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one-seventh part of the diameter of the shaft. Such rela-
tively insignificant inclinations do not affect the centre of
gravity of the pier, nor do they tend to weaken the stability
of the church.

Certain special observations will now be offered for Amiens
Cathedral and for Notre-Dame at Paris.

As a preliminary observation, leading up to the facts to
be described and illustrated in these cathedrals, we may
first notice the window mullions of No. 83, showing the right
aisle window of St. Loup at Chalons. Although the sill is
horizontal, these mullions slope outward in lines which are
parallel to the sloping piers of the nave and choir. (Compare
Nos. 81 and 82) It is an obvious reflection that perpen-
dicular mullions would, in this instance, lead the eye to
notice the sloping piers and that the subtlety of the refine-
ment would then disappear.*

Thus we are led to understand the construction of the
transept vaulting-shafts of Notre-Dame (Nos. 191, 192, 193).
These shafts are inclined outward in lines which are parallel
to the crossing piers, one of which appears in each picture.
(Compare No. 190 for the crossing piers.) These inclinations
are repeated in all the arcade columns of the transept gal-
leries (Nos. 194-196 inclusive). This system of parallel in-
clinations in the transepts with relation to the nave crossing
is also found in the Cathedral and in the Ghurch of St. Ouen,
at Rouen, at St. Quentin, in St. Mark’s at Venice, and in
the Church of the Diaconissa at Constantinople.

The same arrangements are illustrated in this exhibition
for Amiens Cathedral, but owing to the great height of the
church and the narrow width of the transepts it is not pos-

*In 1903, when the photograph No. 83 was made, the Curé
of the church, who had donated the altar under th's window, told
the writer that he was much annoyed by the obliquity of the window,
and that he intended to have it rebui't to the perpendicular. Two
years later the pastor died, and as a tribute to his memory a sum
of money was raised and the mullions were rebuilt to the perpendicular.
The inclination of the left side of the window is now plastered to
the perpendicular, only the inclination of the right side remains.
These facts were photographed in 1g907.
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sible to include the entire height of the piers and vaulting-
shafts in one view, as has been done at Notre-Dame, unless
the camera is pointed upward. Thus No. 136 shows the
slope of the south-east crossing pier at Amiens, and No. 137
shows the adjacent transept pier and vaulting-shaft (with
plumb-line), taken with the camera pointing upward. No.
138 shows the outer pier and vaulting-shaft, with plumb-
line, on the west side of the same transept, also taken with
the camera pointing upward. All the transept piers and
vaulting-shafts at Amiens have similar inclinations, parallel
to those of the crossing piers, beginning at the pavement and
continuing in straight lines to the vaulting.*

Thus the transept piers and vaulting-shafts at
Amiens are parallel to the inclinations of the crossing piers.
The nave inclinations begin, however, at the arcade capitals,
the piers being perpendicular up to their capitals. (Compare
Nos. 1154-130, inclusive.) Although thecrossing piershaveno
arcade capitals, their constructive inclinations begin at the
same height ; whereas the inclinations of the transept piers
begin at the pavement. (Compare Nos. 140, 142.)

The most remarkable fact at Amiens has still to be
considered. The windows in the west walls of the transepts
are built with mullions which are parallel to the inclina-
tions of the transept piers. (Compare Nos. 139, 140 with
Nos. 141, 142.) The philosophy of these arrangements
has been explained for St. Loup, and need not be repeated
here.

The series for the Amiens nave now deserves careful
study. Each pier on the north side is separately and
individually shown to be perpendicular up to the arcade
capital.t (Nos. 116, 118, 120, 122, 126.) Each vaulting-
shaft is separately photographed for the height between
the arcade capital and the triforitum. (Nos. 117, 119, I2T,

* Enlargements, not shown in this exhibition, have been made
for every pier and every vaulting-shaft in both transepts.

t A pomnt of great importance. Ii the piers leaned into the nave
there would be an accidental return bend above the capitals.
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123, 125, 126.)* The crossing piers are shown in their
entire height by Nos. 127-130, inclusive. The plumb-line
photographs for the aisle widening at Amiens (Nos. 131-134,
inclusive) should be compared with the similar views of
Rheims Cathedral.

§ 5.—SPECIAL FEATURES OF NOTRE-DAME.

Aside from the widening refinement in the crossing
piers of Notre-Dame, and its parallel extension to the
transepts, there are many extraordinary features in this
church. Some of them are found at Pisa. Others have no
parallel so far known.

The facade of Notre-Dame resembles that of Pisa
(Nos. 40-43) in having two separate inclinations in its lower
storeys, and in being perpendicular higher up. At Pisa we
find g inches uniform inclination in the two lower storeys,
and o-10 foot inclination in the third storey, while the two
upper storeys are perpendicular. In Notre-Dame the lower
storey of the fagade leans forward 11 inches in about
50 feet (Nos. 158, 161), and the second storey leans
forward 4% inches in about 40 feet (Nos. 159, 160, 204).
The rate of inclination diminishes by more than one-half
as between the two storeys. Above the second storey the
construction is perpendicular up to the summits of the
towers (No. 168). On the north and south sides of the
towers the buttresses and the projecting construction for
the stairway follow the varying inclinations of the facade
(Nos. 162-167, inclusive). Note the curve toward the
perpendicular in the buttress on the right in No. 167.

In the interior there are curves in plan in the columnar
alignments of the nave, extending through the gallery
parapets and arcades and clerestory walls, up to the parapets
of the clerestory roof (Nos. 197, 198, 199, 200). These

* Measurements of the deflections may be taken by compass
and applied to the 8 by 1o inch disk, which appears in each pho o-
graph on the plene of the desired measurement. Similar enlarge-
ments are extant for the south side of the nave.
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curves are parallel, like the similar ones at Pisa (Nos. §7,
58). They are convex to the nave on the south side, and
concave to the nave on the north side. (The choir bends
in plan toward the north, so that the entire interior plan is
that of an attenuted S, or “ Hogarth’s line of beauty ” much
attenuated.)

The gallery parapets have bends in elevation similar to
those at Pisa (Nos. 44, 45, 46, 47, 48, 49). These occur
in Notre-Dame at the corresponding point in the nave,
viz., at the junction of the third and fourth bays (Nos. 180,
186, 1864). They also have about the same amount of
deflection, viz., about 10 inches on either side, in both
churches. There is this difference between the two
cathedrals: in that at Pisa, the gallery parapets rise in the
first three bays and descend to the same amount in the
remaining bays of the nave; while in Paris, the parapets
rise about 10 inches on either side in the first three
bays and then bend sharply, but without a corresponding
subsequent descent. The south gallery parapet bends to
an approximate horizontal, while the north gallery parapet
has a fall in the remaining five bays of about 34 inches.

So far we have correspondence in the interiors of the
two cathedrals (and the parallel curves in plan have many
counterparts elsewhere). We come now to the astonishing
feature in which Notre-Dame appears to be unique, as far
as known. To explain this we must supplement our accounts
of the widening refinement by observing that various cathe-
drals and churches have a widening refinement in the
transepts which intersects the widening system of the nave.
This is found, for instance, in the Church of the Diaconissa
at Constantinople, of the late sixth century.*

An intersecting transept system is also a remarkable
feature of St. Mark’s at Venice. The transepts at Amiens
also have an independent widening system which intersects
that of the nave. Photographs of this refinement at Amiens

* Unnumbered special exh.bits, shown by request. Photographed
in April, 1914.
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have been made, but have not been enlarged. Notre-Dame
has also an intersecting transept widening system as regards
the crossing piers. It follows that the crossing piers of all
these churches have diagonal inclinations.

As far as known Notre-Dame is the only church in which
the system of parallel inclinations, so far observed for the
transepts as related to the nave, is also carried into the nave
as related to the transepts. The transept widenings which
have been examined are also much less pronounced than
those of the naves. This is the case with Notre-Dame. The
delicate westward inclinations of both the western crossing
piers are, however, well shown by the plumb-lines in No. 185.
The parallel westward inclinations of the vaulting-shafts,
as far as the tower piers, inclusive, are shown by a series of
plumb-line photographs (Nos. 184, 183, 182, 181, 180, 1709,
178.) These are arranged in the natural order of sequence
from west to east, but for comprehension of the system it is
best studied from east to west, in reversed order of numbering.
The diagram, No. 1865, may next be consulted. This shows
in exaggerated drawing the westward leans of the nave
vaulting-shafts, but it adds a new feature to this remarkable
combination. Whereas the vaulting-shafts all lean west,
the gallery arcade columns of the same bays lean toward
the apex of the gallery bends in elevation. Thus Nos. 184,
183, 182, 181 show gallery columns leaning west, like the
vaulting-shafts of the same bays; but Nos, 180, 179, 148
show gallery columns leaning east in opposed direction to the
vaulting-shaft inclinations in the same bays. In No. 180,
which shows the apex of the south gallery bend, the arcade
columns lean both ways ; they lean west to the right of the
vaulting-shaft, and they lean east on its left.

The diagram, No. 1865, may now be consulted for a final
observation. Since there is a marked contrast of inclina-
tion in the first two bays of the nave as between the vaulting-
shafts and the arcade columns, it seemed best to the builders
of Notre-Dame to minimise this contrast by a twist in the
line of the vaulting-shafts. This twist, which is exaggerated
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by the diagram, is shown for the pier next the tower pier on
the north side by No. 173. (The inclined lower part of the
same pier is shown, with plumb-line, by No. 172.) The
twists occur on both sides of the church in the two vaulting-
shafts next to the tower piers.

The westward inclinations of the nave vaulting-shafts
begin at the pavement, and have been plumbed for each pier
in the nave to the height of the capital. Their rates of in-
clination above the galleries may be computed from the
surveyor’s disks (8 by 10 inches), which are placed on the
plane of the desired measure in each photograph. The total
westward inclination near the crossing appears to be from 6
to 8 inches. It increases near the tower piers and these incline
west 16 inches (north) and 12} inches (south).

The use of the twist in the two vaulting-shafts adjacent
to the tower piers was a compromise between two conflicting
systems of vertical deflection, and was evidently intended
to conceal both of them.

These systems were, on the one hand, the westward in-
clinations of the nave vaulting-shafts, and, on the other
hand, the inclinations of the triforium columns in opposed
directions toward the apex of the gallery bends.

The gallery bends in elevation were probably intended,
as has been suggested for Pisa, to create the perspective
illusion which they undoubtedly do actually produce. The
solumnar inclinations of the gallery arcades were probably
intended to conceal the gallery bends in elevation.

It is certain, at least, that the bends in elevation would
be much more apparent if the triforium columns were normal
to the lines of the parapets, i.e., if they were set at right angles
to the parapets. In that case they would diverge percept-
ibly at the apex of the bends, whereas they actually converge.
The strong westward inclinations of the tower piers may
have been intended to increase the stability of the towers,
thus corresponding to the inward slope of the exterior tower
buttresses. This construction of the piers resists the ten-
dency of the arches under the towers to spread eastward.
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The increase of inclination in the vaulting-shafts near the
tower piers avoids an abrupt contrast of adjacent inclinations.

The marked inclination of the tower piers and adjacent
vaulting-shafts (above the twists) is also disguised and con-
cealed by the masonry construction. The lines of masonry
above the triforium arcades of the three bays next the tower
piers are normal to their inclination, i.e., they slope down-
ward. This slope is worked to a level directly under the
fillet below the clerestory windows. The oblique cutting of
the blocks can be seen under this fillet. Nos. 176, 177 show
this sloping masonry construction as related to the leaning
tower piers and the oblique cutting of the blocks under the
fillet.

Nos. 202-205 relate to the double bend in plan of the
Notre-Dame fagade, which extends from the Gallery of Kings
to the upper gallery of the facade. This bend in plan has a
uniform deflection at all levels, of 1-20 foot, but as seen by
the spectator in front of the fagade the optical effect is a
bend in elevation which varies in amount according to the
angle of vision, and this angle of vision naturally varies for
different heights from the same standpoint. As seen from
an angle of 45° the bend in plan of 1:20 foot will appear to
the eye as a bend in elevation of the same amount. On
closer approach, or at a higher elevation, the optical effect
increases. Thus the photograph No. 205. looking up the
fagade, appears to show a series of bends in elevation in-
creasing in amount with each successive storey. But this is
an optical illusion reproduced by the camera and caused by
a bend in plan which is uniform on every storey, as shown
by Nos. 203, 204.

§ 6.—CONCLUDING REMARKS.

The optical refinements of Medieval architecture dis-
appeared when the Gothic style was overthrown and sup-
planted by the Renaissance. In fact, as far as Italy is con-
cerned, and this is the only territory which has been studied
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with approximate thoroughness in such particulars, the
North Italian Gothic, especially of late date, already shows
a remarkable diminution in the number and subtlety of its
architectural refinements, thus anticipating by a pronounced
decline the overthrow brought about by the Renaissance.
There are, however, occasional and remarkable instances of
Renaissance survival of these refinements. Mr. A. K.
Porter’s observation for curves in plan in the two small
cloisters of St. Maria delle Grazie attributed to Bramante,
and dating about 1500, has already been mentioned. No.
208 shows the widening refinement in St. Giorgio Maggiore
at Venice, by Palladio. The leaning fagade of St. Ambrogio
at Genoa, No. 211, has been certified as constructive by the
architect now in charge of the church, which dates to 1589.
The oblique cutting of one of the pilaster bases is shown by
No. 212.

Among the various phases of the given topic which are
omitted from the present exhibition may be mentioned
numerous cases of perspective illusion in plan or elevation.
The subject of deflected, asymmetric, and oblique plans is
also neglected. Thus we may call special attention, in the
present exhibition, to the fan-shaped transepts of the Pisa
Cathedral and to the remarkable S-shaped curvature in plan
of St. Ouen at Rouen. The measurements for the Pisa
transepts are found on No. 26, and show that they widen in
plan about 1 foot on each side, in the direction away from
the nave. Nos. 86 and 87 are pictures of the double cur-
vature in plan of St. Ouen. They are taken in the two tri-
forium galleries of the nave, looking west towards the fagade,
with the back of the camera close to the crossing piers and
the transept parapets. Thus, not only the curve in the nave
but also the beginning of the return curve toward the choir
is shown by these pictures. These S-shaped curves are not
only found in the pier alignments of the nave and in the
triforium, but they also extend to the outer walls. The
curves in plan of the nave (8% inches, south triforium gallery ;
10 inches, north triforium gallery) are strictly parallel, within
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theslight variation of measurement noted. They are also true
curves, rather than bends, as established by measurements
which show an unbroken sequence in the distance of the
respective piers from the stretched cords which are seen in
the photographs.

The enlarged photographs from Constantinople and
Salonica, some of which have been mentioned in foot-notes,
were taken during the month of April, 1914. They include
important exhibits for horizontal curves in plan, in the
gallery cornices of Sta. Sophia, convex to the nave on both
sides ; the parapets behind the cornices have no curve.
These photographs are otherwise devoted to the widening
refinement. There are two for St. Demetrius at Salonica
and the rest are from Constantinople ; four from the church
of the Chora Monastery, eight from the Church of the
Diaconissa, two from the Balaban Aja Mesdschid, and
eighteen from Sta. Sophia.
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