The center of the/
WPO\wBi) |
dooﬂ*is fixed by assumption of three equal doorwavs checked by 'iﬁt\\\;

/ Y building otwt L
fnown point on the right side/wall. T is only 15 cms from being .
uidistant from the sides of the basic paralleogram : i.e. shows
( whidn in gbout 1. lQ’m.y
the expected dilsplacement, and—te—meariy on-the—brue—axis. Bnt the
pyramid column altar, though far forward of this, shows almost
exactly the same displacement ,and Arline Joing these two points
about bisects the most reasonable reconstruction of the platform

stairway. So far as it goes, this confirms the proceedure of of

upper Expected dis placement of the
Fig. 6,c as to one/stairway unit.mméclms altar 1 increased about
s,
75 cms to center on this and (presumably) the main stairway.
bt(/‘,\jﬁ 'T l‘ A YN (Lo ,;j,/ "L; -'{:/J‘ ?}' (&,5‘&\ (PN (,\,.,‘x“(‘mﬁ C[;.,C/( '“Q_C LAt pia ;ﬁ“l WA ’},‘;
"Itf\f/\ i f“-’ ; Copw (L AD usTR \\’ AL gL Ao L’{‘\"[\,M'w AL 1 M ;,1:;( ; . \

Tha " towmfls alfon v, w)@% wArncdsdf to o alirsol sam behocid
ACHﬂme?, B oAt Armansad aud ﬁnwﬁwvé; kgEZB‘@?a
vn t by oges, S w0 %W%de/MW 7@%
Lu» gxquyﬂ4wua4uauuudtsuw%7 L s e crs fpadiin carnsd ko s of
G AT Cobgnaeoin. s Tia SW Luonics aw Yo Fhs wfhee nlfoqy

i and pytamid
va o eyt }ﬂ—”/‘ﬁv‘flt ‘L% . Milbu aﬁa/u? A-uch on ‘#G“OKAM

SOU‘* Ot\-""W\'M(s D, th m%udﬁmmfm He %%

Mrvvdd~9w“13%#bzrﬁwuu%gég§L én cJDﬁM.LJZLLMMuJb m@lha+z






TRl i.é'%%ﬁt.«b

7D

i<,

’\‘
¢/}
by SCRAA {w I K tinga z:i»\a/g‘ A

/

et s L Upan
U o o g ‘f‘A; )
£ s

>|

By passing to later periods, all founded on the same two
with repairs to the lowest at the rear,
pyremid terraces, we can get more complste evidence.(Fig.)X‘ ¢ ﬁ)
i Por WD 6 ) o]~
We now lack the doorway, but have both a pyramid altar and aémmﬁﬁf?
J > \‘ — / \ l\ :
[ U"; ij A _p» ‘- d;r,}uv\,\:t&(q i{\ Con tr) r_; %)
steirway./The new Xmkx altar is 4,507 " above and 2.00 m behind
1 "i\l 72 S XY ‘A :

the olé. A line joining it mmdxtk and the center of theA?tairway at

plaza level almost ex%atly bisects the la te{f and passes directly .

Notwea !
over the old altar and doorway-centers( It also pesses—diwectly
o ee— and higher — e
beneatir the center of a still later teuple Ramrwxy facede, bisezts
e : ? P A0 o W A rmc:'w\@
the taksr nmain stalrway of the latest period, since this insewn. -atss
sk e temsion of gt
ke the second ons. I o= 1= A it <2 £ SR A= SE§‘sam
2 g con/in o} T he wdj

CoNLA A 19 _ - P rallm:
middle perloddaxis als o passes dlrectly below thejfinalAgéntral
; A

doorway at the top and almoat surely came close to bisecting the
(whon hlams ave supsrimposed,

final perlod Stela 39 at the bottom. Tp all perio§slﬁa11 stalrway
centers known snd g1l intended axial points marked by sltars,

doorways and probably the stela are very close to being on a . .
common I Ceasmpm - VIS

single 1ine,w%e&—p&a&&~a@emsupe%imp036&;wthis/is neerly parallel
- ‘LA;\ \;A‘j k&&t&'\ﬂt\f W«ff' p\f,m Doy it a:!\«d’
to the rectilinear axis AB , but shows ¥=e dlsplacement expected
carly front v thomslitelly  tho plaewmed
only at the/building/facade line, We should mew expect UiRs
- ._‘m% SRS ,‘.,m..u..,,,,‘,,.,mﬁ-”’

T
o

~aimost exact/agreement In the later periods embs if their building

facades were directly over the earlier. This is true as %o
=+ !‘,\..‘:

the %wo buildings known, while intermediate platform {which may

hove been a plinth for =z now vanlished building) is almost

« o

exactly above and below the plinths of the others. (o

Lpagenicls O coun o T2 wdh mA
measurments in bullding up the later perieds seem

w

R daain | i e
{ngioatTd, sub-de S S e pe e what we know of the final
"Uﬂ‘mfa WErE

bullding, whicl probably bes== paralleogranms eabiine running counter to
A ’ It's also partly known

the basic one, sccentuatoed somewhalt Dy setiling. It supplementary

platform shows the same to a less degree, and carelessness or
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DA g > "0
possibly accumulating errors are/ i
g niﬂresponsible. This was not true in
the original {od (P! ic
g period (Fig. 7 ) in which pyramid, platform and building
ashow the s
show the same type of paralleogranm OltlluG, though not corrssponding
o w ot M}‘www PESBPICIG0 & {ww Vhs \rwftm wA?_, :
Jp sely,as ehpebted. fhe reversal of displsccment direction in

the higher units of the final period would have shifted the doorway
ods v s ” ~ 2

M" st am annroan s > 2
wﬂ center appreciably nearer the rectilinear positlion, and away from

\\\ fmétiiffﬁ}dafiibojh;jf‘?gln stalrway, aéreadytxiyed in the inicimediate
\ an p_mn h wore ¥
\\_ pe;;udazge _seems probqbli,that the bullding/was éenthGr gé?&i;%iVMg

: a3 A

Stairway/oy signtln “patker than b
Y y measurment from platfo
4 fa (Lw-wfw locot sl Fama Hho siiloe O E l%&w@%féﬁ?'

/‘ I, the early case everything indicatgs«both.suairways and the pyvem:
: » n either case {
altar wéﬁe conterad @n bhesaddeddas b1 . gh e
ot y sig bing,.nnd g1l HaEEEElre \\‘
shareg the mﬂe uisplaremuntj ws ‘f}\»\/ C(d‘,
g B g

: 1
A simple proc eedure for laving outﬂceremonial axés

Te center of the central doorway

can be easlly imagined.
Cy7 f‘r‘}/b 9?(M/?o/,\p{ ;
doerway-

could be easily adged' or measured DY doyoling a xmxdx .
a man on
“f »’ A CAAA ¢
OCNOAA S Shy ‘wh a long cord from this point to/the
_ P2 S
well tuxxhgwoff frgmmpggwpgxamiapweﬁfd direct

plazeé. A'%hind_man.
ook (e o l’w- ot lanfl v an upell Foticm¥po pliza Afpn

Twis fixed, he—oea%d direct

B
i - Al /\4,/7 ATUS

¢ his movements Y¢n sighting a right angla.

the marking of =% points directly below this cord at ﬁlatform and

pyremid edges, and for location of Zmkax al+ars. TP, “as M,rris

device of the plupb-bob
eny lost T-0

pelieves for Yucatanwethe very'simple
ceremonial axis would be a perfectlv stralght

Was3 availble, thgh
7

1ine., Points ;or/ﬁarious stairway slide wa1¢s could be measured -

out ony o ither side fram it. Errors in these measuremsnts would

but not the general
tend to prevent exact/cooresponaonce of such walls with the axls.
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~— the temple, is 1.15,

hrald Wd G s

320

- for the main stairway
What egidence is available for R-15 indicates the sichting/
center of the

was done from the/pyramid top, not from that oﬁ the temple. The

here
evidence for/siziting from the templs 1s hexs falrly specific, and als

supports the proposition that the temple displacement is the sum of

xxauxm smaller displacema ts accumulating terrace by terrace.ff

earliest :
Had the mazand perlod stalrway been swung from the top of the

earliest pyramid, rather than from the temple which is much farther
‘ 1 : .
back, the stalr dispacement would have been about 25 ocms. , the
in terrace lenghiis on elther side zero at the top, 50 cms at the bottom.
discrepancy #o-ems, The stalr displacement for all perlods was probably
.the discrepancy at the bottom

determined at this time, yet in the next period/shzasxgigurssxaes 1s
.90wﬂ1? olton ) Pyvam 4 '
known to be 2.10. If the H period aﬁis‘was on

the«stair axis,
whHatever its width (which we have had to reconstruct), this figure

s true for the early period also, apartmex from minor measurment

[

errars. ; e
? L Pel} 23
of ”¢'“*TUP”““Af the center of

If the pyramld stairwqnyas swung from/its top, passing over the
A result in “,D
earlier altar only by chance, expectZd dispalcement would %QJEE ut

half the Dbottom discrepancy observed. Its—exis—should, -of-<eourese;

It should, of coursa3, be centered at the top of the top terrace.

Direct measurements to upper terrace corners were not avallable,
kvo()d-é‘y /’)\Pl'.‘m!ﬂ’l—‘! 'fkmu*jd’fw/ wovld
being fallen. Byt outsetquanhusﬁw ma Intain the same relatlonships,

», At the base of the upper térrace théée)

:iso CIS e

1
Q.1

o
(]
F2e
i
L
!
2

the inner pair survived and show an expected displacement o
The theoretical displacement of the stalr, if sighted accurately from

or 65 cms more than that of the terrace, w%ith?ds

would produce a discremncy in measurments from stalr-walls to outsets

o close o pee

re 1s.1.48,

» {432

of .double this, or X3 1.30. The actual T
Un iy thrng e [ sy
tothe top of the terrace this would
: off-center ‘
top,; the stalrway was /diksrisssd about half this,
e gl
esumably,gthe terrace as a w

15

or 74 cms, with

itsets and ., pr

SRS
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g A natural query is why a better angle fopr stair axes was\\\\

achieved for stalrway axes than for the orizinal outline. The aungular
discrepancy seems to rule out knowlsdge gﬁa* least use of a mechanically
accurate method of laying out A ght angles. Chance might ac couuv for

the good angle of the K-5-3d stairway and measurement from it

porpetuate it In the later periods. More cvidence than 1is avallable

will be neceszary to disprove chance here, but there is =oue.

Stele Y/ apears to havs fallen straight backward, without subsequent
It probably was on the stairway axls.
uxsu@voance.;“ line 1o}ng the center of the R-16 stairway at second

terrace level (Pojnt 14 in Tig. ) and the center of the stela top
tlu@—auae£n¥§t&n1etﬁxr ;; ol p,(ﬁf K"Plf:a aan gl L«
passes within 25 cms of/stairway center at the oase, if reconstracted
ec line from the same E

ag accheebengle. A similar.line, parallel e 2 side of the
pyramid, cuts the stalr base 3338 95 cms farther from the line to the
stela. The stelac top is 6.50 n forward of the stair basse, minimzing
the effect of eroneously supposing it has fallen stralght back. A

stalr angle better than the pyramia angle 1s probable here,@ Mo stela

e Y {
w02 ma Mo Casapen of 0t s , 02 b /(Nd wren s g o (ro
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On Structure & R-9, a line Joining the center .of the
building doorway and.the plaza columm altar touches both pyrami

and basal terrace altars (within 10 cms of their centers),
- pyremid at
almsa%*exaevigmhmeuijiﬁjb - alrway-base and is very close to a

right angle to the pyramid facade. Destruction prevents knowladge

of the the pyramid vasic angles. Buu this line crosses the basal
o farmn
terrace, which 1s very much askew. Sighting to the higher polints

pﬁ\\\w*)

without regard to Hhem seems the simplest cxplanabion of the

T

pos ition of the plaza altar, and the axls thus marked at four points
is as good, as to angle, as the K-b5 series. We do-—not know the

pyranid angle The known méiu stairway side wall, however, is
ndTparallel wdth this line, obviously meant to be its axis, sugmsting
perhapa—egch—statrway—was—Tatd-ount-from a-single-sighvedaxts-Iine,

wrﬁ",ﬁ}t{!"" 1

wégg errors ccowsdmy in liemear mesurement from it. It 1s apparent

! o "_43" 4 "‘ j T f’*l""" M
f:om this that agtual stairwav side walls mav uﬁ%~6€6¥&ﬁ -
of b j~ O oo “ a' p ol efan /f,,f‘ CONLAR p el b [?'Dc«t ( 2 M\ﬁ
ex%a the axte- mfaked forthem-by" fhe ﬁ aya;--and turning'baek

(y({;—»\"\&/\ﬁ/‘ﬁ}}/\f).J A :
to-K=5=2nd and-firet;-we-see-that-the—sides-of the -main .stairway .

‘there._arce._not sactly.peratrield. Our only further evidence is certain
'r?“"'\- \i@'f“
gingle stair side walls, which would not be pblbLnent, except to

say that none of them make so bad an angle with the pyramid as do

the sldes of X-5 and R-16.
: consistently
If, with more data, ceremonisl axes turn out to/make better

Ao

angles with the pyramid front than do 1ts dldes, the reaoon f y e

that it is easier to_jadga the direction of acoru whi h is

s ©Yaza T T i
high abOVQ the observer/so hat 4n eefect h sees a longer line. Or,
if he {s 1h the temple doorway, imming looking' probably lles in the
fact that this line is sighted against an already constructed

substructurs.



cie
To complete ths plecture of available dsta of this sort

for temples, we refer to Str. R-3 Pig. 5 which shows a non-

paralleogram outline analagous the palace-J-12, 0,8
slightly accute obtuse, but much more than £b
13 neaniycrectengulers, the other/smoute.

direction agrees with neither side .

front coner

' a true pakalleogram.
The known stalrway side wall

but runs about as much askew as

the better (right) side wall, but in a contrary direction, confirming
independent sishting. Twe doorway center 1s displaced about the

expected amount with reference to basic outline, if measured

from the more accurate side. T:e amlunt of this displacement, 15 cms,

13 to slight to be significant,but the direction is that expected

from either side. There is this much confirmation of the hypothesis

,that the ceremonial center was sighted from the canter of the doorway.

Twe line joining it to the known center of the stairway at first

terrace level is parallel to the known side stalrwall. \\\

miere is a little evidence that the ceremonlal axls
was on occaslon carried inside the temple, and affected its -
ie . Tne niche of the tomple of J-4 is almost directly
T 2 a ¥ close tow
behind the central doorway and lined joing them eme at right angle
NG /
to the front of the platform, though the known side is at a marked
acute angle. Presumably the outside of the temp}e conformed to this,
but the inside does not. It may have been indepdetly laild out
from the axis, to keep the niche in the center of the rear wall
and sti1ll on the axis.
' O R-16 a cache marks the probable location of the temple
altar. It was not accurately located, but was close to directly
left side :
behind the doorway. The mukids of the plinta platformlf?zms an
“ia s 5 & =
ancut{/angle with the front, asc ald presumbly the out side/of the

building. But the inside left runs in 2 comtrary direction as 1if

tdependtly laid out. :

sarllier
‘ 3 : i § 1na and /temple
Unfor tunately the K-5-1lst niche and alab, and/temple

iskexxiukax aldars were not accuratdly located before removal,



Returning to our theoretical Figure 6, thereis a markegs\\
asymetry in the silhoutes of the substrustures, «1f viewed strailght-on,
in elsvation. The terrace walls, rising from Y appear steeper than
those rising from 2, anG the térraoes appear narrower, the whole being
decldedly steepelr. This results inevitably from accurate projectiop at

right anvlea of thedistorted plan. Fram As one ascends, each corner

behind the preceding, and therefore d isplaced
poiéggg teg-amiwbgttamitg Jas from its ractilinear position away from

7X and toward YV. Conpared with a true rectitinear silhoute, the
‘slopes appear flatter and terraces wider on the acute avgle side,

stesper and narrower on the obtuse angle slde. L‘pes RERARRRRS 2ehY¥s

_ (N Erem the plan,

faaxpkan, projected at right angles from the ﬁorner points,
spreading and contraction in

11lustrate this HAEEUAX horizontal spacing, compared with that

for the Intendcd rectilinear plan.

Accuréte measurments in buillding up s pyramid would therefore \\

tend to ¢ i ‘
ause this type of asymetrical siihouctte. Oytsets

in terrace wall
e 5 prnsamablv measured fov m the corners (generally

b simi &~$ji1fféf+w

mi sing asbove ground level) wounld dup*%@&#eﬂft W* actually have

by the K«
this illustrated ) horlzontal
s O’tsnta AXXEXRRERXHERAGX K-5-2nd front facade. T.e/spacing

Sh A, £ ;Y

ca o, i ¥ i =L p ’ 2 ok g Lo &

SeC A - e I OVU A8 ¥ e ! . ' W @
.

It seems fai ude
t ms fair to conclude hat measurment and nonq'r“0+ion 8Yyrors

= ‘\r\ D + L:ua o)
are a sufficient e&pla 4 ity C“v;an'
. nation of irregular out :
g outset spacing t
) \‘--( JLL.« (4] }7/\'2 A 7) tay /\—\“’A p s’ : hat

a noq-“eﬂtin*linnar ou*ltne wisld tend to throw theom into a pattem

\,{’t} \\T-M\,Qi’( LS//\AO{ ‘s*ur rv%r«!aﬁ"*}\ﬂf‘M S+¢¢/zfrﬁ% Ong 5 &(_9 A(m }\, L/-?At—y
B

@
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Xenkx least
In the final K-5 period there is a hint that in principle at/

to minimize this diffuclty :
a way ooxxefxkixkxxokXzm difficulty had been found. With the
a
ceremonial axis determined by/pre-existing stairway, the temple center
may have been located not be slavishly measuring in fr ofthe
sides of the subsprucute, but by sichting over the =ikxixway stairway.
Tﬁis {3 admitedly not certain., £ Applied to a new structure, (0 td ne®
the proceedure weutd-be to correct the measured center of the
top of the first terrace by sighting for a right angle over the
measured center of the base, and to lay off the second terrace front
on an axis thus fixed. If this process were repeated at each
cont inued
‘level, errors in judging the anole would not have a/cumulative
gfgarkx displacement effect. Corrections would be made x= level
minopy-
by level, right up to the temple. The—result-would be/irragularities

1nrtheMWLchs of terrace tops at the sides, such as exist anvwav,
and in outset spaeing Measuring out the stairways from the
axis thué finally fixed, they would lie in the centers of the

substruﬂture masses served by them, with only minor discrepancies,

Such a correction of terraces was ggt feasible, once
the first was lald down wth a bad angle. Suppose, in F8g.8,b,
the xxanx dlsplaopm t of the front of the supplemttary platform

had been fu11y corrented as it would tend to be by this process.
hori7ontally

Its corner would be/about 1.80 nearer the bottom of the first

hor
terrace at the same distanxe back from the front.iéggﬁg;oeésg%%pe

to the intended cross-section here is about 7 75 te;féoe s{;pes and
h o ) [P0y D
depths would have to be compressed 1nto a horizontal di stance of

- 5.75, and correspondind y stretched on the other side, with-a



Such a correction, once the bad initial angle had been
an entire ,
built upon, would produce £ front elevation symetrical as to the
bases of each xaxrxza unit, but would run counter to commnon sense.
is such an adjustment o| F8g. 6, and 00 A2
Fig. 9 shows what would reswlt. Twe terraces ame greatly narrowed
on on® side, greatly widened on the other. Amkmaikxy Bifferent
silhouettes would be actually constructed , a hardly desirable
result. -The K-5-1st correction, i1f made as supposed,

applied only to the temple building in relation to its plinth,

It was a small onexxxwiAshxaxzpesisxkxmaxge on a relatively

spacious surface, and there was a pre-existin~ reason for it.
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nmeasurement, the more probable that
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£ roba s

de;

ég*deteot the use gi taping are the bal lecourts, which are eof censiderable
Qo CVX (VO X I
size, censist ofxstruﬂtures obvuous 1y meant to be identical, and v ich

1a§n

-

are close to b@d rock and so have not (Figs. )
ot v s ) o L Q| LA190

The fe%Lomtng dlmensiona, scaled fr the plans are instructive.
Rella A
Tenptheye ITnaxiaxxarx Tvne dimensfons in question are indicated by

They cam hald 1y

whirh were therefere

letters on Fig. Each zpiumm group ntxﬂtmﬁnximnx contains

w!” \\ 7}‘?!"1’“{ i ™M iAna

d}mensions which theoret& ally should be 1dentioa1, xhnxgxxnxxStxnxtnne
eremced tndicated 1w £S5 ¢ wé:f"{: Wy
thxxxﬁ The scaling fdrak-ﬁ is probablv a little more sccurate than for

v
D)

fonal§ exception, "especially in

perhaps to be expeﬁto‘.

-11 since the latter drawing had been inked, the former not.

’;U

Structure K-€ - jagfﬁfw

AB 21.15 AE 8.95 CE 6.60 LM 3.70 MC 1.25 EG 6.60 | /"¢,
cD 21.25 BF 8.96  DF 6.55 OP 3.25 NI 1.25 FH 6.70 | ~ (o'~

EF 21.26 GK 8.97 GI 6.5 JO 1.23 | ¥

GH 21.50 ' HJ 6. 50
3

5 ; 4 X 4 &f & ) i i ¢ 2/ {
](: }?3'005 B A.ba ) Qo A0 ) D \ 19 / [~ dngcilagy ¥ o \

in occas
b

13

tructure R=11 o \

. a7 -~ \3 N

AB 17.55 ,\BI 4.35 1 JD 6.90 'IJ .53 vCE 4.35 HN 7.85 e

Il <8% . adb 6.20 < FH 6.82,>KH .52 DF 4,35 ©NO 8408 ¥, ¢& )
. TI.25 . EG 6.83 GL .38." W2 /

CD 18.00 . AC 11.34 " > : b o

ER/a.18 V7, 0 09) ( (5) (,00) (AF

GH 18.28 L0 :

ference between the short lines I#M and OP

the longer the

£
not measured, except with the eve,/
out minor secondary,contructicns,

| /
The disereptancies seem b Ehb writ er to be of the order one

;he di

ES
v

should expect if we xXXmwx assume the plan was laid out or the ground -
linear
with eareful /measurement, but allow for probablf{ strecthing of cords,

factors have contributed to the observed discreptandy.

Naturally,

for zxmaissxmmxx failure %é“building exactly to the line, amd for our

own errors in selecting the exact spot for a corner (the stone is

‘. avng 7

not pu@%ée%iy dressed)) aa&fin surveving, drawing and scaling. ihﬁ

account for

\&‘
' , e

axfrErsnpexxxamxxsapxkighkx'' A glance at these plans shows that while
» observed

each unit 1 approximéte parallegram (as 1t mustxba; given~the ’
_/
aeccuracy of line measurment of corresponding lines) all are far from
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/Cﬁi:i’ %:ybvﬂﬁﬁi%ia;;

Here we have to deal with:inside and outside measurements of free-
standing/%aIIS. At & glance the plan shows the same non-rectangular
paralleogram'fogm"of the outer ngls: but also that the jambs of the
many doorways in general do not. Thay—apew@gnawnéarlv at right angles
to the front and rear, ‘than are tixexrimmsxbrandkar the side walls.
Evidently thez/yore latd out indepentdently. A rigid system of’
measurement from the mmkzx outline of the building would have made
-them paraellel to the side Wa11s. Thils departure affects the lengths

of Insige 11nes\which ot herwise should be equal, and therefore {instide

measurmnents agre—groupsd” ééparately.
Outside and over-all Inside

1-15. 31.90 1-55 6,88 TI®  1.B& 1-7 0,38 2.7 '7.50 1% (%
55=62 31,307 15-62 6,85 14-15 1,96 10-15 9.40 10-14 7.52 |l-is (&2
AP (.20) . Be (.01) ¢ (.12) p (.04) s56-81 17.32
& (.20} (0.00)
55-56 - 12,20 55-58 15.06 16-30 29.78 16-47 4,43
61-62 12.37 59862 15,20 47-54 20,45 30-54 4,45
¥ (.17) imkxxgx g(.14) g | (.30) T o 4e0g)
Inside to Doorwavs
AL 8,40 31-34 13.65% 16=19 5,54 47-48 10,90 15-19 5,54
%g-gé 8,05 39-42 13,65% - 31-83 5.56  53-54 11.24 31-B3 5.60 -
- (25) 4750 13.85  39-41 5.85 26-30 5,22
35«33 14,254 26-30 5.22 36-38 5.12_
4346 14.25% 36-38 5.15
51-54 14,20 i (44-46 5.10 ( S
J (.35) K (50) T A b (.55) &M (.34) A7 (.48)

#0ne point restoredon b*“'ﬂ*'”

Groups A and H would have shown the same differences if
the outer walls were of precisely uniform thickness

4% fleadd J andt MLl A

Ty,is table indicates linear measurement of

4.1{ 20 LA é

the same

order of acecuracy as do ﬁhose for the ball courts. The only
ma jor discreptancy is on Group XK, which involves the front center

: utside of the
doorway and the central medial wall doorway behind it. The/front
doorway was located very close to true center, its center being

.07 cm off (one-half of the difference of ;14}@Group G. )



If we suppose that the outside was first laid out, and then measuréd'from,
this initial error in locating the cnter doorway would automatically
corresponding
be added to further errors in laying 01t/1nside lines. I,stead of
.60 (Group X) the maxiumum additional discreptacny 1s therefore about
.46, which st1ll seems high, and poor measurment secms indicated.
However, notice in Group K that all the measurments to the buildings
right are allke, and thoée to the left very nearly so, which suggests
careful measuring carrtied an initial error through mark each set,.
Pyacing th medial wall center doorway to the right of
of the true paralleogram axis has resulted in placlng it almost
directly behind the outer corners of the front doorway. From this faet
Qe mi ght deduce that the bad anglea of the building as a whole are
due to mere carelessness, AS a result, by strict measurement this
doorway would be displaced to one side, with reference to the front
doorway; but, being actually able to judge or measure much better angles,
it was placed wheve it belonged, behind the front doorway, and
therefore off center with peference to the medial wall itseelf. But
"this reasoning does not apply to>the measurements 47-50 and 51-54,
which show almost the same difference; nor to the sizable increase
in the discreptancy of Groups F and ﬂ J, outside and inside measurements
to the outer jambs of the triple front doorway considered as a whole.,
linear measurement
W, must coneede that relatively high/errors were made, but their ¢
conscious
occurance would not accounb,prevent such af ad justment as suggeated above
IRxsxeIn Group X, part of €§:>g??ference may be carried over from
the error reflected in Group G., part may to new errors in laying out
inside points, and still another mrt to af conscious adjusment

of the interior doorway.

We have already pointed out that door-jambs are laid out without



nEaxurznext without being controlled by measurements from the

sldes of thes building, so that they are more nearly at right angles

to the facade than are the sides, or two or three cases diverge in

an opposite direction. This would tend §§x§§ZZQQn expected measurements
lenghtening

from the sides, sB6866A66E them on one's right and shortening them on

onefs left as ons proceeds toward the interior, from elther front or

rear, if the jambs form better right angles than do the s ides.

If, as sugeested, medial wall doorjambs were also independently

loc ated ikxhxnaﬂﬂnnnsaxtn in an effort to place them truly behind

corresponding outer wall doorwavs, this patterning would be carried

through to medial wall measurments. We can check this as to ons

medial wall iamb on either side. As expecited, the first three measurement

of oroup I (on our right as we proceed inward from the rear) 1ncrease,

the last three (on our left) decrease, ?ﬁ:}g?fferences within each half

of the group are Oniy .11 and .12 respectively, insufiicient to

place the medial wall jambs correctly, but they are in the riaht

direction, and may be intentional. If so, the maximum difference for

the group as a whole is non-significant. The true measure of .error

would be the diference between the Xx first and fourth figures,

none of which
or .32, which has not accumulated from outside measurements.



raisies the suestion whether inner doorways may not have been

adjusted to correspond with outer ones more closely, but on the

whole falls to
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K-5-2nd Plan. Pencil on tracing paper.
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K-5 Plan. Pencil on tracing paper.
Removed to:
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