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Using the geometrical principles of perspective to 
deceive the eye is an old art. Vitruvius noted that 
“by this deception a faithful representation of the 
appearance of buildings might be given in painted 
scenery, … so that, though all is drawn on a vertical 
flat facade, some parts may seem to be withdrawing 
into the background, and others to be standing out in 
front.”1

 Such optical illusions are no mere party tricks. 
In fact, they have arguably played a pivotal role in 
several major developments in Western thought. To 
Plato they raised profound epistemological conun-
drums. He was concerned that “trompe l’œil painting” 
has “powers that are little short of magical, ... because 
they exploit this weakness in our nature,” bypassing 
“the rational part of the soul.”2 The solution to this 
problem, as Plato saw it, was a solid mathematical 
education. Since “sense perception seems to produce 
no sound result” with these “trompe l’œil paintings,”3 
“it makes all the difference whether someone is a 
geometer or not.”4 “The power of appearance often 

makes us wander all over the place in confusion, 
often changing our minds about the same thing and 
regretting our actions and choices with respect to 
things large and small ... . The art of measurement,” 
by contrast, “would make the appearances lose their 
power” and “give us peace of mind firmly rooted in 
the truth.”5 A rousing case for mathematics! But Plato 
perhaps drew his conclusions a step too far, rejecting 
categorically the role of observational data in science: 
“there’s no knowledge of … sensible things, whether 
by gaping upward or squinting downward.”6 Science 
must be based on “the naturally intelligent part of 
the soul,” not observation. For example, “let’s study 
astronomy by means of problems, as we do geometry, 
and leave the things in the sky alone.”7 With such 
attitudes, perhaps it is no wonder that the Greeks 
excelled more in mathematics than in the sciences.
 When the principles of perspective were redis-
covered in Renaissance Italy, they were again at the 
heart of major scientific developments, but this time 
on the side of empirical science. According to many 

1 Vitruvius, De Architectura (1st century BC), VII.11, [Vitruvius (1914), 198]. 2 Plato, Republic, X.602d, [Plato (1997), 1207].  
3 Plato, Republic, VII.523b, [Plato (1997), 1140]. 4 Plato, Republic, VII.526d, [Plato (1997), 1143]. 5 Plato, Protagoras, 356d, [Plato (1997), 785].  
6 Plato, Republic, VII.529b, [Plato (1997), 1145]. 7 Plato, Republic, VII.530b, [Plato (1997), 1146].
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recent scholars, “the invention of perspective by the 
Renaissance artists, … by demonstrating that math-
ematics could be usefully applied to physical space 
itself, [constituted] a momentous step … toward the 
general representation of physical phenomena in 
mathematical terms.”8 Thus “the mathematization 
of the sublunary world begins not with Galileo but 
with Alberti,”9 who wrote on the geometrical prin-
ciples of perspective in painting in the 15th century. 
More generally, “Renaissance developments in prac-
tical mathematics predated the intellectual shifts in 
natural philosophy.”10 “Real science is born when … 
the experimental method of the craftsmen overcomes 
the prejudice against manual work and is adopted by 
rationally trained university-scholars. This is accom-
plished with Galileo.”11 “What enabled Galileo to 
overcome [this divide] … seems easily explicable 
upon considering Galileo’s background in the arts 
and crafts.”12 Perhaps it is no coincidence, then, that 
Galileo was a countryman of the pioneering painters 
and architects—or applied mathematicians, if you 
will—whom we shall meet in this book.
 But the art we shall encounter was not devised for 
science or philosophy. We shall see many works that 
make use of the power of perspective to supplement 
modest buildings with grandiose virtual expansions 
of their architecture, when the real thing would have 
been vastly more expensive to build or indeed even 
impossible due to spatial limitations. But, more than 
a cost benefit analysis to the effect that marble is 
cheaper to paint than to sculpt, it was perhaps the 
sheer joy of the illusion that was the real pleasure to 

be won. One anecdote perhaps speaks for the age as 
a whole: “It was said of Uccello that the discovery 
of perspective had so impressed him that he spent 
nights and days drawing objects in foreshortening, 
and setting himself ever new problems … . He was so 
engrossed in these studies that he would hardly look 
up when his wife called him to go to bed, and would 
exclaim ‘What a sweet thing perspective is!’”13

 Art historians have argued that “our pleasure 
in illusion … rests precisely in the mind’s effort in 
bridging the difference between art and reality.” It 
follows that “pleasure is destroyed when the illusion 
is too complete” or “so easy as to be automatic.”14 

“When the painter packs a vast expanse into a narrow 
space, when he leads me across the depths of the 
infinite on a flat surface, … I love to abandon myself 
in his illusions, but I want the frame to be there, I 
want to know that what I see is actually nothing but 
a canvas or a simple plane.”15 The examples we shall 
meet in Chapter 4, for instance, direct the viewer to 
a specific vantage point prominently marked on the 
floor. In such a case, at least, it is fair to say that 
“illusionism … requires of the viewer a willing partic-
ipation, amounting to a complicity with the artist  
… . No great illusionistic scheme ever truly deceived, 
or attempted to deceive. The artist’s function was to 
fling open the illusionistic portals into the domain of 
the imagination.”16

 If anything, this element of explicitly embracing 
the artifice of the illusion is arguably becoming more 
prominent as we progress chronologically through 
the book. Anamorphoses—that is to say, as Shake-

8 [Conner (2005), 270]. 9 [Wootton (2015), §5.8]. 10 [Bennett (1991), 176]. 11 [Zilsel (2000), 5]. 12 [Cohen (1994), 349]. 13 [Gombrich 
(1989), 190]. 14 [Gombrich (2002), 236]. 15 [Quincy (1837), 128], quoted from [Gombrich (2002), 236]. 16 [d’Otrange Mastai (1975), 11].
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speare put it, “perspectives which, rightly gaz’d 
upon, show nothing but confusion; [yet] ey’d awry, 
distinguish form”17—may be seen as the logical 
conclusion of this attitude taken to its extreme. Gone, 
at this point, is any pretence of architectural thrift, yet 
the art retains its appeal—suggesting, perhaps, that it 
was the thrill of playing havoc with the senses that 
was the primary purpose all along.
 We follow in the footsteps of many a generation 
when we travel to Rome to come face-to-face with the 
finest achievements of past ages. A “Grand Tour” of  
Europe’s classical sites and artistic treasures—invar-
iably culminating in Rome—was long considered a 
sine qua non of a refined education among Northern 
Europeans of means. “A man who has not been in 
Italy is always conscious of an inferiority, from his 
not having seen what it is expected a man should see 
… . All our religion, almost all our law, almost all 
our arts, almost all that sets us above savages, has 
come from the shores of the Mediterranean.”18 The 
aspiring connoisseurs who completed this cultural 
pilgrimage quickly realized that “Rome was a city 
which demanded a guide … employing one of the 
established ciceroni or an ‘antiquarian’ was both a 
practical measure and a statement of one’s serious-
ness as a student of antiquities and correct taste.”19 
We are fortunate to have Kirsti Andersen, the leading 
scholar in the field,20 as cicerone on our journey.

Viktor Blåsjö 

Utrecht, February 2018

17 Shakespeare, Richard II (1595), II.2. 18 Dr. Johnson, 1776, quoted in Boswell’s Life of Samuel Johnson. 19 [Sweet (2012), 101].  
20 [Andersen (2006)].
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This book first appeared in Danish in 2016. Many 
people have encouraged me to produce an English 
edition as well, but I have not had the time. So I was 
very happy when Viktor Blåsjö offered to undertake 
the translation. I am very grateful to him for this.
 My Danish book was published by the Danish 
Association of Mathematics Teachers. Here I came 
in contact with a group that was very helpful. Dorte 
Krammer, Jens Peter Touborg, and Sven Toft Jensen 
were extremely good in inspiring me to present my 
ideas in a clearer and more elegant way. Toft Jensen 
has also drawn a number of fine illustrations to the 
book. Sources for the illustrations are at the end 
of the book. I am grateful to the Danish editors for 
supplying the exercises in Chapter 6.
 Søren Halse, in an impressive achievement, took 
the majority of the excellent photos of the book to 

which Touborg added three. Kurt Finsten applied his 
great experience in designing the layout. To each of 
the five mentioned, I extend my heartfelt gratitude.
 On one subject where I have limited background, 
the colonnades of St. Peter’s Square, I am very 
grateful to Ivan Tafteberg Jakobsen for his efforts in 
initiating me into the subject. He has written instruc-
tive notes on the subject, which he let me read, and 
he also helped me understand the colonnades through 
correspondence.
 Regarding the colonnades on St. Peter’s Square, 
Anker Tiedemann kindly gave permission for Toft 
Jensen to base a drawing on one of his.

Kirsti Andersen 

Amsterdam, February 2018
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“The art of perspective does, with wonderful plea-
sure, deceive the eye, the most subtle of all our 
outward senses.” (Pozzo 1707, from the section To 
the Lovers of Perspective)

This book is meant as inspiration for travellers to 
Rome who are interested in mathematics, the history 
of mathematics, history, and art history—including 
architecture. Like countless other Italian cities, Rome 
is rich in artworks making striking use of perspective. 
In Rome there are furthermore a number of inter-
esting examples of the use of perspective to trick the 
observer into believing he is seeing something other 
than what is actually there. It is precisely such optical 
illusions that are the subject of this book.
 The optical illusions we shall discuss are of two 
types. The first are so-called trompe l’œil (French for 
“deceives the eye”). We shall focus on trompe l’œil 
that utilize the laws of perspective to achieve their 
effect. Such deceptive trompe l’œil can be divided 
into two types:

• Pictures that appear to be three-dimensional exten-
sions of the planes they are painted on.

• Three-dimensional architectural elements that 
appear to be grander than they are.

Art historians often classify these types of works 
under the genre of illusionism. Some art historians 
reserve the term trompe l’œil for images that depict 
objects so realistically that the observer believes 
themself to have the real object in front of them. A 
classic example of such an image was a work from 
the 5th century BCE by the Greek artist Zeuxis, in 
which he supposedly painted grapes so realistically 
that birds tried to eat them. I do not use the term in 
this sense.
 The second type of optical illusion we shall 
encounter are so-called anamorphoses (from the 
Greek ana and morphosis, literally “back/again 
shape”). There are several different kinds of anamor-
phoses. What unites them is that when one sees them 
one cannot immediately interpret them—they look 
like non-figurative paintings full of strange shapes. 

INTRODUCTION

< The very first example of a dome that was painted instead of actually built. See Figure 4.04.
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Some special knowledge is needed before one can see 
its true subject. This is what the word anamorphosis 
entails: it can get its shape back again. Most commonly 
this is done by observing it from a particular vantage 
point—perhaps with the aid of an instrument. We 
shall study an example of an anamorphosis painted 
on a wall that can be “decoded” by looking at it 
from a particular point of view. Like other deceptive 
anamorphoses, it is constructed according to the laws 
of perspective. We shall also briefly discuss a type 
of image whose contours become decipherable only 
when it is seen reflected in a mirror.
 In the subsequent discussion we could have 
proceeded thematically as in this introduction, and 
thus first treat trompe l’œil and then anamorphoses. 
However, this would require jumping back and forth 
through history, so we have chosen a more chrono-
logical presentation.

 One of the goals of the book is to cut through 

some of the mystique surrounding the various optical 

illusions by describing the mathematical principles 

used to construct them. We do not give a complete 

treatment of the theory of perspective, but Chapter 5 

contains the key results that are needed to follow the 

arguments in the book. This organisation of the text 

means that readers who already know the basics of 

perspective can skip Chapter 5, while others can find 

all key concepts in one place instead of scattered in 

the text.

 Chapter 6 contains exercises relating to the 

various perspective problems discussed in the book. 

Many of these exercises involve only basic analytic 

geometry and are suitable for instance for high school 

classes using the book for a study trip.
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