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1., The pyramid of sight [1]

Mathematical Analysis of the Works of Hans
Pater Aeuter. Ulrieh Grevamuhl.

Abstract: Constructleons of linear perspectlive
in the palntings and drawlings of Hans Fetacr
Reuter ard lnvestigated and analysed avar a
pearliod of mearly tweanty vears by determining
tha parameters of lnner orlenmtatlion and the
circle of msight. The analysls reveals that
Lthe propoction aof the distance d to the
langth L of the larger aslide of a plcture,
which is chosen implicitely in the
construction and intultively by the artiat,
is an lmportant measure for distortions in
the painting. When the prinmciple poalnt H 1=
located nesar the centre af the plcture, a
valua of 0.8 Foar thils proportionm 13 a lower
limit where no distortions occur and where
the works tend to +X ] more harmonlous.
Reuter's latest works show a tendency to TET ]
values batwadn 0.5 and 0.6 which produce
moderate distortions inducing tension.

Hans Peter Reuter {born 1942 i{n Scehwanningen,
lives and worka In Karlaruhe and Nurnberg,
Weat Garmany ) explores in his works the
themes llght, space and structure for more
than twenty years and las wall known for his
paintinga and drawlings of tiled rooms and
publle baths., Hls frooms ate Wwaually painted
in shades of blue and are of atriect order and
clarclity without a trace of persons or
objects, MWithin concrete and constructive art
he takes a special position as 1t ia his
achievement to rediscover llnear perspective
a3 a means of systematic constructlion in the
madetn sanse of art and as a mathematical
syatem to represent hls spatial wvislenms 1in
two-dimens ons.

The prinmciple of linear perapective lsa based
on the physical law that light propogatas
ractilinasarly in a homogenaous madium, and

that consequently our wview L3 normally
confined to stsight lines, The mathematical
constructlon is defined by the cantral

projectlon of the objects to be representad
upon the plane of the plcture. The centre of

the projectlon O ia the polnt in the
spectator’'s eys whieh 13 the apex of the
visual angles. Tha twa dimensional

rapresantation of tha object 1is the cross-
section of the visuwal cone or pyramid aof
sight. (filg.1, [1]}
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It 1s importsnt to note that although the
cantral projection is 8 ane-to-ona
tranaformstion, linesr perspective 13 not
revarsible. This fact is Lllustrated in flg.2
by a number of grids. When all correspending
points of the grids are sltuated on the same
light ray or line of sight, the grids cannot
be distingulished from tha ceantce af
projection by the viewer and the perspective
pictures are the same. For the central
projection in flg.1 this implies thet there
are en  infinite number of objects and
agquivalent conflguratlions which may be filtted
within the pyramid of slght in such a way
that they produce the same imeage in the plane
of projection and in the spectator'a aye. [2]

When an object is drawn inm linear
pecraspective, certaln msthematical parameters
by which the central projection and the
conatruction aof the perspactive
representatien Ls defined can be determined,.
The ‘'"inner orientatlon' is defined by four
parameéters (flg.3): the horizen he, the
principle point H, the erthogonal distance d
and the distance point D. Once these are set,
the plan welevation of an object can be
constructed. If the length of the side of an
object is known, the scale of the picture can
be determined. This 1s called 'outer
orientaticon’.

For the analysis it ls essenmtisl that s fixad
aye at rest can only ses that part aof theae
room wilthout distortlons that lies within a
wisual cone with an angle of spproximstaly 6O
(fig.4). When the spectator's eye colincidas
with the centre of projectlion O, the visual
cone Intersects the plene of projectlions in
the clrele of aight and determines the zone
whetre no distertions occur., If the wvlewer's
direction of sight is ortnegemal to the plane
of projection, the circle of sight has as its
centre the principle polnt H anmnd a radiua
which is approximataely O0.58 timas the
distance d.

If one taskes inte account that sn eye can

rotate in its orbit, the visusl cone,
assumling & flxed posltion of the head, is
enlarged to an angle of 90 snd now

intersects the plane af prejection inm a
clrcle with radius d (fig.4). This means that
with = single eye only those parts gf a
pleture can be viewed from the centre of
projectlion D which ere within the circle with
radlus d . Parts of B pleture which BrE
outalde the circle of sight bBut within the
circle with radius d sre only agen wilithout
distortion when the spectator's eye 13 in the
centre of projection 0, Outside the circle
with redius d all parts of &4 perspective
representation are always seen strangly
distorted.



For theae analysls of perpective
represeantations in works of art additionmal
mathematical parameters are required as
measures fer the distorions which may accur
in a picture. These are the proportions aof
distance d and radius r, of the circle aof
sight to the langth L af the larger alde of s
plecture. To make sure that the total plcture
is within the clrecle of aight and does not
show any distortionas, painters in previous
centurles often located the primciple polnt H
fnear the centre of the plcture and chaosae tha
distance o ogne-and-m-half times larger than
the lacrgesat side of the fFrame, Lle dil=1.5,

An  example of s simple reconstructlon Las
shown in fig.5 for Reuter's 'Licht-Raum({318)°
which ravealas the dynamicas of this pleture.
The spectator sttempts to look towards the
and of the room and around tha corner but La
distracted at the same time by the orthogonal
lines of the tiles leading to the oprineciple
polat H. Ra this polint 1= lacatad in tha
right-hand side of the picture and a5 tha
pacameter r, tL is relatively s=small, tha
circle of sight does not COVEr the whole
plcturs such that distortlion 1=s visible in
the left and bottom rows of the tilas. The
prinmciple point H acts here as an invisiblae
anti-pole to the centre of the plcture, It 1=
interesting how Reuter develops the Lintecplay
of pole and anti-pole in his working drawing
(fig.6) by snhiftlng and replacing the initlal
princlples polnt H1 im the centre of the
plcture.

In carrylng out the mathematical snalysis of
Reuter's works, reproductions of 49 palntings
and drawings between 1969 and 1986 were
chosen and methods of reconstruction werae
carried out to determine the parameters
discussed above. The works show two lines of
development which may be L1llustrated by the
series 'public bBatha' ("Stadtbader', wumtil
1976) amd 'rooms with pillars' (from 1877
onwarda). Further themes llke 'mirror rooma'
or 'curved rooms' may be fitted into the
development of these two maln themes.

The conattuction of linear perspective leads
ta an ideal room which doss not exfiat in
reality. Reutear employs thae central
projection a3 a mathematical system to
expreas hls spatial vislona. As was shown in
flg.2 thae reprasantation of thae third-
dimensicon implies an amblguity. Pyachologlcal
axpariments om perceptiom have shown that our
perceptlions do not reveal tha reallity but
plek out , i "see” these things that appear
to us most likely or most simple or that wa
already know. Reuter achievea the 1llusionm of
spatlial dapth as Reneissance artists did by
palnting tilad floaors and using the
expectatlona of the spectater who assumes
that the floor i3 flat and that all tiles
have the sama slze and ahape amd wha
interprets thelr progressive reductlon and
foreshortening as aspatial depth [3].

":f""'.

s, Licht-Raum(318) 1984 screen
print 45*3Scms.
d=36cms, r, =dlcms, dil=0.80,

rle-ﬂ.#T

=

B. Working drawing to Licht-
Raum{318) 1884, 52.8*38.89cma. The
principle points W1 and HZ are
indicated,

7. Stadbad ohne Ding MNr.47+48 1871,
2il on canvas, 200*150cms. d=GB8cma,

r, =39cms, del=0.34, r, 1=0.20



8. Stadbad ohe DOlng Nr.5& 18973,
crayon on paper, T70*50cms., ds=BBcms,
t *3Bcms, drL=0.84, r, 2L=0.54

9. Stadbad ohne Ding Nr.56+57 1973,
il on canvas, 150*200cms.
del27cms,; ry =Tdcms, dil=0.64,

rglL-D+J?

10. Stadbsd aohne Oing Nr.B9-91
1975, all on canvas, 250%150cas.
du203cms, r,=118ems, delL=0.81,

r, tL=0.47 :

But linear perspective i3 not only a means of
deplctlon, for Reuter. The exploration of tha
mathaematical system of central projection isa
at the core of his systematlc study. Howewver,
it 13 important to reallse that Reuter does
not calculate the size of ths =matheamatical
parameters but whan carrylinmg out his
constructlons, he chooszes them lntultively In
order to create distoartions or hidden focal -
polnts by which thae architecture of the
plecture L3 belng dramatized. The spectator
realises that theses rooms do not exist Ain
reality and only come into existence in tha
raalm of two-dimensional space. He sees the
Llluslon of reallty wor the rceasality of
Lllusion or aven the Lllusion of an Lllusion
and becomes aware of hias own perceptlons.

The following examplos fllustrate tha
developmant af thae thame 'publle Baths'.
"Stadtbad ohne Oing Nr, 4T7+48 (fig.7) 1= ane
of the earliest works of this series snd &3
with all works of this perlod, it is
characteriied by an Llmperfect conatruction
which has heen only partlally carrled out.

The value for the distance d can be
determined anly approximately as the
foreshortening of the tiles Hhas not been
chosan correctly and consequently the

diagonals of the tliles do not lead teo tha
same focal polint. Rssuming that the tiles are
squares, one filnds an extremely small circla
of sight covering only the lower part of the
pleture as well as strong distortions ocutside
of the circle with radius d.

In his later works Reuter makes use of bettar
constructlonal procedures although smssllsr
faults in the construction occur frequemtly.
In the publle batha Nr.54 (fig.8) and
Nr.56+57 (flg.9) the horlzon runs at or near
the bottom of the plcture. In both cases the
parameteras are chosen in such a way that the
clrcle with the radius d covers most of the
picture. A pesk Lin this development is
achleved in 'Stadtbad Nr.89-91" (fig.10).
Here ths spectator's view ls drawn mlong the
focal Llines into the wide interior with ILts
symmetrlc erchitecture. The whole plcture 1ia
vary harmonious ms no distortions are visible
and the heorizon divides the haesight aof tha
plcture sccording to the proporticons of the
golden sectlon. When the princlple point 1=,
as in this case, located near the centre af
the picture and the proportlions dtL and g, 1L
take values of 0.8 and 0.5, respectively, ths
clircle of s8ight covers nearly the whole
pleture. These values may therefore be taken
a3 lower limits where no distortlons occur.

The works on the theme 'rooms with pillars’
teveal wvarious forms of representation aof
pilllaras with orthogonal sides and supporting
beams. 'Raumkreuz (135)' and Raum (137)' baoth
show prineciple points which, ss & result af
the asymmetrical reprasantation, AL E
dislocated from the middle line to the laft.
In filg.9 the conatruction leads to & wvalums



for the distance d which is sassller than the
distance of 25 to 30cma below which the Byeas
cannot sccomodate without seeing distortlons,
Fig.12 is ona of the few sxamples whers the
principle polnt Ls positionesd outslde the
pictura, The circle with radius d doss not
covaer the right pillar. Ais in fig.10
gistortions here are aveided by taking large
values for the distance d and the radius T,
and showing the tiles in fFrontal wview.

In the light-rooms (330) and (399) (rig.13
and 14) the spectator's eye Lis caught by the
masslve pilllar and the supporting beasms. In
both works the analysis reveals & small
clrele of sight which «covers approximately
only half the ares of the plcture. Although
the clrcle with radius d covers nearly the
whole picture, the small value for the
proportion of diastance d te the larger side L
of the plcture has the effect more than Ln
other works that the central projection 0 1ia
relatively close to the plcture. This 1s
particularly motleceable in '"Licht-Raum (398)'
where &3 & rasult of the large side of the
painting (200 % 150cms), the spectator will
automatically step back im eorder to view the
whole of the picture. But then hisfher eye ia
na longer in the position of the centra aof
projection 0. The cross-beam with its astrong
distortion appesrs heavy and threstening.

"Licht-Raum (398)' forms in & similasr way to
'Stadtbad ohne Oing Nr.B89-91" s peask in the
development of this theme. In this work
Aeuter achisves apatial dapth leading to
infinity by showling & serles of exits which
are arranged one after anmother, Assuming that
the building i3 made out of cublc stones or
quadratic tiles with edges of Z0cms length,
afa finds by asimply counting the numbar of
visible tliles that the helght of the cellings
increases rapidly. While the visible part of
the plllar below the cross-beams has a length
ef at least 1.80m, the other axlits have
helghts af st least 2.80m, $.00m, E.10m,
10.00m and 22.00m reapectively. The
construction of linear perspective leads
hare, LT in many other of his works, to [
vary Questionable reality. The spectator seses
a room where the threatenlng appearsnce of
the cross-beam, the depth of the missing
floor and the maze of the exits induces &
fleld of strong tenslon confronting her/him
with & stete which can not be resalved.

The methematical smalysis of Reuter's works
from 1969 to 1986 shows for the proportion
drl A range of valuaes from 0.3 to 1.5
revaealing the artist's joy of investigation
and experiment. Whereas his first palintings
gmploy for the perapectlve conastructlon VEery
small values between 0.3 and 0.4 and as 8
conseguance af this show strong distortions
of the architecture, the values for this
propoertian incresse wuntil 1978, In 1975 an

11. Raumkrewz (135) 1978, crayon on
paper, 27*17ecms.

deZ2licms, r;=12cms, dilL=0,T78,
H:L-D.ia

HHaa

12. Rauem {173} 18979, water
colour/gevache, G4*S50cms.

d=S6cms, r, =56ems, drlL=1.,50,

r, 1L=0.88
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13. Licht-Raum({330) 1984, water
colour, 50*315cms.
d=2E6cms, t, =15cms, d3L=0.52,
rilL-D.Eﬂ

1§, Licht-Raum(399)
canvas, 200*150ecms.
de117cms, r,=6B8Bcms,
rilL-D.Jh

1986, all an

drL=0.59,

intermediate pEaak im thae dovelopmant is
resched by creating public baths with valuss
near 0.8 which show no distortions and are

more harmenious (flg.10}. After 13973 the
tendency Lis to use smaller values agalin. In
raceant yaars hls works employ values of 0.5

to D.E and show more sophisticated

constructlons than previcusly, coupled with
more subtle temslon,

Referencesi

[1] B,.Taylor, MNew Principles of Linsar

Perspective, London, 17153 2nd Edition, 17189
4th Editieon, 1811,

[2] B.R.Cacter, 'Perspective' imi H.Osborne

(Ed.), The Oxford Companion to Art, Oxford,
1970, pp.BA0-BE61,
[3] E.H.Gombrich, Art and Illusion, Phalidon

Press, 1377,
Acknowledgemanta

I am greteful to Hans Petar Reuter for his
collaboration which made this work possible,

Address: Ulrieh Grevsmuhl D.Phil.{Oxen),
Dipl.Phys.(Stuttgart), Lecturer and Rasearch
Fallow, Dapt. of Mathematlcs, Padagoglaschae
Hochschule Frelburg, West Germany.

ok CONSTRUCTIVIST FORURM



Exhibitions:

GCoamez Perales : Galeria de Arte Soleedad Lorenze Orfila, 5, ZB010

Madrid.
Max BLill t 15 Dec.=-15 Jan. Richard-Haizmann-fusaum.

2260 Niebull, Rathhausplatz. Tel.D&86 E1/601-75 77
GCilbert Decock: 16 Apr.-7 May. La Maison De La Culture De Metz.

Galerie D'"Art, 36 Rue St-Marcel - Metz.
Tel: BT7T.32.53.24
J.J.Bauweraarts [

J.P.Maury : 3 Dec.-17 Dec. L'Universite Libre de Bruxelles.

Aﬁﬂﬁly Juda rne anr

11 TOTTENHAM MEWS
LONDON W1P 9PJ

Tel: 01-637 6517/8/9

Malcolm Hughes/Ciaran Lennon t 2 Feb.-4 Mar.
Catherine Lee/Michael Michaeledes : 9 Mar.-15 Apr.

Publications:

'"EONSTRUKTION UND KONZEPTION - BERLIN EBB' Iim S-Bahnhof 5choneberg.
Idee und realisation : Diet Seyler, Nirnberg.

Kataleg : Labyrith - Verlsg, Berllin.

Informatieon ¢ Galerie Adlung & Kelser, Grossbeerenstr.11, 1000
Berlim B1. Tel. 030/215% BB 59

"KONKRET ACHT' NURNBERG 1988.

Kunsthaus Nurnberg, Karl-Grillenbergerstr.40, B500 Nurnberg.

Tel., 0911=20 31 10

'Mathematics Teaching' Issues 122 - 126, A series of articles on
'"Mmathematics and Modern Art', featuring the work of severasal
systems artists. Text by Dr. Ulrich Grevsmuhl.

Informatien t HAssociation of Teschers of Methematics, 7

Shaftesbury St., Derby DE3 BYEB.

Katalog 1 "Wull Dimension'. Kunst international, konstruktive
stromungen, Available from : Galerie 'New Space’, Langebruckenstr
14, 6400 Fuldm, W.Germany (Dir: Jurgen Blum]}.

'"NYOLC HKONKRET AZ NOK-BOL Budapest 1988°T
Information : Budapest Galeria Jozsef Varesi Kiasllitoterme
Cim H-10B% Budapest, Jozsef Korut 70 Tel : 3&0-1589
Editer Attila Isigmond.

CERCT

-

dlere-Alenar afs
Vera Moinar: «Dialog zwischen Emotion und Methode»

T M VOV O ' I . Tels
Dezemper 1988-18. Feoruar 1989

B0 CONSTRUCTIVWIST FORUNM



