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Willis’s “On Vaults of the Middle Ages”: 
some notes about his heuristic 

approach, his drawing and 
Viollet-le-Duc’s reception 

Javier Girón

In June 1904 the great architectural and construction historian Auguste Choisy 
received from the RIBA the Royal Gold Medal. In his acceptance speech he re-
called, from the distance of the years, an unforgettable scene of his childhood 
(Choisy 1904, 452):

Presque enfant, feuilletant les livres de la bibliothèque de mon père, j’eus la bonne for-
tune de rencontrer la Mémoire du Reverend Robert Willis sur les voûtes du moyen 
âge. Ce fut une révélation. C’est ainsi, me dis-je, que les formes doivent être analy-
sées, c’est ainsi que le dessin doit exprimer la structure. Et lorsque j’essayai de résum-
er les procédés romains, j’eus sans cesse présent comme un modèle de méthode ce mé-
moire sans précèdent, qui marque á la fois les débuts et le dernier terme de la critique 
architecturale.1

Obviously he was speaking about the article “On the Construction of the 
Vaults of the Middle Ages” that Robert Willis had published in 1842 (Willis, 
1842). But, when one remarks how little this article has been studied until now, 
and at the same time how much it was appreciated as a milestone by an immense 
figure such as Choisy more than a century ago, there is something that doesn’t 
fit. One has the impression that it has been unfairly overlooked.2 

My purpose is to reconsider the article written by Willis. Choisy gives us a hint 
of what is worth studying: it praised his method as a “model without precedent” 
and admired how the drawings “explain the structure”. Therefore we will focus on 
these two aspects and explore the relationships between them.
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120 J. Girón

I will prove that the novelty of Willis’ method lies in the heuristic hypotheses 
he introduced in order to study and analyze construction. I will show how they 
demanded correlated new forms of drawing to help materialize his ideas and to 
reach concrete results. We will see how some of them were borrowed and how 
some others were devised by Willis himself.3

Broadening our temporal panorama, we will also show that this pioneering 
work proved that it was possible to study Gothic construction relying on a con-
venient method. This will add to existing studies of Greek construction. Finally, 
we will review how Willis’ work was received in France and the ambiguous for-
tune it experienced once immersed in the French version of the history of Gothic 
construction.

Willis’s heuristic approach

Searching for Ancient construction. The need for a specific method for Gothic 
construction.

The publication in 1842 of Willis’ work on Gothic vaults inaugurated the schol-
arly study on Gothic construction. But it was not the first work to show some in-
terest in ancient construction. In addition to those more remote and controversial 
works on Roman construction by Piranesi, since the beginning of the century 
there existed a growing interest about the construction of Greek architecture, 
which rivaled with Gothic architecture in the battle of the styles. 

A landmark of this new approach to Greek construction was Lord Elgin’s expedi-
tion (c.1801–1802). Luciana Gallo (2009) has revealed both the quality of the draw-
ings made by Lord Elgin’s team and the originality of its emphasis on construction.

During his travels in Sicily, Samuel Angell and William Harris picked-up, here 
and there, details of construction from the ruins.4 Other travellers observed even 
the material footprints of the ancient methods. Edward Dodwell, in his A classical 
and topographical tour through Greece, discovered and carefully reproduced the 
marks on the surface of a drum used to trace the fluting of a column —Willis 
would also eagerly search for these kinds of proofs for Gothic construction in-
stead (Dodwell 1819, 585–586). Henry Inwood illustrations of the Erechtheion 
(Inwood, 1827, pl.14) dealt also with its construction, as did many of those pre-
pared by John Peter Gandy for Unedited Antiquities of Attica (Society of Dilletan-
ti 1817). It is worth remembering specially the three-dimensional constructive de-
tails of the Temple of Agrigento by C. R. Cockerell for the Supplement to the 
Antiquities of Athens 1830. (Cockerell, Kinard, Donaldson et. al. 1830, pl. V, 
VIII). A book, The Prolusiones Architectonicae of William Wilkins summarized 
much of the knowledge already acquired in the 30’s (Wilkins 1837).5 
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 Willis’s “On Vaults of the Middle Ages” 121

What can be said in short is that the first three decades saw the awakening of 
the interest on Greek construction, with had an eye on the contemporary practice, 
—as it will be the case for Willis’s work on vaults. A telling instance of how this 
approach lasted is an article in The Builder (Scoles, 1846), which compared the 
construction of the Agrigento Temple and Nelson’s Column.

This was the context, for anyone well informed —as Willis was, as he owned 
several books of this kind (Hodgson, 1874); by contrast, knowledge about Gothic 
construction appeared as a land still to be conquered.6

For anyone who wanted to embark on this research, the initial conditions 
were more difficult. The state of ruin of many buildings in Greece (the case of 
Agrigento, suddenly abandoned half completed) allowed close examination of 
separate elements such as foundation stones, drums of columns or fragments of 
entablatures. The researcher could afterwards, as if he was dealing with a puzzle, 
assign them their proper place and mission. To define and draw a constructive 
section of a temple was thus achievable.7

This was clearly not the case when studying a Gothic building. The researcher 
had to face an almost insurmountable obstacle: how could the inside of the build-
ing’s mass be seen? How could their different components be separated and ex-
amined? This was just a preliminary question to be tackled, before approaching 
the main question of finding the rules and describe the historical changes of that 
particular building.8

Understandably, Willis’ article provided with amazing and fascinating an-
swers for his contemporaries. Not only because of the amount of fresh informa-
tion he supplied in it, but because he managed to see virtually the inner construc-
tion; and he showed how to do it. 

The key was, of course, putting into practice scientific habits (which was the 
natural approach for someone with his scientific background): to observe things 
first hand, to be rigorous while measuring and recording data, checking hypo-
thetical guessing... While all of this was necessary, still it was not enough.

Willis’ answer. The heuristic approach: how to see at a Gothic vault

Willis could achieve his goal thanks to his attachment to some uncommon heu-
ristic procedures. The first one was that it is important to keep in mind that the 
apparent construction could not coincide with the real one. It was a principle he 
had already pointed out in his Remarks on the Architecture of the Middle Ages, 
and one of which he was particularly proud of having foud out. He considered 
the separation of decorative construction and real construction was a constant in 
the architecture of all time, and particularly in the Gothic period (Willis 1835, p. 
v.; 15–27).9 
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122 J. Girón

The second hypothesis is that Gothic architecture was governed by “rules” —
as was the case in Vitruvian architecture— which may be discovered. The possi-
bility of drawing an intelligible history depended on knowing those rules. It was 
an idea he had already stated several times in his Remarks referring to their deco-
rative aspects (Willis 1835, 25). Now he had to prove that those rules played a 
significant role in the configuration of this crucial part of the Gothic buildings: 
the vault. He should find a set of “geometric rules” that matched the facts, and 
achieve to describe “the different steps by which they appear to have been led on 
from the simple cross-ribbed vault to the fan tracery” (Willis 1842, 13).10 

Finally, Willis argued that change, the passage from one shape to another or 
from one set of rules to the next, is often caused by aesthetic reasons, a certain 
weariness of the usual solutions: “Whatever propriety of beauty a given form 
may possess, we find , by long continued use and multiplication, it palls upon the 
eye and requires change” (Willis 1842, 66).11 This represents a heuristic approach 
clearly different from the positions taken by Viollet-le-Duc.12 

A narrative of the evolution of Gothic vaults from Willis’s heuristic approach

By putting together the different heuristic positions, Willis was able to “build” 
the “logic” of the evolution and the rules of the Gothic vaults in England.

In the English vaults, Willis noticed several features in which the difference 
between apparent and actual construction were very telling. One of them was a 
very common solution for the springing of the vault built in “tas-de-charge”.13 
While the actual construction until a certain point, almost half of its height, is 
kind of a corbel, made at the beginning of some overhanging horizontal rows of 
stone bonded into the wall, seen from the outside the arches seem to be truly 
working from the very beginning. (Willis 1842, 6–7).14

Another feature was the fan vault: looking to the soffit, it is apparently sus-
tained by ribs. However the real working system is only revealed by standing on 
the back of the vault: “It thus appears that the rib and pannel construction was fi-
nally driven out and superseded by solid masonry, although to all appearance the 
vaults continued to be formed of ribs and pannels as usual” (Willis 1842, 42). 

Willis not only detected those realities hidden from the view. He managed to 
find a common thread between them: a chain linking the initial vault of interme-
diate ribs with ligature vaults and fan vaults.

Willis believed that changes were due largely to the claim to give a “good 
shape” to the spandrel, seen as a “solid”. In lierne vaults the spandrel could take 
different forms with a strong aesthetic impact —derived from the different curva-
tures of the arches at the spring that could be “calculated” by a geometric proce-
dure (Willis 1842, 13–25). 
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 Willis’s “On Vaults of the Middle Ages” 123

At some point, the aim was to give to this part of the vault a more uniform ap-
pearance. This led to trace all the springing of the arches —up to the level of the 
spandrel — with the same curvature. This technique was managed by drawing 
arches of four-centred arches, causing the spandrel to take the shape of a solid 
revolution. This eventually gave way to lierne vaults (Willis, 1842, 25–28). Fi-
nally, the fan vault was generated by the rotation of a single arch from each span-
drel (Willis 1842, 44).

Those changes transformed also the relationship between ribs and webs above 
the level of the spandrel. The relationship between apparent and real construction 
was changed, the place of the “web” became progressively colonized by pieces 
where a portion of the rib and the adjacent web is made of one single piece of 
stone. This process ended in the fan vault, a solution in which the discordance is 
absolute: the actual construction is a solid work of stereotomy; the apparent 
structure is one of ribs and web (Willis 1843, 28–29).15

The global vision could only have been described by someone with the funda-
mental assumption that we must look closely at the differences between actual 
and apparent construction. It is a story of the dialectical relationship between 
these two options. As he said: “and so by gradual degrees the mechanical and 
decorative construction of the vault, which began being identical, ended by be-
coming totally different” (Willis 1842, 43).

As just mentioned, Willis showed that each step can be described geometri-
cally. Inspired by the heuristic assumption that certain rules governed the Gothic 
methods, Willis was able to identify a first generator scheme for lierne vaults. 
Diverse solutions were reached by simply moving the centers of the different 
arches. Willis assumed that in England —unlike what happened on the continent 
— those centers could rest above or below the line of impost (Willis 1842, 21–
22).16 As Willis demonstrated, the contrasting aspect of the vaults of the cloister 
of Norwich cathedral may be offered as a visible proof —in a single building — 
of the changing effects of using this generator scheme (Willis 1842, 61–69). This 
was as well a relevant finding because, as he suggested, the recognition of a set 
of rules would be used to spot local schools and historical stages (Willis 1843, 
24).17 Willis’s following achievement in this search for rules was to define the 
geometry of lierne vaults and fan vaults. 

A good scientist as Willis knew that all these assumptions needed to rely on 
very accurate data. This pointed at the future importance of rigorous surveys to 
hold a history of the construction procedures and proposed techniques for sur-
veying. This is why he even recommended some surveying techniques and tech-
niques (Willis 1843, 62–63).18
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124 J. Girón

Drawing as a tool for Willis’ heuristic approach.

With the guidance of these heuristic concepts, Willis had to investigate, to pen-
etrate “virtually” the mass of the vault construction without physically remov-
ing it. For this undertaking drawing would become an essential tool. In accord-
ance to those principles, Willis had to appeal to ways of drawing adapted to 
several difficult and specific tasks: to locate where the hidden parts in the con-
struction of a vault were at a variance with the apparent ones, and explore 
them; search the underlying rules and geometry of the different types of vaults 
and their relationship among them; express the aesthetic effect of playing with 
this rules; and virtually extract from their body some relevant pieces rigorously 
defined. 

What follows is a review of some of these kinds of drawings. As we shall see, 
he often leaned on relatively recent innovations, some of them at the reach only 
of a very well informed researcher. Even in some cases he employed an ad-hoc 
solution devised by himself.

Recollecting information. Identifying the apparent and actual construction.

Willis discovered that the first thing to do when the apparent construction and the 
real one don’t seem to match is to take exhaustive details and notes. In the case 
of a vault it was then necessary to inspect it from below and from above, taking 
into account not only the soffit, where the “apparent construction” is displayed, 
but the back side, looking for traces –such as real lines carved on the surface– 
which would help to deduce the actual construction. Notes, sketches, partial 
views and measured plans needed to be made.

The first time Willis accessed the back of a lierne vault or a fan vault he must 
have felt impressed by their strange “topography”. However, he had not been the 
first person to observe them. Publications by Augustus Pugin, or John Britton re-
flected both sides of the vaults so convincingly, with such a thorough recording 
of joints and precise measures, as to be taken by Willis as reliable sources when 
needed.

It is interesting to note that the high quality of these drawings seemed to re-
spond —at least in the case of Britton— to a deliberate attempt to reach the same 
level in the representation of Gothic architecture than that devoted to Greek ar-
chitecture by the editions of the Society of Dilettanti. Willis was thus benefitting 
from high levels of precision that were —as Britton pointed out— the merit of a 
new generation of draughtsmen (Britton 1819, v).19

Especially striking for their anatomical character were Mackenzie’s drawings 
of the vault of King’s College, made to illustrate the interesting comments by Pe-
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 Willis’s “On Vaults of the Middle Ages” 125

Figure 1
Willis’s sketch of the back of vault in Peterborough Cathedral (CUL, MS Add. 5138, 39)

Figure 2 
Willis’s sketch of the back of vault in St. George’s chapel, Windsor (CUL, MS Add. 5138)
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126 J. Girón

ter Barlow. This text, which was published just a year before and cited by Willis, 
deserves closer examination (Tredgold 1840).20

Nevertheless, Willis would be the first to interpret the system of construction 
related to the peculiar forms surveyed. Among all of Willis’ sketches, we may 
distinguish two types. On one hand, we find those showing partial views with a 
low point of view which would have been taken on place, rendered with remark-
able quality which, and as Willis carefully noted, unavoidably “distorted” the 
real measures. On the other hand, there are measured partial plans and sections.

It does not appear that these drawings were intended as a private recollection, 
not to be published. (For this he will prefer for reasons we will discuss later iso-
metric views).

One of the most striking sketches, because it anticipated somehow one of Vi-
ollet-le-Duc’s spectacular strategies of drawing, is the “exploded view” of the 
small Peterborough’s vault. It is not easy to find a clear precedent for this “virtu-
al” anatomy —considering its clear spatial order and how their detached pieces 
are separated from one another while maintaining its relative position in space. 
Not found even among the drawings on Greek construction mentioned above.

Figure 3
Willis’s exploded view of a small vault in St. Ptereborough Cathedral (CUL, MS. Add. 
5138 not n.)
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Willis finally arranged the edited plans in such a way so that it was easy to 
compare the soffit and the back of a vault, that is, to compare the apparent and 
actual construction. As usually in Willis’ drawings, everything in the illustration 
of the plans of the vaults of Peterborough, St. George’s chapel of Windsor or 
Henry VII chapel of Westminster seems to have been thought of carefully. For 
instance, while the soffit’s plan usually was limited by straight lines, the limits of 
the plan of the back side follow the contour of each piece —the “real construc-
tion”. (Willis, 1842, plate I). 

More difficult to observe and figure out by observation alone was the actual 
inner construction of the “tas-de-charge”. Willis’ sketches of the transept of 
Westminster’s vault are taken from different points of view trying to cope with it, 
and noting some doubts about the disposition of the web’s filling masonry cours-
es. An issue that in the final version remained unsolved and —we may say— 
Willis got round: “It is remarkable that the courses of the vaults are not laid lev-
el, but are in most cases made to incline downwards upon the diagonal rib...What 
might have been the reason for this downward inclination of the coursed it is not 

Figure 4
Isometric. Preparatory drawing of Fig. 3 (CUL, MS. Add. 5138, 79)
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128 J. Girón

easy to say” (Willis 1842, 8–9).21 But as we will see later, this precise feature 
will have great importance in the critical reception of the article in France (CUl, 
MS. Add. 5138, not n.).

In the case of the spandrel as “tas-de-charge”, the investigation may have 
been somehow stimulated by other previous drawings visualizing its presence. In 
Rondelet’s treatise on construction there was a plate of a Gothic lierne’s vault in 
which we see the arches springing from a solid acting as “tas-de-charge”. The 
drawing could have acted as a starting point for a more in depth inquiry. What in 
Rondelet’s drawing is but a blank undetermined area, should have a specific 
form of construction (Rondelet 1830–32, tome 6, plate XLII).22

Willis final drawing displayed two realities: the side on the left is a perspec-
tive showing the appearance of the vault, while the side on the right shows a sec-
tion, giving insight into its constructive reality. This drawing, as we will see later, 
would provoke many reactions in the future (Willis 1842, 6, fig.3). 

Figure 5 
Simultaneous representation of the soffit and the back of the vault of Peterborough Cathedral. 
(Willis 1842, plate 1, fig.24)
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Collecting evidence

This drawing was based on tangible material evidence, which confirmed the as-
sumed separation between apparent and actual construction. Eventually, Willis 
was able to find the equivalent to those scattered remains so useful for under-
standing Greek construction and to have the opportunity to examine them care-
fully. He was fortunate to inspect the remains of some takedowns of a Gothic 

Figure 6
Willis’s sketches of the “tas-de-charge” and web of the vault of the south transept of West-
minster Abbey (CUL, MS. Add. 5138 not n.)

Aju 06 Giron.indd   129Aju 06 Giron.indd   129 22/08/16   8:3222/08/16   8:32



Figure 7
Some diagrams of vaults from S. Ware (1818, pl. IX)
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building: the aisle vault of St. Saviour’s Church in Southwark —demolished in 
1839— and the vault in the northwest section of the nave of Canterbury Cathe-
dral would provide valuable samples. Two ashlars pieces of spandrels from dif-
ferent periods agreed with the cantilever scheme. Willis observed also bearing 
both onto their upper horizontal surfaces carved lines corresponding to the use of 
templates, and imagined also how those pieces were dressed by the mason. (Wil-
lis 1842, 10 fig.6; 12 fig. 7).

Geometric law of generation and Ware’s diagrams. 

To successfully undertake another of his heuristic hypothesis, —there were geo-
metrical rules for the vaults—, Willis seized on a diagram which was an inven-
tion of a man of the previous generation, Samuel Ware. “In his admirable trea-

Figure 8
Comparative diagram of two types of tierceron vaulting. (Willis 1842, 14, fig.9) 
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tise”, he displayed a first gathering of the many forms a vault can take, from 
“Classic to Gothic” (Ware 1818). Ware used schematic “wire” drawings in which 
all decorative motives were eliminated. Only their mere geometry was represent-
ed (Ware 1814, plates 6–9).23

Willis used a diagram similar to one of them. It served to represent the differ-
ence between the French and the English vaults (Willis 1842, 14, fig. 9) Now 
Willis had to explain how from this generic vault, a geometrical play may gener-
ate many alternative solutions for an English vault. Willis guessed he could use 
French treatises on stone cutting techniques to trace back the ancient practices. 
Specially the one by Philibert de l’Orme’s. Being the oldest, it was likely to echo 
medieval techniques he had known (De l’Orme 1568). In fact De l’Orme de-
scribed an example of a Gothic vault in which “every rib is entirely independent 
of the others in its curvature” and is composed of “a single arc of a circle whose 
centre is upon the impost level””, starting conditions that Willis assumed were 
the same in England. (Willis 1842, 21)

To generate the different solutions Willis adopted from De l’Orme another 
graph in which all arches are abated onto the plan, a display still currently used 
in works on stone cutting —although he advises it doesn’t mean it was used as 
such in the Middle Ages— (Willis 1842, 23).

Taking into account that the central points of the arches may be situated in 
many positions above, on, or under the impost line, it was possible to create 

Figure 9
Willis diagram showing the independence of the curvature of each arch (Willis 1842, 19, 
fig. 10)
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many combinations of tierceron’s vaults. Implicitly, this meant that the French 
scheme was more rigid —as the centers of the arches remain on the line of im-
post— while the English scheme was more flexible and productive.

How to show how geometrical rules have an aesthetic impact: contour lines

Now, what mattered to Willis —after having visualized the geometrical rules— 
was to find a way to display the aesthetic effect of the different solutions generat-
ed by playing with them: The heuristic principle implying that changes on the 
vault’s geometry —and therefore in their form— could be associated with shifts 
on the aesthetical appreciation demanded also a form of visualization. 

How could this be expressed? With great ingenuity, Willis proposed a simple 
operation: to cut the vault by a horizontal plane, at half of its height, —coincid-
ing thus approximately with the upper surface of the solid spandrel— and deline-
ate the resulting outline on one of the corners. Suddenly, for each vault a charac-
teristic shape emerged —depending on the particular geometry of the arches 

Figure 10
Willis’s sketch of a vault cut by a plane passing over the spandrel (CUL, Robert Willis Pa-
pers, MS. Add. 5138, not n.)
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springing from the spandrel— which made evident the differences between 
vaults that might look similar when seen in plan. The result of applying this 
method to the vaults in the cloister of Norwich Cathedral is very telling. (Willis 
1843 , 65 fig 33).

The process can even be generalized: by making several equidistant parallel 
sections from the impost line to the crown of the vault “the resulting lines upon 
the plan will form a species of shading that will show the exact nature of the en-
tire form, such in the same manner as the topographical shading of mountains 
and broken ground in a survey is made to represent their exact solid figure upon 
the mere plan” (Willis 1842, 67–68). This drawing allows the general disposition 
of the surfaces “to be recorded with sufficient accuracy” which is to Willis of 
great importance taking into account “the effect of theses dispositions upon the 
aesthetic character of the vault” (Willis 1842, 67–68). 

That is, Willis applied to the vault the system of contour lines. The relative 
novelty of this operation for an English reader must be underlined. This proce-
dure —rediscovered many times along the eighteenth century— was relatively 
new and limited to territorial maps. Adopted by the French land registry in 1818, 
only in 1838 had it been introduced in England and Ireland and just for the pur-
pose of survey at a big scale, as Butler J. Williams reported in his book of Geod-
esy (Butler 1842). He also noticed that by then it was timidly beginning to be 
proposed in England as a system available also for smaller plots.

In a review in a magazine of this work, it was said that “the chapter on Hill 
Drawing opens up a subject almost entirely new to the profession in this coun-
try” and believed necessary to explain that his tracing was grounded on geomet-

Figure 11
The form of the middle plans of the spandrels in four selected vaults of the cloister of 
Norwich Cathedral (Willis 1842, 65, fig.33) 
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ric basis, and not as “as some have supposed according to the mere dictates of 
taste” (Anon. 1842, 176). Thanks to his extensive technical knowledge Willis 
was familiar with this kind of representation, he could have consulted without 
difficulty its fundamentals in publications such as Puissant’s Traité de Topogra-
phie (1779) or Leroy’s Descriptive Géometrie (1834, I: 379–90, II: plate 59–60), 

Figure 12
Vault of the cloister of Canterbury. Bottom, right side: contour lines describing its real 
form (Willis 1842, plate I, fig.15) 
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Figure 13
Contour lines in Leroy’s Descriptive Geométrie (Leroy 1834, pl.60)

Aju 06 Giron.indd   136Aju 06 Giron.indd   136 22/08/16   8:3222/08/16   8:32



 Willis’s “On Vaults of the Middle Ages” 137

which appears in his library (Hodgson 1872, 45). But probably many of his read-
ers were not so at ease with this peculiar invention. 

How to dissect the vault: the “virtual reconstruction” of each piece using 
Descriptive Geometry methods

What was lacking was to solve the most difficult task: to find a way to “see in-
side” the vault without dismounting it, and to imagine the process of construc-
tion. How each piece was defined, especially those pieces with a higher degree 
of complexity, such as the boss stones where several arches meet?

To “calculate” this, Willis resorted to the methods of Descriptive Geometry. 
He surely knew the work of Monge, at least his treatise on machines, quoted in 
his Principles of Mechanism and also the above mentioned Descriptive Géo-
metrie by Leroy (Willis 1841, vi–vii; ix, xiii). It must be said that when Willis re-

Figure 14
Definition of a boss in a lierne vault (Willis 1842, 32, fig.13)
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ferred to his use of methods of descriptive geometry, only a select group of read-
ers could really understand what he meant, because at that time there was barely 
any English book on the subject. Just one year before Willis’ article appeared, the 
modest The Elements of Descriptive Geometry by Thomas Garinger Hall was 
used as a manual for students. The subject was “unknown as a branch of instruc-
tion” before the lectures in the Engineering Department of King’s College in 
London started in 1839 (Garinger 1841, iv)

It is not necessary here to go into much detail about the operations expressed 
in this figure (Willis 1842, 32, fig. 13). Willis proceeded to define the form and 
measures of the stone piece, and deduce the sequence of cutting operations that 
could have given to a rectangular block its final shape. The horizontal upper side 
of the block had been used as a “surface plane of work” useful to plan the rest of 
the operations. This face, not being visible from inside de nave, didn’t need to be 

Figure 15
Boss of Canterbury Cathedral showing lines on the upper surface traced by a mason (Wil-
lis 1842, 35, fig.14). 
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carved. This is a theoretical method: the use of “the last possible amount of de-
scriptive geometry that is warranted by the remaining evidences” (Willis 1842, 
36) provides a piece equal to those found —as the boss of Canterbury Cathedral 
where marks of the process in the upper surface may be found and explained the 
peculiar form of the back of the vaults (Willis 1842, 35–6, fig.14). Anyhow, Wil-
lis wisely argued that this was a theoretical reconstruction, based on a modern 
method, and suggested also a simpler method akin to the geometrical knowledge 
of the medieval stonemasons. (Willis 1842, 36–38). 

In its purpose —to describe a selected piece extracted from the vault— this 
drawing recalls the plates of many modern French treatises on stereotomy. In 
Rondelet Art de bâtir —mentioned occasionally in Willis’s manuscripts— and in 
Derand (1643), Frézier (1739) and La Rue (1728) treatises —all of them cited in 
the article— (Willis, 1843, 21) it was also common use to describe the detached 
piece in three dimensions, as Willis did in a similar drawing depicting Peterbor-
ough’s vault (Willis 1842, 47 fig. 21). 

How to show the actual construction of the vault in three dimensions: isometric 
drawings.

At the end of his research, Willis wanted to present a three-dimensional view of 
the back of some lierne and fan vaults. He wanted to reveal this strange land-
scape that was the key —unseen from below— to understand the real construc-
tion of those vaults. If possible, in the more objective way, and from a position 
that —as he warns on a note on one of his in situ sketches— would not distort 
the measures, unlike what happens in perspective. 

He was looking for a “representational method of drawing”, a method not 
meant to take data” from reality (as freehand sketches are) but aiming to “pro-
duce” and “build” a drawing from data previously recollected, usually in plan 
and section. 

For this kind of representational drawing there were in England two methods. 
One devised and Nicholson (1840), which consisted of parallel oblique projec-
tion, and the earlier William Farish isometric system (1822), much more practi-
cal. At the time, when Willis used it, it was beginning to be accepted in the repre-
sentation of architecture. It appeared frequently in popular publications on 
gardening and rural villas by John Claudius Loudon, an enthusiast of the system.

Willis adopted Farish’s solution (Willis 1842 plate.2–4). In Willis papers 
some preparatory drawings are found in what clearly seems “cabinet” work 
(CUL, MS Add. 5138, 63). Isometric representation had clear advantages, but 
there is one practical side Willis would have appreciated very much: how easy it 
was to trace circumferences in the three directions of the space (or onto the faces 
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Figure16
Willis’s “almost isometric” sketch of a vault on the east side of Peterborough Cathedral 
(CUL, MS Add. 5138, 63)

Figure 17
Its final isometric version (Willis 1842, plate2)
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of a cube) Each circumference is represented always by the same ellipse, and 
hence —what is good news for the draughtsman— to a family of concentric cir-
cumferences corresponding to a single family of ellipses, which may be drawn in 
a prefabricated template, as illustrated in a plate by Farish.

With this template, three-dimension drawing of machines with gears and 
wheels of different size and positions was then greatly simplified: no other system 
of projection could solve this problem better. Willis cleverly saw that the problem 
of drawing vaults in three-dimension was quite similar. In the end, all arches were 
segments of circumferences (or composed by them) and the plan of fan vault is a 

Figure 18
Willis’s “almost isometric” sketch of Henry VII’s Chapel, Westminster (CUL, MS Add. 
5138, 53)
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composition of concentric circumferences. With a Farish’s template, the drawing of 
those complex vaults was easily managed (Farish 22, figs. 5–7).24

The task could even be accomplished by using ad-hoc drawing instruments. A 
few years earlier, in 1839, Thomas Sopwith, author of A Treatise on isometric 
drawing, had submitted an instrument called Isograph, which drew isometric 
from the orthographic projection of drawings. This invention could catch the at-
tention of Willis, being himself a creator of technical instruments.25 

There is also a remarkable feature in the finished drawings by Willis: their de-
lineation, how they are cut out to show how thooded walls and vaults would 
bond with the rest of the building. This an expressive form of drawing with many 
precedents: it appears for instance in Poldo’s Temple de la Fontaine à Nîmes 
(1560), —which figured in his library (Hodgson 1872, 49)— in Perrault’s Basili-
ca (1673) (Hodgson 1872, 65) or in several Frézier plates (1754–1769). In adopt-
ing this for a scientific virtual anatomy of a construction, Willis anticipated Viol-
let-le-Duc idiosyncratic way of cutting.

Figure 19
Final isometric version (Willis 1842, plate.3)
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The reception in France. Viollet-le-Duc’s focus on Willis weak point: the 
vault’s web

The first article on construction of Viollet-le-Duc (1843–7) compared to Willis’s 
(1842) 

Willis’s article on vaults had an immediate impact in France. Thanks to a fortu-
nate circumstance: the director of the most influential magazine of Architecture, 
the Revue Générale de l’architecture et des travaux publiques, César Daly, was 
an architect with strong connections with England and a perfect command of the 
English language, as he had lived his childhood and adolescence in London. He 
had found the article perusing the first number of Transactions of the Royal In-

Figure 20
Diagram of the south transept of Westminster Cathedral showing both the “tas-de-charge” 
solution and the web courses (Willis 1842,6 fig. 3)
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stitute of British Architects he had received. Deeply impressed, he decided to 
translate it right away. The translation appeared in the magazine’s issue of 1843 
(Daly 1843).26 To the original drawings, reproduced with minor changes, he add-
ed two more drawings from Pugin’s Specimens of Gothic Architecture, which 
were mentioned in Willis’s text.27

Next year, Eugène Viollet-le-Duc begun to wrote an important article on 
Gothic construction to be published in successive issues of Annales Ar-
chéologiques. There is no mention of Willis’s work, but it is hard to believe that 
Viollet-le-Duc a man then in his thirties —and fourteen years younger than Wil-
lis— didn’t had a look on Daly’s translation (Viollet-le-Duc 1844–47).

Anyway, a comparison between the two articles may be interesting. Differ-
ences may be pointed out in the content: the scope of Viollet-le-Duc is wider, 
touching other aspects than vaults. And also in the heuristic main focus: medie-
val construction tended to a rational constant improvement. Hence visible chang-
es of configuration may be explained by searching how the stability, efficiency 
and resistance of the construction were bettered by those changes. Which led Vi-
ollet-le-Duc to search the answer into the mass of the building, by way of virtual 
anatomies. Their methods were also unalike. Willis thought as a scientist, wor-

Figure 21
Viollet-le-Duc drawing of the springing of a vault and its web (1847 vol 6: 199, fig.20)
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ried to provide, when possible, concrete evidences to confirm his hypothesis, 
creating instruments for surveying and eventually claiming for a collective effort. 
Viollet-le-Duc, confident on his own powers of penetration, after much private 
examination guided by his heuristic approach, simply asserted what he had de-

Figure 23
Viollet-le-Duc decomposition of a spandrel (Viollet-le-Duc, 1847, vol. 6: fig. 29–30)

Figure 22
Spandrel stone from the side aisle vault of St. Saviours’ Church, Southwark, with lines 
and marks of a mason on its surface (1842, 10, fig. 6)
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duced. One taught how to inquire, the other tried to convince by the logic of his 
argument.28 

But there were also some intriguing coincidences worth mentioning, especial-
ly in the section published in 1847 (vol.6: 194–205 and 247–255). Here Viollet-
le-Duc used —as Willis did— wire diagrams to determine the geometrical rules 
of French vaults (vol.6: 197–8, fig.16–18). He also centered his attention into the 
springing of a vault (199, fig. 20). And with an illustration that may be seen as a 
blending of Willis’s ones: it shares with the left side of Willis’s drawing of the 
Westminster Abbey’s transept the same point of view (Willis 1842, fig.3), and 
the toothed delimitation of Willis’s isometric perspectives of fan vaults —such as 
in Sevenths chapel at Westminster plate— (Willis 1842, plate. III). 

He also studied in depth the “tas-de-charge” (Viollet-le-Duc 1847, vol.6: 247–
251). It is intriguing that Viollet-le-Duc paid so much attention to it, as its under-
standings didn’t have for the history of French vaults the same explicative poten-
tial it had when explaining the transformations of the English vaults. Was he 
trying to emulate and overcome Willis in the analysis and expression of this par-
ticular point? Compared to Willis’s drawings, his dissection of the inner con-
struction of the spandrel by displaying the pieces composing it seemed a better 
strategy —although the unpublished exploded view of vault in Willis’s manu-
scripts would compete with it— (Viollet-le-Duc 1847, vol. 6: 249, figs. 29–30). 
Viollet-le-Duc will come again on this issue, until arriving to its anatomical com-
pelling versions in the Dictionnaire d’Architecture.29

Comparing French and English vaults web. Parker correspondence with Viollet-
le-Duc in Willis papers

There was great concern in Viollet’s le Duc article on a question that Willis had 
eluded, his weakest point: to define the geometry and process of construction of 
the web between the ribs (Viollet-le-Duc, vol.6: 195–198). And this is something 
that mattered to much if we wanted to find the right place for the English vault in 
a comprehensive history of vaults, as he will prove in 1859 his article “Construc-
tion” in the Dictionnaire d’Architecture.

But it is interesting to point out, that the question of the differences between 
the construction of French and English vaults seem to have been already dis-
cussed by the two men around the 50’s. In a letter found in CUL archives among 
Willis papers there is a letter by Viollet-le-Duc addressed to John Henry Parker 
in which he dealt —at Parker request— at length with this issue, signalling the 
main points to have in mind. This letter was accompanied by some drawings by 
the hand of Viollet-le-Duc, explaining the differences between both ways of 
vaulting, very similar to those he eventually published in the Dictionnaire 
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d’architecture (CUL, MS Add. 5135. 204).
Although this letter is undated, was probably written around 1850 as Viollet-

le-Duc asked Parker to transmit to Willis his gratitude for the books he have sent 
to him: the Architectural History’s of Canterbury Cathedral (1845) Winchester 
Cathedral (1846) and The Church of Holy Sepulchre at Jerusalem (1849)30 Park-
er seems to have acted at this moment as a “postman” between Willis and Viol-
let-le-Duc. Member of the Socité française d’archéologie, he visited often 
France to attend the Congrès Archéologiques de France and stayed long periods 
of time in the country devoted to architectural tours.31 Then he had the occasion 
to meet Viollet-le-Duc with some regularity. In another undated letter Parker told 
Willis that he was going to send him what Viollet-le-Duc has given him in rela-
tion to Notre Dame (CUL, MS Add. 5135, 196) Finally in a letter sent to Willis 
from Oxford of March 5, 1851, made an account of his attendance to the Con-
gress organized by Arcisse de Caumont and his encounter with Viollet-le-Duc, 
who asked him to sent his greetings to Willis (CUL, MS Add. 5135, 201).32 

Figure 24
Letter to Parker from Viollet-le-Duc undated (c.1850) (CUL, Ms Add. 5135, 204)
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Figure 25
Viollet-le-Duc’s drawings annexed to explain the difference between French and English 
webs (CUL, MS Add. 5135, 205)
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Viollet-le-Duc first interpretation: difference on web’s vaults meant diverse 
historical origin

During all those not yet well known exchanges matured Viollet-le-Duc matured 
his interpretation of the differences between the English and French vaults. His 
article on “Construction” in the Dictionnaire d’Architecture displayed similar 
drawings to those he had sent to Parker, and mentioned Willis for the first time, 
but just in a short note (Viollet-le-Duc, 1859). In this text he explained with 
some diagrams the contrast between the mode of construction of the web in the 
French vault and the English vault. Differences in the way of putting into place 
the masonry courses of the webs implied great differences on the geometry of 
their surface. He left clear how this was reflected in the directions the courses 
adopted in plan, and showed how crucial was to inspect this feature with close 
attention. Because, all this implied that even if French and English lierne vaults 
may look similar, they must have been developed from very different type of 
vaults in the past. The French had evolved from the roman groined vault, while 
the English must derive from those domical vaults of Anjou and Aquitain (Eng-
lish domains in Middle Ages) (Viollet-le-Duc 1859, 103–123).

But clearly Viollet-le-Duc had not settled the question. In the coming years 
the interest question of the relationship between English and French Gothic ar-
chitecture would reach its peak, Parker being one of the most active in demand-
ing its elucidation. Before Viollet-le-Duc volume of the Dictionnaire was pub-
lished he had much insisted on its need in An Introduction of the study of 

Figure 26
Differences reflected in plan between French and English webs (Viollet-le-Duc, 1859, 64)
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Figure. 27 
Related to their different origin: from groined or domical vaults (Viollet-le-Duc 1859, fig. 
64–65) 
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architecture on its need (Parker 1849)33. Just one year after Viollet-le-Duc’s vol-
ume appeared Parker made his own contribution with an article in the Bulletin 
Monumental entitled “Progrès comparés de l’architecture en Angletterre et en 
France” (Parker, 1860). And a little bit later, in 1861, he was trying to involve 
both Willis and Viollet-le Duc on the debates connected with this issue, such as 
the case of the origin of Lincoln Cathedral.34 

Is in this context that Viollet-le-Duc was probably forced to revise his first in-
terpretation. In the Gentleman Magazine of 1861 the reviewer of the translation 
of the Histoire d’un fortresse signaled Viollet-le-Duc as the person who had 
pointed out the differences in vaulting in the two countries. But not plainly con-
vinced of his explanation hoped that “our friends of Normandy will answer this 
question for us” (Anon 1861) In France Viollet-le-Duc theory was not unani-
mously accepted. In 1865 Felix de Verneilh, an eminent medievalist historian, 
showed his disagreement in an article in Annales Archeologiques devoted to 
compare Le style ogivale en Angleterre et en Normandie (Verneilh 1865–5, 99–
100). He totally rejected the explanation of Viollet-le-Duc:”English builders 
didn’t borrowed his vault form byzantine domes”. And pointing directly against 
the rationalistic heuristic approach of Viollet-le-Duc he remarked that —al-
though he had arrived to this idea “by enchaining deductions that at first sight 
look seem very acceptable”— was in fact wrong because these domes were 
“completely unknown in England and Normandy”.

Viollet-le-Duc second thought on web’s vaults and a belated recognition of 
Willis. Difference on web’s vaults meant difference of technical approach

At the end, Viollet-le-Duc amended his explanation in 1868. In his article 
“Voûte” for the first time reckoned openly the relevance of Willis’s personage 
“one of the most distinguished men among English archaeologist involved in ar-
chitecture”, and his “very vast and wisely deduced” work. He also reproduced —
altering them with slight personal touches and changing of perspective— some 
of the Willis’s drawings. At the end he couldn’t help to drop some subtle criti-
cism: Willis’s was the first rigorous study on vaults, but “not having a point of 
comparison outside the English system the learned professor couldn’t appreciate 
all the practical sides implicated” (Viollet-le-Duc 1868).35

That is, he had to come again over the question left aside by Willis: the con-
struction and geometry of the webs. This is why he reproduced and analyzed 
again Willis’s drawing of the Westminster vault as a starting point to discuss the 
origin and evolution of the peculiarities of the English solution (Viollet-le-Duc 
1868, 523, fig. 34) Except that this time the explanation didn’t invoke any alien 
origin. The solution was merely based on the “practical sides”: “to simplify the 
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Figure 28
Viollet-le-Duc reinterpretation of Willis’s drawing of the south transept of Westminster 
Abbey with a diagram comparing the web solution of a French vault with different Eng-
lish webs (Viollet-le-Duc 1868, 523, fig. 34)
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work”, probably inspired by wood construction: “have the English their vaults at 
the beginning made of stone or wood arches, covered by timber planks? (Viollet-
le-Duc 1868, 524–525). 

The reception by Viollet-le-Duc of Willis’s “On Vaults on the Middle Ages” 
had in the end a paradoxical effect, on one side he amplified the impact of it, but 
at the same time he cast some shadows about his value. It is true he identified 
one weak point in this work. But Viollet-le-Duc likely failed to grasp its great 
merit: its heuristic approach —probably because he didn’t share it—. His view 
was dominated by another narrative, made of focus of invention, dissemination, 
and progressive ingenious improvement of structural efficiency. 

If the heuristic approach was different hence the role of drawing war also dif-
ferent. At the very beginning he probably had an eye on some of Willis drawings, 
picking up maybe some solutions —the wire diagrams— and narrative tech-
niques —the toothed cut-away— and even maybe tried to surpass them, as it 
happened with the representation of the spandrel drawings. He also, as Willis 
did, used Descriptive Geometry to define virtually the form of some pieces. For 
both men drawing was essential: but for Viollet-le-Duc the main reason for dis-
secting a building was to search and demonstrate the inescapable logic of the me-
dieval technical solution, while for Willis it consisted on the inquiry into the rela-
tionship between apparent and real construction. 

Conclusion

Willis “On vaults” was a first and decisive step for building a history of gothic 
construction. And became a central piece for a more ambitious history. Joining 
this work with the previous studies on the construction of the Greeks, the pros-
pect of a comprehensive history of construction began to take shape. As Alexan-
drina Buchanan has pointed out Willis’s work contributed to the emergence in 
the 40’s and 50’s of a debate around both modes of construction.

It was also capital as a model of how to study a gothic construction. It indicat-
ed some fruitful heuristic approaches and forms of drawing specially adapted to 
them, many of them taking advantage of recent innovations and others devised 
by Willis himself. 

Its reception in France, especially by Viollet-le-Duc had an ambiguous effect. 
It spread its influence, but being immersed in another heuristic approach, its real 
merit could pass unperceived. It risked being taken as simply as a valuable 
source of information —of a besides encapsulated architectural topic, English 
medieval vaults— than an example to be followed. 

Fortunately this has not have been always the case. As we have seen at the be-
ginning Choisy praised both its method and drawings. His was a sincere tribute. 
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He had been capable —for the first time in construction history— of “seeing” into 
the mass of the Roman vault, and understand how it was constructed. And also 
following Willis’s heuristic approaches: to distinguish between apparent —ribs of 
bricks working as arches— and actual construction –ribs used as a falsework in-
corporated into the concrete massif—. Discoveries, like Willis’s did, supported 
and expressed by superb and incisive drawings. 

Notes

 1. Thierry Mandoul mentioned this speech and devote d some pages to explore Willis’ 
influence on Choisy (Mandoul 2008, 126–130).

 2. In Alexandrina Buchanan’s masterly work on Robert Willis devoted some pages to 
Willis’s article in a section tackling a more general issue: “the membrological Ap-
proach” (Buchanan 2013, 101–106 ). The most extensive study of is still found in The 
Projective Cast of Robin Evans (Evans 1999, 220–239). This author remarked that: 
“Willis ideas remain diffused to this day in established opinions on the development 
of vaults, thought Willis himself is either buried in the footnotes or raised from the 
dead for other reasons” (225). Also for a recent assessment see (Albuerne Rodriguez 
2012). 

 3. Heuristic is a very rich epistemological concept. In the present contribution it desig-
nates a set of methods and approaches guiding the process of discovery. 

 4. See the collection of more than 200 drawings of their trip preserved in British Muse-
um . The book eventually published in 1826 instead is lacking of interest on this mat-
ter.

 5. A similar trend may be detected in France. See for example Blouet; details of Temple 
of Basae, (Blouet, Ravoisié 1833, vol 2: plates 17–18). 

 6. Inwood (1827); Stuart and Revett (1825–27) and Wilkins (1807 ) figure in the cata-
logue of Willi s’s Library (Hodgson 1874 , 33, 63, and 65 ).

 7. J.J. Scoles encouraged from The Builder young people going to Greece to take advan-
tage of “the very dilapidation of the building” as it “affords means of discovering 
their mode of construction which the building in a more perfect state did not disclose 
to a former traveler”; inviting them to draw this remains “accurately, carefully, and 
minutely” (Scoles 1846, 127–128).

 8. “Next to complete buildings under repair, Ruins afford the most valuable information 
upon construction. The best instructor of all, perhaps, is a building which is being 
pulled down” (Willis 1842, 3).

 9. “For making comparisons between one style and another, and for facilitating the rapid 
and correct observations of new examples… I flatter myself that the strong distinction 
I have drawn between the Decorative and Mechanical structures of buildings, will be 
found of great assistance in this respect” (Willis 1835, preface, p. v). The second 
chapter is labelled “On mechanical and decorative construction”. Here he said: 
”Hence in all complete styles, part of the decoration is made to represent some kind 
of construction…this apparent frame is often different from the real one”…” It ap-
pears then, that are two things to be observed in the construction of a building: how 
the weights are really supported, and how the seem to be supported. The first I shall 
call the Mechanical, or actual construction, and the second the Decorative, or appar-
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ent construction”. He also warned: “The mechanical construction is no less important; 
and above all should be observed, the artifice by which it is concealed, and adapted to 
what is very often a totally different Decorative construction” (Willis 1835, 15–16). 

10. In 1835 Willis: “I have said, recover the laws, because the possibility of detecting 
them proves that they were recognized by the artists” …”had Vitruvius been lost, we 
must have picked out for ourselves from a comparison of examples, just as I propose 
to pick out the Gothic rules” (Willis 1835, 25). In the article: “I have endeavoured 
throughout to show from evidence the existence and employment of geometrical 
methods from a very early period, and have attempted to restore some of those meth-
ods” (Willis 1842, 68 ).

11. “Whatever propriety of beauty a given form may possess, we find , by long continued 
use and multiplication, it palls upon the eye and requires change. The very character-
istic by which it pleased the most, and which was nurtured and developed by every 
possible adjunct, will be in the next age softened down and subdued to make way for 
the prominence of some other, which was once in the same manner avoided or made 
subordinate” (Willis 1842, 66 ).

12. “Thus I have said nothing respecting mechanical principles, and have confined myself 
to form and arrangement. But it appears to me, from examination of the Works of the 
Middle Age architects , that the latter considerations has an infinitely greater influ-
ence upon their structures than relations of pressure , then very little understood” 
(Willis 1843, 46). Their respective approaches were discussed in (Mark 1977).

13. Definition de “ tas-de-charge ” f rom de l’Orme (Willis 1843, 5).
14. “This mass is always built of solid masonry bonded into the wall and forming part of 

it.” From a certain determine level” the real rib and pannel construction of the vault 
begins, fro separate ribs are erected upon the surface of this solid”...”From below, 
however, if the vault be painted and decorated, this change of construction”...”is dis-
guised or in other words, the decorative construction of the vault exhibits the rib and 
pannel from the abacus A upwards, but the mechanical construction is of solid mason-
ry from A to Q, and of rib and pannel work only above this level” (Willis 1842, 7).

15. This is paragraph worth mentioning at length as it abridges the whole history of “pet-
rification” from the spandrel to the fan vault: “Very early in the history of vaulting, 
the lower extremities of the panels were made solid…Next, it was found simpler and 
stronger to work the small portions panel surface between the branches of the boss 
stones out of the same block, than to cut them away and drop in the panel afterwards. 
Then the bosses, from the increasing complication of the patterns , began to approach 
so close, that it was worth while to take the pains to make them meet, and thus the 
Crowns and ridges of the vaults came also to be built solid. Lastly the solid construc-
tion was extended to the entire vault, and so by gradual degrees the mechanical and 
decorative construction of the vault , which began being identical , ended by becom-
ing totally different” (Willis 1842, 29) . 

16. Willis assumed that De l’Orme described a Gothic construction representative of a 
common French practice, in which “the centres of the arcs (are) upon the level of the 
imposts”. Then he said: “This may have been the genuine French Gothic method, but 
in our English examples the centres are commonly place without respect to the impost 
level” (Willis 1842, 21–22). 

17. “I think it most likely that the different forms of the middle plans which may now be 
observed resulted from different rues for finding the centres and raid o the ribs, which 
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were employed by the different schools of workmen according t o their age or nation” 
(Willis 1843, 16). 

18. César Daly experimented with Willis ‘s technique of surveying, founding eventually 
it had its limits: for great spans it didn’t work well (Daly 1843, 531).

19. Our Dilettanti Society seems to consider the “Gothic” edifices of their own country 
unworthy of study, or illustration; whilst they are expending thousands of pounds in 
publishing representations of the sculptural and architectural fragments of ancient 
Greece”....” “It is rather a curious fact, that some of the best engravers employed in 
the present work were engaged, when apprentices, in executing some of the plates for 
that publication: now they are matured in experience and distinguished for their skill 
and taste” (Britton 1819). 

20. Mackenzie’s drawings of King’s College are in the appendix of (Tredgold 1840). 
Mackenzie confesses in his own separate edition that had he kn own previously “that 
a learned Professor, highly distinguished for his scientific investigation of the princi-
ples of Gothic Architecture… had directed his attention to the subject”, he wouldn’t 
dare to publish it (Mackenzie, 1840, preface).

21. Anyhow Willis was able to grasp that “In some examples the slope seems to be de-
rived from the courses having been laid so as to meet the diagonal rib at right angles” 
but didn’t go much far in its interpretation: “The perspective effect which arises from 
the arrangement is curious” (Willis 1842, 8).

22. For Rondelet’s explanation of this plate representing a Gothic vault “similar to those 
of Saint-Gervais in Paris”, see (Rondelet 1830–32, tome II: 55–157). This drawing 
calls attention also for its close resemblance with the later drawing of the vault of the 
corridor of the cloister of Westminster Abbey in Pugin ‘s Specimens (Pugin 1823, vol 
1: plate 77 (b) ) . This last one was commented by Willis, and added as illustration in 
Daly’s translation (Daly 1843, vol.4: plate 2 figure 11). 

23. Ware also devised other forms of drawing which helped to think about specific prob-
lems, such as the silhouetted vertical sections of buildings, a procedure “little used” to 
compare the efficiency of different buttress systems (Ware 1822, tract I: pl, 4–5). 

24. On Farish and Willis, see Buchanan (2013, 59–62). 
25. “Thomas Sopwith, (author of A Treatise on isometric drawing ,) had submitted an in-

strument called Isograph, which drew isometric from drawings orthographic projec-
tion ” (Sopwith 1834, 155). 

26. Corresponding to the vault of Westminster Abbey cloister (Pugin 1823, vol 1: pl ate 
77); and the vault of St. Saviour in Southwark (Pugin 1823, vol 2: pl ate 47). 

27. Willis’s isometrics appeared also in Rondelet’s Suplemment (Blouet, 1847, pl. IX–X) 
along with other illustrations on Greek construction.

28. On this Viollet-le-Duc’s article, see Bressani (2014, 165–187) . 
29. Martin Bressani has studied Viollet-le-Duc ‘s versions of the spandrel anatomy, and 

the reasons behind its evolution (Bressani 2013., 249–258). 
30. On Willis’s Canterbury and Winchester see: Buchanan ( 2013: 171–185) and on Wil-

lis Holy Sepulchre (Buchanan 2013: 139–149).
31. Parker published these tours in Archaeologia, Or Miscellaneous Tracts Relating 

to Antiquity between 1851–1855. Buchanan (2013, 116) pictures Parker’s rela-
tionship with Willis: “If Willis and Whewell were intellectual partners in their ar-
chitectural project, a similar relationship existed between Willis and Parker in 
practical terms”. 
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32. Very little is known of Viollet-le-Duc’s trips in England. On the relationship of Viol-
let-le-Duc with the country, see Middleton (1980). 

33. Parker in his book on An Introduction of the study of architecture explored the links 
between French and English gothic architecture lamenting that “at present very little 
has been done towards a systematic comparison of the architecture of France and 
England” (Parker 1849, 240). He hoped the history of architecture Willis was prepar-
ing put an end to this situation (Parker 1849, 238).

34. Parker invited from The Gentleman Magazine both Willis and Viollet-le-Duc to de-
bate into the English or French origin of Lincoln ’s Cathedral (Parker 1861). The po-
lemic had its origin in what Willis had said about this issue in a meeting of the Arche-
ological Institute in 1848, and the debate was then gaining momentum. Viollet-le-Duc 
at least answered in 1861, denying any French origin. On the controversy on Lin-
coln’s Cathedral, see: Buchanan (2013, 201–202).

35. But just to blame Daly for not having pointed out that Willis had not appreciated: “les 
différences profondes qui séparent la structure des voûtes anglaises de celle des 
voûtes françaises, et ne semble pas avoir étudié ces dernières”. Although he conceded 
that “in 1843 personne n ‘était en état de se livrer à un travail critique sur cet objet “ 
(Viollet-le-Duc 1868, 550, note 23).
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